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YBajkaeMblii UNTaTEIb!

Bbl OTKpBUIM OIHY M3 3aMeyaTelIbHbIX KHHI, U3aHHBIX B CEpUU
«Knaccuyeckuii yHUBEPCUTETCKHH y4eOHWK», MOCBSIIEHHOH 250-1e-
THIO MockoBckoro yHuUBepcuteTa. Cepusi BKITtodaeT cBoime 150 y4ueo-
HUKOB M Y4€OHBIX MOCOOUH, PEKOMEHIOBAHHBIX K U3IaHUI0 YUYCHBIMU
coBeTaMu (paKylIbTETOB, PEIAKIIIOHHBIM COBETOM CEPHUH H M3/1aBaEMBIX
K I00MJICIO IO pelIeHu0 Yuenoro copeta MI'Y.

MOCKOBCKHI YHUBEPCUTET BCET/Ia CIIAaBUJICSI CBOMMH TpodeccopaMu
U TpernofaBaTesIMHU, BOCIUTABIINMHU HE OHO IOKOJCHHUE CTYACHTOB,
BIIOCJICACTBUYM BHECIIUX 3aMETHBIM BKJIAJ] B Pa3BUTHE HAIICH CTPAHBI,
COCTaBUBILHUX I'OPJIOCTh OTEYECTBEHHON U MUPOBOU HAayKH, KyJIbTYpbl U
00pazoBaHusl.

Bricokuii ypoBeHb 00pa3oBaHHs, KOTOpoe daeT MOCKOBCKHH YHU-
BEPCUTET, B MIEPBYIO OUEPe/Ib 00CCIIEUNBACTCS BBICOKUM YPOBHEM HaIlU-
CaHHBIX BBIAAONIUMHUCS YICHBIMH U TIeIarOTaMU YI€OHUKOB M Y4eOHBIX
MOoCOOM, B KOTOPBIX COYETAIOTCS KaK NIyOWHA, TaKk M JOCTYIHOCTh
M3JIaraeMoro Marepuania. B 3THX KHHTax akKyMymnupyeTcs: OeclieHHBIH
OTBIT METOAMKH U METOMOJOTHH MPeTrogaBaHusl, KOTOPHIi CTAHOBUTCSA
JIOCTOSIHUEM HE TOJNbKO MOCKOBCKOIO YHHMBEPCUTETa, HO M JIPYTHX
yHuBepcuTeToB Poccuu 1 Bcero mupa.

W3nanne cepum «Kiraccmueckuil YHHBEPCHTETCKHH yUeOHUK» Ha-
IIAJHO JAEMOHCTPUPYET TOT BKJIAJA, KOTOPbIA BHOCUT MOCKOBCKUI
YHUBEPCUTET B KIIACCHYECKOE YHUBEPCUTETCKOE 00pa3oBaHue B HaIIel
CTpaHe 1, HECOMHEHHO, CIIY’)KUT €TI0 Pa3BUTHIO.

Pemenne »Toii OGmaropomHol 3amadn ObLTO OBl HEBO3MOXKHBIM 03
AKTUBHOU IIOMOIIM CO CTOPOHBI M3aTEIhCTB, MPUHSABIINX y4acTHUE B
W3aHUY KHUT ceprn «Kiaccuuecknii yHUBEpCUTETCKUH yueOHUK». MBI
pacleHnBaeM 3TO KaK MOAJIEPKKY MMM ITO3UIMH, KOTOPYIO 3aHMMaeT
MOCKOBCKHI YHHBEPCHUTET B BOMPOCAX HAayKd U 0OOpa3zoBaHUs. IJTO
CIY)KHUT TaKXe CBHICTEIHCTBOM TOrO, uTo 250-IeTHuil 1ro0mie Moc-
KOBCKOTO YHUBEPCHUTETa — BBIAIONIEEeCs COOBITHE B KU3HU BCEll Harei
CTpaHbI, MEUPOBOTO 00Pa30BaTEILHOTO COOOIIECTBRA.

Pexmop Mocrosckozo ynusepcumema [ (e (,} & g/( AU '1—4{

axaoemux PAH, npogheccop ‘ B. A. Caooenuuuii
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CaeTiol naMsaTi

Hunwt Braoumuposnsi PEYTOBOMH,
Jluouu Braoumuposuwr KYPIL] n
Mapuu Heanosnot BYTHHOH
TIOCBSIIIIACTCS

HNPEANCJ/IOBHME K IIEPBOMY U3JIAHUNIO

Opranuyeckas XUMHUSI OTHOCHUTCSI K MOJIOABIM €CTECTBEHHO-HAYY-
HBIM TUCITUTIIMHAM M HACYUTHIBAET HEMHOTHM 0oJiee TIOJyTopacTa JieT
CBOETO Pa3BUTUS C TOTO YKUCTO YCJIOBHO BBIOPAaHHOTO MOMEHTA, KOTJa
®. Benep cymen mpeBpaTUTh HEOPraHUYECKOE BEIIECTBO HM30I[MAHAT
aMMOHHUSI B OPTaHUYECKOE BEIICCTBO MOYEBUHY. 3a 3TOT KOPOTKHUM
HCTOPUYECKUI MPOMEKYTOK BPEMEHM OpraHuyueckas XuUMHUs cyMmena
BOUTH B psan Hambosee Pa3BUTHIX U CTPEMHUTEIBHO Pa3BUBAIOIIUXCS
(dyHIaMEHTaIbHBIX HAayK W HAKOMHUTHh OTPOMHBIN (haKTHUECKHH Marte-
puas. He menee 90% Bcex M3BECTHBIX B HACTOALIEE BPEMSI XUMUUECKHUX
COCIMHCHHUM SIBIISTIOTCS OPTaHWYCCKUMH, W WX YHUCIIO TPHONIKaeTCs
K JCCSATH MHIJUTHOHAM. VIHTEpEecHO OTMETHTh, YTO XUMHUKU-OPTaHUKU
COCTABJISIOT 00Jiee MOJOBUHBI BCEX XMMHUKOB, 3aHSATHIX HAYYHOU U Tie-
JIarOTUYECKON JIesITeIbHOCThI0. OpraHuyeckasi XMMHsl 3aHUMAeT JO-
MUHHUPYIOIIEE MOJOKEHUE U B MHUPOBOM XUMHUYECKONW MHIYyCTPUH, TIE
€KEroHO MTPOU3BOAATCS THICSIUM OPTaHUYECKUX MPOIYKTOB.

Hecmotpss Ha TO 9TO oOpraHudveckas XHMHS MOJOJa, OHA cama
MpapoUTEIbHUIIA IO KpaHEeW Mepe YeThIpeX Ype3BblYaiHO Ba)KHBIX
COBPEMEHHBIX HAYYHBIX JUCIUILIAH: OMOOpPTaHUYCCKAs] XUMUS, XUMUS
BBICOKOMOJIEKYJISIPHBIX COSAMHCHHUH (TIOJTUMEPOB), (hapMakoIorudecKast
XUMHUSI U IPOMBIIUICHHbIA OpraHnyeckuii cuntes. HoBble HayKn «OTIou-
koBanuchy Becero 40-50 et Hazaa B mpoliecce pa3BUTHS OpraHUYeCKOn
XUMUH U TETIEPb PA3BUBAIOTCS COBEPIICHHO CAMOCTOSITENIBHO, C YCIIEXOM
HCITOJIB3Ysl OOTaTeHINMUH OMBIT OPTaHWYECKOW XHMHH M €¢ HOBEHIINe
JMIOCTI)KCHUS B TEOPETUUECKOM U MpakTHUecKoi obmactsax. Cpenan «Io-
TOMKOB» OPTraHHYeCKOW XHMHH HauOoJiee Ba)KHOE 3HAUCHHUE HMCIOT
(dapMakooruuecKass XUMUsI, TIOCKOJIBbKY TOAABISIONICe OOJBITMHCTBO
JIEKaPCTBEHHBIX MPEIapaToB MPEACTABIISAIOT COO0H CIIOKHBIC OpraHuJe-
CKHE COCIUHEHUS, OMOTEXHOJIOTHS U COBPEMEHHAs arpoXuMus (B CBSI3U
C OCTPBIM ACHHUITUTOM MPOTIOBOILCTBUS B C1a00OPA3BUTHIX CTPAHAX).



UTo MOXET AaTh CTYACHTY, aCIHUPAHTy W HAUYUHAIOIIEMY YUYCHOMY
M3y4YeHUE opraHuyvecko xumuu? Ha »TOT BOmpocC TPyIHO AaTh Kpar-
kuii oTBeT. Ka)Iblii MOXXET YIOBJICTBOPUTH pa3Hbie 00IaCTH CBOUX
UHTEPECOB B COOTBETCTBUU C MHTEIEKTyalbHBIMU 3alPOCAMH U BO3-
MOXKHOCTAMU. OAHHMX 3Ta HayKa IPUBICYET JCAYKTUBHOW JIOTHKON
U TEOPETHUYECKUMU KOHLEHMUUAMH, KaCAOUUMUCI MEXaHU3MOB PA3HO-
00pa3HbIX XUMHUYECKHUX PEAKIIUN, PEaKIIMOHHON CIIOCOOHOCTH OpTaHU-
YECKHUX MOJIEKYNl M HamOoJiee BaKHOW MPOOJIEMBI — CBA3H XUMHUYECKON
CTPYKTYPBI U PEAKIIMOHHOM CIOCOOHOCTH. Bce 3T0 MOXKHO 00bETUHUTE
TEPMHUHOM «(U3nYecKas opranndeckas XuMus». Jpyryro rpymnmy cry-
JIEHTOB, ACMUPAHTOB M MOJOMABIX YYEHBIX MOTYT IMPHUBJICYb BOMPOCHI
CTPOEHHS OPTaHWYECKUX COCTUHEHUN W CBA3aHHBIC C OTHUM MPOOIEMBI.
K ux ycmyram pazHooOpa3Hble COBpeMEHHbIE (PH3UKO-XUMHUUECKUE Me-
tonbl: SIMP-, OI1P-, UK- u YO-ciekTpocKomus, Macc-ClieKTpPOMETpHs,
a TaKkKe KBAaHTOBOXMMHYECKHE pacdeTHble MeTonsl. OmHako oOmuit
UHTEPEC K OPraHUYeCKOM XMMHUU BCerna ObLI CBSI3aH C OPraHUYCCKUM
CHUHTE30M, HE TOJIKO YIOBJIECTBOPSIOLIMM MPAKTUYECKHUE 3aMPOChI, HO
U OTKPBIBAIOIINM ITYTH K TOTYUYEHHUIO CIIOKHBIX MO CTPOCHUIO MOJICKY,
COOTBETCTBYIOIINX BBICOYANIINM TPEOOBAHUSAM XUMHUYECKON DCTETHKH.

B KpynmHOTOHHa)KHON XMMHUYECKOH TEXHOJIOTHU OOJBITMHCTBO TPO-
LIECCOB B TOW WMJIM MHOH CTENEHHU CBSA3aHO C OPraHUYECKOM XHMHEH.
K ux umucity oTHOCSTCS MPOU3BOACTBA COBPEMEHHBIX CHIPHEBBIX Mare-
pHaIOB, OMOTEXHOJIOTHYECKHE POU3BOACTBA, IMONYYCHUE MaTepHaIOB
JUISL ONITHYECKOM 3JeKTPOHMKH, CEHCOpPHBIE TEXHOJIOTHH, TOIy4YeHHE
CYTIEPIPOBOAAIINX MaTepHaioB (BBICIIAs KPUTHYECKas TeMIieparypa
JUISL OPTaHUYECKOTO CynepIpoBoHIKa cocTaisier 29 K, Torna kax ams
KEpaMUYECKOr0 HEOPraHMYECKOro Marepuaina Ha OCHOBE MPOU3BOJHBIX
Tamus — Toapko 125 K).

B 1abm. 1 06001eHBI HEKOTOphIe HanboJiee BaKHBIE Cephl PUMe-
HEHUS OPraHNYeCKUX COEIMHEHUH, U ATOT JIaJIeKO He MOJHBIN IepedeHb
JaeT BIOJHE HAISIAHOE MPEACTABICHHE O 3HAUYEHUU OPraHUYyeCKOu
XUMHH /17151 COBPEMEHHOT0 00I1IecTBa.

Opranuyeckasi XUMHsI HAaXOJUTCSI B IOCTOSIHHOM Pa3BUTHUU: €3KETOJl-
HO pa3padaThIBaOTCA W MPEIaraloTcs HOBBIE PEareHThl U METOIHKH,
ropasao peXke — HOBBIE PEaKLWH U, YTO OY€Hb BAXKHO, TEOPETUUYECKHE
MPUHIUIIBI COBEPIICHCTBYIOTCS.

CTyIeHTBl WU aCUPAHTHI TOJDKHBI TMTOCTUTATh OPTaHUYECKYIO XU-
MUIO HE B CTaTHUKE, a B IUHAMUKE €€ Pa3BUTHUS.

OOBIYHO TIPY HANTUCAHUH YYeOHHKA TI0 OPTaHMYECKOW XUMHH MOTYT
OBITh HCIIOJNIB30BaHbI JIBa aJbTEPHATUBHBIX IPHUHIIMIIA OPTaHU3AIUU
OTPOMHOTO (PaKTHYECKOTO MaTepuaja: MepBbId — TPaIUIIHOHHBIA — IO
KJIacCaM OPTraHMYECKHUX COSAMHEHUH B COOTBETCTBUU C (DYHKIIHOHAIb-
HOH IpyIIION M BTOPOM, OCHOBaHHBIM HAa MEXaHHU3ME peakuuid. B co-
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Tabonuma 1

Cdepbl IpuMeHeHHsI OPraHUYeCKUX COeIHHEeHHIT

I. XuMu4yeckasi TEXHOJIOTHSA

oaumepsi Mauible MOs1EKYJIbI

[TOJINDTUIIEH TOIUTHBO (OCH3WH, KEPOCHH, Ma3yT)
MTOJTUCTUPOI KPaCHUTEJIH, ITUTMEHTBI

Tedion pacTBOpUTEIN

KaydyK JICKaPCTBEHHBIC MpETaparsl

HCKYCCTBEHHAsI HISPCTh
HEWJIOH

MECTUIH/IBI (MHCEKTHIIMIBI, TePOULIUIbI )
OTHETYIIIUTEIH, TYIINCTHIC BEIICCTBA,

oI OHUPEI JIETEPreHThI, PeQPUIKEPEHTHI
II. ®usuxa I11. Brnonorusi u GuOXUMHUS
TEPMOJMHAMUKA OCJIKH 1 TIeNTHIbI
SHEpreTHKa HYKJICHHOBBIC KHCJIOTBI
CTPYKTypa YIJICBOJIBI

JMHAMUKA JIMIHBI

CIICKTPOCKOITHS CTEPOH/IbI
3JIEKTPOIIPOBOHOCTh TOPMOHBI

KBAaHTOBAsi MEXaHHKa BUTaMHUHbBI

ajcopOust nopuHBI U TOPPUPHHBI
(horoxumus (hepMeHTHI

Ja3epbl

¢l

BPEMEHHBIX Y4YeOHMKaX JUIsl CTYJCHTOB MEPBOr0 roja OOydYeHHsl, Kak
MPaBUIIO, HCIIONB3YETCS CMEIIAHHBIH MPUHIUI, Te HApsIy C paccMoT-
PEHHEM KJIACCOB OPTaHUYCCKUX COCIMHEHUH OT/IEIbHBIC TIIABHI IISIIUKOM
MOCBANICHBI (DYHIAMCHTAIBHBIM MEXaHH3MaM OPTaHUYECKUX PEaKIUii
(3amereHus], OTIICIUICHUS U IPUCOCIUHCHUS).

3a TociemHuE ACCATWICTHS 3a PYOeKOM OBLTO OITyOJUKOBaHO
HECKOJIBKO MPEBOCXOJHBIX YYCOHHUKOB IO OPraHHMYECKOW XUMHUU JUIS
CTY/JICHTOB IEPBOTO rojia 00y4eHUsI:

A. Streitwieser, C. H. Heathcock, E. Kosower. Introduction to organic
chemistry. Macmillan Publishing Company. N. Y. 4-th Ed. 1992. 1256 p.

K. P. C. Vollhardt. Organic chemistry. W. H. Freeman and Co. N.Y.,
1987. 1275 p.

J. McMurry. Organic chemistry. Brooks/Cole Publishing Company.
Monterey; California, 1984. 1167 p.

L. G. Wade. Organic chemistry. Prentice-Hall. Inc. Englewood Cliffs.
New Jersey, 1987. 1377 p.

T. W. Graham Solomons. Fundamentals of organic chemistry. John
Wiley and Sons. N. Y., 1982. 827 p.



R. J. Fessenden, J.S. Fessenden. Organic  chemistry.  4-th
Ed. Brooks/Cole. California, 1990. 1137 p.

Bce 3T y4eOHHMKHM OJHOTHITHBI MO MPUHLUIY MOCTPOCHHUS, OTIH-
YaroTCs JIOTUKOM U NIyOMHOM M3JI0KEHUsI, IPEKPACHBIM HIUIIOCTPATHUB-
HBIM MaTepuaoM, OOMIMEM TaOlHUIl ¢ OMUCAHHEM (PU3UKO-XUMUIECKHX
CBONCTB OPraHMYECKHX COEAMHEHMH, a TaKKe TIIATEJbHBIM OTOO-
POM IKCIIEPUMEHTAIBHBIX JTaHHBIX; CHELHUANbHBIC Pa3Aeibl OTBEICHBI
OMOOpraHUYecKO XUMHMHU M OMOXMMHHM M PA3JIUYHBIM BUIAM COBpE-
MeHHOHU criektpockonuu (Y®- u UK-cnekrpam, crnekrpockonuu SIMP
u Macc-criekrpomerpun). K coxxanaeHuto, Hu OIMH U3 3THX Y4eOHHMKOB
HE [IEPEBEJICH HA PYCCKUH A3BIK.

W3 Belmeqmuux Ha pycCKOM sI3bIKE HAM XOTENIOCh Obl pEKOMEHI0BATh
I (13401117 K

A. Tepreu. CoBpeMenHasi opranuudeckast xumus. T. 1, 2. — M.: Mup,
1981.

IDic. Pobepme, M. Kacepuo. (OCHOBBI OpPraHMYECKON XHWMHH.
T. 1, 2. —M.: Mup, 1968.

Haubonee ocrtpyto mpobiemy npencrtaBisier coOoil CO3IaHue Cco-
BPEMEHHOI0 y4yeOHMKa WM y4eOHOro MocoOus, IpeiHa3HAYCHHOTO
JUIL CTYAGHTOB CTapIIMX KypCOB, ACIHPAHTOB M HAYMHAIOUIMX Ca-
MOCTOSITEJIbHYIO0 Hay4YHO-HCCIIECA0BATEIbCKYI0 AEATEIBHOCT MOJIOBIX
y4eHbIX. B MupoBoii HayuHO-yueOHOH tuTeparype, o HaleMy MHEHHUIO,
MMEIOTCSl BCETO J1Ba y4eOHBIX MOCOOMS 3TOr0 YPOBHSI:

®. Kepu, P. Canobepe. YriayOneHHBII Kypc OPraHUYECKON XUMHH.
T. 1, 2. —M.: Xumus, 1981 (HoBoe, TpeThe N3MaHUE HEe OBLIO ITepeBe/Ie-
Ho: F. A. Carey, R. J. Sandberg. Advanced organic chemistry. Part «A»
and «By». Plenum Press. N. Y.; L., 1990).

Jlic. Mapu. Opranndeckas xumus. T. 1-4. — M.: Mup. 1987-1988".

OtH ydeOHbIe TTOCOOUS T YIITyOJICHHOTO U3yUeHUST OPTaHIYeCKOM
XUMHUHU MOTYT OBITH TIOJIE3HBI ACIUPAHTaM M MOJIOJIBIM Hay4YHBIM COTpPYA-
HHUKaM, HO B IIEPBYIO OUEpeIb OHU NIPEJHA3HAUEHBI VISl IIperoiaBareieit
C 1LeNnbl0 OOHOBJIEHUS, pEOpraHM3alud M YIIyONneHHs COOCTBEHHBIX
3HaHUH.

[Ipennaraemplii BHUMAHUIO YNTaTEIIsl Y4eOHUK HAIIMCAH JUISl CTYICH-
TOB; B 0COOCHHOCTH OH OyJIeT M0JIe3eH CTaplIeKypCHUKAM, aCTUpaHTaM
U MOJIOIBIM Hay4yHBIM COTPYIHHKAaM, M30paBLIMM OPraHUYECKYIO XH-
MHIO CBOEH CIEeLHaIbHOCTHIO. Be3ycloBHO MO HEMY CMOTYT YYHTBCS
U CTYIEHTHI [IEPBOTO rojia 00y4eHHsI 10 OPTaHUYECKON XUMMUH.

MBI cTapanuch NPUACPKUBATHCS KIACCHYECKOTO THIIA OPTaHU3aINN
Mareprana: B COOTBETCTBUHM C KJIacCaMM OPTaHMYECKUX COCIAMHEHUH.

' ToroBuTcs k w3mammio TiepeBoA 6-ro (MOCTenHero) W3faHust >Toi kmuru: Cmut M.,
Mapu /Ix. Opranuyeckas xumust Mapua: Ilep. ¢ anri. B 4-x tomax. — M.: BUHOM. Jlaboparopus
3uanuii, 2010.
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OpnHako, y4uTbiBas crielu(rKy acHUpaHTCKON IMOITOTOBKH, MBI BKIJIIO-
YWIA B KHUTY PsJ] TJIaB, MOCBANICHHBIX Pa3UYHBIM MpodiaemMaM (huzn-
YECKOW opraHnyeckoil xumuu. MHTEpnperanus JaHHBIX 10 PEAKLUOH-
HOH CITOCOOHOCTH M MEXaHHM3MaM PEaKIMi OPTraHNIEeCKUX COCTUHECHUN
MIPOBOJUTCS 3[1€Ch Ha OCHOBE JIByX HMPHUHIUIHAJIBHO PAa3HBIX TEOPHil:
TEOPUHU DIEKTPOHHBIX CMEUICHHWH, YTO TPAIWIIMOHHO Ui BCEX y4ed-
HUKOB, ¥ TEOPUH MOJICKYJISIPHBIX OpOuTalieil, KOTopas HTHOPUPYETCS
B TIOJABJIAIONIEM OOJBITHHCTBE YICOHHKOB M YUCOHBIX TTOCOOWH. DTO
COCTaBJISIET IIABHOE TEOPETHUECKOE OTIMYME JaHHON KHUTH OT BCEX
JPYTUX U3MaHNUH y4eOHOTO XapakTepa.

Jlpyroe Ba)XHOE OTIMYHE HAIIETO Y4eOHHKA 3aKIF0YaeTCsl B TOM, YTO
MbI BKJIFOUMJIA HECKOJIBKO IVIaB, MOCBSILEHHBIX METAIII00PraHUYECKUM
COEIMHEHMSIM TIepeXOJHbIX METaUIOB M WX pPOJIM B COBPEMEHHOM
KaTaJn3e, TEOPETUICCKIM H CHHTETHYECKUM aclleKTaM OOJIBIIION TPyTI-
bl TaK Ha3bIBAEMbIX NEPULIMKINYECCKUX PEAKIUH, KPYyTHOTOHHAXKHOMY
MPOMBIIIJIEHHOMY OPTaHUYEeCKOMY CHHTE3Y M, YTO OY€Hb Ba)KHO, CTpa-
TETUU COBPEMEHHOI'O OPraHUYECKOro CUHTEe3a. B cnenuanbHbIX [1aBax
NoApOOHO M YIIYOJCHHO PaccMaTpUBAIOTCS HanOoyiee KapIUHaJIbHbBIC
poOIeMbl PU3NIECKON OPraHNIeCKO XUMHN: HYKICO(PHIEHOE U AIIEK-
TpodWIbHOE 3aMELICHUE Y HACBIIICHHOIO aToMa yriepoia ¥ B apo-
MaTHYECKOM DSy, PEAKLIUU JTUMUHUPOBAHMS, @ TAK)KE LIETBbIA CIIEKTP
TOMOJINTUYECKUX PEAKIMMA.

Y4eOHUK BBIXOJUT B CBET B YETHIpeX dYacTsix. B wacte 1 Bommm
maBbl 1-7. [maBel 1 U 2 1ETUKOM TMOCBSIICHBI TEOPETUYSCKUM IIPO-
OnmemaMm opraHmyeckoil XWMUH. B HUX moapoOHO paccMmarpuBaeTcs
TEOpHUsl aTOMHBIX M MOJEKYISPHBIX OpOUTasIel MPOCTBIX M CIOKHBIX
MOJIEKYJI, COIEPKAILIUX KaK 7T-, TAK U O-CBA3M. B miaBe 2 m3nararorcs
OCHOBHBIE MPUHIUIBI TEOPHH 3JIEKTPOHHBIX CMEIIEHUH, OCHOBaHHOMN
Ha WHAYKTUBHOM W Me30MepHOM d(eKTax pazIUIHbIX TPYMITHPOBOK.
B maBe 3 paccMaTpuBaroTCsi KHUCJIOTHO-OCHOBHBIE CBOWCTBA OpIaHHU-
YeCKMX COCIWHEHUH B pacTBOpe W B ra3omoil (aze. IlogpoOHO aHa-
muzupytorest C—H-, N—H- u O—H-kucnotHocts u ee 3aBUCUMOCTb
OT CTPYKTYPHBIX (haKTOpOB W TPUPOABI pacTBopuTeisi. B rmaBax 4-7
paccMaTpUBAIOTCSl CBOMCTBA aJIKaHOB, AJKEHOB, AJKHMHOB U JIUCHOB
YIJIEBOAOPOAOB anudarnieckoro psjaa. B miaBe 4 obOcyxpaioTcst He
TOJIBKO paJMKaJIbHbIE, HO W HOHHBIE peakUuu aJKaHOB. B miaBax 5,
6 1 7 OCHOBHOE BHMMAaHHE CKOHIICHTPHPOBAHO Ha pEaKLUAX 3JIeK-
TPO(HUIBLHOTO W TOMOJIUTHYECKOTO MPUCOSAMHEHHUS K KPATHBIM CBS3AM,
NpUCOCANHEHHS KapOSHOB, a TAK)KE HA PEaKLUsIX OKUCICHHS U THIPO0OO-
PUPOBAHMSI; TOJMMEPHU3aLIs HEHACBIIEHHBIX COEIMHEHUN U MUTPALIUs
KPaTHOM CBSI3U IO YIIEPOA-yIIIEPOJHON LIENH MPEACTABICHA B CKATOU

dbopme.
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B uactp 2 Bouum maBsl 8—15. [1aBa 8 1eaukoM MOCBSIIEHA CTEPEO-
XUMHH OPTaHUYECKHX COCTUHEHHH, PAa3IMYHBIM THIIAM XUPAITBbHOCTH
COCIMHECHUM YIVIEpOAa M METOJaM pPAa3lefiCHUs ONTHUYCCKU aKTHUBHBIX
COCTMHCHUM Ha DHAHTHOMEPHL. 3IeCh K€ MOAPOOHO paccMOTpeHa ak-
TyalibHasi Ipo0JIeMa OPraHUYECKONH XUMUU — ACUMMETPUYCCKHI CHHTE3
CJIOKHBIX MOJIEKYJI CO CTPOTO OIPE/IEIIEHHBIM TTOJIOKEHHEM 3aMECTHTE-
Jieit 1 PYHKIMOHAJIBHBIX TPYII y XUPAJIBHOTO aToMa yriepoja. B riase 9
coOpaHbI TaHHBIE TI0 OJTHOW W3 IEHTPAIBHBIX polieM (hru3ndeckoi op-
TAaHUYECKOW XUMUHU — MEXaHU3MaM 3aMEIICHUS Y HACBHIIIEHHOTO aToMa
yriieposa; moApoOHO W BCECTOPOHHE OOCYKTAr0TCS MOHO- M OUMOJIe-
KYJSIPHBIM MEXaHHW3M 3aMEIleHUs], TIOHATHE HYKICOPWILHOCTH U POJIh
pa3IMYHOTO THUMA MOHHBIX Map B peaknusx coibBonm3a. B rmase 10
paccMaTpUBAIOTCSI MEXaHU3Mbl PEAKIMi AIUMHUHUPOBAHUS, BKIIIOUAS
BaXHEWIITNE BOMPOCHI — HANIPABIICHHE W CTEPEOXMMHS DIMMHHHUPOBA-
HUS, TIpAYEM 0c000 00CYKIAr0TCsl KOH(GUTYPAITHH 00pa3yIomerocs a-
KEHa, a TAK)KEe KOHKYPEHITUS MPOIICCCOB 3aMEIIECHUS U DTUMUHUPOBAHHUS.
I'maBa 11 mocesmeHa pasHOOOpa3HBIM peaKIUsIM CIHHPTOB, OKCHPAHOB,
MPOCTHIX PUPOB U UX CEPHUCTBIX aHAJOTOB.

biiok tnaB 12—15 oTBesieH COBpEMEHHBIM KOHIIEHIUSAM apOMaTHYHO-
CTH U PEaKIIMOHHOM CIT0COOHOCTH apOMaTUYECKUX COeAMHEHu . B rase
12 paccMaTpuBarOTCs TEOPETUIECKUE OCHOBBI KOHIIEIIHA apOMaTHYHO-
CTH JUIsI pa3HOOOPA3HBIX MOHO- M TOJHIMKINYECKUX apOMaTHYECKHX
YIIIEBOJIOPOAOB, KATHOHOB M aHMOHOB M WX reTepoaHasnoros. B mmase 13
BHUMaHHE EJINKOM COCPEI0OTOYEHO Ha pa3HOOOPa3HOM M XOPOILIO H3Y-
YEHHOHW TpyTIe peaknuid MEKTPOPUILHOTO apOMaTHYECKOTO 3aMerie-
Hus. [maBa 14 mocssiieHa poJCTBEHHBIM MPOIIECCaM TOMOJIUTHYECKOTO
3aMeleHHs U B 00Jiee ITMPOKOM CMBICIIE XUMHH CBOOOHBIX PaJINKAJIOB.
B mmaBe 15 aHamu3mpyroTCS MEXaHM3MBI PEAKIHMA HYKICO(DUIHLHOTO
apoOMaTHYECKOTO 3aMemeHns (110 HEMOHATHBIM MPUYMHAM 3Ta TeMa He
BKJIFOUAETCS B IPYyTHE COBPEMEHHBIE YICOHUKH, U HAMU, MTO-BUIUMOMY,
BIIEpPBBIC B Y4E€OHOH JUTEparype MpenrpHHATa IMONbITKA PACCMOTPETh
STOT BaXHBIN pas3zen GU3NIEeCcKOil OpraHndecKoil XUMHUN).

B yacte 3 Bouutu miaBel 16-22. [maBel 16—18 mocCBSIEHB] XUMUAH
KapOOHIIILHBIX COEIMHEHUH (XUMUU aJIbJIETHIOB U KETOHOB — IIIaBHI 16
u 17). BoABIIMHCTBO peaknuil 3THX cOeAnHEHui cobpaHo B miase 16,
a XMMHSI €HOJIAT-HOHOB, CAMUX CHOJIOB M pa3HOOOpa3Hble KOHACHCAIIUU
C MX y4acTHeM paccMOTpeHbI B Tiae 17. [masa 18 nocesiieHa pazHoo0-
pa3HBIM peakiusIM KapOOHOBBIX KUCIIOT ¥ UX MPOU3BOAHBIX. B rimaBax 19
n 20 coOpaHbl Bce HEOOXOAWMBIE CBEICHHS IO a30TCOACPIKAIIUM
OPraHMYECKUM COCJUHECHUSM: aMWHaM, HUTPO-, JTUA30COCAMHEHUSIM
U a3ugam, a B miaBe 21 — cBenenus no ¢enonaM. B miase 22 npuBeneH
MaTepHall 10 XUMHUH IUKIOAIKAaHOB U UX MTPOU3BOIHBIX; 0C000€ BHUMA-
HUE YJeleHO KOH(OpMAaIusaM NHKIOB W CBS3W KOH(POPMAIIMOHHOTO
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COCTOSIHUSI C PEAaKLHOHHOW CIOCOOHOCTBIO, a TaKkke aHOMEPHOMY
3pQeKTy U TpaHCAHHYISPHBIM PEaKIUsIM B CPEIHHUX ITHKIAX.

B uacth 4 Bonum miaBbl 23-29. TecHO cBsi3aHHBIE MEXKIY COOOM
maBbl 23 U 24 NOCBSIIEHBl XUMHUHM METAJIOOPTaHUYECKHX COEIU-
HEHUI HEMEePEeXOJHbIX METAJIOB U IMOIPOOHOMY aHAIM3y MEXaHWu3Ma
AMEKTPO(UITHPHOTO 3aMEIIeHNsT Y HACBHIIIEHHOTO aroMa yriepojaa (3Ta
npobiiemMa OTCYTCTBYET B COBPEMEHHBIX KypcaX OpraHH4ecKOH XHMHUH
M000T0 YPOBHS 00yUYEeHHsI, HECMOTPS Ha TO YTO IO padOoTaM IOCIETHIX
30 ner XX B. co3maHa cTpoiHasi TEOPHS AIEKTPODUIBHOTO 3aMEICHHUS
y HAaCHIIIEHHOTO aroMa ymiepoia). OOmmpHas raBa 25 TMOCBsIIEHA
MOJPOOHOMY OMHMCAHUIO MEPUIMKINYECKUX PEaKINUN, MOJUNHAIOLINXCS
KOHIICTIIINKM COXPaHEHUs OpOWTaIbHOW cHMMeTpuH. B mimaBe 26 pac-
CMOTpEH ¢ OOILIMX MO3UIHMKA MEXaHU3M Pa3HOOOpa3HBIX CHIMAaTPOITHBIX
MePerpyNIHUPOBOK, pa30pOCaHHBIX TI0 MHOTUM paHHUM raBaMm. Ocoboe
MOJIOKEHHUE 3aHMMaeT 27 IvaBa, MOCBSILECHHAs CTPOCHHIO, CHHTE3Y
U PEakMOHHON CrIOCOOHOCTH METAITIOOPTaHHMUECKUX COCITMHEHUI Tie-
PEXOIHBIX METauIoB. BakHO, 4TO 37€Ch OOCYXTaeTcsi WHTEPECHBIN
MaTepHall 1o TOMOT€HHOMY METaJIJIOKOMIUIEKCHOMY KaTallnu3y, peakiusam
TUAPUPOBAHMS, METATE3UCY AJIKECHOB U KPOCC-COYETAHUIO HA KOMILIEK-
cax MepexoJHBIX METAJLIOB.

JIBe 3aKirouuTeNbHBIC TNIABBI KHHUTH, KaK OBl CTOST OCOOHSKOM
W HE CBs3aHbl C MPEABLAYIIMMHU IIaBaMH. TeM He MeHee MBI COWIN
1eIecoo0pa3HbIM BKIIFOYUTh WX B HAIIy KHUTY, ITOCKOJBKY 37I€Ch CO-
JIEpKUTCSL OUeHb BakHas WHPOpManus (B O3HAKOMUTEIHHOM ILIaHE)
[0 MNPOMBILUICHHOMY OpPraHUYEeCKOMY CHHTE3Y, a TAKXE 0 TaKTUKE
W CTpaTeruy OpraHWYecKoro cuHre3a. [7aBa 28 mocBsmieHa KpymHO-
TOHH2XHOMY ITPOM3BOJICTBY HambOoJiee IIEHHBIX B MPAKTHYECKOM OTHO-
IIEHWH OpPTaHWYECKHX COeIMHEHHH: ATUJIeHa, MponuiieHa, OyTaJueHa,
OeHzoma, Toiyona, (peHoyla, aHWIMHA M T. 1., a TaKXKe MPOU3BOJCTBY
Ha UX OCHOBE pa3HOOOPA3HBIX MOJMMEPOB, CHHTETHYECKHUX BOJIOKOH,
TTacTU(UKATOPOB M JIPYTHUX IEHHBIX MaTepHalioB. B 3axmountensHON
29 rnaBe, HANMHMCAHHOM MO HAlIEMy MPEATOKEHHUIO HAIlUM KOJUIETOM
B. IlI. Iaquenko, u3naraeTcsi COBpeMEHHAs KOHIEIIUS TAKTUKHU U CTpa-
TETUU CHHTE3a CIOKHBIX MOJIEKYJ1 Ha OCHOBE METO/IA pacuICHEHUS,
BbI0Opa HEOOXOMMBIX TPAHC(POPMOB, PETPOHOB U CHHTOHOB H CTIOCO00B
CBS3BIBAHUSI CHHTOHOB JIPYT C JIPYTOM.

MBI XOTHUM TPEeIyNpeUuTh YUTATENS, YTO HEKOTOPHIC TEMBI IO TEM
WIH WHBIM TNPUYMHAM HE BOIIM B JIAHHBIA Y4eOHUK. DTO Mpex[e
BCEr0 OTHOCHUTCS K MPUMEHEHHUIO CTIEKTPOCKOIMYECKUX METOJI0B B Op-
rannyeckord xumuu. CrienuanbHble pa3aenasl wik masel 1o YO, UK-,
SIMP-CnieKTpOCKOIIMM U MAacC-CHEKTPOMETPUU HUMEIOTCSI MPAKTHUECKU
B KaXJOM y4YeOHHKE IMEepBOTr0O Toja OOY4YEeHHs, U MBI COUIH BO3MOXK-
HBIM HE BKJIIOYaTh MX B Hall y4yeOHWK. boiee mryOokume 3HaHUS 1O
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CIIEKTPOCKOIIMU MOXHO IPUOOPECTH HE U3 yUYeOHHKA 110 00IEMY KYpCy
OpPraHMYecKOH XMMMH, a N3 MOHOrpaduil mim y4eGHbIX mocobuii!, mo-
CBSIIIICHHBIX TOMY WJIM WHOMY BUJY CIIEKTPOCKONMH. Ta ke KOHLIEIIUS
ObLTa MPUHATA HAMHA OTHOCHTEIFHO OMOOPTaHWYECKON XUMHUH YIJIEBO-
JIOB, JIMITHJIOB, NIEHTHJIOB, OCJIKOB ¥ HYKJICHMHOBBIX KHCIIOT, TOAPOOHBIC
CBEJICHUS O KOTOPHIX MOJKHO HalTH B y4eOHHMKAX 10 OMOOpPTaHWYeCKOH
XUMHH. MBI HaMEPEHHO OTKAa3alIMCh OT OOCYXKJCHHS T'€TEPOIUKIIH-
YECKHUX COEJAWHEHHUH, 4TO TMOTpeOoBaio OBl HANMCAHHS €Ile OTHOTO
ToMa. XHUMUS TETEPOIMKINYCCKUX COSMHEHUH TPEBOCXOIHO U3JI0KEHA
B MoHorpaduu JIx. [xoyns u I Cmuta [ XUMAS TeTePOIMKIHISCKUX
COCIMHEHUI: TIep. ¢ aHII., 2-¢ u3d. — M.: Mup, 2004].

ABTOpHI ¢ OJIaroAapHOCTHI0 MPUMYT KPUTHUCCKUE 3aMEUAHHS I10
mo00i W3 TmpobieM, 3aTPOHYTHIX B y4eOHUKE. MBI cUMTaeM CBOUM
MPHUSTHBIM JIOJITOM BBIPA3UTh NPU3HATEILHOCTh COTPYJAHUKAM Kadeapbl
OpraHUYEeCKOW XUMHH XHMHUYecKoro ¢akymbreTa MIY 3a Gonbiryio
MIOMOIIIb MIPHU MOATOTOBKE KHUTH K TMEYATH.

K TPETBEMY U3JAHUIO IEPBOI'O TOMA

TpeTbe U3gaHNE 3TOW KHUTH BBIXOAUT B CBET, KOT/A, K COXKAJICHUIO,
VIUIA U3 KU3HU BCe e¢ aBTOphl. [laMsTh 0 HHX OCTaeTcs, U MBI
pemn o0oiTHCH Oe3 TpaypHbBIX pamok. Kosutern HUKoTHa He 3a0yayT
TO BpeMs, KOIJla B TEUEHHUE LIECTH C MOJOBUHOM JIET 3TOT TBOPUYECKUN
KOJUIEKTUB C OTPOMHBIM YBJIeueHHeM paboTall HaJ KHUTOH, HHOT/A IO
12-16 4acoB B CyTKH, MpHUYEM MEepUOJbl BAOXHOBEHHS M IHTy3Ha3zMa
BCEr/ia BO3BPAIIAINCH MTOCIIE yIaKa CHJI M3-3a OOJBIINX TIeperpy3oK.

CkoHUaJICsS TaKKe TEPBBIA PELEH3EHT 3TOro ydeOHHKa npodeccop
TuMUpsA3EBCKON CEJIbCKOX035UCTBEHHON akajiemuu Bukrop JleoHumo-
B4 Jlpo3n.

Bce oti oy ObUTM HACTOSIIMMHU YYEHBIMH, KOTOpPbIE BHECIH
3aMeTHBIN BKJIaJ B pPa3BUTHE opraHuyeckoil xumuu B Poccun. OHu 1o
MIPaBy 3aCITy KU OJ1aroapHOCTh CBOMX YYCHHUKOB.

H. A. I'avoau
M. E. Usanosa
T. O. Peymosa

Mocxaa, 10 oxmsabps 2006 2.

! Cm., manpumep, JleGenen A. T. Macc-criekTpoMeTpust B opranudeckoii xumun. — M.: BHHOM.
JlaGoparopus 3Hanwmii, 2003. —493 c.: ni.
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Mortekynbl OpraHMYecKHX COSIMHEHUH 00pa3yloTcsi M3 aTOMOB,
PacToNOKEeHHBIX B TPEXMEPHOM IMPOCTpaHCTBe. PazHble aToMbl 00pa-
3yIOT PAa3HOE YUCIO CBsA3€d. MOJIEKYNIBl MMEKT OIPEAEIEHHOE IPO-
CTPAHCTBEHHOE CTPOEHHUE, KOTOPOE HA3BIBAKOT 2eomempueli MOaeK)abl.
OCO0EHHOCTH CTPOCHUSI KaXIOW KOHKPETHOM MOJEKYJbl, IPOYHOCTD
CBS3€H MEXIy COCTAaBIIIOIIMMH €€ aToMaMU OOBSCHSIOTCS Teopuei
BaJICHTHOCTU. OCHOBOM COBPEMEHHOM TEOPHUM BAJICHTHOCTH SIBJISAETCS
KBaHTOBasI TEOPHUsI, KOTOpas B HACTOSAIIIEE BPEMs HACTOJIBKO pa3BUTa, YTO
¢ nomoIiso 9BM M0OKHO NpaBUIIBHO U JJOCTATOYHO TOYHO MpeJicKa3aTh
CTpOocHHE HEeOOJNBIIUX HECIOKHBIX MOJIEKYl. K omucaHHio MOJIEKyn ¢
MO3ULUK KBAHTOBOW TEOPUU CYLIECTBYET HECKOIBKO MOAXOA0B, OJHAKO
Hanbojee IIUPOKO NPHUMEHSETCS Mmeopus MOAeKYIapHblX opoumanetl
(cokpamenno MO), MockoilbKy WMEHHO OHa Hambonee 3¢ddexTruBHA
JUIsl TOHUMAaHUS CTPOEHUS U pEaKLIMOHHOM CITIOCOOHOCTH OpraHMYeCKUX
MOJIEKYN. B 3T0#l m1aBe MBI pacCMOTPUM CTPOCHHE MOJIEKYN B paMKax
teopun MO, a B OCTaJIbHBIX INaBax MPHUMEHUM 3Ty TEOPHIO K IPO-
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OreMaM peakMOHHOH CIIOCOOHOCTH, CTEPEOXHMMHU M CEIEKTUBHOCTH
B Pa3HOOOpa3HbIX OPraHMYECKUX PeakUUAX. Mbl YBUANUM, YTO TEOPHIO
MOJICKYJISIPHBIX OpOUTaJIell BO MHOTHX CIy4asiX MOXKHO YCIEIIHO TpH-
MEHSATB, MOJIB3YACh JINIIb JIETKO BOCIIPUHUMAEMBIMH «KapTUHKaMI», 3C-
kn3amMu MO, MouTH He UCHOJIb3Ysl MaTEMATHUYECKUI anmnapaT KBaHTOBOM
TEOPHUH.

Onucanue CTPOEHHUS MOJIEKYJ], ECTECTBEHHO, HAYMHAETCA CO CTPO-
eHus aromoB. Korma-to moHsTHe aroma OBIJIO MCKIIOYUTEIBHO XH-
muueckoil kareropueir. Ho B XX B. (DU3HMKH «OTHSIM» Y XUMHKOB
aToM, OOHOBHWJIM €r0 KBAHTOBLIM COAEP’KaHHEM, OOBSICHWIIN aTOMHbIE
CIIEKTpPBbI, U30TOIHUIO, PAJUOAKTUBHOCTb U JIPYTUE SKCIIEPUMEHTAIIbHBIE
HaOmoneHus. B Havasne 3TOH MIaBbl MBI KPaTKO PaccMOTpUM (u3nue-
CKHE€ OCHOBBI TEOPUU aTOMa, a 3aTeM IepeiiieM K TeOprur 00pa30BaHUs
XUMUYECKOU CBSA3U U MOJIEKYJISIPHBIM OPOUTAIISIM HPOCTEHIINX MOJICKYII.

1.1. YPABHEHUE IIPEJUHTEPA

Snpo 3aHWMaeT WL HE3HAUYWTENbHYI0 YacTh o0IIero ooObema
aToMa, XOTS KOHIICHTPHUPYET MOYTH BCIO Maccy aroma. Bokpyr sapa
TPYNIHAPYIOTCSA NMEeKTpoHbl. OHM BHOCAT OYeHb HEOONBIION BKIAa B
00IIyr0 Maccy aTtoma, HO 3aTO 3aHUMArOT OOJIBIION 00beM U 00YCIIOB-
JUBAIOT pa3Mepbl aroMa. [J1aBHas KOHIICIIUS COBPEMEHHOW TeOopuu
MUKPOMHPA COCTOUT B TOM, YTO B aTOMHOH IITIKaJ€ YACTUIIBI U BOJHBI
HE3aMEeTHO TEePexXomsiT APYT B Apyra, T. €. YacTUIBI UMEIOT CBOWCTBA
BOJIH, & BOJIHBI — CBOHCTBa dHacTuil. HecMOTps Ha TO YTO BOJIHOBAs
npupoaa GoToHOB (T. €. CBeTa) ObUIa YCTaHOBJICHA JaBHO, IIOYTH HUKTO
mo 1925 1. He mpUHMMAN BCEphe3 TOUKY 3PEHHUS, COMIACHO KOTOPOMH
BEMIECTBO (HAampumep, AIEKTPOHBI, aTOMBbI) TIOJOOHO BOJIHE, a HE KOp-
nyckyisipHo. Ho B 1925 1. JleBuccon u [Ixepmep OTKpbUTH TUGPAKIIHIO
(T. €. BOJTHOBBIE CBOMCTBA) JIEKTPOHOB Ha KPHUCTAJUIMYECKON pelIeTKe.
OnbIT M0 JU(PAKIKHU, O3/IHEE MPOBEJACHHBIA C JPYTMMU YaCTHIIAMHU,
BKITIOYast MOJIEKYJISIPHBIA BOJOPO, YETKO TOKa3all, 4TO YaCTUIIBI UMEIOT
BOJIHOBEIC cBoOMcTBa. B 1924 1. JI. ne bpoiiins npeamnonoku, yTo Jrodas
YacTHIIA, IBUXKYIIAsCs ¢ MOMEHTOM KOJIMYECTBa ABIIKEHUS p, JOJDKHA
UMETh B HEKOTOPOM CMBICIIE [UTHHY BOJIHBI, BRIpaXKaeMyto Kak A = i/p,
raie h—mnocrosiHHas Ilmanka. B 1926 . 3. lllpénuurep npemioxun
ypaBHEHHE, KOTOpOe MPUMEHHMO sl JIOO0OH CHUCTEMBI (2JIEKTpOHA,
JIBUOKYIIETOCS aBTOMOOWIJISI U T. JI.) U PEUICHHEM KOTOPOIO SBIISETCS
BOJTHOBAS (DYHKITUSI STON CHCTEMBI.

MoxHO cka3arb, 4TO poJib ypaBHeHust LlIpénunrepa B KBaHTOBOM
TEOpPHUH TaKas ke, KaK poJib ypaBHeHHI HproTOHA B KjlaccHYeckoi Mexa-
HUKE: UX 9aCTO HA3bIBAIOT «BJOXHOBCHHBIMU MOCTYIaTaMU». YpaBHEHUS
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HproToHa MO3BOJISIIOT paccyuTaTh TPACKTOPUIO YACTHIIBI, a YPaBHCHHE
Ipénunrepa — UX BOIHOBYIO (PYHKIIHIO.

WuTepriperanus BOJXHOBOM (YHKIMU OyleT JaHa B CIEIYHOIIEM
paslierie, a Ioka 0CTAaHOBUMCSI Ha BOTIPOCE, MIOUEMY peuieHiie YPasHeHUs
LlIpéouncepa Hazvieaemcss UMEHHO GOIHOGOU, a HE KAKOW-IIMOO WHOU
¢dbynkmueit. [l atoro Hanumrem ypasHeHue llpémuarepa s mpocTeii-
IIeTO CIIy4asl YaCTHUI[bl, KOTOpask MOXET CBOOOJIHO JIBUT'aThCs B OJHOM
uzmeperun. OHO UMeEeT BUJT

(=h*/2m)(d*y/dx*) + V¥ = E¥,

rie W — BOoJHOBas (DYHKLUS; V —IOTEHIMalbHasi SHEPrUs YacTHULbI B
TOYKe X; F — ee MmojHas SHeprus (KUHETHYEeCKasl TUTI0C TTOTCHIUAIbHAs);
h («amm» epeuepkHyTas») — nmocrossHaas [lnanka, nenennas Ha 27; m —
Macca gacTuibl. [Ipenmnonoxum, 4To B Kakoi-To 00I1acTH IepeMeIeHus
NOTCHLUANbHASl JHEPrusl YacTULbl paBHA Hymo. Torma B JIEBOH
yactu ypaBHeHus IlIpénunrepa nponaaer BTOPON WiI€H U IOJYYUTCA
YIPOLICHHOE ypaBHEHHE, pelieHHeM KoToporo Oymer y = exp(ikx),
e k = \/2mE/h. Ho exp(ikx) = coskx + isinkx, ciemoBarelibHO,
v = coskx + isinkx. Ilockonbky V' = 0, monHas sHeprusi E Oyuer
UCKJIIOUYNTENIbHO KMHETUYECKOM 3HEPruel 4acTULlbl, KOTOpas CBS3aHa C
MOMEHTOM KOJIMYECTBA [BHKEHHsI COOTHOIIEHHEM E = p? /2m, oTkyna
p = V2mE. ComocraBieHue 3Toi (OpMyJbl ¢ HAHCAaHHBIM BBIIIIC
BBIPOKCHHEM JIsi kK JaeT MOMEHT KOJMYECTBA JBW)KCHHS YaCTHIIBI
p = kh. V3BecTHO, 4TO CcTaHmapTHas (opmMa TapMOHHYECKON BOJIHEI
umMeet Bujt cos(27mx/A), a B BBIpaKCHHUE JUTsl BOTHOBOU (DYHKIIUH BXOIHUT
cos(kx). CrnenoBarenbHo, coskx (WM Sinkx) MOXXHO HPEICTABUTH KaK
BOMHY ¢ qmuHOH A = 27/k. KOMOMHUpYs BbIpaXKeHHS I p U A,
HOJy4lM cooTHourenue ae bpoitns: p = kh = (2n/A)(h/2%) = h/A.
Takum oOpa3zom, pemienne ypasuenust Lpénunrepa cBoAUTCS K BOJIHAM
ne bpoiind, cymecTBoBaHME KOTOPBIX 3KCHEPUMEHTAIBHO JIOKA3aHO
B ONBITax MO JU(pakIuy BEMIECTBA, MO3TOMY OHO W OBUIO Ha3BaHO
BOJIHOBOH (DyHKITHEH.

Jlerko BUAETb, YTO €CIM IOTEHLMAJbHAS SHEPTUsl PaBHA HYIIO,
TO JJIMHA BOJHBI YacTWIbI paBHa /i/p. Korma moreHimanbHas sHep-
rusi OTAMYHA OT HyJA, HO UMEET IOCTOSHHYIO BEIMYMHY, YpaBHEHUE
Ulpénunrepa npespamaercs B (—h/2m)(d*y/dx*) = (E — V)y, a
peltenue cHoBa umeeT B exp(ikx), HO npu 3ToM E = h2k*2m + V.
Hcnonp3oBanue cootHomenus k = 2n/A naer A = h/\/2m(E—V).
M3 31010 ypaBHeHUs cienyer, 4To I OCTOSHHOM IOJHON 3HEPIUU €
pocrom V BenuuumHa E — V' yMeHbIIAeTCAd W IMOATOMY JJIMHA BOJIHBI
pacrteT 10 TeX MOp, MOKa HE JOCTHIHET OECKOHEYHOTrO 3HAa4YeHUS
npu E = V. Ho (E — V)—9T0 KHHETHYeCKas SHEPrusi YacTHILIBI.
CrnenoBaTenbHO, C MOHMKEHUEM KWHETUYECKOW DHEPIHU JJIMHA BOJIHBI
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ne bBpoiinst pacteT u AN COCTOSIHUSI TIOKOSI JOCTUTACT OSCKOHEYHOTO
3HaueHUA. AHanm3 ypaBHeHus [IpénuHrepa, mpeacTaBisionero coooi
muddepeHranbHoe ypaBHEHHE BTOPOTO MOPSAKA, MOKA3bIBACT, YTO
OHO MMeeT OECKOHEYHOE YHUCIO PEIICHWH, T. €. DHEprus 4acTULbl £
MOXET TpPUHHMMATh JIo0ble 3HadeHus. OJHAKO SHEPTUsi KBAHTOBAHA,
MO3TOMY HEKOTOPBIC PEIICHHS HEOOXOAMMO 00S3aTeIbHO HCKIIOYMTH.
st aTOro cHavana HYXXHO TpUAaTh (PU3MYECKHH CMBICIT BOJIHOBOMN

byHKITHH V.

1.2. MHTEPIIPETALIUS PU3HYECKOI'O CMBICJIA
BOJIHOBOU ®YHKIMHN

SIBHOTO (H3uUecKoro cMmbicia pemieHus () ypaBuenust LIpémunre-
pa He nMeror. CMBICT MMeeT KBajpaT BONHOBOH (yHKimu y2. MHTep-
npeTanys BOJTHOBOK (yHKIHMH W Oblia naHa M. bopHoM 1o aHanoruu ¢
BOJIHOBOH OIITHKOM, B KOTOPOH KBaJApaT aMILIUTYAbI 3J€KTPOMAarHUTHON
BOJTHBI pacCMaTPUBAETCS KAK MHTEHCUBHOCTH AJIEKTPOMAarHUTHOTO H3ITy-
yeHusd. B kopryckynspHON TeopuH cBeTa HHTEHCHBHOCTh — 3TO UYHCIIO
UMEIONIUXCS (JOTOHOB, T. €. HHTEHCHBHOE MOHOXPOMAaTHYECKOE H3ITyde-
HHUE COOTBETCTBYET OOJBIIOMY YHCTY (OTOHOB (KayKABI C SHEpTUeH
hv), a MAIOWHTEHCUBHOE — HEOOIBIIIOMY YHCTY TaKUX (DOTOHOB.

AHaJOTUs Al 4aCTHI[ COCTOMT B TOM, YTO BOJHOBYIO (DYHKLHIO
YaCTHIIBI MOYKHO pacCMaTpUBaTh Kak aMIUTHTYAY, KBaIpaT KOTOPOH eCTh
BEPOATHOCTh OOHAPYKUTH 3Ty YACTUIY B KaXKIOW TOUYKE MPOCTPAHCTBA.
Hanpumep, 17151 51eKTpoHa y2dx — 3TO BEIMUKMHA, MPOHOPIHOHANbHAS
BEPOSTHOCTH OOHAPYKUTH IIEKTPOH B OECKOHEYHO MAJIOM MPOMEKYTKE
MeXIy X U X + dx; y*(r)dt— BepoSTHOCTh OOHAPYXKUTh JIEKTPOH B
0eCcKOHEUHO MajioM 00beMe MPOCTpaHCTBa dT, PaclojIOKEHHOM Ha pac-
CTOSTHUM ¥ OT IIEHTPa KOOPAWHAT (KOTOPBIH 0OBIYHO TTOMEIIAIOT B IICHTPE
aapa). BeposTHocTHast MHTEpHpeTanysi BOJTHOBOM (DyHKLIMHU O3HAYaerT,
YTO HENb3S CKa3aTh B TOYHOCTH, IJie HAXOJWTCS YacTHIIA, HAPUMEp
3NEKTPOH. MOYKHO TOBOPUTH JIMIIb O BEPOSTHOCTH €€ HAXOXKJICHHS B
pa3IMYHBIX 00JIACTSAX MPOCTPAHCTBA.

Jlydiie Bcero 3To MPOMJUIIOCTPUPOBATh HA KOHKPETHOM IIpUMEDE.
Bo3pmem atoM Bomopoma B HM3IIEM (OCHOBHOM) COCTOSIHUH. Jlist
3TOTO citydas pemeHue ypasHerus Lpénnarepa mpuBOIUT K BOTHOBOM
bysxumn Buma w = (1/7a3)'/? exp(—r/ag), tne ag = 0,53 A — pamyc
Bopa, »r —paccrosaue ot mnentpa sajapa. C Momolbo 3TOr0 ypaBHEHUS
MOKHO PAcCUMTaTh, YTO BEPOATHOCTH (IIPONOPLUOHANBHAS W) HAWTH
NEKTPOH BHYTPU Hebonbimoi cdepbl obsemoM 1 mv® (oxomo 1/100
o0bema aToMa) B TOUKe, oTcTosIeH Ha 0,5 A or snpa, cocrasisier 15%
OT BEPOSITHOCTH HANTH AIIEKTPOH Y CaMOro S/Ipa, a BEPOSITHOCTh HAUTH
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—7.107
SNIEKTPOH Ha paccTosHuM 1 MM ot spa ctoib Mana (1072107) uto ero
MOYHO TIOJIHOCTBIO TipeHeOpedb. OIHAKO KOHEYHAsI BEPOSTHOCTh HANTH
3JIEKTPOH Jaxke B | KM OT siIpa He paBHA HYIIO.

1.3. KBAHTOBAHMUE

JIroboe cBOMCTBO 00BEKTA, TF00OE SBICHUE KBAHTOBAHO, BCE B MHUPE
KBaHTOBAHO, BKJIIOUasi cCaMo MIPOCTPAHCTBO. B 3TOM 3aKkirouaeTcst OCHOB-
HOM IIPUHIIMIT KBAHTOBON MEXaHHUKH. DHEPTHs 00hEKTa HE MOXKET U3Me-
HUTBCSI Ha MPOM3BOJIBHYIO BeIMuuMHY. OOBEKT MOXKET 0o0najgaTh JHIIb
OTIpe/IeTICHHBIMH 3HAYEHUSAME DHEPIUH, U HEJb3s CIeNaTh TaK, YTOOBI
OH UMeEJI KaKyl0-TO TPOMEXYTOYHYIO HEPTUI0. DTO, MEXIY MPOUUM, U
SBHJIOCH TPUYUHON BBesleHNs ypaBHeHus LLpénnnrepa, koTopoe BMecTe
C M3JIOKCHHOW BBIIIE MHTEPIIpEeTAlell BOJIHOBOM (DYHKUUH YCIICLIHO
00BsICHsIET KBaHTOBaHHE HSHepruu. B pasgene 1.1 ykaseiBamoch, 4TO
JUTSL COTVIacHs C TIPUHIIUTIOM KBAaHTOBAHHS HEKOTOPHIE M3 OECKOHEUHOTO
yyucna penieHuit ypaBHeHus llpéaunrepa HyXHO HCKIIOYUTH. DTO
MOYKHO CJIeJIaTh Ha OCHOBE BEPOSTHOCTHOW MHTEPIIPETAIINHA BOITHOBOM
GyHKIHH.

OrpaHnueHre Ha BOTHOBBIE (DYHKIIHY MOYKHO HAJIOKHUTH C TIOMOIIHIO
IIPOCTOTO 3aKJIIOUYEHHs], COCTOSAIIETO B TOM, YTO eclu W dx uma y’dt
€CTh BEPOATHOCTh HAWTH YACTHITY B OOJIACTH dX WU d T, TO CyMMa TaKHX
BEPOSATHOCTEH MO0 BCeMy MPOCTPAHCTBY JOJKHA ObITh paBHA CIUHHMIIE.
DTO cremyeT u3 TOTo, YTO YaCTHIIA, €CIIH OHA CYIIECTBYET, OTPEICTICHHO
IJ1e-TO HaXOAMUTCS, MyCTh AK€ OHa «pa3MbITa» IO Bcell BceieHHoi.
Taxum 00pa3om, BOSHUKAET Kpuneputi HOIHOU 8eposmHocmu (TI0-HHOMY
€ro Ha3bIBAlOT «YC108Ue HOPMUPOBKU»), KOTOPBIA HAllaraeT JKeCTKUE
OTpaHWYECHHS Ha BOJHOBBIE (YHKIIMH, MO0 €My YIOBIETBOPSIOT HE
Bce peureHus ypaBHenus Llpéaunrepa, a ToJIbKO BOJIHOBBIC (DyHKIWH,
HOPMHUPOBaHHBIE K €IMHHIIE, KOTIa ffooo y?dx = 1 pns ogHOMEpPHOTO
JBYOKCHUS WA ffooo y?dt = 1 118 TPeXMEpHOTO IBMKEHHS, TIE X —
JUIMHA, a T — 00BEM.

UTOOBI MOSCHUTH 3TO, OMATH OOpaTHMCSI K aroMy Bogopoaa. B oc-
HOBHOM COCTOSIHUH BOJHOBasi (DYHKIIUS POTIOPLUHOHAIbHA exp(—r/ay)
(cM. mpenpI Ty il pasaen), T. €. ClaaeT 1o SKCIIOHEHIINAIbHOMY 3aKOHY
MpH yaaneHuu ot sapa. OIHaKo WHTETPHUPYS IO BCEMY IPOCTPAHCTRY,
MOYKHO BBIYHCIIUTH, YTO YCIOBHIO HOPMHUPOBKH, T. €. KPUTEPHIO MOTHOM
BEPOSTHOCTH, YIOBICTBOPSIOT HE JIOOBIC KOA((GOUIIMECHTHI MPOIIOPIIH-
oHanmbHOCTH A B ypaBHeHHH Y = Aexp(—r/ap), a TOJIBKO OIUH
(Ha3bIBaEMBIii HOPMUPOBOUHBIM MHOKHTENEM N), A = N = (1/7a})'/?,
KOTOPBIA M OBIJI MCIIONIb30BaH B TPEIBIAYIIEM pas3zieie MpH pacdeTax
BEPOSATHOCTH HANTU DIIEKTPOH Ha Pa3HBIX PACCTOSHUSX OT siapa. [Ipu
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JOPYTHX 3HAYCHUSX 4 KPUTEPHIA TIOIHOW BEPOSITHOCTH HE COOIIOAACTCS U
9TH penieHus ypasHeHus Llpénunrepa Henpuemiemsl. Eciu 3TH perue-
HUSI HETIPHEMIIEMBI, X 0TOpachIBalOT U Toraa B ypaBHeHuu Ll pénunrepa
MOJIHAsl DHEprus E JIeKTpoHa B aToMe BOAOPOAA HE MOXKET HUMETh
3HAYEHUS], COOTBETCTBYIOLUE STUM HEIIPUEMIIEMBIM PeIICHUsIM. Tak Mbl
MPHUXOANM K KBAaHTOBAaHUIO M TENEPh JAOJKHBI 3aSBHUTh, YTO BO3MOYKHBI
TOJIBKO HEKOTOPBIE 3HAYEHMsI SHEPIUHU DJIEKTPOHA B aTOME BOAOPOAA,
MOCKOJIBKY JIDYTHi€ 3HAa4€HUs COOTBETCTBYIOT HEBEPHBIM CBOWCTBAM
pacnpeneneHus MNIEKTPoHa B IIPOCTPAHCTBE.

1.4. ATOMHBIE OPBUTAJIN
1.4.1. OPBUTAJIU ATOMA BOJOPOJA

Korma paccmarpmBatoTcsi BONHOBBIE (DYHKIIMH JUIS SJIEKTPOHOB B
OTJICNIbHBIX aTOMaX, 3TU (DYHKIIMHM HA3BIBAKOT AMOMHbIMU OPOUMAIMU
(coxpamenno AQO). DKcrepuMEHTAIbHBIE JTOKA3aTeIbCTBA CYIICCTBO-
BaHUsl aTOMHBIX OpOMTAlIEd MOXKHO IOJIyYUTh U3 ATOMHBIX CIEKTPOB.
Hanpumep, nipu snmekTprdeckoM paspsifie B ra3000pa3HOM BOIIOPOJE
MoJieKynbl Hp AuccouuupyroT Ha aTOMBbI, @ aTOMBI HCIIYCKalOT CBET
CTPOTO OIPENIENIEHHBIX YacTOT, KOTOpPbIE TPYNIHUPYIOTCA CEPHSIMH: B
BUAMMOW obmactu (Tak HasbiBaeMmas cepus bambmepa), ymbTpaduo-
netoBoir (cepust Jlaiimana), nHppakpacHoit (cepus [lamena). Eme B
JIOKBAHTOBBIN MEPUOJ] OBUIO 3aMEUEHO, YTO BCE CEPUU YHAOBICTBOPSIOT
npoctomy ypasHenuto 1/A = R(1/n? — 1/n3), B KoTOpOM A — jTMHA
BOJIHBI MCITyCKaeMOIro CBeTa, R —moctosiHHas Punbepra, n; u np—
yenvle nonoxcumenvHuole yucia. Jlnsa cepun Jlaiitmana n; = 1, aig cepuu
banbmepa ny = 2, nns cepuu Ilamena n; = 3 (n; OTHOCUTCS K TIEpBOM
TUHUU cepun). st Apyrux JMHWUHA B KaXIOH cepuu ny = ny + 1 (s
BTOpOi), ny = n; + 2 (ans Tpetbeit), ny = n; + 3 (W11 4ETBEPTOiL)
u T. 1. Takum 00pa3om, HANWIIO SBHBIA MPU3HAK KBAHTOBAHMUS YacCTOTHI
HCITyCKAaeMOTO CBETA.

AToM BOJIOpOAa TpexmepeH, mo3ToMy ypaBHenue IIpénunrepa
JIOJDKHO BKITFOYATh KWHETHUYECKYIO SHEPTHIO BO BCEX TPEX M3MEPEHHSX
1 OyJeT UMEeTh HECKOJIBKO 00JIee CIIOKHBIN BHJI, YEM MPEJICTABICHHOC B
pazzene 1.1 3Toif maBbl ypaBHEHHUE ISl OAHOMEPHOIO ABMKeHus. [Ipu
€ro PeUICHUH C HAJTOKCHHEM TPAHUYHBIX YCIOBHM, KOTOPHIC BBHITCKAIOT
W3 BEpOSITHOCTHOW WHTEPIPETAlNU BOJTHOBOH (YHKIINHM, OBUIH TTOTyYe-
HBI CJIEIYIOIINE BHIBOIBL.

1. HeoOxomumMo TpUHATH, YTO CYHIECTBYIOT TpH Oe3pa3MepHBIX
KBaHTOBBIX 4YHCJIa, KOTOpble 0003HA4Yar0T cumBoiamu 7, [ u m. Iloss-
JIeHWE KBAaHTOBOTO YMCIIA /1 BBI3BAHO TEM, UTO JIEKTPOH MOXKET MEHATh
CBOE paccTosiHue OT sifipa. KBaHTOBBIC uncia [ U m CBS3aHbI C YIJIOBBIM
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MOMEHTOM KOJIMYECTBA IBHIKCHUS ANEKTPOHA, KOTOPHII MOKET BpaIlaTh-
Csl BOKPYT s7jpa B TPEX M3MepeHusax. Yncio / xapakrepusyeT BeTHIHHY
YIJIOBOTO MOMEHTA, a YUCJIO M — OPUECHTAIMIO YIJIOBOTO MOMEHTa B
MPOCTPAHCTBE, TaK KaK YIIIOBOW MOMEHT — BeKTOpHas BenmduHa. Jlo-
MyCTUMBIMU 3HAUCHUSIMH KBAHTOBBIX YHCEJ, KOTOPHIC BBITCKAIOT U3
TpaHUYHBIX YCIIOBUH, sBIsAtOTCS n=1,2,3...;

1=0,1,2...(n—1);
m=1,1-1),1-2)...,—1.

2. DHeprus 3IeKTPOHA, BOOOIIE TOBOPS, JOJDKHA 3aBHUCETh OT BCEX
TpeX KBAHTOBBIX 4YMCEJ, WIIHU, [0 KpalHeW Mmepe, OT JABYX, OJHAKO
YHUKaJIEHON OCOOCHHOCTBIO aToMa Bomopona (HO He JAPYTHX aTOMOB)
SBJIIETCSL TO, YTO SHEPTHs IEKTPOHA 3aBUCHUT TOJbKO OT 7. Ilo aToit
TIPUYUHE 71 HA3bIBACTCS 21A68HbIM Keanmosvim yuciom. (Tax, mustn =3 [
MOXKET MpUHUMaTh 3HaueHus 0, 1 1 2, HO PHEPTUs INEKTPOHA OCTAETCS
MOCTOSIHHOM.) PazpereHHbIME SHEprusiMu OyIyT SHEPTUH, WMEIOIIHE
sun E, = R/n’.

CriekTp aToMapHOTrO BOAOPOAA TENEepPh MOKHO OOBSCHHUTD, IPEAIO-
JIOXKUB, YTO, KaK TOJIHKO IEKTPOH MEPEXOANUT U3 COCTOSHUS C ITIaBHBIM
KBAHTOBBIM YHCIOM 71, M OHEprueil R/n} B COCTOSHHME C IIaBHBIM
KBAHTOBBIM YHCJIOM /1] U dHepruei R/ n%, OH M3JIy4YaeT pa3HOCTb YHEPTUid
B Bujae ¢oroHa ¢ dHeprueil Av u uacroroir v. ComiacHO 3aKOHY
COXpaHeHHs SHepruu, hv = R /n? — R /n3, 4T0 B TO4HOCTH COOTBETCTBYET
IKCIIEPUMEHTAIIbHBIM HAOIFOCHUSIM.

AToMHBIE OpOWTaIH aToMa BOAOPO/IA WMEIOT OYeHb BAXXHOE 3HAYe-
HUE, TaK KaK OHU MOKA3bIBAIOT, KAK PAaCIpeAesiCH JICKTPOH (MK HIeK-
TPOHHAas! IUIOTHOCTH) B IpocTpancTBe. AMmntyna AO y(r) pa3iandHa B
Pa3HBIX MECTaX MPOCTPAHCTBA, & BEPOSITHOCTb HAXOXKIICHUS DJIEKTPOHA
B HEKOTOPOH OCCKOHEYHO MaJIOH 00JacTH dT BOKPYT TOYKH 7' COCTaB-
nsiet [y(r)]*dr. TlpocTpaHCTBEHHOE PacTpeieieHUE IEKTPOHA MOKHO
u300pa3uTh TyTeM yKazaHus BeanduHbl [w(r)]> ¢ momomuipio pasHoiM
IJIOTHOCTH IITPUXOBKU Ha auarpamme. PacmpezgeneHue MIOTHOCTH B
HekoTopbix AO Bojopona mpeacTaBieHo Ha puc. 1.1.

OpOuTanb 0CHOBHOTO COCTOSTHHS aTOMa BOJIOPO/Ia OYEHB ITPOCTa: OHA
chepruieckn CMHMMETPHYHA U €€ MJIOTHOCTh SKCIIOHEHIINATIBHO CTIagaeT
o Mepe ynasieHus ot siapa (c. 14). CrnemoBarenbHO, HAaHOOJIEE BEPOSTHO
HAWTH HIEKTPOH OKOJIO SA/pa, IIIe W U, TAKUM 00pa3oM, > MaKCHMAllb-
HBL. DTO COITIACYETCs C MPEICTABICHNUEM, UTO SIEKTPOH IS IO CTIKEHUS
HAaWMEHBIIICH TOTCHUUAIBHON SHEPTHM MOJIKEH CTPEMUTHCS K SApPY.
OpHako OopOUTAIb HE COBCEM «IIPIKaTay K SAPY, @ paclpoCTpaHsIeTCs
U Ha o0NacTdu, JOCTATOYHO YyHAJICHHBIE OT Hero. Takas cuTyanus
BO3HUKAET BCIIEICTBUE TOTO, YTO OOJBIIOE 3HAYCHHE WMEET HE TOJIBKO
MOTEHIHaIbHAsA, HO U KHHETHYecKas dHeprus aekTpoHa. [locneanioro
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HEJb3s IPEICTABUTh KaK KHWHETUYECKYIO SHEPIUIO IBHYKEHHS 110 OpOuTe
BOKpYT 5i7[pa, KOTOpas MPUBOAMUT K TOSBICHHUIO HMEHTPOOEKHON CHIIHI,
VACPKUBAIOILCH AJIEKTPOH BAAIHM OT A1pa, HOCKOIBKY YIJIOBOH MOMEHT
SNIEKTPOHA B OCHOBHOM COCTOSHHM aTOMa BOJIOpOJa PaBEH HYJIIO.
(IIpu n = 1 MoxeT OBbITh TOJNBKO OAHO KBAHTOBOE YHCIIO BEIMYMHBI
ymoBoro Momenrta: [ = 0, W, CJIeI0BaTENbHO, BEIUYHWHA YTIOBOTO
momenta [I(1+ 1)]'/?h paBua Hym0.) Takum 06pa3zoM, B KJIACCHYECKOM
MMOHWMaHUH JIEKTPOH B OCHOBHOM COCTOSIHUM aTOMa BOJOPOAa Kak ObI
HE BpallaeTcs BOKPYT sapa, a IPOCTO KayaeTcsl BIOAb paanyca. C 9THM
CBsI3aHa ero KuHeTHdeckas sHeprusi. C TOUKH 3peHus] KBAHTOBOH TEOPUHU
KAHETHYeCKast SHEPTHs JICKTPOHA CBs3aHa C JUTMHOW BOJIHBI AJIEKTPOHA,
pacmpocTpaHsoneiics B paAnalbHOM HalpaBlieHHH. Eciam opOutanb
«IOKUMACTCS» K SJIPY, JJIMHA BOJIHBI B PaJIMaJibHOM HalpaBICHUU
HEU30€KHO YMEHBINAETCS ¥ TI0ITOMY KHHETHYeCcKas DHepPTusl Bo3pacra-
et (pa3n. 1.1). PeasnbHast opOuTans SBIsieTCS pe3ylIbTaTOM KOMIIPOMHCCA
MEXY YMEPEHHO HU3KOM NOTEHLHMAIBHON YHEPrUeil U YMEPEHHO BBI-
COKOM KMHETHYeCKOM sHepruei. bimke K sapy 21eKTpoHHas MIIOTHOCTh
BBIIIIE, HO OHA UMEETCS ¥ Ha YAaJICHHOM OT sIIpa PacCTOSHHH.

Bce opOurtanu ¢ HyneBbIM YIJIOBBIM MOMEHTOM HAa3BIBAIOTCS S-0Op-
outansmu. s-OpOurans Husmed sneprun (n = 1, [ = 0, m = 0)
Ha3bIBaeTcs 1s-opoutansio. Ecmu n =2 u /=0, To 310 25-0pOuTans. Ee
SHEPrusl BbIILE, YeM dHeprusi ls-opOutanu, mo AByM HpudyuHam. Bo-
TIEPBBIX, OHa HWMEET PaauadbHBIA y3en (puc. 1.2), MpeacTaBIsIOMIAA
co00# chepruuecKylo OBEPXHOCTb, BHYTPH U CHApYXH KOTOPOH BOJI-
HOBast (QYHKITUS UMEET pa3HbIe 3HAKH, U Ha CaMOW JTOW MOBEPXHOCTH
SNIEKTPOHHAs TUIOTHOCTH paBHa Hymio. llosiBieHHe y370B Ha Jr000M
OpOHTAN TTOBBIIIAET YHEPTHIO AIIEKTPOHA, 3aHUMAIOIIIETO ATy OpOUTATb,
¥ 4YeM OoJjbllIe Yy3JI0B, TEM DHEPrusi OpOMTaId BBIIIE. DTO CBS3aHO
C TeM, YTO C YyBENUYECHHWEM YHCJa Y3JIOB JTMHA BOJHBI AIIEKTPOHA
CTaHOBHTCS KOPOYE T. €. OOJIbLIEE YUCIIO TIOIYBOJIH IPUXOAUTCS Ha OTHY
U Ty e 00JacTh MPOCTPAHCTBA M MTO3TOMY €r0 KHHETHYeCKash YHePTHs
BO3pacTaeT. Bo-BTOpBIX, MOBBIIEHHE YHEPTUHU 25-0pOUTAIIN TIO CpaBHE-
HUIO ¢ 1s-opOWTaNbIO CBA3aHO C TEM, YTO 25-OpOHTAIb MPOCTUPACTCS
Ha paccTosHHe, Ooyiee JaieKkoe OT SApa, W MO3TOMY MOTEHIHAIbHAsS
9HEPTHsl ANIEKTPOHA HA HEll BBIIIE, YeM Ha 1s-opOuTain. AHAJIOTHYHBIC
3aMe4YaHHsi MOXHO CJIeIaTh U OTHOCHTEIHHO 00JIe€ BBICOKO JIEHKAIIX
s-opouraineii: 3s, 4s u T. 1.

Ecmm n = 1, eqWHCTBEHHBIM 3HAYEHHWEM, pa3pelieHHBIM i /,
ABJSIETCS. Hylb, HO €CIM 7 = 2, KBAaHTOBOE YHCIO OpPOUTAIBLHOTO
YIJIOBOTO MOMEHTA MOKET MPUHUMATE 3HaueHuUs 0 (2s-opourtains) win 1.
Ecmu [ = 1, aroMHBIe OpOHMTaIM HOCAT Ha3BaHUe p-opOutaneid. [Ipu
n=2wul=1 mbl uMeeM 2p-opoburtans. OHa OTIIMYAETCS OT 25-OpOUTAIH
TEM, 4TO 3aHMUMAIOIIMI ee MEeKTPOH 00s1anaeT OpOUTANIBHBIM YIJIOBBIM
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Puc. 1.1. Pactipenenenue IOTHOCTH HEKOTOPBIX aTOMHBIX OpOUTaliei aroma Boxopoza
B IIPOCTPAHCTBE

MOMEHTOM BeJIMYMHON v/2h. YIIIOBOII MOMEHT SBISETCS CIEICTBUEM
HaJU9Hsl YIII0BOTO y3ima (puc. 1.2), KOTOpBIM, KaKk TOBOPSAT, «BBOIUT
KPUBU3HY B yIJIOBOE M3MECHEHUE BOJIHOBOUM (PyHKIIMUY (IIap mpeBpalia-
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paduanshvle
Y37kt

1s
(et y3n06) 25 3s
(0dun ysen) (36a y3na )

yrnobeie
Y3Nbl

paduasbhsil y3en

2
(odu y3en)

%
(dba y3na)

yrnabsie
/‘ y3b1

(86a yana)

Puc. 1.2. Y3710BBIE CBOICTBAa M CHMMETpHUS aTOMHBIX opOutaneil. Opburans ¢ n = 1

He umeeT y3noB. OpOutamm ¢ n = 2 UMEOT OOWH y3ed, ¢ n = 3 —jaBa y3ia

U T. 1. OTHOCHTENEHO OIepaluyl CHMMETPUH MHBEPCHHU (LIEHTP MHBEPCHU COBMAJACT

C LEHTPOM $JIpa) BCE S-OPOUTAIN CUMMETPHYHBI, BCE p-OpOUTAIN aHTHCUMMETPHYHBI,
BCE d-opOUTA CHOBA CHMMETPUYHBI U T. J.

eTcst B raHTelb). Hanumune opOuTanbHOrO yriioBOro MOMEHTA OKa3bIBaeT
CUJIHOE BIMSIHUE HAa pajuajbHyIo GopMmy opOutaiu. B To Bpems kak
BCE S-OpOMTAIM y sipa UMEIOT HEHYJEBOE 3HaUCHUE, p-OpOUTaNIU Tam
OTCYTCTBYIOT. DTO MOXXHO HPEACTaBUTh KaK OTOpachIBAaHHUE 3JIEKTPOHA
OT siipa OpOMUTAIBbHBIM YIIOBBIM MOMEHTOM. Cuila KyJIOHOBCKOTO IpH-
TSKEHMS NIEKTPOHA K Py TPONopiMoHaibha 1 /72, Tie r— paccros-
HHUE OT sipa, a LEHTPOOEeXKHasl CHja, OTTAJIKUBAIOILAS IEKTPOHBI OT
aapa, nponopuxonansua J2 /7> (J — yrosoii Moment). Ilostomy, eciu
yrioBod MoMeHT J 7 0, mpu OYeHb MasbIX » ILEHTPOOCKHAs CHiia
MPEBOCXOIUT KYJIOHOBCKYIO. DTOT LIEHTPOOEKHBIN 3P (eKT MposiBiIseTcs
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takke B AO ¢ / = 2, KoTopble HasbIBaloTCs d-opOurtamsimu, /| = 3
(f-opOurtanm) u Ooyee BBICOKUX opburtansix (g-, h-, j-opoutanm). Bece
3TH OpOUTAaNHU, U3-3a TOTO, 4TO [ 7%~ 0, UMEIOT HYJIEBYIO aMIUIUTYLy Y
SIIpa ", CI0BATENFHO, BEPOSITHOCTh OOHAPYKUTH TaM JIEKTPOH paBHA
HYJIIO.

VY 2p-opbutanu HET paguaIbLHOTO Y3I1a, HO 3p-0pOUTallb €T0 UMEET.
OCKH3bl HIDKHUX aTOMHBIX OpOWTAlICH; WLIHOCTPUPYIOLIUE Y3JIOBBIC
cBoiictBa m cuMMeTpruto AO (HO HE BEpOSTHOCTHOE pacHpeeICHHE
SNIEKTPOHA BHYTpPU OpOUTau, Kak Ha puc. 1.1), mpuBenens! Ha puc. 1.2.
CBeTible ¥ 3aTeMHEHHBIE 001aCTH — ATO MECTa, T/Ie BOITHOBAS (DyHKITHS
uMeeT pasHble 3HaKku. [lockoabKy BEIOOP 3HAKa MPOU3BOJICH, Oe3pa3iny-
HO, OyZIeM JI1 MBI COOTHOCHUTH 3aT€MHEHHUE 00JIaCTH C MOJIOKUTEIHHBIM,
a CBETJIbIe 00J1aCTU C OTPUIIATEIHHBIM 3HAKOM BOJHOBOU (DYHKITHH, WU
Ha000poT. [ paHnITa MKy CBETION M TEMHOU 00IacCTsIMU OpOHUTAIIeH —
3TO y3el, T. €. TO MEeCTO, IJie BOJHOBas (DYHKIHs paBHA HYIIO, HIIH,
JPYTUMHU CIIOBAMH, MECTO, IJIc BOJHOBas (PYHKIUS MEHSET 3HAK Ha
MIPOTHBOIOJIOKHBIN. UeM OoJIbIle y37I0B, TEM BBIIIE SHEPTHUS JIEKTPOHA,
3aHuMaroniero aannyio AO.

ITockonbky mist p-opOutaneid /[ = 1, KBAHTOBOE YHUCIO 7 MOXKET
npuHuMarth 3Hauenust +1, 0 u —1 (c. 21). Pa3usle 3HaueHus m coot-
BETCTBYIOT OpOHUTANISIM C pPa3UYHBIMH OPHEHTAIUSMU OpPOUTAIHLHOTO
YIIOBOTO MoMeHTa. p-Opbutans ¢ m = 0 UMeeT HyJIEBYIO MPOCKLUIO
YIJIOBOTO MOMEHTA Ha OCh z (puc. 1.2), ¥ 110 3TOW MPUYHUHE ¢¢ Ha3bIBAIOT
p--opoutaneto. Bun p,-opoutanu (cm. puc. 1.1 u 1.2) TOBOPUT O TOM,
YTO JJIEKTPOHHAS IJIOTHOCTH «coOpaHa B 3aBOJIN» BIIONb OCH z. B aToM
ciyyae CYLIECTBYET TOPU30HTANbHAS y3JI0Basl MIIOCKOCTh, MPOXOASINAs
yepes SApo, U BEPOSTHOCTh HAWTH DIEKTPOH B ATOH IUIOCKOCTH paBHA
Hynr0. J[Be npyrue p-opOuTaiu MOXHO TPEACTaBUTH aHAJIOTHYHBIMU
KapTUHAMH ¢ OPHCHTAIMEH «JTOTacTei» BIOIb oceii x U y (cM. puc. 1.1),
II03TOMY OHHU Ha3bIBAIOTCS Py- U P,-OPOUTATIAMM.

Ecmu n = 3, To [ MmoxeT mpuHUMATh 3HaueHus 0, 1 u 2. DTO MPpUBOIUT
K OIHOH 3s-opOutamu, Tpem 3p-opOHTais M U TATH 3d-opOuTaisM.
3d-Opbutaneil 1ATh, MOCKONBKY Tpu [ = 2 m MOXET IPHHUMATH
sHageHus 2, 1, 0, —1 u —2. Bce 3d-opOutany HMEIOT HYJIEBYIO
aMILTUTYAy y siapa. Y HHUX HET paJuanbHbIX y3i0B (y 4d-opOutaneit
panvanbHBIe Y376l TIOSBISIIOTCA), HO Yy KaXXIOW €CTh JIBE Y3JIOBBIE
MI0CKOCTH (M. puc. 1.2).

Brire ObuTO CKa3aHO, YTO SHEPTHsl AIEKTPOHA B aTOME BOJOPO-
Jla 3aBUCUT OT TJIABHOTO KBAHTOBOTO YHCJIAa OPOUTAIM, KOTOPYI OH
3aHMMaeT, ¥ He 3aBUCUT OT €ro OpOWTaJIHHOTO YITIOBOTO MOMEHTA.
Takum 00pa3oM, B aToMe BOJOPOJA AIEKTPOH Ha 25-OpOUTAId MUMEET
Ty K€ DHEpPrHio, YTO W Ha J000W W3 Tpex 2p-opburtaneil. Ecmm
pasnuYHbBIe OPOUTATH UMEIOT OJMHAKOBYIO DHEPIHIO, OHU HA3BIBAIOTCA
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8bIpOdICOeHNbIMU. BBIpOXKIICHHE aTOMa BOAOPOA MPEJOCTaBIIsIET COO0M
HEYTO MCKITIOUNTEIRHOE U B U3HKE OOBSICHSIETCS 0Cc000# (opMoii ero
KYJIOHOBCKOTO TIOTEHIIHAIA.

1.4.2. PASMEPBI ATOMHBIX OPEUTAJIEN

CKOpOCTh MHOTUX PEAKIMH OPraHUYeCKUX COCTUHCHUN 3aBUCUT OT
TOTO, HACKOJIBKO A(PPEKTHBHO B3aUMOJICHCTBYIOT, T. €. IEPEKPHIBAIOTCS,
MOJIEKYJISIpHBIE opOuTay peareHToB. O0beMHUCThIE TPYIIEI (HANIpUMep,
mpem-0yTHIIbHAS) TIPETSATCTBYIOT CONMKCHHIO PEarcHTOB, CHIDKAIOT
CTeNeHb B3aUMOACHCTBHS OpOUTalell (MHOTAa 0 HyJIs) ¥ [O3TOMY 3a-
TPYIHSIOT peakiuto. s oneHkn creprudecknx d3QQPeKToB HEOOXOTUMO
UMETb NpPEACTaBICHHE O TOM, KAKOBBI pa3Mepbl OpOUTalieil i HACKOIBKO
JTAJIEKO OHM PACIpPOCTpPaHSIOTCA OT sijpa. IlockonmbKy MoneKyssipHbIe
opOUTaNM TONTYy4YaloTCsl U3 aTOMHBIX opOuTaneil (pasn. 1.5), pasmepsl
aTOMHBIX OpOWTaNel WIpaloT PEmaroIyl0 poib. Pa3mepsl aTOMHBIX
opOuTanei oNpenensioT U TO, YTO MbI Ha3bIBaeM «pa3MepaMH aroMay.

KaxoBpl, HampuMmep, pa3Mmepbl aroMa BOIOpPOJa B €0 OCHOBHOM
AIEKTPOHHOM COCTOSTHIH? MOJKHO paccysKaaTh TaK: IIOCKOJIBKY TPH yIia-
JICHWH OT siipa OpOUTaNb CIaiaeT SKCIIOHEHITNAIBHO, aTOM OECKOHEYHO,
BEJIMK, TaK KaK aMIUIUTYIa BOJHOBOW (PyHKIHH (OpOUTATH) MOCTHUTACT
HYJISL JIMIOb B Tpeaesie OSCKOHEUHOTO PACCTOSIHUS OT sipa. DTa TOYKa
3peHus MPUHIUITHAIBHO PABUIIBHA, HO BPS/I JIH IIPUEMIIEMA JIJIST XUMHUH.

Jpyras To4ka 3peHHs COCTOMT B TOM, YTOOBI CUHTaTh 3a pazMmep
aToMa pajiyc, Ha KOTOPOM HamOoyiee BEpOSTHO HAWTH HIEKTPOH.
Hawubosee BeposSTHBIM painycoM, ITPpH KOTOPOM OyZIeT HalIeH 3JIeKTPOH,
st 1s-opOurtanu seisieTcst paguyc bopa ag = 0.53 A (53 m). Pammyc
HauOOJIbIIEH BEPOSTHOCTH B cilydae 2s-OpOMTaIM BOXOpPOAA HMEET
BeJIMYUHY 2,76 A(276 nM). Takum 00pazoM, ¢ yBEJIMYEHUEM HEPIHU
aToma, T. €. TIpu BO30YKACHUH, €ro pa3Mepsl yBeinnmuuBaiotTcs. [lo mepe
YBEJIUYEHHsI aTOMHOTO HOMepa (Z) sJeMeHTa OpOHTaIH «IOKUMAIOT-
Cs» K APy W HanOoJiee BEPOSATHBIA pamgmyc OymeT paBeH 53 mm/Z, tme
Z —3apsn saapa.

Atom H He Li Be B C N O F Ne

HaubGonee

BEPOSITHBIN pajinyc
1s-opurama (A) 0,53 0,26 0,18 0,13 0,11 0,088 0,076 0,066 0,059 0,053

Taxkum ob6pazom, ls-opOutanp aTtoma ymiepoaa B 6 pa3 MeHbIIE
1s-opOuTanm aromMa BOIOpOIA.
1.4.3. CTPOEHUE MHOI'OSJIEKTPOHHBIX ATOMOB

Jns Bcex ipyrux atoMoB, KpoMe Bogopojia, ypaHenue péaunrepa
HCKIIIOYUTEIBHO CII0KHO, TaK KaK BCE 3JICKTPOHBI B3aUMOJCHCTBYIOT
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JOpYT ¢ IpyroM, 4TOo He0OXOIMMO yuecTb. Jlaxke AJisi renust Helb3sl JaTh
aHAUTUYECKOE BRIpKEHHUE TSl OpOUTAIeH U MPUXOANUTCS MpUOeraTh K
YHCIEHHBIM PEHICHUSIM C TIOMOIbI0 DBM (mmoirydaroT Tak Ha3bIBacMbIe
OpOUTaTN CaMOCOTIIACOBAHHOTO TOJIsT). OgHAKO YTOOBI TMOHATH DJICK-
TPOHHYIO CTPYKTYPY CJIOKHBIX aTOMOB, JJOCTATOYHO BOCIIOJIB30BATHCS
3HAYUTEIHHO 0OJIee TPOCTHIM KaueCTBEHHBIM METOJIOM, KOTOPBI OCHO-
BaH Ha OpOMTAIISAX, YK€ HAWJICHHBIX JUIS aTOMa BOJIOPO/IA.

OCHOBHOE COCTOSTHHE aToMa BOJIOpOJia WMEET JIIEKTPOHHYIO KOH-
durypamuio! 1s, T. €. eAMHCTBEHHDII YIEKTPOH 3aHUMAET 15-OpOUTAID.
V renust nBa snekrpoHa. Ecnu B3aTh siapo aroma remus (Z = 2) u
CHayaya JI00aBUTh K HEMY OJUH JJIEKTPOH, TO ATOT BJIEKTPOH 3aliMeT
1s-opOuTanb, KoTopas OyIeT OTIMYAThCSA OT 1s-opOuTaau aromMa BOIO-
poja JIMIIb MEHBIIUMU pa3MepaMH, T. €. MeHbIeH quQQPy3HOCThIO, TaK
Kak OONBIIMNA SNEPHBIA 3aps] NPUTATHBACT DJIEKTPOH OMmKe K sAApy
(maubonee BeposATHBIA pamuyc He™ pasen ap/Z = 0,53/2 = 0,26 A).
Ecnu 3areM 106aBUTH BTOPOM 3JIEKTPOH, TO MOJYYHUTCS HEHTpPaIbHBIN
atom He, sHeprust kotoporo OyneT HauMeHBIIEH B TOM ciydae, Ko-
IJla BTOPOW 32JIEKTPOH 3aliMeT Takxke ls-opburtans. Pesynbrupytoreit
SNEKTPOHHON KoHdHTyparmeii Gymer ls? (mBa mekTpoHa Ha 1s-op-
ouranu). Takoe onucanue crpoeHus atoma He sBISETCS HETOYHBIM,
MOCKOJIBKY HAJIMYUE BTOPOTO DJJIEKTPOHA HCKaKaeT OpOWTaibh Tmep-
BOTO, M HA00OPOT. DJIEKTPOHBI B3aUMOICHCTBYIOT IpPYyr C JIpyrom,
WX pacmupeziefieHHe yxe He OyaeT chepudeckn CHMMETPHYHBIM, a
MOJTHAsl PHEPTHs aroMa yKe He paBHA CyMME DHEpPTHUH JBYX OJeK-
TPOHOB, N0 OTACIBHOCTH 3aHUMAIOIMX ls-opOuTans. TemM He MeHee
eCcIM TPUTSHKEHWE K SApYy TpeoliamaeT HaJl dIIEKTPOH-DIEKTPOHHBIM
B3aMMOJICHCTBHEM, UCKaKCHHE OpOMTanell He OyldeT OueHb OOJIBIINM.
Takum 00pa3oM, MOXXHO CHUHTaTh, YTO aTOM TeJHs HMeeT KOoH(H-
rypaumio 1s?, B KOTOpOH JBa 71€KTPOHA HAXOJATCS HA BOJIOPOJIO-
MooOHOH 1s-OpOHTaNIH, «IOMKATOW» K SIPY H3-3a OOJBIIETO €ro
3apsiza.

UroObl OTIIMYHUTE JPYr OT JpyTa JBa JJIEKTpOHA Ha ls-opOuTanw,
HEOOXOAMMO ellle OHO KBAaHTOBOE YMCJIO §, KOTOPOE Ha3bIBaeTcs CIIHU-
HoM. CTIMH CBSI3aH C YIJIOBBIM MOMEHTOM DJIEKTPOHA, BPAIIArOIIETOCs
BOKPYT COOCTBEHHOM ocH. JleTalbHbIN aHATN3 CIIMHA YIEKTPOHA HOCUT
JIOCTaTOYHO YTOHYECHHBIM XapakTep, HO KOHEYHBIH pe3yibTaT MPOCT:
JUTSL 3JIEKTPOHA BO3MOXKHO JIHINb OHO 3HadeHue s = 1/2. CruH,
a TOYHEEe CIIMHOBBIH YIIIOBOW MOMEHT, —3TO TaKoe K€ COOCTBEHHOE
CBOWMCTBO JJIEKTPOHA, KaK €ro Macca WM 3apsjl; 3TO (UKCHPOBaH-
HOE CBOWCTBO, XapaKTepUCTHKA dacTHIbl. CIUH KaXXAOTO SIIEKTpPOHA

! Tlon snexTponHoil KOH(HUIypalKeii MopasyMeBaloT ONpeIeNeHHOe PACIpe/eeHte dIeKTPo-
HOB 110 (11,/)-ypOBHSIM.
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B TOYHOCTU OJMH M TOT €, OH HE MOXET HH YBEIMYUBATHCS, HU
yMeHbIIaThca. ENMHCTBEHHOE pa3inyme MEXIy ABYMS SJIEKTPOHAMHU
Ha ls-opOuTanu 3aKiroyaeTcsl B pa3MYHOW OPHEHTALUMU CIIHHOBOIO
YIJIOBOTO MOMEHTa. BennmuuHa yIiIOBOTO MOMEHTa OTHOCHTEIHHO OCH
z cocraBmsiet mgh, tme m; paBHo wid +1/2 (a-cnmH), win —1/2
(B-crun). Takum 06pa3zom, w3 ABYX JICKTPOHOB Ha ls-opOWTamu omuH
UMEET Q-CIUH, a APyrod — [-CIHUH, T. €. CIMHBI 3TUX 3IEKTPOHOB
aHTHITApaJUIEIbHBI UM, TI0-IPYTOMY, CTIapEHBI.

B arome yiuTus iepBhIe [[Ba 3JICKTPOHA 3aHUMAIOT 15-0pOUTalIb, CIle
Gosiee MOATAHYTYIO K siupy ero 3apsgoMm (Z = 3). Tperuil 31eKTpoH
HE MOXET 3aHATh |s-opOuTanb, MOCKOJIBKY CYIIECTBYET €Ile OIUH
B)KHBIA MPUHIMI KBAHTOBOW TEOPHUH, KOTOPHIM 3ampelaeTr 3aHUMaTh
Kaky[o-1m100 opOuTanp Oojee 4eM ABYM BJIEKTPOHAM. DTOT MPHHIUIL
HasbIBaeTca 3anpemom Illaynu, OH SBISETCS KIIOYOM K TOHUMaHHUIO
CBOMCTB CIIO)KHBIX aTOMOB H €T0 MOXXHO C(HOPMYIHPOBATh CIETYIOIIUM
obpazom.

JIo6asi opOUTAIBL MOKET ObITH 3aHATA He 00J1ee YeM ABYMS dJIeK-
TPOHAMU, W €CJIU €€ 3aHUMAKT JBa JIEKTPOHA, HANPABJIEHHE HX
CIIMHOB JIOJI’KHO ObITh MPOTUBOMOJIOKHBIM. 3arpet [laymu oTHOCHTCS
KaK K aTOMHBIM, TaK M K MOJICKYJISIPHBIM OPOUTAIISIM.

[puanmn [aynu 3anpemaet, 9ToOb TPETHH SJIEKTPOH HAXOIUICS Ha
yIKe 3al0JTHEHHOH ABYMSI 2JIEKTPOHAMH 1s-0pOHTaNH, U TOITOMY TPETUI
ANIEKTPOH 3aHWMAET CIEAYIOUIYI0 OpOMTaNb HH3IIEH »Heprud. Takoi
opOuTansio Oyaer ogHa u3 opoburtaneii ¢ n = 2. [lomagaeTt au 21EKTPOH
Ha 2s- WU Ha OJHY U3 TpeX 2p-opOuTanecit? BrIe MBI TOBOPUIIH, YTO
B CJly4ae aTomMa BOJIOPOJIa 3TH OpOUTANN ObLTH BBIPOKICHHBIMU (MMEITU
OIHY W Ty K€ DHEPTHI0), OMHAKO JUIS JINTUS U APYTUX aTOMOB 3TO HE
Tak. [I[pyynHa COCTOUT B TOM, YTO MPUCYTCTBUE APYTUX ICKTPOHOB (HA
1s-opOuTasix) CHUMaeT BBIPOXKICHHE, TIOCKOJIBKY ATH JJIEKTPOHBI, KaK
TOBOPST, «HE HAXOMATCS B TEOMETPUUECKOM LIEHTPE aTOMay. S-DJIEKTPOH
XapaKTepHu3yeTcsl HEHYJIEBOH BEPOSTHOCTHIO OBITh HAWJICHHBIM Y S7pa,
TOTJIa KaK p-3JIeKTPOH TaM BCTPETUTH Helnb3sl. ClieoBaTenbHo, 25-31eK-
TPOH, HECMOTpS Ha MPOTHUBOACWCTBHE OTPHUIATEIHHO 3apsHKEHHOTO
9KpaHa 1s-2JIeKTPOHOB, BCE K€ NMPOHHUKAET 4Yepe3 ATOT JKpaH K Sapy
W HaxOIUTCS MOJ| BO3AEHCTBHEM IOJIOKUTEIBHOTO SIEPHOTO 3apsa,
TOTJIa KaK 2p-3JIeKTPOH He IPOHHUKAET Yepe3 OTPHUIIATEIhHO 3apsKeHHBIN
skpaH. Cymma 3(pheKToB 3KpaHUPOBAHMS U MPOHUKHOBEHUS MTPUBOIUT
K TOMY, 94TO 2S-3JEKTPOHBI TI0 SHEPTHH JIeKaT HIDKE 2p-3IIEKTPOHOB.
AHaJOrM4YHO, JUISL 3JEKTPOHOB C 7 = 3 DHEprusl BO3pacTaeT B psay
3s < 3p < 3d u3-3a >dpdexTa MPOHUKHOBEHUS HYepe3 BHYTPEHHHE
obonoukn ¢ n = 1 mu n = 2. Jpyrumu crnoBamu, 3()(EKTHBHBIN
SIIEPHBIA 3aps UIS pa3HBIX OpOWTaei He ogWHAKOB. Tak, 3p-diek-
TPOH HATpUsSl TPU Y4YeTe SKPAHUPOBAHUS JOJDKEH HAXOIUTHCS IOJ
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BO3JIeiCTBUEM MEHBILET0 (P PEKTUBHOTO SACPHOTO 3apsizia, 4eM 3s5-3JIeK-
TPOH.

Wrak, snekrpoHHas KOHQUIypalus aromMa JIUTHS B OCHOBHOM
(am3mem) coctosHMM OyneT 1s?2s. UTOOBI MOCTPOUTH 3NIEKTPOH-
HYI0 KOH(UTypaluio Jr00ro aroMa ¢ HOMEPOM Z, HYXHO Mpe.-
CTaBUTh ce0c aTOMHBbIC OPOHMTAIHM C IOCIEIOBATEILHOCTHIO DHEPTHUil
Is <25 <2p <3s<3p<3d< ... u3areM pa3MecTUTb Z JIEKTPOHOB,
Ha4YMHAs C OpOMTAIM HU3IIEH dHEPTHH, B COOTBETCTBHH C MPHHIIUIOM
ITaynu. HeoOxoqumo nuillb TOMHHUTB, YTO UMEETCS TOJIKO OfHA 1s-0p-
OouTanb, ogHa 2s-0pOUTANb U T. 1., HO OpOHTaNiel Tuma 2p, 3p U T. 1. 0
TpH, opOuTanei tuna 3d, 4d v T. 1. — 10 NATh, a opOuTaNel Tuna 4f,
5f uT. 1. — 1o cemb. Hrke NpUBENICHBI AIICKTPOHHBIE KOH(MUTYpaIn
OCHOBHBIX COCTOSIHUH aTOMOB IEPBBIX JECSATH SJIEMEHTOB.

H He Li Be B C N (0] F Ne
Is 187 1s%2s 152257 15°25%2p 1s225%2p° 1s22s%2p° 1s5°25%2p% 15%25%2p° 1s%25°2p°

1.5. MOJIEKYJIAPHBIE OPBUTAJIN NOHA H;’

B nmpenpinymux pasgenax B KaueCTBE IPOCTEHINEH 4acTULBI pac-
CMaTpUBaJICd aTOM BOAOPOJAa M ONHMCAHHME CIIOKHBIX aTOMOB OCHO-
BBIBAJIOCh HA JAHHBIX, IIOJYYEHHBIX IPU M3YYEHUU aTOMa BOLOPOAA.
Tenepp Ha npumepe Haubosee MPOCTOM MOJIEKYIJIBI — MOJIEKYJISIPHOTO
HOHa BOJOpOJA H;’ — MBI CHa4aja BbISBUM HauOojee CyIeCTBEHHBIC
YepThl TCOPUU CTPOCHUS MOJICKYII, @ 3aTeM 00CyauM 0oJiee CIOKHbIC U
XUMUYECKH 00JIee HHTEPECHbBIE MOJICKYIIBI.

1.5.1. JUHEMHBIE KOMBAHAIIUA ATOMHBIX OPBUTAJIEN

Hon H; COCTOUT U3 TpPEX, YaCTHUI: ABYX IPOTOHOB U OZHOIO
aJIeKTpoHa. IIpOTOHBI OTTAJKUBAIOT JpPYr JApyra, HO HPUTATHUBAIOT
anekTpoH. CTabuiIbHOCTD H;L JOJDKHA OOBSICHATHCS OaJaHCOM MEXIY
KMHETHYECKON 3HEpPruel W HHEPrusiMU OTTAJIKHBAHUS M HNPUTSHKCHHUS.
VhpoluieHHoe paccMOTpeHUEe HOHa H;’ OCHOBAHO Ha TIPHUOIKECHUU
BopHa—OnmnenreiiMepa, B KOTOPOM HCIIONB3YETCsT TOT (akTt, 4To 00a
MIPOTOHA TI0 MacCe 3HAYUTEINBHO Tshkeee (mpumepHo B 2000 pa3) ogHOTO
anekTpoHa. BcenencTBue 3Toro siipa ABMXKYTCA Topasio MeAJIeHHee,
4YeM DJIeKTPOH, W MOTYT paccMaTpHUBaThCSH KaK (UKCHPOBAHHEIE, a
3NEKTPOH — ABMKYIIMMCS 110 BceMy 00beMy MOJIEKY/Ibl. TOUHBIN pacder
MOKa3bIBAET, YTO B TO BpEMs KaK 3JIEKTPOH MPOXOJUT PACCTOSHHE
1 M, siapa MEpeBUTAlOTCS JUIIb Ha | MM, M OMIMOKA, CBS3aHHAS C
MIPEIOI0KEHNEM O HaXOXKICHUH siiep Ha (PUKCHPOBAaHHOM PACCTOSHUHU
JIpyT OT Apyra, O4eHb Maja. B Apyrux mosekynax dapa eile Tsbkenee
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U npubImKeHue eie Oosee npuemiemMo. 3HadeHue npuonmxenus: bop-
Ha—OmrmenreliMepa ISl XUMHUA HCKITFOUUTETHHO BEJIUKO, TIOCKOJIBKY OHO
000CHOBBIBACT TAKUE MOHSITHUS, KaK JUIMHA CBSI3U, YTOJI MEXJIy CBSI3SMH,
KoH(UTypanus, koH(pOpMaIusi, CAMMETPHS SIIEPHOTO OCTOBA, KPUBAs
MOTEHIMAIBbHOM 3Hepruu u T. n1. [Ipubnmxenne bopaa—Onnenreiimepa
3HAYNTENFHO YIPOMAET onmMcaHne HoHa Hi, cBOjA ero k ypaBHEHHIO
Ipénunrepa a1 oAHOM (a HE TPEX) YAaCTHUIIBI — AIIEKTPOHA B AIEKTPO-
CTaTHYECKOM TI0JI€ IByX CTAllMOHAPHBIX IIPOTOHOB.

[ToTteHumanpHas 3HEPTUs AICKTPOHA B T0JE JBYX MPOTOHOB A u B
npornopionanbHa (1/ra—+1/rg), e ra ¥ rg — paccTOSIHES OT siep A 1
B. Korza s1eKTpoH HaXOIuTCs O4eHb OMu3Ko K sapy A, 1/r > 1/rg, u
torma ypaBHeHue Llpénunrepa nmpeBpariaercs B ypaBHEHHE U OTHOTO
aToMa BOAOPO/a, OCHOBHOE COCTOSIHUE KOTOPOTO OMHUCHIBAETCs OpOuTa-
TBI0 Wi, ¢ meHTpoM Ha sape A (lss). Eciu ke aIekTpoH HaXOmUTCS
omusko K sapy B, ypasaenne Llpénunrepa npeBpamiaercs B ypaBHEHHE
Ul aTomMa BoZopofa B, B OCHOBHOM COCTOSIHUM KOTOPOTO 3JEKTPOH
HaxomuTcs Ha opoutanu 1sg. O0IIee pactpeneacHue JICKTPOHA MOKET
OBITh OMKMCAHO BOJHOBOH (hYHKIIMEH:

v~ Isp + Lsg.

Ota ¢yHKIUSA MOMOOHA aTOMHOW OpOWTAa N, HO PacIpOCTPaHICTCS
Ha BCIO MOJIEKYJIY M TIO3TOMY HA3bIBACTCS MOJLEKYIAPHOU OPOUMANbIO
(MO). IlockonmbKy MOJEKYJIsIpHaAs OpOWTaIb 00pa3yeTcss MyTeM CJo-
’KEHUsI JIByX aTOMHBIX OpOHUTalei, 9TO MPUOIMIKEHHE H3BECTHO MO
Ha3BaHUEM JUHEUHOU KOMOUHAYUY amOMHbIX opbumaineti, Wil Memooa
JIKAO. Meton JIKAO sBisieTcst TOIBKO MPUOITHKCHICM.

ComnacHO MHTEpIpETAIK BOJIHOBOW (pyHKIMK bopHa, BEpPOSITHOCTh
O0OHApYXUTh DJIEKTPOH B 00BEME dT B TOYKE 7 MPOTOPIIMOHAIHHA
v?(r)dt u mosTOMy pacrpesieieHue EKTPOHAa B MOJIEKyle Iporop-
UOHATEHO

(Isa + 1sp)?dt = (1sa)*d7 + (1sg)*dt+2(1sa) (1sp)dr.

B oGmactu BOMM3m siapa A amrumatyna (1sg) mana (puc. 1.3) u Bepo-
STHOCTb HAXOXKIEHHSI 371€CH SJIEKTPOHA ONPEIEIIAETCS IIaBHBIM 00pa3om
(1s4)%; B 06nacTy BOIM3M siipa B BEepOATHOCTH HAXOXKICHHS SEKTPOHA
onpenensercs B ocHosHoM (1sg)?. Ho camas Baxkuas ocobennocts MO
BBIIBIISICTCSL [TPU UCCIICIOBAHUHN BEPOSTHOCTH HAXOXKICHHS JIEKTPOHA
B 00JIaCTH MEXIY sAApaMu, Tiae lsa ¥ lsg MMEIOT MPUMEPHO PaBHbBIE
aMITUTUTYIBL. BeposATHOCTS HAlTH AJIEKTPOH B 3TOH 001aCTH paBHA CyMMe
BEPOSITHOCTH TOTO, YTO OH ObLI ObI TaM, €CJIK OBl TPUHAICIKAT aTOMy A
(1. e. Bemmuune (1sp)? B 2TOH 06MACTH), BEPOATHOCTH TOTO, YTO OH
ObUT Obl TaM, eciu Obl npuHamiexan atomy B ((Isg)?), u jmomoi-
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yBenuqerue amnautyde

Puc. 1.3. IlepexpsiBanue AO, Bemymiee
K CBA3BIBAHMIO A 8

HHUTEJIBHOI BeposTHOCTH, TpornopinoHanbHoi 2(1s,)(1sp)dt, koTopas
00YyCIIOBJIEHA TPETHUM YICHOM B BRIpaKeHUH U1 W dT. Takum oGpasom,
BEPOATHOCTb HANTU ANIEKTPOH B HEKOTOPOM TOUKE B MEXKbSACPHOU
00Jy1acTH yBeIMYEHa 10 CPAaBHEHMIO C OXKUIAEMOW B TOM Clydae, €CiH
MBI [IPOCTO UMEEM aToOM BOAOPOAA Ha TOM K€ PACCTOSHUH OT JaHHOM
toukw (puc. 1.3).

[IpryrHa 3TOTO COCTOMT B TOM, YTO OPOMTAIM — 3TO BOJHOBBIC
GyHKIMH, T. €. «JIEKTPOHHBIE BOJIHBD)Y, KOTOPBIE, KAaK M BCSIKUE APYrHe
BOJIHBI, MOTYT WHTepdepupoBaTh. [lpu mHTEpdEpeHIH 3IEKTPOHOB
opbutaneit 1sp u lsg, Kakmas U3 KOTOPBIX B MEXBSIICPHON oOIacTh
UMEET MOJIOKUTEIbHYIO aMIUIUTY/Y, 00L1as aMIUIMTYa yBEINUNBACTCS.
TakuMm 0Opa3om, B 00JIaCTH ITEPEKPHIBAHUS MPOUCXOTUT KaK ObI «HaKaIl-
JIMBAaHUE» DIEKTPOHHOU TIOTHOCTH.

OOwenpuHATHIM OOBSICHEHHEM CYILECTBOBAaHMSA IPOYHON XUMHUe-
CKOH CBSI3W SBJSIETCS MPEIIOJIOKCHUE, YTO HAKOIUICHHE DJIEKTPOHHOMN
IUIOTHOCTU B MEXbSICPHON 00JacTH NMPUBOIUT K TAKOMY IOJIOKEHHIO
QNIEKTPOHOB, B KOTOPOM OHHM MOTYT B3aUMOJEHCTBOBAaTH C 0OOMMH
aapamMu. OTO MOHW)KAaeT 3HEPruI0 MOJEKYJIbl U JIeJIaeT MOJIEKYILY
cTabmpHON. OHAKO TOYHBIE pacueThl MOKAa3bIBAIOT, YTO IO KpanlHEH
Mepe uist Hy 9T0 0ObsicHeHHE HEBEPHO, TOCKOJILKY C/IBUT SIIEKTPOHOB
OT siIep B MEXbSIEPHYIO OOJacTh IOBBIIIAET MX IOTECHIMAJIbHYIO
sHepruto. CoracHO COBPEMEHHOMY OOBSICHEHHIO, B TO BpeMsi Kak
3JIEKTPOHBI CIBUTAIOTCS B MEXBbIEPHYIO 001acTh, AO «I10[DKHMAIOTCS
K COOTBETCTBYIOUIMM sipaM. DTO YBEJIMUYUBACT IICKTPOHHO-SIEPHOE
NPUTSDKEHHE B OOJIbIIEH CTEIEHH, YeM OHO YMEHBIIAETCs MPH 3arojl-
HEHHU MEXKbAJCPHOH 007acCTH, W TOATOMY IMOTEHIHMAJIbHAS YHEPTHs
3HAUNTEIILHO MTOHMXKaeTcs. [Ipu 3ToM KMHEeTHUeCKasi SHEPTUsl AJIeKTPOHA
MOBBIIIACTCS, HO B CyMMapHOM 3(ddexTe mnpeodnafacT yBeIUYeHHUE
3JIEKTPOHHO-SIIEPHOTO MPUTSHKEHUS], YTO IIOHMKAET SHEPTHIO 3JIEKTPOHA
B none H u Bezer k 06pasoBaHuio CBA3M.

31



Wmest 310 B BUy, MBI TeM HE MEHee OyJeM CBS3bIBATh MMPOYHOCTh
XUMHYECKHUX CBSI3€H C HAKOTUIEHHEM JJIEKTPOHHOW TUIOTHOCTH B «00-
JIACTH CBSI3BIBAHUS» MEXKIYy sIIpaMH, HE YTOYHsIs, 00yCIOBIIeHA M 3Ta
CHJIa ITOJKATHEM» COOTBETCTBYIOIINX OpOUTANIEH HITH MPOCTO U3MEHE-
HUEM SIICPHO-DJICKTPOHHOTO B3aUMOACHCTBUS BCICICTBUE HAKOTLICHUS
SIIEKTPOHOB B MEXbBAJIEPHOIN 00IaCTH.

1.5.2. CBA3BIBAIOIIUE U PA3PBIXJIAIOIIUE OPBUTAJIA

[Ipu obpazoBannu MonexymspHoi (1sa + lsg)-opOurtanm nBe atom-
HbIC OpPOUTAIIA HAXOJSTCS B MOJOKHUTEIHHON (KOHCTPYKTUBHOM) HHTEP-
(dbepeHIiy, T. €. B3aUMOJCHCTBIE UX MPOUCXOTUT B (haze. 3aHNMAIOIINI
3Ty OpOUTanb SIEKTPOH CBS3BIBACT ABa SApa B CIUHYIO CHUCTEMY,
HO B TECHBIM KOHTAaKT JPYr C JPYroM sijpa BOWTH HE MOTYT. DTO
00yCIIOBICHO ABYMS IPUYHHAMH. BO-TIEPBBIX, IPH OYCHDb MAJIBIX MEKb-
SJIEPHBIX PACCTOSHHX DIIEKTPOHY TMPOCTO HE XBaTaeT MecTa, YTOOBI
HAXOJUTHCS MY SPAMU, U €r0 CBA3bIBAIOIIUI d3(PPEKT YMEHBIIIACTCS.
Bo-BTOpBIX, P YMEHBIIEHWH PACCTOSHHS BO3pAacTaeT OTTAIKHBAHUE
siep, KOTOpPO€ B KOHIIE KOHIIOB JIOJDKHO MPEBBICUTH CBA3BIBAIOIICE
neiicTBue anekTpoHa. [y 1r000T0 paccTOSIHUS MEXIY SIpaMyd MOXKHO
BBIUMCIIUTH OOIIYI0 SHEPTUIO MOJICKYJIbI; TIOJTY4YCHHAsT 3aBUCUMOCTh HO-
CUT Ha3BaHUE KPUBOU NOMEHYUaIbHoU dHepeuu monexyavi(puc. 1.4). Ha
KPUBOW MMEETCS MUHUMYM («sIMa»), COOTBETCTBYIONIUI CTaOUIBHOMY
COCTOSTHHIO MOJIEKYJIBI C MEXKBAAECPHBIM PACCTOSHUEM Rpyapy, KOTOPOE
HOCHUT Ha3BaHHUE PAGHOBECHOU ONuHbL 653U (WIH TIPOCTO OIUHbL CEA3U,

B HOHE H;’ Rpasn = 1,06 A). (Lsa + 1sg)-OpOuTtanp sABISETCS CBSI3bI-
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3Heprus

Puc. 1.5. O6pa3oBanue anTHCBs3bIBatomeld  Puc. 1.6. JlmarpaMma 3HEPreTHYecKHX
(paspeixuisitomeii) MonekynsipHol opOu-  ypoBHeir MO, 00pa3oBaHHBIX U3 1s-opOu-
Tau Tanen

BalOIEH MOJIEKYISIPHOM OpOMTAIbIO B COOTBETCTBUU C OIPEACICHUEM:
MoJIeKyJIsIpHasi opOUTAaJib Ha3bIBaeTCsl CBA3bIBAIOIIEi, ecJIiu 3ace-
JIeHHe ee JJIEKTPOHAMM NPHBOIMT K MOHUKEHHIO 00IIell IHeprun
MOJICKYJIbI.

Hpyryto MO wnona Hi, KOTOpas SIBISAETCS CIEAYIOLIMM TOYHBIM
pewmienreM ypasHeHus Llpénunrepa, MOXHO CMOIEIUPOBATH, KOMOU-
HUpYsl opOutanu 1s, u 1sg B mpotuBodase (puc. 1.5). Dta komOUHALHSA
3aIUCBIBAeTCS Kak lsp — lsp, 9TO COBEPIIEHHO YKBHBAJIECHTHO 3aIIUCH
lsg — 1sa, Tak Kak BBIOOp 3HAaKa BOJHOBBIX (D)YHKUIHUH mpousBoiicH. B
3TOM Cilydae B O0JacTH NEpeKpbIBaHMUs HaOMIOHAeTCs OTpULIATEIbHAs
(mectpyktuBHast) nHTepdepeHuns AByX AO, BCIEACTBHE YETO IEKTPOH,
3aHuMaronuii (1s,—1sg)-opOuTas, He 3aHUMAET MECTa MY SAPAMH.
BeposTHOCTB pacnpenesienus 3IeKTpoHa 1aeTCsl BbIpaKeHUEM

(1sp — Lsg)?dt = (1sp)*d7+ (1sg)*dr — 2(1s4) (1s)dr.

[IpuHIKTIHATPHOE OTIIMYHE MEXKIY dTOW OpOUTAIIBI0O M OPOUTAIIBIO
CBSI3BIBAIOIIEN COCTOUT B TOM, UYTO TPETUW WIEH B IPUBEICHHOMN
¢dbopmyne oTpuIaTeneH, T. €. IEKTPOHHAs TUIOTHOCTh B MEXbAIEPHOM
obmactu ymensmaercs (puc. 1.5). B miockocTH, Tpoxomsiiei uepes
CepeluHy CBsI3M, rjie opOuTanu 1sa u lsg UMEIOT paBHbIC aAMILTUTY/IbI,
oTpHUIlaTelbHass MHTEPPEPEHIUS MAKCUMAIBHO IOJTHAS W TO3TOMY B
opOuTany BO3HHKAET y3el. DJIEKTpOH, 3aHuMaromuii (1sa — lsp)-op-
OHTaNb, CTPEMHUTCS «PACTONKHYTHY A1pa. YacTHYHO 3TO 00YyCIOBICHO
TEM, YTO €ro IMOYTH HET B MEKbSJICPHON 007acCTH M OH HAXOIAMTCS B
OCHOBHOM CHapyK{ aTOMOB, a TO3TOMY CTPEMHTCS PacTSIHYThH CBS3b,
YTOOBI HAXOJUTHCS ¥ C BHYTPSHHEH CTOPOHBI aTOMOB. Beneicteue 3Toro
(1sp— lsp)-opOuTab SIBISETCS AHTHCBSI3BIBAIOLICH (Jpyroe Ha3BaHHUE —
pa3pbIXJIsIoNIas).
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MouJiekyJisipHasi opOUTAJb HA3bIBAaeTCsl AHTHCBS3bIBalOUIel
(pa3pbixJisionneii), ecjau 3acejieHHe ee IJIeKTPOHAMHU MPUBOIAUT K
MOBBIIIEHNIO 001Ieli JHEPTUH MOJIEKYJIbl. 3aBUCUMOCTb SHEPTHH 3TON
OpOHTaTN OT MEXBSIEPHOTO PACCTOSHUS TIPUBEIeHa Ha puc. 1.4.

Ha puc. 1.6 moka3aHbl SHEPTUU CBS3BIBAIOIICH U Pa3pBIXJISIIONICH op-
OuTaeil Ipu pacCTOSHUU MEXKIY AAPAMU Rpqp,. ITO THIIMYHAS HATPAM-
Ma JHEPreTHYECKUX YPOBHEHW MOJCKYJISApPHBIX opoOutaieir. CUMBOIOM
0 0003HaYaIOT OPOUTANTH MWIHHAPUIECKON CHMMETPHH OTHOCHTEIHHO
MexXbsiziepHoi ocu (110 aHanoruu ¢ s-AQ); 3Be37104Koi (%) orMedaroT
Pa3pBIXJIAIONTHE G-OPOUTAIIH.

Ecan B3auMopeicTByIOT 1B aTOMHBIC OpOUTAIH, TO U3 HUX TOIY-
YaloTCs JIB€ HOBBIE MOJIEKYJISpHBIE OPOWTAIH; HIDKHSS, CBI3bIBAIOIIAS
MO, obpasyercst mytem nepekpeiBanust AO B ¢asze, a BepXHssi, aHTH-
cBs3pIBaroriast MO, — mytem niepekpbeiBanust AO B mpotuBodaze. Takum
00pazoM, aHTHUCBSA3BIBAIONIAsI OpOUTATh UMEET Ha OIWH y3eJd OOJbIIe,
YeM CBS3bIBAOLIAs, T. €. €€ SHEPrus BbIIIE.

B nmanpneiimem MbI OyneM HCIIONB30BaTh YIPOIIEHHBIE CXEMBI 00-
pa3oBaHUs MOJEKYJISIPHBIX OpOuTasell M3 aTOMHBIX opourtaneil. s
MOHA H;“ Takas cXeMma BBIINIATUT CIEAYIOUIIM 00pa3oM:

Hy Ha Hy Hg Ha Hy
|

O— - —O — OHO
1
IsA 75B y3i/l
6H¢

2
O + —O — O-O
Is, Isg GH:

3HaK «IITFOCY» O3HAuvaeT JuHEHHy0 koMOuHarmo AO 1sa u 1sg B dase,
a 3HaK «MUHYC» —B npotuBodaze. [lonoOHbIE YyNpOILIEHHBIE CXEMBI
XOPOIIO MepeIaloT CAMMETPHUIO U Y3JI0BbIe cBoicTBa MO, 1 3TOro 4acTo
OBIBACT JIOCTATOYHO JUIS aHATN3a PEAKIIMOHHON CIIOCOOHOCTH MOJICKYII.
Tem HEe MEHEEe STH CXEMbI HE IOKAa3bIBAIOT, HACKOJIBKO HM3MEHSIOTCS
pasmepsl AO mipu obpazoBann MO, T. €. HACKOJIBKO MIEKTPOHBI «II0-
JKUMAIOTCSDY K paM Mpu 00pa30BaHUU XUMUYECKON CBSI3U.

1.6. TOMOAJEPHBIE IBYXATOMHBIE MOJIEKYJIbI

B pazmene 1.4.3 OpUIO MOKa3aHO, KAKUM 00pa3oM Ha OCHOBE BO-
JOPOIHBIX aTOMHBIX OpOHMTajeil MOXXHO OOBSICHUTH CTPOCHHE MHOTO-
ANIEKTPOHHBIX aTOMOB. TOYHO Tak e MOCTYNAaroT W MpU OOBSICHEHUH
CTPYKTYPBI IBYXaTOMHBIX MoJieKyll. CHagana, oCHOBbIBasich Ha MO noHa
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H", onpenensior MO apyroii AByXaTOMHOM MOJIEKYIIBI, a 3aTeM, TIOMb-
3ysick mpuHIHENOM [laymm, 3acensror 3t MO HEOOXOAUMBIM YHUCIIOM
3NIEKTPOHOB. PaccMOTpUM 3JIEKTPOHHOE CTPOEHUE MPOCTHIX JBYXATOM-
HBIX MOJIEKYJI, CHa49aJla TOMOATOMHBIX THTIA X5, & 3aT€M TeTepOaTOMHBIX
tuna XY.

Mouexkyaa H,. B ciyuae MoOJeKyJIspHOro BOIOpOJa YyKa3aHHAas
Mpoleaypa O4eHb MPOCTa: HYXKHO pa3MeCTUTh JABa JJIEKTpOHa Ha
MOJICKYJIIPHBIX opouTtanix lso u lso*. DHeprusi OymeT MUHHMAaIbHA,
eciau 00a IMEeKTPOHA 3aliMyT CBS3BIBAIONIYI0 opOuTanb (puc. 1.7,a).
910 cooTBeTcTByeT KoHMuryparmu lso?. TTockonbKy aBa 37MEKTpOHA
3aHHUMAIOT OfIHY U Ty k€ MO, OHM JOJKHBI UMETh NPOTUBOIIONIOKHBIE
criuHbl. CrieioBaTeabHO, B OCHOBHOM COCTOSTHMHM MOJIEKYJIBI BOIOpPOJIA
CBSI3b OCYIIECTBIAETCS Mapoil nekTpoHoB. CiieqyeT NoAUYepKHYTh, YTO
XUMHYECKas CBsI3b BO3HWKAET HE B pPE3yJbTarTe CHapWBaHUS CIUHOB,
a B pe3ynbTaTe MepeKphIBaHMs aTOMHBIX BOJHOBBIX (pyHKIHH. CMBICT
CHIapUBaHUS CIIMHOB 3aKJIIOYAETCSI HE B BXHOCTH caMoOro (axra cra-
pUBaHMS, a B TOM, YTO MyTE€M CIIAPUBAHUS MOXKHO JIOCTHYH HambOoee
BBITOJTHOTO Pa3MeEIeHHs IIEKTPOHOB B IPOCTPAHCTBE, TaK YTO 00a OHH
Oy/lyT HAXOIUThCS B MEXKBAIEPHOI 00IaCTH, «HE MeIas» APyr Apyry'.
B »TOM U cOCTOUT poJib MEKTPOHHBIX Hap B TEOPUH BAJICHTHOCTH.

Mouexkyiaa He,. Tenepb MOXHO IOKa3aTh, MOYEMY JIBYyXaTOMHast
mosekyna He, necrabwibnHa. Monekynsipaele opoutanu lso u lso*
00pa3yloTcsl ITyTeM TepeKpbIBaHus 1s-opOuTasieil ByX aroOMOB TeIusl.
Mornekyna UMeeT 4YeTbIpe AJIEKTPOHA, CJIEOBATeNIbHO, J1BA U3 HUX C
aHTUNApAIUICTbHBIMUA CIIMHAMU MOXKHO 1oMecTuTh Ha 1so-MO. Crneny-
IOLIMH 2JIEKTPOH HEJNb3sl MMOMECTHTh Ha 3Ty OpOUTalb, Tak Kak Oyaer
HapymreH npuHmun llaynm, w mostoMy oH 3aHMMaeT lso*-opburanb
(cMm. puc. 1.7,6). D10 IPUBOIUT K OCIIAbICHUIO (Pa3phIXJIICHUIO) CBS3H,
00pazoBaHHOI TMEpBOH 3JIEKTPOHHOU Tapoi. UeTBEPTHIH 3JIEKTPOH C
NPOTHBOIIOJIOKHBIM CIIMHOM 3aHUMaeT Takke lso*-opburtans. Moe-
Kkyna He, mMmeeT ofmHy CBSI3b M OJIHY «aHTHCBS3b», KOTOPHIE B3aMMHO
YHHYTOXKAIOT Jpyr apyra. Ha camom pnene aHTHCBSA3b 1O 3(Qdexty
MIPEBOCXOUT CBS3b, T. €. Pa3phIXJIAIONIas opouTa s Oosee pa3phIXIIseT,
YeM CBS3BIBAIONIAS CBS3BIBACT, M ATO NMPHUBOIUT K TOMY, YTO MOJEKYIa
He, menee crabuibHa, yeM J1Ba OTACIBHBIX aToMa Teusl.

Ho mycTts ommH m3 atoMoB remusi BO3OYXXIeH B Oojiee BBICOKOE
cocrosiHUe (Hampumep, 1s-3JIEKTPOH MPOMOTHUPOBAH Ha 2s-OpOHTAb).
Torma TONMBKO YTO TPHWBEICHHBIE apTyMEHTBI CTAHOBATCA HEICHCTBU-
TEJIBHBIMH, TaK KaK 00pa3yromiasics MOJIeKyla Oyl1eT UMeTh KoHPUrypa-
o 1s6?1s6*2s0, e 256 — 310 opOuTans, 006pa3oBaHHAS U3 2s5-0p-

!'B HacTosiiee Bpemst yike pa3paGoTaHbl TaK Ha3bIBAEMbIE «GECCIIMHOBBIE» CXEMbl KBAHTOBOM
XUMHH.
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Puc. 1.7. Dnexrponnoe crpoenue Hy (@), He, (6) u He. . .He™ (8)

outaneil. Temepp pa3peIXiAromero 3gdexra omHoro lso*-3mexTpoHa
Oy/IeT HEeJ0CTaTOYHO, YTOOBI MPEOIONETh CBA3BIBAIONIMI ek 1502
(puc. 1.7, 6), u moaTomy Mostekyina He. . .He* OyneT cymecTBoBarh, moka
HE MOTePSIET SHEPTUI0 BO30OYKICHUS ITyTEM U3JTyUSHUS WIH B PE3yJIbTaTe
cronkHoBeHUs. [lomoOHbBIE c1abo cBs3aHHBIC BO3OYXICHHBIC TUMEPHI
(3xcuMephl) A 0IaroponHbIX Ta30B U3BECTHEIL.

2po-u 2pr-OpoéuTanm. Y 3IeMEeHTOB BTOPOTO Tiepuoaa 1s-opouramu
CWJIBHO «TIOJUKAThI» K sapy (pas3n. 1.4.2), u mosToMy OHM IepeKphIBa-
IOTCSl y IBYX COCEIHHX aTOMOB MOJIEKYJIBI JIUIIH B c1ab0il cTeneHw, T. €.
BHOCSAT Mallblii BKJIAJ B SHEPTUIO CBS3bIBaHUS. 2s-OpOutanu ropasio
0oJIBITIC U MTePEKPHIBAIOTCS HAMHOTO () (EeKTHBHEE, TTOITOMY UX POJh B
SHEPI'HH JIByXaTOMHBIX MOJIEKYJI BTOPOTO IMEepUOjia OYCHb 3HAUUTEIIbHA.
OmHako Kpome 2s-OpOHTanel MOTYT MEepPEKpHIBAThCS U 2p-OpOUTAIIH.
Takoe nepeKkpbIBaHUE UMEET PsiJl XapAKTEPHBIX OCOOCHHOCTEH.

Ecnmm mepekpriBatoTcss n1Be 2p-opOuTanu, HarpaBlieHHBIE BIOJIH
MEXKBAJIEPHON OCH, TO ITO MOXKET MPUBECTU K IOJOKUTEIBHOW WH-
TepepeHINH 1 HAKOTUICHHIO AIIEKTPOHHOM IIIOTHOCTH B MEXbSAEPHON
obnactu (puc. 1.8, a). OHM MOTYT TaKxe HHTEPPEPUPOBATH JECTPYKTUB-
HO, TOTJIa BO3HUKHET Y3JI0Basl TNIOCKOCTh, MPOXO/IAIIAs Yepe3 CEPeIuHy
MEXBSAIEPHOTO paccTOsTHAA. B mepBoM ciydyae oOpasyercs CHIIBHO CBSI-
3p1Batommas MO, a Bo BropoM — ciiibHO paspeixirsttomas MO. [Tockonbky
00e 3TH OpOUTAITN UMEIOT IIIITMHAPUIESCKYO0 CHMMETPHIO OTHOCHTEIHHO
MEXbSJICPHOM OCH, UX 0003HAYAIOT Kak 2pc- u 2pc*-MO.

OpHako 2p-opOUTany MOTYT TEPEKPBIBATHCS U IMO-IPYTroMy, TaK
YTO YBEJIIMYCHHUE AICKTPOHHOW IUIOTHOCTH MPHU MEPEKPhIBAHUU B (a3e
WIH y3€Jl TIPH TEepPEeKphIBaHUH B NMPOTHBO(A3e HAOMIONAIOTCS XOTS U B
MEXBbSJICPHOU 00JaCcTH, HO HE Ha caMOW MeXbsgepHOU ocu (OOKOBOE
nepekpriBanue, puc. 1.8, 6). Korma MO o0pa3yetcst 00KOBBIM ITepEKPHI-
BaHUEM p-opOWTalicii, OHA Ha3bIBaeTCs 7T-OpOHTaNbl0. CBsi3bIBaroIas
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(A

Puc. 1.8. O6pazosanue 2pc-MO (a) u 2pn-MO (0); 6 — IpeacKa3aHHOE PACTIONOKEHNE
T10 YHEPTUH, 2 — 9acTO HaOIIoaeMas oCiIeloBaTeIbHOCTD

" pa3pbIXigroniasi KOM6I/IH3.L[I/II/I Ha3bIBAOTCA COOTBECTCTBCHHO Zpﬂ'— u
2pr*-opoutanamu. O6e s3tu MO ciabee, 4eM G-OpOUTAIH, ITOCKOJIBKY
HaKOIIJICHUC SHCKTPOHHOﬁ IIJIOTHOCTH IMPOUCXOOUT BAAJIM OT OIITUMAJIb-
HBIX ToNoKeHWW. [loaToMy B NpuWHIHWIIE TONOKEHHWE WX TIO0 SHEPTUHU
JIOJDKHO OBITh TaKMM, Kak ITOKa3aHo Ha pwuc. 1.8,6. Ha camom xe
JleJie OTHOCHUTEIIbHOE TIOJIOXKEHHUE 2po- U 2pm-opOuTaiiell MeHseTCs B
3aBUCUMOCTU OT ONPHUPOJALI MOJICKYJIbI BCICACTBUC BIIMAHUS SJICKTPOH-
AJIEKTPOHHBIX B3anMoOAeHCTBHA. YacTo Oojiee MPUEMIIEMOU SBISETCS
KapTuHa, M300pakeHHass Ha puc. 1.8,2. TouHylO MOCIIEIOBATEIEHOCTD
SHEPreTUYECKUX YPOBHEHU IMOTyJaloT WM ITyTeM pacdeTra, WK ¢ ITOMO-
IIbI0 pa3HbIX BUAOB CIICKTPOCKOIIUH.

CxemaTtruecku o0pazoBaHue 2pc- U 2pm-opOuTaIeii MOKHO U300pa-
3UTh CIENYIOIINM 00pa3oM:

A—B  A—B A—B8
C>@—o ~—C>@ —_— M 2p6*MO
yaeﬂ
C>2®—° + -—C>2® — OD—S 26-M0
Z h

A—B A—-B

e

28(A) 2,(8) ysen

e e
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sp-IlepexpbiBanne. [lepekpriBaHne IBYX s-OpOMTaleidl WM ABYX
p-opOuTanei mpuBOIUT K 0OPA30BAHUIO TPOYHBIX KOBAIEHTHBIX CBA3EH,
HO TIPH Sp-TIEPEKPBIBAaHIH 00pa3yroTcsi MEHee MPOYHbIe CBsI3H. [1aBHas
IIPUYMHA 3TOTO CBSI3aHA CO CIEAYIOIIMM MPABUIOM: NPOYHbIE KOBa-
JIeHTHBIE CBSI3M 00pa3yloTcsl mpu B3amMmogeiicteuu AO npuMepHo
OIMHAKOBOW JHEPTUH.

Kax Mbl yBUIUM HIDKE, 9TO MPaBUJIO MPUMEHUMO U K B3aUMOJCH-
CTBHIO MEXJY MOJIEKYJaMu, T. €. He Toyibko K AO, HO 1 k MO.

B romosinepusix monekynax No, O, Fp sneprun 2s-AO oauHaKOBBI,
OIMHAKOBBI U SHEpruu 2p-AQO. B reteposiiepHbIX MOJIEKyIaX, HallpuMep
B CHy, NH3, H,O, B npuniumne BO3MOXXHO 00pa30BaHUE CBS3CH IyTEM
Sp-TIepeKpBIBaHMUs, KaK IMOKa3aHo Ha puc. 1.9, a; mpu 3ToM 0bOpa3zyrorcs
cBsi3u o-tuna. OJHaKo u3-3a TOTO, YTO §- U p-OpOUTAIN 3HAYUTEIHHO
OTJIIMYAIOTCS TI0 SHEPTHH, TAKHE G-CBSA3U JIOJDKHBI OBITH CIIa0BIMHU.

BaXxHO MOHATH, YTO CBA3BIBAHME HE IMPOU3OMIET, €CIIM MBITAThCS
NEePeKphITh OpOUTANM Tak, KakK IMokasaHo Ha puc. 1.9,6. 3mech aBe
OpOHTANN «IIEPEKPHIBAIOTCS JHIIL B (POPMAIHLHOM CMBICIIE CJIOBa, Ha
caMoM JKe Jiefie B OMHOM 00JacTu (CBepXy Ha PHCYHKE) MX aMIUIATYIA
YBEJIMYCHA, a B APYTrod 0OJacTH (CHHU3Y) TOYHO B TAKOW XK€ CTCTICHH
yMeHbllieHa. TakuM 00pa3oM, CBSI3bIBAHUE CBEPXY YHHUTOXKACTCS aHTH-
CBSA3BIBAHMEM CHU3Y, T. €. CYMMapHOIO B3aUMOJICHCTBUS HET.

B03MOXHOCTh UM HEBO3MOXXHOCTH B3aUMOJICHCTBUS MEXIY JABYMS
opOHTANsIMU CBA3aHA C CHMMETPHEH 3TUX OpOWTaleil OTHOCHTEIHHO
OJTHOTO M TOTO K€ dJIeMEeHTa CUMMeTpuu. B3ammoneiicTBoBaTh MOTYT
opOuTAIHN TOJBKO OMUHAKOBOI cumMeTpuu. Ha puc. 1.9, a 06e opou-
Talu, S ¥ p, CAMMETPUYHBI OTHOCUTEIEHO TOPU30HTAIBHOM ITOCKOCTH,
MIPOXOIAIIEH Yepe3 MeXbsAepHYIO JINHUIO, a Ha puc. 1.9, 0 s-opburams
CUMMETpPUYHA, a p,-0pOuTab aHTUCUMMeTpudHa. [loaToMy B mepBom
clyyae ecTh B3aMMOZEHCTBHUE, @ BO BTOPOM CJIy4ae €ro Her.

JiekTpoHHasi KoOHGUrypanuss [IBYXaTOMHBIX MOJIeKyJ. Ha
puc. 1.10 cieBa u crnpaBa okasaHbl YHEPTETUUECKUE YPOBHHU aTOMOB, a
B LIEHTPE — DHEPIeTHUECKHE YPOBHHU MOJIEKYJ. DTO YMCTO KaueCTBEHHAs
JyarpaMMa, Ha CaMOM JIeJ€ SHEPreTUYeCKUe YPOBHU HMMEIOT COBEp-
LIEHHO OIpPEACJICHHbIE 3HAUEHUs /IS Pa3HbIX MOJIEKYJ M, €CIH HX
HY’KHO TOYHO 3HaTh, OHM DPACCUUTBHIBAIOTCS METOJOM CaMOCOIIAco-
BaHHOTO ToJs. OMHAKO NI BBIACHEHUS DJIEKTPOHHON KOH(UTYpaIruu
MOJIEKYJI JOCTaTOYHO M 3TOM KayeCTBEHHOM Auarpammbl. B kauecTBe
WJUTFOCTPALIMM PACCMOTPHUM MOJIEKYJIbI a30Ta U KUCIIOPO/a.

A30T. Monexyna N, umeet 14 a51ekTpoHOB. B 0CHOBHOM cOCTOSHUU
JIBa 3JIEKTPOHA CO CHAPEHHBIMU CIIMHAMM PA3MEIIAIOTCS HA HUKHEU
lsc-opOutanu. Eme aBa snekTpoHa K HUM NPHCOCIUHHUTHCS YKE HE
MOTYT W 3aHHMAIOT TOATOMY CIEAYIOUIYI0 HU3IIyI0 1so*-opOWTais.
Crenyroume 4 3MeKTpOHa 3aHUMAIOT MOMAPHO 250- U 250" -opOuTany.
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4 ygenuuenue amMnanTy bl

5 A
]
yMeHbLUEHHE aMNMTYAb! Ts6
Puc. 1.9. sp-IlepexpsiBanue Puc. 1.10. Duepruu MO 1715 roMOsi A€ pHBIX
JIByXaTOMHBIX MOJIEKY] 3JIEMEHTOB BTOPO-
ro nepuoja

YpoBeHb 2p7 BRIPOKICH, OH COCTOUT M3 JIBYX OpOUTAJICH, OJTHA U3 KOTO-
phIX 00pa3oBaHa 2p,-NePEKPhIBAHUEM, A JIPYyTas — 2p,-IePEKPHIBAHUEM,
CJIEIOBATENIbHO, 371€Ch MOYKHO ITOMECTUTh 4 3nekTpoHa. MTak, Mbl yxke
pasMecTriid 12 3JIEKTPOHOB, OCTABIIHECS JBa 3aMyT 2pc-OpOUTAb.
Takum o0pazom, KOHQUTypamHio MOJEKYJIbl Ny MOXKHO 3allUcarh Kak
1s6?1s6*2256° 256 2pn*2pc?.

I'msins Ha 3Ty 3anKCh, MBI YBEPEHHO MOXKEM YKa3aTh, CKOJIBKO CBsI3eil
yIepXKHUBAOT atoMbl BMecTe. OpOutans lso 3amonHeHa W SBIAETCS
cBsi3pIBatomiedl. Ho 3anonHeHa Takke W pa3pbIxisonmas opouraib 1so*
1 OHA aHHYJIHPYET CBA3bIBAIONTNI A dekT opouTanu lsc. AHATOTHIHO
KOMIIEHCUPYIOTCSI U 250-«CBSI3b» U 250 *-«aHTUCB3bY. Ho 3amonHenHas
2po-CBA3b HE aHHYIIHUPYETCS, TaK KaK COOTBETCTBYIOMIAs 2pc ™ -opOouTaib
MycTasi; TO XK€ CHpaBeUIMBO Uil ABYX 2pm-cBsized. CrenoBaresbHO,
oO11ee Yucio CBs3el paBHO TPEM, YTO XOPOLIO COMIAacyeTcs co cTapoi
dbopmymoit azota N=N.

Kucaopoa. Monexyna O, umeer 16 21eKTpOHOB, T. €. Ha JBa JJIEK-
TpoHa OoJbIre, 4eM Mosiekyna Ny. DTH JBa 2JIeKTPOHA MOTYT 3aHUMATh
pasphIxJIsitonLyto 2pr*-opoutais, O, Toraa OyaeT UMeTh KOHQUTYpaIHIO
1s6?156*2256°256* 2 2pn*2pc?2pn*?. ChenoBaTeNbHO, YHCIO CBsA3CH B
MoJiekyae O, paBHO JABYyM, YTO COTNIACyeTcs C KIacCHUECKOH GpopMyIoit
0O=0. U3 Buga 310it Ki1accuueckoi (opMyITbl MBI MOTITH OBl 3aKITIOYHTH,
41O JBOMHAs CBsi3b B O=O0, KaK 0OBIYHO, COCTOMT M3 OHOU JIBYyX3JICK-
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TPOHHOM O-CBSI3U M OHOM JIBYXdJEKTPOHHOM 7m-cBA3M. OAHAKO 3TO HE
TaxK.

3amanguM BONPOC: Kakas M3 JBYX MMEIOIIUXCS 2pm*-opOutaneit
(cMm. puc. 1.10) 3amsTa 2MeKTpoHHOW mapoi Ha camoMm neme? Oxka-
3BIBACTCS, YTO IO HHEPTETHYECKUM COOOPaKEHUSM TOPas3no JIyUIINM
pasMmelnieHneM sBisieTcs 2p,mt 2p,m*, a He 2pm*?, TaK Kak B Tiep-
BOM CJIy4ae 3JIEKTPOHBI JaJIbllle OTCTOAT JPYT OT Jpyra U IMO3TOMY
MEHBIIIe OTTAJIKHBArOTCI. Ho Torma »nexTpoHBl 3aHUMAIOT pas3HbIE IO
IPOCTPAHCTBEHHOMY I10JI0KEHHUI0 opOuTanu (opouramu 2p,n* u 2p,n*
B3aMIMHO TEPIIEHANKYISPHBI, T. €. OPTOTOHANBHBI) W npuHOUI [laymu
yXKe He JeHCTBYeT. [[Ba 3I€KTpOHA, PACIONOKEHHBIE [0 OZHOMY HA
OpPTOTOHABHBIX OPOUTAJIAX, UMEIOT 00Jiee HU3KYIO SHEPTHIO, €CIH WX
CIHMHBI TapajieNbHbl, U 0oJiee BBICOKYIO DHEPIHIO, €CIIM WX CIHHBI
aHTHUIapaJuIeNbHEL. JTO 00Iee MpaBuiio, HOCsIee Ha3BaHWE IMpaBHIIa
XyH/1a, peIcKa3bIBaeT, 9To B MoJeKyne O, UMEeIoTCs J1Ba dJIEKTPOoHa C
napajulebHeIMU ciHaMu. OTcrofia ciefyert, uto moiekyna O, uMeer
PE3YIBTUPYIONTUI CITHHOBBIA YIIIOBOM MOMEHT, UTO OOYCIIOBITUBACT Mar-
HUTHBIA MOMEHT, T. €. MoJieKyJ1a O, 10JKHA OBITh MATHUTHOW. DTO TOYHO
YCTaHOBJIEHO YKCIEPUMEHTAIBHO: KUJKANA KUCIOPOA MPUTATHBACTCS K
MarHury.

Nwmes nBa HecmapeHHBIX JJIEKTPOHA Ha Pa3HBIX OpOWTANSIX, KHC-
JIOPOJI, TAaKUM 00pa3zoMm, siBisieTcs OupaaukaioM. [losTomy dvacto mist
onrcanus crpoeHus O, ucoab3yioT hopmyrry O—O. OgHAKO HCITONTB30-
BaHHE 3TOH (HOPMYIIBI MOKET IPUBECTHU K HEIIPABUIBHOMY 3aKJIIOUYCHUIO,
YTO OJIUH DJIEKTPOH MPUHAIIEKUT JIEBOMY aTOMY KHCIIOPOa, a BTOPOIA,
C mapauleJIbHBIM CIIMHOM, — IPaBOMY aTtoMmy. Jlyuile HCHoib30BaTh
n300pakeHHYI0 HIDke (opMyny, B KOTOpPOH JHHHS, COEAMHSIONIAS
aToOMBI, n300paxaeTr 2pc-opouTab, BEpTUKAILHON KBaAPaTHON CKOOKOM
uso0Opaxaercsa 2p,w*-0pOuTab, a TOPU30HTAIBHON — 2p, T*-0pOUTaIb.
Jnis cpaBHeHMs HIDKE NMPHUBEICHA Takas ke (opmyna Ui MOJEKYJbI

as3oTra.

N N O—H—O
T i

= 1
HopMasnbHast TpovHas CBS3b G-CBA3b + [BE “M0N0BUHHbIE
T-CBA3N

HpI/I6HI/I)KCHHO MOXHO CHUTATh, YTO B MOJICKYJIC KUCJIOPOJAa UMCIOTCSL
TPU CBA3KU MCXKIY aTOMaMU:. HOpMaJIbHas ABYXJJICKTPOHHas O-CBA3b U
JABEC cnabble OJHOSJICKTPOHHBIC TT-CBA3U.
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1.7. TETEPOAJEPHBIE JIBYXATOMHBIE MOJIEKYJIbI

Ecnu monekyna AB cocTouT 13 IByX pa3HbIX aTOMOB, TO, BO-IIEPBBIX,
pacnpeseseHUe MIEKTPOHHON MNIOTHOCTH B HEM HECUMMETPUYHO, a BO-
BTOPBIX, aTOMHBIE SHEPreTHYECKHE YPOBHU clieBa U crpasa Ha puc. 1.10
HEOJIMHAKOBBI.

CreneHb aCUMMETPHUYHOCTH CBSI3M 3aBUCHUT OT MPHUPOABI 00pasylo-
LIMX MOJIEKYJy aTOMOB. MOXXHO BBIJICIUTH JBA KpPaHHUX CIIydasi: YUCTO
KOBAJICHTHYIO CBSI3b UM YHCTO MOHHYIO CBs3b. llepBasi Xxapakrepusyercs
COBEPILIEHHO CUMMETPUYHBIM PacHpelIeICHUEM 3JIEKTPOHOB, KaK B Io-
MOSIJIEPHBIX JIByXaTOMHBIX MOJIEKYJaxX, a BTOPas — MOJHBIM MEPEHOCOM
SNIEKTPOHA OT OJHOTO aroMa K Japyromy. Torma ¢Gopmyiry MOJEKYIIbI
JTydIne 3anucarh B Buae ATB T, a CBA3b MeX/ly aTOMaMK OTUCHIBATH KaK
KYJIOHOBCKO€ B3aUMOJICHCTBHE MEX Ty ABYMs HOHaMU. [TpoMexkyTouHOM
MEXly TUMH KpalHUMU ClIydasiMM aCUMMETPUYHOCTH CBA3M OTBEYAET
TaK Ha3blBaeMas IMOJISIPHASI CBSI3b, JUJISI KOTOPOM XapaKTEpHO HEIOJHOE
CMELICHUE DJEKTPOHA OT OAHOIO aroMa K JIpyromy; B pe3yibrare y
OJHOTO M3 aTOMOB BO3HHMKAe€T YACTUYHBIM MOJOXKHUTEIbHBIN 3apsi, a
y JIpyroro —4aCTU4YHbIA OTpUUATENbHBIN 3apsan. [IpumepoMm sBisieTcs
monekyna HF, kotopyro MoxkHo onucarh kak HOTFO~,

CrerneHp NOJSPHOCTH CBSI3M PACCUUTBHIBAKOT WM M3 SKCIIEPUMEH-
TaJbHBIX JJAHHBIX, HAIIPUMED U3 TUMOIBHBIX MOMEHTOB, WM U3 JIeTallb-
HBIX MOJIEKYJISIPHO-OPOUTAIBHBIX pacueToB. OmHAKO MPHONM3UTETHHO
MOJSIPHOCTh CBA3CH MOXKHO OLEHHTh W3 TaOJNWIBl BIEKTPOOTPHIA-
TEIHHOCTH 3JIEMEHTOB, B KOTOPOHW CITOCOOHOCTH aToMma MPHUTATHBATH
AIEKTPOHBI 0003Ha4at0T YnuciIoM. CyliecTBYeT HECKOIBKO TAaOIHII dIIeK-
TPOOTPUIIATETTLHOCTH, HO CaMOM M3BECTHOH siBIsieTcs Tabmuia [lommara
(Tabm. 1.1).

Tabnuma 1.1
DJIeKTPOOTPUIATEILHOCTD () aroMoB no IToauHry

H
2,20

Li Be B C N @) F
0,98 1,57 2,04 2,55 3,04 3,44 3,98
Na Mg Al S P S Cl
0,93 1,31 1,61 1,90 2,19 2,58 3,16
K Ca Ga Ge As Se Br
0,82 1,00 2,01 2,01 2,18 2,55 2,96
Rb Sr In Sn Sb J
0,82 0,95 1,78 1,96 2,05 2,66

Tpumeuanue. VI3 NaHHBIX 3TO TaGIUIEI MOYKHO TIPUOIMKEHHO OLCHATH JUTIONBHBIE MOMEH-
Tl U MOHHOCTb CBfI3el A—B mo (opmynaM: JUMONBHBIN MOMEHT (B 1e0asX) = xa — XB;
HoHHOCTH cBA3H (B % ) = 16(xa — x8) +3,5% (xa — xB)>.
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B kBanTOBOI MexaHuKe Kaxaas MO cTpouTcs U3 aTOMHBIX OpOUTa-
JIeH TyTeM uX JHHEHHOW koMOnHaIu. B o01mieM, mro0ast CBA3BIBAOIIAS
MO 3anuceiBaeTCsi BRIpa)KEHUEM

v = Caqa + Cpog,

e (@a U Qg — aTOMHBbIC OpPOWTAJM, MPH B3aAMMOJCHCTBHUH KOTOPBIX
obOpasyeTcs maHHas MOJIEKyJsIpHas opoutanb, a Ca u Cg — Kodhduru-
SHTBI, ¢ KOTOPBIMU OHU BXOAAT B 3Ty MO. Jlons ¢ B paccMaTpuBacMoit
MO paBHa kBazmpary xoddounuenta Ca, T.e. CZ, a 1ons Qg paBHA
C3. Tlo ycioBuio HOpMUPOBKH (cM. pasi. 1.3) cymMMa KBajpaToB Ko-
3¢ GUIINEHTOB AOJDKHA OBITH paBHA eauHHIE. /ISl 9MCTO KOBaJCHTHOM
cesu Cx = C3 = 1/2, mockonbky C3 + Cg = 1, a s umcna MOHHO#
ceisu ATB™ C3 =0 u C3 = 1. Jlna nonsproit Monekysnsr A%t —B2~
C% < 1/2, Torpa kak Cg > 1/2.

Paccmorpum nonspHyio mosekyny H —F%~ . Cesasp Mesxy atoma-
mMu H u F B 3T0i1 Monexyne obpasyercs mepekpbiBaHUeM OpOuTaseit
Hls u F2s, oqHako K03 PUITUEHTHI, ¢ KOTOPBIMU 3TH OPOUTAIIA BXOISAT
B JIMHEHWHYI0O KOMOMHAIIMIO, B PE3yjbTare KOTOPOi oOpa3yeTcs CBS3bI-
Batomasi 0-MO, HeomuHakoBble, a UMeHHO Cp > Cy. Cxemarudecku
3TO MOXKHO H300pa3uTh, UCHONB3YSl «KPYKKH» HIU «BOCBMEPKU» (B
ciydae p-opOuTaseil) pa3HbIX pa3MepoOB; PAIUYChl MOXKHO B3SITh IPO-
nopiuoHaibHbiMU Crp 1 Cy B MoOJIEKyJe H®+t—F%~, torma miomann
OyayT nponopiuonanbhbl C2 u C.

H—F H—F H—F
O— + —0 — 0—C s
Hs F2s

HpI/IBC,[LCHHaH yHOpoIuieHHas CXeMa IMOKa3bIBACT, YTO IIJIOTHOCTD CBA3bIBA-
tolieit g-opouranu B mosekyie HF Gosnbiie Ha atome F, uem Ha atome H.
B neiicTBUTENIBHOCTH KapTUHA CBA3bIBAaHUS aTOMOB B Mosiekyse HF
HECKOJIBKO CIIOJKHEE, TTOCKOIBKY BO3MOKHO HE TOJBKO MEPEKPHIBAHUE
s-opOHTaNiel, HO U TIepeKphIBaHue Mexay opourtamsmu Hls u F2p:

H—F H—F H—F
O— + —oco —— O0—C(012)
His F2p

Takoe mepeKpbIBAHUE YBEIUYMBACT IUIOTHOCTH OPOUTAIN MEKITY
aromamu H u F, YTO BCACT K IMOHMIKCHUIO SHEPIUU MOJICKYJIbI. O,[[HaKO
B OCHOBHOM CBsi3b Mexay H u F obecneunBaercsi mepekpbiBaHUEM
s-opouraineii (cM. puc. 1.16).
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1.8. TUBPUIN3BALIUA U POPMA
MHOTI'OATOMHBIX MOJIEKYJI

1.8.1. THBPUJIU3ALIUS

B cimydae ToMOsSIepHBIX MOJICKYJI MBI TTPOBOAMIN KoMOuHar o AO
MOJB3YSICh MPABHIOM, COIIACHO KOTOPOMY HamOoJsiee CHIIBHO B3aHMMO-
NIEHCTBYIOT OpOUTANI OMUHAKOBOH SHEPTUH. B TreTeposinepHbIX MOJIEKY-
nax tuna AB sHeprermueckue ypoBHM aToMoB A M B HeoquHaKoBHI,
MO3TOMY TPYAHO OJHO3HAYHO YTBEpXKIaTh, KaKWe OpOUTAIN OymayT
xomOuHupoBatbest. st cimyqast LiH ato mokazano Ha puc. 1.11.

Xots ypoBeHb Li2s mexut ommke k Hls, HO
HE Tak jJajexo u ypoBeHb Li2p. [Toatomy Bpsiza
JIM CTPaBeJIMBO PacCMaTPHUBATh TOJIBKO CBA3h
Lils—Li2s. Jlyuyme mnoxy4aeTcsi, e€ciu B3STb
JTUHEHHYI0 KOMOWHAITHIO BCEX TPEeX opOnTaei:

5

aHeprust

v =C (LiZS) + Cz(Lizp) + C; (HIS). i

CMBICIT 3TOTO ypaBHEHHUs rPpa)UuecKu MOXK-
HO BBIPa3UTh CIEAYIONUM 00pa3zoM. Mosekyna
Li—H nonsipHast, Tak kak atomsl Li 1 H otnnya-
I0TCsI TI0 3JeKTpooTpunareabHocT. Crienosa- Lils
TEJIbHO, TFIOTHOCTH CBSI3bIBAIONICH G-OpOUTaIN
cBs3u Li—H Oyzner 6obIre Ha aToMe BOJOpoOIa.
JpyruMu cinoBaMu, CBA3bIBarOLIasi 6-0pOUTab
no »Hepruv W mo (opme Oonee MoOXoka Ha Puc. 1.11. Duepretuuecknue
1s-opOuTanp Bomopoaa, a 2s- U 2p-opOHUTaan yposri AO Lin H
JUTUS UMEIOT OTHOCHTENBHO HEOOJbIINE KO-
2GGUINEHTH B JTHHCHHOW KOMOWHAITUH, YTO
yKa3bIBaeTCs MOMEIIEHHEM ITHX OpOuTaeil B CKOOKH:

A\
ANY

Li—H Li-H Li—H
—O + (O’") +<C>'@—') ——— 6-opdurans
His LiZs Lizp

UTo0bI MOCTPOUTH G-OPOUTAIH, MOKHO CHAuaja CrpyIIHUPOBaTh JIBS
opOuTany JUTHS B JBe THOpuaHbIE opOutanu Lik; u Lik,, nMeromue
(dbopMy HECHMMETPUYHOW TaHTEIU H3-3a TOr0, YTO NPU HAIOKECHUU
cepruyeckn CHMMETPUICCKON S-OpOUTATH HA TAaHTEIICOOpaA3HYIO p-0p-
OuTame ¢ OAHOM CTOPOHBI Y3JIOBOM IJIOCKOCTH p-OpOWUTAIM BOJHO-
Bble ()YHKIUU WHTEP(EPUPYIOT TMOIOKUTENBHO, a C JIPYroil — OTpHIa-
TEJIBHO.
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O+ O —— e ik
O - o — <O (tin)
LiZs Lizp,
Jlaniee MOXHO CUMUTATh, YTO CBSI3b 00PA3yeTCsl B pe3ysibTaTe MepeKphiBa-
Hus Hls ¢ omHO# 13 THOPUIHBIX OpOUTANICH, T. €.
V¥ = C, (Li, rubpugnas) + C(Hls).

OuYeBUIHO, YTO CBSI3BIBAHHE OYIET OCYIIECTBIATHCS OpOUTaNbIO Lily,
0OnbLIast 10JIst KOTOPOW HampasiieHa B cTOpoHy atoma H:

Li—H Li—H
O + (eO—) —— D dltit)
His Lih,

AHaJIOTHYHO, aHTUCBS3BIBAIOIIAsI o -opouTanb cBs3u Li—H Moxer
OBITH TIOCTPOCHA U3 THOPUIHON OpOMUTANM TUTHS U 1S-OpOUTaIN BOIO-
poma. st 3ToT0 UCTIONB3yeTCsl OpouTab Li/, MEHBIIAS TOJIST KOTOPOM
HampasjeHa B CTOpoHy atoma H. DTo BelrogHee, 4eM cuTyalus, Korja
B CTOPOHY aroMa BOIOpOJa HaIpaBJIeHa OONbINas A0isS THOPHIHOMN
opOuTanu, TaKk KaK B MEPBOM Cilydae MepeKphlBaHUE OyIeT MEHbIIE H
«aHTHUCBS3bY OyJeT cradee.

Li—H Li—H LiI—H
I * .
Lih, His y3en

OTMeTuM, 4TO B OpOUTaIb ¢ IIaBHBIM BKJIAJ BHOCST OpOUTAIM JIUTHS,
YTO OTPAXEHO Ha CXEME€ OTHOCUTENIbHBIMU pazmepaMu AQO.

[pencraBnenusimu o ruOpuIHBIX AO B OpraHMYeCKOW XUMUU TOJb-
3YIOTCSl OY€HBb IIMPOKO, MOCKOJIBKY TPH TOM COXpaHSETCs IIaBHas U
camas TIpUBJIeKaTeIbHast 0cOOEHHOCTH Teopud MO: CBSI3b MEXKILy AByMS
aToMaMH 00pa3yeTcst B3aUMOICHCTBHEM TOJIBKO IBYX, a He Tpex AO. Tak
3a CYET YCIOKHEHUS yIaeTcsi COXpaHuTh pocToTy Teopun MO. Beexe-
HUE MOHATHS MMOPUAN3AaUK He 00YCJIOBICHO HH MaTeMaTHYeCKOH, HH
¢$u3ngecKoit HE0OXOANMOCTHIO, & IPOIUKTOBAHO JIUIIIH )KEITAHUEM HANTH
HaunboJjiee MPOCToe onucaHue cBsi3u. [ MOpuHbIE OPOUTAIN TO3BOJISIOT
MOJIb30BATHCS MPEACTABICHISIME O JIOKAJTN30BAHHBIX ABYXAIEKTPOHHBIX
JIBYXLEHTPOBBIX CBSI3SIX, KOTOPbIE WIPajl U WIPAIOT OYECHb BAXKHYIO
POJb B TEOpETHUECKOI XUMUU. [ HOpUIHBIE OpOUTAIH TIOMOTAIOT TIOHATH
NPOCTPAHCTBEHHOE CTPOCHHE MOJICKYIN, HapUMep, MoYeMy MOJIeKyla
BOJIBI UMEET YIJIOBYIO, aMMHaKa — MMMpaMHUIaIbHYI0, a MEeTaHa — TeTpa-
IIPUYECKYIO KOHPHUTYPALHUIO.
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1.8.2. ®OPMA MOJIEKYJI

sp*-I'nopuamszanus. Monexyna merana CH, o6pa3syercs U3 01HOTO
aToMa yriepoja M 4eThIpex aTOMOB BOAOpoAa. B 0OCHOBHOM COCTOSHUU
aToM yIepoja MMeeT SIeKTPOHHyIo KoHourypaumio 1s*2s22p”. C
YYeTOM TpaBWia XyHJa MOXKHO YTBEpXKIaTh, YTO ABa 2p-3JEKTPOHA
pacronaratoTcsi Ha JBYX OPTOTOHAIBHBIX 2p-OpOHTANAX W MMEIOT IIa-
payutenbable cnuHbl. Clie1oBaTeNbHO, B OCHOBHOM COCTOSIHUM aTOM
yriiepoa MOXeT 00pa3oBaTh TOJBKO HEHackleHHYI0 dacTtuiy CHo,
KOTOpasi Ha3bIBAaeTCS METHJICHOM. J[eficTBUTENbHO, METHIICH H3BECTCH;
3TO KOPOTKOXKUBYIIAs, OYEHb PEaKIMOHHOCIOCOOHAs dYacTHma (CM.
1. 5). YToOBI U3 aToMa yriiepoJa 1 YeThIPeX aTOMOB BOJOPO/IA MOTYYHTh
MeTaH, Hy)KHO CHaJdasa mpoMoTHpoBaTh aroM C B BO30YKAEHHOE COCTO-
anue 15°25*2p>, B KOTOPOM yike "eThIpe 31eKTpoHa (OIuH 25 U TpH 2p)
OyayT HecrmapeHHBIMH. Takoe MPOMOTHPOBAHKE CBA3aHO C TEPEBOIOM
2s-3NEeKTpOHa Ha 2p-opOuTallb, JISKAIIYIO BBIILIE, U TPeOyeT 3aTpaThl
SHEPIHH, HO ATa 3aTpaTa 3aTeM C H30BITKOM KOMIIEHCHpYyeTcs 00pa3oBa-
nuem uetbipex CH-caszeit mertana [C(1s2252p%) + 4H(1s) — CHy].

[Ipu ruOpuam3auu omHON S-OpOUTATH U TpPEeX p-opOuTaiield oopa-
3yI0TCSl TaK HasblBaeMmble sp°-rubpumnsie opoutamu (hy, hy, hy u hy),
KOTOPBIE 3aMUCHIBAIOTCS CIEAYIOIUM 00pa3oM:

b = 2l(s+p0) + (s +:),

hy = 51(s +px) = (py +p:)];

[(s —px) + (py —P2)],

hy = 2 [(S _pX) - (py _pZ)]‘

YroObl OMpeNenuTh MPOCTPAHCTBEHHOE HANpPABIECHHE Sp°-THOPUI-
HBIX OpOMTAJICH, HY)KHO OIPEICIIUTh HANpABICHUE BEKTOPA, IPOBE-
JIEHHOTO U3 TOYKH TIEPECEYCHHS TPEX Y3JIOBBIX IUIOCKOCTEH 10 JIMHHUU
0051acTH TOJIOKUTEIBHOM HHTephepeHH opOuTaeil. DTa nmpoueaypa
mokaszana Ha puc. 1.12: 31ech BHIHO TOJHKO KOMOWHAITUIO TPEX p-0Op-
OuTasneil, IMCHHO OHA OTPECIISICT HAlpaBICHUE THOPUIHOW OpOUTAITH,
TOrJa KaK chepruecKas s-opOUTallb MOKET JIUIIb YBEIUYUTh AMILTUTYLY
opOHTany B JaHHOM HAaIlpaBJIEHUH, HO HE M3MEHUTH 3TO HAIpaBJICHHE.
B pesyibrare moirydaem, 4TO HAPaBICHHUS MaKCHMaJIbHOW aMILTHTYIbI
BOJTHOBOM (DYHKIIMSI TaKOBBI, YTO aTOMBI BOJIOpOJA IOJDKHBI Pacrio-
JlaraThCsl B BEPIIMHAX TMPABUIBHOTO TeTpajipa. ITO CODIACYETCs C
TETPadIPUUECKAM CTPOCHHEM MOJIEKYIIbl METaHa U JAPYTUX MPEIeTbHBIX
YIJIEBOAOPOAOB.

Taxum 00pazoM, KOHIIETIUS THOPUIAM3AIIH TT03BOJISIET OTIPEIEIHTb,
Ie B MPOCTPAHCTBE JIOKAIM30BAHBI MOJICKYISPHBIE OPOHUTAalH, T. €.

hy =

[— Nl N~
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Puc. 1.12. IIpoCTpaHCTBEHHAsS HAIPABICHHOCTh Sp°-IHOPHIHBIX aTOMHBIX OpOUTasIei

CBSI3BIBACT KJIACCHYECKUE U KBAHTOBOMEXAHMYECKHE IMPEICTABICHUS O
CTPYKTYPE COCIUHEHUN.

Terpasapuueckyio KOHQUIYpaLMIO MOXKHO IPEIIOJIOKUTE U IS
Takux Mmonekyn, kak NHi umu H,O. Ho B aTuX ciay4asx oquH yroi
TeTpadapa B cirydae NH; u n1Ba ymia Tetpasmpa B ciaydae H,O He OyayT
3aHSATHl aTOMaMH BOAOPOJa. DTH YIIIbI He OyAyT MyCTHIMH, TaK KaK B HUX
OyZyT HaXOAWTHCS HEIMOJENICHHbIE Iapbl 3JIEKTPOHOB CO CIIAPEHHBIMHU
CIIMHAMH:

—
OKCHEepUMEHT, OJHaKo, MokasbiBaeT, yto yrom HNH B NH; pasen
—
107°, a yromn HOH B H,O—104,5°, T.e. 3TH yIIbl MEHBIIE, YeM
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TIOJDKHBI OBITH B TPaBIIIBHOM TeTpasape (B Merane yroad HCH pasen
109,5°). Oto o3Hauaet, uto Tpu cBsizu NH B NH; u nBe cBssu OH
B H,O memHOTO «Imomkarsl» Apyr K npyry. llomkatue o0ycCIIOBICHO
JIEHCTBUEM HEMOJCICHHBIX Map, KOTOPhIC B OTIMYHUE OT DJICKTPOHHBIX
nap cesazeir NH u OH He MMEIOT BO3MOXKHOCTH «CXKAThCS» MEXKIY
JIBYMsL sIIpaMH M TI03TOMY, 3aHHMasi OOJIbIIONH 00bEeM MPOCTPAHCTBA,
B3aMMOJICHCTBYIOT C DJIEKTPOHAMH O-CBS3€W, OTTAJIKMBasg MX OT ceOs.
B monexyne H,O, kpome Toro, oTTankuBaroTcs ApYyr OT Apyra U caMu
ANIEKTPOHHBIE MTaphl. Hannume HemoneIeHHbIX Mmap OKa3bIBaeT OTPOMHBIH
3¢ deKT Ha MPOCTPAHCTBEHHOE CTPOCHIE H PEAKITHOHHYIO CITOCOOHOCTH
OPraHUYECKUX COCIMHEHUM.

sp*-I'mopuamsanus. B monexyne stunena (3rena) H,C=CH, npoii-
Has cBa3b C=C COCTOUT U3 OJHOHM O-CBSI3U U OJHOM 7-CBA3H. T-CBsI3b
o0pasyeTcsi OOKOBBIM TTEPEKPHIBAHUEM JIBYX OIIMHAKOBO HAIPaBICHHBIX
YUCTBIX p-OpOUTANIell COCENHUX aTOMOB YIIEpOna, MPOMOTHPOBAHHBIX
B cocrosHne 15%2s52p3. OcraBmmecs onna 2s-opOWTans M IBE 2p-0p-
OuTanu JalT TPU SKBUBAJIEHTHBIE Sp-THOPUAHBIE OpOMTANH, a €CIU
opOHTanM SKBHBAJIECHTHBI, OHM JIOJDKHBI pacrojararbcs KaK MOXKHO
JIJbIlie OfIHA OT JIPYro#, T. €. B OJHOM IUIOCKOCTH mof yriom 120°.
OTH THOPUIHBIE OPOUTAIIN 3aIMUCHIBAIOTCS CIEAYIOMNM 00pa3oM:

hl = 1/\6‘5‘_'_ \/pra
hy = 1/V3s5 + V2(—py c0s 60° + p, cos 30°),
hy = 1/V/3s — V2(—pxcos60° — p, cos 30°).

Cxema 00pa3oBaHMsl TpeX sp>-THOPMIHBIX OpOMTaleil IpuBeIeHa
Ha puc. 1.13, Tme npu CIOKEHHH p-OpOUTATH PACCMATPUBAIOTCS Kak
BEKTOPBI.

TaxuMm oOpa3oM, MoJIeKyJIa TUJICHA SIBIISICTCS INTOCKOW M €€ TBOMHAS
CBSA3b MMEET IEKTPOHHYIO0 KOHDUTYpalHio 6> 2. CTPYKTypa MOJIEKYJIbI
STHIIEHA TIPUBEICHA HIUXKE:

(3awrpuxobans
rudpudnsie A0)

OI[HI/IM 3 DSBKCHCPUMCHTAJIbHBIX OOKAa3aTCJILCTB MMCEHHO TaxKou
CTPYKTYPHI OTHIJICHA SIBIISIETCS TOPCHUOHHAS JKECTKOCTh JBOWHOW CBS-
34, T. €. OTCYTCTBHE CBOOOIHOTrO BpaiueHus BOKpyr C=C-cBs3u. D10
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Y °

Puc. 1.13. O6pasoBanue sp>-rHOPHIHBIX aTOMHBIX OpOUTasICH

00yCJIOBJIEHO TEM, YTO MpPU BpAIIEHUU OJHONH METHIIEHOBOW IPYIIIbI
OTHOCHUTEIFHO JIPYTOil yMEHBIIIAeTCs MepeKphIBaHNEe p-opOuTaNel, T. €.
ociabinsiercs (a mpu moBopore Ha 90° coBceM HMcue3aeT) n-CBsi3b. B aTu-
JIEHE PHEPTUS T-CBS3H COCTABISAET 65 KKaJl/MOJb — 3TO OYEHb BHICOKUI
Oapbep, MPENnsTCTBYIOMNN BHYTPUMOJIEKYIIPHOMY BpAIlEHUIO.
sp-I'nopuan3anus. Monekyna aretmwiena (3ruaa) HC=CH eme 60-
Jiee HEHACBIILIEHA, YeM 3TUJIEH. Ee 31eKTpOHHAsI CTPYKTypa OIIUCHIBAECTCS
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CBSI3bIBAHHEM JIBYX Sp-TUOPHIN30BAHHBIX aTOMOB yIJIEpOAa, KaXKAbIH U3
KOTOPBIX UMEET JBE MEPIEHANKYISIPHbIC p-OpOUTAIIH:

7r-cBasb

N sp-rudpudss

(3awTpuxobars
rudpudnsie A0)

fropas sr-clase

Ecnu x — ock Mouekynbl, TO JBe sp-THOpHIHBIE OPOUTANN ONKCHIBA-
I0TCSI CIICLYIOIMMHU (hOpMyJIaMU:

1
hzi_‘_xa
1 \/E(S p)

1

hy = E(S—Px)-

Nx oOpazoBanmue mpencrtasieHo B pasm. 1.8.1 Ha mpumepe MOJEKYIIbI
LiH.

sp-I'mopumabie AO Ha3BIBAIOTCS THATOHATBHBIMH, OHHU IPHIAIOT
MOJICKYJIaM JIMHEHHYIO (hopMYy.

1.9. ®OPMA KAHOHNYECKHUX MOJIEKYJISIPHBIX
OPBUTAJIEU

I'mOpuanaple OpOMTANM XOPOIIO COOTBETCTBYIOT IPEICTABICHUSIM
KJIACCUYECKOM TCOPUU XHUMHUUYECKOH CBS3U, COMIACHO KOTOPBHIM CBS3b
OCYIIECTBIISIETCS TAPON AIEKTPOHOB, JIOKAJIM30BAHHBIX MEXKAY SAPAMHU
JIBYX aTOMOB, O0pa3yIOLIUX CBSI3b.

B pamkax kiraccM4eckoil CTPYKTYpHOH TeOpHH KOBaJEHTHAs CBA3b
XapaKTepU3yeTCsl CTPOrO OMPECICHHBIM HAINPABICHUEM B MPOCTpaH-
ctBe. C Apyroii CTOPOHBI, KBAHTOBOMEXAHWUYECKNE PACUEThI TPUBOAAT K
KaHOHMYECKAM OpPOUTAJISM, JUTsl KOTOPBIX XapaKTepHa BHICOKAs CTEIEHb
JIEJTOKAIN30BAHHOCTU: OHU HE MPHUHANJIEKAT OTICIBbHBIM CBS3SIM, a
OXBATHIBAIOT Cpa3y Bce sijipa WM OONBIINE TPYIIBI SAep B JaHHON
MOJIEKYJIe.

Metan. Ha puc. 1.14 npuBelieHbl KOHTYpHBIE TUarpaMMbl BOCBMHU
MO Monexkynbpl METaHa: YeThIpe CBS3BIBAIOMIUX (W] —VY4) M, YETHIpE
PaspRIXJIAIONUX (Ws—Yg). OTH OpPOWTAIM HAITOMHHAIOT «HAIyBHBIC
HIAPUKI.

OHM TOTyYeHBI IIyTEeM TaK Ha3bIBAEMOTO HEIMITUPHYECKOTO KBAaHTO-
BOXHMHYECKOro pacuera. HukHss, «camas CBs3bIBAIOIIAs OpOUTAIb
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Puc. 1.14. ®opma xanonunueckux MO monexynst CHy. Crutonssle ¥ IyHKTUPHBIC JIMHUU

OTPa)KaloT pa3Hble 3HAKH BOTHOBOW (yHKuuH. IIpHBeneHbI BBHIYHCIEHHBIE 3HAUSHUS

SHepruM opoOuTaneil. 3HaK «MUHYC)» O3HA4aeT BBIUTPBIII SHEPIHH MPH 3aCENIeHUU

OpOHTAIHN AIEKTPOHOM, a 3HAK «ILIIOCY — IIPOUTPHIII SHEPTHHU MO CPABHEHUIO C HECBS-
3bIBAIOLINM YPOBHEM

Y| OXBaTbIBaeT Bce MATh aToMOB. XoTsA Ha puc. 1.14 mokaszaHo TeT-
pasIpUUecKoe pacloioKeHUe CBsizell, opma opOuTanu y; BOBCE HE
TOBOPHUT 00 3TOM. SICHO JHIIbL TO, YTO BCE TSITH SIACP PACIOIOKEHBI
BHYTPH Y], HO BOIIPOC O TOM, KaK OHH PACIIOJIIOKEHBI, Ja’Ke HE CTAaBUTCL.
Berle opOutanu y; pacrojararoTcsi TpH BBIPOKACHHBIE 3arlOJHEHHBIC
opouTamu v, W3, Wy Kaxnas w3 3TuX opOUTaiIeii MMEeT MO OIXHOMH
Y3JI0BOH IUIOCKOCTH, HPOXOIsIei uepe3 atom yniepoma. OpOutanb
Y, UMEET FOPU30HTAJIbHYIO Y3JIOBYIO IUIOCKOCTb, NEPIEHANKYIISIPHYIO
TUIOCKOCTH YepTeXka; Ha Hell KpoMe aToMa YIVIepoJa JIexKaT TakKe JBa
aToMa Boziopoja (JeBbie Ha uepTexe). OpOuTanh W3 UMEET BEPTHKAb-
HYIO Y3JI0BYIO IUIOCKOCTb, PACIIOI0KEHHYO B INIOCKOCTH YePTerKa; B HEH
TaKXKe JIeXKaT JjBa aToMa Bojopoa (nmpaseie). Takum oOpazom, opouTann
Y, U Y3 XapaKTepU3YIOTCS HYJIEBOM aMIIMTYNOW OpOMTanu cpasy Ha
Tpex aapax: C u nByx H, KoTopble pacronoXeHsl B y3710BOH TIIOCKOCTH.
Opburanb ys UMEET BEPTUKAJIBHYIO y3JIOBYIO INIOCKOCTb, IEPIEHIUKY-
JSIPHYIO TUIOCKOCTH YEPTEkKa; OHA MPOXOJMUT Yepe3 LEHTPAJIbHBIA aToM
yrepoza.

Eme Bblme 1Mo »HEPruM pPacHoiaraloTcsi TPU BBIPOXKICHHBIC pPa3-
peixiistonue MO metaHa ys, g, yr. Kak BunHo u3 puc. 1.14, yucno
Y3JIOBBIX MOBEPXHOCTEH AJIsl ATUX OpOMTaNel Ooiblie, ueM sl Yr, Y3
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U Yy, T. €. COONIOAaeTCs MpaBuiio: OOoJbIIe y3JI0B — Bhiie dHeprus. Ho
CaMO pa3phIXJIIONIEH SBISETCS OPOUTAIb Yg, UMEIOIIAs y3JIbl MEXKITY
Kax10il mapoit atomoB ymiepoga u Bogopona CHy. Tonbko m3 ackusa
3TOH OpOHWTAIM CJeIyeT TeTpadIpuydeckoe CTpOeHHWe MeTaHa (Cp. ¢
V1), TaK KaK y3JI0OBbIC IIOBEPXHOCTH OPUEHTUPOBAHBI IEPICHAUKYIISIPHO
HaTpaBJIeHUSIM K yriiaM Terpasapa. Takum obpasoM, ¢opma MOJIEKYIIbI
HauOoJIee SICHO BBISBIISCTCS IIPH PACCMOTPEHUU (POPMBI CaMON Pa3phbIX-
ssroweit MO.

Cy1iecTBOBaHHE IBYX U TOJBKO JBYX Pa3IUYAIOUIUXCS MO YHEPTUHU
3aHATHIX YpPOBHEW B MOJIEKyJie MeTaHa, HIDKHUH M3 KOTOPBIX COOT-
BETCTBYET OpOMTANU Vi, a BTOPOH, OOJiee BBICOKHI, — OPOUTAIIAM Vs,
Y3, Y4, IMEET YETKOE DKCIIEPHMEHTAIBHOE J0Ka3aTeIbCTBO, COCTOSIIIEE
B TOM, YTO y MOJEKYyJIbl METaHa €CTh ABa MOTCHIMAJIa MOHU3AIIHH.
[ToTeHmuanbl MOHNU3AUN OOBIYHO HAXOMAT U3 (POTOIIEKTPOHHBIX CIEK-
TPOB, TPEIACTABIIIIONTUX COOOHW OpPOUTATBLHBIA SHEPTETUUCCKHUHA CIICKTP
JTAHHOW MOJIEKYJIbl. DOTOANIEKTPOHHBIC CICKTPHI JAIOT UH(OPMAIUIO O
TOM, Kakasi dHeprusi HeoOXOoAuMa Ui yHaJeHHs dJIeKTpOoHa C Oompee-
JIieHHOU opOurtanu. Hamuune B pOTOAIEKTPOHHOM CIIEKTPE JIBYX ITHKOB,
COOTBETCTBYIOIIUX MOTEHIIMAIAM MOHU3AIMHU OKoJIo 13 u 23 3B1, IOoKa-
3BIBAa€T, YTO KapTHHA, M300pakeHHas Ha puc. 1.14, BepHa, T. €. BOcEMb
BaJICHTHBIX AJIEKTPOHOB PACIIOJIOKEHBI Ha JIBYX PA3HBIX YJHEPTETHIECKIX
ypoBHsX: moTeHuan 13 3B cooTBeTcTBYeT OpOUTANISIM V), V3, Wy, a TIO-
TeHnuan 23 3B — opouranm y;. Eciau ke MOJIeKyiTy MeTaHa OIICHIBATh C
MOMOIIBI0 THOPHIHBIX OPOUTAICH, TO MBI IPUJEM K BBIBOY, 4T0 Y CHy
JIOJDKEH OBITH JIMITG OWH TOTEHIIHANl HOHHU3AINH, TaK KaK BCE YETHIpe
CH-cBs3u, 006pa3oBaHHbIE sp°-THOPUIHBIMU OPOUTATIAMH YIIEPOAA U
1s-opOuTansiMu BOIOPO/A, JOJDKHBI OBITH PAaBHOLIEHHBIMH.

Taxum 00pa3zoM, KAHOHUYECKUE OPOUTAIIN TIPABUIIBHO MPECKA3bIBA-
10T CYIIECTBOBAaHME JIBYX ITOTCHIINAJIOB MOHN3AIIMN METaHa, HO He JIAI0T
MH(OPMAIMK O HAMPaBICHUHU CBS3EH B MPOCTPAHCTBE. 3aTO0 THOPUAN30-
BaHHBIE OPOUTAIIN HENIPABUIILHO MTPEICKA3bIBAIOT BCETO OJIMH TOTEHITHAI
MOHU3ALIUY, HO JAIOT YETKOE MPEACTABICHUE O TEOMETPUU MOJECKYIIBI.
Henp3st ckaszarh, Kakue OpOMTANIN <JTydIle»; €CIH IIeNbI0 SBISETCS
WCCIIEJIOBAHUE TEOMETPUU MOJIEKYIbl, TO TIONB3YIOTCS THOPHIHBIMH
OpOUTANSIMHU, & €CIM HY>XKHO BBIYMCIUTH MOTCHIMAIB MOHU3ALUU, TO
WCTIOJB3YIOT KAHOHWYECKHE OPOUTAITN. 3aMETHM, YTO TEOPETHKH MOTYT
MEPEBOIUTh KAHOHUYESCKUE OPOUTATU B THOPHUIHBIC U 0OPATHO.

UTo0BI m300pa3uTh opOUTAH, IpeCTaBICHHBIC Ha puc. 1.14, He0O-
XOAUMO 3aTPaTUTh JOBOJIHHO MHOIO BPEMEHHM M HMETHh JOCTATOUHBIC
HaBBIKM B PHCOBAaHWHW, YTO HE BceM JOCTymHO. llosTOoMy 00BI9HO

! Tpernit morenmman wonmsarmn CH, HaGmionaeTcss B PEHTrEHOANEKTPOHHOM. CHEKTpPE M
COOTBETCTBYET OYCHb HHU3KOH dHepruu ls-opOuTany aroma yrieposa.
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K 2 ¥
K A

Puc. 1.15. Cxemarnueckue nzobpaxenust MO monexynsl CHs, moka3piBaroIme CHUMMET-
pHIO U y37I0BEIe cBOiicTBa opouraneil. Cp. ¢ puc. 1.14

BOX X

K

UCHOJIB3YIOT MPUOIMIKCHHBIC 3CKHU3bI, MOKA3bIBAIOIINE CUMMETPUI0 U
y3JI0BBIE CBOWCTBA OpOWTajel, MpaBWiia MOCTPOCHHSI KOTOPBIX OyayT
nmauel B TiaBe 2. Takwme scku3bl ansa molekynsl CHy mpuBenensl Ha
puc. 1.15. Dckuznble npeacrabienuss MO Moje3Hbl TeEM, YTO U3 HHUX
SICHO BHUIHO, U3 Kakux AO oOpasyetcs manHas MO. Tak, opOutanu y;
U Yy 00pasyroTcs myTeM NepekpbiBanus B (aze wiau nporuBodaze C2s
u geTeipex Hls, opburanu v,, v, vy, a Takke OpOUTATH Vs, W B Yy —
nyTeM nepekpbiBanua opoutaneit C2p u Hls. CpaBuenue puc. 1.14 u
1.15 moka3sIBaeT, 4TO AICKU3HBIE OPOUTAIIN CHIIBHO HCKAKAIOT PEeaTbHYIO
KapTUHY, HO CUMMETPHUIO U Y3JIOBbIC CBONCTBA MEPEAIOT MPABUILHO.
ITockonbKy MpU pacCMOTPEHHH PEAKIIMOHHOMN CITIOCOOHOCTH OpraHude-
CKHX MOJICKYJ Hac B IMEPBYIO ouepeab OyayT MHTEPECOBaTb MMEHHO
CUMMETPHS M y3JIOBbIE CBOWCTBA, B MOCIEAYIONIAX IJIaBax MBI Oyaem
HCIIOJIb30BATh IIABHBIM 00pPa30M ACKU3HBIC OPOUTAIIH.
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Puc. 1.16. MO monekynsl HF

Honsipuass mosexyna HF. Ha puc. 1.16 nana ¢opma MO mnpo-
creiiiiei AByxaToMHOU rereposiaepHoil moisekyiasl HF. Tlockonbky Ba-
JeHTHas 00oJioyka aroma (Topa OMUCHIBACTCS OOHOM 2s5- U Tpems
2p-aTOMHBIMH OpOUTAJIIMH, a aTOM BOAOpOAAa HWMeEeT [s-OpOuTalb,
olmiee 4yuciIo 00pa3yIoOMMXCs MOJICKYJISPHBIX OpOHTaneld B MOJEKY-
ne HF paBHO marm. Ha dgeThIpeX HIDKHHX TIO DHEPTHH OPOUTAJIIX
W] — Yy TMOMapHO Pa3MEeLIaloTCsl BOCEMb BJIEKTPOHOB, TIsiTas OpOUTalb
mycTas. Ha pucynke, kpoMe 00beMHBIX n300paxkeHnit MO, puBeacHBI
TaKKe OSCKU3bl OpOWTaNel, Naroliue NPEeICTaBICHHE O CUMMETPHU
u o ToM, kakue AQO aroma (TOpa MCHOIB30BAHBI i 0Opa3OBaHUS
nannor MO.

JIBe 3aHATHIC OpOUTAH C HANOOMBITICH dHEpTUEH (W3 U Yy ) SIBILIFOTCS
BBIPOKJICHHBIMHU; 3TO OpOWTANN T-TUIA, HO 3JIEKTPOHHOW IJIOTHOCTH
y aroMa BOJOpOAa B 3THUX OpOMTAIAX coBceM HeT. OHM Ha3bIBAIOTCS
HECBS3BIBAIOMIMMU OPOUTAISIMHA, TaK KaKk HE CB3bIBalOT atoMbl H u
F, u 3aHuMmaromme MX IIEKTPOHBI B KIIACCHYECKOH TEOPUM HA3BIBA-
IOTCSl «HETIONIEJICHHBIMH ITapaMH 3JIEKTPOHOBY». BakHas 0COOEHHOCTH
moJsekyasl HF coctout B TOM, 4TO MIOTHOCTH BaJCHTHBIX AJIEKTPOHOB
pacmpezenieHa 1Mo MOJIEKYyJle HepaBHOMEpPHO (cM. c. 42), oHa ropasio
BBILIE BOKPYT atoma (ropa. OO 5TOM TOBOPHUT, HApUMEp, BHUJ CaMOM
HU3KOH cBs3bBaromeir MO vy (puc. 1.16), mo ¢popme HarmoMHHAFOIIIEH
U0, B OCTPOM KOHIIE KOTOPOTO PacIoiaraercs siipo aToMa BOJOpoa,
a B TymoM — si7ipo aroMa ¢ropa. Bo Bcex CBS3BIBAIONINX M HECBSI3bIBA-
tommx opouransx HF o0vem opOuraneii y atroma dropa Gonblie, 4eM y
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aToMa BOJIOPOJIa, YTO SKBUBAJICHTHO OOJIBIIICH AIEKTPOHHOMN MIOTHOCTH
y aroma ¢ropa. Takum oOpa3om, MOIAPHOCTH MOJIEKYIBI, BEIpakaeMas
dopmymnoit H** —F%~, orpaxkaercs u B GpopMe KaHOHUYECKHX MOJIEKY-
JSIPHBIX OpOUTaJCH.

OrmeruMm eme JBe ocoOeHHOCTH Moiekynbl HF. Bo-mepsbix, op-
outanb y,, obpazoBanHas u3 Hls m F2p, nexur ma 520 xxan/moib
BhIlIe cBs3biBaromieir MO i, HO Bcero ymmib Ha 70 KKaja/MOJIb HIIKE
HECBSI3BIBAIONINX OpOUTAICH Y3 W Y. DTO O3HAYaeT, 4TO OpOUTAIb
Y, sBisieTcs ¢nabo cBs3biBaroniei. 11o cymiecTBy, OHa UMEET XapakTep
TpeThell HeMONeICHHOU maphl AIEKTPOHOB y aTroMa ¢ropa.

Bo-BTOpBIX, XOTSI HIKHSISL OpOUTAIB Y| 00pa3yeTcs NepeKpbIBAHUEM
B (dasze opburaneit Hls u F2s, camas BepxHss opOuTanms ys oOpa-
syercs u3 Hls u F2p (B mporuBodase), HO He SBISETCS AHTUCBS-
3pIBatoreil komOnHanmeir Hls u F2s5. DTo cBsI3aHO CO CleAyIOmUMA
npuuanHamu. Kak yke oTrmeuarnoch BbIme, cBi3b H—F oOpasyercs
nyTeM B3aumozeWcTBus He Tonbko Hls m F2s, no u Hls u F2p.
Jpyrumu ciioBamM#, IPOUCXOANUT OAHOBPEMEHHOE B3aMMOJICHCTBUE TPEX
opouraneit: Hls, F2s u F2p. OHO npuBOANT K THOpUAN3ALNH, KOTOpAst
Onlma paccMoTpena B pasmene 1.8.1 ma mpumepe monekynsl LiH. Ilo-
CKOJIBKY (PTOp — CaMblil 3IIEKTPOOTPHUIIATEIbHBIN 3eMeHT (Tadm. 1.1),
€ro SHEpreTHYecKHe YpPOBHH, T. €. ypoBHH AQO, JexaT 3HAYUTEIHHO
HUKE COOTBETCTBYIOILIMX YpPOBHEH aroma Bomopona. Cambie Onu3Kue
no sHepruu —ypoBau Hls u F2p, mosromy oHU B3aMMOJEHCTBYIOT
HaunOosee cuibHO. B pesynmprate ux B3ammoaeHcTBHA B (aze W Mpo-
THBO(a3e 00pas3yIoOTCs COOTBETCTBEHHO OpOUTANH Y, W V5. OpOuTaib
xe F2s B3ammopelictByer ¢ Hls cnmabo, u B mepBOM NpHUOIMKECHUN
MOJKHO CUHTATh, YTO OHA TIPAKTUIECKH COXpaHseT cBoio popmy. imeHHO
MO3TOMY OpOMTaNb Y| OYEHb MOXOKa Ha 2s-opOutans atoma Qropa
(puc. 1.16). bonee merambHO 3TOT BOINPOC pa3dHUpaeTcs B TiIaBe 2
(pazm. 2.5.1).

MouiekyJnbl ¢ HenoaeJeHHbIMU napamMu: H,O u NH;. B monekyne
BonbI (puc. 1.17) u3 mectu MO 3aHATO YeThIpe, a ABE BEPXHUE CBOOO-
Hbl. B ornuuue ot HF, B H,O Her BbIpoXkeHHBIX ypoBHEH. Briciias
3aHsaTasi MO SBISIETCS HECBSI3bIBAIOLICH W JIOKaJIM30BaHa Ha aToMe
KHCIIOpOZa, 3TO OJHA U3 «HEMOJCNECHHBIX map». Criemyromias, Ooiee
Hu3kas 3aHsgTasg MO sBiIsIeTCs HACTOILKO C1a00 CBSA3BLIBAIOIIEH, YTO €€
MOXKHO aCCOLUUPOBATH CO BTOPOM HENOJENICHHON mapoil. BunHo, uTo
KHcJIopox oOmamaeT OoibIIeii IMEKTPOHHOH TIOTHOCTBIO, Y€M aTOMBI
BOJIOpO/IA.

B monexyne NH; (puc. 1.18) uMeroTcsi 1Be BBIPOKICHHBIC CBS3BI-
Barore MO. Bricmias 3ansitas MO — odeHb ¢1a00 CBS3LIBAIOIAS; OHA
UMeEeT OJIHYy JOJII0, HAlpaBIEHHYIO OT aTOMOB BOAOPOXA, U MOITOMY
COOTBETCTBYET HEMOEIECHHO! Mape.
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Puc. 1.17. MO monexynst H,O

B monexynax HF, H,O, NHj3 BriciumMu 3aHATBIMA MOJIEKYISIPHBIMU
opoutanamu (B3MO) sBnsitoTcs OpOWTANM 7-THITA, HECYIIHE HETOo-
JIeJICHHBIC AIIEKTPOHHBIC Mapbl. CpaBHEHHE YHEPTHM 3TUX OpOUTaneit
(puc. 1.16-1.18) mo3BoIseT pacoNOKATh MOJICKYIIBI B CJICTYFOIIIHHA PSII:
NH; (—230) >H,0 (—260) >HF (—410 kxan/moins). Takum o6pasom,
camas Bbicokas sHeprus B3MO y monekynsl NHsz, u ciefgoBarenbHo,
MOXKHO O’KHJIaTh, YTO HEMOJCIICHHAS Tapa MOJICKYJIbl aMMHUaKa JT0JKHA
HauboJee JIETKO BCTYyNaTh B XUMUYECKHE PEAKIMU. DTO COMNIACyeTcs C
BBICOKOW OCHOBHOCTBIO M HYKJICO(MHIBHOCTHIO aMMHaKa U OpraHude-
CKHMX aMHHOB.

MouiekyJibl ¢ n-cBa3siMHU. [IpocTeiieil OpraHnyecKoil MOJIEKYI0U
Takoro tumna siBisietca mosiekyna stwieHa H,C=CH,. IIpu paccmotpe-
HUU MOJIEKYJI C HEIOJEICHHBIMU [apaMu Mbl BUJEIHU, YTO HECBSA3BIBA-
fomme opoutanu, Hecymue HernoaeneHusie mapsl (B3MO), 3anumaior
caMbl€ BBICOKME YPOBHHM HEPIMM [0 CPaBHEHHUIO CO CBS3bIBAIOIIUMU
opburansimMu o-cBsizedl. [lo aHalOrMu MOXKHO TNPEAINONOKHUTh, YTO B
MOJICKYJIC ATHJICHA CaMBbId BBICIIHI W3 3aIOJHEHHBIX ypOBHEH OymeT
COOTBETCTBOBATh CBSI3BIBAIOIICH OpPOHMTANU 7-CBSA3M. DJTO BUJHO Ha
puc. 1.19.

B (0TO3/1eKTPOHHBIX CIEKTpaX MEPBbIA MOTSHIMA HOHU3ALUN ITH-
JIeHa COOTBETCTBYET YAJICHHUIO AJIEKTpoHa ¢ w-opOuTanu. Eciu Boccra-
HABIIUBATh ATUICH, HAIIPUMEp, LICIOYHBIMUA METaJJIaMU, TO MOJICKYJa
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Puc. 1.18. MO monexynsl NH3

HPHHUMAET 3IEKTPOH Ha 7(--opOuTans (cM. puc. 1.19), kotopas sBmus-
ercst caMmoil HU3KOM M3 He3aHsAThIX MO, M MO3TOMY JOTOJHUTENIbHBIN
9NIEKTPOH Ha Hel MMeeT caMylo HU3KYIo sHepruio. CrenoBarensbHo, m- U
*-opOUTANIA B STWICHE UMEIOT 0C000€ 3HAUCHUE: ICKTPOH YIAIICTCS
B IIEPBYIO o4epenb ¢ 7m-opOuTalld, a MPUHUMAETCS Ha T*-0pOuTAalb.
AHaJOTHYHO MOXHO YTBEPXKaTh, YTO B PEAKINH C MEKTPOPIILHBIMU
areHTamu (HarpuMmep, MPOTOHOM) ydacTBYeT Bblciias 3aHsaTas n-MO
(B3MO), a B peaknum ¢ HYKICOPWIHbHBIMA arcHTaMu (HaIpumep, ¢
aHMOHAMH) y4acTByeT HIKHss cBobognas n*-MO (HCMO). B3MO u
HCMO urparot rmaBHy0 poJib B XUMUHU AJIKEHOB, TIOATOMY MX BBIICIISIOT
cpenu apyrux MO. OHU Ha3BIBAIOTCS ZPAHUUHBIMU OPOUMATAMU, A
METOJl, OCHOBAHHBIH Ha NCIIOJIb30BaHUU OTHOCUTEIBHOM INIOTHOCTH Ipa-
HUYHBIX OpOWTameil Uisd mpeacKa3aHusi OTHOCHUTEIbHOW peaKIMOHHON
CHOCOOHOCTH OPTaHMYECKUX MOJICKYIN, HA3bIBACTCS MEMoOOM 2paHuy-
HbIX opOumanei. DTOT METOJ BIEpBbIe ObUT MPEUIOKEH JiaypeaToM
HoGenesckoii npemuu o xumun 1981 . K. @ykyu. B Hacrosiiee Bpems
OH INUPOKO TPUMEHSETCS I OIEHKH KHCIOTHOCTH W OCHOBHOCTH
OpraHMYECKUX COSIMHEHUH, ONMMCAHUS PeaKkluil 3aMelleHus Tuna Sy2,
peakuuii {unsca—Aunbaepa, 1,3-AUNOISAPHOTO IUKIONPUCOETUHEHHUS,
ANEKTPOLMKINYECKIX PEaKLUi, apOMaTHIECKOTrO MEeKTPOPUILHOTO 3a-
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CUMMETPUS  IHEprus 0d03naverue
(3cku3) (kkan/mons) MO

popma  opduraned

—_— " HCMO

_%Q\_ +200 )

Puc. 1.20. MO Morekynsl aneTwieHa. Tpu BEICIINE pPa3pBIXIIAIOIINE OpOMTAIN He
MOKa3aHbI

MemieHus: U T. 1. llpuMeHeHwe storo meroma OymeT paccMOTPEHO B
COOTBETCTBYIOIINX pa3fernax.

Jns coequuenuii ¢ TpOMHOMN CBSI3bIO, TPOCTEHIITUM MIPEJCTABUTEIIEM
koTopbix sBisercs auetuieH (3tuH) HC=CH, umeercs mapa BBIPOX-
nenubix B3MO u mapa BeipoxkieHHbix HCMO, cooTBeTcTBylOIINE
JIBYM OpPTOTOHAJBbHBIM 7-cBA3sM (puc. 1.20). B3BMO anerunena ume-
10T Oonee HU3KYIO dHepruto (—260 xkan/monb), vem B3MO »sTriieHa
(—230 kxan/mMoJIB), TOITOMY CIIEIYeT OKHAATh, YTO C AIEKTPODUIHHBI-
MU areHTaMU TPOHHAas CBSI3b OyAeT pearupoBaTh Xy’Ke, YeM IBOHHAs.
OKCIIEpUMEHTAJIbHO 3TO JIOKa3aHO IS OOJBIIMHCTBA DJIEKTPOQHUIIOB,
XOTSI UMEIOTCSI U UCKJIIOUCHUSL.

n-OpbuTany MOTYT OXBaThIBaTh HE TOJIBKO [[BAa aroMa YIVIepoja,
KaK B MOJICKYJIC ATHJICHA WU aleTUJICHA, HO TaKXe TPH, YEThIpe HIU
Oospiee yrcno atoMoB. [IpocTeiimum mpruMepoM SBISETCS alTHIIbHAS
cucTtema (aJUTWIIBHBIN KaTUOH, aJUTHIIBLHBIA PaJIiKajl WIK aJUTHI-aHUOH),
B KOTOPOHW 7-OpOWTaNM pacHpOCTPAaHAIOTCS Ha TPU aroMa yrieposa
(puc. 1.21). B kaTnoHe 3aHsATa JHMIOb HU3LIAasg OpOWUTANb Y|, U OHA
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Puc. 1.21. 7-MO annunpHOTO KaTnoHa, paJuKaja U aHHOHA

ssigercst B3MO. Cnenyromas opoutans y, B paauKkaje 3aHATa OTHHUM,
a B aHHOHE — JIBYMsI JJIEKTPOHAMH. JTa OpOUTaIb HECBS3bIBAIOILAS; OHA
UMeeT HYJIEeBOM BKJIaJ OT p-OopOMTanM IIEHTPaIbHOIO aToma yriepoja
C,, 4epe3 KOTOPBIH NPOXOAWUT BEPTUKAIbHAS 3E€pPKaJIbHAsl IUIOCKOCTb
cummerpun. OpbOutans Y, B alIMIbHOM aHuoHe siBisieTcss B3MO.
B cnyudae panmkana BepxXHss, 3aHATAs OJHUM JIEKTPOHOM MOJIEKY-
JsipHasi opOuTaNb CoKpalieHHo obo3Hauyaercs kak O3MO (ogHOKpaTHO
3aHATas MOJICKYIIIpHAs opOuTaNb). Bricimas opOuTans w3 B OCHOBHOM
3JICKTPOHHOM COCTOSIHMM KaTHOHA, AaHMOHA U paJiuKaja He 3aHSTa.

[lo anamoruu ¢ aXTUIBHONH CHCTEMOM, UMEIOLICH TPU T-OpOHUTANIH,
MOXHO OXXHZATh, YTO B Mojekyne 1,3-Oyranuena Oyner 4eTsIpe 7m-op-
ouranu (puc. 1.22). OgHako B MPOTHUBOMNOIOKHOCTh aJTHITY, KOTOPBIT
CYLIECTBYET B BUJC MaJIOyCTOWYMBBIX KaTHOHA, paJiKaja WIA aHUOHA,
1,3-OyTaguen —3To crabuibHas HEHTpalbHas MOJIEKYIa.

Mosnekynsphbsle opOutann 0ojee NPOTSHKEHHBIX T-CUCTEM, HalpH-
Mep MEeHTaJNeHWIBHOTO KaTHOHa, paJuKaia win aHuoHa. 1,3,5-rekcar-
pHEHA M T. 1., & TaKKe OOLIME NMPUHLUIBI TIOCTPOCHUS MOJICKYISIPHbBIX
m-opOuTanei 000 [UIMHBI, BKIIOYAIOIINX HE TOJIBKO aTOMBI yIJIepo/a,
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Puc. 1.22. 7-MO nnst Monexyns! OyTaaueHa

HO W TEeTEepOaToMbl (HampuMmep, KUCIOpoAd), OyayT pacCMOTpPEHBI B
m1aBe 2. MonekyisipHble OopOuTanu OeH30/la M HEKOTOPBIX APYIHX
apoMaTHYEeCKUX COEAMHEHUH MoApoOHO 06CyXaatoTcs B miase 12.

1.10. OCHOBHBIE IPEJCTABJIEHUSI O METOJAX
PACYHETA MOJIEKYJISAPHBIX OPBUTAJIEN

1.10.1. METOJ XIOKKEJISL

MeTon MOJIEKYIISIpHBIX OpOUTaiell BOSHUK B PE3yIbTaTe MPUMEHCHUS
KBAaHTOBOM MEXAaHUKM K aTOMaM U MoJieKysaM. TouHOe pelleHue ypas-
HEHMI KBAaHTOBOW MEXaHWKHU HATaJIKUBAETCS HA OTPOMHbBIE MaTeMaTH4e-
CKHE TPYAHOCTHU, U B HACTOAIIEE BPEMSI €T0 MOXKHO MOIYUUTH JTUIIb IS
cambIX MajeHbkux atoMoB. B 1931 r. O. Xiokkenb Npeasioxkusl METOT
00xo/1a ATUX TPYOHOCTEH, BBENl B KBAHTOBOMEXAHHUUECKUE YPAaBHEHUS
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BMECTO HEKOTOPBIX HEPEIIAEMBbIX UIEHOB OIpPE/EICHHbIE MapaMeTphl,
xapakrepusyroriue sHepruro MO.

Meron MonexymsipHbIx opOutaneir Xrokkens (meronq MOX) mep-
BOHAYAJIbHO TPUMEHSUICS HCKIIIOYUTENHHO Ui pacdera m-opOuTaneit
HEHACBIIIEHHBIX YIVIEBOAOPOIOB, HO B 1963 I. OH OB pacmpocTpaHeH
P. TobmaHoM Ha o-opOWTaANHM TIOJ Ha3BaHUEM «PACITUPCHHBIA METOI
Xrwoxkkens» (PMX). Metoa XIOKKeNnsi OTHOCUTCS K YUCIY CaMBIX IPO-
CTBIX CITOCOOOB OIIGHKH DHEPTHil opOWTanell W aTOMHBIX Kod(hdHUIIN-
eHToB. HecMoTps Ha TO, 4TO B HAacTosIee BpeMs pa3BUTO MHOIO
0oJiee TOYHBIX METOAOB, 3HAKOMCTBO C 3THUM MPOCTHIM METOJIOM MOXKET
MOCITY’KUTh XOpOIIeH WUTIOCTpalel KBaHTOBOXUMHUYECKOTO crocoda
MBIIIUICHUSI U TOH (OPMBI, B KOTOPOH IMOJYyYAIOTCSl KOJTMYECTBEHHBIE
pe3ynbTaTHI.

Bapuannonnoe ypaBHeHue. KBaHTOBOMEXaHMYECKOE OIHMCAaHUE
aTOMOB M MOJIEKYNl OCHOBaHO Ha ypaBHeHwmu lllpémmarepa (pasz. 1.1),
KOTOpOE OOBIYHO 3alHChIBACTCS B popme

HY =EY, (1.1)

rne H —omneparop ['amunbrona (ramMuwibToHUAH); ¥ — BOJIHOBasl (hyHK-
us (coOcTBeHHas (DYHKITHS), OMHCHIBAIONIAs OpPOWTANb;, £ — dHEprus
JaHHOW coOcTBeHHON (yHKUuH. CMBICT TakoH 3alMCH COCTOUT B
TOM, YTO oOmepamus omeparopa H Hajg coOCTBEHHOH QyHKImer ¥
NPUBOAMT K BEJIUYMHE, KpaTHOW coOcTBeHHOW ¢yHkuuu. Hampumep,
eclii B3ATH He omeparop lamMuibproHa, a Oojiee MPOCTOH oOIeparop
mabdepentpoBanus d/dx, To onepauus auddepeHIUPOBAHUS HaT
cobcTBeHHOM GyHKIMen e, T. e. d/dx(e®), mact ce®™, T. e. BelM4nHY,
KpaTHyto €. DTo 3Ha4uT, 4yTo € sBiseTcs cOOCTBEHHOH (DyHKUHMEH
oneparopa d/dx. C npyroii CTOPOHBI, X HE SIBISETCS COOCTBEHHOM
¢yHkimei omneparopa d/dx, Tak kak d/dx(x) He kparHo x. Omneparop
l'amunbTOHA TIpencTaBiIseT coboi omepatop sHepruu. CoBpeMEHHBIC
MaTeMaTHUYECKUEe METOMBI HE TTO3BOJIAIOT pelIuTh ypaBuenue (1.1) maxe
JUIS. OTHOCUTEIIBHO MPOCTHIX MOoJiekyll. OaHako metogoM MOX MOXHO
TOJTy4aTh XOPOIIINE Pe3yabTaThl, HE BJaBasICh B MaTEMAaTHIECKYIO (popMy
H wvu P,

Uro0b1 nomy4nTs P, HCIONB3YIOT MPUOIIKEHHE, yTBEp KIatomiee,
YTO JIMHEWHasi KOMOMHAIMSI aTOMHBIX OpOUTaJICH aeT MOJICKYJISIPHYIO
opoutans (JIKAO — MO). [Ipubmmkenne JIKAO — MO:

W= Cyy(i=1,23,...mj=123,...1n), (1.2)
i

rae Cj —ko>pGuuuenT uId KaxI0i aTOMHON opOUTanu yj; i —HOMeEp
paccmarpuBaemoit MOj; j — HoMep aToma B MOJICKYJIE; 71 — YHCIIO aTOMOB
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B Mosekyne. Hanpumep, 1 amiuiapHOW 7-cucteMsl (n = 3) 4ucio
m-opOuTaNei paBHO TpeM (cp. puc. 1.22):
2

1227013

¥ =Cnyi +Coy + Cays,
¥y = Oy + Cooyn + Cr3ys,
¥s = C31y1 + Coyn + C3y;

Temeppr HEOOXOAMMO HAWTH HAWIYUIIHE 3HAYCHHUS KOIPPHUITHUCH-
ToB C, 4T0Obl ¥ OBLIM HAWIYYIIUMH TPUOIMKEHUSMHU K pPeajbHbIM
opburansaM. DTo AenmaeTcss C MOMOINBI0 BapUAIMOHHOTO TPUHIIMIIA,
KOTOPBI IJIACUT, UTO JII00ast BOTHOBAs (DYHKIHSI, HE SBJISIFOLIASICS CTPOTO
KOPPEKTHOM, MPHUBEAET K 3HAYCHUIO PHEPTHH, YUCICHHO OOJIbIIEMY €ro
WCTHHHOHN BeMWYHMHBI. UTOOBI 3TOT NMPUHIMIT BBIPA3UTh B MaTeMaTH4e-
CKOHl (hopme, HY)KHO clienaTh cieaylonme npeodpa3oBaHusl.

1. YMHOXHTE JIeByl0 H TIpaBylo dacth ypaBHenums (1.1) Ha
Y. OmauH U3 3aKOHOB [eHCTBMI Haj oOmeparopamMHu yCTaHaBIMBa-
er, uto WLY¥Y # LW¥?, rme L — HeKkoTOphIi omepatop (Hampumep,
xd /dx(x) # d/dx(x?)). Hockonbky H — oneparop, a E — He oneparop, B
pe3ynbraTe YMHOXKEHHUS MOIYyIUM

YHY = E¥?.

2. TlpouHTerpupoBaTh 10 BCEMY NMPOCTPAHCTBY

/ WHYdr=E / W,

OTKy/1a SHEPTHUsl MOJICKYJISIPHOW opOuTan

_ [YHYd
- [¥dr

ComracHO BapHallMOHHOMY NPHHLUILY, BEIMYMHA E, NOJIy4deHHas U3
ypaBHenus (1.3), Oonbllle HCTUHHOTO 3Ha4eHUs! £, 0003HAa4aeMOoro Kax
Ey, nockonbky W — 3T0 NpubIMKeHHasi opOuTallb, OIy4YeHHAs: METOIOM
JIKAO—MO.

Takum 0O6pa3om, MaTeMaTH4ECKH BAPUALIMOHHBIN IPUHLIUI BbIpaXka-
€TCsl ypaBHEHUEM

E (1.3)

_ [YHYdr
- [¥dr
Uro6sr ¥ ObUTa XOPOIIMM TPHOMMKEHHEM K HWCTUHHOW OpOMTaIH
(Wo), mapamerp C; (B BbIpaxeHun ¥ = Ej C}¥;; ypasuenue (1.2))
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HYKHO BBIOpaTh TakuM, 4ToObl £ Oblla HauMeHbLIEH. DTO MOXKHO
crenarb, MUHUMHU3HPYS. £ 10 OTHOIICHUIO K Ka)KIOMY M3 BO3MOXKHBIX
KO3 PUIUECHTOB:

OE

oc;,

YT00BI MOTyunTh BEMMIMHBI KO3} GHIEeHToB C; U SHEPTUIO KaX 101
MO (E;), onepanuto (1.5) Hy>kHO TpoBecTH Ha 00wIeH popMe mpubdIHKe-
aus JIKAO—MO, koropast naercs ypaBHeHueM (1.2). Takum oOpazom,

nojcraHoBka ypaBHeHus (1.2) B ypaBHenue (1.4), eciau oOmycTuTh
uHAeKCH (f) mst MO, maer

J& C/‘I’/)H(Zk: Cryi)d sz:C}Ckf viHydt
J o
I(ZC}%)(;Cka)dT ZXk:CjCkf‘I/jWde '
7 J
TIpuMeM clie/Tyrolie COKpaIeHHbIe 0603HAYEHHS:

/ viH yidt = H;

0. (1.5)

E=

/ VividT = Sp,
Toraa
2.2 GGty
ik X
E=toc =", 1.6
EYGOS (0
J ok
[anee, npumenss ypasaenue (1.5), nomyuaem
Ox Oy
OE  Vac —*ac
—=————=0(=1,2,3...
aq yz (I 9~ }’l),
OTKyJa IocJjie MoJCTaHOBKU ypaBHeHus (1.6) nmeeM
O g
oG; oG;
Huddepentmpys x u y B ypasuenuu (1.6) nmo C;, momyuum

Ox
ac, = > 2CiHy,
k

0
o _ Z 20
k

0. (1.7)

e
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u u3 ypaBHenus (1.7)

> CulHp—ESp) =0 (jk=1,2,3...n).
k

DTO W ecTh BapHAlMOHHOE ypaBHeHHe. KOHEYHBIM pe3ysbTaToM MpH-
MEHEHHUSI BapHallMOHHOTO NPWHIIMIIA, KOTOPBIH TO3BOJSET PAacCUUTATh
ko3 dumuerTs! C B ypaBHeHHH (1.2), SIBISICTCS CHCTEMa TaKUX ypaBHE-
HUi. /17151 anmuibHOU T-CUCTEMBI, B KOTOPOH j M kK MeHstoTcsi oT 1 10 3 u j
OCTaeTcs MOCTOSHHON B KQXK/IOM OT/ICIIbHOM ypaBHEHHH, BapHAIIHOHHBIE
YpaBHEHHSI UMEIOT BU]

C\(Hy1 —ESn) + Cy(Hi, —ES12) + C3(Hi3 — ES13) =0,
Ci(Hy — ESy) + Cy(Hyp — ESxn) + C3(Hy — ESy3) =0, (1.8)
C\(H31 — ES31) + Cy(Hzp — ES3) + C3(Hsz — ES33) = 0.

Cucremy ypaBHeHUH (1.8) MOXXHO PEIINTh, COCTABUB CEKYJISPHBIN
nerepmMuHaHT |Hj—ESj| (ypaBHeHue 1.9) n pemas ero 11s BeTM4HHbI E.
3areM 3HaueHus E mnoxcrasnsiorcs B ypaBHeHus (1.8) n onpenenstorcs
Cjj. Uurerpanst Hj; n Sj; HENb3s TOYHO BBIYMCIIUTD, TAK KaK OHU IOJIY-
YaIOTCs CIUIIKOM CIOXKHBIMU. Kak pa3 ¢ 3Toro MoMeHTa 1 HAYMHAIOTCS
pacxoxaeHust Mexay meronoMm MOX u 6oiree yrryOJIeHHBIME METOIAMH.
BMecTo MOMBITKU PEelIUTh 3TH HHTErPajibl KAKUMH-THOO MPUOINKCH-
HBIMH crioco0aMu B MeTofie XIOKKEIS ATH HMHTErpajibl MPUHUMAIOT
MIOCTOSIHHBIMU TapaMeTpaMu U SHEPTUs OpOuTajcii BrIpakaeTcs uepes
Hux. B mase 2 npu uznoxenun metojga BMO B kauecTBe Mepbl SHEPTrUU
MbI OyJIEM HCIIOJIb30BaTh MOCTOSHHBIC 3HAYCHHS KYJIOHOBCKOTO (&) M
pe30HaHCHOTO () HHTETPAJIOB.

Hy —ESyw Hiy—ES; ... Hy,,—ES),
Hyy —ESy1 Hyp—ES» ... Hy),,—ES,

\Hjie — ESje| = . . =0. (1.9)
Hnl - ESnl Hn2 - ESnZ cee Hnn - ESnn

Meton Xmwokkessi. OCHOBHBIE MOJIOXKEHUS, HA KOTOPBIX OCHOBaH
Metron MOX, npuMeHsieMbIil 71 CONPSIKEHHBIX T-CUCTEM, COCTOSIT B
CJIETYIOIIEM.

1) Hy= o

2) Hj, = B, ecnu atoMsl j ¥ k cBA3aHbl ApYT ¢ Apyrom, u Hy = 0,
€CJIM aTOMBbI j U k HE CBSI3aHBbI;

3) Sj=1,83 =0 #k;

4) o-cBA3M JIOKAJIM30BaHbl, 1 UX MOXHO PacCMaTpUBaTh KaK JKECT-
KHH CKEJIET, OKPY>KEHHBIN 7-3JIEKTPOHAMU.

WHTerpai o, Ha3bIBAEMBII KY10HO8CKUM UHME2PAN0M, TIPEICTABIISET
coboit sHepruto snexkrpoHa Ha C2p-opOutanu. Ecnm paccmarpuBath
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JUIIb YUCTO YTIEPOAHBIC CUCTEMBI, TO MPEANONIOKEHHUE, YTO I BCEX
aroMoB [;; OIMHAKOBBIM, SABISAETCSA XOPOIUMM IPUOIMKECHHEM; ITPU
BBEIICHUU B 7TT-CUCTEMY reTepoaroMa o YK€ He SIBJSETCS MOCTOSHHOU
BeTMIuHON. VIHTEeTpast B 0ObIYHO HA3BIBAIOT PE30HAHCHBIM UHMEZPALOM.
OH mnpexcraBisieT coOOH SHEPrui0 B3aUMOIEHCTBHSA JBYX AaTOMHBIX
opbOwuraneii Ha coceHUX aToMmax j U k. [Ipenmonoxxenue, 9To MHTETpa
P Bcerma OAMHAKOB, JOBOJIBHO COMHUTEIBHO, TaK KaK B COMPSKEHHBIX
YIJIEBOJIOPOJIaX CTEMEeHb B3auMoaeucTBUs JBYyX AO MOXET CHIBHO
MeHsThes. Hanpumep, B Oyraauene (puc. 1.23) B3auMoneicTBUE MEKTY
MIEPBBIM M BTOPBIM aTOMaMH yriieposga OyleT WHBIM, YeM B3amMOJICH-
CTBHUE MEXKIY NBYMsl BHYTPEHHUMH aTOMaMH, TaK KaK JJUHBI CBs3EH
MEXIY 3TUMU aTOMaMH CUJIBHO Pa3nyaroTCsl.

HWuTerpan Sj; Ha3bIBaeTCs unme2paiom nepekpuléanus; 1is j =k on
paBed 1. [lockonbKy Jjisi aTOMHBIX OpOWTaNei f u/jzdr = 1 (ycnoBue
HOPMHPOBKH; pa3z. 1.3), mpexnonoxenue, uro S; = 1, BnonHe onpas-
nano. OxHako npeanonoxenue, uro Sy = 0 ms j # k, Hanpumep s
coceqanx atomMoB (k =j + 1), cCOBEpIIEHHO HEKOPPEKTHO (10 pacueTam
PobGeprca, B 5TOM cirydae Sy = 0,25).

YeTBepToe MpearooKeHUEe — 0 TOM, YTO O-CBSI3U JIOKAJIU30BaHbL, —
MO-BUAUMOMY, BIIOJIHE MPUEMIIEMO.

ITocime Bcero ckazaHHOTO OYEBHAHO, 9TO B MeTome MOX wmcCIoib-
3yeTCsl TaK MHOTO COMHHTEIBHBIX MPEANOI0XKEHUM, YTO OH HE MOXKET
JlaBaTh XOPOILUE pe3yJbTaThl. TeM HEe MEHEE 3TO HE TaK: JJISl T-CUCTEM
paccUYMTaHHbBIC CBOMCTBA OYEHB XOPOIIO COITIACYIOTCS C IKCTICPUMEHTOM.
Wccnenosanus, mpoBeneHubie M. [Iproapom, mokaszaid, 9TO 3TOT (PakT
00yCJIOBIICH yJa4HBIM B3aMMHBIM COKpAIllEHUEM OIIMOOK, a TaKKe
XapaKTePOM MOJIEKYII, K KOTOPBIM 3TOT METO IPUMEHUM (CONPSKEHHBIC
T-CUCTEMBI).

Hcnonb3ys npennonoxkeHuss X0OKKeNs, A aJUIMIbHON 7T-CUCTEMBI
n3 ypaBaerui (1.8) u (1.9) monyuaem

a—E B 0
B a—E B |=0.
0 B a—E

Jenum Ha B ¥ IpUHUMaeM

VYhpouiaeM 3Ty MaTpuily:

_

=
I

o
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[anee 3ToT neTepMUHAHT pa3duBaeM Ha (2 X 2)-IeTepPMUHAHTOB MyTEM
CYMMHPOBaHUS MTPOU3BEICHUN Ka)k[IOTO YJeHa BEPXHETO psjaa Ha MHO-
JKUTEJb, KOTOPBIN OMPENesieTCs MPABUIOM: MHOKUTENb j-TO YiIeHa €CTh
JIETEPMUHAHT, TTOJyYEeHHBIH MyTeM YOAJICHHUS j-M KOJOHKA W BEPXHETO
psiza MaTpPHUIIBL:

1 1
0 x

1 x
0 x|

)lc x 1

=X

1y 4|+

1 x

= —= O

1
x
0 1
3aMeTHM, YTO YETHBIC WICHBI IPH pa30MEHNH MATPHILIBI BCETA TOJKHBI

OBITH OTpHIIATENBHBL. JleTepMHUHAHT THITA (2 X 2) pemraeTrcsi MPoCThIM
MIEPEKPECTHBIM YMHOKEHUEM U BBIYUTAHUEM IIPOU3BEICHUIM:

x 1 )
=x"—1.
1 x o

B pesynbrare nonydyaeMm ypaBHEHUE
x(x* = 1) —1(x) =0,
OTKyZa X = —I—\ﬁﬁ, Ou —ﬁﬁ.

Takum 00pa3om, PHEPTHH AJUTMIBHBIX 7T-OpOWTajel, n3MepeHHbIE
OTHOCHUTEIIFHO HECBS3BIBAIOIIECTO YPOBHS ¢, OyIyT HUMETh 3HAYCHUS

V2B,0u —V/2B, 1.e. 1,418 1 —1,41 8. OTMETHM, UTO STH IHEPTUH OUCHb
ONMU3KU K BEMTMYMHAM, PACCUUTAHHBIM METOAOM Bo3mymieHuit (1,5; 0 u
—1,5; cm. puc. 2.11 B 1. 2).

OO6mrast 2HEPTHUS T-3JIEKTPOHOB AJUTMILHON CHCTEMBI OMPEISIIACTCS

BBIPOKCHHEM
E;= E l’l,'E,',
i

IJIe 1; — YHCIIO IEKTPOHOB Ha opOutaiy i. ClienoBaTesbHo,
VIS KaTHOHA 2~  Ej = 2(a+V/2B),
s pamukana A~ Ep=2(a+V2B) +a,
Wist aHHoHa A~ Ep = 2(a+V2B) + 20,

IJie MHOXHTENb 2 COOTBETCTBYET JBYM JIEKTPOHAM Ha JJaHHOM opOuTa-
1. HanomHuM, 4TO o U § — OTpHULIATEIbHbBIE BETUIHUHBL.

Onepruto crabunuzanuu (AE;) B pe3yabTaTe CONPSKEHHUS] MOXKHO
OLIGHUTH CPaBHEHUEM C 3HEPrHed JIOKAJIM30BAaHHOW CHUCTEMBI C IIOMO-
IIbIO YpaBHEHUS

EJIOK - nn(a +B) + n;o,
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TJIE 1 — YUCTIO AIICKTPOHOB HA JBOMHBIX CBS3AX (IS AJTUIBLHOM CUCTE-
MBI n; = 2), a n; — YUCJIO HETOACIEHHBIX AMEKTPOHOB (IS aJUTHIHFHOTO
katuoHa — 0, nms pagukana — 1, s anuona — 2). Takum oOpazom, amst
BCEX TPEX YaCTHUIl — KaTHOHA, paaruKalia U aHHOHA —

AE;=E;— Ene =2(V2—1)B = 0,828.

Koadduumentsl MOXHO ONpeAenuTh NOJCTAHOBKOW COOTBETCTBYIO-
IIMX 3HaueHuil £ B BapHaIlMOHHOE ypaBHEHHE C IPUMEHEHUEM YCIOBUS

HOPMUPOBKHU
Y =1

ﬂﬂﬂ AJUTHIBHON CUCTEMbI BapUallMOHHBIC YPABHCHUS UMCIOT BUJ

C1x+C2:0,
Ci+Cux+C3=0,
C, 4+ Cix =0,

e x = \/5, Ou —2. Ecu x = —\/5, TO

—V2C +C, =0,
Cl—\/§C2+C3:0,
C, —V2C; =0.

U3 nepsoro ypasuenus C, = /2C).
IToncTaHOBKOM BO BTOPOE YPABHEHHE IOTYYUM

C) =GC;.
YcnoBre HOPMHUPOBKH JIa€T
G4+CG+G=1.

Cnenoparensro, C; = 1/2, C, =1/v/2u C3 =1/2.
TakuMm 00pa3oM, HUKHSISL OpOUTAND AJUTMIILHON T-CUCTEMbI HUMEET BH/]

Wy =1/2y +1/V2y +1/2vy;.

Pemenust st x = 0 u x = /2 jmaloT 1Be JIpyTUE aJUIMIIbHBIE
T-OpOUTAIH.
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1.10.2. PASBBUTHE METOJAOB PACYHETA
MOJIEKYJISAAPHBIX OPBUTAJIEN

MeTton Xrokkenst 6but pa3padoran B 1931 . C Tex mop MOSBHIOCH
MHOTO JPYT'HX KBAHTOBOMEXaHUUECKUX METOIOB pacyeTa CBOMCTB MOJIE-
KyJI, OCHOBAaHHBIX Ha TEOPHH MOJEKYISIPHBIX opOuTaneir. OcobeHHOo mu-
POKO pacyeTHbIC METOABI CTAIH UCIOIB30BATHCA B MOCIEIHIE TOMBI, YTO
CBSI3aHO C MHTCHCHUBHBIM Pa3BUTHEM BBIYUCIIUTEIBHON TEXHUKH U pa3-
paboTKoil BBHICOKOA((EKTUBHBIX MaTeMaTHYECKUX alropuTMoB. B Ha-
CTOSIIIIEe BpeMs pacyeThl MOJIEKYJI TIOCTENIEHHO CTAaHOBATCS Bce Ooree
JIOCTYITHBIMU U HEOOXOJMMBIMH B PabOTe XMMHKa-IKCIIEPUMEHTATOPA.

PacuerHbie MeTONBI AENATCS Ha JBE TPYIIIBL: HeaMnupuueckue
nonyamnupudeckue. JIs IPOBEEHNUS CTPOTO HEIMIUPHUUYECKUX pacyde-
TOB TpeOyeTcs JINIIh 3HAHWE BEIMYUH HECKOJNBKUX (PyHIaMEHTaIbHBIX
¢u3nYecKuX KOHCTAHT: MOCTOSHHOHN [lmaHka, CKOpOCTH CBeTa, MacChl
U 3apsja dMeKTpoHa u sep. OHaKO HeAMIIMPUIECKUI pacueT Tpedyer
0OJBIIUX 3aTpaT MAalIMHHOTO BpeMeHHu. HesMmmupuyeckne MEeTonsl u3-
3a KOJIOCCAJIBHBIX 00BEMOB PACUETOB MPUMEHUMEBI TOJIBKO IS MOJEKY,
comepkamux 15-20 aromoB u 100—150 snexrponos. s pacuera 6oiree
CJIOHBIX MOJICKYJ IPUMEHSIOT TOTYIMITUPUIECKUE METOJIBI, K KOTOPBIM
MOYXHO OTHECTH W PAacCMOTPEHHBIH BBIIIE MeTo] XIOKKeisd. B momy-
SMIUPHUECKUX METOMIaX HEKOTOPBIC WHTETPajbl HE BBIUYHUCISIOTCS, a
OepyTcs Kak mapaMeTpbl, KOTOpble KalMOPYIOTCS JJIsi aTOMOB Pa3HBIX
anementoB (H, C, O, N u T. 1.) Tak, 4ToObl MOJYYUIIOCh HAMIYYIlEe
COBIAJIEHUE PACCYMTAHHBIX CBOMCTB ¢ dKcmepuMeHTOM. Hampumep, B
MeToie XIOKKENSl TAKIMH MapaMeTPaMHy SIBISIFOTCSI HHTETPANbl o U f3.

Meton Xrokkens (MOX), a Taxke Tak Ha3bIBAGMBIH PACITUPCHHBIN
meton Xrokkens (PMX), npennoxennsiii P. [opmanom B 1963 1. s
pacdera He TOJIBKO 7T-, HO M G-0pOuTajeH, mpeaCcTaBIsIIOT co00i Hanbo-
Jiee YIPOIICHHBIE MOTYAIMIUPUIECKUE PACUCTHI, B KOTOPBIX MOJHOCTHIO
MpEeHeOperaroT B3aMMOICHCTBHEM MEXIY PasIUYHBIMH 3JIEKTPOHAMH,
BXOJSIIMMH B COCTaB MOJIEKyJbl. [lpyras rpymnmna pa3paOOTaHHBIX B
HACTOSIIIEe BpEMs IOIyDMITMPHUECKAX METONOB (B 3Ty TPYIITY BXO-
1At m3BectHble Metonbl. CNDO ([Ixk. [Torun, 1965), mpuromasiid ajs
pacdera TUMOJIBHBIX MOMEHTOB, JUIMH CBSI3€H, BaJCHTHBIX YIVIOB, CH-
JIOBBIX KOHCTAHT W cruekTpoB SIMP; INDO, mpucmocoOneHHBIA s
pacueta cnekTpoB DIIP u reomerpun mosnexyn u paaukanos, 1 MNDO
(M. [Iproap, 1975), mpuMeHsIeMbIi UIS pacdeTa TeIUIOTHl 00pa30BaHMs,
MOTEHIIHAJIOB HOHU3AIMH U JUIMH CBsA3el) OCHOBAaHA HA meopuu camoco-
enacosannozo nonsa(CCIL), mpemnoxenno B 1927 . JI. XapTpu u 3arem
ycoBepiieHcTBoBaHHOW B. A. ®oxom. Ha mepBoii cTymeHu pacuera
mo XapTtpu— POKy BBIYHCISIOT BOJHOBYIO (PYHKIHIO (OpOWTAB) IS
KaXKJIOTO AIIEKTPOHA B JAHHOU MOJIEKyJIe. 3aTeM YUUTHIBAIOT BIUSHHIC HA
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OJIMH JIEKTPOH YCPEJHEHHOTO BO BPEMEHHU pacTpeiesieHus 3apsijia BceX
JIPYTUX 3JIEKTPOHOB (M A1ep) M TaKUM ITyTeM IOIYYaloT YIyqIIeHHYIO
BOJIHOBYIO (DYHKIIMIO 3TOTO 3JIEKTPOHA. DTOT MPOLECC TOBTOPSIOT JUIS
BTOPOTO AJIEKTPOHA, TPETHETO U T. [I., TIOKa HE TMOydaTcs yIyqIIeHHbIE
BOJIHOBBIE (DYHKIIWH JUIsl BceX AIEKTpoHOB. [Tomyuns Habop Takux yiryd-
MeHHBIX QyHKINN (OpOUTasei), UX BTOPUYHO YITYUIIAIOT IS IIEPBOTO,
BTOPOTO, TPETHETO DJEKTPOHA U T. . PacyeT TakuM METOAOM MOcCIie-
JTIOBATEILHOTO TPUOIIKEHUS MTPEKPAIIaroT, KOTa BOJIHOBBIE (YHKIIUN
NEePEeCTaroT U3MEHSTHCS TIPU OYEePETHON OTNepallH YITyqLICHUSI.

Meton Xaprpu— ®Poka HCMONB3YyeTCs W B HEIMIHPHUIECKUX pac-
yerax. Jlas ero mpuMeHeHHs HEOOXOOMMO HMMETh CTaHJAPTHBIA Ha-
O0op OasmcHBIX (DyHKIUN (OpOWTaneil) I KaXkJIOro aTtoMa, KOTOPBIH
3aBUCHUT TOJIBKO OT aTOMHOro Homepa Tak, misg Kaxnoro atoma H
B MoJieKysie OymeT ofauH Oa3ucHBIA Habop, misd Kaxmoro C — apyroit
U T. 1. B mpocrTeiimem BapraHTe pacdeTa MUCIIONB3YeTCS MUHIMAIbHBIN
0a3uc, Ipu KOTOPOM YHCIIO aTOMHBIX OpOHTaIel JOCTATOYHO JHIIb JUIS
pa3MelIeHus BceX ero MeKTpoHoB. [lomydenHbie TakuM 00pa3oM Modie-
KyJIsIpHBIE OpOUTanu OyayT KECTKO OrpaHHYCHHBIMHU, CKOBBIBAIOIIUMH
cB0OOIYy NBMKEHUS deKTpoHOB. [Ipu pacmmpennn 6a3ucHoro Habopa
aTOMHBIX opOWTanell (HampuMep, MpH BKIIOYCHHH B HErO MOMHUMO S-
U p-opOuTanell Takke M d-QYHKIHH) YUCIO PETYIUPYEMBIX Kodhhu-
UCHTOB B BapUAIllMOHHOM YPaBHCHHU YBEIHYUTCS, YTO IMPUBEACT K
OoJiee preMIIEMOMY TIPEICTABICHUIO0 MOJICKYIISIPHBIX opOuTaneii. [lpu
OYCHb LIMPOKOM 0a3mce IMOMydarcsi «AJIACTUYHbBIC» OpOUTAl, MMOUYTH
HE CKOBBIBAIOIINE JIBMYKEHHUE AIIEKTPOHOB. B pe3ynbrare MoXHO OJIM3KO
MOJIOWTH K TpesieNy, KOTOPBIN HazbIBaeTcs npedenom Xapmpu— Poka.

OpHaKo Jake TPU XOpOIeM, MTPaBUIILHO BRIOpaHHOM 0asnce dHep-
rMu MoJiekys, paccuntanHele merogoM CCII (oTHOCHTENBHO 3HEPTHit
Sfiep M DIEKTPOHOB — OOBIYHON TOYKM OTCYETa B KBAHTOBOXHMHYE-
CKHX pacueTax), BcerJa OoJblIe dKCIEPUMEHTANBHBIX 3HAYCHUH. ITO
CBSI3aHO C TEM, YTO YYHTHIBACTCS TOJIBKO YCPEIHEHHOE BO BPEMEHHU
ANEKTPOCTATHUECKOE B3aUMOJICHCTBIE MEXKIY deKTpoHamMu. Ha camom
JieJie IBMKEHUE JIF000T0 AIIEKTPOHA KOPPEIUPYET C ABMKEHUEM JTF000TO
JIPYTOTO BIIEKTPOHA, HAXOMAIIETOCS B €ro OkpecTHocTsx. Ecnmm Ha
OpOUTANISAX OKOJIO OJHOTO SIJ[pa HAXOISATCS JBa DJICKTPOHA W OIUH U3
HUX PAaCIOJIOXKEH BOJMHU3M spa, TO BTOPOH DIEKTPOH MUMEET MEHBIIYIO
BEPOSTHOCTh HAXOJUTHCS BOJIM3H sIpa 110 CPABHEHUIO C 3TOW BEPOSITHO-
CTHIO B OTCYTCTBHE TIEPBOTO AIIEKTpPOHA. Takash KOppessiius JABHKSHHSI
ANIEKTPOHOB (DIIEKTPOHHASI KOPPEISIHSI) YMEHBIIACT dIEKTPOCTATHYC-
CKO€ OTTAJIKMBaHUE MEX]y dJICKTPOHAMH M CTaOWIM3HPYET MOJIEKYITY.

Just ydera dHEpPruM SJISKTPOHHOW KOPPENSALUH dalle BCEero IMpH-
MEHSIOT METOJl KOH(UTYPAIMOHHOTO B3auMozelicTBus. Ha opOuTasix,
MOJIYYEeHHBIX MeToioM XapTpr— Doka, JIeKTPOHBI MOKHO Pa3MeCTUTh
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no-pazHomy. OIpeJieieHHOe pa3MelIeHUe JICKTPOHOB [0 OpOUTAISIM
Ha3bIBACTCs JJICKTPOHHON KoHpurypamueir. OCHOBHOMY COCTOSHHIO
MOJIEKYJIbl COOTBETCTBYET AJIEKTPOHHAS KOH(MUTYpanus Wy. B 00buHBIX
MOJIEKYJIaX B DJIEKTPOHHOW KOH(PUTYpPAIMU Yy BCE DJIEKTPOHBI PacIo-
JIOXKEHBI TIapaMu Ha Hu3muX opOutamsx. [Ipu Bo30y»kJIeHUU OTHOTO
ANIEKTPOHA BO3HHMKAET OJHOKPATHO BO3OY)KIIEHHas KOH(PHUTypaIus, Mpu
BO30YKJICHUU JBYX AJIEKTPOHOB — JIBYKPAaTHO BO30YXKICHHAsI KOHPUTY-
parus U T. 1. JIuHeliHas KoMOWHAIMS HEBO30Y)KIECHHOW W Pa3THMYHBIX
BO30YK/JICHHBIX AJICKTPOHHBIX KOH(PUTYpAIUi JaeT TMOJHY BOJHOBYHO
(YHKIIAIO MOJIEKYNBI, B KOTOPOH YK€ Y4YT€Ha JHEprusi 3JIeKTPOHHOI
koppensiuu. [Ipu yuere Bcex BO3MOXKHBIX KOH(pHUrypaiuil (B pamkax
JAHHOTO 0a3MCHOTO Ha0Opa) MOKHO MPUNTH K TpeeNy MOIHOTO KOH-
(UTYpalMOHHOTO B3aUMOJICHCTBUSI.

Hwxe npusenena kapra Xerpe—Panoma—Illnaitepa—Ilomia, Ha ko-
TOPOM MOKa3aHkI IMyTH YIIYYIIeHUs pacueToB Moiekyi1. Pabora xummuka-
TEOpEeTHKa IMPOBOAMUTCS B paMKax IEHTPAIbHOIO MOJsI, KOTOpOE Ha
KapTe 3amTpuxoBaHo. [Ipocrelimas Mogens MOJIEKYIISIPHBIX OpOuTaneit
nojxy4aercst MetogoM XapTpu—®Poka ¢ MUHUMAIBHBIM 0a3ucoM. Yiryd-
neHne 0a3sucHOro Habopa COOTBETCTBYET JIBMIKEHHIO IO KapTe BHUS.
JIBuKeHne cieBa HalpaBO COOTBETCTBYET YIYHIIEHHIO criocoba yuera
ANIEKTPOHHOU Koppersannu. VccinenoBanus BeyTCs 10 IMyTH yAy4IIeHUsS
win 0a3ucHOro Habopa, WM JJIEKTPOHHON KOPPEJSIHU, WU TOTO H
JIPYTOTO.

MonHoe
XapTpu-%oKk | YnyylleHnme 3neKTpoHHON KoppessLuu KOHAPUrypaLnoHHoe

B3auMmoiencTane
/ A

YayHLuexue
fasucHoro Habopa

B
M#SS?:;‘S Mpenen W;%liarg%ee pewerne
Habop XapTpu-oxa LWpeauHrepa

Merton, yka3zaHHBIH Ha JuarpaMMe TOYKOM B, HaxoauTcsd Ha Oosee
BBICOKOM TEOPETUYECKOM YPOBHE, ueM MeToll A, MOCKOJIbKY Touka B
M0 CPaBHCHHUIO C TOYKOM A NexuT mpaBee W Huxe. OTHAKO METOM
Ha 0Ooyiee BBICOKOM TEOPETHUYECKOM YpPOBHE HE 00S3aTeIBHO JIACT
Oonee TOUHBIC PE3YABTATHl pacueTa KOHKPETHBIX CBOMCTB MOJEKYI.
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YacTto Oosee TOYHBIE PE3yJbTAThl MOMYHYAIOT METOOM 0oJjiee HU3KOTO
TEOPETHUECKOTO YpOBHA (A4), 4eM MeTofoM 0o0Jjiee BBICOKOTO YpPOBHS
(B). B kaxkaoM KOHKPETHOM cllydyae B COOTBETCTBHM C HMMEIOLIeHcs
JMIOKyMEHTalue BBIOMPAIOT TOT METOJ pacdera, KOTOpPBIA HambOoiee
a/IeKBaTCH MOCTABJICHHOMW 3ajaye.

1.11. CHAPUBAHUE ATOMHBIX OPBUTAJIEN
1.11.1. TEOPHSI BAJIEHTHBIX CBSI3EN

Teopust MonekyIsipHbIX oOpOWTanel, Kak Mbl BHUIENH, SIBISETCS
€CTECTBEHHBIM DPACIPOCTPAaHEHHEM Ha MOJIEKYJbl Te€X HJel, KOTOpble
CHavaja ObUIM MCIIOIb30BaHbI Ul OOBSICHEHUS IEKTPOHHOTO CTPOCHUS
aToMoB. OIHAKO MOJIEKYJISIPHO-OPOUTATbHAS TEOPHSI CTPOSHUS MOJIEKYJ
UCTOPUYECKU HE OblIa IEepBOH; MPOCTO OHA OYEHBb OBICTPO pa3BUIIACH
U3-3a TOTO, YTO €€ JIerde MpUCHOCOOUTh Uil pacyeToB Ha DBM, uem
Jpyrue Teopun. Mictopudecku nepBoii Obliia meopust gaieHmmbix cessel,
KOTOpasi UCIOJIb3YETCS M B HACTOSAIIEE BpeMsl.

B ommume or Merona MOJEKYJISPHBIX opOWTanell OCHOBHAs HIes
METO/Ia BaJEHTHBIX CBA3EH COCTOMT B MPEANOJIOKEHUH, YTO aTOMHBIE
opOuTanu B MOJIEKyJe B U3BECTHOH MEPE COXPAHSIOT CBOI MHANWBUAY-
albHOCTH. BonHOBas GyHKIMSI MHOTO3JIEKTPOHHON MOJICKYJIBI CTPOUTCS
MyTEM CIIapuBaHHs OpOUTaNIeH OTIENBHBIX aTOMOB, & MOHSATHE «MOJIe-
KyJIsIpHast OpOMTajb» B TECOPUH BAJICHTHBIX CBSI3€l IMPOCTO HE HYXKHO.

B kadecTBe nmpumMepa paccCMOTpUM NPOCTYI0 Motiekylly BeH,. B oc-
HOBHOM COCTOSIHMM aToM Be HMeeT 3JIeKTpOHHYI0 KOHQUIypaluio
1522s% (pasn. 1.4.3). B XUMMYECKUX COEIMHEHMSX OEpHILIMI JBYXBa-
JICHTEH, II03TOMY €0 BaJICHTHBIC 3JIEKTPOHBI (Ha YpOBHE ¢ n = 2)
HY>KHO pacnapuTh Ha opburtanu 2s u 2p. CrienoBaTelbHO, JIEKTPOHHAS
KOH(MHTYpAIHUs BAIGHTHOTO COCTOSIHMS atoMa Be 6yner 1522s52p. Takum
oOpa3oM, B 00pa30BaHUN XUMUYECKUX cBsA3eil B Mosekyine BeH, yuact-
BytoT yethipe BaneHTHbIe AO: {Be2s, Be2p u Hyls u Hpls} (unnexcer
A M B cOOTBETCTBYIOT pa3HbIM aToMaM Bojiopoaa). COBOKYIHOCTb BCEX
AO, 1. e. {Be2s, Be2p, Hyls u Hpls}, HasbiBaercst kongpueypayueii.

[onnas BomHOBasE GYHKIHSI MOJIEKYJBl BKIIOYAET JBE YACTH: KOOP-
JUHATHYI0 U CHMHOBYI0. COIIacCHO TEOpHUH, KOOPAMHATHAs BOJIHOBAs
¢byHKIMS 3anucbIBaeTcs Kak npousseaeHue AO:

yooPA — [BCZS(I)] [Be2p(2)} [HA ls(3)} [H31S(4)]a

e QPO B KPYDIIBIX CKOOKaX OTMEYCH YCIOBHBIN MOPSIKOBEIN HOMED
Ka)KJIOTO 3JIEKTPOHA.

3arem y*°°P! Hy)KHO YMHOXHUTH Ha CIIMHOBYIO BOJTHOBYIO (DYHKITHIO
O™ yro TpebyeT OYCHb I'POMO3JKUX alreOpanyecKruX BBIYUCICHHU.
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CyTb COCTOMT B TOM, YTO HEOOXOIMMO U3 N BIEKTPOHOB, Y4acTBY-
IOIIMX B OOpa3oBaHMM XHMMHUYECKUX CBSI3€ll B MOJICKYJlE, COCTAaBUTb
N /2 xomOunanumii myrem cnapuBanus «- u B-cnuHoB. Ho pasOucnue
MOJICKYJISIPHBIX JICKTPOHOB Ha Iapbl, BHYTPH KOTOPBIX CIIAPUBAIOTCS
CIIUHBI, MOXHO OCYIIECTBUTh MHOTMMHU criocobamu. B ciyuae BeH,
BapUaHTOB pa30MCHUS TPHU:

H, -

Be

3 \i}ﬂ— 4 (1)

X ~—= ]

« B
/7"‘—\:?'1\ (0 (TPSIMBIME WJTH M30THYTHIMU JIMHUSIMA
§ v
3\{{\\3_\—_/2/ 4 coeauHenbl AQ, ciapeHHbIe B JaHHOMN
Y BaJICHTHOU CTPYKType)

Kaxxnomy BapuaHTy pa3OueHHsI COOTBETCTBYET (DYHKIUS, Ha3bIBa-
eMast eanenmuo-ceszuoi (BC), WM TIPOCTO GaneHmHolu CmpyKmypoll.
Yucno BaleHTHBIX CTPYKTYp (#), HOCTaTOYHOE JUIsl OMUCAHUS MHOTO-
ANIEKTPOHHBIX MOJIEKYN 10 Gopmyre ["aliTiepa—Pymepa, coctaBiseT

N!

(I GE+DY

rme N —YHCJIO0 CIapUBAOIINXCS BaJeHTHBIX opoOutaneit. Jlms BeH,
N =4, 1. e. n = 2, U cJe0BaTENbHO, U3 TPEX BAJEHTHBIX CTPYKTYp
HY’KHBI TOJIBKO J1Be. Kakwue e u3 3TuX CTpyKTyp BeIOparh? C MaTeMaTH-
YEeCKOW TOYKH 3PCHUS 3TO Oe3pa3iInyHO, HO XUMHK, 0€3yCIOBHO, OTIACT
npennouarenne crpykrypam (I) u (II), Tak kak 00e CXEMBI CITapUBaAHUS
aTOMHBIX opOuTaneil rpaduvecku JIETKO OTOXKAECTBIIIOTCS C Kiac-
cuyeckoil cTpykrypHoit ¢popmymoit H—Be—H. Crpykrypy Il moxHO
paccMaTpHBaTh KakK «MOJICKYJY BOJIOPO/A ILIHOC aTOM OSpUILTUS, HO HE
kak coenuneHus BeH,, nockonbky B Hell atoMbl H u Be He cBsizaHbI.

n=—=

H’~~‘ B.é "f,. H

Torna monmuast BomHOBasi GyHKIMs MosieKynbl BeH, npumer Bua

e = YO (Cr6 + Cri6n),

rae unaekc BC o3Hauaer, 4To pacdyeT NMPOBOAWICS B paMKax METoza
BaJIEHTHBIX cBs3eil. AroMHble opOutamun Be2s u Hyls u aTomuble
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opburanu Be2p a Hpls B crpykrype (I) HaspiBaroTcs crnapenHwvimu.
B crpykrype Il cmapensr opoutanmm Be2p—H,1ls u Be2s—Hgls, a B
ctpykrype Il — opburtanu Be2s—Be2p u Hyls—Hpls.

1.11.2. MHOT'OCTPYKTYPHOE OIIUCAHHUE SJIEKTPOHHOI'O
CTPOEHUSA MOJIEKYJL

DIEKTPOHHOE CTPOCHHUE MOJEKYJ B pANlE CIydyaeB HE yHaeTcs yao-
BJICTBOPUTEILHO MTEPENaTh C TTIOMOIIHIO OOBIYHBIX KJIACCHUECKUX CTPYK-
TypHBIX Gopmyn. Hanpumep, knaccuueckue popmyast H—F nnn Na—Cl
SIBHO HEIOCTATOYHBI JJIs1 [IOHMMAHMS CBOMCTB dTUX COeIUHEHNH. UTOOBI
CKOMIICHCHPOBATh 3TOT HEJIOCTATOK Ipadudeckux GopMyit, UX pa3HbIMU
crrocobamu MomuUIUPYIOT. Harmpumep, BaJeHTHBIA IITPUX 3aMEHSIOT
Ha CTPEJKY, MOKa3bIBAIOIIYI0 HAMPABICHUE CMEIICHHS SICKTPOHHOU
Mapel, ¢ YKa3aHWEM YaCTHYHBIX 3aps0B, BO3HUKAIOIINX HA aTOMaXx:

HOT — Fo—.

[IpuBenennas dopmyna monasspHor Monekynsl HF sisiercs mpume-
POM OIJHOCTPYKTYPHOTO rpad)uueckoro M300pa)keHUsI CTPOCHUSI MOJIe-
KyJ, A1 KOTOPBIX KJIIACCUYECKHM BaJICHTHBIN IITPUX HE BIIOJIHE JOCTa-
ToueH. B xiaccuueckoit popmyne H—F BaneHTHBI mTpUX OTpaxkaer
JMIIb IJIaBHOE OTHOUIeHue Mexnay aromamu H u F, a umenHo tot ¢axr,
yto H u F B monekyne HF cBs3aHbl 0-CBS3bI0, HO OH HE OTpa)kaer
CYIIECTBEHHOIO CBOMCTBA ATOM CBSI3M — €€ MOJISIPHOCTh. BTOphIM BO3-
MOKHBIM CIIOCOOOM OTOOpaKEHHsI MOJSIPHBIX CBOWCTB Mosekyisl HF
MOXET OBITh MHOTOCTPYKTYPHOE OIICAHUE ITOM MOJIEKYJIbl C IOMOLIBIO
JIBYyX NPEJEIBbHBIX CTPYKTYP, — KOBAJICHTHON U MOHHOM:

H-F < HTF.

KOBaJICHTHasA VOHHasA

OO6otrooocTpasi CTpenka MeXay KpailHUMH CTPYKTypaMd O3HadaeT He
paBHOBECHE MEXIy KOBAJCHTHOW CTPYKTYpOH W MOHHOHW Mapoil (XOTs
HF neiicTBUTENBbHO JIETKO MOHMU3HMPYETCS B pacTBOpax), a TOJIBKO TOT
(hakT, 9TO UCTUHHOE DJIEKTPOHHOE CTPOCHHE ATON MOJEKYIBI SBISAETCS
CpeAHUM MECKAY YHUCTO KOBAJCHTHBIM W YUCTO HWOHHBIM. (MO)KHO
BBIYMCIIATH, YTO MOHHOCTH CBsizu H—F cocraBnser mpubmmsurenbHO
40%.)

MHOTOCTPYKTypHOE N300paKEHHIE CTPOCHHSI MOJIEKYIT BIIEPBHIE BBEI
B xuMuio JI. IToJIMHT, MOCTPOUBIINI TEOPUIO PE30HAHCA, KOTOpask 0CO-
OCHHO IMMPOKO TPHUMEHSIACh B OpraHudeckod xumuud B 1930-50-x
rogax. CommacHO TEOPUHM PE30HAHCA, B TEX CIIydasX, KOIjla CTpOEHHE
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MOJICKYJIbI HEBO3MOXHO C ,E[OCT&TO‘-IHOﬁ CTCIICHBKO TOYHOCTHU OIIMCATh
OITHOM KJIACCHUYECKOH CTPYKTYpOH, OEpyT Ipyrue BO3MOXKHBIC JJIs JaH-
HOM MOJIEKYJbl KJIACCUUECKUE CTPYKTYPhI, HA00p KOTOPBIX HA3BIBACTCSA
KAHOHUYeCKUM WITH pe3oHancHuim. Cyneprno3unus (HaJoKeHne ApyT Ha
JIpyra) TakuX KJIACCHUYECKHUX CTPYKTYp NMPUBOAMUT K TaK HA3bIBAEMOMY
«pEe30HaHCHOMY THOPHIY», KOTOPHI W OTpakaeT MCTUHHOE AJIEKTPOH-
HOE CTPOCHHUE MOJICKYJIBL.

I'maBHOE TpeboBaHME, KOTOpPOE HU B KOEM CIlTydae Hellb3sl HapyIaTh,
COCTOUT B TOM, 4YTO BO BCEX KAHOHUUYCCKHUX CTPYKTYpaxX IMMOJIOKCHUC
Sa7lep B MOJIEKYJIe OCTaeTcsi OJHHUM W TeM JKe, T. €. KaHOHHYECKHe
CTPYKTYpbl HE OTIMYAIOTCS OJHA OT APYrod JUIMHAMU CBS3€d WU
yIIaMH MEXJIy CBS3SIMH; OTJIMYHE COCTOWUT JIMIIb B paclpeaeieHHH
AIEKTPOHOB. HO B peanbHbIX MOJIEKYJIAX [IPU U3MEHEHUH IEKTPOHHOU
KOH(UTYpanuu JODKHA 00sS3aTeIhHO M3MEHHTHCS M KOH(UTYpaIus
snep. OTcroma cieayert, 4To HA OJJHa OT/IeNIbHAs pe30HAHCHAS CTPYKTypa
HE OTBCYACT PCAJIbHO CYHICCTBYIOIIEMY COCTOSHHIO MOJICKYJbI U HE
MOJKET OBITh TaK, YTO MEX/y OTACIbHBIMU PE30HAHCHBIMH CTPYKTYpaMu
OCYHICCTBJIAIOTCA 6I)ICTpI)IC CIIOHTAHHBIC IEPEXOABbI.

Hwxe nprBesieHbl HEKOTOPBIE MIPUMEPHI pe30HaHCa MKy KaHOHHU-
YECKUMU KJIIACCUYECKUMU CTPYKTYpPaMH OPTaHUYECKHX MOJIEKYII.

6eHzon @ -~ @ (ctpykrypsl Kexyre)

o &
wingel pocdopa R,C—PRj3 <+ R,C=PR;

D
030H O <> 8 O .+ O
o7 N6 87 N 00

(LIBUTTEP-HOHBI) (Oupaaukan) (1K)

e
>/
Yo 0O

& 8 © @ ® e
mua3zomerad CH,=N=N <> CH, —N=N < CH,—N=N

O 0°

=4 /
eronsaT-noHEl R,C—C +~ R,C=C N
/

7/ N\

R R’/

O «pe30oHaHCHOM THOpHIE» KaK 3aMEHE KIaCCHYECKOH (OpMYyIIbI
MMEET CMBICJI TOBOPUTH JIMIITH B TOM CITy4ae, €CIIN IS TAHHON MOJICKYJTBI
MOKHO TPEJCTAaBUTh JIBE€ XUMUYECKH OJIMHAKOBBIE WJIM TOYTH OAMHA-
KOBBIE KaHOHHYECKHE CTPYKTyphl. Hampumep, cTpykrypsl Kekyme mis
OeH30J1a XUMHYECKH «BBINISAAT? COBEPUIEHHO OJMHAKOBO U MO3TOMY B
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«pe3oHaHce» paBHompaBHbl. C JIpyroil cTopoHsl, coequHenus IV u V
HEJNb3s1 CYNTATh PE30OHAHCHBIMH CTPYKTYPAaMH, TaK KaK 9TO XUMHUYECKU
pa3HbIE BELIECTBA, KOTOPHIE MOKHO PA3AEIUTh 10 TEMIIEPATYPAM KHIIE-
HUS WM XpOMaTorpapuuecKuMU METOAMH.

H3C\//\ H;C

‘ AN
N\ %
(1) %

Teopust pe3oHaHCa BO3HMKIIA B PE3YNbTaTe Pa3BUTHUsI CTPYKTYPHOMU
TEOpHUH, KOTZa CTaJIO SICHO, YTO JIIEKTPOHHOE CTPOEHUE MHOTHX MOJIE-
KyJl HE YaeTCs YIOBJIIETBOPUTEIILHO ONMCATh HA S3bIKE KIIACCHYECKUX
CTPYKTYPHBIX (hopMys. MOKHO 3aMETUTbh, YTO MHOTOCTPYKTYpPHOE OITH-
CaHHe MEKTPOHHOTO CTPOCHHSI MOJICKYIT Uepe3 KaHOHHYECKHE POPMYIIbI
YAMBUTENIBHO MOXO0KE Ha HPEACTaBJICHHE MOJHON BOJIHOBON (DyHKUNH
B METOJE BAJICHTHBIX CBSI3€H 4YEpe3 KOMIIOHEHTBI, KaXKJOMY U3 KOTO-
PBIX COOTBETCTBYET ONPEAEICHHAs CXEMa CIapUBAaHUS OpOHUTajel (cM.
pasn. 1.11.1). Ha »ToM OCHOBaHHMU METON BAJCHTHBIX CBS3€H HEPEIKO
paccMaTpHUBalOT KaK MaTeMaTHUeCKoe 000CHOBAaHHE TEOPUU PE30HAHCA.
Ha camoM ke nene aHaJIorus MeKy TEOpUEH pe3oHaHca U TEOpHeH Ba-
JICHTHBIX CBA3€H CBsI3aHa TOJILKO C 00IIeH METOANKON peIIeHns HaydHbIX
3a/1a4, KOIzna IMPHUXOAUTCS KaKOE-TO CBOMCTBO WMIM SBIEHHE pas3iaratb
Ha KOMIIOHEHTBI, PEaJbHOCTh KOTOPBIX BOBce He obs3arenbHa. [Ipu
MHOTOCTPYKTYpPHOM ONHMCAHHH PEaJIbHYI0 MOJIEKYIYy «pa3jlararoT» Ha
(UKTHBHBIC «PE30HAHCHBIC CTPYKTYPBI», @ B METO/IC BAJICHTHBIX CBSI3CH
HOJHYIO BOJHOBYIO (DYHKIHIO pasjararoT Ha (PUKTUBHBIC «KOMIIOHEH-
TBD», KOTOPBIM MOTYT OTBeYaTh (PUKTHBHBIC PE30HAHCHBIC CTPYKTYPHI.

PaccmoTpuM npuMeHeHHe MEeTo/1a BAJICHTHBIX CBsI3el OoJiee moxpoo-
HO Ha IpUMepe MOJIEKYJbl OeH307a, HayaB ¢ ¢popmya Kekyne VI u VII:

2 A
N\
F H VB g/ j B
E C C
N N
D b
(VI) (VID)
Ecnu aromsl ymepona nometuts OykBamu A, B, ..., F, a m-anmek-
TpoHBI — uppamu 1, 2, ..., 6, TO OOHY W3 T-CBI3CH MOXKHO 3a-

mucats kak A(1)B(2) + A(2)B(1), nmockombky (GopMaibHO OHA IIO-
JOOHa OTAENBHOM MOJIEKyJe 3TWIEHA (PacCMaTpPHUBAIOTCS aroMbl A
u B, cBsa3anHble 2pm-anekTpoHamu). BTopass aBoifHas cBA3b —3TO
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C(3)D(4) +C(4)D(3), a tperbss—E(5)F(6) + E(6)F(5). O6uas Boi-
HOBast (PYHKIHS I KEKYJICBCKOU CTPYKTYPHI VI mmeeT BUIT

ve = [A(DB(2) + A(2)B(1)][C(3)D(4) + C(4)D(3)]
< [E(5)F(6) + E(6)F(5)].

(ComtacHo Teopuy BOJHOBBIE (h)YHKIMH BaJICHTHBIX CBS3EH IIEpEMHOXKa-
FOTCSL.)

Crpykrypa Kekyne, npencrapineHHast Takoi pyHKIMEH, HAKIIaAbIBaCT
OrpaHMYCHMS Ha paclpeliesieHUe p-3IeKTPOHOB: OHA HE IIpeaycMaTpu-
BacT HAKOIIJICHHUA pﬂ'—3ﬂeKTpOHHOI>i IJIOTHOCTHU MCXKAY HC CBA3aHHBIMH
7-CBSI3pI0 aToMaMH ymieponma (Hampumep, mMexay B u C). Ilostomy
BOJIHOBYIO (DYHKILIMIO «YJTyUIIalOT», CYMMHPYSI €€ C BOTHOBOH (DyHKLMEH
KeKyJeBCKOM cTpyKTyphl VII:

¥ = Ve + VaC-
Toraa nosyuaercs 0ojee pealuCTUYHOE OIIMCAHNUE MOJIEKYJIbl OeH3011a,
MOCKOJIbKY AJ1s1 CTPYKTYpbl VII BonHOBas (DyHKLHMSI COIEPIKHUT wiie-
el B(1)C(2) +B(2)C(1) u T. &., KOTOpbIe B COYETAHHH C WICHAMH

BOJIHOBOH (DYHKLMM Wy JalOT IPaBO TOBOPUTH O DACIpEAEIeHUH

PT-3ICKTPOHOB 110 BCeMy KoJiblly. KomOuHarus q/];’(lj u qu/g IPUBOJUT K
YMEHBIIEHUIO PACCYMTAHHON SHEPTHH MOJIEKYIIbI.

I[TomMmuMO KEKyIEeBCKHUX CTPYKTYp B PE30HAHC BKIIIOYAIOT TaKKe
ctpykrypsl Jproapa VIII—X. PacueT mokaspiBaet, 4T0 HAWIYUIIAM 00-
Ppa30M SHEPIrus MOJICKYJIbI 6CH30H3 COIIaCyeTcCsd € p€aJibHbIM 3HAYCHUCM,
€CJIU MOJIOXKUTh, UTO BKJIAJ KaXKI0M CTPYKTYpHI J{proapa cocrasiser 6%,

a Kaxao# ctpykrypsl Kekyne —40%.

+ +
VI X X X pil
popMyibl flbloapa WOHHBIE POpMYb!

OpHako [1ei0 He OrpaHUYHMBAETCS PE30HAHCOM JIMIIh KOBAJIEHTHBIX
crpykryp Kekyne u JIptoapa. Hy>kHO yUUTBIBaTh TaKXKe M BKJIAJ] HOHHBIX
crpykryp tuna XI u XII, KoTopeix Tak MHOTO (0OCOOCHHO AJISI MOJICKYIT
0oJiee CIIOKHBIX, YeM OCH30IT), UTO UX TPYTHO Jake MPOCTO HAIKCATh,
HE MPOILyCTUB HU OJHOM.

B mpuBenenHol cxeme pacdeTa MCHOIB3YIOTCS MATHh KOBaJEHTHBIX
CXEeM cliapuBaHMs OpOUTalie: Be CTPYKTYphl Kekyne u Tpu CTpyKTypbl
Hproapa. DT0 sBIIAETCS TOCTATOYHBIM 0a3mMcoM, Tak Kak Ui OeH3olna
qHcio BaJIeHTHBIX p-AQO paBHo mecTtH (N = 6, U clie10BaTeIbHO, YUCIIO
HE3aBHCHUMBIX cxeM crapuBanus n = 6!/[3!41] = 5). Ognaxo ectp u
JOpYToi crmoco0 pacyeTa MOJIEKyJbl O€H30Ja, B KOTOPOM HCHOJIb3YeTCs
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JIUILB OfiHA cTpyKTypa Kekyie u 4eTbipe CTPYKTYphI C «IIepeCceKatomy-
MHUCSI CBA3SIMI.

O 0 Q3 O &

POpMY bl C ”MEPECEKANLMMNCA  CBRIAMY.
(LeCTM4AEHHbIM LKA NNOCKWA W BCE VCBA3M™
MexaT B NAOCKOCTW 3TOF0  UMKna)

3apaHee HE SICHO, KaKoil U3 HAOOPOB CTPYKTYp MPHUBEIAET K pa3yMHBIM
C XUMHYECKOI TOUYKH 3peHUs pe3yabTaraM. [ Moekysl OeH301a Xu-
MHUYECKHU MpeAroYTuTeNieH Habop 13 cTpykTyp Kekyne u Tpex cTpykTyp
Jlptoapa (eciy He YYUTHIBATh HOHHBIE CTPYKTYPBHI).

OnHaxo npu U300pakeHHH OeH30ia GOpMYIoH

©

MecTa Ul TEOPUU PE30HAHCA B ApOMATHUECKOM PSIly YXKE HET.

Taxkum 00pa3oM, MOA TEPMUHOM «TEOpPHUs PE30HAHCA» B HACTOSILEE
BpeMsl HE IIOZIpa3yMEBaeTCsi HUYEro Oojiee, KPOME ONPEAEICHHOIO
crioco0a HarMcaHus CTPYKTYpHBIX (opmyit.

Pe3oHaHCHBIE CTPYKTYpBl HE BBITEKAIOT M3 KBAHTOBOW MEXAHHKH,
a B 3HAUMTEJILHOM CTeNeHW BHIOMpPAIOTCA WM MHTYUTHUBHO, WJIH Ha
OCHOBaHWHM HMMeromerocs onsita. HampuMep, B KeTOHaxX JIMHA CBS3U
C=0 paBna 1,22 A, a B CO,—Bcero 1,15 A, T. €. OIMMKe K JIuHE
TpoiiHoii cBsi3u C=O0 (mo pacuety 1,10 A). B Teopuu pezonanca 3To 00b-
SICHSICTCS] HETOCTATOYHON TOYHOCTHIO Kitaccuueckoit popmyiner O=C=0
Y BBOZSITCS. HOHHBIE CTPYKTYPBI C TPOMHOM CBsA3bI0 (MOHHOKOBaJIEHTHBIN
pEe30HaHC):

® o © @
0=C=0+0=C-0 <+ 0—-C=0

B opranndeckoil XMMHU CYIIECTBYET PsII MOJEKYJ, KIACCHYECKOE
CTPYKTYPHOE OINUCAHHE KOTOPBIX HATAJIKHBACTCS Ha CEPbE3HBIC TPYII-
HOCTH. DTO 0COOCHHO OTHOCHTCSI K MOJICKYJIaM, COJICPIKAIIUM KPaTHbIC
CBSI3U M HEIOJICIICHHBIC JJIEKTPOHHBIC Mapbhl y aTOMOB, COCETHHX C
KpPaTHBIMH CBSI3AMU. (11 TaKMX MOJIEKYJ IIPUMEHSIOT KaK OJHOCTPYK-
TypHOE OIHCAHUE C ITOMOIILI0 POPMYI CO CTpeTKaMH (CM. TJI. 2), Tak
U MHOTOCTPYKTYPHOE OIIMCAHUE PsIOM MPEACIIBHBIX CTPYKTYp. B aTOM
KHUTE B OCHOBHOM MBI OyJIEeM HCIOJb30BaTh (HOPMYIIBI CO CTPEIKAMHU,
HO B HCKOTOPLBIX CliydasaX 6YZ[CT MPUMCHSATBCA TAKIKEC MHOTOCTPYKTYPHOC
OIHCaHue.
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2.1. DJIEKTPUYECKHUE CBOVMCTBA MOJIEKYJ U
MEXMOJIEKYISAPHBIE CUJIbI

BonbIMHCTBO OpraHWYecKruX BEMIECTB MPH OOBIYHBIX TEMIIepary-
pax SABIAIOTCA XKUAKUMHU WA TBEPALIMU TEIaMU. OT0 O3Ha4acT, 4TO
OTJeNIbHBIE OpPTaHWYECKUE MOJIEKYJbI MPUTATUBAIOTCSA JIPYT K IPYTY.
TBepI[I:IC KPUCTAJINIMYCCKUC BCHICCTBA, COCTOAIIMNC M3 KOBAJICHTHBIX
MOJIEKYJ, 00pa3yloT MOJEKYISIPHBIE KPUCTAIUIBI, B KOTOPBIX MOJIEKYJIBI
WU TPYMIBI MOJIEKY) NEPUOAUYECKU CUMMETPUYHO IOBTOPSIOTCSA. B
JKUJIKOCTAX M TBEPJIBIX TeJaX MOJEKYNbl yAepKHUBAIOTCA OIM3KO APYT
OKOJIO JIpyTa CHJIAaMH MEXMOJIEKYISIPHOTO MPHUTHKEHHUS, KOTOPHIE IO
cBOCH CYTHU ABJIAIOTCA DJICKTPUYCCKUMU CUJIAMU U CBA3AHbI C SJICKTPOH-
HOM CTpYKTYpo# MoJiekyi. K anexkTpuyeckuM cBOHCTBaM MOJIEKYJI OTHO-
CATCA IlI/IHOJ'H)H])II\/II MOMCHT U IOJSAPU3YEMOCTh. Benanuuna JUITIOJIBHOTO
MOMEHTA | TTOJIIPU3YEMOCTH TTOKa3bIBAET, HACKOJIBKO CHIIEHO MOJICKYJIBI
NPUTATUBAIOTCS APYT K APYTY.

2.1.1. IOCTOSIHHBIN JTATNOJBHBIA MOMEHT

Ecmun mBa 3apsga (4+¢q) m (—¢q) pa3meieHsl paccTosHUEM R, TO
OHM 00pasyloT Aunosib ¢ BenuuuHoi ¢gR. Hampumep, B Monekyne
MetmindTopunaa CH;F y atoma gropa mMmeeTcst 9aCTUIHBIH, T. €. MCHBIIIS
SIMHUYHOTO AIEKTPOHHOTO 3apsia, OTPULIATCIBHBINA 3apsii, a y aToMa
ymiepona (TodHee, B AleKTpocTaTHdeckoM IeHTpe rpynmsl CHj) —
TaKo# >ke MO aOCONIOTHOW BEIMYMHE TOJOKUTEIBHBINA 3apsii. 3HAYMT,
Mostekyina CH3F OymeT nMeTh TUITONBHBIH MOMEHT, BETHYUHA KOTOPOTO
omnpeensieTcss NoaspHOCThIo U JnHON cBa3u C—F. Kpome BemuuuHb
JIUIIOJIb MMEET HAINpPaBICHUE, U YCJIOBHO IMPHUHATO CUUTATh, YTO OH
HaIpaBJICH OT OTPULIATEIHHO 3aPSHKEHHOTO KOHIA K MOJIOKUTEILHOMY.

CH; ——F
+q —-q
+—R——
p=qR

HanpapJIeHUE
JIIIOJIEHOTO
MOMEHTa

JlumonmbHBIE MOMEHTHI (1) OOBIYHO BBIpaKaroT B acbasx ([1), mpudem
1J1=3,336-10"2Kin-m.
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Tabnuma 2.1
JunojbHbIe MOMEHTBI H TOJISIPU3YEMOCTh HEKOTOPBIX MOJIEKYJT

Monekyna u, a-10%4, em?

CCly (4eThIpeXXJIOPUCTHIN yIIepon) 0 10,5
CHCl; (xmopodopm) 1,01 8,50
CH,Cl, (nuxmopmeTan) 1,57 6,80
CH;Cl (xmopmeran) 1,87 4,53
CH4 (meran) 0 2,60
CH3;OH (meranomn) 1,71 3,23
CH3CH,OH (3Tanomxn) 1,69

CsHe (Genzom) 0 10,4
CsHsCH3 (Tomyom) 0,36

0-(CH3)>C¢Ha (opmo-keuiomn) 0,62

He 0 0,20
Ar 0 1,66

3HaueHMs AMIOJIBHBIX MOMEHTOB JAIOT WH(POPMALMIO O CTPOCHHU
MOJIEKYJI U, KpPOME TOrO, 4acTO HCHOJIb3YIOTCS JUIsl IPOBEPKU TOIO,
HACKOJIBKO BEPHO BBIYMCIIEHBI MOJIEKYIsipHbIe opOuTanu. Ha nmpaktuke
3HaHWE BEIUYHH JWITOJBFHBIX MOMEHTOB HEOOXOAMMO, HApuUMeEp, IS
mooopa MOAXOSIIETO PACTBOPUTEIS ISl JAHHOTO TBEPIOTO BEILIECTBA,
TaKk KaK CIOCOOHOCTH PAaCTBOPHUTENS pa3pyllaTh WOHHBIE KPUCTAIIIBI
CBsI3aHAa C €ro CII0COOHOCTEHIO COJIbBATUPOBATH MOHBI U YMCHBIIIATH 3JICK-
TPOCTAaTHYECKOE B3aUMOJICHCTBHE, YACPKHUBAIOLIEE HOHBI B KPUCTAJLIE.
Poisib mOJISIPHBIX MOJEKYJ PacTBOpUTENs ABOMHAs. Bo-nepBeIX, onuH
KOHELl JUIOJS MOJIEKYJbl PACTBOPUTENSI MOMKET SIEKTPOCTATUUYECKU
MMPpUTATUBATBCA K HOHY IMPOTUBOIIOJIOKHOTIO 3HAKa W 3TO YMCHBLIIACT
SHEPrur0 MoHa. BO-BTOPBIX, B PACTBOPE YMEHBIIAECTCS CHIIA KYJIOHOB-
CKOTO B3aMMOJICHCTBUS MEXKIy HOHAMU. DTO JOCTUTACTCS CICAYIOIIUM
oOpazom. Korma nBa moHa HaxomATcs B BaKyyMe Ha PacCTOSIHUHA R
JIpyr OT Jpyra, HNOTCHLIMAJIbHAS SHEPrUsl UX B3aMMOACUCTBUS IPO-
nopiuoHanbHa 1/4meyR, TA€ €) — AUDIIEKTPUYECKAsi MPOHUIAEMOCTh
Bakyyma (8,854 - 10712 Jx~! - Kn? - m~'); ommako korma oHH THoO-
MEIIIEHbl B PAaCTBOPUTENb, DHEPTUst yMeHbliaercs a0 1 /4nepeR, tme
€ — OTHOCHUTEINIbHAS (€CIH &) MPHUHSATH 32 €IUHHILY) TUAJIEKTpUYecKas
MMPOHULIIAEMOCTb PAaCTBOPUTCIIA. Benuuuna € yacTHYHO OIIpEeACIACTCA
JUTIOIHHBIM MOMEHTOM PACTBOPHUTENS W MOXKET OKasbIBaTh OOIBIIOE
BJIMSIHUEC Ha CUWJIIY KYJIOHOBCKOI'O BSaHMOI[CfICTBPIH. HaHpI/IMCp, BOJa
HMeeT € = 78; 3TO 3HAYUT, YTO KYJIOHOBCKOE B3aMMOJICUCTBHE B BOE
YMCHBUIACTCS MMOYTHU Ha ABa IMOPAAKA MO CPABHECHUIO C BAKYYMOM.

TouHYIO BEIMYMHY IUIIOJIBHOIO MOMEHTA U3MEPSIOT MPU HCCIEH0-
BaHMM BpaIIaTeIbHBIX CIIEKTPOB MOJEKYJ B Ta3oBoil (asze mo casury
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JUHUA B CWIBHOM 3jekTpudeckom mnone (ddpdexr [rapka). Eciu
K€ MOJIEKylla OYeHb CJIOXKHA, HeJleTyda WM HecTaOWiibHa B Ta30BOM
¢daze, TO u3MepeHHe OOBIYHO OCHOBAHO HA OIPEACICHHH OTHOCH-
TEeTHLHON JMAICKTPHUECKON MPOHMUIIAaeMOCTH € oOpasma B Macce. Be-
JUYUHBl TUMOJBHBIX MOMEHTOB ISl HEKOTOPBIX MOJEKYJ MPUBEICHBI
B Tabm. 2.1.

2.1.2. MOJIAPU3YEMOCTDb

Ecnu HenomnsipHyr0 MOJEKyNly IMOMECTHTh B JIIEKTPHUYECKOE IT0JIe
HaNpsDKEHHOCTBIO £, OHA MOXKET PHOOPECTH AUMOIBHBIH MOMEHT. JTO
CBSI3aHO C TE€M, YTO DJIEKTPOHHOE pAacCIIpe/ie]IeHne B MOJIEKyJe CTaHO-
BUTCA HUCKAKCHHBIM, @ TCOMCTPUYCCKHUEC LCHTPbLI IMOJOXUTCIBbHOIO U
OTPHUIIATEIHHOTO 3aPSIOB, KOTOPhIE EPBOHAYAIEHO COBIAAAIH, TETePh
pa3acyICHbI. Beanuuna Takoro WHAYOUPOBAHHOTI'O JUITOJIBHOI'O MOMCHTA
OTIpEe/IeTISICTCS] BBIPAKEHUEM [y, = & E, Tne o — xoaddunmeHt mpo-
MOPIIMOHATIFHOCTH, Ha3bIBaeMbIH ToJsipu3yemMocThio. [lomspuzyemMocTts
MMeeT pa3sMepHOCTh 00bema (cM® unu 10%3) 1 BO3PACTAET C YBEIUUECHUEM
pasMepoB MoJieKynsl (Tadm. 2.1). Ecou mMornekyna uMeeT TMOCTOSHHBINA
IlI/IHOJ'II)H]:II\/'I MOMCHT, TO B JJICKTPUYCCKOM IIOJIC€ K HCMY Z[O6aBJ'I}IGTC$[
elie W WHIYIHUPOBAHHBIA TUIOIBHBI MOMEHT, ITOCKOJBKY ITOJIIPHBIE
MOJIEKYJIBl TOXKe MoJsipu3yeMbl. Toraa B o0meM BHIE CBSI3b C CyMMap-
HOW OTHOCHUTEJIbHOM JIUAIEKTPUUECKON MPOHUIIAEMOCTBIO BhIpaKaeTcs
ypaBHeHueM Jlebast

N(o+p?/3e0kT) =3(e — 1)(e +2),

rae N —4ucio MOJIGKYNl B eluHHUIe o0beMa o0pasma; o — MONApU3y-
€MOCTh MOJICKYJIBI;, | — IMOCTOSTHHBIN IUTIOJBHBIA MOMEHT MOJIEKYIIHI;
k —mnocrosiuHas bonbimana; T — abcomtoTHast Temneparypa. Takum 00-
pa3oM, IoCcTpouB TpaduK 3aBUCUMOCTH MTPABON YaCTH 3TOTO YpaBHEHUS
or 1/T, 10 HAaKJIOHY JIMHUU MOKHO ONpeneuTh u’/3gk u orcrona —
MTOCTOSIHHBIN TUTIONBHBII MOMEHT MOJIEKYINbI, a 0 OTPe3Ky, OTceKae-
MOMy OT ocu opauHar npu 1/7T = 0, — nonsipusyemocts o. [locnennee
00yCJIOBJICHO T€M, YTO IMPH OYeHb BBICOKHX TEMIIEpaTypax pas3yrops-
JIOYMBAIOIINH A(PQEKT TEIJIOBOTO BWIKEHHS 3aCTaBIISET ITOCTOSHHBIN
JUIIOJNb BPAILAThCsl HACTOJIBKO OBICTPO, YTO €r0 BKIIAJA B IOJISIPU3ALIUIO
yCpenHsieTcs 0 HyJAsS M OCTaeTCsl TONBKO WHYIIHMPOBAHHBIA IHITOINb,
KOTOPBIN pacroyiaraetcsi B HalpaBJIeHUH MHAYLHHUPYIOLUIETO €ro Mojs U
MOTOMY COXpaHseTcs (TOYHEEe, MOCTOSHHO WHIYIMPYETCs) Hdake MPHU
CaMbIX BBICOKMX TEMIIeparypax.

Bonpmme mMosexybl Oosiee OIsSpU3yeMbl, 9eM Majible. JTO CBA3aHO
C YHCIIOM AJIEKTPOHOB. [loNspru3yeMocTh MOJIEKYIbI 3aBUCUT OT CHJIBI,
C KOTOpOW sIepHBIEC 3apsAbl MPEMATCTBYIOT UCKaXKEHUIO pacIiperene-
HUS DJICKTPOHOB JJMEKTPUYCCKHM IOJIEM. DJIEKTPHUECKOE TIOJIEe MOXK-
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HO CO3JaTh MEXIy OOKIaJKaMu KOHJIEHcaTopa B (PU3MYECKOM IKCIie-
PUMEHTE, HO KaxJas MoJeKyla 00JaaeT COOCTBEHHBIM JIOKAJIbHBIM
SIEKTPUUECKUM ToseM. [1o3ToMy npu JOCTAaTOYHOM CONMKEHHM OJHA
MOJIEKyJla MOIaJaeT B IIOJ€ APYIod M BCJIEINCTBUE 3TOr0 IOJSIPU-
3yerca. Ecnu B Monekyne Majo 3JeKTPOHOB, TO UX paclpeneieHne
KECTKO KOHTPOJHUPYETCS 3apsioM sipa YU IOJIIPU3YEMOCTb HHU3Kas.
Ecnu Monexyna coaep kUt OOJIbIINE aTOMBI C MHOKECTBOM JJICKTPOHOB,
TO CTEHEHb SIEPHOTO KOHTPOJISI MEHbIIE, paclpeesieHHe JIEKTPOHOB
Oosiee phIXJIOE M TOJSPU3YeMOCTh Oosibiie. [lospu3yeMocTh MOXKHO
paccuuTarh U3 BOJTHOBOW (DYHKIMH, HO MOXKHO OLICHUTH U 0€3 pacueToB.
PaccMoTpuM aTom ¢ aTOMHBIM HOMEPOM Z.

SlcHO, uTO MH0OOM OAMHOYHBIM aTOM HE HUMEET MOCTOSHHOIO IH-
MOJILHOTO MOMEHTa, HO JMIOJIb MOJKHO HMHJyLIUPOBaTh, €CIU IPUIIO-
JKUTh JEKTpUUecKoe none. MHaynupoBaHue QUIIOIBHOIO MOMEHTA —
3TO CIBUI JICKTPOHHOIO 3apsia BHYTpH atoma. llo-mpyromy MOXHO
CKa3zaTh, YTO HWHAYLUPOBAHHE MOMEHTa —3TO B KaKOH-TO CTENeHu
B030yxIeHue aromMa. MOKHO NPENNONIOKUTb, YTO CIIOCOOHOCTH MOJIS
WHIyIUPOBaTh JUINONb OyAeT MpPsSMO MPONOPLHOHAIbHA SHEPIHU €ro
B3aMMOACHCTBHSA C 3JIEKTPOHAMHM M OOpaTHO MPONOPLUOHAIBHA SHEP-
T'HH, KOTOPYIO HEOOXOAMMO 3aTpaTUTh Ha BO30yXKIeHHE aToma. MrHO-
BEHHBIN TUIOJIBHBI MOMEHT aTOMa UMEET BEJIMUUHY HOpsIKa —er, TAe
r —paauyc atoma, e —3apsj 3JIeKTPOHa, W, CJIEOBATENbHO, SHEPTHs
B3aUMOAEHCTBHS C NPHJIOKEHHBIM I10JIEM HANpPsDKEHHOCTbIO £ MMeeT
nopsinok erE. Ecnu NpuHSATH, 4TO 3HEPrHst BO30YKICHHS COCTABIISCT
OKOJIO TIOJIOBUHBI BEJIMUMHBI OTEHLIMAJIA HOHU3aUK atoma [ (T. €. 1o-
JIOBUHY BEJIMYMHbI DHEPTHH, HEOOXOIUMOH JIJIsl IOJHOTO YAAJICHHUS DIICK-
TpOHA U3 aTOMa), TO HHAYIUPOBAaHHbIH JUIOJIbHBII MOMEHT OyZIeT UMETh
BenmuuHy nopsiika —erE (erE/1/21), Tak Kak MTHOBEHHBIN TUIIOIBHBIH
MOMEHT (—er) «3aMOpOXKEH» B aTOME Ha YpPOBHE, MPEIONPEICICHHOM
cooTHoteHneM 3Hepruu erE u 1/21. CrenoBatenbHO, TOISPH3yEMOCTh
Gyner mopsiaka 2¢%r? /1gy), a MOCKOIbKY YMCIIO 3JEKTPOHOB PaBHO Z,
MOKHO CYHUTATh, YTO

o~ 2Ze*7 [l

MBI HONTy4nIy Ba)KHOE COOTHOLICHHUE, TOKA3bIBAIOLIEE, YTO TOJISIPH-
3yeMOCTh YBEJIIMYMBACTCS C BO3pACTaHHEM aTOMHOTO HOMepa (T. €. gucia
SIIEKTPOHOB), Pa3MEPOB aTOMa W JIETKOCTH BO30YKIACHHUS aToMa, 4To
MOJTBEPIKIAETCS AKCTIEPUMEHTAIBHBIMA pe3ynbTaramMu. Eciu mepeitn
OT aTOMOB K MOJICKYJIaM, 3aKJIIOYeHUs OyIyT Te ke camble. Tak, rekcan
Ooree mosspu3yeM, ueM OyTaH, TaKk Kak OH UMEET OOJIBITIEC JICKTPOHOB.
Opnako OytajgweH Toxke Oosee MoJspu3yeM, ueM OyTaH, HeCMOTps
Ha TO YTO y HETO0 Ha YETHIpe DJEKTPOHA MEHbIIe. DTO CBSA3aHO C
TeM, 4T0 OyTaJueH MMEeT MOABMKHBIC T-3JIEKTPOHBI, KOTOphIe Ooiiee
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YyBCTBHUTEJIbHBI K H3MEHEHHUIO 3JIEKTPHUYECKOTO TIOJISI, YEM G-3IIEKTPOHBI
(moTeHIMAan HOHU3ALUH T-31eKTPOHOB cBsi3 C—=C MeHblle IOTeHIMaa
MOHU3AIMN O-3JEeKTPOHOB). [lonspu3yeMoCcTh HrpaeT BakHYIO POJb B
oprannueckoil xumun. OHa BIUSET, HapUMeEp, Ha KECTKOCTb U MSATI-
KOCTb KUCJIOT U 0ocHOBaHUi JIptonca (1. 3), KHCIOTHOCTh 1 OCHOBHOCTh
MOJIEKYJI B Ta30BOi#t (paze (1. 3), CKOpOCTh HYKJICO(MHILHOTO 3aMEeTICHUS
y HaCBIIIEHHOTO atoMa yriepona (1. 9) u T. .

2.1.3. BUJbI MEXXKMOJIEKYJISAPHBIX CHJI NPUTSXKEHUSA

Hannune MeXMOJIEKYISAPHBIX CHJI MajO CKa3bIBaeTCA Ha IOIBHK-
HOCTH MOJIEKyJl B Tra3oBoil ¢aze. B kpucramiax B3auMoeicTBUE
MEXIYy MOJEKyJaMH WIM HOHAaMM BBIPAXKEHO CHJIBHO, IIOTOMY O00-
pasyroTcs KECTKHE CTPYKTYpbl. B JKHUAKOCTAX KUHETHUYECKAs DHEPTUs
MOJIEKYJI CpaBHUMA C IOTEHLHUAIbHOM HHEPrueil ux B3aUMOJECHCTBHUS.
CuIbl NPUTSOKEHUS, YAEPKUBAIOIIUAE MOJEKYJIbl BMECTE, HOCIT Ha-
3BaHUE 6aH-0ep-6aanbCogblx cui. VIX MOXKHO INOApa3ieNuTh Ha TPU
Tuna: 1) OUIIOIb-IUIIONBHOE B3aMMOICHCTBHE MEKAY IOJSPHBIMU
MOJIEKYJIaMH,  2) B3aMMOJIEHCTBHE JUIOIb — UHAYIIMPOBAHHBIA JU-
HOJb M, HaKOHEL, 3) B3aMMOJEHCTBHE WHIYLUPOBAHHBIA THUIIONb —
WHJYLUPOBAHHBIA JIUAIIONb, KOTOPOE €LI€ Ha3bIBAIOT JHUCIIEPCUOHHBIM
B3aMMOJIECTBHEM. DTH BUJABI B3aUMOICHCTBUS HapsALy ¢ TaKUMH CIIe-
IUPUIECKIMH B3aUMOJICHCTBUSIMH, KaK BOJOPOIHAS CBSI3b WM TIEPEHOC
3apsijia B JOHOPHO-aKLETITOPHBIX KOMIUIEKCaX, 00yCIOBIMBAIOT HAJINUNE
MIOJINMOJIEKYJISIPHOM CTPYKTYPBI B KMJKOCTSIX M MOJIEKYJISIDHBIX KpH-
CTaJyIax, ONPENEISIIOT TeMIEPATypbl KUIIEHNs U IIJIaBJICHUS BEILECTBA,
a B razax OOyCJIOBIMBAIOT OTKJIOHEHHs OT HACaJbHOTO IOBEICHUSI.
Ban-/1ep-BaajibCOBBI CUJIbI IPUTSKEHUs 0OPATHO MPONOPIMOHATBHBI RS,
T. €. PACCTOSHUIO MEXKJy B3aUMOJCHCTBYIOIIUMHU JUIOJSMH B LIECTOU
CTETNEHH. DTO 3HAYUT, YTO BaH-JI€P-BaaabCOBO B3aHMMOJIEHCTBHE MIPOSIB-
JIIETCS Ha MAJIBIX PACCTOSHUSAX MEXKIYy MOJIEKYTIaMH U OBICTPO yObIBaeT
C YBEJIIMYEHUEM JTOTO PACCTOSHHS.

Ecnu nBe mosnsipHbIe MOJIEKYJIbI HAXOAATCS OJIM3KO IPYT K APYLY, UX
JIUIIONN B3aUMOJECUCTBYIOT. B *KUAKOCTU OZHA MOJIEKYJIA BPALLAETCS BO
BCEX IJIOCKOCTAX OTHOCHUTENBHO APYTOM, IOATOMY MOXHO OXKHJIaTh, YTO
MIPU OYEHBb BBICOKHUX TeMIlepaTypax CHJIblI MPUTSKEHUs (Korja JUTMOIN
OPHEHTUPOBAHBI I10 TUILY «I'0JIOBA K XBOCTY») OyIoyT ypaBHOBEIINBATHCS
CHJIaMH{ OTTAJIKUBaHUs (KOT/Ia TUTIOIH OPUEHTHUPOBAHBI «T0JIOBA K I0JI0-
Be»). OfHAKO NMPH yMEPEHHBIX TeMIlepaTypax npeodiaataeT TeHACHLIMS
JUTIOJNeH «BBICTpAUBaThCA B JIMHUIO» ¢ OOpa30BaHUEM TaKoil Ipenro-
YTUTEJILHON KOH(PUTYpaLny, KOTIa CHIIbl IPUTSDKEHUS TPeo0IagatoT Hag
CUJIaMU OTTAJIKUBAHUSI.
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[IpucyTcTBHE MONSIPHOI MOJIEKYIIbI BOIU3U IPYTrOi MOJICKYIIbI, KOTO-
past caMa MOXET ObITh KaK IOJIIPHOM, TaK M HENOJSIPHOW, OKa3bIBAET
Ha BTOPYHKO MOJIEKYNly Hojispusymollee aeicrsue. MHIynMpoBaHHBIN
JIUIONb MOXKET 3aTeM B3aUMOJAEHCTBOBATH C JUIOJIBHBIM MOMEHTOM
MEepBOM MOJIEKYJIBl M TOIZA JBE MOJIEKYJbl CTAHOBSITCS CBSI3aHHBIMHU
ogHa ¢ Opyrod. Bemmumna storo sddexra 3aBUCUT Kak OT BeEJU-
YUHBI IIOCTOSHHOIO JUIIOJBHOIO MOMEHTA IIEPBOM MOJIEKYINBI, TaK U
OT TOJIAPU3YEMOCTH BTOPOW MOJIEKYJBl. BakHO, 4TO IHpH TMOBBIIIE-
HUU TEMIIEparypsl TEILIOBOE JBUKECHUE HE MOXKET JE30pUEHTUPOBATH
WHAYLIUPYEMbIiI MOMEHT OT HalpaBlIeHUs MHIYNHPYIOIET0O MOMEHTA,
T. €. 93QeKT NPUTSHKEHUsT COXPAaHSETCS, JaXKe €CIH MOJSIpHAsi MOJIEKyJia
CBOOOZHO BpalaeTcs BOIU3HU MOJIIPU3YEMOH MOJIEKYIIBL.

Jlerxo momnsipu3yemble HENOJISIPHBIE MOJEKYJbl XOTs U He 00nagaioT
MOCTOSIHHBIMM JTUIOJIBHBIMH MOMEHTaMHM, HO MX 3JEKTPOHHBIC OOaKa
GIyKTyHpYyIOT, HOTOMY HX MOXHO paccMaTpHBaTh KaK YacTHULbI, HMe-
IOIME MITHOBEHHBIN JUIOJIBHBIA MOMEHT, KOTOPBIA IMOCTOSIHHO MEHSET
CBOIO BEJINUMHY M HanpasieHue. Eciu oqHa Monekysa OblcTpo nepenuia
B 2JIEKTPOHHYIO KOH(QUIYpaIHIO, KOTOpasi JaeT MTHOBEHHBIH JTUITONG [},
TO 3TOT JUIOJb OyIeT MOJSIPU30BATh JPYTYI0 MOJEKYIY, MHAYLHUPYS B
Hell MTHOBEHHBIN Junons uy. Jlumnonu uf U p) NpUTATMBAIOTCA JAPYT K
ApyTy. XOTs HaNpaBIeHUE JUIIONIA [} OyleT H3MEHATBCA U lajiee, BTopas
MOJIEKyJ1a OyJieT pearupoBaTh Ha 3TO U3MEHEHUE U dPPEKT IPUTHKSHUS
BCE BpeMsl COXpaHseTcd. BelndynHa Takux TUCTIEPCHOHHBIX CHII, WIIU
cun JlonoHa, 3aBUCHUT OT MOJSPU3YEMOCTH 00X MOJIEKYII.

O06001eHHOE BBIpa’KeHUE IJIs1 BCEX TPEX BUJIOB BaH-ZI€P-BaaIbCOBBIX
B3aMMOJICHICTBUM UMEET BUJ

V =—Cs/RS,

e V —noreHuuanbHas sHeprusi; R — paccrosHue; Cg — HEKOTOPBIN
KOO PHULIUEHT, 3aBUCAIINN OT MPUPOIBI MOJIEKYII.

XoTsl 111 BCEX TPEX TUIIOB B3aUMOJEHCTBUNA DHEPTUSl U3MEHSETCA
IIPONOPLHUOHAIBLHO R™%, TonbKO AUMONB-IUIONBHOE B3aHUMOJEHCTBHE
3aBHCHT OT TEMIIEPATyphl ¥ IPH OYE€Hb BHICOKMX TeMIIepaTypax dSHEPTHs
CTPEMHUTCS K HYJIIO. DTO CBSA3aHO C TEM, UTO TCIIJIOBOC ABHKCHUC HE MO-
KET HapYIIUTh B3aWMHYIO OPUEHTAIINIO TIOCTOSHHOTO U HHIYIIUPYEMOTO
JUIOJIEH MU IBYX MHJIYLUPYEMBIX JUIIOIEH.

2.1.4. IPOCTPAHCTBEHHOE OTTAJIKUBAHUE
N BAH-JIEP-BAAJIBCOBbBI PAINY Chl

Ha ocHoBaHuM paHee H3J0KEHHOIO CO3JaeTCs BIICYATICHHUE, YTO
MOJIEKYJIBl CTPEMSITCSI TOJBKO MPUTATHBATBCA JAPYyT K Apyry. Tem He
MEHee €CJIM OHU O4YeHb CONMMKAIOTCS JPYT C APYTOM, KOTAa TPUXOIAT
B COINPUKOCHOBEHHUE 3aIOJIHEHHBIE JJIEKTPOHHBIE OOOJIOUKH aTOMOB,
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Tabnauma 2.2
Ban-1ep-BaanbcoBbl (Rgs) U KOBAJIEHTHBIE (Ryos) PAaANYChI (B Ai)

Atom Ry Ryon Atom Ry Ryon
H— 1,20 0,30 N— 1,55 0,70
F— 1,47 0,64 N= 1,55 0,60
Cl— 1,75 0,99 N= 1,60 0,55
Br— 1,85 1,14 P— 1,80 1,10
- 1,98 133 As— 1,85 121
Oo— 1,52 0,66 C— 1,70* 0,77
0= 1,50 0,55 = 1,77° 0,665
S— 1,80 1,04 C= 1,78 0,60
Se— 1,90 1,17 Si— 2,1° 1,17
Te— 2,06 1,37

Ipumeuanue.* Pamuyc rpynn CHz— wmn —CH,—, O cpennss nmonyrommuua apomariue-
CKHX Konel, ® paguyc rpymmst SiHz—.

BXOMSIINX B COCTaB MOJIEKYJIbI, HAaJl CHJIAMH TMPHUTDHKEHUS HAYUHAIOT
npeoOnafaTh CWIIBI OTTajkuBaHUs. Hampumep, aBa atoma renus Ha
OOJBIIMX PACCTOSHUAX CJIA00 MPUTATHBAIOTCS APYT K APYTY (TI03TOMY
CYIIECTBYET KUAKHUI T'eNnii), HO MPU TECHOM CONMKEHUU, B CHIIY TOTO,
gTo Mojekynaa He, oOpaszoBarbcs He Moxet (1. 1, pasn. 1.6), oHu OT-
TAJIKMBAIOTCS, IOCKOJIbKY npuHImn [laynu 3ampeniaer IpOHUKHOBEHUE
3aIllOTHEHHBIX DJIEKTPOHHBIX 00070YeK Apyr B apyra. OTTamkuBaHue
PE3KO BO3paCTacT C YMCHBUICHUEM pPaCCTOsIHUA; OIMUCATL €ro OYCHb
CJIOKHO, TaK KaK OHO 3aBUCHUT OT KOHKPETHOH AIIEKTPOHHON CTPYKTYPHI
YaCTHII.

B HacTosmiee BpeMst Hapsity ¢ SMITUPUIECKIMH TTOXOAAMH IS U3Y-
YCHUA MCKMOJICKYIAPHBIX B3aHMO,[[efICTBHfI BCC 4YallC HCIIOJIb3YHOTCA
METO/Ibl KBAHTOBOH XUMHH. PacueTsl NMOTEHIMAIBHBIX MMOBEPXHOCTEH
(3aBUCHMOCTH SHEPruM B3aUMOAEUCTBUS OT PACCTOSIHHUS MEXIY MO-
JIEKyTaMA W WX B3aMMHOM OpWEHTAIMH) MPOBEICHBI JUIT MHOTHX TIap
MOJIEKYJ 1. DTH PacyeThl MO3BOJIMIIH HE TOJIBKO KOIMYECTBEHHO OIHCATh
MEKMOJICKYJISIPHBIC B3aMMOJCHCTBUS, HO U pa3o0paTbes B UX (Qu3HUe-
ckoit mpupoze. OKka3ajaoch, YTO BO MHOTHX CIy4asX MEXMOJIEKYIIPHOe
B3aUMOJEHCTBUE B 3HAYUTEIBHON CTENEHU ONPEACIISIETCS MEPEHOCOM
3apsia ¢ OHOW MOJICKYJIBI Ha IPYTYIO, YTO HE YYUTHIBAJIN KIIACCHUECKHE
mpeaCTaBJICHUS.

PaccrosiHue, Ha KOTOPOM CHITBI TPUTSKSHUS M OTTAJIKUBAHUS PaBHBI,
M3BECTHO M0J] HA3BaHUEM 8aH-0ep-6aaibc08020 paccmoanus. J\a naH-
HOW Tapbl aTOMOB, CONPUKACAIONIUXCS TPU KOHTAKTE IBYX MOJIEKYII,
9TO PACCTOSHUE 3aBHUCHUT OT IIPUPOIABI IPYIHX aTOMOB, C KOTOPBIMH
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Tabnuma 2.3
Jl1nHa npocThIX cBs3eil (A)

sp’-C sp?>-C sp3-C N O F Si P S C  Br I
H 1,09 1,08 1,06 1,01 0,96 0,92 1,48 1,44 1,34 1,27 1,41 1,61
sp-C 1,54 151 146 1,47 1,43 1,37 1,87 1,84 1,82 1,77 1,94 2,16
sp*-C 1,48 1,43 1,43 1,36 1,33 1,84 1,83 1,76 1,71 1,87 2,09
sp-C 1,38 1,35 1,29 1,82 1,78 1,70 1,64 1,80 1,99
N 1,45 1,41 1,36 1,74 1,67 1,70 1,77
(0] 1,48 1,42 1,63 1,57 1,60 1,70 1,89
F 1,42 1,58 1,54 1,56 1,63 1,76 1,80
Si 2,33 2,25 2,15 2,02 2,18 2,44
P 2,21 2,10 2,03 2,14 2,46
S 2,05 2,03 2,26
Cl 1,99 2,14 2,32
Br 2,28 2,48
I 2,67

Ipumeyanue. s KaXI0H KOHKPETHOW MOJIEKY/IbI JUIMHBI CBA3€H MOI'YT OTJIMYAaThCs OT
[PUBEACHHBIX U3-33 PA3IMYUil B COCTOSHHUSX OKHCIICHHS, IPOCTPAHCTBEHHOTO BIIMSHUS
3aMecTUTeNIeH, ME30MEPHBIX A(Q(PEKTOB U T. 1.

OHH CBf3aHBI B MOJICKYNIe, OT OTHOCHUTEIHHOW OPUEHTALIMH aTOMOB II0
OTHOIIIEHUIO K 00pa3yeMbIM HMH KOBaJCHTHBIM CBS3SM U T. 1. Tem
HE MeHee B M3BECTHOW CTENEeHH ITH BaH-IEpP-BaallbCOBBI PACCTOSHUS
MOKHO BBIPA3HUTh KaK CyMMY MapaMeTpOB, HA3bIBACMBIX 8aH-0ep-8aalb-
co8blMU paduycamu paccMaTpuBaeMoOi mapsl aroMoB. Hekotopsie BaH-
JIep-BaallbCOBHI PANyChl MPUBEIACHBI B Ta0n. 2.2. B »Tol xe Tabnuie
MIPUBEICHBI TaK HA3BIBAEMBIE KOBA/IEHNIHble PAOUYChbl, CyMMa KOTOPBIX
OIpPEIENSIET JUIMHY KOBAJIEHTHON CBSI3M MEXJY JaHHOU Iapoil aTOMOB.
KoBaneHTHBIE pagnyChl aTOMOB, CBS3aHHBIX IPOCTBIMHU CBSA3SIMH, OOBIY-
HO Ha 0,7—0,810% KOpOY€E BaH-JEP-BaajbCOBBIX, OAHAKO OHHU 3aBUCAT OT
pasiuuusi B 2JEKTPOOTPUIATENIFHOCTH MEXIy CBSI3aHHBIMH aTOMaMH,
TUTIA CBSI3W MEXIy aroMamH (IpocTasi, JBOIHas, TpOWHas) H T. II.
B cooTBercTBUM € 3THM MCHSIOTCS M JJMHBI KOBAJICHTHBIX CBsI3Ed
(Tabm. 2.3 u 2.4).

Benuuunbl BaH-IEp-BaalbCOBBIX PATUYCOB OIMPENCISIOT pa3Mephl
u (GOopMy OpraHUYECKHX MOJIEKYJ], MPEANOYTHTEIbHYI0 KOH(pOpMa-
U0 U HaubOosiee cTabuibHyr KoH(puryparuio. Hampumep, B mpem-
Oy THIIIMKIIOTEKCaHe, UMeromeM GopMmy «kpeciia» (cMm. T1. 24), mpem-
OyTmiIbHAs TPYIIa BCErJa 3aHUMAET dKBATOPUATIBHOE MOJIOKEHUE. DTO
CBA3aHO C TEM, YTO B aKCHAIbHOW KOH(OpMAaIMu H3-3a OONBIIHX
pa3mepoB (T. €. u3-3a OOJIBIIOrO BaH-ICP-BaalibCOBA pajinyca) mpeni-
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Tabnuma 2.4

JlinHa KpaTHBIX cBf3eil (cM. mpuMed. k Tabu. 2.3)

CBi3b Jina (A) CBs13b JiHa (A)
sp*-C=C-sp’ 1,34 sp?-C=N 1,30
sp?-C=C-sp 1,34 sp-C=N 1,21

sp-C=C-sp 1,28 C=N 1,16

Cc=C 1,20 sp?-C=S 1,70

sp?-C=0 1,22 sp-C=S 1,56
sp-C=0 1,16 N=N 1,25
N=0 1,17

OyTHIILHOW TPyIIbI OyJeT HPOSIBISATHCS IPOCTPAHCTBEHHOE OTTAJIKUBA-
HUE MEXIy HEI0 M aKCHAJIBHBIMH aTOMaMH BOJOPOAA B IOJIOKEHUAX 3
u 5 (1,3-auakcuanbHOE OTTAJIKUBAHHE, CM. I, 22):

/7
~~"%, CHs &\\\CHg
H F=—0 H H
, CH3 CH
— a ! a C/ 3
H e H e (’II/CH3
CH,

HEYCTONHMBAS KOHPOPMALLUS
(3awrpuxoata obnacTb
B3aWUMHOr0 MPOHWKHOBEHUS
3aN0MHeHHbIX opbuTaneit)

YCTOIZLWIBBH KOH(popMaLms

(a- 3KBaTopuanbHas,
e-aKcuanoHasa I‘p)’l‘ll‘lbl)

C mpocTpaHCTBEHHBIMH (CTEpUICCKUMHE) (PaKTOpaMUA MBI TIOCTOSH-
HO 6y,HCM CTAJIKUBATbCAd B MOCJICAYIOIIHX IJIaBax sToi kuHuru. OHH
UCKAKAIOT CUMMETPHIO MOJICKYJ (HampuMep, MpeBpamamT TeTpadip B
HETPaBUIBHYIO (Urypy), MPENsSTCTBYIOT CBOOOJHOMY BpAILEHHIO BO-
KPYT G-CBsI3€H, CUIILHO BIUSIIOT HA CKOPOCTh XUMHUYECKHUX PEaKIIHid, TaK
Kak 00bEMHUCTBIE IPYTIbI MEIIAOT MOJXOY peareHTa K peakliuOHHOMY
HEHTPY MOJICKYIbI, U T. JI.

2.2. TEOPUA CMEIIEHUA SJIEKTPOHHBIX ITAP

B mnpenmpinymeii mmaBe, paccMaTpuBas MOJEKYISPHBIE OpOUTAIN
MPOCTEHIINX JABYXaTOMHBIX MOJIEKYJI, Mbl OOPATHIIM BHUMAHHUE Ha CYIIIe-
CTBEHHOE Pa3JInYre MEX/Ty HEIIOJSIPHBIMHU TOMOSZICPHBIMU MOJIEKYJIaMU
tuna A—A (manpumep, Hp, Ny, O;) U NOTAPHBIMU TeTEPOSIACPHBIMU
mosexynamu tTuna AT —B°~ (manpumep, HF, HCl u 1. 1.). D70 pasnuuue
COCTOSJIO B TOM, 4TO 3aHAThIE (CBsi3bIBaromue) MO MONApHBIX MOJIEKYI
A%t — B%~ CKOHLIEHTpPUPOBaHBI ITTaBHBIM 00pa3oM Ha GoJiee AEKTPO-
OTpHIaTe]IbHOM aTtoMe B, a Ha MeHee AIEKTPOOTPHUIIATEIHPHOM aTOME
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A TIOTHOCTBH 3aHATBHIX opOuTaneil menbplie. OpOUTaNN HEMONIPHBIX
MOJIEKYl A—A UMEIT CUMMETPUYHBIA B, T. €. UX IUIOTHOCTh Ha
MIPaBOM U JIEBOM aToMax A OJMHAKOBa. DTO OTHOCUTCS KakK K O-, Kak U
K 7-OpOUTAIISIM.

MoskHO, crenoBaTenbHO, YTBEPKAATh, YTO Mapa JIEKTPOHOB, 00pa-
3yIomIas CBS3b B MOJSAPHOU MoJiekyne A—B, OOJIbIIyI0 9acTh BpeMEHU
«IIpoBOAMTY» y aToma B, uem y aroma A, Torma Kak B HENOJIApHON
MoJIeKyiie A—A 3Ta mapa OJMHAKOBO YacTO OBIBACT y 0OOMX aTOMOB
A. AnpTepHaTHBHOE YTBEP)KJIEHHE COCTOMT B TOM, YTO B IOJIIPHOMN
MoJiekyiie A—B anexTpoHHas mapa, oOpasyromas CBsI3b MEXay A u
B, «cmewena» B cropony B, a B HemomspHoW Monekyie A—A oHa
«HE CMeIIeHa» HH K OJHOMY HH K Apyromy aromy. Taxwme 3¢dexTs
paccMaTpuBalOTCA B meopuu 21eKmMpoHHbIX cmewenul. B 3Toil Teo-
pUHM BBIOMPAIOT HEKOTOPYIO ATAIOHHYIO «MOJEKYIy IJIsl CpaBHEHUS,
o6praH0 A—H (H —arom Bomopona), u 3areM 3JIEKTPOHHOE CTPOCHHUE
Mosniekyiasl A—B paccmarpuBaioT B cpaBHEHHUM ¢ dTasioHom A—H.
Ecmu, manmpumep, B — Gosee anekTpooTpHUIIaTeIbHEIN AIeMeHT, yeM H,
B Mosekyie A—B aJekTpoHHas IJIOTHOCTh y aToMa A JOJKHa OBITh
MeHbIIe, yeM y atoMa A B Mosiekysie A—H, a anekTpoHHast MJI0THOCTh
y aromMa B nomxna ObITh Oonblie, ueM y atoma H B monexyne A—H.
CxeMaTH4ecKH 3TO 0TOOpakaroT GOpPMYyJIaMHU C YaCTHYHBIMHU 3apsiiaMu
U C IPSAMBIMH (Ul JIEKTPOHOB G-CUMMETPHUH) WM M30THYTBIMHU (JUIs
SNIEKTPOHOB TT-CHMMETPHH) CTpENKaMHu, O003HAYAIONIUMHU CMEIIeHUE
3NIEKTPOHHOMN MJIOTHOCTH, BBI3BAHHOE 3aMeHOM B Mojekyne A—H aroma
BOZIOpOJia Ha atom B.

5+ . A3+ /_\ég_

A———B
CMeLLLeHne cMelleHne
G"BJ'IE‘KTPOHOB T-3/1eKTPOHOB
Hanpumep B3sB 3a cTaHzapT MOJIEKyJy MeTaHa, JIEKTPOHHBIE Qop-

Myibl pTOpMEeTaHa W (GopMalbIeTHIa MOXKHO 3aIHCaTh CIICTYHOIUM
obpazom:

CH, H3C P F& h ot == 0%
(cTamgapr) (pTOPMETaH popMabaerg,

Teopust 21eKTPOHHBIX cMelIeHUH Bo3HUKIA B 1920-X rogax, 31010
JI0 IITUPOKOTO Pa3BUTHS METOAA MOJICKYJSPHBIX OopOWTaieil, Kotopoe,
M0 CYIIECTBY, HA4YaJOoCh TOJIBKO B 1950-X romax (XOTs mepBbie pabOTHI
B. Xtokkens 1mo MOJEKYISPHBIM OpOUTANIIM OPTaHHYECKHUX TT-CHCTEM
nosiBUIKCh B Haudaie 1930-x romoB). DTa Teopusi OYEHb XOPOIIO U
MPOCTO OOBSICHSAET OONBIIMHCTBO IKCIECPHUMEHTAIBHBIX (DAKTOB, CBSI-
3aHHBIX CO CTPOCHHEM U PEAKIIMOHHON CIOCOOHOCTBHIO OPTaHUYECKHUX
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COEJIMHEHMH, T03TOMY OHa IIMPOKO MCIOJIB3YETCs A0 HACTOSAIIETO Bpe-
MeHH. B mocnenyronmx maBax Mbl Hapsiay ¢ METOJOM MOJIEKYJISPHBIX
opbOutaneii OygeM mMapajieNIbHO HMCIOJIb30BaTh M IMPEACTABICHUS 00
ANEKTPOHHBIX dPPEeKTaxX, pa3BUTHIX B TEOPUU CMEIICHUH AIIEKTPOHHBIX
nap.

2.2.1. MHAYKTUBHBIN Y®®EKT U YOPEKT MOJISA

JMnonbHbII MOMEHT MOJEKYJIbl MOXHO paccMaTpuBaTh Ha OCHO-
BaHUM JBYX NPUHIMIIMAIBHO Pa3IMYHbIX NOAX0A0B. llepBblil moaxon
COCTOUT B TOM, YTO OOIIMIA JWIOJBHBII MOMEHT IPEICTABISIOT KaK
BEKTOPHYIO CYMMY JMIIOJI€d OTHENbHBIX CBs3eil. BTopoil ocHOBaH
Ha PAacCMOTPEHUH MOJIEKYJIbl KaK CHCTEMBl HECKONBKHX (hparMeHToB,
MOJISIPU3YIOLIMXCS B I0JIE, CO34aBAEMOM JIUIIOJIEM MOJSPHOM IPYIIIIHL.

Ecau paccmaTpuBath IUINIOJIBHBIA MOMEHT KaK BEKTOPHYIO CYyMMY, TO
OYEHb JIETKO OOBACHUTH, (IIOYEMY TaKHe MOJIEKYIbI, KaK METaH, YeThI-
PEXXJIOPUCTBIN YIIIEPO, napa-AuxJIOpOCH30J, HE MMEIOT JHUIIOILHOTO
MOMEHTA, a XJIOPOEH30J, Mema- W opmo-ITuXIOpOEH30JIbI 00Ia1aloT
JMIIOJBHBIM MOMEHTOM, IPUYEM Uopmo > Muema-

Cl Cl

Cle__
[}
o
Cl
xnopben3on napa- opTo- Mera-
Auxaopbenson Juxnopbenzon Auxnopberion
H=1370 =0(pacyer) 2=2,71 (pacyer) =160 (pacyer)
A=0(3Ken,) H=2,950,(3xcn.) #=1480(ken.)

[IpuBeneHHbIe JaHHBIE IS OpmMo- U Mema-TuXIopOeH30JI0B TOKa-
3BIBAIOT, YTO PACCUMUTAHHBIC IO BEKTOPHON CyMMe 3HAYCHHSI IUIIOJb-
HBIX MOMEHTOB MOTYT CYIIECTBEHHO OTIMYATHCS OT DKCIIEPUMEHTAIHHO
OTIpe/IeTICHHBIX. B mpuHIHIIE, BEKTOPHYI0 CyMMY MOXHO TIPUBECTH B
TOYHOE COOTBETCTBUE C JKCIIEPUMEHTOM, CCIH YYECTh, YTO MOMEHTBI
cBs3eit C—Cl He MOCTOSIHHBI U TIPU TIEPEXO0Je OT OIHON MOJICKYIIBI CO
cBsi3pi0 C—Cl x nmpyroit mensitorcst. OnHAKO Takoi MOAXOA ObLT ObI
CJIMIIIKOM TPHWBHAJIBHBIM M HE UMell Obl TpejcKa3aTeIbHON IEHHOCTH,
MOATOMY JTUIOJBHBI MOMEHT NAaHHOUM CBSI3U PAcCMATPUBAIOT KaK IIO-
CTOSIHHBIN mapaMeTrp. B TakoMm ciydae, cuuTas JIUIOIBHBIA MOMEHT
cB3u sp°-C—H HOCTOSHHBIM, MOXKHO yTBEPXHAaTh, YTO JUIS JIFOGOTO
HACBIIIEHHOTO YTIEBOJ0pO/aa (allkaHa), MMEIOIIEro MpaBmIbHOE CTPOe-
HUE C TETPAIPUICCKUMH yIlIaMu Mex 1y cBsi3simu (109,5°), nunoiabHbIi
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MOMEHT paBeH HYI0. DTO COIIACYeTCsl C AKCIIEPUMEHTOM: JI0 CHX TIOp
HU Y OJTHOTO aJIkaHa He HAl/IEHO JUIOIBHOTO MOMEHTA, HECMOTPS JTaXe
Ha TO, YTO MHOTHE M3 HUX HE MMCIOT NPAaBHIBHOIO TETPAdIPHUCCKO-
To CcTpoeHHs (M3-32 MPOCTPAHCTBEHHOTO OTTAJKWBAHUS OOBEMHCTHIX
AJKWIBbHBIX Tpymm). Takum 00pa3oM, Mbl BHIMM, YTO B HEKOTOPBIX
CITy4asiX BEKTOpHAsi CyMMa MTPaBIIILHO TIepeIaeT HaOIoaeMblil AUTTONb-
HBII MOMEHT, a B JIPYIMX CJIydasx HaOIIONArTCs oTKIoHeHus. Torma
TOBOPAT O HAMUYHU «d(PQEKTa», CBI3aHHOTO C BHYTPUMOJIEKYIISIPHBIM
B3aMMOJICHCTBUEM IOJIIPHBIX IPYIII, U CTAPAIOTCS IaTh 3TOMY 3 dekTy
pHeMIIEMYI0 (PH3HUECKYI0 HHTEPIIPETAIINIO.

Ecnu Ob1 MOMEHTHI CBsI3€# OBUIM TIOCTOSIHHBIMH U BCE YIVIBI MEXKTY
cBs3sMu OblTH paBHBI 109,5°, 1O Bce amkmmxmopumsl AIKCl mmenn
Obl OJIMHAKOBBIM JMIOJIBHBIA MOMEHT. OJIHAKO AKCIICPUMECHTAIbHBIC
JAaHHBIE, TIOJY4YeHHbIE B Ta30BOi (haze, STOMy HE COOTBETCTBYIOT.
Metunxiopung CH3;Cl umeer nmumonbHBIH MoMeHT 3,86 [, STHII-
xinopug  CH3CH,Cl1—2,00 I, w-nponunximopun CH3CH,CH,Cl—
2,04 1, wsompomunxuopun (CH;z),CHClI—2,15 I, w-Oyruixiopun
CH;CH,CH,CH,C1—2,11 [,  mpem-6ytunxmopun  (CH3)3CCl—
2,13 JI. Takum oOpa3oM, BUAHA TCHACHIINS K YBEITHUYCHUIO JUITOITHHOTO
MOMEHTA C YBEJIMUYCHUEM Pa3MEpPOB aJKHIbHOU Tpyrbl. OObsSCHEHUE
atoro 3¢dexra 6pu10 HaHo H. JIproncom B 1923 1

Jlptouc, pa3BuBas UACKD O TOM, YTO B MOJIEKYJaX CYIIECTBYIOT
0COOBIE YCTOWYMBBIC DJIEKTPOHHBIE 00pa30BaHUA — TyOJETHl M OKTETHI,
MPEUIOKUI TEOPUI0 MHIYLIUPOBAHHOTO CMEIICHUS JICKTPOHHBIX Iap
O-CBSI3M OT OJTHOTO aToMma K Jpyromy. [J1aBHOE B 3TOH TeopHun 3axiroda-
€TCs B MPEAIONIOKECHUH, YTO IICKTPOHBI CMEIIAIOTCS HE MMOOJAMHOUKE, a
napaMu. BeencTsre 0obIIoro 3apsia spa aTroMa XJjIopa JIeKTPOHHAs
napa o-cBsizu C—Cl «1poBoauT OOJIBIIE BPEMEHU» OKOJIO aTOMa XJIopa,
YeM OKOJO COCEIHEero aToma yriepona. DTO M €CTh MpHYWHA TOTO,
YTO B QJIKWIXJIOPUIAX aTOM XJIOPA HECET YACTHUHBIA OTPULIATEIbHBIN
3apsi, a aToM YIepoJia — YaCTUYHBIA TOJIOKUTEIbHBIN 3apsia. M3-3a
HAJIMYUS 3TOTO IMOJIOKUTEIBHOTO 3apsijia aTOM YIIepojia, CBSI3aHHBIN C
XJIOPOM, TIPUTSTUBAET JICKTPOHHBIE TIAPHI CHIIbHEE aToMa yTiieposia, He
CBSI3aHHOTO C 3JIEKTPOOTPHIIATEIIbHBIM 3aMeCTUTENeM. Takum o0paszom,
aTOM XJIOpa BBI3BIBACT MOCIICIOBATEIILHOE CMEIICHUE 3JICKTPOHHBIX Tap
O-CBsI3€M 110 BCel MOJIEeKyIie.

H H H

H-C—-C—C—Cl

H H H

H-TIPOTTHAIIXIIOPHT
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CTpenKku MOKa3bIBAIOT CMEILICHUE JICKTPOHHBIX Map OTHOCUTEIBHO
«CpemHUX» TIOJOKEHUH, KOTOpBhIe 3TH Tapbl 3aHUMaiN OBl B OTCYT-
CTBHE aToMa xJiopa (B MpomnaHe). ATOM XJIopa UHIYLHPYeT YaCTUYHBIN
TTOJIOKUTEIBHBINA 3aps/l (TTONOKUTENFHBIA TI0 OTHOIIEHHIO K 3apsuy,
KOTOPBIW ObUT ObI B OTCYTCTBHE XJIOPA, T. €. B IIPOIIAHE) HA CBSI3aHHOM C
HUM aToMe ymiepona. DTOoT 3apsij UHIYyLHUPYET MEHbIUUHI 110 BEJIMYUHE
MOJIOKUTENBHBIN 3apsii Ha CICAYIONIEM aToOME YIVIepona, KOTOPBIH
WHIYLUHUPYET €Illle MEHBbIIMM MNOJOKUTEIBHOU 3apsii Ha CIEAyoLEM
aroMe, U T. . Takasg CHOCOOHOCTH 3aMECTHUTENS BO3AEHCTBOBATL Ha
G-2JIEKTPOHHBIE Tapbl BAOJIb LENOYKH aTOMOB B TEOPUHU NIEKTPOHHBIX
CMEILCHUN HA3b16AemCsl UHOVKINUGHBIM D DEKTNOM.

TakuM myTeM MOXHO OOBSICHUTD, TOYEMY C YUTMHEHUEM YTIIEPOIHOMN
LEMOYKH TUIOIBHBI MOMEHT XJIOpaIKaHOB Bo3pacTaeT. [loa BnusiHueM
numodst csisu C—Cl ObIBIIME HETIONSIPHBIMU B HE3aMEIIEHHBIX ajTkaHaX
cBs3u C—C u (C—H) cranoBsATCs moMsapHBIME U qumionn cBszeit C—C
cknazpiBarotes ¢ aumnoinieM csizu C—Cl. Hampumep:

Hye —— ct AN CH, o
& CHZ E/ N / &\CHZ//
Hegt 4. P& %&‘5 2 e

Hsken™ 1864 Hsken= 2,004 Hoken™ 2,04 i}

[Ipencrasnenue 00 WHAYKTUBHOM 3(pPeKTe 0OBSCHSET, T0YeMy MPOHC-
XOIMUT N3MEHEHNE KOHCTAHT CKOPOCTEH M paBHOBECHUIl IPH BBEIACHHUH B
MOJIEKYJTy KaKoro-1u0o MoJIsipHOro 3aMectuTesst. Hanpumep, HHIYKTHB-
HBIH 3P deKT Xopa B 2-XJIOPITHIIAMHHE

5— 5+ 80+ 560+
Cl «+ CH2 — CHZ < NH,

JeflaeT aToM a3oTa OoJiee MOJIOKHUTEIBHBIM, YeM OH ObLI ObI IPH OTCYT-
CTBHH XJIOp-3aMecTuTels (B sTmiiamuHe). ClienoBaresbHO, aTOM a30Ta
OyzeT cuibHee NMPHUTATHBATh MUMEIOLIYIOCS Y HETO JJIEKTPOHHYIO ITapy
u OyIeT MeHee CKIIOHEH pa3lelisiTh €€ C MPOTOHOM MPH 00pa30BaHUH
amMonuitHOM comu (RNH, +HC1—>RN§LC1_), geM stunamuH. [loatomy
BBEJICHUE XJIOpa B KAuecTBE 3aMECTHUTENII B MOJEKYIy STHJIaMUHA
JIOJDKHO yYMEHBLINTh OCHOBHOCTh aMHHA, YTO W HAOIIOHAeTCs JKCIIe-
puMeHTanbHO. OJHAKO ATOT HAOMIOaeMblil P PEKT XJI0pa Ka4eCTBEHHO
MOJKHO OOBSICHUTB TaKXe M dh@exmom noJisi.

Dpgexm nonss obycnorinen B3aumoneiictuem junonst Cl—C ¢
HOJIOKHUTEIBHBIM 3apsi/IoM Ha a30Te€ W ITepefaeTcs uepe3 cpeny, pas-
JEJSIONIYIO AUTIONb OT 3apsiaa, Mo KpardyaiiieMy paccTosHuio. DddexT
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Tabnuma 2.5
HNupykruBubie 3¢ dexTsl rpynn

OtrankuBanue 3eKTpoHoB (+1) Iputsxenue >1exTpoHOB (—/)

*B(OH)Z > —CHj3; H —NH; < —OH < —F
HyJeBOH 3¢ deKxT
(o ompeneneHuo)

—NH,; < —NHCOCH; <

[S]
—B(OH); > —CO0O® > —B(OH), > CH; | < ~NHCOCF; < —N(CF3); < NO; <

+ +
—Se” >-S" >-0" < —N(CHs)3 < —N=N
*C(CH;)} > *CH(CH;)Z > —OH < —OCHj3 < —OCF;
> —CH,CH;3; > —CH3 —I<-—Br<—-Cl<—F

*CH(CF})z ~ —COOC,;Hs < —C=N

TIOJIS 3aBUCUT OT JUAIEKTPUUECKON MpOHUILIaeMoCcTu cpenbl. [lockombky
MTOJIOKUTETBHBIA 3apsn munoiiss Cl—C Ommke K aToMy a30Ta aMHHO-
TPYyMIbI, AATIONb JeCTaOMIM3UPYET MOJOKHUTEIbHBIN 3apsi1 Ha a30Te.

8-
c CHy
SN, (== rampaseie aanons C1-C)
2 3

Taxum obpazom, 3PQeKT mons ToKe TOMKEH YMEHBIIATh OCHOBHOCTH
amuHa. B OonbIInHCTBE ciiy4aeB HHIYKTUBHBIN 3D GEeKT 1 3PPeKT most
NIEHCTBYIOT B onHOM HampasieHuu. [loatomy otaenuts onuH 3¢ dexT
OT JpPYroro O4YeHb TPYAHO M HX YacTO PacCMaTpPHBAlOT COBMECTHO.
KomOuHnarnuio wWHIYKTHBHOTO 3Pdekra u dhdexkra Mo Ha3BIBAIOT
noJSIpHBIM P dexToM. OIHAKO MCHONB3YIOT U MPOCTOW TEPMUH «UH-
OYKmMusHbwlll 3¢hhexmy, opazyMeBasi, 4YTo B OTO IMOHSATHE BKIIOUAIOTCS
W MHIOYKTUBHBIA dpdekt JIptonca, u adpdext mons. B nannoit kuure oda
TEpPMHHA MTPUMEHSIOTCS Ha PaBHBIX TPaBax.

KonaecTBeHHO# Mepoii OAPHBIX (MHIYKTHBHBIX ) 3(p()EKTOB SBIIS-
10TCsI Oe3pa3MepHbIe KOHCTAHThI 3aMECTUTENS O, BXOJSILIIE B ypaBHEHHUE
I'ammera—Tadra (cm. 1. 3, pasa. 3.4). KadecTBeHHBIC PSABI M3MEHEHUS
MHIYKTUBHBIX 3 PEKTOB pa3IMYHbIX TPy NpHuBeAeHs! B Taom. 2.5. [o
knaccuduranuy MHromabp1a 37eKTpoHOaKIEITOPHBIE TPYTIITEI 00Ia1aloT
OTpHLATEIbHBIM HHIYKTUBHBIM 3(dekrtoM (—I), a 3JIeKTPOHOIOHOP-
HBIC — TTOJIOKUTEIBLHBIM HHIIYKTUBHBIM 3¢ dekToM (+1).

[Ipu ananmu3ze Tabmn. 2.5 MOXKHO cenaTh psij MOJE3HBIX 3aKITI0UEHUIH,
KOTOpBIE TIOMOTAIOT OIIEHUTh OTHOCHUTENBHYIO CHITYy HHIYKTHBHOTO (-
(exra pa3nuYHbIX TPYIII.
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OCHOBHBIC BBIBOABI CICAYIOIIUE.

1. I'pynm, IpATATHBAIONINX G-YIEKTPOHBI (C-aKIETITOPHBIX ), T. €. 00-
JIA/IAIOIIUX OTPULIATESILHBIM HHIYKTUBHBIM 3 EKTOM, ropasao Oobliie,
YeM TPYTII, OTTATKUBAIOIINX O-3JICKTPOHBI (G-TOHOPHBIX), T. €. 00Iana-
IOIIUX IOJIOKUTEIbHBIM UHAYKTHBHBIM ddekrom. [leno B TOM, 4TO B
KadecTBe HYJIEBOH TOYKH OTCUETa BBIOPAaH BOIOPOH («HE3aMEIIEHHOE»
COCJIMHEHHE BCE-TaKH MMEET 3aMECTHUTEIb, HO ATOT 3amecTuTens — H),
IUTST KOTOporo 3 deKT MpuHAT 3a HyIh. B mkane [lommara (tadmn. 1.1)
BOJIOPOJ UMEET CPABHUTEIBHO HU3KYIO JIEKTPOOTPHUIATENBLHOCTS (2,20)
¥ TIOYTH BCE aTOMBI, MEHEE JIEKTPOOTPHUIIATEIIFHBIE, YeM BOIOPOI, — 3TO
aTOMbI METAJIJIOB. BOJBIIMHCTBO e aTOMOB, BXOJSIIMX B COCTaB Hau-
0osiee pacrpoCTpaHEHHBIX OPraHMYECKHX (PYHKIIMOHAJIBHBIX TPYIII, —
aT0 atombl snemeHToB (N, O, P, S), Gonee »neKTpoOTpHLIATEIBHBIX,
yem Bomopor. llosTomy mo cpaBHeHHIO ¢ «3amectutenem» H Takume
rpynmsl OynyT obmanath 3(QGEeKToM NpHUTSHKEHHs dNeKTpoHoB. Eciu
OBl B Ka4eCTBE CTAHJAPTHOTO «3aMECTHTENsI CPAaBHEHHs» OBLT BBHIOpaH
HE BOJIOPOA, a DJIEKTPOOTPHULATEIBHBIA aTtoM, Hampumep ¢rop, To
OOJBITMHCTBO 3aMECTUTENEH MBI JIOJDKHBI OBUTH OBl OTHECTH K KJlaccy
«O-2JIEKTPOHOOTTAIKUBAIOIINXY, T. €. O-JIOHOPHBIX.

2. I'maBHYIO pOJIb B BeJIMUMHE HHAYKTUBHOTO Y eKTa UrpaeT 3apsy
Ha IICHTPAJbHOM aTOME TPYIIHI, T. €. Ha aToMe, HEMOCPEACTBEHHO
CBSI3aHHOM C YIVICPOJHOH IIETIOYKOH, IO KOTOpPOH 3ddeKT mepemaeTcs
K peakIMOHHOMY LeHTpy. K rpynmam ¢ OrpoMHBIM OTpUIATEIbHBIM

+
WHIYKTHBHBIM 3P dekToM oTHOCATCS auazo-rpymma (—N=N) u denn-

+ + +
nranoreHonuessie rpyninsl (—CIPh, —BrPh, — [Ph); menbmum, HO TOXE

JOCTaTOYHO OONBIIUM MHIYKTHBHBIM d(PQPEeKTOM 001aaatoT TPUMETHII-
+,07

+
amMmMmoHuitHas rpymnmna (—NMes;) u HUTporpynma (—H N ) ¢ TIOJIOXH-
@)

TCJILHBIM 3apsAIOM Ha aTOMEC a30Ta. OTpI/IIIaTCHLHO 3apSAKCHHBIC I'PYIIbLI
(—0~, —COO~, B(OH)3) nposiBisitot (+1)-3dexT, T. e. ommankugarom
SJIEKTPOHEI.

3. Kak nns HeUTpanbHBIX, TaK W JUISl 3apsDKEHHBIX TPYIIN NIaBHYIO
POJIb MIPAET IEKTPOOTPHUIIATEIIBHOCTh IIeHTpaabHoro aroMa. C ee po-
CTOM B PsTy TPYII OMWHAKOBOTO 3apsaHOTO THIA (+/)-3PdeKT YMEHb-
maercs (Hampumep, —Se~ > —S~ > —07), a (—I)-3dpdexr ypennuu-
Baetcs (Hampumep, —NH, < —OH < —F). Oxgnako u3 sToro mpasuia
UMEETCs M psijl UCKIIFoUeHU. Tak, MeTa/uio0praHu4eCcKHe IPYIIIbl TUIIA
—HgPh wnmm —SnPhs, comepxkamue B kadecTBe IICHTPAIBLHOTO aToMa
TSKEIbIE METaJUIbl, 001a/lal0T HEOOJNBIINM aKIeNTOPHbIM 3 (heKToM,
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HECMOTpSl Ha TO YTO 3JIEKTPOOTpHULATeNbHOCTh MeTauioB (Hg, Sn)
MEHBIIIE NIEKTPOOTPULATEILHOCTH BOAOPOA.

WupykruBHBId 3QdEKT anKuiabHBIX TPyHN (MOJIOKUTEIBHBIN) BO3-
pacTaer IHpH Iepexofe OT METHIBHOW K NEpBHYHBIM H Jayee
K BTOPHYHBIM M TPETHYHBIM Tpynmam, Hampumep (+/)-3pdexr:
CH; < CH3CH; < (CH3)2CH < (CH3)3C

XoTsl pa3HUIa B BEJIMYMHE HMHAYKTHBHOTO 3(dexrta Iuisd pasHbIX
QJIKWJIBHBIX IPYIII HEBEJIMKA, 3TOr0 BIIOJIHE JOCTATOYHO, YTOOBI JUII0JIb-
HbI€ MOMEHTBHI AJIKWJITAJIOT€HUI0B HE MOJUHHSINCH PAaBUITY BEKTOPHBIX
CYMM, O 4eM FOBOPHIIOCH B Haydajle 3TOTO pas3zena.

2.2.2. ME3OMEPHBII Y®PEKT

BTopbiM BaKHEWIIMM TIOHATHEM B TEOPUU BHYTPHUMOJICKYISPHBIX
AIIEKTPOHHBIX CMEIEHUH SABIIACTCS Me30MepHblil I pexm.

Mpbl BUzENH, YTO MPENCTaBieHUs 00 WHAYKTUBHOM 3(pdexre 00b-
SICHAIOT OTKJIOHEHHS HaOIIOMaeMbIX AKCTIEPUMEHTAIBHO IHITONBHBIX
MOMEHTOB OT BEKTOPHBIX CyMM JHIIOJNIEH CBsA3eil. TOUHO Tak ke KOH-
e Me30MepHoro 3ddexTa 0OBSICHIET HECOOTBETCTBHE JUITONb-
HBIX MOMEHTOB NpPAaBWIY aJJAUTUBHOCTH B CIy4ae HEHACHIIICHHBIX
MOJIEKYJ, COIEepKalluX KpaTHble CBsi3u. PaccmoTpum ciydait napa-
TUMETHIAMHHOHUTPOOCH301a, IMEIOIIETO JTUITONBHBI MOMEHT 6,87 /1:

0
. Y
-0
\0_

napa-pAMETUAAMUHOHNTPOGeH30N ;

(Kauen = 6,878)

JluMeTHIaHIINH UMEeT AWMOIBHBIA MoMeHT 1,58 ]I, a HUTpoOeH-
301 —4,03 1:

0
o +/
-0 oo

AUMETUAAHANMH, J1,= 1,58 0, Hutpoberson, 4. =403 4

CHagayia cpenmaeM JONyIIeHWE (Ha CaMOM JeJie HEBEepHOE), UTO
JIUTIOJIBHBIC MOMEHTBI M JIUMETHIAHWINHA U HUTPOOCH301a 00YyCIIOB-
JIHBI UCKITIOYHUTEIbHO HHAYKTUBHBIMU ¢ dexramu rpynn —N(CHj), u
—NO,. Torna, B cootBeTcTBHHU € TeM, 4to Tpymnsl —N(CHz), u —NO,
OTHOCSITCS K 3aMecTUTeNsIM TUTa (—/), BEKTOPHI TUTIOIHHBIX MOMEHTOB
JUTSI IUMETUIIAHUIIMHA U HUTPOOCH30J1a JIOJKHBI UMETh YKa3aHHbBIC HUKE

HallpaBJICHHUA
(cHg) N —@ @- NO,

6-::>8+ 8+4_—__|8-
ﬂ7 ﬂz
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Ecin mpennonokuth, 4TO AMUIMOJIBHBIH MOMEHT napa-AUMETHUIIaMU-

HOHHUTPOOCH30Ia TIOAYUHACTCS TPABUIY BEKTOPHOM CYMMBI JHITONEH

CBsI3€H, €r0 MOYKHO MPEACTaBUTh KaK BEKTOPHYIO CyMMY JTUTIOJIBHBIX MO-
=

- =
MEHTOB JIMMETHJIAHWIMHA U HUTPOOCH30Ia, T. €. 4 = ) + tp. BekTopbl
HaIpaBlIeHbl HABCTPEUY JAPYT JIPYTY, U 3HAUUT, CYMMapHbIA TUMOIbHbBIN

MOMEHT Gyaer paeH u™ — )+ = —1,58 + 4,03 = 2,45 J. Ha
caMOM Jelie BEMUYUHA Uy, = 6,87 I A n-HUTpOOAUMETUIAHUIMHA
3HAUUTENBHO npesviuiaem cymmy |pi| + |up|. Takum oOpasom, WH-
IYKTUBHBIM 3P PEKTOM HAOIIOMAEeMbIH TUIIOBHBI MOMEHT OOBSICHHUTD
Henb3s. Ilomumo WHAYKTUBHOI'O CMCHIICHUSA 3JICKTPOHOB CYHICCTBYCT
ere Kakoi-To 3PpQeKT, KOTOPOMY HYKHO TMPHUAATh GU3HISCKUI CMBICI.
Tak BO3HUKAIOT NPECTABICHUS O Me30MepHOM 3 ekTe.

TTOCKOIBKY |therr| > |1] + |12|, PE30HHO TIPEATIONOKUTE, UTO BEKTO-
PBI |4 U (i HAIIPABJICHBI HE B pa3HbIE CTOPOHBL, a B OHY CTOpOHY. Torna
BBIYHCIICHHOE 3HAUCHUE [ OyAeT OJIMKE COOTBETCTBOBATD Ly; (KOTOpOE
OoJbllle CyMMBI [ U [), YeM BEKTOpHAs CyMMa, YUUTHIBAIOIIAs JIHIIb
WHIYKTHBHBIC 3P dekThl. CreaoBareabHo, HEOOXOMUMO MPUAATh oOpar-
HOC HAIIPaBJICHUC BCKTOPY AUIIOJIBLHOIO MOMCHTA WJIN AUMETHUIIaHUIIMHA
i HUTpoOeH3oa. Teopus Me3oMepHOTO 3(pdekTa yKa3pIBaeT, 4To ITY
OIepanuro CJICAYCT MPOU3BECTU C AUMCTUIIAHUIIUHOM. COFHaCHO TeOpUuU
ME30MEpPHOTO CMEIICHHsI AJIEKTPOHOB, TpeioxkeHHol P. PoomHCcOHOM,
Mx. JIsmyoprom u K. Maronsnom B 1920-x rogax, HemoAeleHHAs mapa
SIIEKTPOHOB aToOMa a30Ta JIUMETHJIAMHUHOTPYIIEI, B3aMMOJAEHCTBYS C
HEHACHIIIEHHON CUCTEMOU CBsI3€ll OEH30JILHOIO KOIbIA, CMEIIAETCS OT
aToMa a3oTa K KOJIbITy, 9TO M300pakaeTcs Ha rpadudeckoit Gpopmyie
JIOTIOJIHUTENIBHOM M30THYTOH CTpeskoil. DTo cMelleHHe NPUBOIUT K
BO3HUKHOBEHHIO OTHOCHTEIHHOTO TOJIOKUATENBHOTO (T. €. MEHEee OTpHIIa-
TEIHHOTO, YeM B OTCYTCTBHE CMEIIEHI: ) 3apsijia Ha aTOMe a30Ta U OTHO-
CUTCJIbHOT'O OTPULATCIBLHOTO 3apda Ha aToMax yIjiepoaa 6CH3OJ'II)HOI‘O
koJbITa. CMerIaeTcst p-3IeKTpOHHAS IMapa aToMa a30Ta, OHa CMeIIaeTcs
yacmuyHo, T. €. NEKTPOHHAS IUIOTHOCTh, CBSI3aHHAs C 3TOH mapoii, B
OCHOBHOM OCTaeTCsl PUHAIeKAIIEH a30Ty.

[S)

Ra G ® 7
(CH3)2N© npu nonom cMeuwserin:  (CHa) N :@
(e )N %
CHs)ZN :@ npu noHoM cMettiekun:  (CHg) N =©:e
® _ ®
(CH3)2N :Q‘s MY TIOHOM CMeLL,eHMY: (CH3)2N=®

e
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[Tpu Me30MepHOM CMELICHUH 3JEKTPOHHBIEC Mapbl KaK YCTOHUUBBIC
obOpazoBaHus coxpaHsatoTcs. Ecimu ObI TIPOM30IIIIO TIOJTHOE CMEIICHUE
napel, TO MEpPBOHAYAILHO 00pa3zoBajicst Obl LBUTTEP-WOH C KapOaHU-
OHHBIM IIGHTPOM B Opmo-TIOJOKEHNU K a30Ty. Hemonenenuas mapa B
OpmMO-TIONIOKEHUN MOTJIa Obl CMELIAThCs Jlaee B Napa-TIONOKEHHUE H
3aTe€M BO BTOPOE Opmo-TIOJI0KEHHE.

Takum 00pa3oMm, OTpHLIATENBHBIN 3apsi OyneT pacrpeneieH Mex-
Ny IBYMS Opmo-yIIepOAHBIMH aTOMaMH M 1apa-yIIIepOAHBIM aTOMOM
OCH30JBHOTO KOJBLA, YTO HM300pakacTcs C TMOMOILBIO (OPMYJBI C
M30THYTBIMU CTPENKaMH '

(cH 3), N’1

WM Habopa KaHOHMYECKUX pe30HaHCHBIX (popm (cM. 1. 1, pasza. 1.10):

e,
(CH3),N «-—>(c|-|3)zﬁ=® — (cHQﬁ:@:eH(CHg);b?:@

&

WX C IIOMOMIBXO TOYCYHBIX JIHHI/Iﬁ, H306pa>1<a}01u1/1x «YaCTHYHBIC)

TT-CBSI3U («IIOIYCBS3M»): ]

(el N=_)e-

&

YV KaX[10if U3 3TUX CXeM 0003HaYeHUH CBOM JOCTOMHCTBA M HETOCTATKH.
B pszme cnydaeB mpeuMymiecTBO HaJ JIIOOOH M3 HHX MMEET MOJIEKY-
JSIPHO-OPOUTATHFHOE OIMMCAHWE ME30MEpPHOTO 3PdekTa (Me30Mepun),
KOTOpoe OyzeT paccMOTpeHo B pasn. 2.3.8.

Me3zoMepHOe CMEIIEHHE p- W T-JIEKTPOHOB B MOJIEKYJE IHMe-
TUJIAHUJIMHA UMCCT HAIIPABJICHUC, NPOTHUBOIIOJIO0XKXHOC HHAYKTHUBHOMY
CMENIEHUIO G-3eKTpoHoB. YacTo (HO He Bcerma) ME30MEpHOE CMe-
HICHUC NPUBOAUT K CMCIICHUIO, npeo6na);[afomeMy Haa MHAYKTUBHBIM
s deKToM, T. €. T-dJIEKTPOHBI «O0JIee TOABIKHBDY, YEM G-JICKTPOHBI.
310 00YyCIOBIEHO TEM, YTO Z-3JIEKTPOHBI, HAXOISCh Ha mepudepuii-
HBIX 7-OpOWTANAX, MEHEe IPOYHO, TI0 CPABHEHHUIO C BHYTPEHHUMHU
O-3JICKTPOHAMU, CBA3AaHLI C AIpaMU, UX NOTCHIIMAI HOHU3allUU MCHBIIIC

! MI30rHyTEIE CTpENKH MOKA3BIBAIOT HAMPABIEHHE ME30MEPHOTO CMEIEHHs p- U T-3MeKTPOHOB
BHYTPU MOJIEKYIIbl. B HeCKoNbKO MHOM CMBICHIE TaKhe K€ CTPENKH HCHOJNb3YIOTCs Ajsi 0003Ha-
YeHHs HAlpaBICHHS CMELICHUS JJICKTPOHHBIX Hap (0OpaTHTe BHHMAaHHE Ha JKEIaHUE COXPAHHUTh
KOHLEIIINIO YEKTPOHHBIX 1ap) B X0/1e XMMHYECKHUX PeaKlii MeK1y MOJIEKylaMH, HapHMep:

® s
H3N:/\>C—CE1-———> HaN—CC_ ¢

~

N
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U, CIIeJI0BATeIbHO, MOJSpU3yeMOCTh Oouibiie. [loaToMy mUNOIBHBIN
MOMEHT, CBSI3aHHBIN ¢ ME30MEPHBIM 3(D(EeKTOM, MOJKET MpeodIaaaTh Hall
JAUTIOJIBHBIM MOMCHTOM, CBA3aHHBIM C UHAYKTUBHBIM 3(b(bCKTOM, TaK 4TO
CYMMapHbIii MOMEHT JIMMETHUIAHWINHA MOXKET HMETh HAIPaBICHUE OT

KOJIbIIa K 3aMECTUTCIIIO.
)N O

— = UHBYKTUBHLIN

MOMEHT C:_—::-: MeaOMethlﬁ
= CyMMapHbIA

OpHaKo CyIIEeCcTBYIOT TPYIIIBI, UMEIOIINE, KaK U IUMETHIaMUHOTPYTIIA,
IIPOTUBOIIOJIOKHO HAIIPAaBJICHHBIC UHAYKTUBHLIC U ME30MCPHLIC CMCIIIC-
HUS 2JIEKTPOHOB, HO Y KOTOPBIX MHIYKTHBHOE BIUSHUE HA TUTIOIHHBIN
MOMEHT npeobnanaet. K Takum rpymnmnam OTHOCSTCS, HallpuMeEp, Tajo-
rensl. Tak, TUITOTBHBIE MOMEHTHI XJTopOeH30ua (pasz. 2.2.1) umu xiop-
stusena (CH, =CH,—Cl) nanpaBneHbl B CTOPOHY YITIEPOAHOTO CKEJeTa,
T. €. YIIepoJHasi m-CHcTeMa OOeIHEeHa AIIEKTPOHHOW IUIOTHOCTHIO (110
CPaBHEHHIO ¢ OCH30JIOM WJIH STHICHOM).

Bo3Hukaer Bompoc: modeMy Me30MepHOE CMEIIeHHWE B TUMETH-
JAHWIMHE HATpaBICHO OT JIEKTPOOTPHUIATENFHOIO 3JEMEHTa a3oTa
B CTOpOHY OCH30JILHOTO KOJIbIIa, a He Hao0opoT? OTBET COCTOWT B
TOM, YTO TIpM TAaKOM HampaBieHUW dPQeKTa B IMpeleTbHOM Cilydae
TTOJTHOTO CMEMICHHUS ITOYIHIIach ObI CTPYKTYypa C JeCATHIO AIEKTPOHAMHU
B BaJICHTHOW 000JIOUKE a30Ta, HapUMep:

S]

(CH3), N :®@

ATOM a30Ta B TPHHIKIIE MOT Obl MPHHSATD JIMIITHIOI APy JICKTPOHOB
Ha CBOM MyCThIE OPOUTANH C ITIABHBIM KBAHTOBBIM YHCIIOM 3, OTHAKO 3TH
opOuTa M y a30Ta JekKAT TaK BBICOKO, YTO 3aCEJICHUE MX DIICKTPOHAMH
MPUBENIO ObI K CHIBHOMY YBEJIUYCHHUIO DHEPTHUH MOJIEKYJIbl. B ciydae
HOPMAaJILHOTO ME30MEPHOTO CMEIICHHsI HETOICTICHHOM Maphl OT a30Ta K
OEH30JIbHOMY KOJIbILy aTOM a30Ta XOTS U MPUOOPETaeT IMOI0KUTEIbHBIN
3apsiz, HO COXpaHsIeT BOCBMUDICKTPOHHYIO BAEHTHYIO 000IOUKY.

C TOYKH 3pEHUSI TEOPHU MOJIEKYIISIPHBIX OpPOUTAIICH B3aUMO/ICHCTBHE
HETIO/ICIEHHOM Maphl SJIEKTPOHOB aTOMa a30Ta € -OpOUTATSIME OCH30ITh-
HOTO KOJIBIIA, T. €. JeJIOKAIU3AIINs HeMOACICHHO Maphl, MPUBOIUT K T10-
HIDKEHHIO DHEPTUH 3TOM mapbl. CleI0BaTeNbHO, TOIDKEH CYNIECTBOBATE
KOMITPOMHCC MEX]y MOHMW)KCHHEM SHEPTHH BCICICTBHE ME30MEPHOIO
CMEIICHHUS ¥ MOBBIIICHUEM SHEPTHU BCIIEJICTBHE IPHOOPETCHUS aTOMOM
a30Ta YaCTUYIHOTO IMOJIOKHUTEIHHOTO 3apsiia. OT BETMUYMHBI 3THX SHEP-
TUI ¥ 3aBHCUT BEJIMYUHA ME30MEPHOI0 dPdeKTa.
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B cnyyae HuTpoOeH3osa HampaBieHHsT MHIYKTUBHOTO 3ddekra u
Me3oMepHoro 3ddekra coBmamaoT. Me3zoMmepHbIii 3QdexT cmermaer
T-DJIEKTPOHBI OCH30JILHOTO KOJIbIIA IO HANpaBICHHIO K CHIIBHO DJIeK-
TPOOTPHIIATEIIPHOMY aTOMY KHCIIOpPOJa HUTPOTPYHIbL. Bo3HuKarommi
B OCH30JILHOM KOJIbIIE YaCTUYHBIN TOJIOKUTEIBHBIN 3aps]] pacipenesieH
MEXJY napa- u opmo-TOoJIOKSHUSIMH, YTO MOXKHO W300pa3uTh CIEyIO-
LIAMH CII0COOaMU:

o

0 g 0
V.
0~ 0 O‘
nam + A0
No-

Teriepp BO3BpaTHUMCSI K JUIOJIbHBIM MOMEHTaM. KTak, coriacHo
MIPaBIITy BEKTOPHON CyMMBI, BCJIEJCTBHE ME30MEPHH JUTIOIBHBIA MO-
MEHT napa-AUMETUIAMUHOHUTPOOCH30J1a JIOJKEH OBITh PaBeH CyM-
M€ JWIOJFHBIX MOMEHTOB [UMETHJIAHWIWHA W HUTpoOeH30Ma, T. €.
w=uw +u =158 +4,03] =5,61J. OnqHako 3KCIEPUMEHTAIBHO
OTIpeNICIICHHAs BEITUYHHA [y, = 0,87 J| ma 1,26 JI Gombime. Takoe
OTKIIOHCHHE OOYCIIOBJIICHO TE€M, YTO [0 CPABHEHHIO C HE3aMEIICHHBIM
TUMETHIAHIIIMHOM HUTPOTPYIIA B 7apa-TIOJI0KEHUH YCUIINBAECT ME30-
MEPHOE CMEIEHUE IEKTPOHOB OT JAMMETHUIaMUHOTpymbl. [Ipu Hamum-
YUW HUTPOTPYIIIHI KOMIIPOMHUCC MEXY IMOHIKEHNEM SHEPTUHU HeToze-
JICHHOM TIaphl BCJIEACTBUE JCIOKAIN3AINN U TIOBBIIICHUEM HEPTUU U3-
32 BO3HMKHOBEHHS Ha a30Te IOJIOKUTEIBHOTO 3apsiia BOSHHUKAET TpHU
6oJiee CHUIIBHOM cMelieHuu p-3iekTporoB ot rpymmsl (CH;3),N k GeH-
30JIbHOMY KOJbIly. MOKHO C(OpMYIIHPOBaThH 00Iee MpaBUIIO: eCiId Ha
OJTHOM KOHIIE COTIPSKEHHO 7T-CUCTEeMBbI (HalpuMep, B napa-noja0KeHUN
OCH30JIbHOTO KOJIbLIA) HAXOAUTCS 7-IOHOpHbIH (Hampumep, (CHj)aN)
3aMECTUTENb, & Ha JAPYTOM — T-aKIEeNTOpHEIN (Hampumep, —NO;) 3a-
MECTHTENIb, TO ME30MEPHOE CMEIICHUE DJIEKTPOHOB (OT T-JOHOpa K
T-aKIENTOpPYy) B TaKOW CUCTeMe OyzeT OOoJbIe, 4eM CMEIICHUE TT-3JIeK-
TPOHOB OT JIOHOpA K 7-CHCTEME B OTCYTCTBHE aKLENTOPa H CMEICHUE
TT-3JIEKTPOHOB OT TT-CHCTEMBI K aKIENTOPY B OTCYTCTBHE JTOHOPA.

C moMOIIbI0 ATOrO MpaBHiIA yAaeTCs OOBSICHUTh aHOMAILHO OOJIb-
IO TUTONBHBIA MOMEHT ndpa-TUMEeTHIaMIHOHUTPOOSH30I1a.

[MoMumo ycuneHust Me30MepHOro dpQeKra HeoOXOIUMO TAKKE YUH-
THIBaTh TOT (DaKT, YTO B NAPA-HATPOAWMETHIIAHWINHE WHIYKTUBHBIN
sdexr rpymmst (CHz),N MOXKET 3HAUHTETBHO OCIA0ATHCS BIUSIHUEM
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HUTPOTPYIIIBL. DTO CBA3aHO C TEM, 4TO MHAYKTUBHBIA 3ddekr NO,
HaIlpaBJieH B TPOTUBOIOJIOXKHYIO CTOPOHY O OTHOIIEHUIO K MHIYKTUB-
Homy 3¢dekry (CH;z),N, 4T0o yMeHbIIAeT WHAYKIUIO JUMOJICH BIOJb
CHCTEMBI TT-CBsI3el yriepon—yriepon (Tak Ha3bIBaeMasi HEeCOIIaCOBaH-
Has MHAYKLHUA).

(CHg)zN — —NO,
-7 —1

Bcenenctue Takoro oaddexkra Biman WHIYKTHBHONW — COCTaBIISIO-
el AUMONBHOTO MOMEHTa IUMETHIAHWIMHA TPU BBEICHUU HaApa-
HUTPOTPYIITBl JIOJDKEH YMEHBIIAThCS W ME30MEpHas COCTABIISIOIIAs
OymeT urparb OTHOCHUTEIBHO OOJBIIYIO POJb, YEM B HE3aMEUICHHOM
TUMETHJIaHWINHE. OTO TakKe JOJDKHO TPUBOAWTH K TIOBBHIIICHUIO
JIMIIOJIBHOTO MOMEHTa 110 CPAaBHEHUIO C BEKTOPHOW cymmoil. Tem He
MeHee TIIaBHYIO pOJb WTPaeT BCE-TaKW YCHUJIICHHE CMEIICHHS JIETKO
MOJIAPU3YEMBIX p(7)-3IIEKTPOHOB O ACHCTBUEM HUTPO3aMECTUTEINS.

JuMeTniaMrHO- W HUTPOTPYIIBI COMPSDIKEHBI APYT C JIPYIOM B
MOJIEKYJIC napa-TuMEeTUIaMHUHOHUTPOOCH3011a uepe3 n-cucremy. B cBs-
3 C ITUM Me3oMepHBIH 3(hdexT HaszpBaroT eme 3hHEKTOM COomps-
skeHust. CoIpsiKeHHE — 3TO B3aUMOJAEHCTBUE JIOKAIBHBIX 7T-CBSI3€H MO-
JIEKYJBl M Ha SI3BIKE TEOPHH MOJEKYISPHBIX OpOuTanel SKBHBAJICHT-
HO 00pa30BaHUIO AEJIOKAIM30BaHHBIX 7-opOuTaneit. s mpossieHus
a¢dexkra HeoOXOAMMO, YTOOBI JIOKABHBIE ZT-CHCTEMbI HAaXOAWINCH B
OJTHOW TIIOCKOCTH, TaK KakK TOJILKO B 3TOM Clly4ae BO3MOXKHO 00-
KOBOE TIepeKphIBaHMe opOuTaneil 7n-Tuna. B HEKOTOPHIX MoOJEKyIax
(hopMaIbHO BO3MOXKHOE CONPSDKCHHE HE OCYILISCTBISETCS H3-3a IPO-
CTPAaHCTBEHHBIX B3aUMOACUCTBUH, MPEMATCTBYIOMINX CYIIECTBOBAHUIO
JIOKaJbHBIX 7-CUCTEM B OAHOM IUIOcKocTH. Hampumep, AMNOIBHBINA
MomeHT (4,11 1) 1-numernnaMuHo-4-HUTPOTETpaMeTUIOCH30a (IuMe-
THJIAMAHOHHUTPOAYpOia) Ha 2,76 ]I MeHbIEe, YeM IUIIOJBHBIH MOMECHT
napa-JauMeTUIaMUHOHUTPOOCH301a (6,87 1), ¥ TUIlE HEMHOTO OOJIbIIIE,
geM MOMEHT HuTpoxypona (3,62 JI).

CHy CHy CHs CHs
(CHg)N NO, NO,
CHy CHjy CH; CHy

IHMeTHIaMHHOHHTPOAYpoa u=4,11 JI Hurpopypon pu=3,62 J1

B sToM citydae quMeTHIaMHHO- B HUTPOTPYIIIBI HENb3s1 TOMECTUTh
B IPOCTPAHCTBE MEXKIY IBYMS OpmMO-METHIBHBIMHU 3aMECTUTEIISMH,
€CJIM TIPH ATOM DPACIIONIOKUTHh MX B IIOCKOCTH OEH30JIFHOTO KOJbIa M
COXPaHUTh KHOPMAJIbHBIC» JUTHHBI CBsi3el (Tabu. 2.3 u 2.4), Tak Kak 3T0
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TabGnuma 2.6
Me3somepHble adeKTbl HEKOTOPBIX IPYII

OTTanKuBaHue m-3IeKTPOHOB (+M-3¢hdeKT), 7-TOHOPHBIE TPYIIIIBI
+
—O0™ >-0OR> —-0OR;

+ +
—S7 > SR > —SR, (SR; nposBuseT yxe (—M)-3¢ddekT)
—NR; > —~OR > —F
—OR > —SR > —SeR
—F>-Cl>—-Br> -1
[putskeHne m-3meKTPoHOB (—M-3(heKT), T-aKIenTOPHbIE IPYIIIbI
+
—CR=NR; > ~CR=NR
—C=0 > —CR=NR > —CR=CR;
—C=N> —-C=CR

NpPUBEIET K CHIILHOMY TOBBILICHUIO DHEPTHH M3-32 B3aUMHOT'O MPOHHK-
HOBEHHsI 3aIIOJHEHHBIX MEKTPOHHBIX 00oouek rpymn CHs u (CH;),N
wi NO,. Opmo-MeTWIbHbIE TPYMIbl MPEMATCTBYIOT PACIIOIOKECHUIO
TUMETHJIAMUHO- W (B MEHBIIEH CTETeHH) HUTPOTPYIIIBI B TUIOCKOCTH
OCH30JBLHOTO KOJbIAa (3TH TPYIIBI MOBOPAYMBAIOTCS HAa HEKOTOPBIH
YTOJI), CONPSKCHUE HAPYIIASTCS M ME30MEPHBIH d((EeKT CHILHO Ocia-
OeBaet. CretoBaTeNIbHO, ME30OMEPHBI U MPOCTPAHCTBEHHBIH 3 (EKThI
CHJIBHO CBSI3aHBI.

Tak e Kak M MHAYKTHBHBIA 3QdeKT, Me3oMepHBIH dPdexT MoxeT
OBITh TONOXHUTENBHBIM (+M-3¢hdekT) umn orpumarenbHbM (—M-3¢-
¢exr). Hanpumep, mumermnamuHorpynmna odnagaer (+M)-3ddextom,
T. €. CIIOCOOHOCTBIO CMEINaTh HETOJIENICHHBIE Maphl p-3JIEKTPOHOB II0
HAIPABJIICHUIO K CBA3aHHOW C HEU CONPSIKEHHOM CHCTEME, HalpuMep
OCH30JIEHOMY KOJIBITY; HUTpOTpyMia umeeT (—M )-3¢hdekT, T. e. IpUTATH-
BAeT 7-3JIEKTPOHHYIO IUIOTHOCTh. KauecTBeHHas! KapTHHA ME30MEPHBIX
5pPEeKTOB HEKOTOPBIX YacCTO BCTPEYAIOUIMXCS OPTraHMYECKHX TPYII
TIpUBeICHA B Ta0II. 2.6.

N3ydenune Tabm. 2.6 mMo3BONIAET YCTAHOBUTH Pl OOLIMX MPaBUIT IS
Me3oMepHoro 3ddexTa.

1. 3amecrtuTenu, coiepkKallue aToMbl 0OJIee 3ICKTPOOTPHUIIATEIIb-
HBIX DIIEMEHTOB JMaHHOTO Tepuona [leprommdeckoit cucreMsl, obnana-
torT MeHbuM (+M)-apdexrom (—NR,; > —OR > —F), HO OGonbimum
(—M)-3ppexrom (—C=0 > —CR=NR > —CR=CR;). Onnako npu u3-
MEHEHHUH CBepXy BHM3 Mo rpymnmne [lepuoanueckoii cucremsl (+M)-3¢-
¢exr ymensmaercs (—F > —Cl > —Br > —I). [locnemnuit addexr Ha-
XOIUT OOBSCHEHHWE B TEOPUH MOJIEKYISPHBIX OpOuTalieil, CoracHo
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KOTOPO# Me30MEpHBIN d(PPEKT 3aBUCUT HE TOJIBKO OT 3JIEKTPOOTPHLA-
TEJILHOCTH MPOSIBISIFOIIETO €r0 3JIEMEHTa, HO M OT 3 ()EKTHBHOCTH Mepe-
KpBIBaHUsI COCEHUX p(7)-opOuTaneid. DPPEeKTUBHOCTh MEPEKPhIBAHUS
HarOOJIbIIAs JIJISl BIEMEHTOB OJTHOTO U TOTO XK TIePHOJIa, U, TOCKOJIBKY B
OpraHMYEeCKOl XMMHHU paccMaTpUBAETCs] B3aUMOJICHCTBHE 3aMECTUTEIS
C YIIEPOIHBIMH T-CHCTEMaMH, p(7)-TiepeKphIBaHNe p-opouraneii ¢propa
(3JIEMEHT TOTO Ke MEePHO/Ia, YTO U YIIIEPO) IOJDKHO OBITh A (eKTUBHEE,
4yeM ISl 0oJiee TSDKENBIX TaJIoreHOB, 0COOEHHO Hofa.

2. Kak ¥ WHOYKTHBHBIA 3(QEKT, cTeNeHb ME30MEPHOIO CMelle-
HUSI 3aBHCUT OT JJIEKTPHYECKOTO 3apsaa 3amectutelns. OTpularels-
HO 3apsDKCHHBIC TPYIIBI SBJSIFOTCS HauOojee, a TOJOKHTEIbHO 3a-
PSDKEHHBIC TPYIIBl — HAUMEHEE CHIIBHBIMH ME30MEpPHBIMH JOHOPaMHU

+ +
(=07 > —OR > —-OR; mm —S~ > —SR > —SR;). Haobopot, mis
(—M)-3amecTuTeneit Me3oMepHBIH YPPEKT MpHU HATHIUHA TOJTOKUATETh-
+
Horo 3apsiga ycmimBaercsi (—CR=NR; > —CR=NR). 3nanue sT0ro

(daxTopa TO3BOJISIET ONTUMH3UPOBATH YCIOBHS MPOBEICHUS PEAKIIUH.
Tak, KHCIIOTHBIE KaTajiu3aTopbl, HAMPUMEP MPOTOH, MPHCOCTUHSACH K
aToMy Kuciopona kapoouwisHOUW Tpymmbl (C=0), pe3ko yCHIWBAIOT
CHOCOOHOCTh KapOOHHWJILHOM TPyMIlbl K HYKICO(PHILHOMY MPUCOEAHU-

HEHUIO. @;
o /OH
C\H C\H

berzanbaermn MPOTOHUPOBaHHb I/
CcpeqHui Gersanpperua,
(-M)-3ppexT CunbHbI  (-M)-3pepeKT
MedfieHHas | o BeicTpas o®
peakuuss [ CN peakLust
)
0 OH
/ /
C—CN C<CN
\H H
aHWOH  UMaHrUapUHa UMAHrUAPUH

MeszomepHbiii 3pdekt 3amecTurensi 00bIYHO TOpa3i0 CHIIbHEE, YeM
WHJIYKTUBHBIA 3QQEKT, U CHIBHO 3a6ucum om npupoobl OCMAIbHOU
yacmu MojeKyIvl; 0 ATOW NMPUYMHE €ro MPAKTUYCCKH HENb3sl YHH-
(GUIHPOBATh, T. €. MOCTPOUTH CIUHYIO IIKATY ME30MEPHBIX «KOHCTAHT
3aMEeCTUTEJICH» JUIsl BCEX MOJICKYJISPHBIX CUCTEM.

2.2.3. ME3OMEPHbII 3®®EKT GEHUJIBHOM I'PYIIIBI

OenmnpHas rpynmna CgHs (1 npyrue momoOHBIE TPYIIIBI, HAIIPUMEpP
—C=CR) conep>kuT TOJIBKO aTOMbI yIJI€pOAa U BOIOPOJaA, T. €. aTOMBI
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JJIEMEHTOB C HU3KOM 3IIEKTpOOTpULATENbHOCTEIO. IloaTOMy 3amecTu-
tenb CgHs Moxer ObITh Kak DOHOPOM, TaKk M aKLENTOPOM T-3JIEK-
TPOHHOI TIoTHOCTH. Hampumep, B TpudenniMermiibHoM Katnone CqHs
BBICTYIIa€T KaK JOHOPHBIH 3aMecTuTeNb, a B (PEHOKCHA-MOHE — KaK
AKLENTOP 7T-3JIEKTPOHHOMU IJIOTHOCTU OT aHUOHHOIO LIEHTpA.

?eHs
c® £o®
|
CeHs
(+M)-3cpepekT Cghsg (-M)-3pcpeT CgHs

BonbIIMHCTBO K€ 3aMECTUTENICH B OPraHMYECKUX COCTUHEHUSIX COAep-
JKar anexTpoorpunarensueie atomsl (N, O, S u np.). Ecin anekrpo-
OTPULIATEIIbHBIM I'€TepoaToOM, UMEIOLIUN HENOJCICHHYIO Iapy, CBs3aH
HETIOCPEICTBEHHO C MPOBOASIIEH POEKT T-CUCTEMOH (IpymibI —NR,,
—OR, —SR, —F u gp.), To nposBsiercst mmb (+M)-3bbdexT, a eciu
AIEKTPOOTPHULIATENBHBIN aTOM CBS3aH JBOMHOHM CBS3BIO C APYTMM aTo-
//O

MOM H MOCIIEIHHMHA HE MMECT HEMOACNCHHOM mapel (rpymmbr —C.
R

+
—NO;, —N=N u . 1.), 10 mposBisiercsi (—M)-3dbdekr. [pynnsr TH-

O
.
na *NHC\ nposiBISIOT (+M)-3pdekT u3-3a HaTHM4YUsl HENOAEICH-

HOW Tapel y a30Ta, OgHAKO ATOT A(h(eKT ociablieH Mo CpaBHEHUIO
¢ sddexrom rpynmsr —NH, BCIIeCTBHE CONMPSKEHMs HEMOACICHHOM
mapel ¢ KapOOHWIBHOU rpymmoit. Takum oOpa3zom, Hampumep, B na-
pa—aLICTI/IJIaMI/IHOTpI/I(I)CHI/IHMCTI/IHBHOM KaTUOHE 7-3JICKTPOHHAs I1JI0T-
HOCTh MEHEE CMeIlleHa B CTOPOHY MOJOXKHUTEIBHOTO IICHTPA, YeM B
napa-aMuHOTPUPEHUIMETHIBHOM KaTHOHE.

CeHg CeH
0 6''5
N o s Y l
C—NH C Hs
/ | i
CH3 CeHs CeHs

JIByCTOpOHHEE CONPSHKCHUE B AllCTUIIAMUHOIIPOU3BOIHOM HOCUT Ha3Ba-
HUE KPOCC-CONPANCEHUS.

C HempenB3aTONW TOYKU 3PEHUS, MOXHO IOJIaraTh, YTO HE TOJBKO
¢denm1, HO Jt00OI 3amecTuTeNsb obnanaer u (+M)- u (—M)-3pdexTom.
Ecnu nake oguH U3 3TuX 3GHEKTOB OYEHb MaJl HIIM PABCH HYIIO, TAKOH
MOJIXOJ] HEJIb3sl CYUTATh CIMILIKOM TPUBHANIBHBIM. [IprunHa BKIHOUCHUS
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HYJIEBBIX 3()(EKTOB B KaKOH-TO CTENEHU CBs3aHa C KEJaHWEM KJac-
cH(UIUPOBATh KAKIBIM 3aMECTHTENb IO BCeM A(deKTaM, a TakkKe ¢
dopmanu3mMom mporpaMm aist IBM.

2.2.4. ME3OMEPHBII Y®®PEKT T'AJJOTEHOB

OcoObIit BOITpOC BO3HUKACT MPU HHTEPIIPETAITMH ME30MEPHBIX (-
(EeKTOB TajoreHoB. DTOT BONPOC IOCTAaTOYHO CIOXKEH M TpedyeT ce-
presHoro BHUMaHuA. [louemy Me3omepHbIe 3P(EKTHI TaJIOTeHOB OTHO-
CUTEIIbHO MaJlbl U MOoYeMy (TOPY B napa-TOJOXKESHUU TPUITHUCHIBAIOT
ca0bIi MEKTPOHOMOHOPHBIA dPPEKT, a APYTUM TajoTeHaM — CIIA0BIN
ANEKTPOHOAKIENTOPHBIA 3PdexT? [Ipexnae Bcero HeoOXOIUMO HMETh
B BHJY, YTO BeIIMYMHA W HampaBieHue s(pdexra ompenensrorcs us3
IKCIIEPUMEHTANILHBIX HaOtoneHuit. Eciu, Hanpumep, Mbl HaONIOAaIH,
4TO napa-F-3aMecTHTenh yBEIMYHBAET CKOPOCTH COJBBOIH3A Mpeni-
Kymuiaxjgopuaa (ypaBHeHue 2.1) 1O CpaBHEHMIO C He3aMEIIEHHBIM
(napa-H) coemunenuem, a napa-Cl, napa-Br n napa-l1-3amecturenn He
YBEJIIMYMBAIOT (MM YMEHBIIIAT) CKOPOCTh, TO MbI JIOJKHBI IIPUITHCAThH
¢Topy moHopHBIA (+M)-3hdexT u cuauTarh, YTO XJIOp, OPOM H MO
(+M)->¢dpdexra B 3TOH peakuyu He NPosBIsIOT. C Ipyroi CTOPOHBI, MO-
CKOJIbKY BBenieHUe B napa-nonoxenne Cl, Br wn [ cmemaer paBHoBecre
KUCJIOTHOW MOHM3aUK QeHona (ypaBHeHHE 2.2) BIPaBoO, 8 BBEACHUE nd-
pa-1-3amecTuTerns He U3MEHSET TOJOKEHUSI paBHOBECHS (MIJIA CIBUTAET
€r0 BJICBO), MBI JIOJDKHBI IPUITKCATH XJIOPY, OpoMy U uoxy (—M )-3ddexT.
Takue BBIBO/IbI BO3MOKHBI, €CJIU BIIMSHUE TAJIOI'CHOB TPYIHO OOBSICHUTh
MPOCTO MHIYKTUBHBIM (—/)-3¢(hekToM. DTOTO CAeNIaTh Helb3sl, TaK KaK
¢drop, obnanaronuit MoHbIM (—/)-3ddekroM, TomKeH ObUT 3aMeISTh
peaknwmio (2.1), a Ha ombITe HAOMIOMAIOCH ycKkopeHue. B peakunnm (2.2)
KHUCJIOTHOCTh (heHoJioB yBenuuuBaetcst B psaay: H (pK, B Bome 9,99)
< F (9,89) < Cl (9,41) < Br (9,37) < I (9,33), XOTs1 WHAYKTUBHBIN
3pPEKT, KOTOPBIA TOKEH CTaOWIM3HPOBATH 3aMEILICHHBIA (EHOJNST-
WOH M TeM CaMbIM YBEJIHYMBATh KHUCIOTHOCTH, NEHCTBYEeT B 0OpaTHOM
HanpaBlIeHUU. 3HAYHUT, SKCIEPUMEHTAIBHBINA 3(deKT (T. e. 00paTHBIHI
MOPSAZIOK M3MEHEHHUS KHCIOTHOCTH (DEHOJIOB) CBSI3aH C ME30OMEpHEH.

MeLN1IeHHO ® HZO
= X X—QCCH 21
O, 2 Ot g O, a0

OH

x—@»w s — x—@oe + H (2.2)

[IpuHIIMTIHATBEHO TaJOTeHBI JOJDKHBI TPOSBIATE (+M)-3ddekt, Tak
KaK OHM HMMEIOT HEIMOJICICHHBIC Maphl JICKTPOHOB, OJHA U3 KOTOPBIX
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CONPSIKEHA C T-CUCTEMOW OCTaJIbHOM 4acTH MOJIEKYNbL. Teopernyecku
T-JOHOPHAsl TMOIBM)XKHOCTb 3TOW p-Tapbl IOJDKHA, BO-IIEPBBIX, YMEHb-
HIaTbcs ¢ POCTOM AeKTpooTpunarensHoctu atoma (I>Br>CI>F), Ho,
BO-BTOPBIX, YBEIMYNBaThCs OT noaa k ¢propy (F>CI>Br>I) B coorBet-
CTBUU C TeM, 4TO (PTOp — AIIEMEHT TOTO Ke Iepuona (BTOpOro), 4to u
YIVIEPOZ M KHCIIOPO, TI0ITOMY JULsl hTOpa MepeKpbiBaHue p(7)-TUIa 3¢-
¢dexruBHee. Bropoii hakTop MOIBMKHOCTH NpeodIaiacT Hajl MEePBBIM.

(—M)-Dddexr, TEOPETHYECKH  BO3MOXHBIH UL napa-
raJloTeHO3aMELICHHBIX (DEHONAT-UOHOB, MOXET HPOSBISTHCS TOJBKO
IUISL TSDKENBIX TAJIOTEHOB, HAIlpUMEp HOoza:

! @[OE npa-XMHOMBHAS NpefenbHas ‘I'i@:o
CTPyKTYypa

Hon umeeT OTHOCUTEIIBHO HHU3KOJICKAIIUE MYCThIC p-YPOBHU U MO3MY
MOJKET PacIIupsATh CBOIO BaJIEHTHYIO 000J04Ky a0 jaenera. [lia dropa
(—M)->ddexT nam oueHb Mall, HIIK PaBeH HYITIO, TTOCKOJIBKY €T0 ITyCThIe
YpOBHH (CKa)keM, 3p) JEKaT CIHIIKOM BBICOKO U HE 3aCEISIOTCS.
CrenoBarenbHO, IO TeopeTHIecKoMy (—M)-3ddeKTy rajsoreHsl MOXKHO
pacrionoxuts B paa: [>Br>Cl (>F).

(+M)-Dddext BozmMokeH ytst peakiuu (2.1), B KoTopoi oOpaszyeTcst
KaTHUOH, U HEBO3MOXCEH Juiss peakuuu (2.2), B KOTOpoW oOpa3syercs
annoH. HaoGopot, (—M)-3h(eKT TKeTBIX TaJoTeHOB BO3MOXKEH IS
peakuuu (2.2) 1 HEBO3MOXKEH it peakuuu (2.1).

Me3zomepHbie 23PPEKTH TEHCTBYIOT Ha (DOHE CHITBHBIX WHIYKTHBHBIX
spdexToB rasoreHoB. Dtu (—I)-3pPexThl 3amemisaoT peakip (2.1)
(6omee Bcero mist pTopa) U CIIOCOOCTBYET CMEIICHHUIO paBHOBeCHS (2.2)
BipaBo. [loxydaercs cnoxkHas kaptuHa HanoxeHus: (—/)-3dhexToB Ha
(-++M)-3ddexrer B peaknuu (2.2) u (—M)-3¢dpdexTsr B peakmuu (2.2).
OT TOHKOTO OalilaHCa pa3IMYHBIX AIEKTPOHHBIX CMEIICHUN M 3aBUCUT
SKCTIEpUMEHTAIEHO HaOIIojaeMoe M3MEHEHHE CKOPOCTH WIIA TIOJIOXKe-
Hus paBHOBecus. [loaTomy anekTpoHHbIe 3P (EeKThI B TpyIIe rajJoreHoB
MEHSIOTCS] «HETIPaBMIIBHBIM» 00pa3oM. B cirydae MeHee 31eKTpOOTpH-
narenpHbix 3amectutenieil (—NR,, —OR) unnykruBHbiil (—/)-3pdext
MEHBIIIE U OTHOBPEMEHHO BO3PACTAET CIIOCOOHOCTH K (+M )-CMEIIEHHUTO.
(—M)-Dddexramu 3THX 3aMecTHTEICH BTOpOii Tpysl [lepuomndeckoit
CHCTEMBl MOXKHO mpeHeOpeub. [loaToMy me3omepHBIH 3QdekT nerde
OTJENUTh OT WHIYKTHBHOTO.

2.2.5. THHEPKOHBIOTALIUA UJIN CBEPXCOIIPSI’KEHHUE

MetunpHas rpynmna obnamaer (+M)-3¢pdexToM, X0TsS oHA HE coaep-
JKUT HEMOAETIEHHBIX Map 3JIEKTPOHOB (CM. Tadm. 2.5).
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Kak m3BectHo (pazz. 2.2.1), adKuiIbHbIE TPYIIBl XapaKTepU3YIOTCS
OUYCHb HEOONBIIUM TIOJOKUTEITHPHBIM HHIYKTUBHBEIM 3(deKToMm, T. €.
CJIerKa OTTaJKUBAIOT BJEKTPOHBL. WHAYKTHBHBIA 3(PQPEKT alKUIbHBIX
TPYTI YBEJIHMYUBAETCS B PSIY:

CH; < CH;3CH; < (CHg)zCH < (CH3)3C

B srom xe psmy yBenmuuHMBaeTCs M OTHOCHTENbHAs CTAaOMIBLHOCTH
AJTKAITBLHBIX KaTHOHOB (cM. TI. 9). Bosee BbICOKasi CTAaOMIBHOCTD dTHIIb-
HOT'O KaTHOHa 10 CPaBHEHUIO C METHJIBHBIM OOBSCHSICTCS MEPEKphI-
BaHHWEM ITyCTOW p-opOutanmu ¢ o-opourtamsmu CH-cBs3edt cocemneit
METHIIBHOM Tpyniibl. ITOT 3QGEKT yCUIUBACTCS JUIst mpen -0y THIIBHOTO
KaTHOHA, TJIe UMEIOTCS TPU METWUJIbHBIE TPYIIIbI, CTaOWIM3UPYIOIINe
MOJIOKUTEIBHBIN 3apsi KapOOKaTHOHA 3a CYET JesoKaau3annu. Takoi
SPQEKT MoTydnsT Ha3BaHUE SUNEPKOHBIO2AYUU, NITH C8EPXCONPANCEHUSL,
XOTsI 3TOT TEPMHUH HEyJaueH, IIOCKOJIbKY TI0 BeJTMYUHE 3PPEKT ropasio
MeHbIIe, 9eM d(h(HEKT CONPSIKEHUS KPaTHRIX CBs3el B 1,3-OyTamaueHe u
COTPSIKEHHBIX MOJIMeHax (cM. II. 7).

['mmeproHbBIOTaMIO H300paXKarOT C MMOMOMIBIO M30THYTHIX CTPEJOK,
Harpumep:

H

HHEH

H H H Yg
H;A—%Hz HF\-@%HZ Héclce’
H H ‘5‘)\

HY H

3TUBHBIA napa-MeTNBeH3MbHbIA y
KaTVIOH KaTHoH Tper-ByTh AbHbIN
KaTHoH

Otr HopMyITEI 03HAYAIOT, UTO O-3JICKTPOHEI cBsa3eit C—H gacTudHO cMe-
MIAIOTCS Ha BAKaHTHBIE p- HIIH T-0pOuTanu. CnocoOHOCTh G-3JIEKTPOHOB
K TaKkOMy B3aWMOJEHCTBHIO 3aBHCHUT OT KOHKPETHOTO THIA O-CBS3H.
Dddexr He TposBiseTcs B ciiydae o-cBsizer C—C (mpem-OyTuibHas
rpymmna), 3aMeTeH B ciryyae o-cBsizeil C—H u odeHs Benuk ans o-cBsizeit
C—MeTaJT B METAJUIOOPTaHUYECKUX coemuHeHusx (cMm. i 19). B
HACTOSIIIEE BpEMsi Hapsijly C TEPMHHOM «THUIEPKOHBIOTAIMS» YacTO
WCTIOJIB3YETCSl TEPMUH «O,TT,-COTPSIKEHHEY.

O¢ddekr TunepKOHBIOTAIMKA TPOSIBISETCS HE TOJBKO B CKOPOCTSAX
peakiuii, HO W B CTaTHYECKOM COCTOSHHHM MOJIEKYJ, HallpuMep B
BEJIMYMHAX JIUTIOJIBHBIX MOMEHTOB. TaK, AUIOILHBIA MOMEHT MACIISTHOTO
anmpaernga (OyTaHassl), BRIYUCICHHBIA M0 MPABHUIy BEKTOPHOM ajin-
TUBHOCTH, UCXOJIsl U3 MOMEHTOB ITPOITMOHOBOIO aJibJCTH 1A (IIPOTIaHaIs )
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U TPOIAaHAa, OTIAMYAETCS OT IKCIEPUMEHTAIBHO OIMPEACICHHOTO BCETO
Ha Au = 0,03 JI:

0
CH;CHyC_ f=2,54]1
H

IponaHajb

CH3 CH2CH3 H = 0

NPOIaH

//O
CH;CH,CH,C Uy = 2,54 10 = 2,54 JT
H Hoxen = 2757 I[
OyTaHaib Ap = 0703 H

B To ke Bpems IUIIONbHBII MOMEHT, BBIUUCICHHBIA /111 KPOTOHOBOIO
anmpaernaa (mpomnuicH- 1 -kapOaapaeruaa) HCXO S U3 TUTTOTBHBIX MOMEH-
TOB aKpoJienHa (MPONEHAs) U MPOMMIICHA, OTIIMYACTCS OT SKCIIEPUMCH-
TanpHOl Benuunnbl Ha 0,41 [1:

L0
CH=CH-C__ 1 =290
H

AKPOJICUH

CH;—CH=CH, pu=036]]

CH;
“CH=CH__,0 fos = 2,90 JT+ 0,36 = 3,26 /I
C
\H Poxen = 3,67 1
A =041]1

MpaHc-KPOTOHOBBIN albJeTH]

Taxum o6paszom, gepes n-cuctemy —CH=CH-rpynmna CHj3 B3anmo-
neiicrByer ¢ rpynnoii —CH=O ropasio cuibHee, 4eM uepe3 o-CBs3b
—CH,—CH;,—. Dto siBnsieTCS TOBOAOM B IOJIb3Y TUIIEPKOHBIOTAIUH.

Teopernueckoe 0ObSICHEHHE THIIEPKOHBIOTAIINH JIETYe BCETO JaTh
C TIOMOIIBIO METOJa BO3MYILEHUIH MOJIEKYJISpPHBIX OpOuTanei, u B
paznene 2.5.4 Mbl BEpHEMCS K 3TOMY BOIIPOCY.

Ecnmu cymecrByror (+1)- u (—I)-3¢dexrsr, a Ttakke (+M)-u
(—=M)-s3dbdekTr, TO creqyer OXumaTh, dTro Kpome (+M)-3dpdexra
cem3eit C—H momxabl cymiecTtBoBaTh CBs3M C—X ¢ MPOTHBOIMONOXK-
HBIM (—M )-2pPEeKTOM, OCYIIESCTBISIOMUMCS IO THITY ©,7T-COTPSHKCHHUS.
OtoT 3h¢eKT MMeeT Ha3BaHUE OMPUYAMENbHAS CUNEPKOHBIOLAYUSL,
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ero CieayeT OXWAaTh, HApUMeEp, Uil TPUPTOPMETHIBHON TPyNIbI B
napa-rnoyoKeHUH TpUGTOpMeTUIDEHOIATAHHOHA!

OIHAaKO CTPOTHEC OKCIICPUMCEHTAJIBHBIC NOKa3aTCJIbCTBA OTpHHaTCHBHOﬁ
TUINCPKOHBIOTAllUN OTCYTCTBYIOT.

2.2.6. ME3OMEPHUA B OPTAHUYECKHUX KPACUTEJIAX
U IMUI'MEHTAX

Me3zomepubiii dhdeKT MBI MOXKeM HaOIOAaTh HETOCPEIACTBEHHO.
OkpalieHHbIe OPTraHUYECKUE COSAUHEHUS COCTOST U3 MOJIEKYII, B KOTO-
PBIX UMEETCs CONPSHKEHUE MEXTy KPaTHBIMHU CBSI3IMHU U, KaK TIPaBHIIO,
Ha OIHOM KOHIIE CONpPSDKEHHON r-cuctembl, coctosmieil 3 C=C u
N=N-cBs13ei#t, HaxonutTcs (+M)-Tpymia, a Ha aApyrom — (—M)-rpynmna.

Hamr m1a3 criocoOeH BOCIIPUHUMATH AJICKTPOMArHUTHBIC M3JIyYCHUS
B quana3one oT 400 1o 800 HM, KOTOPKIH TOATOMY Ha3BIBACTCS 8UOUMOU
obnacmoro. Ecnu Ha ceTyarky Ia3a TOMNAJarT OJHOBPEMEHHO U C
OJMTHAKOBOW MHTEHCHUBHOCTBHIO JTY4YH BCEX JUIMH BOJH BUANMOM 00acTH,
HaIpUMEp OT COJIHIIA, MbI BOCIIPUHUMAEM UX Kak Oesbiii cBeT. Eciu mia3
PETUCTPUPYET JHIIb YacTh ATOTO M3IyYEHHS, TO JIydd ONpEeIesIeHHON
JUTMHBI BOJIHBI KQXKYTCsl HAM OKpalleHHbIMU. Eciiu Ha ceTyaTKy BOOOIIE
He TIOMAaroT Jy4YH YKa3aHHOTO JMaIra3oHa, TO JUIS YeJIOBeKa HaCcTyIaeT
TEMHOTA.

Korma na xpacutens (wiu nHrMeHTl) magaer Oesblil CBET, 4acTb
W3IyYeHUs] C ONpEeAENCHHON MJIMHON BOJHBI TIOIVIONIAETCSA, a JIpy-
rasi 4acTh OTPa)KaeTcsa. JTa OTPAKCHHAsl 4acTh JOCTUTACT CETYATKH,
BBI3BIBas ONIyIIEHWE BeTa. Ecnu, Hampumep, KpacHuTelb IOMIOIIAET
JKEJITYI0O KOMIIOHEHTY BHUAMMOTO cBeTa (AiauHa BOJHBI 580 HM), TO MBI
OyZIeM BOCTIPHHHMATH TIPEIMET B TaK HAa3bIBAEMOM JOMOIHUTEIHEHOM
[BETE, B JAHHOM Cly4dae Kak CHHUU. B Taln. 2.7 mpuBencHBI IBETa
HEKOTOPBIX OTAETBHBIX JIydel CBeTa, MOIVIONIAeMBIX KpacuTelleM, U
COOTBETCTBYIOIIUE JOMOJTHUTEIbHBIC I[BETA, BOCIPUHUMAEMBIE TIIa30M
KaK I[BET KPACHUTEIs.

ITormomas KBaHT cBeTa ONPEIEICHHOW 4YaCTOTBI, MOJEKYJbl Kpa-
CUTENlI TepexosIT B BO30yXIeHHOe cocTosHue. Ecmm B Monexyne
COMPSIKCHUE TEPENACTCs ¢ MOMOIIBI0 7-CUCTEM OCH30JIbHBIX KOJIEIl,
TO BO30Y)KICHHOE COCTOSTHHE MOJKHO OIHCAaTh XHHOMIHOW CTPYKTYpOii,

! Kpacurens oTmHuaeTcs OT MHTMEHTAa TeM, YTO KPAacHTedh PAacTBOPHM M OKpANIHBAHHE
IPOU3BOAUTCS U3 PACTBOPA, 4 MMIMEHT HEPACTBOPUM H JUIs OKPAlIMBAHMS MCIIONB3YeTCs B BUJIE
CyCIICH3HH.
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aHaJIOTHYHO TOW, KOTOPYIO MBI pacCMaTpUBaJIU NPU OOBSICHEHUU ME30-
MepHoro 3ddexra. Harmpumep, 1 KpacuTeass METUIIOBOTO KPacHOTO:
Ho 0°

\C/

HO\C go
(CHg)zﬁl@lNéﬂ@_’L (CH3)zﬁ:©=N—N=®

METUN0BbIA KPaCHbIM B030YSKAeHHOe LUBUTTep-MoHHOe
(ocHoBHOE cocTosHHe ) (6eTaurosoe ) cocTosHme

Uem OoJpIlie CKIIOHHOCTH MOJIEKYNBI K ME30MEpPHH, T. €. 4eM Ooiee
NpPOTSDKEHHAs] CONPsDKEHHAsl CHCTeMa, TeM MEHBIIEe SHepreTHYecKast
IIeTTh MEXTYy OCHOBHBIM M BO30YXIEHHBIM COCTOSHUAMH. Takyio mo-
JeKyny Jierde Bo3OymuTb, T. €. OHa OyneT Bo30yXKIAaThCs CBETOM C
OOJBIION ATMHOM BOJTHBI (MaJION 9acTOTOMH). DTO O3HAYACT, HAIPUMED,
YTO B KpacHOM KpacuTelle, KOTOpBIH MomiomaeT cBeT ¢ A ~ 540 HM,
ME30MEepHBIA APQPEeKT OOoNbIIe, YeM B aHAJOTHIHOM II0 CTPOCHHIO,
HaIpuMep JKeaToM, kpacutene (A &~ 480 um).

B xayecTBe mpuMepa CpaBHHM CXOIHBIC IO CTPOCHHIO allbACTUIbI
(A), (b) u (B), ommryaromuecs ITMHOW METH COTPSKCHHBIX JTBOWHBIX
CBsI3eil MEKAY AUMETHIAHWINHOBOM W KapOOHWIIBHOW TPyIIIaMu:

Meer)

A’Max= 384 HM

() <0

Coenunenue (A) ¢ onHoit C=C-CBA3bI0 MEXAY 3TUMU TPYIIIAMU UMEET
OyeTHO-XKENTYI0 OKpacKy (majneByro), coemuHeHne (b) ¢ deTpIpbMs
TaKUMU CBSI35IMU JKENTOE, a coeauHenue (B) ¢ BoceMbio CBA3sIMU — SIPKO-
opamkesoe. [IpuHsaTo roBoputs, uto (B) mMeer Gomee mTyOoKyro okpac-
Ky, yeM (b) mmu (A). Camas mryOokasi okpacka — 3ejeHas, HauMeHee
DTyOOKast — 3eJIEHOBATO-KENTasT; YIIYOJCHHIO OKPACKH COOTBETCTBYET
Nepexo CBepXy BHU3 BIOJb MOCIeAHEH KOJIOHKH Tabm. 2.7. Takum 00-
pa3oM, 3eJIeHbIe KPACHUTENN JTOJKHBI XapaKTepH30BaThCsl T-CHUCTEMaMH,
CKJIOHHBIMH K CHJIBHOMY ME30MEPHOMY CMEIEHHIO TT-3JEKTPOHOB.
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Taonuma 2.7
JlnnHA BOJIHBI H I[BET MOIVIONIAEMBbIX JIy4eil U JOMOJIHUTEb-

HbIe IIBETA
I[nn:a:;nﬂm [Toroaemslii 1BET JIOMONMHUTEIBHBIN 1IBET
>
400 (roneToBbIi 3€JICHOBATO-KEIThIN
480 CHHUI HKENTHIH
530 3€JICHBII IIypILypHbII
580 JKEITBII CUHUUI
610 OpaHXeBbIN 3€JICHOBATO-CUHUI
660 KpacHbII CUHEBATO-3€NIEHbII
720 TEMHO-KPaCHbII 3€JICHBII

JuumanBunwibHas rpynna >C=C(CN), sBusercs 6onee CHIBHBIM
aKIENITOPOM ZT-3JIEKTPOHOB, YeM KapOoHmibHasA. [loaTomy coenmHenne
I' (pmoneroBoe) okpalieHo TIyoKe, 4eM pOACTBEHHOE EMYy COSIMHCHUE
b, a coenunenue /[ (cunee) — miyoke, 4eM COOTBETCTBYIOIIECE COCAMHE-
Hue B.

JlJiss BO3HUKHOBEHHSI OKPAacKHM BOBCE HE 00s3aTCIbHO HAMYKE Ha
OJTHOM KOHIIE COTPSKEHHOHW IEeNH T-IOHOPHOH, a Ha APYTOoM KOHIIE —
T-aKIENITOPHOM TPYIIIbI, KAKOBBIMU B MPUBEICHHBIX BBIIIE MPUMEPaX
SBIISIOTCS TUMETHJIAHWJIMHOBASA W KapOOHWIIbHAS WU JUIIMaHBUHUIIb-
Has rpynmbl. OKpacka BO3HHMKAeT JIaXe B IPOCTHIX IOJIMEHAX IPU
JIOCTATOYHO JUTMHHOM 11enouke conpsbkeHHbx C=C-cBsizeil.

K 4ncTo yrineBomopoHbIM KPACUTEISIM OTHOCSITCS, HAIPUMED, TIPU-
POIHBIE KapOTHUHBI, IMETOIINE KEITYIO FITH KpacHyto okpacky. s Toro,
YTOOBI Y HEHACHIIIEHHOTO YIJICBOAOPO/Ia MOSBUIACH TaKas HENTyOOKas
OKpacKa, Kak JKeNTas WM KpacHas, HEOOXOAWMO, YTOOBI B COIpsiKe-
HUM Haxomuioch Oomnbiroe yucio C=C-ceszeit. Tak, B f-kapoTuse,
OCHOBHOM KpacsIieM BeIIeCTBE MOPKOBH, YHCIIO COMPSKEHHBIX CBS3EH

nocturaer 11. HsC
C‘H3 (‘3H3 (‘3H3 H;C—N
N \\/\/\\/\/\\/\\/\/\\/\\/\\/‘
CH | | | B-kapoTun
N 3 H H
CH; CH; CH; CHji

2.2.7. CTATUCTUYECKHUE U TMHAMHWYECKHUE
IJIEKTPOHHBIE D®PEKTHBI

WHIyKTUBHBIA B Me30MEpHBIA A (HEKTHI, ONpeaeICHHbBIC U3 TUTIOJb-
HBIX MOMCHTOB OPraHHMYECKUX MOJEKYJ, XapaKTepU3yloT pacmpeneie-
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HUE JJICKTPOHHOH IUIOTHOCTH B HEPEArupyroIIMx MOJICKyJaaX. Takue
3¢ dEeKTBl HOCAT Ha3BaHHUE CMAMUYECKUX (HDakmopos pPacIpencIICHUs
ANIEKTPOHHOW IIOTHOCTH. Hanuuue omnpeneneHHbIX rpyi, 00iajaro-
X 3THMH 3JIEKTPOHHBIMU A dekramu, 00yCIOBIMBACT MOJSIPHOCTH
JAHHOM MOJIEKYJBI, T. €. €€ MOCTOSHHBINA AUMOJIBHBIM MOMEHT. OaHa-
KO B XOJe XMMHYECKOW pEaKIMH, KOTJa paccMaTpuBaeMasi MOJEKY-
Jla TECHO CONMKAeTCs C MOJICKYJIOH BTOPOrO MOJSPHOTO pearcHra,
OHa TIOTAJAeT TIOJl BIIMSHUE €ro DIEKTPUYECKOTO TONS M IOITOMY
MEpPBOHAYAIBHOE paclpeieliCHUE AIEKTPOHOB HapyIaercs. J{unonbHbie
MOMEHTHI COMM3UBIIMXCS U OMPEIeIEHHBIM 00pa30M OpHEHTHPOBAHHBIX
[0 OTHOIIEHUIO JPYyr K JPYyry pearcHTOB YK€ HE TaKue, Kak st
M30JINPOBAaHHBIX MOJICKYJ. VI3MEeHeHne JUITOIFHBIX MOMEHTOB 3aBHCHUT
OT MOJIIPU3YEeMOCTH peareHToB. HoBoe pacmpesenieHue 31eKTPOHHON
TUTOTHOCTH B CAMOM Hadajie PEeaKIfy IO BIHSHAEM BTOPOTO peareHTa
HA3BIBACTCA OUHAMUYECKUM (PAKMOPOM.

Bo3HukaeT BOPOC: MOXKHO JIM CBOMCTBA MOJICKYJI B HEPEArupyroIieM
COCTOSIHMM TIEPEHOCUTh Ha pearupyronlfe MOJICKYJBl, T. €. BCA IU
MHpOpPMAIMS O PEaKIMOHHOW CIIOCOOHOCTH 3ajiO)KeHa B CBOWCTBAxX
MCXOJIHBIX PeareHToB? DTO MPUHIUIIHAIBLHO Ba)KHO, IMTOCKOJIBKY CBOW-
CTBa CTa0MIIbHBIX PEAreéHTOB MOXHO HCCIEIOBATh 3KCIICPUMEHTAIbHO
(HarpuMep, ¢ TIOMOIIBIO PA3IMYHBIX BHJIOB CIIEKTPOCKOITUH), TOTA KaK
0 CBOWCTBaX MEPEXOAHOTO COCTOSHUS MOYKHO CYIMTB JIUIIIb KOCBEHHO.

OTtBeuass Ha 3TOT BONIPOC, MOXHO CKa3aTb, YTO MHOTOYHCIICHHBIE
SKCIEPUMEHTAJIbHBIC JAHHBIC, MOJYUYCHHBIC JIO HACTOSIICTO BPEMEHH,
MOKa3bIBAIOT, YTO HMH(OpPMAIUS O PEaKIMOHHOH CIIOCOOHOCTH YiKe
UMEETCSl B HEepearupyrolrx MOJEKyJaX, oJHako He Bcs. OCHOBHOM
MIPHUHIIMI, KOTOPBIM CIIEIYEeT PYKOBOJICTBOBATHCS, COCTOUT B CIIEAYIO-
IIeM: €CJIH B CTATHUYECKOM COCTOSTHUM MOJICKYJIbI IIPOSIBIISICTCS OMpejie-
JICHHBIN DJIEKTPOHHBIN APQEKT, TO B MEPEXOTHOM COCTOSHUU PEaKIIUU
OH MOXET TOJBKO YCHIIMTHCS WM HE MPOSBIATBCS BOBCE, HO HE
MOYKET U3MEHUTH CBOI 3HAaK Ha MPOTUBOIIOIOKHBIA. Hampumep, aHIITHH
pearupyeT ¢ 3MeKTpo(UIbHBIMU areHTaMH, JlaBasi MPOAYKThI napa- u
OpmMo-3aMelICHHUS

NH, H, NH,
@ + E® o éj ij/ 3aMelleHHbIC aHUIINHBI
napa- opmo-

Takasi opueHTanus HAOIHOIACTCS HE3aBUCUMO OT TOTO, Kakoil Oe-
petcst anekrpodua, U oObsacHsAeTcsS (+M)-3pPeKToM aMUHOTPYITIBI
(cM. 1. 13). OgHaKo IPU HUTPOBAHWUU A30THOM KUCIIOTOH 00pasyercs
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Mema-HUTpoaHWIMH. Crenys NpUBEACHHOMY BBIIIE NMPUHIIMITY, MOKHO
YTBEPXKIATh, YTO 3TOTO OBITh HE JOJKHO. M neicTBUTEIBHO, Mema-
3aMelieHre 00yCIOBICHO TeM, YTO B a30THOW KUCIIOTE C AEKTPO(UIOM
O\IO;r ) pearupyeTt He caM aHWJIWH, a HOH aHWJIUHUS:

“NH; ®NH; “NH;
©+H@ @ @ +N0f @
NO,
AHWJIIMHUS AHWJIIMHUS

B noHe aHMIMHUS HENONEJEHHAs Hapa 3JEKTPOHOB a30Ta CBS3bIBACT
NPOTOH M ME30MEPHBI 3(eKT ee yxe He mposiBisieTca. BMecTo 3Toro
NEHCTBYeT CHIBHBIN (—/)-3d(deKT Tpymimbl NH;F. Jpyramu cioBaMu,
WCTUHHBIM PEAareHTOM SIBJIIETCS HE aHWIMH, a UOH aHWJINHUS, KOTOPBII
10 3JIEKTPOHHOMY PACIPEACIICHUIO COBEPIIEHHO HE MOX0X HA aHUJIMH.
Takum oOpazom, cHOpMyTUPOBAHHBIN BbILIE Kaue€CTBEHHBIA MPHHIUIT
MOXKET CIIYKUTh ITyTE€BOJHOM HMTBIO NPU AHAJIU3€ BO3MOXKHBIX MeXa-
HU3MOB M3y4aeMOH peakLUu.

Junamudecknii pakTop 3aBUCHUT OT KOHKPETHOW PEaKITUH, HAITPIMED
OT XapakTepa peareHTa B OJHOTHITHBIX NpeBpalieHusXx. B kauecTse npu-
Mepa pacCMOTPUM PEaKINI0 HOHU3AINH 1apd-MeTOKCUOCH3UIXIIOPH/Ia
noj| aevictBueM pasHbix kucnot Jlstouca MX, (AICl;, GaBrs, TiCly

T 1)
o ® e
CH30 CH, MX,Cl

B ncxomHOM XJopuie METOKCHTPYTITIA COTIPsKEHA TOJIBKO C T-CUCTEMOMN
OCH30JILHOTO KOJIbLIA, OIHAKO B 00pa3yIOLIeMCsl KATHOHE B CONPSKCHUHT
Y4acTBYeT ellle U IycTas p-opOouTaih Ha OCH3WIFHOM aTOME yIjieposa.

B nepexomHOM COCTOSHMM Ha 5TOM aTOME MOJIOKUTEIBHBIN 3apsia U
ycTast p-OpOUTAb Pa3BUTHI HE MOITHOCTHIO. CrieoBareabHo, (+M)-3¢-
¢exr rpynnsl CH3O momkeH ObITh MUHMMAaJIEH B MCXOJHOH MOJIEKYJIe,
MaKCHMaJleH B KOHEYHOM KaTHOHE U UMETh MPOMEKYTOUHYIO CPEIHIOI0
BEJINYMHY B TIEPEXOIHOM COCTOSHHH:

®
CH30(;H2(:1 CH30CH2--~~C1MX,7 CH30 =<:>=CH2

cm—@-cnz—a + MX,

nepexoHoe XVHOWAHES NpegenbHas
(Mpun coCTORHMe qopMa KaTuoHa
(+Mep (+Maxe

B ool peakunm AMHAMHYECKHH ME30MEpHBIH S(PQeKT cuibHee cra-
THYECKOT0. MOXKHO OKHJaTh, YTO CTENCHb PAa3BUTHS KapOOKATHOHHOMN
CTPYKTYpPBl B TIEPEXOJHOM COCTOSIHUH OyleT 3aBUCETh OT MPHPOBI
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pearenta MX,,. [lostomy u (+M)-3dexT METOKCHU-TpYIIBI OPU U3-
MEHEHUH KUCIOTHI JIptonca OyneT H3MEeHAThCS.

WHorpa nuHaMu4eckuid MHAYKTHBHBIA 3()(EKT HA3bIBAIOT MHIYKTO-
MepHBIM 3(PPeKTOM, a TMHAMHUISCKUI Me30MepHBIN d(h(dHEKT — dImeKTpo-
MepHbIM! .

2.3. BOSMYIIEHUE MOJIEKYJIIPHBIX OPBUTAJIENA

B Teopun cMmeteHuit AeKTPOHHBIX TTap BHYTPUMOJICKYIISIPHBIE B3aH-
MOACUCTBHS 0003HAYAIOTCS CTPEIIKAMHE: TIPSMBIMHU — [Tl MHIYKTHBHOTO
¥ WHIYKTOMEPHOTO 3(PQPEKTOB WIM H30THYTHIMH — JJII ME30MEPHOTO
U EKTPOMEpHOro 3(P(eKkToB, a TakkKe I B3aUMOJICUCTBUS MEXKIY
(dbparMeHTaMy MOJIEKYIIBI BO BpeMsl BHYTPHUMOJIEKYIISIPHBIX TIeperpyIIu-
POBOK YIJIEPOTHOTO cKeleTa. MeXMONeKyIsIpHbIe B3aUMOICHCTBUS, T. €.
CMEIIIEHUS EKTPOHHBIX TIap OT OJHOM MOJIEKYJbI K APYyroi B Xoae Ou-
MOJIEKYJISIPHOM XUMHYECKON pPeaKIn, Taxke 0003HAYAIOTCS CTPETKaMu
(kak TpaBUIIO, H30THYTBIMU, XOTSI MOXKHO MIPUMEHUTH U MpsMbIe). B re-
TEPOIUTUYECKUX PEAKIUAX KaK/as CTPENIKa 03HaYaeT CMEIIeHHe OHON
TIapbI; YHCIIO CTPEIIOK YKAa3bIBAET, CKOJIBKO DJIEKTPOHHBIX AP «y4acTBYET
B JaHHOW peakiuu». Iloacdyer uucia 3ME€KTPOHOB, YYACTBYIOIIUX B
peakiusax, WMeeT NPHUHIMIHAIBHO BakHOEe 3HadeHWe. Hampumep, B
MEPULIUKINYECKUX PEAKIMSIX, OCYIIECTBISIOMINXCS Yepe3 UKINYEeCKoe
MIEPEXOTHOE COCTOSTHHUE, MPOIECCHI, OIMMCHIBAEMBIE CXEMaMH C YETHBIM
YUCIIOM H30THYTBIX CTPEIOK, B OCHOBHOM OJIEKTPOHHOM COCTOSHUU
MOJICKYJ WJIM CHJILHO 3aTPYJHEHBI, WM BBIOMPAIOT COBEPILICHHO MHOM
CTEePEOXUMHUYECKH MyTh 10 CPAaBHEHUIO C IMPOILECCaMU C HEYETHBIM
YHUCIIOM CTPENIOK (CM. II. 25).

Teopus cMeneHust SIEKTPOHHBIX TTap OOIIeTTPU3HAHHA U yKe B Tede-
Hue 60 JIeT ABISETCSI OCHOBOM M3YUYEHMsI M ITPETIOIaBaHuUs OPraHUYeCKON
xumun. TeM He MeHee B HACTOsIIEe BpeMsl OHA BCe OOJIbIIE M OOJIbIIe
YCTYIaeT MECTO IPYrod TCOPUH CTPOCHHUS M PEaKIIMOHHOH CIOCo0-
HOCTH OPraHMYECKUX COEIMHEHHUH, OCHOBAaHHON Ha NMPEJCTaBIECHUAX O
JIEJIOKATM30BaHHBIX MOJICKYISIPHBIX OpOHTassx. [JTaBHBIM CTUMYJIOM K
3TOMY MOCTYXWJI0 OoTKpbITHE B 1965 T. P. Bynsopaom u P. Todpmanom
MPUHIIMTIA COXPaHEHHUs OPONUTATHHONH CHMMETPHH B PEAKIINAX, HAYIIAX
yepe3 IUKINYECKUE TEPEeXOAHBIC COCTOSHUS (CM. III. 25), a Takke
pa3BUTHE HWIEW O IEePBOCTENEHHONW POJM TPaHUYHBIX OpOWTanei B
xumuueckux Bzaumozenctusax (K. @ykyu, 1957). B nannoii kaure ode
TEeOpuH OyAyT UCIOIB30BATHCS MapauIeIbHO.

'B crapoit Xxumudeckoii TuTEpaType [y HHIYKTHBHOTO S((eKTa BCTPEyaroTcs 06o3HAYCHHs
Iy (crarnueckuii) u I; (nuHamuyeckuit). [l mezoMepHOro addexra ObLTH MPeIoKEHbI Ha3BaHUS
Konvloeayuonnwlil a¢ppexm (K), maymomepnuiii a¢ppexm (T'), onHaKo 3TH 0003HAYCHHST ¥ HA3BAHUSI
HE IPUBUIIKC.
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2.3.1. PABHOBECHUE MOJIEKYJIA-JUMEP

B paznene 2.1 yka3pIBasloCh, UTO B OPIraHUYECKOM BEILECTBE MEXKTY
MOJICKYJIaMH Ha OOJIBITUX PACCTOSHUAX (B MOJICKYIISIPHOH IIIKae) ACi-
CTBYIOT CHJIBI TIPUTSDKEHHSI, 00YCIOBICHHbBIE B3aMMOIEHCTBHEM MEXKITY
MOCTOSIHHBIMU TUTIONISIMU TIOJISIPHBIX CBA3CH U (MIIN) HHAYLUPOBAHHBIMU
munoisiMa. [locTosHHOE MeiicTBHE CHIT TPUTSKEHUS UMEeT XUMHYECKHe
MOCTEACTBUS. DTH CHIIBI CIIOCOOCTBYIOT OOpa30BaHUIO KUIKOCTEH M
MOJIEKYJISIPHBIX KPHUCTAIJIOB M YBEIWYMBAIOT CKOPOCTh XUMHYECKHX
peaxiuii Mexry MOJEKyJIaMHu.

[Ipu Oonee TecHOM CONMMKEHWH MOJIEKYJ HAYMHAIOT JCHCTBOBATH
CHJTBI OTTAJIKMBAHUS 3aIIOJTHEHHBIX BAJIEHTHBIX 000JI0UEK; B pPaBHOBEC-
HBIX YCJIOBUSX HaOmromaercs OajaHC MEXIY CHJIAMHU MPUTSKCHUS U
CHJIAMHU OTTAJKWBAaHUS U MUHHUMAJIbHOE PACCTOSHHE, HA KOTOPOE MOTYT
CONM3UTHCS MOJIEKYIBI (WIIM TPYIIBEI BHYTPH OJHOM MOJICKYIBI), OTIpe-
JIeJIAeTCsl BaH-/1ep-BaajbCOBBIMH PAJMyCaMHU COCTABISIONINX aTOMOB.

Tem He MeHee B HEKOTOPBIX CIy4asX NpHU KOHACHCAIMU Tapa B
JKUAKOCTH M TBEPJIO€ TEJI0 PACCTOSHUE MEKIY MOJIEKYlIaMH CTaHOBUTCS
MEHBIIIe BaH-/Iep-BaaibcoBa. MeXMONIEKYIIPHOE PACCTOSHHUE MEHBIIE
BaH-/IeP-BaajIbCOBOTO O3HA4YaeT, YTO MOJIEKYJIbl HaXOJATCS B XUMHUYE-
ckoit cBsi3u. OOpasyromascss XUMHIeCKasi CBI3b MOXKET OBITh CHIIBHOM,
cpeaHel cuibl uiau cinaboii. Hanpumep, cBexxeneperHaHHbIi HUKIOCH-
tamueHn CsHg mpu xpanenuun OvicTpo mpeBpamaercs B xumep CioHi, B
pesynbTaTe peakiuu HUKIoNpucoeauHeHns. Harpesanue numepa npu-
BOJUT K OTTOHKE IEPBOHAYAIHLHOTO MOHOMEPHOTO IHKIIOTIEHTAHEHA.
OTO O3Ha4aeT, yTO MPHU YMEPEHHBIX TEMIIEpaTypax CyLIECTBYeT AWHa-
MHYECKOE PaBHOBECHE MEXKIy JBYMsI MOJEKYJIaMH ITUKIONEHTaIueHa H
MOJIEKYJION TUMepa, T. €. B JKUJKOM 00paslie IMMKJIONEHTaJHeHa aTOMbI
ymiepona 1 u 1’ u4 n 2’ moryT cOnmkarThbest Ha PACCTOSHHE, 3HAYUTETHHO
MEHBIIIe, YeM CyMMa BaH-JIep-BaalbCOBBIX PaIyCOB:

5

r
2 i 4 5
r
@5 + @"’ ~ 3
3 4 4
4 T

WUKNONeHTa fueH IUMep LUKNONeHTafueHa

(2.3)

Mexny atomamu 1 u 1’ u 4 u 2’ 06pasyroTcs HaCTOSIIME MPOYHBIE
KOBAJICHTHHBIC CBA3HU O-THUIIA.

Juuamuky peaknuu (2.3) MOXKHO OIHCATh CICAYIOIUM 00pa3oM.
KOFI[a JABC MOJICKYJIbI HNUKIIONCHTAAWCHA AO0CTATOYHO YAAJICHbI APYT
OT JIpyra, MEXIy HUMH JEHCTBYIOT CHJIBI NMpHUTsHKEeHHA. [lockombky
MOJICKYJIbI HCTIOJIAPHBI, TPUTAKCHUEC OCYLICCTBIACTCA 3a CUCT CHa6LIX
B3aUMOJICHCTBUH, CBSI3aHHBIX C AWCTIICPCHOHHBIMH CrulaMu (pasm. 2.3).
[TycTh 5TH TUCTIEPCHOHHBIC CHIIBI IPUBEIH K 00pa30BaHHIO MOJIEKYJISIP-
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HeIX map (CsHg - CsHg), B KOTOPBIX paccTOSHUE MEXAY MOJEKYyJIaMu
COOTBETCTBYET BaH-/I€P-BaajbCOBBIM pajuycaM. B ompeneneHHbIl Mo-
MEHT BPEMEHH CPEJIM 3TUX Iap OIpeieIeHHasl 4acTh yCTPOEHa TakK, 4To
aromsl 1 u 1’ n 4 u 2’ naxonarcs B BaH-1ep-BaabcOBOM KOHTaKTe. Torma
HEKOTOpBIE U3 3TUX ONAromnpusTHO OPHEHTHPOBAHHBIX Hap MOJIEKYI OY-
OyT UMETb SHEPIUIO, JOCTATOUHYIO JUIs IPEOIOICHUS SHEPTEeTUIECKOTO
Oaprepa, u mpousoiner peakuus (2.3). Hempopearuposapmme mnapsl
MOJIEKYJ BCJIEJCTBUE TEIUIOBOTO ABMXKEHUS MOTYT PAacHacThCsl, CHOBA
JaTh HOBBIE Maphbl, YaCTh KOTOPBIX OyJeT OlaronpusTHO OPUEHTHPOBAHA,
CTENEHb AMMEpPU3ALUM BO BPEMEHHU OyAeT yBEIMUYUBATHCS, HO HEKO-
TOpBIE MOJIEKYJBI TUMepa OylyT BHOBb pacmajaThCsi HA MOHOMEpPHBIC
MOJIeKyJbl. TakuM 00pa3oM, YCTaHOBUTCS IOJIOKEHHE pPaBHOBECHS,
COOTBETCTBYIOIIIEE TEMIIepaType odpasla.

2.3.2. BOOJOPOJHAS CBA3b

Ecnu B Monexyne comepKuTcs THAPOKCHIIbHAS TpyTIa (HampuMmep,
B crnuprax, (eHojax, KapOOHOBBIX KHCIIOTaxX), TO arOMbl KHCIOpOIa
THAPOKCHIIBHBIX TPYIIT JBYX MOJIEKYJI MOTYT TECHO CONHM3UTHCS W3-
3a 00pa30BaHUsl 8OOOPOOHLIX cesizell. BOMOPOIHBIC CBS3M OTHOCSTCS
K YUCIIy XHMHYECKUX CBS3€W CpeaHeil Chibl, HO, KOTAa WX MHOTO,
OHHU CHOCOOCTBYIOT 00Pa30BaHUIO MPOYHBIX AMMEPHBIX HIIM TOJIUMEp-
HBIX CTPYKTYp. OOIIEeN3BECTHRIMU TPUMEPAMHU SBISIFOTCS O(-CTIAPaIbHAS
CTPYKTYypa A€30KCHPHUOOHYKIEMHOBOM KHCIOTBHI U APYTHX MPUPOAHBIX
MOJTUMEPOB W alMa30Io/lo0Hast CTPYKTypa KPHCTAJUIMYECKOTO JIbJA.
Bonopoansie cBs3u 00pa3yroTcst HE TOJBKO MEXAY AByMs IpyIamMu
—OH, #0 m Mexxny —OH u kucmopomom kapooHUIEHOM Tyl C=0,
azoroM amuHorpynmnel —NH, u T. 1.

B ruapokcunbHOM rpyIine nojJoKUTENIbHbIA KOHEIl TUTIONS HAaXOAUT-
csl y atoma Bojlopojia, Onarozmapst uemy depes BOJOpOI MOXKET o0pa3o-
BBIBATHCS CBSI3b C AHHOHAMHU WJIM JIEKTPOOTPHUIATEIbHBIMU aTOMaMH,
MMEIONIMMH HEeTIO/IEJICHHbIE Tapbl, HAIpuUMep C aTOMOM KHCIIOpoja
JIpyroil Mojiexynsl. [louTn Bo Bcex Apyrux HOJSPHBIX IPyMNax MoJIo-
KUTEIHHBIA KOHEI[ JWTONS HAXOAWTCS BHYTPH MOJIEKYNBI M ITOITOMY
TPYJIHO JTOCTYMEH /ISl CBA3BIBAHUS:

CH3\ CH; MezN\5+ S—

5— rro+ _ NE A _

RO°™—H /C—O /S*O MezN;P =0
CH3 CH3 MezN

cruptel (R=AIk), ameron JUMETHII- rekcaMeTHI-
¢enonsr (R=Ar), cynsokcnn  docdop-
KapOOHOBBIE KHC- (AMCO) TpUAMH[
notel (R=RCO); (TM®TA)
TIOJIOKUTENbHBIH TIOJIOKUTENBHBIA KOHEI[ AUTIONIS
koHer aumnoias OH C-0,S—0uP-0
CHApPYXH MOJICKYJIBI BHYTPH MOJIEKYIIBI
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N3-3a OTCYTCTBUSL CTEPUYECKUX HPEMSTCTBUN BOAOPOAHASL CBS3b
oOpasyertcs nerko. Ee cuia onpenensieTcst TeMm, 4YTo OHa B 3HAYUTEIHHON
CTEIIEHU MMEET KOBAJECHTHBIM Xapakrep, T. €. ABE Iapbl IEKTPOHOB
(cBsa3pIBatOmIE O-37EKTPOHBI CBs3m O—H MoJekymbl, sBIstOMIEHCS
JIOHOPOM BOJOPOJHOM CBSI3M, W HETMOMACICHHAS IMapa MOJEKYNIbl aK-
[ENTOpa BOAOPOIHON CBSI3M) JENOKAIN30BaHBl MEXIY TPEeMs SApamMu.
BonoponHast cBs3b 00bIYHO M300pa)kaeTcsl MyHKTUPHOUW JTMHUEH MEXITy
JIOHOPOM | aKIENTOPOM, HallpuMep /ISl CIIydasi CIIUPTOB:

R—O—H------ O—R
H
noHop H-cessu akuenrop H-csizu

PaccrosHus Mex1y IByMs aTOMaMHy KHUCIIOPO/a U BOJOPOIAHOM CBSI3U
O—H::-O 00bIYHO 3HAYUTEIBHO MEHBIIIE CYMMBI BaH-/I€P-BaalbCOBBIX
paanycoB atomMoB Kuciopoma. CieoBaTenbHO, JOIDKHO OBITH 3HA-
YUTEIFHOE B3aMMHOE OTTAJIKHUBAaHHE JJIEKTPOHHBIX 000JOYEK aTOMOB
kuciaopoaa. OJHaKO CHUJIBI OTTAJIKUBaHUS MPEOI0JIEBAIOTCS CHUIION BO-
JIOPOJTHOM CBSI3U.

B 0o0miem, cuiia BOZOPOIHOM CBSI3H 3aBHCUT OT DIIEKTPOOTPHLATEIb-
HOCTH CBSI3BIBAEMBIX €10 aTOMOB. Yem Oojee AIeKTpOOTpUIATEIHHBI
aToMbl, TeM OoJjiee TpOYHas BOJAOPOIHAs CBS3b 00pasyeTcs MEXIy
HUMH. Tak, O4eHb CHUJIbHBIE BOJOPOIHBIE CBSI3U OOPa3yIOTCSH MEXKITY
Monekyilamu H—F. B kuakoM amMMHuake U aMHUHaX BOJOPOJHbBIE CBA3U
MeHee MPOYHbIe, YeM B Bone M crnuprax. [lompobHee Bompoc o cuiie
BOJIOPOJIHBIX CBsi3el Oyner paccmorpeH B miaBe 3 (pasa. 3.3.3) mpu
o0cyxneHnu KucioT bpercrena.

2.3.3. JOHOPHO-AKHENITOPHBIE KOMIIJIEKCBI

Eme oauH BUA CWIl OPUTSDKEHMS, CONMIKAIONIMX MOJICKYJbl Ha
paccTOsIHME MEHbBIIE CyMMBI BaH-AEp-BAallbCOBBIX PaJNyCOB, CBS3aH
¢ o0pa3oBaHHEM JOHOPHO-aKIENTOPHBIX KOMIIIeKcoB. Ecmm obpasery
ABIISIETCSI CMECBIO IBYX COEAMHEHUH, OJHO U3 KOTOPBIX UMEET IIyCTYIO
HU3KOJISKAILYI0 OpOUTAllb, a APYroe — 3all0THEHHYIO HECBSI3BIBAIOILYIO
opOuTaIb, TO MEKAY HUMH BO3MOKHO B3aUMOJICHCTBUE, KOTOPOE MOXKET
NPUBOANUTE K 00pa30BaHHIO TOBOJILHO ITPOYHBIX KOMIUIEKCOB, HAIIPUMED:

b B ey
CcBO  + @N/\// ’ 3>(3~—ﬁ’<m3 (2.4)
cﬂs CH, CH3 CH3C/,£ CHs
akuenTop JLOHop
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[TockonbKy n000€ KOBJIEHTHO MOCTPOCHHOE OPraHMYecKOe COeau-
HEHHE COACPKUT W 3aHATHIC (CBSA3BIBAIOIIME W HECBS3BIBAIOIINE) U
MyCThbIe (HECBA3BIBAIOIINE U PA3PIXJIAIOIINE) MOJIEKYIISPHbIE OpOUTAIIH,
00pazoBaHue TOHOPHO-AKIIETITOPHBIX KOMITJICKCOB JOJKHO OBITH OOIIINM
sBJIeHMEM. B0O3MOKHOCTh MJIM HEBO3MOXHOCTh HEMOCPEICTBEHHO Ha-
OmroraTh TakMe KOMITIEKCHI 3aBHCHT OT YCTOHYHMBOCTH KOMILIEKCA, T. €.
OT MPOYHOCTHU JOHOPHO-AKIENTOPHOI CBS3H.

OO6pazoBaHre KOMIUIEKCA MEXIY JBYyMsI TIEPBOHAYAILHO KWHETHYE-
CKM HE3aBHCHUMBIMH MOJICKYJIAMH CBSI3aHO C YMCHBIICHUEM SHTPOIINH,
MO3TOMY CJEQyeT OKHAATh, YTO JOHOPHO-aKIENTOPHOE B3amMOJIEH-
cTBHE OyJeT 0COOCHHO BEJIMKO, €CITU JIOHOPHAS M aKIENTOPHAs TPYIIIbI
HAXOJTCSl BHYTPH OTHOW MOJIEKYNBI M BCIEICTBHE 0COOEHHOCTEH MO-
JIEKYJSIPHOM TEOMETPUH COMHMIKEHBI Ha PacCTOSHHE, JOCTATOYHO Majoe
JUTSL OCYIIIECTBIICHHSI TAKOTO B3aMMOJICHCTBHSL. DTOT THUI BHYTPUMOJIIEKY-
JISIPHOTO B3aUMOJCWCTBUS HA3bIBACTCS MPAHCAHHYAAPHBIM P dexnmom.
OH xapakTepeH, HalpuMep, il aTPaHOB — 3JIEMEHTOOPTaHUYECKHX CO-
eIMHECHUH co cBs3saMu thna N:—M, tme M=B, Si H 1p.

CH
CHZ\N// 2, cnz\N \/CHZ
CHyCH | cHeHy CHCH, CH< CHz/CHZ
B\/ Si
0~ \I~o 0~ NT~o

0 0
6opanaH cunatpat

31ech IOHOPHO-AKIICTITOPHAS CBs3b 0003HAYCHA CTPEJIKOH, HAPABIICH-
HOW OT a30Ta K OOpy WM KPEMHHUIO. DTa CBS3b HE SBISETCS MOJHO-
CTBIO KOBaJIGHTHOM, T. €. CTPYKTypa MOJICKYNl HE SIBISICTCS] TTOTHOCTHIO
LIBUTTEPUOHHOIA, coepskameii pparment NT—M™. JlpyrumMu cIoBaMu,
pasaenenue 3apsaoB (T. €. MePexo/l Maphl SJICKTPOHOB OT a30Ta K aTOMY
snementa M) HenonHoe (N:°T — M%), Tlo 9Toif npuuMHE TOHOPHO-
aKIEITOPHBIC KOMILUIEKCHI HA3bIBAIOT CIIE KOMAIJIEKCAMU C NepeHoCOoM
sapsoa (KI13).

[Ipu $hoToBO30YKACHNH MPOUCXOJUT MONHBIA NEpeHoC 3apsa, Mmo-
stomy KII3 wacto ymaercs HaOmomaTh CIeKTpaiabHO. Ecim pacTBop
CMecH JOHOpa M akuenrtopa B Y®- uiauM BUIMMOM CIEKTpax JaeT
HOBYIO I0JIOCY, KOTOpasi OTCYTCTBYET B CIIEKTPax pacTBOpa JAOHOPA U
aKIIeTITOPa, CHATHIX 10 OTACIHLHOCTH (IOJI0CA TIEPEeHOca 3apsa), TO ATO
SIBIIIETCSI TOKa3aTelbcTBOM obOpazoBanus KII3:

(momop)°* — (axmernrrop)®~ (momop)® — (akmenrrop)®

nosoca
nepeHoca
3apsiia

BaxxHo mom4yepkHyTh, UYTO MPHU JOHOPHO-aKIENTOPHOM B3aUMOJICH-
CTBUU TEPEHOC 3apsijia MPOUCXOJUT TOJBKO MPH TECHOM COJNMKEHUHU
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MapTHEPOB. DNEKTPOHBI MEPEXOAAT OT JOHOPA K aKLENTOPY BCIEICTBUE
MIePEeKPBIBAHMS ITyCTOI OpOUTAIH aKIIETITOpa C 3aMI0JTHEHHON OpOUTAIIBIO
JIOHOpA, T. €. «ICNOKAIU3YIOTCS» MEXIy IOHOPOM U aKIENTOPOM B
oOmactu mepekpriBaHus. J|OHOPHO-aKIENITOPHOE B3aMMOJACHCTBUE Xa-
pPaKTepHO ISl 7-CHUCTEM, DJICKTPOHBI KOTOPBIX JIETKO MOJSPU3YIOTCS
W opOWTamM JIETKO NPOHHWKAIOT onHa B apyryio. llo cymecTsy, co-
NnpsizkeHue KPaTHbIX CBsi3ell —3TO 00KOBOE TOHOPHO-AKIENTOPHOE
B3anMo/lelicTBHe, BeIyllee K JETOKaIN3alliy, T. €. IEPEHOCY 3aps/a.
[Tpu 1OHOPHO-AKIIENITOPHOM B3aUMOJICHCTBHH JIByX MOJICKYJ 00pa3yroT-
CSl T-KOMNIEKChl.

C TOYKHM 3peHHus TEOPUH KUCJIOT U OCHOBAaHUHU (BakHEHIIEeH KOH-
HEeNINH, 00BENNHSIONIeH OPraHUYeCKYI0 U HEOPTraHHMYECKYI0 XUMHUIO),
aKIIeTOp — 3TO KHUCIIOTa, a JAOHOpP — ocHoBaHue. CleaoBaTeiabHo, J0-
HOPHO-aKIENTOPHOE B3aWMOJEHCTBHE M KHCIOTHO-OCHOBHOE B3aUMO-
JIefiCTBHE, TI0 CYIIECTBY, OJJHO U TO k€. KHMCIIOTHO-OCHOBHBIE B3aWMO-
JIEHCTBUS pacCMaTPUBAIOTCA B TIL. 3.

2.3.4. TEOPUS BO3MYIIEHA MOJEKYJISIPHBIX OPBUTAJIEN

Ecan mpoucxomaut peakuusi MEXAy IBYMsI MOJIEKYJIaMH, TO B pe-
3yJbTaTe MEXIY MePBOHAYAIFHO HECBA3aHHBIMH aTOMAaMH 00Pa3yIOTCs
HOBBIE XHUMHUYECKHE CBs3U. Ilpu 3TOM cTapble XUMHYECKUE CBS3H,
OBIBIIIFIE B peareHTax, MOTYT COXPaHSTHCS, KaK, HAIPHUMEp, B PEaKIIuu
(2.4) Tpumerunbopa C TPUMETHIAMHUHOM, WM OOpa3oBaHHE HOBBIX
CBSI3€H MOYKET COTPOBOXKIIATHCS PAa3pbIBOM HEKOTOPBIX CTapbIX CBS3EH.
[Ipumepom sBnsgeTCS AUMEpU3ALHs UKIONCHTaaueHa (peakuus (2.3)).

B Tteopum BO3MyIIEeHHS MOJEKYISApHBIX opourtaneir (BMO) peak-
[Us pacCMaTPUBACTCS TOJIBKO B CaMbIil HAauaJdbHBI MOMEHT Pa3BUTHSL.
OcHOBHOH BOMpoOC, Ha KOTOphI oTBedaer Teopuss BMO, coctout B
TOM, TOBBIIIATHCS MJIM MOHMKATHCS OyJIeT SHEPTUsl CUCTEMBI, €CITU JIBE
MOJIEKYJIBI WK J1Ba (pparMeHTa BHYTPH OJHON MOJIEKYJIB HAYHYT COMH-
’KaThCsl HAMHOTO TECHEE, YeM 3TO IPEIOMNPECICHO BaH-IEP-BaalbCo-
BBEIMH pajuycaMu. Ecii sHepTrs MOBBIIASTCS, MOJIEKYIBI PACXOIsATCS,
a €CJIM PHEPTUs TOHUKAETCS, MPOUCXoAUT peakuusi. B Teopun BMO nHe
paccMaTpuBaeTCs BECh yTh OT PEAareHTOB Yepe3 MEePEXOTHOE COCTOSTHHE
K npoaykram. CMBICT TEPMHHA «PEaKIMOHHAs CIIOCOOHOCTH» B ITOU
TEOPUHU 3aKJIFOYACTCS B TOM, YTO CIIOCOOHOCTH MOJICKYJ BCTyHaTh B
PEaKIUIo ONPEeIeIeTCsl UX COOCTBEHHBIMH CTPYKTYPHBIMH CBOHCTBAMH.
Takum o6pazom, meton BMO ananu3upyercs 3aBUCUMOCTBIO My TeH pe-
aKIM{ OT CBOMCTB peareHTOB, a TOYHEE OT a/IEKBaTHOTO COYETAHUS OTIpe-
JIEJICHHBIX MOJICKYSIPHBIX CBOWCTB, MPUCYIIUX MMapTHEPaM IO PEaKIUH.

Kornma naumHaeTcsi B3auMOZIEiCTBHE MEXKIY MOJIEKYJIaMH, BHaJale
pEareHT WCHBITHIBACT Mallble BO3MYIICHUS CO CTOPOHBI IPYTrOro pea-
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TeHTa. DTUM MaJjbIM BO3MYILEHHUSIM COOTBETCTBYIOT Majble U3MEHEHUS
SHEPIUH, KOTOpBbIE MPEACTABIAIOTCS KaK paCIICIUICHHE MEPBHYHBIX
ypoBHeii sHepruu. [Ipennonaraercs, 4To Npu NepeKpbIBAHUN OpOUTaIeH
pearupyIonmx MoJIeKya B¢ (Wiau OoJIbIIee YWCIIO0) TepBOHAYATILHO
HEBO3MYIICHHBIC (0a3HCHBIC) OpOHMTAIM BO3MYILAIOT ApPYr Jpyra H
00pa3yroTcsi JBE HOBBbIE BO3MYILIEHHBIC OpOWTaJM, OAHA U3 KOTOPBIX
umeet OoJiee HU3KYIO, a Apyras — OoJiee BEICOKYIO SHEPTHIO, YeM HEBO3-
MYLICHHbIE OpOHUTaNN. BaXXHO MOAYEPKHYTh, UTO 3THU JIBE BO3MYILEHHbIE
opOUTamu HE SBIAIOTCA OpPOUTANISIMM KOHEUHOTO TPOJYKTa peakluu,
a COOTBETCTBYIOT CJIA0OMY KOMIUIEKCY MEXIy ABYMS MOJIEKYJIaMHu,
oOpasyrolemMycsi Ha paHHEeW CTaJ UM peakldu, KOTOPBIH MOXKHO pac-
CMaTpUBaTh Kak Iapy CONMXEHHBIX ApPYr C ApyroM Mosekyid. Ilo-
MHOMY 3TOT KOMITJIEKC HA3bIBAIOT cynepmonexynou. B cynepmonexyne
Ka)/IbIl M3 COCTAaBJIAIOIINX €€ MapTHEPOB noumu COXPAHAET CBONCTBA
W30JINPOBAHHON MOJIEKYJIBI.

Hanpuwmep, B peakuuu (2.3), KOTOPYI0O MOXHO pacCMaTpHBATh Kak
B3aUMOJICHCTBUE 7M-0pOuTaIeii OyTaaueHOBOTO THIIA OJHOW MOJIEKYJIBI
C m-opOUTAISIMUA ABOMHOM CBSA3M APYTOM MOJIEKYIIbI, B IEPBOHAYAILHOM
KOMITIEKCe B3anMoencTBytone MO ocTaroTcs OpOUTaISIMU T-TUTIA U
TOJBKO Ha Oojiee TIyOOKOW CTYNEHM peakUUHM HAYMHAIOT MEPEXOAMTH
B o-opOurtanu npoxykra. Ilinockas reomerpus LUKIONEHTaJAUCHOBBIX
LIUKJIOB B N€PBOHAYATIBLHOM KOMITJIEKCE MPAKTHUECKHU €Ille HE N3MEHEeHa:

nepBoHaYabHbIN
cBOGOAHbIE KOMMMEeKC
MOJeKybl (IT-0pBUTaNN BO3MYLLEHbI) NPOAYKT peakummn

Peakuus (2.3) npuBoguT K 00pa30BaHUIO JIOTIOJIHUTEIBHOTO IUKIIA
B MOJIEKyJIe TPOAYKTa, W MOXKHO IIOJIaraTh, YTO OHAa IPOUCXOIHT
CHHXPOHHO. 37eCh MMEIOTCS NIBe O0ONacTH B3aMMOICHCTBUS, W TaKas
peakiusi Has3bIBaeTCsl JBycTopoHHeill. B peaxmuu (2.4) mpoucxoaut
OJIHOCTOpPOHHEE B3auMOjIecTBUE HecBs3biBatomed MO TpumeruiaMu-
Ha, HECYIIeHl HemojeNeHHyI0 Mapy 3JeKTpoHOB, u mycrtod MO Ttpu-
Metmioopa. HecBs3eiBarormass MO TpUMETHIIAMHHA TIOYTH IIETHKOM
JIOKaJIn30BaHa Ha aTtome a3zota (cM. opoutanu NHj; puc. 1.19, 1. 1); a
mycTasi OpOUTAIh TPUMETHIOOPA TTOYTH IICITMKOM TPUHAICKUT aTOMY
6opa. CrnenoBaTenbHO, B 3TOM ClIydae B3aUMOACHCTBUE OCYIIECCTBIACTCS
C yJacTHeM IHOPHIHOM (sp° B TPUMETHIIAMUHE) ¥ HETHOPHIM30BAHHOI
(uncras p B TpUMETHIOOPE) ATOMHBIX OpPOUTATICH.
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2.3.5. BOSMYUWEHHE NEPBOI'O U BTOPOI'O IIOPAAKA

OpHocTopoHHUH Tporece Mexay Moiekyinamu J[ (monop) u A (ak-
IIETITOP) MOKHO BBIPA3UTh CICAYIOMICH CXeMOT:

d «— 7 7"~, @
ot Y™ @i

fa

1S

Ha sT0ii cxeme 00010000CTpasi IyHKTHpHAsI CTPENIKa 03HaYaeT B3aUMHOE
BO3MYIIIEHHE OpOUTaJIe, KOTOPhIE JIOKATH30BaHbI HA aTOME d MOJICKYJIBI
I u atome a Monekynsl A.

BosMy1enne MOJEKyIsIpHBIX opOuTaneld mpu oOpa30BaHUH KOM-
wiekca /I—A COBEpLICHHO aHAaJIOTHYHO BO3MYLICHHUIO aTOMHBIX OpOH-
Tajel mpu o0pa3oBaHWM MOJEKYNI M3 aTOMOB. AHAJOTHYHO TOMY, Kak
MOJICKYJISIpHBIE OpOMTANIM MPEICTABISAIOTCS B BHIC JHMHEHHON KOMOU-
HaIlUW aTOMHBIX opOuTanei, opouTanmm KoMruiekca J{— A SBISIFOTCS JTH-
HEHHOM KOMOHMHAIel B3auMOJCHCTBYIOIUX MOJICKYJISIPHBIX OpOuTanei
Mosekyn JI u A.

[Ipu Bo3MylIEHUH OpOUTaNEl Y, U Y, MOIY4YaroTCs ABE BO3MYILIEH-
HbIe opOuTanu ¥, u W_, oTHOCcAIMECH K cynepmoiexyine A<«D. Ot
OpOHTANIN CTPOSTCS HA OCHOBE CIIEAYIOLIEro MpaBuia.

Ipasuno 1. Ilpu oOpa3oBaHNM BO3MYIICHHON HIDKHEH OpOHWTAIH
0a3ucHble OpOHMTaIM OOBEIUHSIIOTCS C OAMHAKOBBIMH 3HAaKaMH U B
palioHe WX B3aWMOACHCTBHUS OymeT cBs3biBaHWe. [Ipu oOpa3oBaHMH
BO3MYILEHHOH BepxHel opOuTanu 6a3ucHble OpOUTaIN 00bEIMHSIOTCS
C pa3HBIMH 3HaKaM# (OTHOCHUTEIHLHBIMHU) U B pe3ysibTare OyleT aHTHCBS-
3bIBAHUE:

BO3MYLU.E‘HME OO W_
T T pacLLénnexue
'O ypoBHe#t aHTUCBA3bIBAHME
l/zfi % CBA3bIBaHME

o=y,

Ecinu 0003HaunTh SHEPTUI0 OPOUTAH Wy KaK O, SHEPTUIO Y, — KaK
0, a CHMBOJIOM £ 0003HaYMTh YHEPTUN BO3MYIIEHUS opouTtaneii ¥ u
Y_, TO IO TEOPUH BO3MYILEHUN

(ay — E)(ota — E) = (B — SE)?, (2.5)

e 3 — pe30HaHCHBIH uHTerpan (puc. 2.1, 6), XapaKTepu3yIOIi CHITy
B3aUMOJICHCTBUS W,y U Y, HAa JAHHOM PACCTOSIHHUH, S — UHTETPall Iepe-
KPBIBAHHUSI, XapaKTEPU3YIOIINHI CTEIEHb IEPEKPHIBAHNS B3AaUMO/ICHCTRY-
IOIIUX OpOUTAICH.
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Puc. 2.1. B3zaumHOe Bo3MymIieHHe opOWTaneil y; M Y, NEpBOTO IMOPSIKa C y4EeTOM
nepeKpbIBaHus (@) U 0e3 ydera nepekpbiBaHus (0)

Bo3mymenue nmepBoro nmopsiaka. B ciaydae BRIpOXKICHHBIX (OIWHA-
KOBOH 3HEprum) opouTaledl vy u ¥, 0y = 0 = O U I0ITOMY

(o — E) = £(B — SE),

OTKyd4, YUYUTbIBAsA, 4TO & U ﬁ — OTpULATCIILHBIC BEJIMYUHEBI, I[1I0JIy4aeM

a

E.= T _—::g (Heprust HWKHEH BO3MYIIIEHHOH opOutanu ¥ ),
o—pB y y

E_= s (Heprust BEpXHei BO3MYILEHHOH opOuTany W_).

ITockonbKy  MHTErpan  NEpPEeKphIBaHMS ~ BCELAa  IIOJIOKHTEIIEH,
(148) > (1—S), 1. e. HIKHsI BO3MYILIEHHAs: OPOUTAIIbL MEHEE CBSI3bIBACT
[ n A, uem BepxHssl BO3MYILCHHAs OpOMTaIb Pa3phIXISIET 3Ty CBS3b
(puc. 2.1, a).

OueHb 4acTO MCIHOJB3YIOT YIPOIIEHHUE, 3aKJIIOUaloIIeecsl B IpeHe-
OpeXeHHH MHTErpajioM MepeKpbIBaHUs, T. €. MPUHUMAIOT, 4To S ~ 0.
Torma (puc. 2.1, 0)

E=a+}B, (2.6)
T. €. UCUE3aeT aCUMMETPUS PACIIEIUICHUS] YPOBHEH.
Bonnosbie pynkuuu W4 u W_ UMEIOT BUI
Yy = Cava+ CaWa,
Y_ = C;zkllja - C;llldu

e C u C*—ko3hUIUCHTBI, ¢ KOTOPBIMH BBIXOIST OpOUTAIH Yy
u y, B opbutamm W, w W_. [lig BO3MYIIEGHHS IEPBOTO IMOPSIKA
Bce Kod(hduuuentsl oguHakoBel: Cy = C, = C; = C; =1 /\@
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OTa BelIMYMHA BO3HUKAET M3 YCJIOBUS HOpMHUPOBKH (T1. 1, pasz. 1.3),
COITIACHO KOTOPOMY JUISl KaX10# opbuTamu C> = 1.

Bo3smymenue Broporo nopsiaka. Tenepb BO3bMeM APyTroil KpallHU
ciIydail — B3auMOJICHCTBIE OpOUTAICH Wy U W, CHIIHO OTIHYAIOIITUXCS
IO PHEPIUU (CKakeM, 0y <K o; puc. 2.2). B atom ciayuae koadduimen-
1ol C; u C, B IBYX HOBBIX BO3MYIIEHHBIX OPOUTAIISAX

lP+ = Cde“‘ Ca‘l’aa
Yo =Cova+ Coyu

CHJIPHO OTJIMYaroTcsa. B aTom cimydae Oyner HaOmomaThcst BO3MYIIEHHUE
BTOpOoro mnopsaka. s Bo3MmymieHus BToporo nopsaaka C; > C, u
C» > Cy. 910 03Ha4aET, 4TO Oa3UCHBIE OPOUTAIN Yy U Y, «CMELIUBAIOT-
Cs» HE B PaBHBIX MPOMOPLUX, KaK B CIydae BHIPOKACHHBIX OpOUTaeii;
ofHa opOuTanp «noaMmeluBaercs» K apyroi. Ilpm oOpaszoBanum Wy
opOuTank Y, NOAMEIINBACTCsl K OpOUTaNu Yy, a npu obpa3zoBaHuu P_
opOuTanps y; noaMeIuBaercs K y,. Apyrumu ciosamu, opoutans Wy
OospIe moxoXxa Ha Wy, a ¥ —Ha Y, T. €. 110 dHeprun ¥ Onu3Ka K Yy,
a W_ —K y,. Ha puc. 2.2 3170 0003HaYeHO CTpeIKaMH, HallpaBJICHHBIMU
oT Yy KWL nmor y, Kk W_.

Py
N =
/ v 3
| | a
I I
[
/ l{ AE&
’ |
v o~ B
4/ = % +A.%

Puc. 2.2. Bo3MynieHue BTOpPOro mopsaka

B maremaruueckoii opme BO3MYILEHHE BTOPOTO MOPSIKA MOXKHO
3aIucarh TaKKe CIEAYIOIIUM 00pa3oM:

Wi >~y + Ay,
Y_~y,+Ay, (0<A<])

rme A —Kod(h(OUIMEHT «TOAMEIINBAHUS» OTHOW Oa3MCHOW OpOMTaTH
B apyryto. [Ipu oOpazoBaHuM BO3MYILIEHHBIX OpOHTajiel U3 0a3HCHBIX
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opOuTaneil ¢ CHIbHO OTIMYAIOIIMMHUCS SHEPTUSIMHU ITIOMUMO TpaBuia 1
HE0OXOIMMO T0JIE30BAThCS TAKKE TIPABHIIaMHA 2 | 3.

IIpaBuio 2. Korna HEBO3MYyIIEHHBIE OpOMTAIM HMEIOT Pa3HYIO
SHEPTUI0, BO3MYLICHHE NPHUBOIUT K TOMY, 4YTO OpOMTajb, HEpBOHA-
YabHO MMeBIIas Oojiee HHU3KYIO SHEpPruio, eme Oojee MOHMKAETCs,
a opOuTaip, IepBOHAYaIbHO MMEBILAsl 00Jiee BBICOKYIO DHEPrHIO, €LIe
Oosee noBblmaeTcs. Takue U3MEHEHUs! SHEPTUH TeM 0o0Jiee BBIPaXKEeHBI,
YeM JIydlle I[epeKpbIBaHHE, U TEeM MEHEE BBIPaKEHBI, YeM OOJIblIe
NEPBOHAYAIBHOE DPA3IUUUE MEXKIY SHEPIUsSMH B3aUMOICHCTBYIOIINX
opOuTaneil.

[pasuiao 3. OpOutans ¢ IepBOHAYAIEHO O0JIee HU3KOU dHEpruei
M3MEHSETCS MyTeM YaCTHYHOTO MOAMEIINBaHMs OoJiee BHICOKOH OpOu-
Talld CBA3BIBAIOIINM 00pa3oM (B (ha3e BomHOBOW (hyHKINH). OpOHUTAIH
C TNepBOHAYaJIbHO Oojee BBHICOKOW IHEprueil HM3MeHseTcs IyTeM dya-
CTUYHOTO TTOIMENINBaHNUs 0oJiee HU3KOH OpOUTAII aHTUCBSI3BIBAIOIIIUM
oOpasom (B potuBodase). B kaxk1oM ciiyuae CMEIIMBaHUE TEM OOJIbIIIE,
YyeM JIydile TepeKpblBaHWe, ¥ TeM MEHbIIe, YeM OoJbllle HadallbHas
pasHMLA B SHEPTUSX B3aMMOJCHCTBYIOIINX OpOHUTAICH.

B mepBoM mpuOMMKeHUH B BBIpaKeHHUU (2.5) IS BO3MYIICHHOU
opburamu ¥ (a—FE) MOXKHO 3aMEHHTH Ha (0, —0t7), a Asist opOuTamm ¥
aHaJOTUYHO (0 —E) MOXKHO 3aMeHUTH Ha (0; — ¢,) (cM. puc. 2.2). 3ateM
MOYKHO TIpeHeOpedb HHTETPAIOM TepeKphIBaHUS (B JaHHOM CIydae 3TO
OyzeT MeHee IpyObIM NpPUOIMKEHHEM, YeM B Cllyyae BBIPOXKICHHBIX
opOwuTaneii, Tak Kak dHEPTHUs TEePEKPHIBAHMUS MEXAY CHIBHO OTIMYAlO-
HIMMHUCS 110 SHEPTUU OPOUTAIISIMU JIOJKHA ObITh HeOoubIo). Torna us3
ypaBHeHHUH (2.5) momydaem

(g —E)(aty — ag) = B> (st opburamn ¥ )

(otg— ) (ot — E) = B> (mns opburams W_).

VYBenUYEeHHE SHEPIUU BEPXHETO YPOBHS U YMEHBIIECHUE JHEPruu
HIDKHETO YPOBHA (€_ W €, Ha puc. 2.2), HaOIoaonmecs Ipu BO3MY-
LICHUH, CBSA3aHbl C YHEPreTUUYECKON pa3HUIIEH MEXAy IEepBOHAYaIbHO
HEBO3MYIIICHHBIMU YPOBHSIMH (AE ;) COOTHOIICHHEM

ELREN ﬁz/AEa-

Takum 00pa3oM, BO3MYIIECHHE YMEHBIIACTCS, €CIM YBEIUYUBACTCS
JHEPreTHYECKOE Pa3Inire MEX/y B3aMMOJICHCTBYIOIIMMEI OPOUTAIISIMH
(mpaBuiio 3).
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B3aumoyericTBue MeXIy BBIPOXKICHHBIMU (WJIM OYEHb OJNU3KHMU)
opOHTANAMHU, KOTOPOE B IEPBOM HPUOIMKEHUN H3MEPSETCs B BEIHUH-
Hax 8 (ypaBHeHHE (2.6)), HOCUT Ha3BaHUC BO3MYUEHU NEPBO2O NO-
paoka. B3anMonencTBIe MEXKIY CHIBHO OTIMYAIOIIIMHCS OPOUTAIIMHA
CBSI3aHO C 3% U TI03TOMY HA3BIBAETCS 603MYUEHUEM 6MOPO20 NOPAOKA.
SIcHO, YTO MOIDKHBI CYIIECTBOBATh M KAKHE-TO TPOMEXYTOYHBIE CH-
Tyaluy, KOTJa 3aBHCHUMOCTb SHEPTrUU BO3MYyIIEHUs OT 3 OymeT Oonee
CJIOXHOU (IIPOOHOTO TIOPSIIKA).

2.3.6. DJQHEPTETUYECKHUE COCTABJIAIOIIUE
B3AUMOJENCTBUS MOJEKYJI

Korna nBe MoneKynbl Wi JBE YaCTH OJHOW MOJIEKYJbI BCTYNAIOT B
PEaKLnIo, IPOUCXOASIIECEe N3MEHEHUE SHEPIUU O0BIYHO PACCMaTPUBAIOT
KaK CyMMYy TpeX BKJIJIOB: 1) 3HEpruu B3aUMOICHCTBUS MEKAY 3aHSThI-
Mu MO; 2) sHepruu B3auMOJEHCTBHUS MEX/Ty 3aII0JTHEHHON OpOUTaIIbIO
OIIHOTO peareHTa U IIyCTOil OpOUTaJIbIO APYIOro peareHTa; 3) SHEpruu
3NEKTPOCTATUUECKOTO B3aUMO/ICHCTBHS.

B3auMoneiicTBue MexkaAy TNMOJHOCTHIO 3aHATHLIMU OPOUTAJISIMH.
B nepBom mnpubnmxenuu (puc. 2.1 u 2.2) B3aUMOACUCTBUE MEXKIY
JBYMsI 3aII0JIHEHHBIMU OPOUTAJISIMUA HE NPUBOIUT HU K BBIMIPBILLY HU K
MPOUTPHILTY YHEPTUH, MTOCKOJIBKY MOHW)KEHHE YHEPTUH NpH 00pa3oBa-
HHUM HIDKHEH BO3MYILIEHHOM opOuTanu W MOJHOCTHIO KOMIICHCUPYETCS
MOBBIIICHUEM SHEPTUHU MpHU 00pa30BaHMM BEpXHEH BO3MYILEHHOH oOp-
outamm W_ m obOe ATH OpOWUTANN 3aCeCHBI IEKTPOHHBIMH TAPAMH.
Korna ’xe mpuHMMaeTcs BO BHUMAaHHE IEpPEKPHIBAHHE, CyMMapHBIM
s¢ddexrom OymeT MOBBIIICHHE SHEPTHH, Tak Kak |e4| < |e_| (puc. 2.3, a).
[MTonyuaercs cuTyanus, aHaJorHyHas crydato Mojiekyasl He, (puc. 1.7,60
B . 1). IloBbllIeHNE 3HEPIUM O3HAYaeT OTTAJIKUBAHUE MEXKIY MO-
JIeKyJlaMH, ¥ €CIIM HeT IPYTruX B3auMOICHCTBHI, CIOCOOCTBYIOLIMX
MPUTSHKEHAIO MEKIY MOJIEKYJIaMH, HUKAKOH PEeakiuy He MPOU30MUIET.
Ecnu ke npyrue B3auMoIENHCTBHS, HATPUMEDP MEKY IIyCTOU U 3aHITON
OpOUTAJIBI0 WJIM YUCTO KYJIOHOBCKOE B3aMMOJEHCTBHE, ITOMOTYT IIpe-
OJI0JIETh OTTAJIKUBAHUS, TO PEaKLHs BCE XKe OyAeT UMETh HOBBILIEHHYIO
sHepruro aktuBanyuu. OOBIYHO KOIJIa CPAaBHUBAIOT OMHOCUMENbHYIO Pe-
AKIMOHHYIO CIIOCOOHOCTb MOJIEKYJI, U3MEHEHHUE 3HEPIHU OTTaJIKUBAHUS
3aMOJTHEHHBIX 000JI0UEK HE YUHUTBIBAIOT, CUNTAsl, YTO U3MEHEHHE HE TaK
BEJIMKO, KaK U3MEHEHHE DHEPIUuil MPUTHKEHUS IIPH TIEpeXoJe 0T OTHOMN
MOJIEKYJIBI K JIPyroil. DTO BEpHO JHILIL B MEPBOM MPUOIMKEHUH, YTO
HEo0XOOUMO BCerga UMETh B BUY.

Camo co0oii pazymeercsi, 4TO BO3MYIIEHHUE JBYX MYCTBIX opOuTaeit
HEe U3MEHSET OOLIeH 3Hepruu, Tak Kak OHM HE UMEIOT MaTepHUaJbHBIX
HOCHTEJIeH 3HEePTruu — 3JIEKTPOHOB.
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B3anmonelicTBue MeXKIy 3aNM0JTHEHHBLIMH OPOUTAJISIMHA OTHOTO
peareHTa M BaKaHTHBIMH OpPOMTAJSIMH JAPYroro peareHrta. Taxoe
B3aMMOJICHCTBUE XapAKTEPHO JJIsl JIOHOPHO-AKIICTITOPHBIX KOMIUICKCOB.
OOBIYHO B ATOM cily4yae B3anMOJICHCTBYIOIIHE OpOUTAIN CHIIBHO OTIIU-
YarOTCs 10 SHEPTHH M TIOATOMY Yallle BCTPEYaeTCsl BO3MYILICHHE BTOPOTO
nopsizka. Eciu 3amonmHeHHast opOuTah pearnupyer ¢ MycToil opOHuTabIo,
TO TaKOC B3aMMOJICHCTBHE INMPHUBOJUT K IOHMKEHUIO DHEPIHH, T. €. K
MIPUTSDKSHHUIO MEXIY pearupyromuMu MojeKyiIamMu (puc. 2.3, 6). DHep-
TUsl 3aHSATONH OpOUTAIM MOHHM3UTCS, HO COOTBETCTBEHHOC IOBBIIICHUE
npyroii opburanu He OymeT mMeTh 3PdekTa, MOCKOIBLKY HAa HEW HET
SIEKTPOHOB. DHeprusi crabmimzanus OyneT paBHA 2€i; MHOXKUTENb 2
BO3HUKAET M3-3a TOTO, YTO BO3MYIIAIOTCS IBa 3JeKTpoHa. Ecim B3au-
MOJICHCTBYIOT YHCTBIC aTOMHbBIC OPOUTAIH, TO 2, = 22 /AE,, a ecnu
opOHTaNh HE TIOTHOCTHIO JIOKAJIM30BaHA Ha B3aWMOJCHCTBYIOIINX aTO-
Max d u a (cM. cxeMy Ha ¢. 110), To 3TO yUUTHIBaeTCS KOIPPUITUECHTAMHU
Cys n C,, BBOOUMBIMH B ypaBHeHue (2.7). B aTom ciyuae

sHeprus crabummsamun = 2¢, = 2(C,C,B)* /AE, (2.8)
e C; u C, —xo3ddunuenTsl, ¢ kKoTopeiMu atoMbl Cy; i C, BXOIAT B

MOJICKYJISIpHBIC OpOUTAIIH, MEXKTYy KOTOPBIMH PACCMaTPUBACTCS B3aHMO-
JNICUCTBHE.

//7 \ /’ —_—— o
// E. \\ / T ,/ a
/ ‘\ / /
O e . = Y. /—H—— o I/ //
\ / ! /
\ E. / / €+ !
\ / o _.H___
\ / d ., !
—
a i)

Puc. 2.3. B3anmozeiicTBue MexIy IByMs 3allOJHCHHBIMH OpPOUTAISIMH IIPUBOIHUT K
OTTAJIKUBAHUIO (@), @ MEX/y 3all0JTHEHHON U ITyCTOH OpOUTAIAMHU — K IPUTSKEHHIO (0)

DieKTpocTaTH4YecKoe B3aumoaeiictBue. Korga pearupyromue mMo-
JIEKYIBI TIPECTABIISAIOT OO0 MOHBI WA JTUTIONH, MEXIY B3aUMOJICH-
CTBYIOILIMMH aTOMaMH OyIIeT CyIECTBOBAaTh KYJIOHOBCKOE MPUTSIKEHUE
WIH OTTaJKHBaHWe. Ero SHeprus ompenesisercsi BEMHIUHON —q q, /7,
Tae g4 ¥ ¢, — 3apsiibl Ha B3aMMOJCHCTBYIOIINX aTOMaXx d H d; 7 — paccTo-
STHFEC MEX Iy aroMaMu (3P PEKTUBHAS TUICKTPUICCKAs IIPOHUIIAEMOCTh
Cpe/bl BHYTPH MOJIEKYJIbI IPUHUMAETCS PaBHOM 1).
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2.3.7. TPAHUYHBIE OPBUTAJIN

Korma pearupyror Mexnay coOoi JOCTAaTOYHO CIIOXKHBIE MOJIEKY-
a6l D m A, xaxmas W3 KOTOPBIX MMEET M IIYCThle M 3aIllOJHEHHBIC
opOuTanu, B MPUHLMIE HY)XHO PaccMaTpuUBaTh BCE B3aMMOJCHUCTBHS
KaK MEXIy 3aHATBIMH OpOUTAISIMH MOJEKYIbl D M BakaHTHBIMH
OopOUTANISIMU MOJICKYNIBI A, Tak W MEXAy BaKaHTHBIMH OpOUTAISIMHU
MOJIeKylsl D U 3aHATBIME OpOHTaIsIMH MOJEKyasl A. EnxuHCTBEeHHBIM
TpeOOBaHHEM SIBIISIETCS COOTBETCTBUE OpOMTANCH MO CUMMETpPUH; ec-
JU CUMMETPHS IPOTHUBOIOJIOKHAS (KOTIa OTHOCHTEIIBHO HEKOTOPOi
oOmieil onepanuyu CHMMETPUHM OJHAa W3 OpOWTalell CUMMETpHYHA, a
BTOpasl aHTHCHUMMETPHYHA), TO PHEPIHs WX B3aUMOICWCTBHS paBHA
HYJTIO.

Komnjexc DA

Monexyna D monexyna A
wsn S5 A
A—={, Al gal ol A
e, T ATATAL
4 / D
| \.If——l/gA(HCMoA) Llelo -7
] !
D /I / %/D 010 -
(aamo)z,/r3 ——3 _
o Nyt AR di N
—H—A
zn S_H'_q{A %D i Bl
¥ —t—s Y’
AR -+
a J

Puc. 2.4. a —Haunbonee cuiabHO B3aMMOJEHCTBYyIONmIE opouTamu Monekyn D n A; 6 —
BO3MOJKHBIE B3aUMOAEHCTBHSA Mex Iy opoutamsiMu Monekyn D u A. 3Hak «+» o3HayaeT
AecTadMiIM3UpYyIollee B3aMMOACHCTBHE MEKIY 3allOJTHEHHBIMU OpOUTANIAMH. 3aIlTpu-
XOBaHHBIE KJIETKH COOTBETCTBYIOT CTAOMIH3HPYIOMIEMY B3aUMOJCHCTBHIO BAKAHTHBIX U
3aTIOJIHEHHBIX OpOUTaNelf. 3HaKOM «—» OTMEUYEHBI B3aUMOJEHCTBHS, 3aMpENIeHHbIE 110
CHUMMeTpuH, 3HaKoM «O» — B3auMozeiicTBHE ABYX MyCTBIX opOuTaneit

Hanpumep, nycte Mmonexyna D umeer niare MO, Tpu U3 KOTOPBIX
3aHATHI TTApaMHU AJIEKTPOHOB, a MoJieKkysia A — yeTsipe MO: 11Be 3aHSThIE
M 1B CBOOOMHBIE, W IYCTh 3TH OPOUTAIIM PACIIONIOKEHBI TaK, Kak
nokasaHo Ha puc. 2.4, a. Ecnu yuects cuMmmMeTpuio opoutanei (S — cum-
MeTpu4Has, 4 — aHTUCUMMETPHUYHAs) U HE YUYUTHIBATh B3aUMOIEHCTBUS
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Mexy 1ByMs nmycTeiMH MO, To B 3TO cucTeMe BO3MOXKHO 8 TMapHBIX
B3aMMOJICHCTBUI MeXay MyCTOH M 3aHATONH OpOUTAISIMM WIM MEXITy
IBYMsI 3aHATBIMU opOutamsmu (puc. 2.4,6). B3auMoaeiHCcTBUS MEXIy
3aHATHIMHA ¥ BaKaHTHBIMH OPOUTAISIMH CTaOMIM3UPYIOT KOMITIEKC DA,
T. €. CIOCOOCTBYIOT peakiuu D ¢ A, omHako dHeprusi cTa0WIn3anuu
JUIsS pas3HbIX map opOuTaliell pasiauyHa, Tak Kak 3aBUCHT OT PasHOCTU
SHEPTUU B3aUMOJACUCTBYIONINX opoutanei AE, (ypaBHeHue (2.8)). Ota
pa3HOCTh HauMMEHbIUAs Ul Iapbl u/3D / wgl (puc. 2.4,a). UmenHo Ha
9TO HamboJiee CHIILHOE B3aMMOJCHCTBUE U CIIEIyeT B MEPBYIO OYepe/b
oOpamath BHUMaHHE TPY aHaJIN3€ PEaKIMOHHON CIOCOOHOCTH MoJle-
KyJ, XOTS M JPyrue B3aWMOJCHCTBHA MOTYT BHOCHUTH CYyIIECTBEHHBIN
BKJIaJ B peaknuio. OpOuTaiy, Mexay KOTOPhIMH TPOMCXOANUT Hanbo-
Jiee CHJIBHO BBIPAKEHHOE B3aWMOJICHCTBHE, HA3BIBAIOTCS ZPAHUYHBIMU
opoumansimu.

['pannuHble OpOHUTATH — ATO BBICIIAS 3aHSATasi MOJIEKYJIspHAasi OpOH-
taib (B3MO) nonopa (Mosnexyinsl D) u HUKHSISL CBOOOTHAST MOJICKYJISIP-
Has opoutans (HCMO) akmnenTopa (Mosekyina A; puc. 2.4). Monekymna
D xapakTepusyeTcs OTHOCHTENBHO BBICOKOH sHeprueit B3MOP, a mo-
neKyna A — OTHOCHTENbHO Hu3Koi sHeprueir HCMOA, stu opburanu
pacrosoXkeHbl OIIKe APYT K Apyry, uem opoutamu B3MO” u HCMOP
(puc. 2.4,a). Ilo 370l mpUYMHE MOKHO YTBEpPXkKAATh, YTO B pEaKIUU
D+ A wmonekyna D Oymer noHopom, a Mojekyla A — akIenTOPOM
3IIEKTPOHOB, HO HEe HaoOopoT. [loHop (Hykieodui, ocHoBanue JIpronca)
XapaKTepHu3yeTcsl OTHOCUTEIBHO BBICOKUM ypoBHeM B3MO, a akuen-
Top (anexrpodui, Kuciora JIplonca) — OTHOCUTENBHO HU3KUM YPOBHEM
HCMO.

C y4eToM pIeKTpOCTAaTHYECKOTO B3aNMOIEHCTBHS Bo3MyIeHue (P),
BO3HUKAIOIIEe IPpX KOHTaKTe Mosiekya D u A, MOXXHO BBIpa3uTh ypaBHE-

HHUEM 2
P= 2(CDCAﬁ) /AEFMO —qdqa/l’, (29)

e AEryio — pa3HOCTh ypOBHEH IPaHIMYHBIX MOJICKYIIIPHBIX OpOUTATICH.
B 3ToM ypaBHEHHMH MEpBBII WIEH OTpaXkaeT IOHMKEHHE JHEPIruu
BCJICACTBUE OPOUTAIBHOIO B3aUMOICHCTBUS, a BTOPOM UJIEH — TOXKE
MOHW)KEHHE PHEPruM (Tak Kak OObIYHO IOHOPHBIA atoM d MMeeT ya-
CTUYHBIN OTPULIATENIBHBIN 3aps)l, a AKUENTOPHBIA aTOM ¢ — YaCTUYHBIN
MIOJIOKUTEIBHBIN 3aps/1), HO YK€ BCIIeICTBUE B3aUMOAEHCTBHUS 3aps/I0B,
T. €. ANEKTPOCTATUYECKOTO MPUTSHKEHUS.

B HEKOTOpBIX peakuusx IIaBHOE BIMSHUE OKa3bIBAa€T OPOUTAIIBHOE
B3aMMOJICHCTBHE, TOTAA TOBOPAT, YTO PEAKIHs HUMEET OpOumanbHbiil
konmponv. Ecnn npeobnazaroiiee BIMSHUE OKa3bIBaeT 3IEKTPOCTATHU-
YEeCKUI WIeH, TO Peakiys UMEET 3apsa008bill KOHMPOlb.

126



3apsaIoBbIM M OPOUTAIBHBIM KOHTPOJIEM OOBSCHSCTCS PasHbIA THI
B3aUMOJAEHCTBUSA MEXIY KECTKUMH M MATKMMU KHUCJIOTaMH U OCHOBa-
HUSAMH. OTa Ba)KHasl KOHIENIMS paccMaTpUBaeTcs B IiaBe 3.

2.4. MOJIEKVJISIPHBIE n-OPBUTAJIN

KoHTypHBIE iMarpaMMbl MOJIEKYJISIPHBIX OpOUTAaNICH, TPUMEPBI KOTO-
peIX ObUTH maHbl B TimaBe 1 (puc. 1.15-1.22), momydeHsl B pe3ysibraTe
pacuera Ha DBM. OHu naror 0ObeMHBIC NPEACTABICHHUS O MPOCTPaH-
CTBEHHOH (opme opOuTaneil, KoTopas XapaKTepHu3yeT paclpe/eleHne
IUIOTHOCTH NaHHOW 3aHATOM WM NaHHOW HE3aHATOM opOuTamu 1Mo
OTJEeNbHBIM aTOMaM MOJIEKYJIBI, T. €. BKIIaJ KaXKI0i aTOMHON opOHTamn
B paccmarpuBaemyto MO. Cymmupys Bkiaasl AO OTAEIbHBIX aTOMOB
1o BceM cBs3bIBatomuM MO, MBI TOTy4daeM KapTUHY pacIpejieseHus
AJIEKTPOHHOM IIJIOTHOCTU B MoJieKyJie. Pacnpenenenue mioTHOCTH rpa-
HUYHBIX opOutaneid BAMO u HCMO naer npezacTaBieHHe O IpeuMy-
IIECTBEHHOM MECTE aTakd 3JIEKTPOPHIOB WM HYKICO(DHIOB, T. €. 00
OpUEHTAIlMH B PEAKIMSIX MPUCOETUHEHMs WIH 3aMEIIeHUs C ydacTHeM
JTAHHOM MOJIEKYJIBI.

Pazpaboran Takke KaueCTBEHHBIH MeTOA rpaduueckoro n3odpaxe-
HUS MOJICKYJSIPHBIX OpOHMTaei, OCHOBAaHHBIA Ha MIpeacTaBicHUsIX MO
B BHUJIE OIPENEICHHbIX KOMOMHALUN «KPYKKOB» U «TaHTesnenl» (MiIu
«pO3eTOK» B Cllydae ydacTusi d-opOuTaneii). XoTs STOT METOA M He
JaeT TOYHOW KapTHHBI, CHMMETPHIO U Y3JIOBBIC CBOWCTBa opOHTanen
OH IepefaeT mpaBwibHO. Metox ocHoBaH Ha Teopun BMO. Vmpo-
nieHHble rpaduueckue n3odpaxeHus MO yxe ObUIM MPHUBEICHBI Ha
puc. 1.15-1.22. Ternepb MbI ONHIIEM OCHOBHBIE MpPaBUJIA, KOTOPHIMU
HY»KHO PYKOBOJCTBOBAThCsI Npu TpaduyeckoM nocrpoerndn MO, wu
HaYHEM C T-CHCTEM, TIOCKONBKY JJIsi HUX OTH IpaBHJia Hamboiee
npocTbl. MomneKysipHble OpOUTaNu O-CHMMETPHH OYIyT PacCMOTPEHBI
B paszz. 2.5.

2.4.1. TPAOMYECKOE IIOCTPOEHUE 7-OPEUTAJIEN

ConpsirkeHue — BHyTPHMOJIEKY/ISIPHOE BO3MYIIEHHE COCeTHHX
aTOMHBIX p-opOuTaJjieil. B HenpelnenbHbIX YINIEBOAOPOJAX, COJEpHkKa-
HIMX COOTBETCTBYIOLIME IPYT C APYTOM, T. €. CONPSDKCHHBIE, KPaTHbIC
(IBOHiHBIC WJIM TPOWHBIC) CBS3H, T-OPOHWTAIIM KPAaTHBIX CBS3EH MOTYT
BO3MYILATHCSl MyTeM OOKOBOTO MepeKpbiBanus. B pesynbsrate oOpasyer-
sl JIeNIOKAIM30BaHHAs T-CHCTeMa, OpONTAIH KOTOPOIl OXBATHIBAIOT BCIO
COIPSKCHHYIO CUCTEMY M Ha3bIBAKOTCS MOJICKYJISPHBIMU T-OpOUTAIISIMHU.
D10 Xopomo BHAHO W3 puc. 1.22 (mr1. 1), Ha KOTOPOM H300paKCHBI
MoJIyyeHHblE C ToMmolplo DBM 00beMHBIE KOHTYpBI 7-OpOHUTaseit
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OyTanueHa. ConpspKEHHBIE CUCTEMbI MOTYT OBITh JIMHEHHBIMU WITH ITHK-
JMYECKUMU. MUHUMAaNbHBIEC COIPSIKEHHBIE CUCTEMBbI COCTOST U3 TpeX
p-opbutaneit. K HUM OTHOCSTCS aUTMIIBHBIC U ITUKIONPOICHUILHBIC
KAaTHOH, paJnKajl Uil aHUOH:

558
A, b

YeTpIpexaTOMHOH 7T-CUCTEME COOTBETCTBYIOT 1,3-OyTalueH W IIMK-
7100yTagueH; K NATHAaTOMHOH CHUCTEME OTHOCSATCS IEHTaIUCHUIIbHBIC
W IUKJIONEHTaIMEeHIIbHbIE KaTHOH, paJluKajl U aHUOH; IIeCTHAaTOMHbBIE
CONPSDKEHHBIE CUCTEMBI — 3TO0 1,3,5-rekcarpueH, 6€H301 U T. 1.

- CH—CH
H_%_X CH=CH—CH=CH, |
CH—CH
byTagveHosas 1,3-6yTaguen unrnobyTagmeHosas  1,3-LuK0-
J-cucTeMa TT-cucTema byTaguen

&
CH=CH—CH=CH—CH, )

H_%__%% CHe=CH—CH=CH—CH,

(S]
NEHT afueHnsibHas CHZ=CH—CH=CH—CH,

L]
J-cucTema UMK NONeHTa- U
IMeHnnbHas 5
J-cucTeMa

O

H_HH CH3=CH—CH=CH—CH==CH,

rexcaTpueHoBas 1,3,5-reKcarpuen
J-cucTemMa LMK noreKcaTpueHosas Bexson
J-CUCTeMa

O4eBHUIHO, YTO HEWTpaNbHBIE COMpPSIKEHHBIE YIIIEBOJOPOABI, B KOTO-
PBIX BCE aTOMBI yIIIEPOAa YETHIPEXBAJICHTHBI, COACPKAT YETHOE UUCIO
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aTOMOB, MMEIOUIMX p-opOuTanu. HedyeTHble CONPSIKEHHBIE CHCTEMBI
MIPECTABIISIOT COOOM MIIM KaTHOH, WM PAJNKall, WIIK aHUOH.

[Ipocreiinieli 7w-cucTeMOW SIBISETCS OJAMHOYHASI aTOMHAasi p-OpOH-
Tajb, HAIPUMEP, B METHJILHOM KaTHOHE, pajuKaje WiIN TUIOCKOM aHH-
one. Korma oObenuHsioTCsl 1Be p-opOuTanu, oOpa3yeTcsi STHICHOBas
TT-CHCTEMa, COCTOSIIAs U3 CBSA3BIBAIONICH M Pa3phIXISIONICH opOUTaiu.
OTH opOUTAIN MOYKHO MOCTPOUTH HA OCHOBE TEOPUH BO3MYILEHUH, Kak
MoKaszaHo Ha puc. 2.5 (cp. puc. 2.1).

3neck B3auMONEHCTBYIOT 1Be C2p-opOHUTanu OJUHAKOBON IHEPIUH,
MO3TOMY JIOJDKHO OBITH BO3MYIIIEHHE MTEPBOTO MOPSIAKA, KOTOPOE OMHUCHI-
BaeTcsi ypaBHeHueM (2.6). Opourtanes 7 umeer Bun 7 = Cypa + Cppg, @
opourans 1 = Cypa+Cypp, rae Ca, Cg, Cx u C§ — kod3pdunmenTsl, ¢
KOTOPBIMU BXOAAT OPOUTAIIN P U pp B opOuTanu 7 u n*. [l Hopmanu-
30BaHHBIX OpOUTAaJNeH, T. €. OpOUTaJel, COTaCOBaHHBIX C MPHHIUIIOM
kBantoBauust (oM. pasa. 1.3, m. 1), C2 +Cy = 1 u C2 + G2 = 1.
Kpome toro, C5 + Ci2 =1 u Cg + C* = 1. TlocKosbKy BO3MYyILIEHHE
MIEPBOTO TIOPSJIKA, PA U pp BHOCAT OJMHAKOBHIE BKIAABI B T U T* W,
caenoBarensHo, Cp = Cp = C = Cy = 1/\/5

ITo anamoruu ¢ moJekysnoi 3tuiieHa crpositca n-MO mpocTermmx
CONPSIKEHHBIX CUCTEM — aJUIMJIBHOM U IUKJIONPOIIEHUIBbHOM. i1 3TOr0
paccMaTpuBarOTCA BO3MYIIEHHUS, BO3HUKAIONINE B CHCTEME MpPH 00b-
SIMHCHUH NByX opowurtaneil sTmwieHa (r U n*) u omuHOUHOU p-AO.
Bo3mymienust mpu 00pa3oBaHUM aJUTMIIBHOW CHCTEMBI M300pakeHbl Ha
puc. 2.6.

B pesynbrate Bo3MyIIEHHS BTOPOTO MOPsiIKa OpOUTANb 7T, B3aUMO-
NEHCTBYS ¢ OpOUTANIBIO p, B (ha3e maeT opOoUTaNb Y, a B IPOTUBO(ha3e —
opbutans yj. OpOurans ¥, B3aUMONCHCTBYs ¢ opOuTaisio p, B dase
naet opburans v, a B npotuBo(aze — opouTans ys.

Buumanmne! Ha puc. 2.6,a u3 Tpex 6a3ucHbIX opOUTael Moaydu-
JIMCh YETHIPE BO3MYILEHHBIC, XOTS BO3MYILICHHBIX OpOUTAIEH IOJIKHO
OBITH TOXKE TPU. DTy OIMOKY JIETKO UCTIPaBUTh. PaccMoTpuM opOuTamu
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Puc. 2.6. Dramnsl noctpoeHus (a) ¥ UCTUHHBIE (0) T-OpOUTANN ATTHIBHOTO TUIIA

v, 1 v . HecBs3bIBaIOIIMil YPOBEHD p IO BIMSHUEM BO3MYIICHUS CO
CTOPOHBI OPOWTANIM 7T STHJICHA IIOBBICHICS (IO Vj), @ HOA BIUSHHEM
BO3MYILECHUS. CO CTOPOHBI OpOMTANM 7* HMOHM3MICS (DO Y5'). 3Hauwr,
HECBS3BIBAIONINN YPOBEHb MPAKTUYECKH HE M3MEHMICS. I pyrumu cio-
BaMH, YPOBHH W) M ) MBI JOJDKHBI 3aMEHUTH OHOII HECBSI3bIBAIOILCH
opOuTanesio W,. KakoBa cuMMeTpHsl 3TOH aJUTHIIBHON HECBS3BIBAOIICH
opbutanu? CpaBHHM JUAarpaMMbl HEKOPPEKTHBIX OpOHTANCH W) U .
[IpaBeie u eBbIe p-AO-cOCTaBIAIONTHE IS 00CHX OPOUTAIICH BBITIISIAT
OIMHAKOBO, HO cpenusis p-AO opOHTany W, MMEET OTHOCHTEIbHBIC
3HAKW BEPXHEW U HUXKHEH J0JIeH, MPOTUBOIOIOXHBIE OTHOCUTEIbHBIM
3HAKaM BepXHeil U HIKHEH Joreit opoutann v, . 3Ha4YnT, HeCBSI3bIBAIO-
Iast aJTIIbHAS OpOUTAIh JOJDKHA UMETh HYJIEBOUM BKIIAJ OT IIEHTPAIIb-
HOTO aToMa yIiepoJa, T. €. Ha AuarpaMMe HECBSI3bIBAIOIICH auTHIBHON
T-OpOUTANH BKIIAI IIEHTPAIBHON p-AO JOHKEH OTCYTCTBOBATh. Takum
o0pazoM, TpU 7-OpOUTaIH aUIMIBHOW CHCTEMBI HMEIOT CHMMETPHIO,
MMOKa3aHHYIo Ha puc. 2.6, 0.

W3 pucyHKa BHIHO, YTO COMPSIKEHWE MOHIKAET YHEPTHIO T-dJeK-
TPOHOB II0 CPAaBHEHMIO C UX HDHEPrued B HU30JMPOBAHHON JBOMHOU
CBSI3U.

AnnunpHast CONpsbKeHHas T-cucTeMa ctabuiibHee (T. €. uMeeT Oosiee
HU3KYIO DHEPTHIO 7-3JIEKTPOHOB) IO CPAaBHEHHUIO C CHCTEMOW «H30JINPO-
BaHHAsI ATUJICHOBAsS T-CBSI3b IUTIOC U30JIUPOBAaHHAs p-OpOUTANIb) 33 CUET
MTOHIDKEHHS PHEPTUX DJIEKTPOHHOU Taphl HA HIDKHEH m-opOuTamd .
OOBIYHO HECBS3BIBAIOIINE OPOUTAIM 0003HAYAIOT CHMBOJIOM 71; TAKHM
00pa3om, ajuTHiIbHAsE T-CUCTeMa UMeeT Tpu opouTtanu: m(y ), ng(ys) u

T (3).
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DHepruro cTabuIn3aluy aJUTUIBHON -CHCTEMbI MOYKHO BBIYUCIIUTD,
HampuMmep, MetonoM XIokkens (1. 1, ¢. 54) win ¢ mOMOIIbI0 ypaBHE-
aus (2.8), B KoTopoM KodduumenTs pasuel 1/v/2 (eM. puc. 2.5) u 1
(nnst omuMHOYHOM p-opOutanu), a AE, = . BeluuclieHUs] TIOKa3bIBAIOT,
9TO OpOUTAIE W] UMEET OoJIee HU3KYIO DHEPTHIO TT0 CPAaBHEHHIO C T-0p-
6uranbio sTHIeHa (puc. 2.6) Ha Benmuuny € = (1v/2-1)28% /B = 1/28,
a TIOCKOJNIBKY 9Ta OpOHWTallb 3aHsTa JABYMS OJCKTPOHAMH, JHEPTHS
crabunu3anuu OyaeT paBHa f3.

Terepp paccMOTpUM KOA(PQPHUIIMEHTHI, ¢ KOTOPBIMU KaXK[Iasi U3 TPeX
YIJICPOAHBIX p-OpOUTANell BXOAMT B KaXIYH U3 TPEX JEI0KaIUu30-
BaHHBIX AJUTWIBHBIX n-opOutainei. [locimenHme MOXXHO 3amucarh B
CIIEYTOIIEM BUE:

v3 = C3101 + C3o0r + C33¢3  (paspeixyisiomas),
v, = C101 + Congyr + Cozp3  (HecBs3bIBAIOIIAS),
vi =Ciio1+ Cngr+ Ci3¢3  (cBs3biBaromast).

[TepBas mudpa uaACKCca pu Kodpdumumente C oTpakaeT MOPSIKOBBIH
HOMEp OpOHTa M Y;, a BTOpas —HOMEp aroMa yriepoAa B aIHIbHON
nenoyke u Homep ero AO ¢;.

Koadduruentsr C uist 1000H 7-CHCTEMbI MOXXHO PAacCYMTATh I10
MeTomy XIOKKEINs, OJHAKO ISl JUTMHHBIX 7T-CUCTEM J3TOT pacyeT Jo-
CTAaTO4YHO TpyAeH. JUIs CONpPSIKEHHBIX INOJHUEHOB C OTKPBITOW LIENbIO
H(CH=CH)y ,H, comepxaumx N aromoB yriepona, ko3pQHUMEHTbI
MOXXHO OIPCACIIUTb U3 YPAaBHCHUSA

Cyj=[2/(N + 1)]"2sin[ijz/(N + 1)), (2.10)

I7e [ — HOMEp TaHHOW MOJEKYIsIpHOW opoutamu (I = 1 mis camoi
HxHer MO); j — MonokeHne MaHHOTO aToMa B YIVICPOIHOM Iemod-
ke. Hanmpumep, paccuuraeM KOIPPHUITUEHTEI OpOUTATH Y, AJLTHIHLHOU
TT-CUCTEMBI:

Co1 =2/ +1)]V2sin[(2- 1)x/(3+1)] = 1/V2sin(n/2) = 1/V2,
Cy = l/ﬁsinnzo,
Cys = 1/V2sin(31/2) = —1/V2.
CreoBaTellbHO, 0p6HTanL Yy UMECT BUJ!
v =1/V201 + 09— 1/V20s.

DTO 03HAYACT, YTO OPOUTAIU @] U @3 BXOIAT B VY, C KOIPQPUIIMSHTAMH,
OJIMHAKOBBIMHU 110 a0COJIIOTHON BEJIMYMHE, HO IPOTUBOIOIOKHBIME 110
3HaKaM, a BKJIaJ] p-OpOUTAIIH ¢, B W, PABEH HYJIIO, T. €. Ha LIECHTPAILHOM
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Puc. 2.7. n-Opbutanu MUKIONPONEHUIBHOTO THIIA

aToMe yriieposa HeT opOuTanu y,. LleHTpanmpHBIH atoM yriepona B
opOuTaIu Y, SIBISICTCS Y3JIOBBIM; 4Y€pe3 HETO MPOXOAMUT 3epKallbHas
TUIOCKOCTh CHMMETPHH, IPH OTPAKEHUHU B KOTOPOIl BOJTHOBasK (DyHKITHS
MEHSET 3HaK.

[IpoBenst aHajormyHBIE pacueTsl IS W, W Y3, Toaydum (cp.
puc. 2.6,0)

v =1/201+1/V2¢, +1/2¢,
w3 =1/201 = 1/V2¢:+1/2¢3.

Hwxasst opOuTans Yy HEe MIMEET Y3II0B, a 3aT€M YHCII0 Y3JI0B BO3pacTaeT
Ha OJIMH MpH MEpexole K Cieayrolnei, 0oyee BBICOKOW opOuTau.
OpOutanb y; CAMMETPUYHA OTHOCHTEIEHO 3€PKATBHON MJIOCKOCTH (O),
MIPOXOAAIIEH Yepe3 CepenHy MOIUEHOBOM Lemu (Yepe3 LEeHTpaIbHBIN
aToOM yIJIepoza), BTopasi OpoOUTalb Y, aHTUCUMMETPHUYHA OTHOCHTEIHHO
O, a TPEThsl OPOUTAIL Y3 ONSATh CUMMETPUYHA.

HuKI0mpONEeHUIBHYIO0 T-CUCTEMY MOKHO paccMaTpuBaTh KaK pe-
3yJIBTAT B3aUMOICHCTBUS OOUHOYHOU p-AO OTHOBPEMEHHO IO 00OUM
KOHIIAaM 7-OpOMTaJeii ITUICHOBOrO ThIa. B3anumopelcTBUE BO3MOXKHO
TOJIBKO CO cBsi3bIBaromieit 7-MO, Tak Kak pa3phIXJISionias OpoOUTaIb 1Mo
CUMMETPUHU HE TMOIXOAUT MO Mapy p-opouTaiu.

CrenoBareiapHO, ¥ -0pOUTANH HE OyZeT BO3MyIIaThes (puc. 2.7).
DHeprus 3TOro BO3MYILCHHS ONpPEeIsieTcs 0 YPABHEHHIO, aHAI0-

THYHOMY ypaBHEeHHIO (2.9), 6e3 ujieHa, yYUTHIBAIOLIET0 B3auMOIeHiCTBHE
3apsIoB (Tak Kak MOJICKyJIa dTHJICHA HEMOJSIPHA):
1

Wf eclr )+ e Toghe, [y h 0 o on

3

OTO O3HA4aeT, 4TO HHEPrHs 7T-OpOUTAIM ATWIIEHA MOHIKACTCS Ha
B, a sHeprusi m*-opOHMTaNM MOBBILACTCA HA f3, T. €. OTHOCHUTEIBHO
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HECBS3BIBAIOIICTO YPOBHsI OPOUTAIIb | JICKUT Ha 23 HUXKE, a OpOUTaIh
vy, —Ha 1 Beimie (puc. 2.7). DneKTpoHHAs TTapa Ha OpOUTATH | UMECT,
CJIEJIOBATEIIBHO, HEPTUIO0 Ha 4 HuKe, 4yeM OHa Obuia Obl HA YUCTOH
p-opbuTany, U Ha 23 HIKE, YeM eciau Obl OHA ObUTAa Ha ITHJICHOBOM
m-opOutanu. LIuKIonponeHuIbHBI KaTHOH JOJDKEH OBITh CTaOHIIbHEEe
OTKPBITOTO JUTHIHFHOTO KaTHOHA Ha Benu4IuHy S (cp. puc. 2.6 u 2.7).

OpOutanu y, U Y3 HUKIONPONICHUILHON T-CUCTEMbI BBIPOXKICHBI 1
M0 SHEPTrUM HE OTIMYAIOTCS OT Pa3phIXIIAIONIed 7m*-0pOuTanu M30Iu-
pOBaHHOM NBOWHON cBA3M (puc. 2.7). LIukiaonponeHMmIbHBIA paguKal,
KOTOPBIA UMEET TPH 7-3IEKTPOHA, IO N-3JIEKTPOHHOW JHEPTUH HE
OTJIMYACTCS OT AJUTWIBHOTO PaJUKaia, a YeThIPEXICKTPOHHBIN KO-
TIPOTICHWJILHEIN aHWOH Ha 3 MeHee cTaOWJIeH, YeM aJUTMUIbHBINA aHUOH.
[loBblieHHAs CTAOMIBHOCTH UKIONPONEHUIBHOTO KaTHOHA COOTBET-
CTBYET €T0 apoMaTHuecKoMy xapakTepy (T1. 12). L{uKIomporneHUIbHBIHA
aHUOH aHTHapoMaTH4eH W HecTaOwieH. Ecim Obl OH cymiecTBOBal,
TO TpeAcTaBisl Obl COOOH OHMpanuKan, B KOTOPOM JABa M3 YeThIpeX
TT-3JIEKTPOHOB 3aHUMAIOT 10 OJJHOMY BBIPOXKJIEHHBIE OPOUTAIIN Yr U Y3
U UMEIOT MapauieNIbHY0 OPHEHTAIMI0 CHUHOB (MPaBUIO XyHJA; CM.
pasm. 1.6, T 1).

OpOuTany UUKIONPOICHWIBHOW CUCTEMBI, PACCUUTAHHBIC TI0 METO-
iy XIOKKeJsl, UMEIOT CJIeTYIOIINNA BU/I;

1
Y =1V2%-1Iv2%, paspsixJsioLLme ,
z/{ = 7/]/55;’+ 7/@%-2/1/6:3; BbIpOXK AgHHbIE

vi=1/3¢1+1/3¢2+1/3¢s.
Hwxnsist opOuTans He MMEET y3JIOB, a JIB€ BEPXHHE MMEIOT IO OIHO-
My y31ay. IIockombKy 7-DIEKTpOHHAsI CUCTEMA LUKIMYECKAs, Y3JIOBBIE
MIOBEPXHOCTU IPOXOMAT 4Yepe3 LEHTP ONUCAaHHOM OKpy:kHOocTtu. Ha
HPUBEICHHBIX HIDKE AMarpaMMax M0Ka3aHbl IPOSKLUH p-opOuTaneil Ha
IIJIOCKOCTh TPEXWICHHOIO LUKIIA:

%D l,lfa 04K y3en

? ¥ oaw ysen
y ¥ HeT y3nos

1,3-byraaguen u 1,3-uuknoOyTaaneH MpeicTaBisioT coboii Oosee
NPOTSDKEHHBIE CONPSDKCHHBIC T-CUCTEMBI, COIEpIKalllfe YeThIpe aToOM-
HblE p-opOuTanu. ByTanueHoBble 7-OpOUTAaTUd MOXKHO MOCTPOUTH U3
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Puc. 2.8. a — Bo3My1ieHue nepBoro nopsijika STHJICHOBBIX OpOUTanell mpu o0pa3oBaHUN
OyTaJIMeHOBOH 7T-CHCTEMBI; 6 — BO3MYIIIEHHE BTOPOTO TOpsIIKa

JIBYX JITUJICHOBBIX ()ParMeHTOB, KaXKJbId W3 KOTOPBIX UMEET JIBE Op-
outamm: 7 u w°. B maHHOM ciydae HEOOXOIMMO Y4YECTh BCE UETHIpE
B3aMMHBIX BO3MYIICHUS. B3aumosneiicTBue MEXIy AByMs CBS3bIBAIO-
IIMMHA OpOWTAISIME SIBIIIETCS BO3MYIIIEHHEM IIEPBOTO TOPSIIKA U JTaeT
opbuTanu y; u y,, oopasyrouuecs o npasuiny 1 (pasza. 2.3.4). Takoe xe
B3aMMOJICHCTBHIE MEKY Pa3pPBIXIISIONME OPONTAISIMH TAIOT OpOUTAITN
3 U yy (puc. 2.8, a). VI3meHeHus sHEPTruu, KOTOPEIMHU COTIPOBOXKAACTCS
3TO BO3MYILEHHME, MOXXHO BBIYHMCIUTEL 10 ypaBHeHuIo € = o + C,C, 8
(cp. ypasuenme (2.6)), tne C, = C, = 12 — kosbburmenTsy, ¢
KOTOPBIMU aTOMHBIE p-opOuTanu Bxomiat B 1-MO 3TuieHOBBIX (hpar-
MEHTOB (cp. puc. 2.5). Takum obpasom, € = 1/2B. OnHako mpu TakoM
B3aMMOJICHCTBUY OOIIast SHEPTHUS YSTHIPEX T-CBS3BIBAIOIIMX ICKTPOHOB
HE MEHseTCd, TaK Kak MOHIKCHHWE JHEePrHH TpH OO0pa3oBaHUU Y
KOMIICHCHPYETCsl MOBBIIICHUEM SHEPrUM NpHU 0OpazoBaHHU Y,. Ecmu
K€ TPUHATH BO BHHMaHWE W TEpeKpBhIBAaHUE, TO paccMaTpuBaeMoe
BO3MYIIICHHE MEPBOTO TOPSAKA MPUBEAET AaKe K MOBBIIICHUIO 00
suepruu (paszm. 2.3.5).

[Tonmxkenne »Heprun OyTaaueHa MO CPaBHEHHUIO C DHEPTUEH TBYX
W30JIMPOBAHHBIX ATHIJICHOBBIX ()PAarMEHTOB OOECIICUMBACTCSl CMEIINBa-
HUEM CBS3BIBAIONIEH OpOUTaNy OyTasneHa | ¢ aHTUCBSI3bIBAIOIIEH Op-
OUTaNBIO V3, @ TAKXKE CBSI3BIBAIOIICH OpOUTANIN W, C AHTUCBSA3BIBAIOIICH
OpOUTATIBIO Vy.

B3aumopelicTBue CBA3BIBAIOIINX U Pa3phIXJSAIONIMX OpOHUTanel sB-
JIIeTCS BO3MYIIECHHUEM BTOporo mopsiaka (puc. 2.8,6). Ero o0braHO
paccMaTpHBaloT Kak 00aBOYHOE BO3MYIICHUE opOUTaiel, y:xe oopaso-
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BaBIIMXCS MIPY BO3MYIICHUH IepBOro nopsaaka (puc. 2.8, a). Opburanu ¢
pa3HOI cUMMeETpHUel He MOTYT CMEIIMBATLCA APYT ¢ Apyrom. Hanpumep,
ecau Obl OpOUTANIBb Y| B3aMMOJICHCTBOBAA C OPOUTAIIBIO Yy, TO Tepe-
KpbIBaHHE B (haze opbuTaneil Ha aroMax ymiepoaa 1 u 3, mpoucxomsiiee
NP HAJIOKESHUH OJIHOM OpOMTANIM HA JPYTYIO, IEIUKOM YHUYTOKAIOCH
OBl TIepeKphIBAaHWEM B IpoTHBO(da3e opOuTaneii Ha aromax 2 u 4.
OpnHako opOuTau Y| U Y3, KOTOpble 006 CUMMETPUYHBI OTHOCUTEIBHO
[IEHTPa MOJIEKYJIBI (T. €. OTHOCUTEIFHO ONEPalii CHMMETPUH, KOTOpast
Ha3bIBACTCS UHGepcuell U 0003HAUASTCsl OYKBOM 1), MOTYT CMELINBATHCS
npyr ¢ npyroM. To ke OTHOCHTCS M K OpOWTaNsIM Y, U Yy, KOTOpBIS
00e aHTUCUMMETPUYHBI OTHOCHTEJILHO ONEpaluy i U, CIeI0BaTeNbHO,
MOTYT CMEIITUBATHCA.

Benuunna 510ro Bosmyuienus Broporo nopsiaxa € = (C,C,B)*/AE
(ypaBuenue (2.8), AE = 23, cM. puc. 2.5) COCTaBISIET TOJBKO € = %B.
OpHako Takoe BO3MYIIECHHWE BTOPOTO MOPSIIKA MOHMKAET SHEPTHIO BCEX
YETHIPEX CBA3BIBAIONINX Z-AJIEKTPOHOB U, CIEIOBATEIHHO, IEIOKAITNU30-
BaHHAsl YCTHIPEXIICKTPOHHAS T-CUCTeMa OyTajlieHa cTaOWiIbHEe BYX
M30JIMPOBAHHBIX 7T-CBsI3el Ha 4€ = % B.

Koadduuments npu aToMHBIX OpOUTAIISIX OyTaIueHa, BBIYHCICHHBIC
1o ypaBHeHHIO (2.10), IMEIOT CIIeTYIOIIHE 3HAUCHHUS

vy =0,37¢; + 0,600, + 0,60¢0; — 0,37 ¢4,
y; = 0,600, — 0,370, — 0,37¢3 + 0,60¢4,
vy = 0,600, + 0,370, — 0,37¢; — 0,6004,
y; =0,37¢; + 0,609, 40,6093 4 0,37 ¢4.

OTcrofa MOXHO BBIBECTH pa3Mephl U y3JIOBBIC CBOMCTBA opouTaei (cp.
puc. 2.11):

@—O@EO LRSS SR S
QOO 1ea ysna(cammerpusnas opburans)
@—@——O—O OAMH y3es(aHTUCHMMeTpHIHas opbuTans)
@—@--@—@ HeT y37108(cUMMeTpU4HaR opouTak)

Tak ke kKak W U QJUTMIBHOM CHCTEMBI, OpOHMTANN YepemayroTcs
10 CUMMETPUHU U TIpH Tepexofe oT Oojee HU3KMX K 0ojiee BBICOKHM
YPOBHSM ITOCTETIEHHO BO3PACTACT YHCIIO Y3JIOB.

n-OpOurany nMKI00yTaareHa OyIyT paccCMOTPEHBI B pa3nene 2.4.3.
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2.4.2. -OPBUTAJIA JIMTHEVHBIX IMMOJUEHOB

K nuHeiiHbIM 7-cECcTEMaM, KOTOpbIe MBI OyleM YCIOBHO Ha3bIBaTh
noaueHamu, OTHOCSATCS MOJIEKYJIBI TUIIA

H~ CH);~ H,

rme n = 1,23 ... uT a1 Eciu n—deTHoe 4uCiI0, TO MOJEKyJa Ipe-
cTamiseT co00¥ CTaOWIbHBIN HEUTPAJIbHBIN MTOJIMEH, & €CJIA 7 HeUETHO,
TO MOJIEKYJIa HPEACTaBIsET COOOH HEYCTOHYMBBIE KaTHOH, PauKall
WM aHUOH. TakuM cucTeMaM CBOMCTBEHHO pearupoBaTh 110 KOHLEBBIM
aToMaM COIPSDKCHHOM LENOYKM, Onarojapst 4eMy OHHM BCTYNAlOT B
peakuuu 1,n-pUCcCOEIUHEHNS, IIUKIONPHUCOEINHEHMSI, MOTYT NIpeTepIe-
BaTb CUTMATpOIIHBIE NEPETPYNIHPOBKHU, IUKIN30BaTbCA B A-UJICHHBIC
[HKJIBI, COJCPIXKAIINe COMPSHKEHHYI0 cHUCTeMy Ha (n — 2) atoMos,
UT 1.

W3 nuHEHHBIX 7-CHCTEM MBI y’Ke pacCMOTPENH OJUHOYHYIO p-0pOH-
Tajb, 3TWICHOBYIO, AJUIMIbHYIO U OyTaJMCHOBYIO CUCTEMbI U BBIIBHIIN
HEKOTOpbIE OOIIMe 3aKOHOMEPHOCTH, KacaroIlUecsi CUMMETPHH, Y3J10-
BBIX CBOHCTB M aTOMHBIX KO((PHUINEHTOB MOJEKYISIPHBIX OpOHUTANICH.
KonudecTBo Ae10KaIn30BaHHBIX MOJICKYJIIPHBIX OpOUTANIEH B TOUHOCTH
PaBHO KOJHMYECTBY KOMOMHMPYIOHIMXCS aTOMHBIX p-opOuTajieil. B ka-
YEeCTBE EIMHCTBCHHOIO 3JIEMEHTA JUIsl OJHO3HAYHOH KiaccupuKauuu
opbuTaneil Mo CUMMETPUH JOCTATOYHO BEPTUKAJIbHOW 3epKajbHOU
IUIOCKOCTH, IPOXOISILCH Yepe3 cepeAnHy MOIMEHOBOM LEMOYKU (XOTS
MOJIEKYJIbl TIOJIMEHOB UMEIOT M JIpyrHe 3JIEMEHThl CUMMETpPUHU: TOpH-
30HTAJIBHYI0 IUIOCKOCTB, B KOTOPOHM JEKaT siipa BCEX aTOMOB, OCh
BTOPOTO MOPSIIKA, IPOXOAAILYI0 YepPE3 CEPENUHY LIENH, TOUKY HHBEPCUU
B LIEHTPE MOJIEKYIbl). B 3TOM pasznene npuBoasTcs MpaBuia, ¢ IOMOLIbIO
KOTOPBIX MOKHO IIOCTPOHUTH MOJICKYJISIPHBIE T-OpOUTANN COMPSIKEHHBIX
JIMHEHHBIX T-CUCTEM C JI000H AIMHOM LienH.

Cummertpus opoutanei. OpOuTanu yepeayroTcss Mo CUMMETPUHU
OTHOCHUTEIILHO 3€pKaJbHON IUIOCKOCTH, MPOXOAAIIECH 4Yepe3 CepeuHy
Leny, mpuyeM Hambosee HU3Kas IO SHEprHMH opOWUTaib Bcerga OyneT
CUMMETPUYHOM.

V3aoBble cBoiicTBa. Hambonee HHM3Kas 1Mo sHEpruud opOUTabs He
uMeeT y3710B. YUCIIO y3JI0B yBEIIMYMBACTCS HA CAMHUILY IPH MEPEXOJIe
OT JaHHOTO YpPOBHS K CIenyroleMy, Ooiiee BBICOKOMY. Bricmmii ypo-
BEHb UMEET Y31l MEXAYy Kaxaou cocenHed mapoit AO. Y3mel Bcerma
pacronararoTcsi CHMMETPHUYHO OTHOCHTEIIHHO IEHTPAITLHON 3epKaIbHON
TJIOCKOCTH.
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Puc. 2.9. Cummerpust u y3/IoBbIe CBOMCTBa 7m-OpOUTanell JTWHEWHBIX MOMHEHOB. OpOUTaIM CHMMETPHYHBI (S) WIM aHTUCHUMMETPHYHBI (A)
OTHOCHTEJIEHO IIEHTPAJIBHOMN 3epKajbHOM INIOCKOCTH. B ckoOKkax yka3aHO KOJIMYECTBO y3JIOB



Oco0eHHOCTH HeYeTHBIX 0JIUEeHOB. B OTHEeHOBBIX LIETAX ¢ HeUeT-
HBIM YHCJIOM aTOMOB LIEHTPAIBHBIN aTOM JIEXKHUT B 3€pKaTHHOHN TIOCKO-
CTH, ¥ AaHTHCUMMETPHYHBIC OPOUTAIU JOJDKHBI HMETh HYJICBOW BKJIA]
OT IEHTPAJIBHOTO aToMa. B 3THX ciydasx uMeeTcsl HECBSI3bIBAIOIIUI
YPOBEHb, B KOTOPOM HYJEBBIC BKJIA/bl YCTHBIX aTOMOB YEPEIYIOTCS C
p-OpOUTAISIMH B aJbTEPHUPYIONNX (ha3ax Ha HEUETHBIX aTOMax.

Braansl atoMHbIX opOuTajgei. [ Kaxaod HHAMBUIYAIbHOU
MOJICKYJSIpHOW OpOMTaNy cyMMa KBaJpaToB KOI()(PHUIMEHTOB MO BCEM
COCTABJISIOINM €€ aTOMHBIM OpOWTajsiM paBHa equHMIe. [ Kaxmoit
MHIMBHLyalbHOH aTtoMHO# op6utanu cymma C? Mo BceM MOJIEKYJIsp-
HBIM OpOHTAISIM, B KOTOphIe OHa BHOCHUT BKJIaJl, TOXKE paBHA EAWHUIIE.
Oto 0bsi3aTenbHOE TpeOoBaHUE IS HOPMAJM30BaHHBIX (YIOBIETBOPSI-
IOIIUX TPUHITUITY KBaHTOBaHUs) opOuTanei. KoadduumueHnTs:, xapak-
TEPU3YIOLIHE BKIAJbl OTJACIBHBIX aTOMOB B KaXKIYIO MOJICKYJISIPHYIO
opOUTaTh, MOKHO BEIYHCIUTE IO ypaBHEHHIO (2.10).

Ha puc. 2.9 npuBeneHsl 5CKU3bI T-0pOUTANIeH ISl INHEHHBIX MOJIHe-
HOB ¢ 1 = | — 8§, KOTOpBIE MOCTPOEHBI B COOTBETCTBUU C MpaBWiIamMu 1, 2
u 3, HO 0e3 yueTa BeMUMHbI K03(PHUINEHTOB, XapaKTEPU3YIOIINX BKIIa-
III OTZIENBHBIX aTOMOB. J[marpaMma NpaBUIILHO TIEpeaeT CUMMETPHIO
W Y3JIOBBIC CBOWMCTBa OpOMTajel, M ITOTO 4YacTo OBIBAET AOCTATOUYHO
Ul KaueCTBEHHOI'O MpPEICKa3aHusi PEaKUHOHHOH CIIOCOOHOCTH MO-
JIEKYIT.

2.4.3. AJIBTEPHAHTHBIE YITIEBOAOPObI

Pacuer sHepruii MONEKyJISIpHBIX OpOUTasiel, HApUMEp MO0 METOAY
XIOKKeIs, B ciTydae OOJIBIINX MOJIEKYI SIBIISIETCS O4CHb YTOMHUTEIHHBIM
MPOIECCOM, TaK KaK MPUXOJUTCS Peliarh OONIMPHBIC JCTEPMUHAHTHI.
OOBIYHO TSI PEIICHHsI OOJBINMX IETEPMHUHAHTOB HCIOIL3YyIOT DBM
WM pasMep ACTEPMUHAHTA YMEHBIIAIOT, MPUMEHSST METOIbI MaTeMa-
THYecKoi Teopuu rpynn. Ho ects u apyrue myTu.

Boraryro uH(bOpMAIUO 0 MOJIEKYISIPHBIX OPOUTANISIX MOXHO TOJY-
YUTh, MOJCUUTAB YUCIIO U MPOAHAIU3UPOBAB PACIIOJIOKEHUE aTOMOB B
Moutekyne. Kak yxxe roopuioch Beille, 3Heprus MO mnpsiMo cBsizaHa
C YHCIOM y37I0B B daHHOM MO, T. €. ¢ B3aUMHBIM PACIOIOKCHHEM
TTOJIOKUTEIHFHBIX U OTPUIATEIHHBIX J0JIeH aTOMHBIX opOuTaneil. UToOb!
OIIEHUTh OTHOCHUTENbHYI0 d3HEepru0 MO, He06X0TUMO MOCUUTATh YUCIIO
y3710B. Hanmpumep, B aJUTMIIBHOM CUCTEME HIDKHSS T-OpOUTaIbh HE UMEET
y3JI0B, Cleaylolias UMeeT OJUH y3ell, a TpeThs —aABa y3na (puc. 2.9).
OtHOocuTeNnbHY0 dHepruto 3tux MO Jierko omnpeneauTb, €clii MOoJ-
CUMTATh U CYMMHUPOBATh YUCIO CBSI3BIBAIONINX (+) U Pa3pBIXJISIFOIINX
(—) B3ammoneiicTBult Mexay coceqauMu AO. [l amTIbHON CHCTEMBI
HIKHSISL OpOUTAh UMEET JBa CBSA3BIBAIOIINX B3aUMOACHCTBUS, CPEIHSSA
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HE MMCCT HHU CBA3BIBAIOLIUX HU PaA3PLIXJIAIOIINX B331/IMOI[CI>1CTBI/II>1, a
BECPXHAA 0p6I/ITaJ'IL HNMECT JIBa aHTUCBA3BIBAIOIINX B3aPIMO,Z[CI>iCTBPIHZ

O0THOCUTeNbHas

e 3Heprus
£rr
0
£
TE

Huknuyeckue CONMpsbKeHHBIE YITIEBOIOPOABI UMEIOT BBIPOXKICHHBIC
MO (cMm. puc. 2.7), BO3HUKAIONTUE BCICACTBHE TOTO, YTO Y3JIBI MOTYT
NPOXOIUTh Yepe3 LMK AByMs pPa3sHbBIMA MNYTSIMH, U B pe3yjibTare
MOJYYalOTCsl JIBE OPOHMTAIHM C OJMHAKOBOM CYMMOH CBSI3BIBAIOIINX H
HECBS3bIBAIOIIMX B3anmojeiicTeuil. Hampumep, Oenzon (cM. mi. 12)
MMEET HWKHIOI CBS3BIBAIOIIYI0 OpOMTanb ¢ SHeprueit 6(+), naBe
BBIPOXKICHHBIC CBsi3biBaroine MO c¢ sueprueii 2(+ ), ABe BBIPOXKICHHBIC
anTHucBs3biBatone MO ¢ sHeprueii 2(—) U BEPXHIOK aHTHCBSI3bIBAIO-
ugyto MO c sueprueit 6(—).

PacueTbl MONEKYISIPHBIX OpOUTAIEH MOXKHO elle OoJiee YIPOCTUTD,
€CJIM PacCMOTPETh CBOMCTBA Kilacca COSAMHEHHI N3BECTHOTO TTO]T Ha3Ba-
HUCM abmepHanmuule yeneso0opoost (AY). AnbrepHaHTHBIC YITICBOIO-
POJIBI ONPEACIISIFOTCS KaK JTI00BIE TUIOCKUE CONPSHKEHHBIE YIIIEBOAOPOIbI,
B KOTOPBIX aTOMBI YITIEPOJIa MOXKHO MOJICTTUTh Ha IIOMEYCHHbIE (3BE3/104-
KOH) W HEIOMEUEHHbIE TAKMM 00pa3oM, YTO J[Ba MOMEUEHHBIX MJIH JBa
HETMIOMEYCHHBIX aToMa He OYIyT HAXOAUTHCS 0 COCEICTBY JIPYT C JIpY-
roM. Hike npuBezeHbl MPUMEphI albTEPHAHTHBIX U HEAJIbTEPHAHTHBIX
YIJIEBOAOPOAOB:

YETHbIC Q/IbTENHAHTHbIE CUCTEMB!

. **

6yTaﬂ,MeH Benson eHaHTpeH OUBUHUAITUNEH
HEYETHbIE aNbTEPHAHTHBIE — CUCTEMbI

* »*
A\ Q—
i/ * *

ann Ben3un (KaTWoHbl , papuKansl, aHnoHb )

HeanbTePHAHTHbIE CUCTEMbI

g 45

)’JleEH asynex
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HeanbrepHanTHble yIIeBOAOPOABI COAEPXKAT ITUKIBI C HEYCTHBIM
YHUCIIOM aTOMOB YyTJIepo/a.

2.4.3.a. IIAPHOCTb OPBUTAJIEA

[Ipu mocTpoeHun 7-CUCTEMbI OyTaJreHa U3 JBYyX JOKAJIU30BaHHBIX
7-CBsI3eH (CM. puc. 2.8) pacmoioxeHne opOuTaaeii OTHOCUTEIBHO JHEP-
TEeTHUYECKOTO YPOBHSI aTOMHOUM p-OpOUTaIM OCTAETCS CHMMETPHUUYHBIM.
To >xe camoe OymeT HaONMIOMATHCS, €CITH COSAMHUTH IBa OyTaJIHEeHOBBIX
(¢parMeHTa B OKTaTeTpacH Wi OyTaJMECHOBBIA (PPArMEHT JBYMsI KOH-
IIaMH C THJICHOBBIM ()parMEHTOM B MOJIEKYIly OeH3oi1a. Bo Bcex aTmx
CJTy4asiX Mbl HAUMHAEM C JIByX CUMMETPUYHO PACIIOJIOKECHHBIX HAOOPOB
opOuTaneii u B pe3yiabraTe BO3MYIICHHS MOIyYaeM TaKk)kKe CUMMETPHY-
Hoe pacmonokeHue MO koHeunoro nonuena. Kaxmoil, cBs3piBaomeit
opOuTaIu ¢ SHEPrueH (0 — €) HalWmeTCs TmapHas OpOUTaNb ¢ dHEpTrUe
(o + €), THe a — PHEeprusl OMUHOYHOHN p-0pOUTAIIH.

Jis m-cucTeM ¢ HEYETHBIM YHCIIOM aTOMOB yriepona uucio MO
HedyeTHO. [Ipu 3TOM omHa opOuTanms (CpemHssa) SBISICTCS HECBSI3BIBAO-
1Iei, HO 00Iasi KAPTUHA OCTACTCS CUMMETPUYHOM, T. €. KaXKJIOU CBS3bI-
BalOIIei OpOUTAIIN COOTBETCTBYET MapHasi aHTHCBA3BIBAIOIIAs OPOUTAITH
(puc. 2.9). IlapHocTh opOuTaneil sBIsETCS XapaKTEpPHBIM CBOMCTBOM
aJBTEPHAHTHBIX YTJIEBOAOPOIOB, NUKIMYECKUX M AI[MKINYECKUX, YeT-
HBIX U HEYCTHBIX.

Hpyras kaptuHa HaOIIOMAeTCs Ul HealbTePHAHTHBIX YIIIEBOJIOPO-
JIOB, T. €. JIISl COTPSKCHHBIX CUCTEM, COACPIKAIIMX IUKIIbI C HEYCTHBIM
YHUCIIOM aTOMOB yriepona (puc. 2.7). Mpl moiy4ain IUKIONPONEHIIT
JIBYCTOPOHHUM BO3MYIIICHHEM 3TUICHOBOW CUCTEMbI U OIMHOYHOU p-0p-
outamu. n-OpOuTanms STHICHA MOXET B3aMMOICHCTBOBATH C p-OpOH-
TaJbO CBSI3BIBAIONIUM HJIM aHTUCBS3BIBAIOIIUM O0OpA30M, M IMPHU ITOM
o0pasyroTcst opoutaim y; U W,. Tpetbs MO >KBUBaJICHTHA HEBO3MY-
nieHHoH m*-opOutanu. TakuM 00pa3oM, HUKIIOMPOIICHWIBHAS CUCTEMa
HECUMMETPUYHA: OHA MMEET OJHY CHJIPHO CBSI3BIBAIOIIYIO OPOWTAIb C
sHepruel (o« —2) u 1Be MeHee CHIIBHO aHTUCBS3BIBAIOIINE C dSHEPTUeh
(a + B). HemapHocTh opOuTaneil sBISETCS XapaKTepHBIM CBOMCTBOM
HeaJbTePHAHTHBIX YIIIEBOIOPOJIOB.

2.4.3.6. OCOBEHHOCTHU AJIBTEPHAHTHBIX YIJIEBOJOPOJ0OB

ANBTEpHAHTHBIC CHCTEMbl MHTEPECHBI TEM, YTO HMX CTPOCHHE U
PEaKIMOHHYIO CIIOCOOHOCTh MOYKHO OYEHB JIETKO PAaCCUUTATh.

PacnpenesieHue 31eKTPOHOB B YeTHBIX AJIbTEPHAHTHBIX CHCTe-
max. CornmacHo nipaBuity 4 (pasa. 2.4.2), 1uist Kax 101 aTOMHOM opOUTau
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cyMMa KBaapartoB koddduiuentos LC? 1o BceM MOJIEKYISPHBIM OpOH-
TaJsM paBHA €AWHUIIE, M TaK KaK MOJIEKYJIIpHbIE OpOUTATIH YETHBIX AY
pacroiararoTcsi CAMMETPUYHO OTHOCHTEIBHO HECBS3BIBAIOLICTO YPOB-
Hsl, CBS3BIBAIONINE U PA3pBIXIAIONINE TapHble OpOUTaNN (HaIIpuUMep, V)
U Yy, WIK Y, U Y3 B ciydyae OyTaJlMeHa) JOJDKHBI OTIIMYAThCS HE IO
BeJIMYUHE KOAPPHUIIMEHTOB, a TOJIHKO TIO Pa3HOMY YepEI0BaHUIO 3HAKOB
p-opbutaneit (c. 125). CienoBaTenbHO, sl CBA3BIBAIOIIUX OpOUTANICH
¥C? = 0,5, a TOCKOIBKY Ha KaXI0H CBA3BIBAIONIEH OPOUTAIIH HAXONATCSA
IO JIBa AJIEKTPOHA, 00Ias 7-3JICKTPOHHAS IUIOTHOCTh Ha KaXKIOM aTOME
(mo BceM opb6uranam) pasHa exmHmue (2XC> = 1). Takum o6pasoM,
B ueTHbIX AY (dTHicHE, OyTajJiueHe, TeKCaTpUeHe, OKTareTpacHe, OcH-
305Ie W T. [.) Z-DJEKTPOHBI B IEJIOM PAaBHOMEPHO DAaCIIpEeNeHbI 0
COIIPSDKEHHOW CHCTEME, XOTA Ha KaKIOW MHIAMBHIyaJbHOW OpOUTamn
pacmpezeneHne HepaBHOMEPHOE.

Pacnpenesienne 3JIeKTPOHOB B HEYETHBIX AJbTEePHAHTHBIX CH-
creMax. BaxxHoil 0COOCHHOCTBIO HEUETHBIX AY SBISETCS HaIHUUC
HECBSI3BIBAIOIICH MOJIEKYIsIpHOW opOuTamu (n,). s sToit opburamu
ko3¢ ¢unmentsl C,, OYEHb MPOCTO OMNPEACIUTH, IMOJIB3YSICh METOJ0M
Jlonre— Xwurrunca, pazBuThiM JlproapoM. MeToj1 COCTOUT B CIEIYIOIIEM:

1) paccraBUM 3BE3J0YKH TaK, YTOOBI UMHU OBLJIO IMOMEYEHO MaKCHU-
MaJIbHOE KOJHMYECTBO aTOMOB;

2) k03 PUIMEHTHI Il BCEX HEIIOMEUYCHHBIX aTOMOB JIOJKHBI OBITh
PaBHBIMH HYJTIO (CM. OpOUTAINb W, IS ajuIiia; CM. puc. 2.6);

3) cymma ko3(h(HUIIMEHTOB Y BCEX MOMEUCHHBIX 3BE3/I0YKO aTOMOB,
OKPYXKAIOMUX JF000W HETIOMEUYCHHBI aToM, JOJDKHA OBITh pPaBHOU
HYJIFO;

4) nnsa Beeit opouTamu 2C? = 1 (ycloBHe HOPMHPOBKH).

YroOBl MPOMILUTIOCTPUPOBATD ATU MTPABUIIA, PACCMOTPUM OCH3UIIBHYIO
crucreMy (OCH3WIBHBIN KaTHOH, paTuKall WU aHUOH):

1) 3Be3M0YKOI MMOMEUEHBI YETHIPE MOIOKCHHS, H TOJHKO
TPHU HE TIOMEYCHBI,

2) k03P PUITHUCHTH B HETOMEUCHHBIX MOJIOKCHUSAX PaBHBI  *
HYJIFO;

3) OoTHOCHTEIbHBIC BEIUYHHBI KOI(D(OHUIIMEHTOB y TIOMeE-
YEHHBIX aTOMOB OIPECNISIOTCS MPOCTHIMU apUPMETHUSCKH-
MU neiicTBusiMi. HaunHaem ¢ TOTo, 4TO IPUITHCHIBAEM BEIH-

o

yuHy x koddpunmenty Cy, Torma C, = —x, 4ToObI cymMMa

BOKPYT TIOJIOKeHHUs1 3 Oblia HyleBod. Takmm ke oOpazoMm 7|22
ompezensieM Bce Jpyrue koddduimentel. B Gonee oOmmp- f@r
HBIX T-CUCTEMax, KPOME X, MO’KHO BBECTH JIOTIOJTHUTENBHBIC, \;3

MIPOU3BOJILHO B3SThIC 3HaUCHUs! k03D (OUIUEHTOB (HapUMep,
y, Z B T. 1.), OMHAKO B KOHIIE BCETJa MOMYYHUTCS JOCTATOYHO
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ypaBHEHUH, YTOOBI Bce KOI(D(PUIMEHTHI BBIPA3UTh Yepe3 eIMHCTBEHHYIO
HEePEMEHHYO X'
2/V17

—1/\ﬁ©—1/ﬁ

1/vV7

4) £C? =7x%, cnemoBarensro, x = £1/v/7.
TakxuMm oOpaszoMm, OcH3MIBHAS HecBs3bBaromas MO uMeeT BUI

‘/{yr=(7/|/7/(-92+ a9+ 2%

nm

B OeH3WIBHOM pajuKaie Ha STOW OpOUTAIM HAXOJUTCS OJMH DJICK-
TpoH (puc. 2.10) 1 cymmapHas (10 BCeM 3aHATBIM OPOUTAISIM) 7-3JICK-
TPOHHAsA IUIOTHOCTH Ha Ka)XAOM aTOMC YIJICPpOJa paBHA COAWHUIIC. ﬂ.ﬂ}l
m000T0 aToMa cyMMa Kod(h(GUITMEHTOB 110 BCeM OpOHUTaISsIM paBHa 1:

2C2(no ceaspiBaromm MO)+XC? (o paspeixastonum MO)+C2(n,) =1.
N3 ycnoBusa napHoctu (cuMMerpun pacnoioxenus MO):
2C? (no ceaspBatomum MO) = ZC? (o paspexiasiomum MO).
25C? (10 ceasbiBatomm MO) + C2(n,) = 1.

o

=

- —— —_—

El

2

B — —_—

=

o
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Y —— S S— —_——
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z —t— — b —_—

5 — ——— —————

2

2

5 ——— —_— —H—

3 ® . )

O O O
b-97-3neK TPoHOB 7-71-3N1eKTPOHOB 8-77-371€KTPOHOB

a 7] B

Puc. 2.10. n-Opburanu GeH3MILHON CHCTEMBI
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[Ipr moHm3anuu OCH3WIBHOTO pajuKaja IyTeM OTHSTHS OJHOTO
AIIEKTPOHA TTOTYYaeTCsl KaTHOH, B KOTOPOM OTCYTCTBYET JIEKTPOH, B pa-
JUKaJIe HﬂXO,[[HBH.II/IfIC)I Ha Ny, T. €. Ny UMECT NOJIOKUTCIIbHYIO «IBIPKY»
(puc. 2.10,a). DTa «apIpka» pacrpeaeiieHa Mo MOJICKYIe, H ITOCKOJIbKY
CBA3bBIBAIOIIUEC Op6I/ITaJ'II/I OCTAarOTCA 3allOJIHCHHBIMHU, PaCOpPCACIICHUC
TIOJIOKUTENBHOTO 3apsiia coracyeTcs ¢ BequuuHoit C2 Ha KakaoM
aToMe€. AHEIJIOI‘I/I‘IHO, B 6GH3I/IJ'ILHOM AHUOHE, B KOTOPOM Ha 7n; UMECTCA
BTOPOH AIIEKTPOH, OTPHUIIATEIBHBIN 3aps/] paclpeieleH B COOTBETCTBUU
¢ kBajipaTamMmu K03(Q(OUIIUCHTOB, YYUTHIBAOIIUX BKJIa]l KaXKJIOTO aToMa B
HECBSI3BIBAIONTYIO OpOUTAI:

+%, -4/
1 -
+1/7 +1/7 '/7 1/7
1
+ 5
BeH3UNLHBIM KaTUOH Ben3naLHbIM aHoH

Takoe pacnipenenenue 3apsaa B OCH3MIBHOM KaTHOHE M aHHOHE CO-
otBeTcTBYeT (—M)-3hdexTy rpymniisl *CH? u (+M)-3dpdekrty rpynmnst

—CH;: o C_}
CH, :CH,

KaTuoH aHnoH

JHeprus genokanusauuu. Ilpu oOpazoBanuu OyraaneHa U3 ABYX
STUJIICHOBBIX (ParMeHTOB (CM. pHUC. 2.8) W3MEHSIETCSl SHEeprus, BCie.-
CTBUE B3aMMHOIO BO3MYILEHUS IBYX T-CHCTEM 4YeTHBIX AY. OTO H3-
MEHEHHE PHEpPruu paccuuTaTh HE O4YEHb Jierko. Bo3myrieHue nepsoro
MOpsiKa MEXAY IBYMs IOJTHOCTBIO 3aHATBIMH WM IBYMS ITyCTBIMHU
opOUTANIIMU HE TOHWKAET 3Hepruto. [loHmkeHne 3Hepruu 00yCcIoBIECHO
OTHOCHTENIBHO C€JIa0BbIM B3aMMOJCHCTBHEM BTOPOTrO MOPSIIKA MEXKIY
CBSI3BIBAIOIIMMH M AQHTHCBS3BIBAIOIIMME OpOUTansiMu. B mepBom mpu-
OMMKeHUH BeJMYMHA 3Toro 3¢Qexra BTOPOro MOpsiiKa A JTUHEHHBIX
(aLIMKINYECKUX) T-CHUCTEM HE 3aBUCHUT OT TOTO, Kakue dYeTHble AY
B3aMMHO BO3MYILAIOTCS, T. €. MO’KHO JJOOABJISITh STHIICHOBbIE ()PAarMEHTHI
u o0mmias SHeprus KaKAbli pa3 OygeT ocTaBaThCsl OJHOW M TOH IKe.
OTO O3Ha4aeT, YTO AUUKINYECKHE CONPSIKEHHBIE ITOJHEHBI CHUIIBHO
MOX0XKH Ha CUCTEMBI C JIOKAJTM30BaHHBIMHU 7T-CBSA3SIMH, YTO OTpaKaeTcs
B JUIMHAX CBs3el. JIBOMHBIE CBS3U B ALMKINYECKUX IMOJIMEHAX HMEIOT
MPAaKTUYECKH TaKylo K€ JJIMHY, Kak U B OTWIEHE. TeM He MeHee
«TIpoCThIe» (B KJIACCHMYECKOM IIOHMMAHHUM) CBSI3M B IIOJIMEHAX 3aMETHO
Kopoue, ueM B dTaHe (1,48 A Bmecro 1,54 A). DTO SIBISICTCS CICACTBHEM
BO3MYIIEHMsI BTOPOro Mopsiika. Bo3mylieHune mepBoro mnopsiika He
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cOmmkaeT OOBEIUHSIIOIIUECS aTOMbI JIByX ATHICHOBBIX (DParMeHTOB,
a BO3MYIIEHHE BTOPOTO MOpsAJIKAa WX CONMMKAeT, Tak KaK 3TO COIpPO-
BOXKAETCs IYCTh HEOOJBIINM, HO PEAJbHBIM BBIMIPBIIIEM 3HEPTUU.
g Bcex alMKINYecKuX ITOJIMEHOB BKJIAJ BO3MYIIEHHS BTOPOTO TIO-
pSAIKa, OTPaKAIOMIMKMCS B YMEHBIICHUM JIMHBI «IIPOCTBIX» CBSI3CH,
MpHUOJIM3UTENHHO OAWH W TOT k€. llosToMy TermoTy oOpasoBaHUS
MOJINCHOB MOXKHO BBIYHCIUTH MPOCTO KaK CyMMY SHEPTHM OTAEIbHBIX
CBSI3€H, WMCIIONB3YSl «UCIPABICHHYIO» BEIMYUHY JHEPTUU «IIPOCTOID»
ces3u C—C (91 Bmecro 82 kkajn/monb kak B 3Tane). OJHAKO eciu
B CJy4yae aJKaHOB KCIIOJIb30BAaHUE B ITOBCEIHEBHOW pabOTe XWMHUKA
MOJICTIH JIOKAJIM30BaHHBIX CBS3€H OMpaBOaHO, TO B CIydae IMOJHUCHOB
3TO HE TaK. AIIMKINYECKUE TTOIUEHBI CKIIOHHBI pEarupoBaTh 110 KOHIIAM
TT-CUCTEMBIL.

Hanpumep, OyTaareH nprucoenuHsIeT MOJIEKy Ty OpoMa He TOIBKO 110
JIBOMHOM CBSI3M, HO M B MOJOKCHUN 1,4;

CH,=CH—CH=CH; + Br, —

— CH,—CH—CH=CH, + C\Hz*CH:CH*$H2.
Br Br Br Br

Kpome Toro, puc. 2.8 u 2.9 nmokaspIBarOT, YTO JEJOKaIU3aIMUs HA
CaMOM JieJ€ SBIISIETCs CYIECTBEHHON YEePTON CTPOEHUS 3TUX MOJIEKYIL.
DaKTHUECKH CYIIECTBOBAHHE MOJIEKYJ C AETIOKATN30BAHHBIMHE CBSI3IMHU
OBIJIO MOHSTO €I MHOIO I[CCSITI/IJICTI/II\/'I Hasal, 4TO OTpPasujioCb, B
YaCTHOCTH, B TEOPUHM «OCTAaTOUHBIX BaJleHTHOcTed» Tuie. Tem He
MCHEC B ClIy4dac 6YT3,[[I/IGH3, TEKCaTpUCHA, OKTaTECTpacHa U T. 1. BIUAHUC
JIEJIOKAIM3aIA Ha OOIIyI0 SHEPruio (HO HEe Ha DHEPIHI0 OTIENBbHBIX
opOuTaneil) HEBEJIMKO M MHOTHME CBOWCTBA TAaKUX MOJIEKYJ MOXKHO
OTHCaTh HAa OCHOBE MOJEIH C JIOKAJTM30BAaHHBIMHU CBS3AMHU (CM. TI. 7).
BhISIBUTH Je/IOKQIIN3aIMI0 MOKHO OoJiee SIBHO, €CJIU MPH MOCTPOCHUU
TT-CUCTEMBI TTOJINEHOB MBI OyZIeM OOBEAWHATH ABa ()parMeHTa HEUCTHBIX
AY. Ilyctb, Hanipumep, OObEAMHSIOTCS T-CUCTEMBI JIBYX aJUTWIBHBIX pa-
nmukanoB. [Ipexe Bcero He0OX0MMMO TOSCHUTD, YTO MOPa3yMeBaeTCs
MOA TEPMHHOM «OOBEAMHEHHE T-CUCTEM». AJUIMIIBHBIA pajdKail Teo-
pETHYECKH MOXKET CYIIECTBOBATh KaK T-pajiikal WA KaK o-pajinKal, B
KOTOPOM OpOUTalIb, HECYILasi HECIIAPEHHBIN ANEKTPOH, MPUOIU3UTEIBHO
npeacTaBiseT coboit sp>-rubpu:
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T-pamuKan G-pagvKan
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Bonee crabunen zm-pagukai, Tak Kak B HEM BO3MOXKHA JICJIOKAJIN3ALIUS
HECIapEeHHOTO 3JIeKTpOHa. PaguKaibl MOTYT 00BETUHATHCS, TIEPEUIs B
nporecce 00beIMHCHHS B O-pajiKalbl, ¢ 00pa3oBaHueM 1,5-rexcaaue-
Ha, YTO PeajbHO U MPOUCXOJUT B XUMUYECKUX PEAKIIUAXK, IPOBOTUMBIX
C aJUIMJILHBIMU PaIUKATIAMU:

2CH,=CH—-CH; — CH,=CH—CH,—CH, —CH=CH,.
1,5-rekcaguen
Uto0b! 00BEAMHAUTH JIBA M-paJMKaia ¢ 00pa30oBaHUEM T'eKCATPHEHOBOM
TT-CUCTEMbI, HYKHO CILIC U YAAJIUTh 110 aTOMY BOAOPOAa OT O6’be[{I/IHHIO-
IIUXCSI aTOMOB yTIIEpoia aJUTMIIBHBIX PAJAUKAIIOB!

2CH,=CH—CH,; — CH,=CH—CH =CH—CH=CH,.
1,3,5-rexcarpuen

OTOT mpouecc B 0OBIYHBIX PEaKUHsIX HE MPOUCXOIMT, TaK Kak TpedyeT
3aTpaThl PHEpruu Ha paspeiB cBsazed C—H. Takum obpaszom, oObemu-
HEHHE JIByX aJUTMJIBHBIX (PParMEHTOB B T€KCATPHEH MBI MPOM3BOINM
JIMIIb MBICJICHHO, HC CHUTASCh C 3aTpaTaMU 3HEPrurM Ha OTPLIB ABYX
aTOMOB BOJIOpOJa, TOCKOJBKY HAac HWHTEpPECyeT JIWIIb BOIPOC: KaK
HU3MCHUTCA SHCPIUL [IECTUATOMHOM 7T-CUCTEMBI T10 CpaBHCHUIO C IBYMS
TpEeXaTOMHBIMU?

[lpu oObeauHeHMH BYX HEUeTHHIX AY BO3HHKAaeT OOJBIIOE BO3-
MYyIIIeHHE X HECBA3BIBAIOIINX 71,-OpOHTaleii, KOTOpble UMEIOT PAaBHYIO
sHepruto (puc. 2.11). M3meHeHnue oO0miei sHEPruu m-3IEKTPOHOB (KO-
TOpOE Ha3bIBaeTCS oHepeuell Oenoxarusayuu, OE;), eclin mpeHeOpedh
MaJIbIMU BO3MYIIICHUSAMU BTOPOI'O MOPAAKAa MCKAY 3alIOJTHCHHBIMU U ITYy-
CTBIMH OpOHuTAIIMH (Cp. pHC. 2.8, 6), OyIeT ONpeneIsIThCS N3MEHCHHEM
SHEPIHHU:

SEx = 2& = 2C,C, B, 2.11)

e C, u C, — k02 QUIHEHTBI aTOMOB X U ) B 11 IByX 00bEIMHAIOIMXCS
HeueTHBIX AY.

R S

Puc. 2.11. Bo3mymienue nepBoro nopsaka

Mexxry HMO nByx ¢parMeHTOB HEYETHBIX — —H=—
QJIBTEPHAHTHBIX yIIIeBogoponoB A u B —_——



JlBa a;uMibHBIX parMeHTa MOYKHO OOBEIUHUTh KOHIIOM K KOHITY —
¢ oOpa3zoBaHHEM TreKcaTpueHa WU TT0 000UM KOHIIaM — ¢ 00pa3oBaHUEM
6ensona. [lockoiabKy BO3MYIIEHHUS NEPBOrO MOPSAIKA aJAUTUBHBI, NPU
pacuere 6F, mis oOpa3oBaHus OcH3oma ypaBHeHHE 2.11 Bcmonab3yercs
JIBAXKIbI — JUIS B3aUMOJENCTBHSA Xy U X))/

Vﬁ/\ -5

1/1/5 \} JA[Z

.
l>/ ©

1,3,5-reKcaTpuet Benson

66,858 86, = 20,0, 4G, 6= 28

beH3on okasbiBaeTcs 0ojiee CTaOMIIbHBIM, YeM T'eKCAaTpPHUCH, T. €. OoJiee
CTaOWUIILHBIM, YeM MOXXHO BBIYHCIUTH, MCXOMAS W3 TaOMUIBl dHEPTUil
cesizeit C—C, C=C, u C—H. CuenoBarenbHo, OSH30I SBJISICTCS apo-
MaTHYECKUM yTIEBOJOPOAOM (cM. II. 12).

Ecau anmnmmn o0beTUHUTE C OMUHOYHON p-0pOUTANTBIO (0003HAYASTCS
JKUPHOM TOYKOW M PACCMATPUBACTCS KAK KpallHUM cllydall HE4eTHO-
ro AY), To MO)KHO TIPUATH WM K OyTaANCHY WU K ITUKI00yTaIueHy:

Yt D4
g \
AN
i ]
GyTaanen umknobyTapmen
8, =200, f8 =VZ2 R 8, = 2(C,0, B+ CuCy /=0

B aToM cnyuae 3aMbIKaHNE ITUKIIA SHEPTETHUECKH HEHTPAITBbHO, TaK KaK
C.C, u C,C, coxpamarorcsa. Jlenokanu30BaHHbIH IUKIOOYTauEH yiKe
HE apoMaTH4YeH; OH aHTHapOMaTH4eH, T. €. MEHee CTaOWJIeH, YeM €ero
aHAJIOT C OTKPBITON IICTBI0 WM MPEIIOI0KHUTEIHHO BBIYUCICHHBIN 110
TaOJIHUIIe SPHEPTHH CBA3CH.

[NockonbKy mpu 00pa3oBaHWU LUKIOOyTaAMEHA YHEPTUsl HE H3Me-
usiercs (6E, = 0), aummiabHas n,-0pOUTATL MOJKHA OCTaBaThCsA 0e3
M3MEHEHUSI U TI03TOMY IMKJIOOYTaIUCH JIOJDKeH MMETh HECBS3BIBAIO-
myro MO. Ho nuxmoOyTtaauer — 310 4eTHBIH AY, B KoTopoM Bce MO
MapHbIe, W CJIEJOBATCIIbHO, Y HEr0o JIBE HECBS3BIBAIOIIME OpPOUTAIIH.
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Puc. 2.12. n-Opbutanu nukiaoOytaauena. KosdduimeHtsl paccunTaHbl Mo METOLY
Xokkens (Bce C = 1/2)

YuuThiBas npaBuiio XyHJa, MOXKHO 3aKIIIOUUTh, YTO LHUKIO0YTaaUEH 110
AJIEKTPOHHOUW CTPYKType MpeAcTaBiseT coboil Ompamukan (puc. 2.12),
KaK ¥ YeThIPEX T-MIEKTPOHHBIN [IUKJIOMPOIICHUIILHEIN aHnOH (puc. 2.7).
OHeprus JABYX CBSI3bIBAIOIIMX 3JIEKTPOHOB LHUKIOOYTaAHE€HA OTHOCH-
TEJIbHO HECBS3bIBAIOIIETO YPOBHS cocTaBiser 2 X 23 = 4f, a co-
OTBETCTBYIOI[Asl 3HEPTUsl OTKpBITOro OyTaaueHa (cM. puc. 2.8) paBHa
(2 x1,62+2x1,62)p = 4,48B, 1. e. nocaennsist cuctema Ha 0,488
crabuibHee (HamoMHUM, 410 3 < 0).

OHeprus JeJIOKAJIU3ANMUH HeaJIbTePHAHTHBIX cucTeM. Orucas-
HBIH BBIIIE METOJ MOYHO HCIIOJB30BATh M ISl OIICHKH DHEPTHH JeTI0Ka-
JM3alKy YeTHBIX HeallbTePHAaHTHBIX yrieBogoponos. Hampumep, dyib-
BEH MOKHO 00pa3oBaTh W3 JIByX aJUTMIBHBIX (DParMEHTOB CIICTYFOIIIM
obpazom:

1
1/{2/‘23?:\—1/ 8Eq =20,6,8+0=5.
0 V2
NOCKONbKY_ 5557 AN 3TUNeHa pasHa f:
x{” ‘}g SEp =GB =58,

DynbBeH, COACPKAIIUN TPU CONPSIKEHHBIE JTBOWHBIE CBSA3U, HUCKOJIBKO
He cTaOuJIbHEee ITUIICHA.

C npyroil CTOpOHBI, a3yJIeH HEMHOTO CTa0WIIbHEEe AIMKIMYeCKO-
TO JCKAaleHTacHa, T. €. apOMATUYCH, XOTS €r0 apoOMaTHYHOCTH MCHEe
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BBIPOKEHA, YE€M apOMaTUYHOCTh Ha(TajduHa. DTO HIUIIOCTPUPYETCS
CIIEIYIOIIUM PAcyeTOM DHEPTUil AeTOKaAIN3alUu:

’
OO o — Z  SEL=2pJ5
s U5 U -~ JAeKaneHTaeH
PN
1 Ws HagpTanmH
S Y S€,.= 2285 )=4ppV5
0 asynex

2.4.4. n-CUCTEMBI, COAEPKAINUE 'ETEPOATOM

DHeprusi BO3MYIICHUS BBIPAKACTCA B €IMHULAX 3 U OTCUUTHIBA-
eTCSl OT CTaHJApTHOTO YPOBHS Cc, KOTOPBIA COOTBETCTBYET OIMHOY-
HOU ymiepomHod 2p-opOurtanu (mo3tomy uHAeKc —C) W Ha3bIBaeTCs
Hecsazvlgarowum ypogHem. OIHAKO €CIIM MBI TMEPEXOAUM OT YHCTO
YIIEPOAHBIX T-CHUCTEM K CHCTEMaM, COJEpXallluM TIeTepoaTroM, Ha-
npumep ot »twiiena CH,=CH, k ¢opmamsaeruny CH,=0, ot ai-
munbHoro annona CH,=CH—CH, — K eHOnAT-aHMOHY aleTalbIeruia
CH,=CH—O" unu or 6yranuesa CH,=CH—CH=CH, — k akposieuny
CH;=CH—CH=0, 10 KpoM€ Q¢ MOABJISIETCS BTOPOH YpPOBEHb— o,
KOTOPBI COOTBETCTBYET OAWHOYHOM 2p-OpOWTaNM aTomMa KHCIOPOHa.
ITockonbKy ap 7 o¢ (YPOBEHB O JIKHUT HIIKE, TAK KaK KUCI0Po OoJiee
SIEKTPOOTPULIATENBHBIN AEMEHT, YeM YINIepod), Npu 0Opa30oBaHUH

. o AN
m-opburaneii kapooHMIBHOM rpymbl , C=O MPOMCXOAUT BO3MYIICHHE

BTOpOTrO nopszka (puc. 2.13).

[Ipu BO3MYyIIIEHHH BTOPOTO TOPSIIKA CBSI3BIBAIOIIAs OpOUTAIH HATIO-
MHUHAET 0oJiee HU3KO PacIONOKEHHYIO 0a3MCHYI0 HEBO3MYILECHHYIO Op-
ouTanb (cM. paszm. 2.3.5). DTo BeIpakaeTcs B KOAPPHUITHESHTAX U pacIpe-
JICJICHUH AJIEKTPOHHOMU IJIOTHOCTH. B aTHIICHE KO PUIIMEHTHI Ha 000X
aTomax yraepona ommHakosbl (1/+/2, puc. 2.5), HO B opManbaerue
Cc < Co, a C¢ > C§, npuuem Cc/Co = C§/CE. DTO SKBUBAICHTHO
YTBEPXKJICHUIO, YTO Iapa 3JICKTPOHOB HA CBSI3BIBAIOIICH opOMTamu 7
«CMeIIeHa» K aTOMy KHCIIOpoJa M Ha KHUCIOPOJIE T-IEKTPOHHBIN 3apsiy
oTpUIlaTe]IbHEE, & HA YIIEPOJS IOJOKHUTEIbHEE, YeM B HEHTpaabHOU
MOJIEKYJIe dTHUIICHA:

H,C=CH,, H,C°t=0°"
STHIIEH dopmanbaeruzn
C npyroit CTOPOHBI, INIOTHOCTH AaHTHCBI3BIBAIONICH opOUTaIn 1% 60JIb-
Ie Ha aTOME yIIIepojia, YeM Ha aTOMe KUCIIOpOJa.
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Puc. 2.13. Bo3myl1eHue BTOpPOro \\ \\
TNopsZKa MPU 00Pa3OBAHUK T-CBSl- \ \ .
31 KapOOHWIBHOM rpymimel. Mex- | ) 0
Oy Y4 M Y_ HaxOmsATCsS HECBs- \\ / —0
3BIBAIOLME OPOUTAM HEHO/ENICH- v (x) 0
HBIX Map 3JIEKTPOHOB aToMa KHC- +

v 9
c—0
nopona )

Heo6xonuMo uMeTh B BUIY, 4TO OpOUTaNIb T HE SIBISIETCS BBICIIEH
3aHsaTOl MO KapOOHMIIBHOM TPYNIbL. Y aToMa KUCIOPOAa HMEIOTCS ABE
HETOAEICHHBIE Maphbl JEKTPOHOB, KOTOPHIE 3aHUMAIOT HECBSI3BIBAOIIIE
opOutanu (MOYTH BBIpOXKIEHHBIC). MIMEeHHO 3TH opOuTanu u OyayT
B3MO. Jlokanm3amus uX Ha KHUCIOPOJE YBEIMYUBACT OOIIUI OTpHIIa-

TEJBHBIN 3apsi)l Ha 3TOM artoMme. Peakiuu ¢ anekrpoduinamu (Hampumep,
¢ H™) uayr ¢ yuactuem kak pas 5Tux HecpsaspiBaromux MO:

\ 7-- @_\ \ 7@
SC=0+H®= C=0OH.

n-CucreMa eHomsT-aHuOHa (puc. 2.14) poCcTBEHHA aJUTMIIBHON 7T-CH-
creMe (cM. puc. 2.6). CpsspiBaromas 7-opOUTadb Y, B OCHOBHOM

MPUHAMJICIKUT aTOMY KUCIOpOAa B TMOJHOM aHaJOTHUH C COOTBETCTBYIO-
et opOuTaIbI0 KapOOHMWITEHOM TpymImbl (prc. 2.13); oHa pacmonoxeHa

OUYCHb HHU3KO, MMOCKOJIBKY 00a BO3MYIICHHS, KAK CO CTOPOHBI OpOUTAIIN
Tcc OTHICHOBOrO (parMeHTa, Tak M CO CTOPOHBI OPOMTANM (-,

HNOHWXKaIOT ypoBeHb O2p. OpOurtanb mcc pacmnonoxena ommwke k O2p,

4eM OpOMTallb T(-, U HO3TOMY B3auMozaeicTByeT ¢ O2p cuibHEe, 4eM
T&c. DTO MOKHO BBIPA3UTh CIIEYIONIEN CXEMOI:

cz—c;g + gz—!;o + !2-?1—0 —»E;&—!;&
0 00 06 O N7

=

CMBICT CXEMBI COCTOWT B TOM, 4YTO OpOWTanmb Y; oOpasyercs u3
opbutamn O2p myTeM CMEIIMBaHUS €€ C OpPOMTAIsIMU Tcc U (- B

¢daze (3HaK «wIrocy). OpbuTans Y 1Mo GopMe W MO PHEPTHHU ITOXOXKA
B IepByto ouepenp Ha O2p, BO BTOPYIO 0YEpPEb — HA cc U UMEET JIMIIb
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C—Ci—0

Puc. 2.14. 7-OpOutanu eHONAT-aHHOHA alleTaNbAernaa

craboe cXoACTBO ¢ (. JleHcTBUTENbHO, ' uMeeT y3en Mexay Cp u
C,, a y; Takoro ysna He uMmeeT. Bnusnue ni- Ha Qopmy opOuTanu
W1 yrajpiBaeTcsl JHIIb B TOM, 4To Ko3ddurment npu C, MeHbIIE,
yem npu C;, Tak KaKk 7~ HOIMEIIMBAETCI K Mcc B 007acTU aTtoMa
C, B mpoTtuBodase, a B obmactu atoma C; — B (aze COOTBETCTBYIOIIIX
p-OyHKIUH.

Opburanu y, u Y3 00pazyroTcs CISAYIOMNM 00pa3oM:

X, 0 V.0
C—CTO - CsC-0 + C5Ci~0 | — C5C+-0 ;0'2
00 0 o ¢
'7[CC o Ozp cC
rNaBHbIM MeHblue BKNaLLI B ¥
BK A,
0 AP (5 2 S P J DRG0 .
— — — — — — — —* — —
7 L] 759 7“2 7 &4
60 00 0 AN
rNaBHbIK MeHbMA  04eHb HeGonbLLON
BKNag 8 ;Ig BKNag B% BKJaL B l/é

OpOutans y, pacnoioKeHa HUXKE YPOBHS O, HO BBIIIE YPOBHS 0.
[Tosromy mexay C; u C, umeercs cps3biBaHue, a Mexay C; u
O — anrucs3biBanne. OpOUTaNb W, HENb3sl paCCMAaTPUBATH B MOJHOM
CMBICJIC KaK HECBS3bIBAIOLIYIO (B OTIMYME OT Y, ajliia), TaK Kak
ko3 PuLIUEeHT 1eHTpajibHOro aroma C; HE paBeH HYINIO, HO TeM He
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MeHee kodhuiuent npu C; oueHb man (puc. 2.14) ¥ mo3ToMy peakiiuu
anekrpoduiaoB 1mo aromy C; MamoBeposAsTHBL. W melcTBHTENHHO, BCE
peakiuu aMOUICHTHBIX aHUOHOB C IEKTPOPUILHBIMUA areéHTaMH UIYT
i o O mwmm mo C, (w1, 17). BaxkHBIM 00CTOSTEIIECTBOM SIBIISIETCS
TOT (paKT, 4YTO B OpOUTAIb VW, IIABHBIA BKJIAJ] BHOCUT aTOM yIIepoja
C,, a HEe aToM Kuciopoaa. Ecim yuecTs, 4T0 OpOUTAI HETIOEIEHHBIX
nap 3JIEKTPOHOB aToMa KHCIIOpOJa JIeXkaT HUXKE Y, (Tak Kak Qo HIKE
y7; M. puc. 2.14), To MOXHO TIPHHATH K 3aKJTFOUEHUI0, YTO B PEAKITHIX
¢ 2MeKTpodUIaMu, B KOTOPBIX BaXKCH OpPOUTATIBHBIA KOHTPOIb, OyIeT
npoucxofuTh araka mo C,, a B peakmusx ¢ 3apsT0BBIM KOHTPOJIEM —
ataka mo O (cM. pasmd. 2.3.7), TOCKOIBKY Ha aroMe KHUCIOpona OT-
pUIaTeNbHBIN 3aps Oojbllle, YeM Ha aToMe yIiepona, W3-3a TOro,
YTO OH UMEET HENOJCJICHHBIC Mapbl U, KPOME TOTO, HIIKHSS 3aHSTas
opOHTame Y| B OCHOBHOM IPHHAUICKHUT KHUCIOPOAY W JIAIIL ciabo
JIeJIOKaJIM30BaHa Mo aromaMm ymiepona (cMm. puc. 2.14). Ilycras opowu-
Tajlb CHOJIAT-HOHA V3 JIOKAJIU3YeTCs B OCHOBHOM Ha Cj, MMOATOMY IO
C, Morma Obl uaTH araka Hykineopwmramud. OIHAKO SHOISIT-UOHBI HE
CKJIOHHBI pearupoBath ¢ HyKJIeo(uIaMu u3-3a TOr0, YTO CAMU UMEIOT
OTPUIIATEIbHBIN 3apsl, T. €. CaMH SBJISAIOTCS CHJIBHBIMHA HYyKJIeo(hu-
JIAMH.

Temepp oOparuM BHHUMaHHE Ha TO, KaKOBHI KOA((UIIMEHTHI, ¢ KO-
topbiMu atroMbl O, C; u C, BXOAAT B JJaHHYIO OpOUTaIbh U B pa3HbIC
opbutanu. llpn KadecTBEHHOM pacCMOTpPEHHMH OyleM Ha3bIBaTh AITH
K03 UIMEHTBI «OOJIBIIONY, «CPEAHUN» U «HEOOJBIIONH» B COOTBET-
cTBUU ¢ pazmepamu p-AQO Ha puc. 2.14. MOXKHO COCTaBUTh CIIEIYIOLTYIO
Tabnuiy (tadm. 2.7).

Tabnuma 2.7
Bkiaasl atomoB B MO eHOISAIT-HOHA aleTalbJeruia
OpbuTainb Cy Cy (6]
V3 cpenHuit GomnbIIoi HeOOIIBIION
1175} OOJIBIIION HEOOIBIION CpeIHMi
v HeOoIbLIOoN CpenHui OonbIoi

MBI BUAMM, YTO 1O BCeM OpOWTamsIM (B CTpPOKax) M IO BCEM
aTtoMaM (B CTOJIOIAX) KOA(PPHUIIMEHThI MEHSIIOTCSI TAKUM 00pa3oM, 4TO
omnpeeNieHusT «OOIBIION», «CPEAHUI» U «HEOONBIION» BCTPEUAIOTCS
M0 OJHOMY pa3y M HET HU OJHOW OpOWTAM M HH OJIHOTO aTroMa,
JUTST KOTOPBIX Bce Kod(DPHUIMEHTH (WX Jake JBa M3 TPeX) ObUTH OBI
OOJIBIIUMU, CPEJHUMHU WM HEOOJIBIIUMU. DTO SIBISETCS CIEIACTBUEM
NPUHIMIIA KBAHTOBAHHUS, CONIACHO KOTOPOMY TPUEMIICMBIMU PELICHH-
smu ypaBHenus [lIpénunrepa siBIsIOTCS HOpMaTM30BaHHBIC OpOUTAIIN

151



il

¢, m— Tpu yana

¢}, e 36 Y370 Puc. 2.15. n-Op6uramm akponenna. B paii-
OHE OpOHUTaNy Y, HaXOAATCS HECBA3BIBAIO-
M mye OpOUTaIN HEMOJENEHHBIX Tap 3JeK-
TPOHOB aToMa kuciopoxa. OfHa n3 3THX
a —f—— odut ysen opOuTaneii Mo SHeprHH Takas XKe, KaK o, a
Ipyras JexuT Ha 40 KKajl/MOIb BBILIE Y.
0_8%% HCMO —»st1o opburans y3, nHo B3MO —
9TO He OpOHWTanb Y,, a BBINIE JEKalas

4; _H_ Her y3/705 0p6I/ITaJ'IL HENoAeJIeHHON Tapbl

(paza. 1.3, 1. 1), ¥ MOXET CIyXXMTb PYKOBOAALIMM HPUHLUIIOM IpH
COCTAaBJIGHUH Ka4E€CTBCHHBIX KapTHH MOJICKYJIIPHBIX OpOUTaeil.

V3710BBIC CBOWCTBA M-OpOUTAJICH EHOMAT-aHHOHA B TIPUHLIUIIC TaKUe
XKe, KaK W JUIS aJUTWILHOTO aHWoHa (cp. puc. 2.6 m 2.14): HWKHSIA
opOuTanb HE UMEET Y3JI0B, BTOpas OpOHWTalb MMEET OIUH Y3el, a
TpeThbsi — ABa y3y1a. OHAKO y37Ibl B €HOJISIT-MOHE PACIIONOKEHBI HECHM-
METPUYHO; HAIpUMep, Y3JI0Basi INIOCKOCTb OPOHMTAIH Y, HE MPOXOAUT
yepe3 LIEHTPaIbHBIA aToOM, a HaXOAUTCS Iae-To Mexnay aromamu C; u
O. Tem He MeHee coxpaHsieTcs TONOJOTHMUEcKoe Mojodue opOuTaneit
aJUTiiia U €HOJISITAa M 3TOTO, Kak MBI YBHIUM nainee (1. 17), ObiBaeT
BIIOJIHE JJOCTaTOYHO, YTOOBI YTBEP)KIATh, YTO AJUIMIIbHBIN U CHOJISATHBIHI
AQHHOHBI JIOJDKHBI MIPOSIBISITh Ka4eCTBEHHO-CXOHbIE XUMHUYECKUE CBOM-
CTBA.

Axponenn (6yrenans) CH,=CH—CH=O0 npeacrasiseTr coboil de-
THIPEXaTOMHYIO -CHCTEMY C reTepoaroMoM. MoleKymsipHble T-opOouTa-
JI 3TOTO aNbJeruaa MoKa3aHsl Ha puc. 2.15.

Ha mpumMepe akporenHa MOXXHO TIOKa3aTh, YTO Ka9Y€CTBEHHYIO Kap-
TUHY pacrpeneieHns KodQQHUINEHTOB MPH Pa3HBIX aToMaxX B Pa3HBIX
opOuTaIIX MOXHO J1aTh, HE MpHuOeras K pacyeTaM, a MOJB3YSICH JIUIIb
npoctoit siorukoil. Ilpexae Bcero clieyeT HaWTH YUCTO YIIIEPOJIHBIN
aHaJIOT aKpoJieMHa; 3To OyTaJueH, opOUTaIl KOTOPOTO MpPUBEICHBI Ha
puc. 2.8. n-CuctemMa akpoJienHa 10 y3JI0BBIM CBOWCTBAM JOJKHA OBITH
nopoOHa m-cucreMe OyTaaueHa, I0ATOMY OpOUTAM aKpoJIenHa CTPOUM
TaK, YTOOBI HWKHSISI OpOUTAH HE IMETIa Y3JI0B U ObLTa «CHMMETPUIHOI
OTHOCHUTENIFHO LEHTPATIbHOMN MII0CKOCTH. CUMMETPHIO MPU 3TOM HYKHO
MMOHUMaTh He B a0CONMIOTHOM cMbicie. CTporo roBops, opOuTanb
aKpoJICMHa HECUMMETpHYHa (B OTIMYHME OT OyTaaueHa), MOCKOJIBKY
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aToMHbIe K03(D(UIMEHTHI pacnpesiesieHbl HECUMMETPUYHO; O CHMMET-
pPUM MO>KHO TOBOPHUTBH TOJBKO B TOIOJOTHYECKOM cMbicie. OpOurans
Y, JOJDKHA OBITh «aHTUCUMMETPUYHA» U UMETh OJIMH y3€l B LIEHTPE
MOJIEKYJIBI, OpOUTAIb Y3 «CUMMETPHUYHA» U UMEET JIBa y3J1a U, HAKOHEIl,
opoHTalh Yy «AHTUCUMMETPUYHA» U UMEET TPU y3ia (MEeKIY KaxkIOou
napoii cocenanx AO, kak ¥ OyTaIucH).

Tenepr 0OCyauM, KakoBBI JOJKHBI OBITH KOX(QQUIUEHTHI, T. €.
OTHOCHTEIFHBIC pa3Mepbl aTOMHBIX opOuTaneit Ha pwuc. 2.15. Hau-
HeM ¢ opOutamu y,. Ona umeer y3zen mexay C(1) u C(2), T e.
MEXIy ITHJICHOBBEIM (DparMeHTOM W KapOOHWIBHBIM (DparMEeHTOM HET
cBsi3biBaHusl. ClIe0BAaTEIIBHO, MPUOIIIKEHHO STy OpOUTab MOXHO
MIPEJICTaBUTh KaK M30JINPOBAHHYIO CBA3BIBAIOIIYIO T-OpOUTANIb STHIICHA
(cM. puc.2.5) W W30IMPOBAHHYIO CBSA3BIBAIOLIYIO 7-OpOMTalIb Kap-
OoHMITBHOH Tpymnmel (cM. puc. 2.13). DTHieHoBas T-OpOUTATL WMEET
paBHBIC BKJAABl OT OOOMX aTOMOB, a T-OpOWTAh KapOOHMIIA — 3HA-
YUTEIbHO OOJNBIIMI BKIQJ OT KUCIOPOJAA, YeM OT yriepona. Takum
00pazoM, MOXKHO TTOJIaraTh, YTO B OpOUTAIEL W, akposnenHa atoMbl C(3)
u C(2) OynyT BHOCUTH «cpenHuit» Briajn, atoMm C(1)— «HeOOIbIIOoy,
atoM O — «Oompmioi» (puc. 2.15). BooOmie ToBopsi, Tpex ompenene-
HUH («OONBILON», «CPEAHUI» U «HEOONBIIOW») AJIST YeThIPEeXaTOMHON
CHUCTEMBI HEIOCTAaTOYHO: HYXXHO YeTHIpE TpajJlaliid, TaK KaK BKIJIAJ
OT KaXJIOTO U3 4YEThIPEX aTOMOB MOXKET OBbITh Pa3HBIM, OJHAKO JJIS
MPOCTOTHI MBI Oy/leM HCITONB30BaTh JUIIb 3TH TpU TepMmuHA. OpOu-
Tajlb Y4 MOXXHO PAaCCMaTPHUBATh KaK aHTUCBS3BIBAIOILYI) KOMOUHAIUIO
pasphIXJIAIONIeH 1*-opOuTaIN aUTHIBHOTO (DparMeHTa W p-OpOUTAITH
aToMa KHUCJIOpOZia, TOJTOMY OHAa JIOJDKHA OBITh I0XO0Xa, C OJHOM
CTOpPOHBI, Ha W30JIMPOBAaHHYIO 7*-opburtans ammia (cMm. puc. 2.6). C
JIPYTOil CTOPOHBI, 3Ta OpOUTAIbL OyIeT IMOXOKAa M Ha OpPOUTAIb V)
dbopmanmpaeruna (puc. 2.13). n*-OpOurtans ammiaa uUMeeT OONbIIN
Bkiag or C(2), a x*-opbutane C=0 wumeer Oonbimii Briag ot C,
geM ot O. Ilostomy B akponenne koddpdumumentsr Ha C(3) u C(1)
MOXHO B3SITh «CpeAHUMH», KodpduuueHnt Ha C(2)— «bonmpmum», a
Ha O — «uebompmmmy». OpOWTamb Y, CBA3BIBAET BCE YETHIpE aTo-
Ma W sBisAeTcs cBs3bBatonier komOuHammeir n-C=C u n1-C=0. B
OyTajMeHe aHaJIOTWYHAs OpOUTAIb MMEET YBEJIMUYCHHBIA BKIAJ] OT
cpenHux aromMoB (cM. puc. 2.8). Iloaromy kodddumumeHT mpu atome
C(1) Oymer Oosblie, yeM B CBSI3bIBAIOIICH OpPOUTAIN W30JMPOBAHHON
KapOOHMIILHOM TpyImibl. M3-3a 3TOr0 HEMHOTO YMEHBITHTCS KOd(hhU-
nueHt npu O. Kospdunuent npu C(2) Takke cieayeT YBEIHUUTh
3a cueT yMmeHbImeHmsl Bkiama aroma C(3). BosHmkaer Bompoc: Tme
oonbmie kodpduirent —Ha C(1) mwmm C(2)? MoxHO monarath, 4ToO
Ha C(1), TOCKONBKY Z-CHCTEMY aKpoJieMHa MOXXHO TPEICTaBHTH M
KaK pe3yJbTaT B3aMMHOTO BO3MYILIEHUSI T-CUCTEMbl CHOJST-aHHOHA U
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omuHO4HOM 2p-AO ymiepoaa, W i -OpOUTaTb EHOJIATHOW CUCTEMBI
MMeeT BKJIaJ OT IEHTPAJIbHOTO yIiepoia Ooiblie, 4eM OT KpalHero
(puc. 2.14).

TakuMm oOpa3oM, OTYyYNM KapTHHY, TPEACTABICHHYIO Ha puc. 2.15.
Bruiagsr B y; OynyT: st C(3) — «uebonbmony, ais C (2) «cpemHuii,
st C(1) «6ompmroity u s O «CpemHuin.

AHAIOTUYHO, JUIS V3, SBJISIONICHCS CBs3BIBAIOIICH KOMOWHAIMEH
IBYX paspexistonux opouraneii, 7°-C=C u n1*-C=0, y4uTsIBas BUI
opburtanu OyraaueHa (puc.2.8), riae BKIAIbl OT BHYTPEHHHUX TOMOB
MEHbBIIIe, YeM OT BHENIHHWX, IIOJIy9aeM CIIeAYIOIIee paclpeieicHne
BkIa10B: OT C(3) — «0oubioiy, ot C(2) — «uebobimoin», ot C(1) u O —
«cpemauit» (puc. 2.15).

UroOBbl TpPOBEPUTH NPABWIBHOCTh TAaKOW KaueCTBEHHOW OLCH-
Ki K0d3(pPHUIIMEHTOB, COCTaBIIEM TaOIHUITy, aHAJIOTHYHYIO Taom. 2.7
(Tabm. 2.8).

Tabnuma 2.8
Bxaansl aromoB B MO akpoJienHa
Opburanb C3 Cy Cy (6]
72} cpenHuit GomnbIIoi cpeaHuil HeOOIBIION
72 GomnbIIoi HEeOOIBIITOM cpenaHuil cpeaHuil
3 CpenHui CpenHui HeOOoIbIION OonbIoi
] HEeOOITBITOH cpenHuit GombIIon cpenHuit

W3 Hee BUAHO, YTO MO0 KaKIOW OpOWTANHM IS pPa3HBIX aTOMOB
U [0 KKIOMY aroMy ajisl pa3HbIX opOuTaynedl aBa koddduuueHTa
UMEIOT «CPETHIOI» BEIMYHUHY, ONUH KOd(D(DHUIMEHT «HEOONBIIoN»
OZIMH «OOJIBIION». DTO MPUBOJMT K 3aKIIOYCHUIO, YTO OPOUTAIU TIOTY-
YWJIACh HOPMAJIM30BaHHBIMH, YIOBJIECTBOPSIONIMMHA TPUHITAITY KBaHTO-
BaHMS HEPTHH, U COCTABJICHHAs OpOMTaNIbHASI KAPTHHA, TI0-BHIMMOMY,
Ha KadeCTBEHHOM YpOBHE BEpHa.

2.4.5. ®TOPITUJIEH

Mosnekyna ¢ropatunena FCH=CH, umeer 7m-cuctemy, aHaloruy-
HYIO 7-CHCTEME EHOJIIT-aHMOHA aneranbiaeruaa. [loaromy HeOoubIION
TIOJIOKUTENBHBIA Me30MepHbIi dddexT atoma ropa (o™ = —0,07)
OyZeT 10 HEKOTOPOH CTETIIEHU YBEIMYMBATh T-3JIEKTPOHHYIO IJIOTHOCTD
Ha arome C(2). B o0miem, Kak u B APYTUX MOJOOHBIX aJUTMIIBHON CCTEME
MOJIEKyJIaX, T-ICKTPOHHAs IIOTHOCTh KOHLIEHTPUPYETCSI B OCHOBHOM
Ha atomMe (Topa M [-YIIEPOIHOM aTOME AJTHIBHON TPYIIIBI, OJHAKO
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HauBbICHIAA 7-3JICKTPOHHAS IIJIOTHOCTH OCTAC€TCA BCC-TAKW Yy aroMa
¢dropa:

B3M0 (HenoaeneHas
& —Ch)_c(z) napa ¢ropa)
0
F-CH——QHZ . ? Haubonee BbICOKas
Me3oMepHas — m C(z) W3 38HATBLIX JT-MO
qopmyna 6 ’
F—Ca— 8(2) HUXKHSS I7-MO
O+ 8- .7 0 0 4
/ S
F pacnpeaenenue

J-31€KTPORHOIO 3apsifd

[TockonmbKy 7-37EKTPOHHBIN 3apsia Hamboyiee BEIUK Ha aTtomMe F u
y aroma C(2) 6onbire, uem y aroma C(1), m-cocTapmistomias AUMOTb-
HOTO MOMEHTa MOIeKyNbl (TopaThiaenal, ecim ee paccMaTpuBaTh Kak
BEKTOPHYIO CyMMYy n-cocTaBisomux aunoieit cesseit C—C u C—F,
OymeT HampaBiieHa OT (pTopa K aroMam yrieponaa (T. e. pTop sABIAETCS
OTPHUIATEIHHBIM KOHIIOM JTUIIOJS):

F—————CH=——=CH,

_ " el
i

cymmapasi fi-cocrapismomast (RpcH—cH,™)

Otcroma ciiefyer, 4TO HAIpPaBICHUE H3OTHYTBIX CTPEJIOK B Me-
30MEpHOH (opMyse (QTOpITHICHA WIH KaKUX-THOO APYTHX MOJEKYJ
HEJIb3s OTOXIECTBIIATH C HAIIPABJIEHUEM TT-COCTABIISIIOLICH JUIIOIBHOIO
MOMEHTa MoJjeKysbl. CTpenKu NaloT MpeAcTaBiIeHHE JIMIIb O pacipe-
JICJICHUN JJEKTPOHHOM IUIOTHOCTH Ha BBICIIEH M3 3aHATBIX 7-MO
¢dTopaTunena. X ucmonp3oBaHue MOMOTaeT OOBSCHUTH OPHEHTAIHIO
3MEKTPO(UIBHOTO NPUCOEANHEHNS K (PTOPAITUIIEHY U IPYTUM aJKEHaM
(cm. 1. 5). Ho cymmapHoOe pacnpesiesieHHe 3JIeKTPOHOB B MOJIEKYIIE U,
CJIEOBATENIBHO, T-COCTABIISAIONIAS AUIOIBHOTO MOMEHTA OIPEIEIISIOTCS
He Tosibko 7-B3MO, HO U IpyrUMH 3aHITHIMU T-OPOUTAIISIMH.

2.5. MOJIEKVJISIPHBIE c-OPBUTAJIN
2.5.1. TPAOMYECKOE ITIOCTPOEHHUE MOJIEKYJISIPHBIX 6-OPBATAJEN

W3 mpenpiaymiero pasnena MOXKHO 3aKIIIOUUTh, YTO TPUOIMKEHHOE
rpadguaeckoe u300pakeHHE MOJIEKYISIPHBIX T-OpOUTaNCH JIF000H Tpo-

! TIoCTOAHHBIH TUTIONBHEIH MOMEHT MPHHATO PACCMATPUBATH KaK CyMMY G- M 7T-COCTABJISIONIHX.
o-CocTaBIIsIoNIas XapaKTepU3yeT MOCTOSHHYIO MOJSIPU3AINI0 G-0CTOBA MOJIEKYIIbI, a T-COCTABIIS-
FOIIAst — OCTOSHHYIO HOJISIPH3ALHIO T-3JIEKTPOHHOTO 00IaKa.
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TSHKEHHOCTH 0c000T0 Tpy/Aa He mpeacTaBisieT. Heckonbko cioxkHee mo-
CTPOUTH ACKM3BI MOJIEKYJSIPHBIX G-OpOWTalel, pacipoCTPaHSIOMNXCS
Ha BCIO cUCTeMYy 7-cBsizeid. Kak u i1 w-opOuTaneii, MeToa mocTpoeHus
0-MO OCHOBaH Ha TCOPHUU BO3MYIIICHHN MOJICKYISPHBIX OpOWTAJICH.
B xauecTBe mepBoro mnpumepa paccMOTPUM MPOCTYIO JABYXaTOMHYIO
mostekyiry HF (em. pasm. 1.9, . 1).

2.5.1.a. MOJIEKYJISIPHBIE OPBUTAJIN HF

Monekyna HF oOpasyercst myTeM B3aMMHOTO BO3MYIIEHHsI OpOUTa-
ne#t Hls u BaneHTHBIX opOuTaneit (2s, 2p) atoma (ropa MOAXOASIICH
s B3aumozericTeus ¢ Hls cummerpuu. [{ns obpasosanus cszu H—F
MOTYT OBITh UCITOJIb30BAHBI TOJBKO 25 U 2p,-opOuTanu atoma (hropa, Tax
KaK IepeKpbiBaHue 2p, u 2p.-opbuTtaneii aroma ¢gropa ¢ ls-opouransio
aToMa Bomopoaa paBHO HymO (cM. 1. 1, pasm. 1.7).

HTs F2s  His Fzp, v/ ' O_g O‘ﬂ

opbuTanu, ydacTeyoume B
obpa3oBatuM 6-cBA3MN Hynegoe nepexpbisaHie

Taxum 00pa3zoM, B oOpazoBaHUU ogHOW cBs3M H—F moimkHbI yuacT-
BoBaTh Tpu opoburtamu: Hls, F2s u F2p,.

N3 Tpex HeBO3MyIIeHHBIX opOuTaieii (AO) JOMHKHBI 00pa30BaThCS
Tpu Bo3MmyuieHHble opOutanmu (MO), Ho cBsisu H—F coorBercTByror
mumb 1Be MO: cBs3bpIBatomas ¢ W aHTHCBs3bBatomas o*. CriemoBa-
TebHO, mpembs MO Oondicna nocums necsazvigarowuti xapakmep. 11o-
JydaeTcs CUTyallusl, aHaJOTHIHAs PacCMOTpPeHHOM BhIme (paszm. 2.4.1)
npu 00pa3oBaHUU HecBs3bIBarONeH 7-MO amIniIbHON T-CHCTEMBI.

Jmarpamma MoJIeKyIsipHbIX opouTaneit HF npusenena ua puc. 2.16.
[Tockonbky QTop 3HAUUTENHEHO OOJIee IEKTPOOTPULIATENIeH IO CpaBHE-
HHUIO C BOIOPOAOM, €ro BalieHTHble AO Ha IuarpaMMme PacroIOKEHBI
HIKe ls-opourtamu Bomopoma. Camas HWKHSSA cBs3biBarommas MO v,
1o 3Heprum Ommke Bcero K F2s-opOutanu, modToMy M 1o GopMme y
IoJDKHA OBITH ToXokel Ha F2s. Ona o0pasyeTcst BO3MyIIIeHHUEM 25-0p-
Ooutanu ¢Topa mox BAMSAHUEM ls-opOWTanu BOAOPOIA, BOSMYILECHHOM
2p-opbuTansio gropa:

H—F
—(O + (0—) + [—ce] — 0—De

F2s H Is F2p, bJHF

ITockonbky y; camas HuxHAE MO monexynsl HF, B3aumoneiicTBue Tpex
opOuTanell IpoucxoauT B (ase, YTO OTPAKCHO 3HAKAMHU «ILJIFOC» Ha
IIPUBEACHHON CXEME.
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3 5. % i
Is 0——13 3 —}"ﬁy ho—e
Ir/é x ‘/é 0—0‘/70»
Y o—O 6&(HF)
=025
e
Y

Puc. 2.16. Monexynsipusie opouramu HF

[lepexpriBanre MeXIy AByMs S-OpOWTAISIMH JIOJDKHO IPEBBIIIATH
MIePEKPBIBAHUE MEXIY S- U p-opOuTansMu (cM. 1. 1, pazm. 1.7). D10
O3HaYaeT, YTO IIaBHBIM BKJIQJ B SHEPIUIO Y| BHOCUT B3aUMOJCHCTBUE
F2s—Hl1s. B mepBoM mpuOIIMKEHHH MOXHO JaKe MPEeHEOpedh BO3MY-
HICHUEM CO CTOPOHBI opouTanu F2p, (mosTomy Ha cxeme 3Ta OpOHUTab
3aKJTIOYCHA B KBAPAaTHBIC CKOOKH) M CYMTATh, YTO | 00pa3yeTcs TOILKO
u3 F2s u Hls. [Mockonbky v, Onuxe k F2s, yem k Hls, koaddunuenr,
C KOTOPBIM B Hee BXomuT F2s, momkeH mpeBwmarh koddduiment Hls
(mostomy Ha cxeme H1s 3axitouena B kpymible ckoOku). Takum oOpasom,
opOuTank Y| OHKHA BBHINIAAETh NPUMEPHO TaK, KaK IOKAa3aHO HIIKE,
YTO TOJHOCTBIO COOTBETCTBYET €€ «SIHIEBUIHON» (GopMe, MOTydeHHOH
¢ nomoteo OBM (cwm. puc. 1.17):

—0O + (0—) — oy,

F2s H7s

Paccyxias aHaJllOTMYHO, MOXKHO 3aKIFOUUTh, YTO Pa3phIXJISIONIAs
opOHTaNh W5 B OCHOBHOM NMPUHAIUICKUT BOAOPOIY:

H—F
(H);s—._( FZ) [ :]—’ 5(HF)W

[IpeneOperast mocaeTHUM WICHOM, TIOTYUHM:
O—=(—oce) — Qoo

Mosrnexyna HF umeer tpu HecpsassiBatonine MO (puc. 2.16). JIe u3
HUX — 3TO HEBO3MYIIEHHbIE 2P, U 2p.-0pOUTAIIN, KOTOPbIE COOTBETCTBY-
10T «HEIO/EICHHBIM MIEKTPOHHBIM Hapam». TpeThbsi opOuTans y, — 3T
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opbutanp aroma (ropa, BO3MyIIeHHAs 1s-0pOUTaIbio aToMa BOAOPOAA
¢ HeOOJBIITUM yJacTHeM 2s-opourtanu atoMa Qropa:
—ce + (0—) —[-—Q] — 0@ Y
Fep, His F2s n(HF)
ImaBHOE BO3MyIeHUe opOuTanu F2p, oOycioBieHo OJIM3KO pacmo-

JIO’KEHHOU 110 dHEepruu opouTtansio Hls, moaTomy v, MOXHO H300pa3HUTh
B clieAyroniei Gopme:

—C® + (0—) — o—c?)oz/g
Ng(HF,

OueBUIHO, YTO VW, MOXKHO OTOXKICCTBUTH C TPEThEH HEMOMCICHHOU
napoii (hropa, HO 3Ta Mapa B ONPEACICHHON CTEIICHN CBS3bIBACT aTOMBI
Hu F (cp. puc. 1.17, m1. 1) 1 moatomy opOuTans W, UMEET HHICKC O
(ng). Takum obpaszom, monekyna HF umeer aBe n,-opOutamu u omHy
ne-opoutanb. OpouTanu 7, YUCTO HECBA3BIBAIOIINE, HO OPOUTAND 7,
HEMHOI'O Y4YacTBYET B CBSI3BIBAHHMH, TaK KaK B 00JACTH MEKIY SApaMu
H u F BonmHOBEIC QyHKIMH TIepeKphiBatoTcs B (asze. [loaromy sHEprus
ns HEMHOTO HUKE dHEpruu n, (cp. puc. 1.17).

B obmewm, mis mro6oi aByxaromHoi Mosekynsl tama HX (HCI,
HLi, HO, HC, HN, HB wu T 1.), B koTOopoii X —3JIeMEHT BTOPOIO
n Oonee HM3KMX TEPUOJOB, XapaKTep COOTBETCTBYIOMIMX OpOHTAaseit
OCTaeTcss OJHUM M TeM e He3zaBucuMo oT X. Hampumep, meruH
CH («mmonmoBWHKA aleTusIeHa»), KOTOPhIA MOXET CITy>KUTh JIHTaHIOM
B HEKOTOPBIX KOMILJIEKCaX MEpPEeXOAHbIX MeTauioB (cM. mI. 27), Tak
ke, kak HF, uMeer mapy BBIpOXKIEHHBIX OpOWTalleld THIA 1, WU TPH
JIEJI0KAIN30BAHHBIE G-OPOUTANN CICAYIOIIETO BI/I'_,'[[aZ

—ce — (0—)+[—0] — Q-c>cc ()
O— — (—0)+[—ce] — O—-@ (1)
—O + (O—-*) +[—c®] — O-Oe ()

bnaromapst cmemmuBanuio opoutaneit C2s u C2p, pparMeHTHI MOJICKY-
JSIPHBIX opOuTaNieil y aroMa yriaepoaa MmojlyqyaroTcss aCHMMETPHYHBIMH,
mo Gopme HamoMuHarOMUMU sp-TuOpua (w1, 1, paszm. 1.8). Opburans
N PAcIoNIOKEHAa B OCHOBHOM Ha aroMe yriepona u OOJbluas ee JoIs
HampaBjeHa B MPOTHBOIOJIOXKHYIO CTOPOHY OT aroMa yriepojaa. JTo
XOPOILIO COOTBETCTBYET HECBSI3BIBAIOILIEMY XapaKTepy OpOUTAIH 7.

MBI paccMOTpeNT KAaHOHUYECKHE JIEIOKATH30BaHHBIE OPOUTAIIN MO-
nekyn HX, a Tenepb oOpaTuMcs K ajabTepHATUBHOW KapTUHE TMOpUAU-
30BaHHBIX OpOHWTaJeH, T. €. OpOUTaICH OTHEIBHBIX CBsA3CH. B KauecTBe
npumMepa Bo3bMeM mosekyiny CH (puc. 2.17).
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H7s O

I
Il

D@ Csp3

GC H

Puc. 2.17. lnarpamma B3aumozeiictsust opouraneit st CH B npuGmmxennn opouraei
OTJETBHBIX CBA3EH

Op6uranu cssu CH nosyyarorcs myTeM KOMOUHALUHU sp>-ruGpHI-
HBIX OopOuTajei aroMa yniepoa ¢ s-opouTaibto aroma Bogopoaa. Ogna
U3 4eThipex sp -rubpuanbix AO B3aumoseiictByer ¢ Hls, obpasys
OpOMTAIIN Ocl M Oy, @ TPU OCTaBIIMECS THOPUIHBIE OPOUTAIN CTAHO-
BATCSI HECBA3BIBAIOLIMMU OPOUTAJIIMU M PACIIONararTcs Ha YIVIEpoze.
Otmetum, 4uro opOutanu ces3u CH mo xapakrepy COOTBETCTBYIOT
MOJICKYJISIPHBIM OpOUTANISIM Y| U Ys. OpOuTanu cBi3eld U MOJIEKYJp-
Hble opbuTanu mMoiekyn HX xoppennpyroT Mexay coOol Cleayronum
obpazom:

Oy """ TTTo o (Y]
LEESSS — "nlYs.,Y,)
““““ —_—
(%)
O~ T T T T - HX(%/
opburanm ceszm MoneKynspHble opbuTany

ITo cpaBHEHHMIO C HECBSI3BIBAIOINMH OPOUTATIAME Sp° MOJIEKYIISPHAS
opOuTamb 1, UMEET 00Jiee HUZKYIO SHEPTUIO (TaK KaK AIEKTPOHBI, 3aHH-
MaroIlHe €€, y4acTByIoT B cBsa3piBanuu H ¢ X)), Ho 3aT0 opOurtamu p, u p.
TIONTY4aroT GoJiee BHICOKYIO SHEPTHIO, 4eM sp>-ruopusisl. MoneKyspHo-
OpOUTATBbHBIC U CBSI3b-OPOUTAIBHBIC MOACIH MOJEKYJ SHEPTETUUYCCKU
skBuBaJIeHTHBI. Jlnsi monexkynsl HF Takke BO3MOXHBI JBa HKBUBa-
JICHTHBIX omnucaHus: uepe3 opoOutanu cBsizu H—F u HecBssbiBaromiue
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sp>-rubpuHble «HENOJENeHHbIE Taphly U uYepe3 Jel0KalH30BaHHbIE
MOJIEKYJISIpHBIE OpOUTAIIH:

T
opbuTany cBsi3N 1
HenogeneHHbix nap MofleKynsipHble opbuTani

2.5.1.6. TPYIIIIOBLIE OPBUTAJIN

[Tpu mocTpoeHNN MONIEKYIISIPHBIX (T. €. IEITOKAJIN30BaHHBIX) C-0pOH-
TajJeil MHOTOATOMHBIX MOJIEKYJ HCTOJIB3YIOTCS OpOuTan (pparMeHToB
mosekyn. Hampumep, u3 opOuraneir aByx ¢parmentoB CHj; moxHO
noctpouts opourtanu srana CH3;CHj3, u3 opburaneir pparmento CHj
n OH — op6utamu meranona (CH3;OH) u 1. 1. Opbutanu ¢pparMeHToB
CTPOATCS HA OCHOBE TEOPHUU TPYII M3 TaK HA3bIBAEMBIX ZPYHNOBbIX
opbumareil ancaMOJIeH He CBI3aHHBIX MEXKIy COOOM aTOMOB.

[IpencraBum cebe TUMOTETHYECKYIO TETPAdIPUUYCCKYI0 MOJIEKYTY
H4. MBIcnIeHHO MOXHO TPEIONIOKHATh, YTO Takas MOJEKylTa MOTia
Obl 0Opas3oBarbCsi MpH COMMKEHUH (HAapuMep, NPU OYeHb BBICOKOM
JTABJIICHNH) IBYX MOJIeKys H), opreHTHpOBaHHBIX BO B3aHMMHO IIEPIICH-
JIUKYJISPHBIX IUIOCKOCTSIX G U ¢’ CIENYIOMUM 00pa3oM:

H ¢ H
+ '—’
H
H

B rterparnpuueckoil Monekyne Hy kaxaplii aToM BOAOpOJA CBsI3aH
PaBHOLICHHBIMU CBSI3SIMM C TpeMs JIPYTMMH TaKHMMH JK€ aTOMaMH,
MO3TOMY MOKHO CUHMTATh, YTO «CBS3HM», 00pa3oBaHHbIC |s-opOUTAIsIMH,
HaIpaBJIeHbI K LEHTPY TETPadapa, T. €.

s’

52 2 .52 52
IKBUBANEHTHO O,
s S

S, 31’ 7

KakoBbl Oy1yT MOJICKYJISIPHBIC OPOUTAIIN FUIIOTETHYSCKON MOJICKYJIbI
H4? B nganHOM ciydae MOCTPOUTH OpOUTAIH OTHOCHTEIHHO IPOCTO,
TaKk Kak Npyd 00pa30BaHMM XUMHUYECKUX CBSI3EH HCIOIB3YeTCs JIUIIb
1s-AO aromoB Bomopoja, UMeIone chepuaecKkyro cuMMeTpuio. Kom-
OuHMpYS Ha ocHoBaHMU MpaBui Metoga BMO (pasn. 2.3.4 u 2.3.5) ase
cesa3biBaole 6-MO aByx mosiekyn Hj, KOTOpble UMEIOT OJMHAKOBYIO
CUMMETpHUI0 (00€ CUMMETPUYHBI KaK OTHOCHUTEIILHO TOPU30HTaIbHOU
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IUIOCKOCTH O, TaK W OTHOCHTEIHHO BEPTUKAIBHOW ILIOCKOCTH ©),
nojy4aeM Ajst Monekyisl Hy opOutanu @) u ¢):

LU
6 [ + / iﬁ’ O, -6+ g
S, H: H s %

1 1

5 Hy H, s,
S, H; H 51’ 2

Opb6uraib @ uMeeT 6osee HU3KYI0 SHEPTHIO, 4eM OPOUTAIb @, TTIOCKOIIb-
Ky B ] BCE B3aMOJCHCTBUS MEX/Ly YETBIPbMS S-OPOUTAIISIMH SIBIISTFOTCSI
CBSI3BIBAIOIIMMH U 3Ta OpOUTAIb HE UMEET y3JIOB, @ B ¢, JIBa B3aUMO-
JIeHCTBUS CBS3BIBAIONINE U JIBA B3aWMOJICHCTBHS aHTHCBSA3BIBAIONINE U
3Ta OpOUTAIb UMEET Y3JIOBYHO IIOCKOCTh, MPOXOISALIYIO Yepe3 LEHTP
TeTpaspa.

B ominune OT CBSA3BIBAIOIIUX G-OpOMTANCil, aHTHCBA3BIBAIOLINE
c*-opOuTaIM OBYX MOJIEKYJ BOZOpOIA HE MOTYT B3aHMHO BO3MYIIATh
Jpyr Apyra, Tak Kak OHM HMEKT pa3Hyl cummerputo. OpoOuranp c*
CHMMETPHYHA OTHOCHUTENBFHO ONEPAIlMi OTPAKEHHS B TOPH30HTAIBHOMN
3epKaJIbHOM IJIOCKOCTU O, HO QHTUCHMMETPUYHA OTHOCHTEIILHO BEPTH-
KaJbHOI miockoctu ¢’. OpOurans ¢/, HA0GOPOT, AHTUCUMMETPUYHA
OTHOCHUTEIILHO G, HO CHMMETPUYHA OTHOCHTENBHO 6, IOITOMY SHEPTHs
HEePEKPBIBAHUS ITHX OpOUTAJICH paBHA HYIIO, YTO O3HAYACT OTCYTCTBUE
SHEPreTHYECKOTO BO3MyIIeHHs. TakuM oOpas3oM, monekyna Hy momkHa
UMETh €lIe JIBE OPOUTAIN — Q3 U @4 — CIICAYIOLICH CHMMETPHU:

9, %, ,
(#<5’3=6* Ko %6

OpOuTans @3 HMMeEET BEPTUKAIBHYIO Y3JIOBYIO IUIOCKOCTH G, TIPO-
XOSIILYI0 4epe3 LeHTp Terpasapa u aromel H) u H), a opburans
¢4 — TOPU30HTAJILHYIO Y3JIOBYIO TUIOCKOCTb, MMPOXOASALIYIO Yepe3 LIEHTP
terpasapa u arombl H; u H;. TlonHas kapTuHa Bo3MyIIEHUH MMOKa3aHa
Ha puc. 2.18.

OpOutanu @, Q3 U @4 ABISIOTCS TPYKABI BBIPOXKIEHHBIMU (MMEIOT
OZIMHAKOBYIO JHEPTHI0), MOCKOJBbKY BCE OHM HMEIOT OJHO M TO JKE
KOJTMICCTBO Y3JI0B (IT0 OMHOMY). UTOOBI MOSICHUTH ATOT, MOXKET OBITH, HE
cpasy OYEeBHIHBIN BBIBOJ, CKOMOMHHpPYeM opbutanu ¢ u ¢* B daze u
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Puc. 2.18. lnarpamMma opouraneii st TeTpasnpuaeckoit Monekynsl Hy

npotuBodaze. Toraa momydnm aBe OpOUTAIHN, TIOTHOCTHIO, HICHTUIHBIE
KakK JIpyT APYTY, TaK U OPOUTATH @):

o,
b

W3 nuarpammbl, npuBeieHHOW Ha puc. 2.18, ciaeayer, 4To B TUIIOTe-
TUYECKOM YEThIPEX3IEKTPOHHOM Monekyne Hy aBa 31eKkTpoHa JOJKHBI
HaxXOIUTbCS HA YPOBHE @), @ JIBA IPYIMX — HA BBIPOXKACHHBIX YPOBHAX
02, @3 U 4. Takasg MoJIeKyJla 110 IpaBUly XyHAA JOJKHA IPEIACTaB-
JATH COOOH OWMpamuKai, T. €. SBIATHCS OYCHb PEAKIIMOHHOCIIOCOOHOM
YacTULIEH.

Terrepp MbICTIEHHO Oy/ieM YBEJIHUYWBATh PACCTOSHUS MEXKIY BCEMHU
aTOMaMHM BOAOpPO/ia B THIIOTETHYECKOH Mojiekyie Hy, T. €. yamuHsTh peo-
pa tetpasapa. IlepexkpriBanne MexIy ls-opOWTAIIME TIPU TaKOH orIe-
parmu OyneT yMEHBIIaThCs U, HAKOHEI], TPA HEKOTOPOM MEXBbAACPHOM
paccTosHUM UM BOOOILIe MOXKHO Oyner mpeneOpeub. Torma momydurtcs
aHcaMOJIb M3 YETHIPEX aTOMOB BOJIOPO/Ia, PACIIONIOKEHHBIX B BEPIITMHAX
OosblIoro TeTpadapa. B aTom aHcaMOie aToMbI BOAOPO/a MOYTH HE CBSI-
3aHBI MEX]Ty COOOH, TTOATOMY YPOBEHB @, CYIIECTBYIOIIHA B MOJIECKYIIe
Hy4, nomkeH NOBBICUTHCA, @ YPOBHHU ¢, 3 U ¢4 TOJIKHBI IOHU3UTHCS. B
pesynbrate aHcamOnp Hy OyZer uMeTh 4eThipe BBIPOXKACHHBIX YPOBHS,
SHEPTUsl KOTOPHIX COOTBETCTBYET |s-OpOMTAM OAMHOYHOTO aTOMa BO-
nmopona. Ecnu B ancam6ne Hy COXpaHHTH CUMMETPHIO MOJIEKYJISIPHBIX
opOuTaneit MoJeKybl Hy, MOMyunM 4eThIpe BEIPOKACHHBIE OPOUTAIII
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aHcaMOJIs ¢ SHEpTUei 1s-ypoBHs, OTIIMYAIOUIMECs MEKAY COOOM TOIBKO
CUMMETpHUEH:

rpynnossie opbuTanu
. o, oy 7¢ TeTPa3puyeckoro ancambns
W3 “eTbipex aToMOB BOOPOAA
O’I

Opburann aHcaMOJII MTOYTH HE CBSI3aHHBIX MEXKIY COOOW aTOMOB,
MMEIOIINX OTNPENIEICHHOE PACIIOI0KEHNE B IPOCTPAHCTBE, Ha3bIBAIOTCS
epynnoguimu opoumansamu. TEpMUH «IpyIIIOBast OpOUTAIIbY CBSA3aH C TO-
YEYHOH IpyIol CHMMETPUH JaHHOTO ancamOns. Ecim paccmarpuBaet-
Csl TETPAdIPUUECKOE PACTIONOKEHHE aTOMOB BOJIOPO/A B IIPOCTPAHCTBE,
TO JIEMEHTBI CHMMETPHH I'PYIIIOBBIX OpOUTAICH SIBIISIOTCS 37IEMEHTAMU
CUMMETPHUH TETpayIpa.

2.5.1.s. MOJIEKYJISIPHBIE OPBUTAJIM METAHA

Ecnu B meHTp TeTpasapuueckoro aHcamOns U3 4YeThIpeX aTOMOB
BOJIOPOZIA TIOMECTUTH aTOM YIIIepoia, TO 0Opa3yercss MoJieKyjla MeTaHa.
Ha puc. 2.19 npuBenena nuarpamMma B3anMOACHCTBHS aTOMHBIX OpOH-
Talell yriepona C TPYIIOBEIMH opOuTaisiMu ancamois Hy. [lpu mo-
CTPOEHUH 3TOH AMarpaMMBbl UCTIONIB3YETCs PABUIIO, COTTIACHO KOTOPOMY
B3aMMOJIEHICTBOBATh MOTYT TOJBKO OPOWUTAIN OIWHAKOBOW CHMMETPHH.
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Puc. 2.19. InarpaMmma opOUTaIEHOTO B3aMMOACHCTBHS IJIsI MOJIEKYJIBI METaHa
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Hanpumep, opourans 2s aroma yriepona (0e3 y3710B) MOKET KOMOHHU-
pPOBATHCS JIMII C TPYIIIOBOW OpOHUTANIBIO ¢ (TOKE O€3 y3JI0B), TaK Kak
ee KOMOHMHAIHS ¢ JII00OH ApYroi U3 TPyNIOBBIX OpOUTANIEH IPUBOIUT K
CHUTYaIlNH, KOT/Ia HHTETPaJ IMEePEeKPbIBaHMS PABEH HYIIIO, TIOCKOJIBbKY BCE
apyrue opoutanu Hy MMEIoT y3/0BBIe IOCKOCTH, H BCICACTBHE 3TOTO
CBSI3BIBAHUE TI0 OTHY CTOPOHY y3J1a KOMIIEHCHPYETCS aHTUCBS3bIBAHHEM
0 JIPYTYI0 CTOPOHY y37a, HalpuMep:
y3en

|

|

|
O., + O O,

|

|

(BSA3biBaHWE | @HTUCBS3bIBAHKE

Ha puc. 2.19 ciipaBa npuBeieHsI TpadynuecKue H300pakeHHsI BOCKMHU
opbOuTaneii MeTaHa, MOJYUYSHHBIE ITyTeM TAaKOTO MO00pa M0 CUMMETPUN
map B3aUMOICHCTBYIOIIMX OpOWTaneil. B COOTBETCTBUU ¢ y37I0BBIMHU
CBOMCTBaMU OpOWTANel METaH JOJDKEH MMETh OJHY CHIIBHO CBSI3bI-
BafOIyI0 OpOWTaNbh o-Thma (), TPU BBIPOKIACHHBIC, MCHEE CHIIBHO
CBSI3BIBAIOIINE OPOUTANIN T-CUMMETPUH (Y7, W3 U V), a Takke ciaado
Pa3pBIXJIONIYI0 MYCTYI0 o -0pOuTaNb (Ws) U TPH BHIPOXKICHHBIC,
CHJIPHO Pa3pBIXJLIIONINE ITyCThIe n*-opOuTamu (W, W7 U yg). OTa
KapTHHA COINIACyeTCsl ¢ KOHTYPHBIMU M300paKCHUSMU, TPUBEICHHBIMU
Ha puc. 1.15 (. 1).

Puc. 2.19 maer npencraBiecHHE O CHMMETPUU U Y3JIOBBIX CBOMCTBaX
Mmonexynsapuvix (ISITOKaTU30BaHHBIX IT0 BCEH MOJIEKyJe) opouTaneir Me-
taHa. Eciu sxe MCXOMUTh U3 MpeCTaBICHUI 00 opoumanax omoenvHvix
ces3ell, TO HyXHO B3ATh sp>-THOpHAHBIE OPOMTAaIM aToMa yriIepona
(pasn. 1.8, m1. 1) u ckoMOMHHMpOBaTh WX B (a3ze u NpoTuBodase ¢
1s-opOuTansiMu aToMOB Boztopoa. Toraa moryduM 4eThIpe BBIPOXKICH-
HBIE CBsi3bIBatolIne opOutanu detsipex ceazeid C—H (ocy) u dersipe
BBIPOJK/ICHHBIE AHTHCBA3BIBAIOLINE OPOUTANIHN (O ):
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B 10KaIM30BaHHON sp°-MoJenn opOUTalM MeTaHa BBINIIAT CleTyio-
M 00pasoMm.
YeTsIpe CBS3BIBAIOLIME OPOUTAIN PABHOM SHEPIHU:

PRI G

UYeTblpe aHTUCBS3BIBAIONINE OPOUTATIN PABHOM SHEPTUU:

PSRN

N3 3T0il MoOmenu cieayer, YTO METaH JOJKEH UMETh OAUH MOTEHLU-
aJl MOHM3AIlMU, XOTS Ha caMmMoM jeie ux aBa (cMm. mI. 1, pasm. 1.9).
[Tocnennee xopolio comiacyercs ¢ AeJIOKAIM30BaHHONW KaHOHUYECKOU
Monebio (cM. puc. 2.19). UToOsI THOPUAN3OBAHHYIO MOJICITH TPUBECTH
B COOTBETCTBHUEC C 3TUMH JAHHBIMH, IMOCTYHAIOT CJCAYHIOIINM 06pa-
30M: YeThIpe sp’-rHOpHIHBIE OPOUTAIH aTOMa YIVIepoaa CHMMETPH3Y-
IOT B COOTBETCTBHH C TPEOOBAHUSIMH TOYEYHOH TPYIIBI CUMMETPUHU
tetpasnpa 1y. B pesymprare momydaroT 4eThlpe CHMMETPH30BAaHHBIC
opOUTaNM LEHTPAIBHOIO aToMa yIlepoJa, KOTOpble KOMOMHHUPYIOT ¢
YETHIPbMSI TPYIITIOBBIMH OPOHUTANISIMU TeTpadapudeckoro ancamoOms Hy
(puc. 2.20).

Kak oTmeuanocs BbIIe, MIIOCKUH METaH HECTAOWMJIEH MOTOMY, YTO
rpymnmnoBasi opOUTanb Y, HE ydyacTBYeT B CBs3bIBaHMM. Ecim Obl oTa
opOHTaNh CHIIFHO BO3MYIIAJIACh, TO €€ HIDKHUHI BO3MYIIIEHHBIH YPOBEHb
Mor Obl YIUTH HHXKE YPOBHS OpOUTANH p, ¥ TOTAA B CBS3BIBAHUM YETBIPEX
aTOMOB YIVIEpO/a ydJacTBOBajo OBl yxke He 6, a 8 3JIEKTPOHOB. DTO
BO3MOXHO B aHajorax meraHa AHy, B KOTOpPBIX LIEHTPAJBHBIA aTOM
A nMeet noCcTymHBIC (T. €. OTHOCHTEIHLHO HU3KO JICWKAIHUE) d-0pOuTaH,
TaK KaK CHMMETpPHS d-opOuTaje (aBa yIiioBBIX y3J1a) KaK pa3 MOIXOIHUT
K CHMMETPHH OPOHUTAIH (@4:

o
. + .
CR R S

cba3biBanue

JefCcTBUTENBHO, HEAMIIUPUYECKUI PACYET IIOKA3BbIBAET, UTO B PSAY
CHy, SiHy, GeHy, SnHy, TiH4 sHEprust utockux (GopM MOJIEKyIT TTOCTe-
MIEHHO U 3HAYHUTENILHO TIOHMKAETCS, TOCKOJIBKY d-OpOUTaIN CTAaHOBSTCS
Bce Ooyee m Ooee MOCTYMHBIMH (TI0 BHEpPruw) st 3(hGHEKTHBHOTO
B3auMozeHcTBus ¢ @4. B Monekyne TiHs mycteie d-opOutanu TuTaHa
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Puc. 2.20. Jlenokanu3oBaHHbIe THOPHIHBIC OPOUTAIM MOJIEKYJIB! MEeTaHa

o4eHb APPEKTUBHO CBA3BIBAIOT aTOMBI BOAOPOIA M pACCUUTAHHBIE YHEP-
THH TJIOCKOW KBaJpaTHOH U TETpasipHUYeCcKOr (GOpM Majo OTIMYAIOTCS
MEXIy COOOM.

BropbiM BakHBIM (DaKTOPOM SIBIISIETCS YBEIMUCHHE Pa3MEpOB LCH-
TpasbHOTO aroMa. Yem OoJbllle aTOMHBIN pagnyc, TeM Jablie OTCTOSAT
JpyT OT Jpyra aTOMBI BOJOPOJA, T. €. TeM OOoJbIle pa3Mepbl IPyIIOBOM
opbutanu Hy. DTO OHIDKAET SHEPTUI0 OPOUTANN ¢4, TAK KaK B HEH BCe
B3aI/IMOL[CI>'ICTBI/I}1 MEXKAY COCCAHMMHU aTOMaMU BOAOPOJa aHTHUCBA3bIBA-
romue. DPPEKT 3aMeTeH B ciiydae IIockoro cuiana SiHy, B koTopom
IMyCTBIC d—Op6I/ITaHI/I KpEeMHUA clIC JICKaT AJOCTATOYHO BBLICOKO U B
CBSI3BIBAaHHUH MPAKTUYECKH HE YYaCTBYIOT.

Opburans y; (puc. 2.20) mmeeT Oonee HHU3KYIO JHEPTHIO, UYeM
BBIPOKJICHHBIC OpOUTANH V), W3 U Yy, TMOCKOJIBKY y HEE HET Y3JOB,
U CIIeIOBATENbHO, C HEE TPYAHEE yAATUTh dJIEKTPOH.

2.5.2. OPBUTAJIM ®PPATMEHTOB MOJIEKY.JI
N UX UCIIOJb30BAHUE

J1st MOCTPOCHUST MOJIEKYIISIPHBIX OpOUTaJIel aTaHa, STUIICHA, alleTH-
JIeHa U IpYyTruX OoJiee KPyMHBIX MOJIEKYJ HPOIIE BCEro BOCHOIB30BAThCS
METOJOM «HEOOJNBIIUX CTPOUTENBHBIX OJOKOBY». B camom nene, sTan
ABIACTCA coequHeHneM IByX (parmentoB CHj, sTHIEH cocTouT H3
nByx ¢parmentoB CH,, a anerumnen —u3 aByx ¢parmenros CH. Ilu-
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Puc. 2.21. lnarpaMma OpOUTAIBEHOTO B3aUMOAEIHCTBHS ISl MUpaMUJAIBHOTO (par-
menTa CHj

pamMunaIpHBI ancaMOne Hj momydaercs myTeM yrmajaeHHs OJHOTO H3
aTOMOB BOZIOPOJa M3 BEPIIMHBI TeTpasapuueckoro ancamoOis Hy:

H
—
-7 —H H-7
TeTpas/ipu4eCKui NMPaMU A3 NbHbIA
aHcaMbib H, aHcaMonb Hy

I'pynmoBeie opOuTanmm Hj, yduTBIBarOMIHAE 3JIEMEHTBI CUMMETPHH TpPE-
yronbHOU nupaMusl (Cs,), IMECIOT TaKOW BU:

S~

(HeT y3nos) (ommH y3en) (omuH y3en)

W3 stux TpynmoBEIX opOuTaneH, a Takke W3 2s- U 2p-opouTtaiei
aToMa yIvIeposa, MOMELUICHHOTO B HE3aHSTYIO BEPIIMHY TPEYroJbHON
nupamuipl Hi, MOXKHO MOCTPOUTH MOJICKYJISIPHBIC OpOUTAIH MUPAMU-
nansHoro (¢parmenta CHj3 (puc. 2.21). [Ipu noctpoenuu rpaduyeckux
M300paKeHUH MOJICKYJSIPHBIX OpOHTaNed 0c000¢ BHUMAHHE CIIETYET
yaenuTs Gopme opOUTanen v, i U Vs,
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B paccmarpuBaeMoM ciyyae rpymnioBasi OpOUTallb Y| UCHBITHIBACT
BO3MYIIIEHHE HE TOJIBKO CO CTOpOHBI C2s-0pOWTaIH, HO U CO CTOPOHBI
p--OpOUTalM aTtomMa yriepojua. JTO CBS3aHO C TEM, YTO BCS ILIOT-
HOCTh OpOHMTANHM Y| MPU OOpa30BaHUM MHPAMUIATHLHOTO (parMeHTra
CH; nHaxoauTcsi MO OAHY CTOPOHY Y3JIOBOH MJIOCKOCTH p.-OpOUTaiy,
B3aUMOJICHCTBHEC MPOUCXOIUT JIUITH ¢ OJHOW JOJICH 3TOH opOWTamu u
CyMMAapHO€ [IEPEKPBbIBAHUE MEXAY (@) U p, HE PaBHO HYI0. B omnuune
OT 3TOTO TpY 0Opa30BaHUK MOJIEKYNBI MeTaHa n3 Hy 1 C aHamorngnoe
B3aUMOJICHCTBHE MEXKAY @) U p, OyIeT HYIEeBbIM:

nepexpoifiariue He palbro cymmaproe nepexpoibanue
HYAK palbro  HYsw

[Ipu BO3MyIIEHHW BTOPOTO TOpsIKa YpoBHEH ¢ u s (puc. 2.21)
sHeprusi opoutanu ¢, noseimaercs. C Opyroil CTOPOHBI, IPU B3aUMO-
NeHCTBUM @) —p, dHEpPrus opoutanu ¢ moHrkaercs. ClenoBaTenbHo,
HOBas Op6I/ITaJ'I]) Y4, KOTOpasd BO3HUKACT MIyTEM B3aMMHOTO BO3MYIIICHUA
opbutaneit ¢y, s U p,, OyIeT UMETh CPETHIOI, HE OYCHb BBICOKYIO,
HO W HE OYEeHb HHU3KYI0 DJHEpruto. OTy OpOUTallb MOXHO CUMTATh
HecBsI3bIBalOMMM ypoBHeM ¢Gparmenta CH; (Ha camom mgenme oHa
c1a00 CBS3BIBAIONIAS, TAK KAK IIEPEKPHIBACTCS C 15-0pOUTANIIMU aTOMOB
Bomopona B (ase). Ee dopma oOycroriena koMOMHaIEH opOuTaiei
@1, S ¥ p, ¥ OTIpE/ICTISIeTCSI HA OCHOBE CIICAYIOUICH CXEMBI:

7o = (PIHA) — ot

%

VYxe cama (hopma OpOUTAIH CBHIICTEILCTBYET O €€ HECBSI3bIBAIOIIEM
xapakrepe. JleiictBurenbHo, cBsa3biBanue Mexay C u H Huxke ropu-
30HTAJIbHOM Y3JIOBOM IIOCKOCTU OCYILECTBIIIETCS MEHBIIEH U3 JBYX
JoJield THOPUIHOW OpOWTANM YIJIEpOoda, a OCHOBHAS YacTh OPOUTATH
pacnonoxxeHa 3a npenenamu cazeit C—H.

Hwusmras ces3piBatomas opoutans ¢parmenta CH; oOpasyercs w3
s-opOuTanyu aToMaMM yriiepoja, KoTopas BO3MYILAETCsl TPyHIoBOil op-
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OUTANBIO @) U B MEHBIIIEH cTeneH! (U3-3a 6oJIbIeii pa3HULIBI B SHEPTUH)
OpOUTATBIO P, :

- y -, ——lly -,
f\ * <§7\o>+ /ﬁ\ 7
cas 2 c2p, ¢

BcenencTBue »TOoro opOuTanmh W MMEET XapakTep opowTaied s, ¢ u
p.. Ecim, xak Mbl genanu paHblle, MpeHeOpeyb BIUSHHEM Malloro
BO3MYILEHHS CO CTOPOHBI p,-OpOHUTANH, TO Y OpOUTAIN Y| OCTaHETCS
JIUIIb XapakTep s- U @p-opouTaneii:

() T

Opoutaib ys 00pa3yeTcs CIeayonuM 00pa3oM:

— — (7\0> + f\ ———) [ %3~
b‘; Cc2

C2pz S %

[TpeneOperast 4ieHOM B KBaJIpaTHBIX CKOOKaX, MOIYyYHM OoJiee IPOCTYIO
KapTHHY:

- - (7\0>_’ o-
’

C 2/72 %

B nanbuelimeM Mbl 4yacTo OyneM HCIONB30BaTh CaMble MPOCThIC
9CKH3Bl OpOHTaJel TUIA Y| U s, IpeHedperas ciabbiM BO3MYIICHUEM
CO CTOPOHBI OpOUTAaJIEH, B3SITHIX B KBaJIPaTHbIC CKOOKH.

[Ipu oOpazoBaHuM OpOUTATH Vs B3aUMOICHCTBHE C TPYNIOBOU
opbutansio H; mpoucxoaut B mportuBodasze. [losromy opOutanb ys
MOXXHO pPaccMaTpUBaTh KaK TUIMYHYIO aHTUCBS3BIBAIOILYIO OpOMTAb
C BBICOKOW IHEPTUEH.

BripoxieHHbIE Hapbl CBSI3BIBAIOIIUX (Y2 U Y3) U Pa3phIXJISIOLINX
(v M y7) opOutaselt oOpa3ylOTCs IMyTeM MApPHBIX B3aUMOAECHCTBUI
Mexay opbutansmMu H; u C, UMEOMMMH HOAXOMALIYIO APYT IPYyTry
cumMeTpuio. CBs3bIBaIONIasl U HECBS3bIBAIOUIAS KOMOMHALMH P, U @
JIal0T COOTBETCTBEHHO W) U Y, a IPH KOMOUHALIMY P, U (3 00pasyroTcs

Y3 Uy
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2.5.2.a. MOJIEKVJISIPHBIE OPBUTAJIA DTAHA

Monekynspusie opoutanu stana C,Hg MOXXKHO JIeTKO MOCTPOUTH U3
MO nmByx ¢parmentoB CHj. 7T 3TOTO COCTaBISIOTCS CBSA3BIBAOIINC
Y aHTUCBS3BIBAIOIIME KOMOMHAIIMM OJIMHAKOBBIX oOpOuTaneil oboux
¢dbparmenToB. Ha puc. 2.22 mokazaHa Takasl Tpoleaypa Ui YeThIpex
HIWKHUX opOuTtaneit pparmenta CHj, U3 KOTOPBIX MOTYYarOTCsl BOCEMb
HIDKHUX opOuTasneil staHa (Bcero y sTaHa 14 MOJNEKYISIPHBIX OpOH-
taneit). [lockonbKky sTaH nMeeT 14 BalIGHTHBIX AIEKTPOHOB, CEMb U3
MTOCTPOCHHBIX OpOUTANICH OyMyT 3aHATHI, @ BOCKMast opouTais (yg) Oymer
MyCTOH, T. . OymeT mpenctasisaTh coboit HCMO. U3 pucyHka BUIHO,
yro HCMO »stana oOpa3syeTcsi myTeM aHTHCBS3bIBAIONICH KOMOMHAIIMH
opbutaneit y; (parmernroB CH; m mMmeeT xapakTep pa3pbhIXJIIONIEH
opburamu o-cBsasn C—C (of-). BBMO Monekynsl 3TaHa NpecTaB-
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Puc. 2.22. O6pazoBanne MO 3aTOpMOKEHHOH KOH(OpPMAIMU ATaHA U3 JABYX HMHPAMH-
nanbHBIX (parmeHtoB CHj
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JICHBl JBYMs BBIPOXKICHHBIMH OpOMTASIMU X M )7, KOTOpbIEe 0Opa-
3YIOTCS ITyTEM aHTHUCBS3BIBAIOMINX KOMOMHAIHKA (Y, —Vs) B (Y3 —3).
ITapa BeIpoxkAeHHBIX B3MO sTana mmeer XapakTep paspbIXJISIOIINX
opoutaneit C—C-cBsizeil n-cumMeTpun. OTMETHM, YTO paCIICTUICHHE
HECBSI3BIBAIOIINX OpOuTajeit vy OOJbINe, YeM pacilelicHue opouTane
Y, U Y3. OTO 0OYCIIOBICHO OOJIBIIUM ITePEKPBIBAHIEM OpOHTAIICH Yy,
KOTOpble T'MOpUAM30BaHBl HaBCTpeuy Apyr Apyry. Ilostomy Bbicmias
3amsaTass MO oOpazoBaHa He OpOUTAIBIO )5, a OPOUTATIMU Y U X7.
HwuxHue cBs3bIBaIONIMEe OPOUTANU )| U Yp UMEKOT HAUOOJBIIYIO TUIOT-
HOCTh B paiioHe cBa3eid C—H. Casi3piBaHME MEXK]y aTOMaMH YIiepoja
OCYIIECCTBIISICTCS IJIaBHBIM 00pa3oM OpOUTATISIMH X3, X4 U X5, KOTOPBIS
Jexar BeIIle, yeM y; U yp. OTcroma ciemyeT BBIBOA, YTO B JTaHE
cBsa3u C—H mpounee cBazeit C—C. D10 MoATBEPAKIAETCS TEPMOXUMHU-
YECKUMHU JTaHHBIMH. J|eHCTBUTENHHO, B 3TaHE SHEPTHUS pa3pbiBa CBSI3U
C—H (98 kxan/monp) Ha 16 kkayi/mMoabs Oosbire sHepruu cBs3u C—C
(82 xkan/moib).

2.5.2.6. MOJIEKVYJISIPHBIE OPBUTAJIU DTUJIEHA

OpOuTanyu MOJEKyJIbl 3TUIICHA MOXKHO TIOCTPOUTH U3 IBYX (pparMen-
toB CH,, nMeromux aHTyIsipHYI0 dhopMy. OpOuTanu 3TuX (parMeHTOB
B CBOIO OYEpEJib CTPOSTCS U3 opOUTasiell aToMa yriepoja U IPYIIOBbIX
opbOuTaneit ancamOns Hp, MOMy4eHHOTO MyTeM YJAJICHHs JIByX aTOMOB
BOJIOPOIa U3 TETPAdPUUECKOro aHcamoOst Hy:

He

B —
H =-2H /
H H

aKryasprsid
ancamone H,

OTOT aHCcaMOiIb UMEET BCEro JIBE OpOMTAIHM: CUMMETPHUUYHYIO @ U
AHTHUCHUMMETPHUYHYIO (!

=+ ="

Jlnarpamma opOUTaIBHOTO B3aUMOCHCTBYS IS aHTYIISIPHOTO (hparMeH-
ta CH, npuBenena Ha puc. 2.23.
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Puc. 2.23. Jluarpamma OpOHMTaJIbHOTO B3aMMOACHCTBHUS Ul aHTYISPHOTO (parMeH-
Ta CH;

Opburanu yi, v, Ws U Y 00pasyloTcs MyTeM CIEAYIOMNX MapHbIX
B3aMMOJIEHCTBHII:

/ ’ )‘) }0
% A %
S (ONY LN
/‘O - / — 0/0
/ G s
SN O~\ .\\
7‘ - O/ _— .)o
A, % %

OpOutanp p, aromMa ymiepona HE BO3MYIIAETCs, MOCKONBKY OHa
OpTOTOHAJIbHA KaK OpOHUTANM @), TaK U OPOUTAIH ¢, CIEIOBATEIHHO,
Bo (parmente CH, Ha aTtome yrmepoaa OyIeT CymiecTBOBAaTh HECBS3HI-
BAIOIIAs p,-0pOUTATIb.

Cnabo cBs3piBaromas opourans Y3 (parmenra CH, obOpasyercs
MyTeM TPOWHOTO B3aMMHOTO BO3MYIICHHUs OpOuTaneil ¢y, s U p, aHa-
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JIOTHYHO OOpa30BaHUIO HECBs3bIBalOLIMX opOurtaneil ¢parmenta CHj
(cm. puc. 2.22) wiH T-aJUTHIBHOW CHCTEMBI (CM. puc. 2.6):

&) )y

Bénpmmast nons rHOpUIHOW aTOMHON OpOWTaM, IEHTPUPOBAHHON Ha
aToMe yIliepoja, HalpaBlieHa B CTOPOHY OT arOMOB BOJIOpOJa, YTO M
oTpesieNsieT OOIINil HECBAZBIBAIOIINN XapaKTep OpOUTaIIN V3.

Teneps MBI MOXKEM MOCTPOUTH MOJICKYJISIPHBIE OPOUTAIIN MOJICKYJIBI
STHIIeHa, OOBEIMHUB J1Ba aHTYIsApHBIX (pparmenTa CH,, kak mokazaHo
Ha puc. 2.24 (nmpuBeAeHBI JIUILb YETHIPE U3 MecT opOuTaneit pparmeH-
Ta CHZ)

OtuneH uMeeT 12 BaJIGHTHBIX 3JEKTPOHOB, mosToMy B3MO Oynet
SBIIATBCS IecTass opOuTanms X, a HCMO —cenpmast opOUTamb x7.
ITockonbKy, Kak U B ciyuyae 3TaHa (puc. 2.22), pacileruieHne ypoBHen
¢parmenroB CH, nHambombliee IS HECBS3BIBAIOIIMX YPOBHEH 3,
TaK KaK IEpPEeKphIBaHUE 3THUX OpOMTaNeldl OYeHb XOpoIlee H3-3a HX
COOTBETCTBYIOIIEH MPOCTPAHCTBEHHOW HANPaBICHHOCTH, TPAHUIHBIMHU
opOuTaNsAMU dTHIICHA OyAyT OpOHTaIH T-CUMMETpUuu. OpOuTanu x¢ U X7
CBSI3BIBAIOT TOJBKO aTOMBI yriiepoma. OpOuTans x4 TakKe OTHOCHUTCS K

X o() .O( Xs
/ \
/ \ - -
///i\\ H x‘7
@ 7 HCMO A
g — [ —)
ANEY AP ¢ < .7
[ Nembs \\ Xs
—
¢, ( B3MO —_— .
\\ — X
A N/ s
¢ //\ ?\ 0
2 A —_— .
N 1/ 2 M Xs
N 14
Xe 0

Puc. 2.24. O6pazosanne MO striena u3 anrymsipusix ¢pparmenros CH,
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7T-THUILY, HO OHA JISKUT HUKE IO PHEPTHH, TaK KaK CBA3BIBACT HE TOIBKO
JIBa aTOMa yIIepoAa, HO U aTOMbI BOJIOpO/ia ¢ aToMaMu yriepona. Cieno-
BaTeNIbHO, 9Ta OPOUTAIIL HE OYJICT TPAaHHUYHOU OPOUTAIIBIO M XUMUYECKUE
CBOWCTBA B MEPBYIO O4epelb OyAyT ONPENCIATHCS OPOUTAIAMHA Y6 U X7

2.5.2.s. MOJIEKVJISIPHBIE OPBUTAJIN ALTETUJIEHA

MornekynsipHbIe OpOUTATH alleTHIIeHa cTposTcs 3 PpparmenToB CH,
KOTOpbIE HMEIOT MATh OpOUTaIeH:

O—&<O aHTUCBA3bIBAtOLLAA Z/é
;——-8 BopoXKAenHble HecesisbiBaiowme (027 )
—p ;@(CZpy )

O—c@ cnabocssasbiBaroLpe
o—( CBS3LIBalOLLAR

SIS

Jnarpamma oOpa3oBaHHs OpOHWTaneil ameTHiIeHa W3 MOJEKYISIPHBIX
¢parmentoB CH npusenena Ha puc. 2.25.

Kak n B ciryyae sTuieHa, craboCBA3BIBAONIMN yPOBEHb (parMeHTa
CH (y3) pacuieruisercsi oueHb CHIIBHO H3-32 3(P()EKTHBHOTO MEpeKphI-
BaHUS W IOSTOMY alleTHUJIEH MMeeT JiBe BhIpokaeHHbie B3MO u nBe
BeIpokaeHHBIe HCMO, o6pasyrommuecst yTeM NEPEKPhIBAHKA T1ap P, -
U p,-0opOHTajeil COOTBETCTBEHHO B (a3e U MpoTHBOda3e.

[TpuBeneHHble TPUMEpPHl WILTIOCTPHPYIOT CIIOCOO ITOCTPOCHUS MO-
nekynsipueix  pparmentoB CH3, CH, u CH. Otu ¢parmentsr npu
OOBIYHBIX YCJIOBUSIX OYEHb HEYCTOMYMBBI, TAK KAK OHM HEHACHIICHBI,

Xg
// X \ Yo
7\
._x . ’/7—_\\\\ " 8___ {—H—b
4 <7 6 S
— = ¥ T P -
3 / \— \ 3
ot i T i wo [
\ /
\ / _P_P_xq
\ X3 //
X X o-O—@-e
/// XZ \ XZ
\ 0-c@®oO
o—0O ‘P,_<\ /_"/’7 Oo—o X,
A o-0O—0-0 ¥,

Puc. 2.25. O6pazosanne MO anermiena n3 ¢pparmenros CH
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U JICUCTBUTEIBHO CTPEeMsITCS 0OBbEIMHUTBCS B Mapbl ¢ 00pa3oBaHUEM
YCTOWYHMBBIX MOJNIeKyNl. Hampumep, U3BECTHO, YTO OYCHb PEAKIIMOHHO-
criocoOHast yactuia — cuHmeTHeld Metunen ‘CH, (apyroe nasBanue
Kapber) — CTIOCOOHA AUMEPHU30BATHCSI ¢ 00pa30BaHUEM DTHIICHA:

H,C: 4+ CH, — H,C = CH,;.

Kazanochs ObI, opOHTaNBHBIC B3aWMOJCHCTBHS B XOAE JTOW pPEaKIIUd
MOJKHO TIPEICTaBUTh CXEMOM, pUBeAeHHON Ha puc. 2.24. OgHako 370
HE TaK: UCTUHHBIM MyTh pPEaKIUd COBCEM MHOM.

Cunrnerneiid MetuieH CH, wMeeT MycTyl0 M ABaXIbl 3aHATYIO
MoJIeKyJIsipHbIe opOuTanu. [l0CKONBKY ANEeKTpOHHAs Mapa CTPEMHUTCS
3aHATh OpOWTaANb C Oojee BBICOKUM S-XapakTepoM, 3aHATOW Oymer
opbutans 3, a mycToii —opburtans yy. ComracHo puc. 2.24, mpu
00beTMHEHUH IBYX Mouiekyn :CH, nmpoucxonsaT B3auMoaeCTBYS Y3 — Y3

U Y=y
7T~
% o ~ %
SN Vid S Pl
—————3
N__~X¥ /2 8 % N
% %
OpHaKo 3TO 03HAYAET, YTO MEXKITY COOOH B3aNMOICHCTBYIOT ABE 3aHITHIC
Op6I/ITaJ'II/I — VY3 U Y3, YTO AOJDKHO MNPUBOAUTH K OTTAJIKHWBAHUIO U

NPEMNSTCTBOBATh peakiuu. [IpemouTHTENBHBIM SIBISETCSl MyTh, MPH
kotopoM B3MO (y3) omgHoii gactursr - CH, B3aumogeiicteyer ¢ HCMO

(y4) apyroit 4acTHIIBL:
H H
P
H

B npouecce numepusanuu rpynnsl CH, mocreneHHO OTKIOHSAIOTCS U3
MEPICHUKYJISIPHBIX LIOCKOCTEH, MePeXosi B OJHY OOIIYIO TIOCKOCTh:

H H
1

'
’
y H\ ””‘\H H< -H
— ~ - —s ~ -

H>_-—- / H/———\H

Haya/so peakuHu nepexoaHOe COCTOAHHE KOHell PeaKIHH

H

Tem He MeHee Uil TMIOTETUYECKOM peakuuu JuaHuOHa CH%‘
U JUKaTHOHA CH%Jr cxeMma, INpHBeJeHHass Ha puc. 2.24, npuemiiema,

175



TaK KaK IIPOUCXOAUT BBII'OAHOC BSaI/IMOIlCI\/'ICTBI/IC 3aHATBHIX I'PAaHUYHBIX
opOuTaneit ¢ He3aHATHIMHU:

28
H
” H.. M

N )%’o&

H H H
DTOT mpHUMep NMOKa3bIBAET, UTO AMArPaMMBbl, IPHUBEJCHHbIE Ha puc. 2.23,
2.24 m 2.25, BOBce HE 00s3aTENBHO JODKHBI OTpakaTh peabHBIC
nyTy peakiuii. HeoO0Xxoum TOUHBII [TOJICUET AIISKTPOHOB, 3aCEIISIOIIX
TpaHWYHBIE OPOWTANH, M €CIIM TOJy4daeTcs, YTO B3aUMOACHCTBYIOT
JIBE 3aHATHIE W J[BE IMyCThle OpPOWTANH, TO PEAKIHs BHIOMpAET MYTh,

OTJIMYAIONIMICS OT MPUBEJCHHOTO Ha CXeMaX 00pa30BaHHS MOJICKYII U3
(dbparMeHTOB.

2.5.3. TNIOCKHI METAH

CoBpemennbie 9BM u pazpaboTaHHBIC aJITOPUTMBI TIO3BOJISIOT pac-
CUHMTHIBATh PHEPTUIO MOJEKYJ, KOTOPBIE peabHO HE CYIIECTBYIOT (Ha-
npumep, TeTpanutuiiMeran CLi4) HIIN CYIIIECTBYIOT B IPHPOJIE COBCEM B
WHOW TeOMEeTPUUECKON KOH(PUTYpaluu, 4eM KoH(pUryparusi, 3aapaemas
MamrHe. OTa OYeHb HHTEPECHAsT, THTEHCHBHO pa3BUBAIOIIasIca 00IacTh
Ha3bIBACTCS KOMNbIOMEPHOU, UITU MAWUHHOU, XUMuell, U TTIOKa pacyeThl
OTPaHWYMBAIOTCS JIAIIH OTHOCHUTEIFHO HEOOJBIIMMHU MoJeKylamu. B
JAHHOM pa3/elic Mbl PACCMOTPUM CIEAYIONINE TEOPETHUUECKH BaXKHBIC
Borpockl. [loueMy mpupomHbIii MeTaH uMeeT GopMy TeTpasapa, a He
dopmy, ckaxem, IJIOCKOro KBajapara? JIJis KakKuX MPOU3BOJHBIX METaHa
MOYKHO TIpe/CKa3aTh IUIOCKYI0 KBaapaTHyro ¢opmy? Kakume momoOHbIe
MeTaHy coeaunenus tuna AHy, rne A — anement [V rpymbl, ciocoOHBI
CyIIIeCTBOBATh B TIOCKOH hopme?

MonekynspHsie OpOUTaNM IJIOCKOTO METaHa MOXKHO MOCTPOUTH
u3 opbOuTaneil aroMa yriiepoja W TPYIIOBBIX OpOWTajed TUIOCKOTO
kBagpatHoro aHcamOms Hy. IlocmemHwe MOMKHBI MMETH AIIEMEHTHI
cumMeTpun rpynnsl Dy, (kBangpata). [TockonbKy opOuTamu ancamOms
obpasyrorcss w3 deTbipex Hls-opOuraneir, ux oOmiee YHUCIO TOKHO
ObITh paBHO ueThlpeM. Kak um s Terpasmpuyeckoro ancamOms Hy
(cm. puc. 2.18), MO mmockoro Hy co «CBsI3sIMEY», HampaBIICHHBIMH K
LEHTPY KBajapaTa, HAYMHACM CTPOUTH IMyTEeM BO3MYILICHUS CBS3bIBA-
IONMX W aHTHUCBA3BIBAIOIINX O- W O -opOuTaneil nByx mosekyn Hj
(puc. 2.26).

3aTreM pacTsAruBaeM KBajapar, yuuiuHsas paccrosHus H—H; Torma
CBSI3BIBAHKME M AHTUCBS3BIBAHME YMECHBILIAIOTCS U BCE YEThIPE OpOUTAIIN
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Puc. 2.26. lnarpamma opOutaneil 1uist KBagpaTHOH MoseKyiasl Hy

aHcamOns Hy MMEIoT mpuMepHO paBHBIC SHEPIUH, OMU3KUE K DHEPTUH
BBIPOXKJICHHBIX OpOHTaliel ¢, U @3 Ha puc. 2.26.

Opburtanu @3 U @, UMEIOT M0 OAHOMY Y31y M THOJHOCTBIO COBME-
IIAIOTCS JPYr C JIPYroM TIpW TOBOpoTe omgHoi u3 HuX Ha 90°. Kax
U COOTBETCTBYIOIIME OpOUTANIM TeTpa3iapuueckoro ancamoms (c. 151),
WX MOYKHO TIPEJICTABUTh U B MHOM SKBUBAJECHTHOH (OpPME C Y3ITOBBIMHU
IJIOCKOCTAMU, NPOXOASAIIMMU HE 4YCPE3 CEPCAUHBI IMPOTUBOIIOJIOKHBIX
CTOPOH, a Yepe3 BepIINHbI KBajpaTa:

=%
e o —

°7 Y

O0a mpencTaBiIeHUs] COBEPIICHHO HACHTHYHBI, HO CUMMETPHsS OpOH-
Tajel, NPeICTaBICHHBIX CIpaBa, XOPOIIO aAalTUPOBAaHA K CUMMETPUN
opburaneii C2p, u C2p,. IlosToMy npu NOCTPOEHUH OPOMTAIBHON
JuarpaMMbl IUIOCKOTO MeTaHa Mbl OyAeM HCIOJIb30BaTh BTOPOE Ipel-
CTaBJICHUE.
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Puc. 2.27. lnarpamMma opOUTaIbHOTO B3aUMOICHCTBHS I MOJIEKYJIbI TIOCKOTO
MeTaHa

Ha puc. 2.27 wu300paxkeHbl NATH W3 BOCHMH BaJICHTHBIX OpOH-
Tajiel 1miaockoro meraHa. KapTuHa mosjydaeTcss ype3BbIYailHO HHTE-
pecnas. B monekyne CHy cCBsI3bIBaHHE MOXET OCYIICCTBIISITHCS BO-
CEeMBIO BAJCHTHBIMH JJIEKTPOHAaMH. B TeTpasnpuyecKkoM MeTaHe Bce
9TH JIEKTPOHBI y4acTBYIOT B oOpasoBaHuM CH-cBszel: Ha KaXIyro
CBS3b M0 JBa 2nekTpoHa. OqHAaKo B IUIOCKOM MeTaHe B 00Opa3oBaHWHU
CH-cBsizell ydyacTBYeT TOJIBKO IIECTh JIEKTPOHOB. DTH 3alloJIHEHHBIE
opOuTamu 00O3HAYCHBI KaK Vi, Y, U Y3 (OpOHUTAIH W, U V3 BBIPOXK-
JICHBI).

OcTaBmmecs /Ba 3JeKTPOHA HAXOAATCS Ha HECBA3BIBAIOUICH p-Op-
outanu vy (p,), MEPHECHAUKYISIPHONW IUIOCKOCTH MOJEKYJbL. Takum
obpazom, B3MO miockoro Merana () IMEET XapakTep HEMOISICHHON
napel. HCMO mockoro merana (ys)—3TO IpymIoBasi OpOUTalb (.
OHa WMeeT B Y3JIOBBIE IJIOCKOCTH. Y aToMa yIiepoja HEeT HHU3KO
JeKaIuX opOuTaneld ¢ AByMsl y3JIOBBIMHU IUIOCKOCTsIMH (3d-opOuTanu
PaCTONIOKEHBI CIUIIKOM BBICOKO), TTOATOMY YPOBEHb (4 HE MOXET
PacCIIENUTHCS Ha CBA3BIBAIOIINNA ¥ AHTUCBS3bIBAIOLLIUIA.

Hesmmupuueckue pacueThl MOKA3bIBAIOT, YTO HSHEPTUS ILIOCKOTO
MeTaHa Ha 141 KKaJ/MOJb BBIINIE YHEPTHH TETPAIPUICCKOTO METaHa
(Inattep, 1985), 4T0 3HAUNUTENBHO MPEBBIMIAET SHEPTUIO TUCCOLUAIIUN
cBs3u C—H (104 xkan/monb). CiegoBaTebHO, TETPAIIPUICCKUAN TIPH-
POAHBII METaH CKOpee MPOIUCCOLUMUPYET C OTPHIBOM aToMa BOAODPO/A,
YeM TepeiieT B IIoCKyo (opMy. DTO 03HAYAET, YTO ACHMMETPHUIECKIE
COCIMHEHUSI C XUPAIbHBIM ILIEHTPOM HAa aToOME YIIEpoAa HE MOTYT
W3MEHUTHh CBOIO KOH(pHTyparuio 0e3 pa3pblBa XHUMHUYECKUX CBS3EH,
4T0 O0OYCJIOBIMBAET BBICOKYI CTAOMIBHOCTh ONTHUYECKU AKTUBHBIX
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COEIMHEHUH yTIIeposia, KOTOpble HE MOTYT CaMOIIPOU3BOJIBHO palleMHU-
30BaThCsl, IPOXOAS Yepe3 KOH(UIypaltIo MJI0CKOr0 KBajapara:

a _C c a. c
PO RSl E Y
B d 8 87 N4
(+)-3HaHTnomep (~)-3HaHTHOMep

C mOMOIIBI0 OOBIYHBIX CTPYKTYPHBIX (DOPMYNI OJHO3HAYHO H300-
pa3uTh CTPOEHHE IJIOCKOTO METaHa JOBOJILHO CJIOXHO. BeposTHO,
JIy4llle BCETO paccMarpuBarh IUIockyro Mosiekyny CHy kak 1uiockuid
MeTuIbHBIH Kapbanuon CHJ', IpOTOHMpPOBaHHBIA HE 1O p-OpOUTaIH
yIiepojia, HeCyllle oTpullaTeNbHbIN 3apsij, a no o-csizu C—H:

o (S}
Q/’E\\H

H—((?<H+ H ,
O w0

OTa UBUTTEPUOHHAA W K TOMY JK€ HEKJIacCH4ecKas CTPYKTypa, ecTe-
CTBEHHO, JI0JDKHA OBITh OYEHb HECTAOMIBLHOH.

[Inockuit MeTaH MOMKeH CTaOUITN3UPOBATHCS, €CIIH BMECTO BOJIOPO-
Jla BBECTH Z-aKIenTopHble (—M) wim o-moHOpHBIE (+/) 3aMeCTUTEIH.
[lepBbie OymyT B3aMMOJCHCTBOBAThH C HECBS3BIBAIOLICH HENOACICHHON
mapoii Ha arome ymiepoma (B3MO), a mocnmeanue OyayT yMEHBINAThH
Je(QULIUT IIEKTPOHOB O-OCTOBa MOJEKYJbl. OcoOeHHO 3(PEeKTHBHO
BBEIICHUE aTOMOB JIUTHs, oOnamaromero cuiabHeIME (—M)- u (41)-3¢-
dexramu.

[TokazatensHO BiHMsAHHAE ABYX aToMoB JUTHA. COTNIacHO pacderam,
pasHUIla B DHEPIUAX MEXAy yuc-TUIaHAPHBIM U TETPadIpUUECKUM
TIATHAMETAHOM COCTAaBIISIET BCETO S5 KKaJ/MOINb (B TIONB3Y MOCIHE-
Hero). Tpanc-nunuTuiiMeTan Ha 17 KKaji/MOJIb MEHee CTaOWJICH, YeM
yuc-n3oMep. ITO CBSI3aHO C TEM, YTO B yucC-ITWIATHAMETaHEe BOZMOXKHA
XIOKKEeJIEeBCKasl 27-3JIeKTPOHHAs apoOMaTUYHOCTh (CM. I 12), Tak Kak
HemozeTIeHHasl Tapa TUIOCKOTO MeTaHa CITIOCOOHA K JIeNIOKaIN3aliyd Ha
MYCTBIX p-OpOUTANIAX aTOMOB JIUTHSA:

N
¥ Y 0----9-559
H——-/C—=<=-L1 Li— C*—Li
td
W0 0 01700
YUC-AMANTUAMETaH TPaHC-AAIMTUAMET aH
(apomatiyen)

Kak oTmeyanoch BbIlIe, IUIOCKUI METaH HECTAOWJIEH MOTOMY, YTO
rpymnmoBsas opOMTanb ¢4 HE y4acTByeT B CBs3bIBaHMU. Eciam Obl 3Ta
opOHTaNb CUJILHO BO3MYIIAJIaCh, TO €€ HUKHUI BO3MYILIEHHBIN YPOBEHb
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Mor Obl YHTH HMXKE YPOBHS OpOMTand p, M TOIAa B CBSA3BIBAHUH
YeThIpeX aTOMOB YIVIEPOZA y4acTBOBAJIO Obl YK€ He 6, a 8 3JIEKTPOHOB.
OTO BO3MOXKHO B aHajorax meraHa AHj, B KOTOPBIX LEHTpPaJbHBIN
aToM A UMeeT JOCTymHBIC (T. €. HU3KOJIeKaIIne) d-opouTain, Tak Kak
cUMMeTpusi d-opOuTanell (IBa YIIOBBIX y371a) Kak pa3 MOAXOOUT K
CHUMMETPHUHU OPOUTATH (4.

o 2
O0——>0 : + B —
¢
% dy2. g2 clasbibanue

JlefCTBUTENbHO, HEAMIIUPUYECKUI PACYET IIOKA3bIBAET, UTO B PSAY
CHy, SiHy, GeHy, SnHy, TiH4 sHeprus mmockux (GopM MOJIEKYI IOCTe-
TIEHHO ¥ 3HAYUTEIHFHO TIOHMKAETCS, IOCKOJIBbKY -OpOUTAIN CTAHOBATCS
Bce Oonee W Oosiee NOCTYNHBIMU (IO dHEPruu) st 3pdeKTHBHOTO
B3auMoJeHCTBUSA ¢ 4. B monekyne TiHy d-opOutanm TuTaHa odeHb
3 (EKTUBHO CBS3BIBAIOT aTOMBI BOAOPOJAa M PAaCCUUTAHHBIC HHEPTUH
IJIOCKOH KBaApaTHOW W TETpadApuUiecKod (OpM Malio OTIHYAIOTCS
MEX]1y COOOM.

BropbiM BaxkHBIM (haKTOpPOM SIBIISIETCSI YBEIHMUEHUE Pa3MEpOB IICH-
TpainpHOro aroma. YeM Oonple aTOMHBI paauyc, T€M Jaiblie OT-
CTOSIT JPYr OT JApyra aroMbl BOAOPONA, T. €. TeM OOJbIIe pasMephl
rpynmnoBoit opbutanu Hy. DTo moHM»KaeT SHEpruio OopOUTaIN @4, Tak
Kak B Hell Bce B3aMMOACWCTBHUS MEXKIYy COCEIHUMH aTOMaMH BOIOpOIa
aHTHCBs3bIBatoNIKE. DPQEKT 3aMeTeH B cilydyae II0CKoro cuiiana SiHy,
B KOTOPOM ITyCThI€ d-0pOnTaIM KpEMHUS eIlle JIeKaT JOCTATOYHO BHICOKO
1 3Q()EKTUBHO HE yUaCTBYIOT B CBS3BIBAHWUH, HO IOPSIIOK PACTIONIOKECHUS
opOuTaneit WHOH, YeM y TUIOCKOTO MeTaHa. B mimockom SiH, BeICcIIeH
3aHATOMW SIBIISIETCSI OPOMTANbL (4, & HU3IICH CBOOOJAHON — OpOUTAIH P,
TOT/Ia KaK B TUIOCKOM MeTaHe, Hao0opoTt, poib B3MO wurpaer p., a poyib
HCMO — ¢4-opbuTais.

3aMeTHM, YTO BCE M3BECTHBIE B HACTOSIIEE BPEMs TETPAKOOPIHHA-
IIMOHHBIE COEIMHEHHS JIIEMEHTOB rpynisl [Va, T. e. kpeMHUs, TepMaHus,
0JI0BA M CBHHLIA, & TAKXKE IIEMEHTOB rpymiibl [VO, T. €. TuTaHa, TUPKOHUS
U radHU, BCE-TaKd UMEIOT TETPadIPHIECKOe CTPOCHHE.

2.5.4. THIIEPKOHBIOTAIIUA KAK BHYTPUMOJIEKYJIAPHOE
o, -BO3SMYIIEHUE
Metonq BMO mo3BoMISIET TTPOCTO OOBSCHUTH MHOTHE XUMHUYCCKUC
SIBJICHUSI, B TOM YHCJIE U TUIepKOHbIoranuo (pasa. 2.2.5). Pacemorpum
stusbhbii katuon CH3CH, . CornacHo KaccH4ecKuM 3IEKTPOHHBIM
NPEACTABICHUSIM, B 3TOM KaTHOHE JOJDKEH MPOSBISATHCS dPQPEKT T'H-
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MEPKOHBIOTAINH, 3aKIIOYAIOIIUIICS B CMEIICHUH G-3JICKTPOHOB CBsI3ei
C—H k KaTUOHHOMY LICHTPY:

H

=
H;C\—CHZ

H

Pacnonoxum STHIIBHBIA KaTHOH B IUIOCKOCTH G TaK, YTOOBI aTOMBI
ymepona, a takxke Hi, Hy u Hs Haxonumuch B 3TOM MJIOCKOCTH, aTOM
H; — cBepxy miockocty, a atom Hy — cHusy (puc. 2.28, a).

ITnockocTh ¢ OyIeT IIOCKOCTBI0 CHMMETPHH SIIEPHOTO OCTOBA KATHOHA,
MO3TOMY OHa JAOJI)KHA OBITh M TNIOCKOCTBIO CHMMETPHH BCEX OpOHUTANICH.
W neificTBUTENBHO, G SBISIETCS IJIOCKOCTBIO CUMMETPHM OpOUTAIN
C2p u opOuraneit 6 u ¢* cBazu H;—C. OmHako IJIOCKOCTH © HE
Oyzer snemeHTOM cuMMeTpun opbutaneit cBsizei Hi—C u H,—C,
HOCKOJIbKY TIPY OTPaKCHUM B 3TOH IIOCKOCTH OIHA OpOMTajb Iepe-
xoaut B Apyryio. CrnemosarensHo, opOutanu csizeit H;—C u H,—C
HE IOJY4YMJIMCh CUMMETPU30BAaHHBIMU U MX HEOOXOIUMO CHELHATIbHO
CUMMeTpH30Bath. [Iponecc cummerpusannu nokasad Ha puc. 2.28,6. B
pe3yipTraTe BO3MYILEHHs IEPBOTO MOPsIIKA BEIPOXKICHHBIE YPOBHU Y U
Y, pacuerJisiroress Ha Oojiee HU3KHMK W OoJsiee BBICOKHMH ypoBHH W U

Puc. 2.28. 'mnepkonbroranusi B STHJIBHOM KaTHOHE: d — PAcIONIOKEHHE KaTHOHA B

IUIOCKOCTH O; 0 — 00pa3oBaHNE CUMMETPHU30BAHHBIX ([ETOKAIN30BaHHbIX) C-OpOUTaIel

U3 CBSI3BIBAIOIINX OPOUTANICH JIOKAIN30BaHHBIX O-CBSI3CH; 6 — B3aMMOJICHCTBHE JIEIOKa-
JTM30BAaHHOW 3aHATON opOuTamn W_ ¢ p-OpOHTaIbI0 COCEIHETr0 aroMa yriiepoaa
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Y_. K opburansm W u P_ yxe MOXKHO HPUMEHSATH CHUMMETPUYECKHE
npeoOpazoBanus: W OymeT CUMMETpUYHOH, a ¥_ — aHTUCUMMETPHY-
HOW OTHOcHTeNbHO omepauuu o. Ocoboe 3HaUeHHE MMEET OpOHUTalb
Y_. Bo-TiepBBIX, OHA SIBIISICTCS BBICIICH 3aHATONW OPOWTAIBIO TPYIIIBI
CH; u mostomy mo sHepruu OiMKe BCeX APYIMX OpOHTalei 3TOH
rpymnmel K myctoit C2p-opOuTaiy, SBISIONICHCS HHU3IICH CBOOOTHOMN
opburaneio katuoHa. CnenosarenbHo, Bo3myuienne ¥_ (B3MO)—
C2p (HCMO) mo sHepruu T0KHO OBITh 3G (GEKTUBHBIM. BO-BTOPHIX,
cummetpuss ¥ u C2p onuHakoBa: 00e OpOUTAIM aHTHCUMMETPHYHBI
OTHOCHUTENFHO TUIOCKOCTH G W TIO9TOMY IEpEKpPhIBAHHE MEXIY HUMHU
He paBHO Hymo. OpOutans W_ moxoxa Ha p-opOUTajb: 3TO Kak Obl
WCKa)KEHHAs p-OpOUTAIb, BEPXHSSI M HIKHSIS JI0JIT KOTOPOH OTKIIOHEHBI
OT BepTUKaJbHOW ocu BhpaBo Ha 109,5° —90° = 19,5° (puc. 2.28).
Takum oOpaszoM, mycTas opoutans C2p W 3amoiaHeHHas opOouTanp ¥P_
MOTYT B3aMIMHO BO3MYINATHCS, YTO MPHUBENET K IMOHIKEHUIO SHEPTUU
HOBOHM Bo3MyIleHHOH opOutanu (W_ + C2p), Ha KOTOpO# OyneT Haxo-
TUTHCS TIapa 2JIEKTPOHOB, /10 BO3MYIICHHS 3aHUMaBIIas 00Jiee BEICOKYIO
opOutans W_.

B teopuu MoneKynIpHBIX OpOUTANIel TEPMUHA «TUTIEPKOHBIOTAIIHSD)
HEeT, TeM HEe MEHEee BO3MYIICHHE, IOKa3aHHOE Ha puc. 2.28, 6, HKBHUBa-
JICHTHO THIEPKOHBIOTAIIMU. MeTuibpHas TpyIna, CBA3aHHAs C KaTHOH-
HBIM IICHTPOM, JOJDKHA MOHUXATh YHEPTHUI0 KaTHOHA, U JCWCTBUTEIb-
HO, TI0 DKCIIEPUMEHTAJIbHBIM JaHHBIM, KaTHOH CH3CH£L cTaduIbLHEE,
wem CHY .

2.6. OPBUTAJIBHBIE B3AUMO/JIEVICTBUA
«4YEPE3 ITPOCTPAHCTBO» U «HEPE3 CBA3N»

B mpenpioynmx pasnenax Ha MpUMepe MPOCTHIX MOJIEKYT MBI TIO-
Ka3ajH, KaK CTPOSITCS MOJICKYJSIpHBIC OPOUTANN C TIOMOIIBIO JHarpaMm
OpOUTATHHBIX B3aMMOACHCTBUH. AHaMU3Upys (HOpMy B SHEPTHIO Tpa-
HUYHBIX OpOHUTaJei, MOYKHO PEIIUTh MHOXECTBO BOIPOCOB, CBS3aHHBIX
CO CTPOCHHEM M PEaKIHOHHOW CIIOCOOHOCTBIO JaHHOW MOIIEKYJIHI.
[Tpumepsl Takoro MpUMEHEHHUsT TEOPUU MOJICKYISIPHBIX opOuTaineit Oy-
IyT TIPUBENIEHBI B TOCJENYIOMNX TJIaBaX dTOW KHWTH. |JaBHas 1enb
MOCTPOCHHS JarpaMM OpPOMTANIbHBIX B3aUMOJICHCTBHUN 3aKIIFO4ACTCs
B TOM, YTOOBl HaWTH W OXapaKTEepH30BaTh T'PAHUYHBIE OPOWUTAIN M
OOBSICHUTh T€ OPOUTAIBHBIC B3aUMOJICHCTBYSI, KOTOPBIE KOHTPOJIUPYIOT
¢dbopMy TpaHWYHBIX opOuTanei. OpOUTaIN OTAETBHBIX TPYNIT MOTYT
B3aUMOJICHICTBOBATh HE TOJILKO HAMPIMYIO «4epe3 MPOCTPAHCTBO», HO
Tafoke U yepe3 o-cBs3u. O0a THIa B3auMOIeHCTBHM OyIyT pacCMOTPEHBI
B 3TOM pasfelie HIDKE.
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2.6.1. INIOCKOCTHBIE c-OPBUTAJIN MAJIBIX ITUKJIOB
2.6.1.a. HUKJIOIIPOITIAH

Moutekyity OUKIONpOINIaHa MOXKHO PAaccMaTpUBaTh KaK COCTOSIIYIO
U3 TPEeX METWJICHOBBIX €IUHUL] («CTPOUTEIbHBIX OJIOKOBY), KaXKaas U3
KOTOPBIX MMEET OpOMTaNM, MCHOJb3yeMble AJsi 0Opa3oBaHHs CBS3CH
C—H (ma cxeme He TOKa3aHbI), 1 KPOME TOTO, Ks- U H,-OpOUTAIH,
HCIOJIb3yeMBble [Tl 00pa3oBaHus ckeyeTHbIX cBsizeit C—C:

n,-OpOuTaNy 1O SHEPTUHN PACTIONOKEHBI HEMHOTO BBIIIE 71,-OpOHUTANICH.
@dopma CKeNeTHBIX IUIOCKOCTHBIX OpOWTaNeil M MOCiIenoBaTeIbHbIC
CTaJluM MX MOCTPOCHHMS, BKIIOYAIOLIME MMEPBOHAYAIbHOE O0bEIUHEHUE
JIByX aTOMOB M IOCJIEAYIONIee NMPUCOEANHEHNE TPEThETo aroMa yrile-
pona, mokasaHel Ha puc. 2.29. Pacmennenue yposHe#l (puc. 2.29,a)
COOTBETCTBYET OOIIEMy HPaBHILY, COIIACHO KOTOPOMY CaMyl0 HU3KYIO
SHEPTUI0 UMEIOT G-0pOUTAIH, a CaMyl0 BBICOKYIO SHEPTHUIO — OpOUTAIH
o*-TUTa; MEXKITy HUMHU PaCIofiararoTcs - U 1T -0pOuTaiu.

bonee crporas ¢opma CKeIEeTHBIX HHUKIOMPONAHOBBIX OpOWTANeH
MOJIy4aeTcsl Ipu ydere Toro (akra, 4To OpOMTANM X5 U Y HMEIOT
Ty K€ CHMMETpHIO, YTO M opOuramu y, u x3. CilemoBaTeiabHO, OHU
CMEILMBAIOTCS APYT C IPYroM, YTO MOKAa3aHO HUXKE:

+

VAV
Wy A
AN
A

> v D

A
- O
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Puc. 2.29. Pacmenienue nq- U nz-ypoBHEH IpH 00pa30BaHUN CKEJIETHBIX IIOCKOCTHBIX
opbutaneil nukionponana (a); ¢hopma opdutaneil (6) W MmociaeqOBaTENbHBIE CTATHU
MOCTPOCHNUS opOuTaneil nukia (6 u )
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OpOuTanu MUKIONPOIIAHA HE UMEIOT YETKO BBIPAKCHHOTO HalpasJie-
Husl BJoJib MexbsiaepHon muaun C—C, u csizu C—C nosToMy Ha3bIBa-
toTcst «0aHaHoBbIMIY (T1. 24). [TnockocTHbIe G-opouTanu (puc. 2.29,6)
cooTBeTCTBYIOT TpeM C—C-CBsI35M IHKIIA, U KaKJaasi U3 CBA3BIBAIOIINX
opburaneit y, x» ¥ x3 3aHsATa napoi AeKTpoHOB. OpOuTamu x, 1 X3
JIeKAT BBINIE, YeM OOBIYHBIE Occ-OpOWTay, Hampumep B 3TtaHe. OHHU
MOYTH TICJIMKOM IMOCTPOCHBI U3 p-OpOUTAJICH aTOMOB YINIEpOJa, JIeKa-
IIUX B TUIOCKOCTH ITUKJIA. DTH p-OpOUTAIH B OTINYNE OT IIUKIOATKAHOB
¢ OOJIBLIMMHE pa3MepaMu [HKIIA HAIPABJICHBI APYT K JAPYTY HE 110 JIMHUU
C—C-cBazeit. CniegoBaTesibHO, BRIPOKJICHHBIE YPOBHU X7 U X3, B IPUH-
LUIIE, TOJDKHBI OBITh XOPOIIUMU 3JICKTPOHOJIOHOPAMH 10 OTHOIICHUIO
K 3aMECTHUTEISIM B TpeXwIeHHOM nukJie. [1o Toif sxe mpuunHe opouTamb
x4 (HCMO) nomxHa 001a/1aTh XOPOLIUMHE aKIIEITOPHBIMU CBOWCTBAMH.
Tpu C—C-cBs3U B ITUKJIONPOTIaHE YKBUBAJIICHTHEI, TIOCKOIBKY 00€ Op-
Outanu B mape x,/x3 3aHATbl. OJHAKO OPOMTANHN X, U X3 MO-Pa3HOMY
B3aMMOJICHCTBYIOT C 3aMECTUTEISIMH B KoJjblle. Hampumep, aumeruii-
IIUKJIOTIPONTMIBHBIA KapOOKaTHOH Ooiee cTabuieH B KoHpopMmaruu (A),
yeM B koHpopmauuu (b), mpuuem Oapbep BpalleHUS MEXIY STUMH
mByMsi (opMamMu OdeHb BBICOK (~ 14 Kkayi/Moib 1m0 maHHbIM SIMP).
OTOT QaKT OYEHB JIETKO 0OBICHUTH B3aUMOACHCTBHEM KapOOKaTHOHHON
p-OpOUTATH C MUKIOTPOIIAHOBOW OPOUTAIIBIO )3:

CHa ?HB +
T + [ CH,

—
CHy——— C

(n " 5

Pe3ynmbraToM Takoro B3aWMOACHWCTBHS SIBISICTCS OCTaOJIeHUE CBsI3ei

C(1)—C(2) u C(1)—C(3) u ycunenue cBa3u C(2)—C(3) B mpoU3BOTHBIX

[UKJIONIPOTIAHA, COAEPIKAIIUX XOPOIIHE MIEKTPOHOAKIICTITOPHBIC 3aMe-
+

ctutemn (—CR,;, —C=N, —COOR), 4t0o BBEIpa)kacTcsi B yIJIWHECHUU

cem3eit C(1)—C(2) u C(1)—C(3) m yxopouennn cBs3u C(2)—C(3).
TuUnu4HLA IpUMEp IPUBEIEH HIXKE!
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AHaOrMYyHO, MOXKHO JIETKO TOHATH, MOYEMY MOJIOKCHHE PABHOBECHUS
HOpKapaJueH-TeNTaTpueH CABHHYTO B CTOPOHY HOpKapagueHa Ipu
HaJUYUH CHIIBHBIX 3JICKTPOHOAKIIETITOPHBIX 3aMecTutTeneii R:

R R R R

B ———
of = O
rentaTpuen HopKapaguer

HuknonponuibHEI (hparMeHT HOpKapaaueHa CTAOWIM3UpPYeTCs dIeK-
TpOHOAKLEeNnTOpHbIMU rpynnamu. Eciiu R=H, To coequnenue cymecTsy-
€T TOJIBKO B ITUKJIOTeNTaTpueHOBOH hopme, HO eciii R=CN, paBHOBecHe
CABHHYTO B CTOPOHY HOpKapajaueHa.

Opoburans y, (Bropas BeipokaeHHass B3MO) oTBeuaeT 3a MpOTOHU-
pOBaHUE LUKIIONPOIaHa «Io pedpy»:

nnu

B aToMm ciyuyae oOpasyercs MOCTHKOBAs TPEXIIEHTPOBAS JABYXIIEKTPOH-
Hasl CBsA3b, AHAJOTHYHAS CBA3H B HEKJIaccHueckoM kapookarnone CoHY
BO3HUKAIOIIEM TIPH MTPOTOHUPOBAHUH STHIICHA.
bunukmno[3.1.0]rekcuito3miar BCTyHaeT B pEakIUI0 COJIBBOJIN3A
ropas3zmo Jjerde, 4eM IMPOCTOH IMKIOTeKcuiITo3miar. MccienoBanus c
PaIuoON30TOITHBIMI METKaMH II0Ka3ald, 4TO 00pa3yloluiics KaTHOH
HMeeT CUMMETpHI0 TpyIibl Cz,. ITO 03HAYAET, YTO KaXIbli METHHO-
BBl aroM yriepoaa (GopManbHO HeceT 1/3 MONOXKHUTENBHOrO 3apsia
KapOOKaTHOHA W MEXKIy HECOCEICTBYIOIIMMH METHHOBBIMH T'PYNIAMH
(hopMaTbHO MMEIOTCS CBSI3U Topsiaka 1/3. Jlpyrumu cioBamu, o0pasy-

€TCA CBA3bBIBAKOILAA Op61/ITaJII: X3Z
TsO * —t_ y
N0 — N = ¥ = A
—Ts0

[3.1.0]-

l
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2.6.1.6. IUKJIOBYTAH

[o ananoruu ¢ HUKIONPOIIAHOM HUKIOOYTaHOBBIEC CKEJIETHBIE OpOH-
TaJld MOXKHO IIOCTPOUTH U3 YETHIPEX METUIICHOBBIX €IUHUIL:

YciioBUMCS, 4TO MOJIEKYJIa UKIO0yTaHA UMEET TUIOCKYHO KBaJpaTHYIO,
a He CKJIaJuaTylo, CTPYKTypy. Vcmonb3ys npencTaBieHne ng- U 1,;-0p-
OUTANAK, MOXKHO IOCTPOUTH MOJICKYISIPHBIE OpPOUTAIH, MOKa3aHHBIC
Ha puc. 2.30. [ukmoOyran wmMeeT mapy BBIpoKIeHHBEIX B3MO (3
u x4) U mapy BeipoxkaeHHbIX HCMO (x5 u y6). Opburanu y; u
X4 C1a0OCBSI3BIBAIOIIUE, & OPOUTAIH Y5 U X — C1a00pa3phIXJISIONIUE,
MTOCKOJIBKY B HHX B3aHMMOJICHCTBYIOT Oa3UCHBIE OpOUTAIIN aTOMOB yTJIe-
poja, pacloIOKECHHBIX B MPOTHBOIOIOKHBIX YIVIaX UYETHIPEXWICHHOTO
nuKiIa («UTMHHBIE CBs3W»). VIMEHHO 1O 3TO# mpudnHe B HMHUKIOOyTaHe
HapylaeTcsl NpaBuIIoO TOCIeI0BaTeIbHOCTH opouTaneii (c—n—n*—o")
W yKa3aHHBIE YEThIpe OPOUTAIN PACIOIaraloTCsl MEKIY OpOUTAIISIMU )
U 7 BONM3M HECBS3BIBAIOIICTO YPOBHSL.

HexotopsiM opOuTaisiM, n300paxeHHbIM Ha puC. 2.30, MOXKHO TIpH-
JIaTh U UHYIO, allbTePHATUBHYIO, hopmy. Tak, mapbl opouraneit y3/xe 1
X4/ X5 AMEIOT OJIMHAKOBYIO CHMMETPHIO M [I09TOMY MOT'YT CMEIINBATHCSL:

@
s
|

X; X,

D K016
.
ORIt T,
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~ / / / /
3areMm, cMelluBas Iapbl BBIPOXACHHBIX opOuTaneil x3/x, 4 xi/x,
MOJKHO TOJIY4YHTh aJbTCPHATHBHBIC GOPMBI X5, X4, X¢ M X, KOTOpbIC
mpeaACTaBIAOT CO6OI>1 CBA3BIBAOUINEC U aHTHUCBA3BIBAKOIIIUEC KOM6I/IH3L[I/H/I
o- 1 6*-opOuTaeii mapaieIbHBIX CBI3EH ITUKI00YTaHOBOTO KOJIbIIA:

X, X, X, X,
@ i § S Q @
X, X, X X,

[lpuBeneM mnpumep, MOKA3BIBAIOLIMM, KaKk HW300pakeHHbIC Ha
puc. 2.30 MoJIeKyIISIpHBIC OPOUTAIH MOXKHO HCITOJIB30BATh JJIST OOBSIC-

—X'B

-_—X

7
x8
—— X,S, Xb-

=
N

2 xs xﬂ

]

Puc. 2.30. Pacmerienue 7q- 1 nz-ypoBHEeH IpH 00pa30BaHUN IUKIOO0YTaHA U3 YETHIPEX
METHJICHOBBIX eIHMHHI] (@) U dopma opburaneit (6)
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HEHUS XUMUYECKUX CBOMCTB MOJIEKYJ, COACPKAIIMX YCTHIPEXUTICHHBIN
UK. TpumukiIookTamueH (4) JIeTKO MeperpynmupOBBIBACTCS B CEMH-
OyJabBaJIeH 4epe3 MPOMEKYTOUHBIH OUpajuKall yXe NpU KOMHATHON
temriepatype. OQHAKO OUYEHb ITOXOXKash MOJIEKyJa TPUIIUKIAIECKOTO
TerpacHa (b) abcomroTHO cTabuIbHA.

0—r0 =@

bupagmran

|

HX D=

cemuby ibBanen

Uto0b1 06’bﬂCHI/ITb TaKoe pa3iIuuue, cHayaga 3aMETUM, YTO COCTUHE-
HUE A TIpeAcTaBiIsIeT co00H MUKIOOYTaHOBOE KOJBIIO ¢ ABYMS 1,3-3TH-
JICHOBBIMH MOCTHKAMH, a COCAMHEHUE H— IUKIOO0YyTaHOBOE KOJBIO C
IBYMs OyTaIMEeHOBBIMA MOCTHKAMH. YKa3aHHOE Pa3InIre MEXITy IBYMS
CUCTEeMaMHU MOXXHO HCCJIEIOBAaTh Ha 00JIee MPOCTHIX OJHOMOCTHKOBBIX
CTpyKTypax B u I, K KOTOPBIM MbI Mepeiiaem:

S

B r

B3anMonelicTBre TpaHUYIHBIX OpOUTAICH ITHICHOBOTO M ITUKIIO0Y-
TAHOBOTO ()parMEHTOB B COIMHEHUH B mokazaHo Ha puc. 2.31. MoxHO
BUJETh, YTO BCJICACTBUE B3aMMOJCHCTBUS C LIMKIOOYTaHOBBIM KOJIBIIOM
sHeprerudeckas menb Mexay B3MO u HCMO craHoBUTCS MEHbIIE,
yeM B camMoM 3TuieHe. m-OpOuTalb NEpeKpbIBacTCs C 3allOJHEHHON
opOuTanpio x3 (MIU )4) UUKIOOyTaHA U, TakuM oOpa3oM, naecTa-
OWIM3UpPYETCs, TOTmAa KaK YPOBEHBb 7, HA00OPOT, CTaOMIU3HUpYyeTCS
B3aUMOJAEHCTBUEM C IIyCTBIM YPOBHEM 7.

CoBepILeHHO MPOTHUBOIOIOKHBIH d(PeKT HabmonaeTcs B coeIuHe-
HUM [ ¢ OyTagueHOBBIM (pParMEeHTOM. DHEpreTHdecKas IIeNb MEXIy
B3MO u HCMO pacumpsiercst (ecnu cpaBHHBaTh ¢ OyTaaueHom). B
JaHHOM ciydyae OyTagueHoBas B3MO 7° MOIXOZUT 1O CHMMETPUH
K x7-OpOMTany UMKIOOyTaHa W, CIeJOBaTelbHO, CTaOWIM3UpyeTcs, a
HCMO Oyranuena w7 necrabunmsupyercs (puc. 2.32). IIpoTuBononox-
HBIE PE3YJbTaThl, IOJYYCHHBIC IPU PACCMOTPEHHH ITHX ABYX MOJEKYI,
ABJISIFOTCSL NPSIMBIM CJICACTBUEM pa3jIndMs B y3JIOBBIX CBOICTBax rpa-
HUYHBIX 7-opOuTaseil aTuieHa u 6yraauena (cm. puc. 2.8). Monekyna B
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S

Puc. 2.31. OpOutansuble B3auMmoneicTsus B Onuukio[2.1.1]rekcene-2 u ¢dopma rpa-
HHYHBIX opOuTaneit

O

(stunen) (uxnodyTan)

T e 0P
"Zs@ /

&

T
, S A

N

Puc. 2.32. Opbutansable B3aumoneicTsus B 2,3-0ucMetnnenounukio[2.1.1]rekcane u
(dopMa rpaHUYHBIX OpOHTaIeH
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¢ y3koil aHepretuueckoil mensio Mexay B3MO u HCMO npomxkna
MIpeTepreBaTh TEOMETPHUECKIE UCKAKEHNUS, KOTOPBIE TIO3BOJISIFOT OpOu-
TaJXsIM CMeIMBaThest Apyr ¢ apyrom (3ddexr Ana—Temiepa Broporo
nmopsnka). Kak mokazano Ha puc. 2.31, 8 HCMO OUIIUKITHYIECKOTO
coemuHeHus (Y3) MEXKIY aTOMaMU yriepoAa IMUKIO0YyTaHOBOTO KOJbIIA
uMeeTcs aHTHCBA3bIBaHUe. CleIoBaTeNbHO, PH JTF000OM acUMMETpHYe-
CKOM HCKa)X€HUHU MOJIEKYJbl B, mo3BosstomeM cmemuBaTtbest B3MO u
HCMO, cBs13b MeX Ty aTOMaMH YIJIepo/ia B ITMKII00yTaHOBOM (hparMeHTe
OyzneT ocnalnsiThCsl, YTO COINIACYeTCs C JIETKHMM pa3pblBOM CBSI3U B
3TOM COEJMHEHNH, IPUBOASIINM K Onpaaukary. B coeqnnennu [ mensb
mexty B3MO u HCMO ouens muypokas U BCJIEACTBUE 3TOT0 UCUE3aeT
JBIDKYIIAS CHIIA IS aHAJIoruIHOTO 3¢ dekra Sna—Temnepa. HecMoTpst
Ha TO YTO IO DHEPIUW HANPSHKEHUS LUKIA COeTUHEHUs B u [” Onu3Kwy,
TOCIIeZIHee TEPMUYECKH Topasao Oolee CTaOMITBHO.

2.6.2. B3BAUMOJENCTBUSA «4YEPE3 CBSI3W»

Kak MbI Bujenu, pa30op MOJEKY/Ibl Ha «CTPOUTCIILHBIC KUPITAYM))
MTO3BOJISIET JIETKO cTpouTh e MO B BHIe THHEHHON KOMOWHAIINH OpOH-
Tanei ¢pparmeHToB. Bompoc o ToMm, KakuM 00pa3zoMm (parMeHTHPOBATh
JMAHHYIO MOJIEKYITY, PEIIaeTcsl TeM, HACKOJIBKO JIETKO Jajiee TONYYHTh
KapTUHY B3auUMOJeicTBUs opOuTaineil ¢pparmeHToB. [anHas mapa op-
Ouraneii, HanpaBJIeHHAs «4epe3 MPOCTPAHCTBO» MEXKAY (PpparMeHTaMH,
koMOuHUpyeTcss B (¢aze u B mporuBodaze. OObIYHO KOMOWHANMS B
(aze umeeT OosIee HU3KYIO SHEPTHIO, YeM KOMOWHAITUS B TIPOTHBOda3e.
OpHako B HEKOTOPHIX CTydasiX KOMOMHAIHS B (ha3e MOXKET JIEKATh BBIIIIE
0 HEPTUH, YeM KOMOUHaIMs B poTHBO(dase.

B xagecTBe mpmmepa paccMOTpUM JIB€ HEIOJENIeHHBIE Taphl B
Mosiekyie 1,4-nuazaburukino[2.2.2JokTana, MPeACTaBIISIONIEro co00i
opraHnyeckuil muamuH. [IpsiMoe B3amMoseicTBHE «4depe3 MpOCTpaH-
CTBO» JIByX THOPHUJIHBIX HEIMOJEIICHHBIX MMap MPUBOJAUT K 00pa30BaHUIO
YpOBHEH n U n_, KOTOPbIE TIOKa3aHbI HIDKE!

I\
©No oND 1,4-gnazabuumknol2.2.2]oktaH
N\—/

@0—e /) _

®o—o@ /N,

BcnencrBue TOro, yto paccTosHHME MEXIy aroMaMM a30Ta BEJHKO,
OHEPreTHYECKOE Pa3uue MEXKAY 74 M A_ JOJDKHO OBITH cJaObIM.
Tem He MeHee, pacueTbl U IKCIEPUMEHTAJIbHBIC AAHHBIC 3TO HE IOM-
TBEPXKIAIOT. Tak, Be MEpBbBIC MOJIOCH B (POTORIEKTPOHHBIX CHEKTpaXx,
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Puc. 2.33. OpOutanbHble B3aUMOACHCTBUS «4epe3 CBA3b» B MoseKylne 1,4-ana3abummk-
n0[2.2.2]okTana

KOTOpBIE OOYCIIOBIIEHBI MOHH3AIMEed YpPOBHEH 74 W A_, OTIMYAIOTCS
Mexty coboli 6onee yem Ha 2 3B (7,52 u 9,65 3B coorBercTBeHHO). U3
aHaIM3a KoJeOaTeNbHBIX CHEKTPOB JANA300UIINKIOOKTaHA CIIEAYET, YTO
YPOBEHb M.y JEXKHUT Gbluie YPOBHS n_. TakoW MOPSAOK PACIOIOKEHUS
ypoBHeit 00ycToBIIeH TeM (haKTOM, YTO HenooeleHHble NApbl Hellb3s Pac-
CMampugamv U30AUPOBAHHO OM Opy2ux dacmetl MOIeKyavl. DT Mapbl
B3aUMOJICHCTBYIOT C ¢ B o -opburtansamu cBsizeid C—C, HaXOMATITIXCS
Mexry aromamu azota (puc. 2.33). Takoii 3¢ ekt Ha3bIBaCTCsI 63auUMO-
Oeticmsuem «uepes céa3by. OpOUTAIU 14 U N_ B3aUMOJACHCTBYIOT C O U
o*-opourtansmu ceszeir C—C. Ilo cpaBHenuto ¢ 1,4-B3auMozelicTBuEM
HEMOJAENEHHBIX Tap «4epe3 MPOCTPAHCTBO» ATHU 1,2-B3aMMOIEHCTBUS
(ny ¢ o m n_ ¢ o*) BeIpakeHHl ropa3no cuibHee. llox BIUsSHUEM
opbOuTaneit ¢ U ¢* PHEPrHsl YPOBHsI 714 TOBBILIACTCS, & SHEPTHsI YPOBHS
n_ — TOHWXaeTcs. JTO MPUBOAUT K CHIBHOMY PACIIeTNIEHUIO YPOBHEH,
YTO U HAOIIONAeTCs B CIIEKTpax.

AHajornuyHas CHTyalusi HaONIONaeTcss B MOJIEKyJe IMUpa3suHa, B
KOTOpOW KoMOWHaIus ny JeXUT Ha 1,72 3B ewiue mo sHepruu, yem
KOMOWHAINAA 71_:

N N<D nupasut

7 N\
\—/

KoHKypeHIns MeXIy B3anMOIEHCTBHEM «4Yepe3 MPOCTPAHCTBO» M
«depe3 CBSA3W» YacTo JAeT OYeHb MHTEPECHBIC pe3ylnbTaThl. B kauecTBe
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pUMepa pacCMOTPUM TPULIUKIIO-3,7-0KTaIueH, KOTOPHII MOXKET cyllie-
CTBOBATb WIX B gHMU- WINA B CUH-KOH(UTYypaLUK:

b G

(aHTU) (cun)

B aumu-cTpykrype B3aMMOICHCTBUEM T-OpOHMTajeil IBOMHBIX CBs3ed
«4gepe3 TPOCTPAHCTBO» MOXHO TpeHeOpedb, HO, MO JaHHBIM (OTO-
AIIEKTPOHHOM CHEKTPOCKOIHUH, PA3IUYUE MEKIY MEPBBIM U BTOPHIM
MOTCHIMAIAMH HOHU3auu s anmu-Gopmsl (AIP = 0,97 3B) Gombie,
yeM ansi cun-¢popmbl (AIP = 0,36 3B). Otcroma cieayer, 4to B
aHmMu-u30Mepe JIBOMHBIC CBS3M, NAJEKO YHAJEHHbIE APYr OT Ipyra,
B3aMMOJICHCTBYIOT MEXKIy COOOW JydIie, 4eM B CUH-U30MEpe, T/
OHHM HAXOIATCS PSAOM. DTOT MapajoKc OOBSICHSAETCS B3aWMOICHCTBH-
eM «uepe3 cBa3M». Kak mokazaHo Ha puc. 2.34,a, B3aumopaencTBue
«4epe3 MPOCTPAHCTBO» B MPAHC-U30MEPE OYEHb MAJIO U YPOBEHb 74
JIEKUT JIHUIIb HEMHOTo Hibke ypoBHS 7n_. C ypOBHﬂMI/I 7r+ U 7_ 1O
CHMMETpPHH MOTYT B3ammogeiicTBoBath opbutamn y, (x3) u xs (¢

COOTBETCTBEHHO. BeieacTBre B3anMOACHCTBUSL «depe3 CB3u» (4 — )
¥ (7m_—x4) ypOBHH 7/, ¥ 7. MEHSIOTCS MECTAMH U CHIIBHO PACXOJIATCA.
B yuc-uzomepe BzauMojneilcTBHE «uepe3 MPOCTPAHCTBO» BBIPAKEHO
ropasfio CUJIbHEEe M pacllelyieHHe YpOBHEH 7, W m_ Topas3no Oomblue
(puc. 2.34,6), npudeM, KaKk U Ui MpaHC-A30Mepa, YPOBEHb Ty JIEKUT
HUke ypoBHs 7_. IIpu B3aUMOJECHCTBUU «4Uepe3 CBSI3W» HTH yPOBHU
MEHSIOTCS MecTaMu. Bemmunaa Toro addexra onpenensercs 1,2-B3an-
MOJICHICTBHSIMU JBOWHOM CBSI3U C HIUKJIOOYTAHOBBIM KOJIBIIOM U JUISI YUC-
U mpanc-u30MepoB MPUMEPHO oArHaKoBa. Ciie10BaTEeIbHO, TOBBIILICHUE

"
Xs
s

~~

<

& =
7"

Puc. 2.34. Jlmarpamma B3aumMopeicTBus B aumu- (a) ¥ cun-uzomepax (0) TPUIUKIIO-
3,7-oKTagueHa
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YPOBHSI T, ¥ TOHM)KEHHE YPOBHs 7 B CIlydae yuc-W30Mepa JOJKHO
NPUBECTH K MEHBIIEH BEIMYMHE DHEPTETHYECKON WIENU MEKIY T H
!, uro u Habmonaercs. VHpIMM clioBaMH, GONbIee B3aMMOJICHCTBHE
«4epe3 NPOCTPAHCTBOY» B yuC-U30MEPE NPUBOIUT K MEHBUICH BEJIMUUHE
AIP u3-3a TOro, 4To MPOSBISAETCSA MPOTHUBOIOJIOXKHO HAIPABICHHBIN
3¢ dEKT B3aMMOACHCTBHUS «Uepe3 CBAZH.

Bo B3anMonelcTBUAX «4epe3 CBA3M» MOYKET y4acTBOBATh HE TOJIBKO
OJlHa O-CBSI3b, HO JIBE, TPH, YEThIpE U T. A. o-cBA3edl. C yaIMHEHUEM
YIJIEPOAHOM LENOYKH 3TO B3aUMOAEHCTBUE HE 3aTyXaeT, IOCKOJbKY, 110
CYIIECTBY, OHO SIBIIAETCSI CYMMOM TOCJEN0BaTeNbHbIX 1,2-B3aumMojieii-
CTBUI MeXIy cocenHuMH aromMamu. C Jpyroil cTOpoHbI, B3aUMOJEH-
CTBHUE «U€pe3 IMPOCTPAHCTBO» CHIJIBHO 3aBUCUT OT PACCTOSHUS MEXKIY
B3aMMOCHCTBYIOIMMH (PparMEHTaMH M ISl IJTMHHBIX HETHOKHX LIeTei
cTpeMUTCS K Hyro. Huske npuBeieHbl IpUMEpPBI B3aUMOACHCTBUS Uyepes
JIBE€ WIN TPU C-CBS3U:

“ty,, /,///

S
S
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2\,
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4epe3 nge CBA3U HGPE'S TpU CBA3M
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3.1. BBEAEHUE

BonpmmHCcTBO OpTraHUYCCKUX peaKuHﬁ SABJIAOTCA CIIOKHBIMHW MHOI'O-
CTaANWHBIMA TIPOTIECCAMHM, COCTOSAIMMH U3 TIOCIIEI0BATEILHOCTH TPO-
CTBHIX (3JIEMEHTAPHBIX) PEAKIMA. DTH IJIEMEHTAPHBIC PEAKIIMH OOBITHO
JIeNIAT Ha TpH Kareropuu. K mepBoif KaTeropuu OTHOCSTCS pa3ivyuHbIe
usomepuzayuu i nepezpynnuposkiu, B KOTOPbIX U30Mep A TEpEexXonuT B
nzomep B: A—B

Bropas xareropus BKIIOYAET pekomOuHayuio MOJIEKyI WX HOHOB A
u B unu ouccoyuayuio monexynsl AB Ha gparmentsr A u B:

A + B — AB — pexombunanus,
AB — A + B — muccomuanus.

Hakonern, k TpeTbel KaTeropuu OTHOCATCS OMMOJIEKYISIpHBIE TPO-
LIECChI 3aMEeIleHUs:
AB+C— A+ BC.

BoapImMHCTBO M3 MTEPEUNCICHHBIX KaTeTOPU peakIuil (KpoMe HEKO-
TOPBIX BUJOB HM30MCEpU3AIUU U TIPOLICCCOB I[I/ICCO]_[I/IaLII/II/I) Ha4YMWHaACTCA
C BO3HUKHOBEHMSI BHYTPH- MU MEXMOJEKYIIPHBIX JOHOPHO-AKIIEI-
TOPHBIX B3aUMOJCWCTBUH; JNCCONMANNS HAYMHAETCS C OcialieHus
JIOHOPHO-aKIIETITOPHOTO B3aUMOJIEHCTBHS MexXay A U B, cymecTBoBas-
mero B Mmojekyine AB po peaknuu. B paspmene 2.3.2 mi. 2 MBI yxe
YOOMUHAIA, YTO B AOHOPHO-AKICIITOPHOM KOMIUICKCE AKICIITOPHYIO
MOJIEKYJIy MOXXHO paccMaTpUBaTh KaK KUCIOTY, & JOHOPHYIO MOJEKY-
7y — KaK OCHOBaHWE, U CIIeZIOBaTeIbHO, 00pa30BaHNE 3TOTO KOMILIEKCa
COOTBCTCTBYCT HeﬁTpaHH3aL[HH KHUCJIOThI OCHOBaHMEM. TOYHO TakK Ke
TO0YI0 YCTOWYMBYIO MOJIEKYITY MOJKHO PacCMaTPHUBATh KaK MPOIYKT CO-
CAWUHCHUA NBYX (I)paFMCHTOBZ KHCJIOTBI 1 OCHOBAaHUs, U €CJIM B pCaKIuu
MPOMCXOJUT AWUCCOLMALUS HA 3TH (parMeHThl, TO, MO CYIIECTBY, 3Ta
peaxius SBISeTCs TPOIECCOM, OOPaTHBIM PEeaKIINKA HeHTpaTn3aliu.

Hcropust BOSHUKHOBEHUS U Pa3BUTHSI IPEACTABICHUI O KUCIOTHO-
OCHOBHOM B3aMMOJICHCTBHUHU KaK OCHOBE XMMHYECKHX PEaKIMi HaCUH-
teiBaeT O0ojiee 300 net. B XVII B. P. boiinb cuuTai, 4To KUCIOTHI — 3TO
T€JIa, aTOMbI KOTOPBIX UMCHOT OCTPLIC BBICTYIIbL (HOC—)TOMy OHHU HUMCHOT
KHCJIBI BKYC), @ OCHOBAaHHUS — ATO TeJa, aTOMBI KOTOPBIX UMEIOT IOPHI
(BsDKYIIMI BKYC), M peakiusi HeHTpajau3ald CBOAUTCS K TOMY, UTO
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BBICTYIIBI KUCJIOTBI BXOAAT B mopel ocHoBanus. B XVIII B. JlaByasbe
B MOUCKAaX «KHCJIOTHOW CYIIHOCTH» BELIECTB IpPHILET K BBIBOLY, YTO
B KHCJOTaxX 0O0s3aTeNbHO JIOMKEH coiepikarbesi ieMeHT O (oTcroma
pycckoe Ha3BaHUE dIIEMEHTa «KHACIOPOa», HeMenkoe Sduerstoff u T. 1.).
Ho [I»Bu, B Teuenwe 15 neT MCKaBIIMM B COJITHOM KHCJIOTE KHCIIO-
poxa, crporo mokasan, yto B HCI kucnopona nHer. B konne XIX u
Hadasie XX B. TOCHOJCTBOBANA 3IEKTPOXUMHUYECKAsE TEOPUSI KUCIOT U
OCHOBaHUIl AppeHuyca U CUUTANOCh, YTO CYLICCTBYET TOJBKO OIHA
KHCJIOTa — IIPOTOH, U TOJIBKO OTHO OCHOBAHHUE — IT'MIPOKCUIIbHBIN aHUOH,
a OCHOBHBIC CBOWCTBA TaKUX MOJICKYI, Kak NH3, MOYKHO OOBSCHUTE TEM,
YTO MPHU PaCTBOPEHUH B Boze oOpasyrorcst monsl OH™ u NHI.

B 1920-x rogax npaxtuyecku ojgHOBpeMeHHO JIbtouc u bpencren
BBIZIBUHYJIH CBOU TEOPUU KUCIOT U OCHOBAaHUHN, KOTOPHIMU B HACTOSIIIICE
BpeMs MOJIb3YIOTCS MpaKkTUYecku Bce XuMuku. B 1960-x ronax IMupcon
JononHui teopuu Jlptonca u bpeHcrena, NpeioKUB HCHOIb30BaTh
MIPEICTABICHUS O <OKECTKUX» M «MSITKUX» KHUCIOTaX U OCHOBAHUSX.
DTH TpenCcTaBIeHUS XOPOIIo 00OCHOBAaHBI KBAHTOBOW XWMHEH; TaKUM
00pa3oM, YUCTO XMMHYECKUE TMOHSTHS «KUCIIOTa» U «OCHOBaHUE» B
HaCTOsIIIee BpeMsl TOJTy4IIIN (PU3HYECcKoe Co/lepyKaHue.

Ocnosanue Jlviouca — 310 MoJIeKysa (MM aHUOH), KOTOPast AABJIsIETCS
JIOHOPOM 3JIEKTpOHHOU mapel. Kak npaBuio, B 00pa30BaHUU KOBaJICHT-
HOH CBSI3M C JIPYTrod MOJICKYJION (WM KaTHOHOM) IMPUHUMAET y4acTHe
HECBsI3bIBAIONIas (HETOACICHHAs) mapa AIEKTPOHOB OCHOBaHus. Jpyras
MOJIeKyJTa (WJIH KaTHOH), ¢ KOTOPOH 00pasyeT CBsI3b OCHOBAHUE, SIBIISICT-
Cs aKIENTOPOM 3JICKTPOHHOMN Mapbl U Ha3bIBaeTCs Kuciomot Jlviouca.
OO0br9HO KHCTOTHI JIpIOTIca TIEpBOHAYAIEHO UMEIOT Ha J[Ba AIIEKTPOHA
MEHBIIIE YUCIIa, COOTBETCTBYIOIICTO 3aIIOJTHEHHOM BAJICHTHON 000JI0UKe
(6 Bmecto 8). Hmke mpuBemeHsl mpuMepbl JIBIOMCOBBIX KHCIOTHO-
OCHOBHBIX PEaKIHii:

0CHOBaHue KUcnota FIPOJJ,YKT HEETPB.HM3BLLMM
® o
(CHts)0 + BF; = (CH) 9—BF5
AM3TIUNOBLIA TPEX(MTOPUCTbilA 3(upaT Tpex@TopUCTOro
3pup 6op 6opa
o
e + SbFs = . SbFg
. ® o
94 + ALCl3 T ! ON-ATCly ,
npuavH HMPMAMHM“TPMXNOP&J‘IIOMMHBT
® g
(CH3),N + B(CH;), _ (CH5),N—BI(CH3);,
TPMMeTM.ﬂaMMH TpMME‘TIAﬂ60p TpMMeTMﬂaMMOHMﬁTpMMeTMI‘—
bopar
Bre + CHeHe® — —— CHzHgBr
Me"&%‘;’;m MeTUAMepKypOpoMUL,
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[lpu aHanu3e BO3MOXXHBIX MYTEH pPEAKIMU WHOTJA OBIBACT IOJIE3HO
MBICIICHHO JICTTUTh MOJICKYJTy Ha 1Ba (parMeHTa, OAWH M3 KOTOPBIX
SIBJIIETCSI KUCJIOTOMU, a Ipyroil — ocHoBanueM JIbtouca. Takoe rereponu-
THYECKOE pacceueHre MOJICKYJ He 00s3aTeNIbHO OyZIeT COOTBETCTBOBATH
B JEHCTBUTEIBHOCTU MPOTEKAIONIEN XUMUYECKONW pEeaklUHUM, OJHAKO U3
HEro MOJKHO BBISICHUTB, N3 KaKHX KHCIIOTHBIX U OCHOBHBIX (DparMeHTOB
B IIPUHLIUIIE MOXHO COCTaBUTh JAHHYIO MOJIEKYJTY:

MoneKyna xucioma Jlvrouca ocHoeanue Jlvrouca
(CH;);COH  — (CH5);C® + OH®
mpem-0yTaHOI mpem-0y TUITbHBIH
KaTHOH
(CH2)3COH — H® + (CH3)3CO6
mpem-0y THIIaTHBIN
AHUOH
CH;COO®  — CO, + CHY
s o METHIIbHBIN aHHOH
(CH3)28*BH3 — BH; + (CH3)2S
(CH3),S — 2CHY + $2©,

JI100y10 CIIOKHYIO MOJIEKYITy MOXKHO paccedb Ha pa3Hble ()parMeHTHI.
Hexotopsie MonekyssipHble (parMeHThl, HAPUMEp aJKUJIbHBIC TPYTIIEL
WJTY TJIOTeHBI, MOTYT OBITh MJIM KUCIIOTAMU WJIM OCHOBaHMsAMH JIbtonca,
B 3aBUCHMOCTU OT 3allOJIHEHHOCTH 2JIEKTPOHAMH HMX BaJEHTHBIX 000-
JOYeK. JTO CBA3AaHO C HAIIPABICHHEM TeTEepOJIN3a NPU FeHEPUPOBAHUI
(parMeHTOB, HaNIpUMeEp:

Kucnora 0CHOBaHue

(CHc LT ——— (ehy)®  +  ®
0 0°
Br C
— % +
2-6pom- EHONAT - MOH
LMK I0TeKCaHoH LMK IOreKcaHoHa

OnpenenuB KUcnoThl JIbtoMca Kak aklenTOpbl 3JIEKTPOHHOU Taphl,
MOKHO HpHﬁTH K BBIBOAY, YTO TAKUX MOJICKYJI JOJI)KHO CYHICCTBOBATH
OTpOMHOE MHOXeCTBO. K HUM JI0JDKHBI OTHOCHUTHCS KAaTHOHBI METAJIIIOB,
OpraHuyeckue KaTHoHbl (Hanpumep, £-Bu®), neifrpanbHble conn MeTa-
noB (ZnCl,, AICl; u T. 1.), MeTamutopranndeckue coennaenns (RMgX,
R4Sn), coemunenus 6opa (BF3;, BH;, R,B) u . m.

BonapmmacTBO KHcnoT JIpomca MpeAacTaBISIIOT COOOW MHOTO3JIEK-
TPOHHBIC MOJICKYJIbBI WJIM KAaTUOHBI, OJAHAKO IPOTOH, KOTOpBIfI TaKXKEC
OTHOCHUTCS K KHcIoTaM JIpiomca, HE WMeEeT HH OJHOTO JJIEKTPOHA.
Kpome TOrOo, mpoTOoH OueHb Mal MO pasMepaM U, CIEJOBATEILHO,
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CIOCOOCH OUeHB OBICTPO JBHUTAThCS, T. €. KUCJIOTHO-OCHOBHBIC PEAKIUU C
y4acTHeM IMIPOTOHA YaCTO MOTYT UATH O4YeHb OBICTpO. Takum oOpazom,
NPOTOH CPEAM KUCIIOT JOJDKEH 3aHUMaTh oco0oe MmecTo. Brinenenue
MPOTOHA M3 BceX KUCOT JIpomca oOyCIIOBIIGHO TAaKKe W €ro 0coOoi
POJIbI0 B OPraHUYECKOW XMMUU U OMOXUMHH. B 3TO# U mociieayronmx
mIaBax OyJeT MpPUBEACHO MHOXECTBO MPHUMEPOB, IMOKA3bIBAIOIINX, YTO
OYEHb YAacTO OPraHUYECKHE peakiMH BKJIIOYAIOT CTaJAuU MepeMelle-
HUS TIPOTOHA BHYTPH OIHOW MOJIEKYJBl WJIM OT OJHOW MOJIEKYJIBI
K Jpyroil (Hampumep, K MouieKkyae pactBoputens). [IpoTton sBusercs
TaK)Ke HCKIIOUNTENBHO 3(P(EeKTHBHBIM KaTaln3aToOpOM MHOTHX peak-
LU, TPOUCXOISAIIUX B THAPOKCHIICOAEPKAIINX PacTBOPUTENISAX (BOJe,
CIUpTaX, KApOOHOBBIX KHCIOTaX M T. I1.), HAITPUMEP THIPOIIH3a MTPOCTHIX
U CIIOXKHBIX 3(QUpOB, dTepuPUKaINU KapOOHOBBIX KHCIIOT, THApPATALUH
one(hMHOB, abIONFHON KOHACHCAIIMN W MHOTHX Jpyrux. Ocobas poib
MPOTOHA KaK KHCJIOTHI MOMYEPKUBACTCS B TEOPHH KUCIOT U OCHOBAaHUH
BbpeHcrena. [11aBHOE OTIMYME TEOPUU KUCIOT U OCHOBaHWW bpeHcrena
oT Teopuu JIpronca 3aKirogaeTcs B TOM, 4TO Kuciomou bpencmeoa AH
SBIISIETCSI COEIMHEHNE, KOTOPOE MOYKET BBICTYIIATh B KaueCTBE JOHOpa
MPOTOHA; aKLENTOp NpoToHa B HasbIBaeTcs ocrosanuem bpencmeoa:

AH+B = A® + BH?. (3.1)

B oOparHoii peakuuu OCHOBaHHEM sBiseTcss AS, a kucioroii BH®,
IMO3TOMY zA6 Ha3bIBAKOT COIPSKCHHBIM OCHOBAHUEM KUCJIOTHI AH, a
BH® — conpsixeHHOMN KHCI0TOM 0cHOBaHUS B.

B OosbmMHCTBE OpraHMYECKMX COCTUHEHUH 00s3aTelnbHO COmep-
xuTcst Bopopod. CrenoBarelibHO, MO KpalHeW Mepe MOTEHIHAIbHO,
IMOYTHU BCC OPraHN4YC€CKUEC COCANHCHUS ABJIAIOTCA KUCIOTaMU EpeHCTena.
B 3aBHCHMOCTH OT TOTO, C KAKHM DIIEMEHTOM B MOJIEKYJE CBSI3aH aTOM
Bomopona (O, N, S mwmu C), pasmuuaror OH-kucnoter, NH-KUCITOTEI,
SH-xucnorer, CH-KHCIOTEI U T. 1.

Kucnorer n ocHoBaHus bpeHcrena MOTyT OBITH 3apsHKCHHBIME HITH
HEUTpalbHBIMU, HAIIPUMED:

Kucioma OCHOBaHUe conpsdiceHHoe CONPSIICEHHAA
bpencmeoa bpencmeoa OCHOBaHUe Kucioma
CH;COOH + CH;0°® = CH;COO® + CH;0H
YKCYCHasl KHCJIOTa METuIaT arerar METaHOJI
(OH-kucnora) (OH-xnenora)
H;0® 4+ CH3;NH, = H,0 + CH3;NHY
METHJIAMHH (NH-kncnora)

+

H,S0, + H,O = HSO4e H3OEB
CH;NO, + C6H506 = CHZZNOOe + C¢HsOH

HUTPOMETaH (eHONAT-HOH AHHOH (eron

(CH-kucnora) Hg#gg’ﬁg?aﬁ; a (OH-kucnora)
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Ecnu peakiusi KHCIOTBI C OCHOBAaHHEM OOpaThMa, Kak Kajas
U3 TPEICTABJICHHBIX BBIIIC PEAKIHA, TO €€ MOXHO paccMaTpUBaTh
KaK KOHKYPEHLUIO MEXJy IBYMs Pa3sHbIMM OCHOBaHHMSAMH bpeHcrena
(CH30™ u CH3COO~; CH3NH, u H,0; H,O u HSO, ; C¢HsO™ u
CH,NO, ) 3a obnananue eIMHCTBEHHBIM POTOHOM. Torna mosoxenue
paBHOBECHS 3aBUCHUT OT TOTO, KAKOE OCHOBAHUE B JIAHHOM NIape CHIIbHEE.

3.2. KHCJIOTBI U OCHOBAHUS JIBIOUCA

Cwia KucnoT W ocHOBaHMM JIpromca ornpejensieTcs KOHCTaHTOU
paBHOBecHsa K 00pa3oBaHUs NPOAYyKTa HeWTpannzauuu AB:

A + B & A& _p¥

KHCJIOTa  OCHOBaHHE MPOIYKT HEUTpaIu3aluu
[AB]
K= (3.2)
[A][B]

B OpeHCTenOBCKUX KHCIOTHO-OCHOBHBIX PEAaKLUSIX OCHOBAaHMS BCErAa
KOOPJMHUPYIOTCA ¢ IPOTOHOM. Eciu e naHHas Monekyjia Wi aHHMOH
KOOPAMHHUPYETCS C OAHOW M3 MUJUIMOHOB BO3MOXKHBIX KHCIIOT JIbtouca,
TO 3Ta MOJIEKYJIa MJIM MOH YK€ CUNTaIOTCs ocHoBaHUEM JIbtonca. Takum
00pa3oM, OCHOBHOCTb 110 bpeHcTely MOJKHO OIpEnenTh KaK 4acTHBIH
CiIy4ail OCHOBHOCTH 110 JIbIoHCY, B KOTOPOM OCHOBAaHMS 00Pa3yIOT CBA3b
C IPOTOHOM.

Kucnorsr Jlplonca MOXHO pa3ieluTh Ha KIacChl B 3aBHCHMOCTH
OT TOro, C KAaKUM AaTOMOM KHCJIOTBl KOOPOMHUPYETCS OCHOBaHHE.
Hanpumep, BF; moxnO cuntare ©Gop-kuciotoit (B-kucnoroit), mo-
CKOJIbKY pearupyroliee OCHOBaHWE oOpasyeT cBi3b ¢ Oopom. Korma
mpem-O0yTUIbHBIA KaTHOH KOOPAWHUPYETCS C XJIOPUI-MOHOM U JIaeT
mpem-0y TUIXJIOpUA, €r0 MOXHO cunTarth C-kuciaoToil. VloH HUTpOHUS
(NO; ) B OOJIBIIMHCTBE peakiuil 1eHcTByeT kak N-KUCIoTa U T. [I.

_CHj
Kucnotst  BF3  (CH3);C®  NOY  CeHs—CTCHs,
JIprouca: Og
B-kucnora C-kucnora N-kucnora O-kucaora
CHj;

Kucnorsl bpencrega: CH3;NO, CH3NH§9 C¢H;—C—OH

|
CH;,

CH-kucnora NH-kucnora OH-kucnora
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Cuna ocHoBaHus B, onpeznensiemast KOHCTaHTON PaBHOBECHUS B ypaB-
HeHnH (3.2), €CTECTBEHHO, 3aBUCUT OT MPHPOIBLI KUCIOTHI A. DTO CBS-
3aHO C TCM, YTO SHCPIrUsid B33.I/IMO,Z[CI\/'ICTBI/ISI 3aBUCUT OT OTHOCUTCIBHOI'O
nostockeHns ypoBHeit B3AMO ocHoBarmst 1 HCMO xuciotsr (pazn. 2.3.4,
1. 2), a TMONOXKEHUE ATUX YPOBHEU CBS3aHO C ANEKTPOOTPULIATEIHHO-
CTBIO JTAHHOTO 371eMeHTa. Tak, cuia OcHOBaHUU B peakuuu ¢ C-kuc-
noraMu (kapOOKaTHMOHAMU) HA3BIBACTCS OCHOBHOCTBIO MO YIICPOLY,
B peaknuu ¢ BF; —ocHOBHOCTEIO IO 60py H T. 1. Clemyer OKHIaTh,
YTO OCHOBHOCTbL, HAIpUMEP IO yriiepoay, Ajid JaHHOTO OCHOBAHUS HE
Oymet moctosHHOM s Bcex C-kucior; K B ypaBHeHHUH (3.2) HODKHA,
MOXKET 6I:ITI), H B HC6OJIBHJOI>'I CTCIICHU, HO BCC K€ U3BMCHATBHCA IIPpU
W3MEHEHNH KapOOKaTHOHA, C KOTOPBIM KOOPAWHUPYETCS OCHOBaHUE.
CrenoBarenbHO, HYKHO pa3inyaTb U OCHOBHOCTH IO CHY, C¢HT,

_l’_
(C6H5)3C+, CH3*C:O uT O

AHanoruyHo kucioTam, ocHoBaHus JIptouca (u bpencrena) MokHO
knaccudunmupoBath kak C- (Hanpumep, CN7), N- wm O-0ocHOBaHHUS.

Jnsi opranuveckoil XMMUHM Haubolee BaXKHOE 3HAUCHHE HMEIOT
C-KHUCJIOTHI, T. €. KapOOKaTHOHBI, 1 C-0CHOBaHWS, T. €. KApOAHUOHBI. DTH,
KaK MPaBUJIO, HECTAOMIIbHBIC YaCTHUIIBI 00Pa3yOTCsl B KAY€CTBE MHTEP-
MEJIMaTOB BO MHOI'MX pEakKlUsiX U OyayT MOApPOOHO paccMaTpuBaThCs B
JTAHHOHW W TOCIIEIYIONNX IIaBax.

3.2.1. )KECTKHE U MAT'KUE KUCJIOTbl 1 OCHOBAHUS

Onpenenenust ocHOBaHMH 1o JIproncy (ZOHOPBI IEKTPOHHOM Maphl)
u bpeHcreny (akumenTopsl MPOTOHA) MO CYTH Jelda CHHOHWUMUYHBI.
Uro jxe KacaeTcsl KMCIOT, TO B Teopuu bpeHcTena Kk HUM OTHOCATCS
TOJIBKO JTOHOPBI [IPOTOHA, B TO BpeMs Kak B Teopuu JIbrouca KuciaoToi
cuutaercs Jioboe 3nekTpoHoxedunmuTHOe coenuHeHue. CambiM
Cephe3HBIM HEyJ00CTBOM Teopuu JIpronca sBISETCs TO, YTO €€ HENb3s
MOCTaBUTh HA YHHBEPCAJIbHYIO KOJIMYECTBEHHYIO OCHOBY. Jlis KucioT
W OCHOBaHMI bpeHcTema cymiecTByeT ofHa Immkaja (mkana pK,; CM.
pasn. 3.3), XxapakTepusyromias CpoJCTBO OCHOBAaHUN K IPOTOHY, TOTHIA
Kak sl KUCIIOTHOCTH U OCHOBHOCTH JIbloMca MOXKHO CO3/1aTh OTPOMHOE
MHOYKECTBO IIIKaJl, KOTOPBIE, K COXKAJICHUIO, HE OyIyT COIIacCOBaHHBIMHU
onHa c¢ apyroi. Tem He meHee W B KUCIOTHOCTH JIptonmca MOYKHO
HalTU 3amMedaTelbHble 3aKOHOMEPHOCTH. B XUMUU KOOPAMHALIMOHHBIX
COCJMHEHHH YK€ AaBHO OBLIO M3BECTHO, YTO BCE METaJUIbI M BCE
JIMTaHJIbl TI0 CKJIIOHHOCTH COEAMHSITBCS IPYT C JAPYTroM JENSTCS Ha JIBE
OobLIMe TPYNIbL. AMMHAK, BoJa U aHHOH F© CHIIBHO KOMILIEKCYIOTCS
C KaTHOHAMH IIEIOYHBIX ¥ MIEI0YHO-3eMeIbHBIX METAJIIOB, HO cl1abo —
C KaTHOHAMH TsKeIbIX MeTasuios Tuna Hg?t umu PET. ing gochunos
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(R3P), cymbdunos (R;S) u wmonHoB Tspkenbix rainoreHos (17, Br™)
CUTyalusi oOpaTHas: ITH JIMTaHABl OOpa3ylOT IPOYHBIE KOMITJIEKCHI
C KaTHOHAMHU TSDKENBIX MeTayioB (cTapoe Ha3BaHMe THOIOB RSH —
«MepKanTaHbD) — IPOUCXOAUT OT JIATHHCKOTO COrpus mercurium
captans, T. €. «Tello, JoBsIee PTyTh»). Jpyrumu crnosamu, Hg?t kak
kuciora JIbrouca ciradbee Mg2+, €CJIM B KaueCTBE OCHOBaHUA B3iITh H, O,
HO CHJIbHEE, eCJIM B Ka4yeCTBE OCHOBaHUs BhIOpaTh R, S.

Paz6opunBocTh kuciot JIstonca B BEIOOpE OCHOBAHHH, C KOTOPHIMU
OHM TIPEANOYUTAIOT CBA3BIBATHCA, MMEET I0-HACTOsIIEMY BceoOlee
3Hauenue. Eme beprenmyc B XIX B. oOparwin BHUMaHuWe Ha TO, YTO
HEKoTOopble MeTasuibl, HanpuMep Al, Mg u Ca, Bcerna BcTpeuarorcs B
MIpHUPOJIe B BUE KapOOHATOB MIIM OKCHIOB, TOTJA KaK JPyTHe METAILIH,
Hanpumep Cu, Pb u Hg, 00b1uHO HaxomsTcest B BUAE CYAb(QHIIOB.

Jist 0ObsSCHEHUS STUX M MHOYKECTBA APYTHX TTOTOOHBIX HAOIIOIEHUH
B 1963 1. [IupcoH NPEUIOKUIT NPUHYUN HCECTMKUX U MASKUX KUCTIOM U
ocnosanuii (npuHuun XXMKO), koTopblil ¢ Tex mop Hamesn HIMPOKoe
MIPUMEHEHUE B OPTraHMYECKON XMMHH.

C 1954 1. u3BeCTHO ypasneHue J08apca, KOTOPOE CBI3BIBAET MEKITY
c000if TPOTOHHYIO U JTFIONCOBCKYIO OCHOBHOCTB!

logK /Ky = aP + bH,

rae K —KOHCTaHTa paBHOBECUs PEakLMH OCHOBaHUs B ¢ kucnoroit
A (ypaBHenue (3.2)); Ky —KOHCTaHTa PaBHOBECHS PEaKIMH OCHOBA-
nusa H,O ¢ kucnotoir A; P — nmonsipuzyeMocTh ocHoBanusi B; H —
OTHOCHTEINbHAS TPOTOHHAs (OpeHCTeAOBCKas) OCHOBHOCTH 3TOTO OC-
HOBaHUS, T. €. KOHCTAHTa IHCCOLMALUUA COTMPSHKCHHOM €My KHCIOTHI
BH™, nenennas Ha koHcTaHTy muccouuanuu H;O' B Bome; a u b —
SMIUPHUYECKUEC KOHCTAHTHI, 3aBUCAILINEC OT MPHUPOIbI KUCIOTHI A. U3
ypaBHEHUs DiBapca CIIEAyeT, 9TO Ha PEaKIuio KHCIOThI A ¢ OCHOBaHMSI-
mu JIbrouca, 00J1aJar0IIMMU BEICOKOW IIPOTOHHON OCHOBHOCTbIO, BIIUSIET
IaBHBIM 00pa3zoM napaMeTp H, XxapakTepHu3yIOHiA TaKyt0 OCHOBHOCTb,
a peakuusi OCHOBaHMM C HHU3KOM HPOTOHHON OCHOBHOCTBHIO CBSi3aHa B
OCHOBHOM C TIOJISIPU3YEMOCTBIO P OCHOBaHUS.

OcHoBanue JIpronca Ha3bIBACTCS MsA2KUM, €CIIA €T0 JOHOPHBIA aTOM
Jerko mnomsipuzyeM (Oosblnasi BenuunHa P B ypaBHEHMU DjBapca).
J1OHOPHBII aTOM JrcecmKko20 OCHOBAHHUSI TPYIHO TIONISIPU3YEM, U TOITOMY
pEaKIMOHHAs CIIOCOOHOCTh TAKOTO OCHOBAHUS OMPECIIAETCS IIaBHBIM
o0pa3oM ero TMpOTOHHOW OCHOBHOCTBIO (H > P). JloHOpHBIA aTom
Msrkux ocHoBanuii (S2~, Et;P) uMeer creyromue 4epTsl, CBA3aHHbIE C
BBICOKOH TIOJIIPU3YEMOCTBIO (CM. pas3m. 2.1.2, m1. 2): OOoJbIIHe pa3Mepsl,
HU3KYI0 CTCNEHb OKHWCJICHHS, HHU3KMM MOTEHIMAT HOHMU3AIUHN (WIU
ANMEKTPOXUMUYECKUH TIOTEHIIHAN), HU3KYIO 3JIEKTPOOTPHIIATEIIbHOCTD,
JIETKYI0 JIe(hOPMHUPYEMOCTh BaJICHTHON 000104uKH. JKecTKkrue 0CHOBaHUS
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(OH®, F®) uMerT MOHOPHBI aToM MalbIX Pa3MEPOB C BBICOKHM
MOTEHIIMAIOM HOHM3AIMA W TPYOHO Ae(popMUpyeMOil 3IeKTPOHHON
000JI0YKOH.

KaTuoHbI MENOYHBIX M IIEJI0YHO-3eMENbHBIX METaJUIOB 00pas3yroT
Oosiee MpOUYHBIE CBA3M C JKECTKMMHM OCHOBAaHUSIMH, U TIOITOMY HX
CIEeyeT CUHTATh dHcecmkumu Kuciomamu Jlorouca. VIOHBI TAKEITBIX
METAaJUIOB, CJIEJOBATEIbHO, HY)KHO KJIaCCH()UIIMPOBATh KAK MAcKUe KUC-
nomol Jleouca. JIrobas xucnora Jlptonca, MposBISAIONIas CKIOHHOCTD
KOOD/IMHUPOBATLCS C KECTKMMU OCHOBaHMsAMH (Hanmpumep, H', Lit,
Mg2+, BF3), sBrmsercs >KECTKOH KHCIIOTOW, TaKWe KHCIOTHI UMEIOT
YepThl, CBA3aHHbIC C HU3KOW MOJSIPU3YEMOCTBIO: HEOONbIINE Pa3MEphl
AKLENTOPHOTO aTOMa, BBICOKHI IOJIOKUTENBHBIN 3apsijl, BEICOKHAN I10-
TEHIMAT MOHH3ALUHU, TPYIHO AePOPMUPYEMYIO BaJCHTHYIO OOOJIOUKY.
B MATKMX KHCITOTaX TOHOPHBIN aTOM UMeeT OOJIbINe pa3Mepbl, HeOOoIb-
IIIOW WJTH HYJIEBOH TIOJIOKUTEIBHBINA 3apsI, JIETKO JePOPMUPYEMBIC HITH
JIETKO yaliieMble (4acTo ¢ d-ypoBHEH) 2JEKTPOHBI U T. [1., B 00IIIEM, BCe
CBOWCTBA, CBSI3aHHBIE C BHICOKOW TOJISIPU3YEMOCTHIO.

Hpunyun JKMKO dopmynupyercst clieLyromumM o0pa3oM: scecmkile
ocHosanus Jlvrouca npeonouumarom KOOPOUHUPOBAMBCA C HCECMKUMU
KUCTIOMAaMu,; MASKUE OCHOBAHUA — C MASKUMU KUCTOMAMU.

JleneHue KUCIIOT ¥ OCHOBaHWN Ha MATKHE U KECTKHE HE SBISETCS
HU aOCOJIIOTHBIM, HU PE3KO pa3rpaHHueHHBbIM. [IO0CKOIBKY KECTKOCTb
W MATKOCTH SIBISIOTCS CPAaBHUTENBHBIMH Ka4eCTBAMH, CYIIECTBYIOT
KJIacChl KMCIIOT U OCHOBaHUM, UMEIOIIINE MTOrpaHUYHbIe cBOKcTBa. Heko-
TOpBIe MSTKHE OCHOBaHHS OONIAZal0T BBICOKUM CPOJICTBOM K IPOTOHY
(’KeCTKOM KMCIIOTE); IPMMEPOM SIBISETCS HOH S°~, KOTOPBIH, OJIHAKO,
OCaXKJaeTcsl HOHAMU MeIn M cepedpa (MSATKHE KUCJIOTHI), HO HE oca-
JKAAeTCs MOHAMM JKelle3a M aIIOMUHMS (JKECTKHE KUCIOTHI). MArkue
KHCIIOTBI HE 00S3aTeIbHO 00pa3yroT Oojiee CTAOMIBHBIC aITyKTHI C
Oosiee TsKenbIMU (Oosee MsATKHMH) diaeMmeHTamu V-VII rpymm, XoTs
KECTKHE KHCJIOTHI BCErja IMpeINoYnTaoT KOOPAUHUPOBAThCS ¢ Ooiee
JETKUM 371eMeHTOM. OfHako B LIEJIOM JKE€CTKOCTh OCHOBaHWMH YBENIH-
yuBaercs B rpymme llepromudeckoil cucTeMbl CHH3Y BBEPX, HAIPH-
Mep:

I° <Br® <CI® <F°.
B M3027€KTpOHHBIX CEpUAX OCHOBAHWH KECTKOCTh BO3PACTAET B MEpPHU-
0JIe CJIeBa HaIIPABO:
NH, <OH™ <F".

JKecTKoCTh KMCIIOT B IpyIax NepHOANYECKON TabIuIbl BO3pacTaeT
CHU3Y BBEpX, HaIpUMep:

Lit >Na® >K*, Zn** >Cd** > Hg'".
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Knaccugukauus KUCIOT U OCHOBAaHUH MO KECTKOCTH M MSTKOCTH
naercst B Taom. 3.1.

Ta6nuua 3.1
KauecTBeHnHoe JAeJICHHEe Ha KEeCTKHE, MPOMEKYTOUYHbIC U MATKHE KUCJIOTBI U
OCHOBAHMUSA
Kucnorst OcHoBaHMs

KecTtkue
HY, LiT, Na®™, KT, Mg?", Ca**, H,0, OH, F~, CI~, RCOO ™,
APY, Cr't, Fe’ T, BF3, Mes, Al, PO; ", SO; ", ClO; , NO; , ROH,
AlCl3, SOs, RCO™, CO, R,0, RO™, NH3, RNH», N>Hy

IIpomexxyTounsie

Fe’t, Cu*T, Zn*", SO,, R3CT, BRs, PhNH,, N;, Br, SO; ™,
NOt MUPUANH

Msirkue
RHal, ROTs, CH;, RCH;", Cu™, Ag™, RSH, R>S,RS™, HS ™, $*7, I,
Hg?*, CH;Hg ", BH;, xunoHsI, SCN™, CN7, $;05, RsP
MeTasl (O)
Brt, I, HOT, B, I, CH,=CHa, 6enzon, R, H™

3.2.2. IPUMEHEHUWE TPUHITUIIA KMKO

Oprananyeckne peakmuu. [IpowmtoctpupyeM, Kakum 00pazom
JMaHHbIe Ta0M. 3.1 MOXXHO HCITOB30BATh IS MIpeCKa3aHMs MOJI0KEeHUS
paBHOBecHs. MeTaHOI U METUIHOAU]] (POPMAIEHO MOXKHO TIPEJICTABHUTh
KaK TPOAYKThl HEWUTpalM3allid MSTKOW KHCIIOTHI CH;r OCHOBaHUSIMU
OH™ (xectroe) u I~ (msrkoe). Toraa Ha ocHoBanuu npunnuna JKMKO
MOXKHO «IIpEACKa3aThy, YTO B PEaKLUUHU METAHOJA C HMOJOBOAOPOAOM
paBHOBECHE JOJDKHO OBITH CIIBUHYTO BIIPABO, TaK KakK MPH ATOM 00pa3y-
I0TCS CBSI3U, COOTBETCTBYIOIUE B3aUMOACUCTBUIO «MSATKHH— MSTKHID)
U «KECTKUN — KECTKUID.

CH;—OH (ra3) + H-1I (ra3) é CH3;I (ra3) + H—OH (ra3),

o m;:_ [H,0] [cgr 1] o
~ [HI][CH;0H]

U jieiicTBUTENBHO, KOHCTAHTa PaBHOBECHs oueHb Beauka: K ~ 10° npu
25°C.
B npyroii, npuBe1eHHON HUXKE PEaKLUU IPOUCXOAUT IIEPEXOJ ALUIIb-
+
Horo katuoHa (CH;C=O, xecTkas KUCIOTa) OT MSTKOTO OCHOBaHUSA
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RS™ k xectkomy ocHoBanuto RO™ 1 mo3toMy paBHOBECHE «JIOHKHO»
OBITH CIBUHYTO BIIPABO:

0 0
VW Y/
CH ] +RO%=CHyC[ +Rs®
SR x OR
K—M K —K

W neiicTBUTENBHO, SKCIEPUMEHT ITOKa3bIBA€T, YTO THOA(PHUPHI OYEHB
JIETKO PEarupyioT ¢ BOAOK M CIUPTaMH B CIA0OIICIOYHON Cpeie.

ITpunnun XKMKO mupoko npuMeHsieTcsi B OpraHM4eCcKo XUMUH, U
MbI OyZIeM €ro UCIOJIb30BaTh B MOCIESAYIOIIUX IIaBax 3Tod kuuru. Ha-
MpUMep, STOT MPUHIIAIT OYECHDb IOJIE3€H MPH ONMHUCAHHUH TyTeH peakiiuu
y aMOUJICHTHBIX HYKJICO(HUIOB, KAKOBBIMU SIBJISIFOTCS CHOJIST-UOHBI, C
AEeKTPOUIBLHBIME areHTaMu (1. 17):

i 0-R
e + R-X —>_xe g + I
o / CH-R AN

|
€HONAT-UOH

a TakKe aMOMJIECHTHBIX dEKTPO(UIOB, HAIPUMED O, 3-HEHACHIILCHHBIX
KapOOHHMIILHBIX COCAUHEHUH, ¢ HyKiIeodrmtamu (T1. 16):

Oe .0
/d /O 4 Ye AAY +
ﬁ/\R( R YR
BUHUNANKUNKETOH

B nepBoM cnyyae B €HONSAT-MOHE YIIEPOIAHBIH HYKICO(QUIBHBIN HEHTP
MsIde, 4eM KUCIIOPOIHBIH, U II03TOMY BBIXOJ IPOAYKTa aIKUIUPOBAHUS
MO YDJIEPOIY BBIILE, €CIIN «KUCIOTHAsA yacTh» annekrpopmia R—X (T e.
R™) sBnsgerca Gonee Msarkoil kucnotoi JIplownca. Bo Bropoil peakuuu
yeM Msrde Hykiaeopwsn Y, TeM BBIIE €ro CPOACTBO K 0ojee MATKO-
My 3JeKTpO(UIBHOMY LIEHTPY — 3-yIVIEPOAHOMY aTroMy, a He K Ooiee
KecTKoMy KapOoHumiy. IloaToMy aist MATKHX HYKII€O(HIIOB BO3pacTaeT
ponb npucoeauHenus no f-aromy C=C-cBs3u (peakyusa Muxasns; cM.
1. 16).

Cum0mno3. Ha KecTKOCTh U MSTKOCTh JOHOPHOTO M aKLENTOPHOTO
aTOMOB B OCHOBAHMSIX M KHCJIOTaX COOTBETCTBCHHO OKa3bIBACT BIUSHUE
JKECTKOCTh WJIM MATKOCTH 3aMECTUTENCH, UMEIOIIUXCS B MOJICKYJIE eIle
1o oOpa3oBaHUs aIyKTa. ITOT dPPEKT MOy HA3BAHUE KCUMOUO3.
CyTb €ro COCTOMT B TOM, YTO MSTKHE 3aMECTHTEIH JIeNIAl0T KHC-
JOTBl M OCHOBaHHUs Oojiee MSTKUMH, XECTKHE 3aMECTUTEIH AEIaloT
ux Oonee xecrkumu. Hampumep, [Co(NH;)sF ]**t Gonee crabues,
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yeM [Co(NH3)5I]2+, MOCKOJIbKY KecTKoe ocHoBaHue NHj; kak Obl
YBEJIMYHMBACT KECTKOCTh K0OabTa, Jeias ero 0oyiee CKIOHHBIM K TIPH-
coeuHeHHI0 Gpropuia, a He noauaa. C Apyrod CTOPOHBI, €CIIU aMMHUAK
3aMEeHHUTHh Ha MATKAH Jiragg CN™~, To cTaOMIBbHOCTh HHBEPTHUPYETCS,
[Co(CN)sI]*~ crabunen, a [Co(CN)sF]*~ ue cymectnyer.

3.2.3. TEOPETUYECKOE OBOCHOBAHHME
MNPUHIMUIIA )KMKO

[TepBonauansao puHIHT KMKO paccMaTpuBaics kak cyryoo ka-
YEeCTBEHHBI ITO/IX0]1, OCHOBAHHBIH JIMIITh HA PALIMOHAILHOM OOBSICHEHUU
psioa «OBCEAHEBHBIX HAOMOACHUI». [IMpCcOH B CBOMX CTaThAX yOeKaal
HE WCIONB30BaTh TEPMUH «TEOPHUA», a pPacCMaTpUBaTh KOHIETIIIHIO
KMKO numib Kak «IMONE3HBIN JUIsI XUMUK KaueCTBEHHBIN MPUHIIUAID.
Tem He MEHee TEOPeTHUKH BCeTla MBITAINCH MPUIAaTh 3TOMY IPUHITHITY
Oosbiiie (PU3MUECKOrO CMBICIIA U TIOCTABUTH €r0 XOTsI Obl Ha MOJIYKOJIH-
4yecTBEHHYI0 OCHOBY. biarogaps atomy npuniun JKXMKO B HacTosiiee
BpEMsI MOXKHO OIHCATh KOJUYECTBEHHO.

J1s KoNMYecTBEHHOTO OMTUCaHMSI B3aMMOIEHCTBHS MEKAY KHUCIOTON
U OCHOBaHHEM JIpronca BBOISTCS MOHSATUS aOCONIOTHON JKECTKOCTH U
a0COFOTHOM AIIEKTPOOTPHUIIATETFHOCTH MOJIEKYIT. CMBICI STUX TIOHATHH
nosicieH Ha puc. 3.1. Abcorromnas scecmxocms (G) —3TO BeTUUINHA
SHEPreTUYECKOH IIeTH MeXIy rpaHndHbIMH MO MomeKyi:

G = —[¢(B3MO) — ¢(HCMO))].

Abconomnasn 21ekmpoompuyamenbHocms MOJIEKYIbI (¥) XapaKTepusy-
eTcsl MOJIOKEHUEM cpeHel Touku Mexay ypoBHsimMu HCMO u B3MO:

% = —[e(B3MO) + £(HCMO)] /2.

Yem Oompbuie BenuuuHa (G, TeM MOJEKyJa «okecTdey. Yem Ooiblie
BEJIMYUHA ), TEM MOJEKyla Oojee 2IeKTPOOTpULIaTeNbHA.

Ilpu B3auMOJEHCTBUM KUCIOTHI A C OCHOBaHMEM B mnpoucxoaut
obpazoBaHue NOHOPHO-aKIenTOpHOTO KoMIuiekca AB (peakmus ((3.2)).
MoskHO moJiaraTh, 4T0 IPOYHOCTh KoMIUIekca AB, T. e. cuiia KuCjIoTHO-
OCHOBHOTO B3aUMOJICHCTBUSI, OyeT OTPENENATHCS CTENEHBIO TIepeHoca
3apsma oT B x A. Cmenens nepenoca 3apsoa (AN) uMeeT pa3MepHOCTD
JIOJIeH DIIEKTPOHA M CBsI3aHa C a0COJIIOTHOM JKECTKOCTHIO U a0COIIOTHON
AJIEKTPOOTPULATEIIBHOCTBIO CIECAYIOIHUM COOTHOIIEHUEM:

AN = (xa — x8)/(Ga + GB). (3.3)

DTO COOTHOIIICHNE TIOKA3bIBACT, UTO BenMnduHa AN OymeT TeM OOJbIle,
4yeM 0OJIbllle PA3HOCTh AJIEKTPOOTPHUIIATEIIBHOCTEH MKy MOJICKYJIaMU
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aHeprus

— |Xe 3Heprus cBoboAHOMO

Puc. 3.1. AGcomoTHas *KECTKOCTh M aOCONIOTHASA 3JEKTPOOTPHLATEIBHOCTh MOJIEKYIL.

Mornekyna C msarde Monekyn A u B. Monekynel A u B uMeroT oAMHAKOBYIO KECTKOCTb,

HO 3MIEKTPOOTPHUIATENFHOCTh MONEKYIbl A OoJblle, 4eM 37eKTPOOTPHIATETbHOCTD
MoJieKynsl B

KUCJIOTBI U OCHOBAHUS, © TEM MEHbILE, YeM OOJbIIe KECTKOCTh B3au-
MOJEHCTBYIOIINX MOJEKYJ KHCIOTEl H OCHOBAHMS.

ITo cMblIcay pa3sHOCTb MEKTPOOTPULIATENBHOCTEH MIPEACTABIIAET CO-
0011 TepMOIMHAMUYECKYIO IBIDKYILYIO CHILy TIepeHoca 3apsiaa OT OCHO-
BaHMS K KHCJIOTE, & CyMMa a0COJIOTHBIX JKECTKOCTEH SIBIISICTCSI MEPOH
COIPOTHUBIISIEMOCTH MOJIEKYT A 1 B nepeHocy 3apsna, T. €. CBsI3aHa C X
HOJIIPU3YEMOCTBIO.

B o0mem, oOpa3zoBaHue ajgykTa MEXIy KHCIOTOH W OCHOBaHHEM
Jlbronca 3aBUCHUT OT TpexX (HaKTOPOB:

1) opOuTanbHOrO B3aMMOACHCTBHS, KOTOPOE MOXKHO B TIEPBOM MpHU-
OJMKeHNHU CBECTU K B3aMMOJICHCTBUIO I'PAaHUYHBIX OopOuTaei;

2) KyJOHOBCKOTO B3aUMOJIEHCTBUS, 0COOCHHO CHIIBHOTO, KOTIIa pea-
TEHTBl UMEIOT NIPOTUBOIIOJIOKHBIE 3apsibl;

3) mpOCTPaHCTBEHHBIX MPEISATCTBUM.

[Ipu mpoBeneHuH peakmuu B PAaCcTBOPE CYIICCTBYET W UETBEPTHIN
(akTop, KOTOPHIi 0000IIEHHO HA3BIBAETCS CONbBAMAYUEL.

OpOuTasbHOE U KyJOHOBCKOE B3aUMO/ICHCTBUS OIMCHIBAKOTCS BhIpa-
skeHueM (3.3), mOCKOIBKY BeaudnHa G CBs3aHa C SHEPTHUeH rPaHUIHBIX
MO, a BenuuuHA ) — C 3apsIOM MOJICKYJBI (4eM OOJIbIIIe TOI0KUTEb-
HBIA 3apsiI, TEM MOJICKYia 0oJiee 2IeKTPOOTPHIIaTEIbHA).

Bnusaue conpBaramuu OyneT KpaTKO pacCMOTPEHO B 3TOM paszeie
Hke. Iloka e Mbp1 Ooyee MOIPOOHO OCTAHOBUMCS Ha TIEPBBIX JBYX
(dakTopax: B3aUMOJICUCTBUU TPAHUYHBIX OpOHUTANIEH M KyJIOHOBCKOM
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MPUTSIKCHUU, U OylleM CYHMTaTh, YTO MPOCTPAHCTBEHHbIC (DAKTOPBI U
CONbBATANNS HECYIIECTBEHHBI.
B3anmopeiicTBue rpaHHYHBIX opOuTaJeil. B peaknuu goHopa

ANIeKTpoHOB (ocHOBaHMs JIpIomca) ¢ aKIenTOpOM 3JICKTPOHOB (KHC-
nota Jlprouca) MPOUCXOMAT MapHbIC B3aUMOICHCTBUS MEXIY BCEMHU
opOHTANIMU JIOHOpPA W aKIETITOpa, KOTOPhIe TIOAXOAAT JIPYT IPYTY IO
CHMMETPHUH, HO BCE K€ IIaBHBIN BKJIAJl B OOIIYIO SHEPTHUIO BOSMYIICHUS
BHOCHT B3aMMOACHCTBUE MEKIY epanuunbimu opoumanamu(pasm. 2.3.6)
B3MO nonopa (ocxosanusi) 1 HCMO axkuentopa (kucnotsl). [loaTomy
MPH Ka4eCTBEHHOM OITMCAHWH JIFO00TO KHCIOTHO-OCHOBHOTO B3aMMO-
NEHCTBUS JOCTATOUHO OTPAHUYUTHCS PACCMOTPEHUEM JIUIITh B3aUMHBIX
Bo3myienuit B3MO nonopa u HCMO akuenTopa. Eciu cpaBHUBaroTCA

JIBE TIapbl: KUCIOTa— OCHOBAHKE, H YHEPTHUS DICKTPOCTATHUECKOTO B3a-

UMOJICHCTBHS /TSI KXKAOH Mapbl OIMWHAKOBA, TO OIPENENSIOIEeH CHITy

KHCJIOTHO-OCHOBHOTO B3aMMOJICHCTBUSL OyIeT DHEPTus BO3MYIIEHUS
IrpaHUYHBIX OpOHTAICH.

Ha puc. 3.2 cxemaTnuecku MpeicTaBIeHbl YeThIPe BO3MOXKHBIX CITY-
Yas B 3aBHCHMOCTH OT B3aUMHOIO PAcIIOJIOKEHHsSI 10 BBICOTE (dHEp-
run) HCMO xucnmorel 1 B3MO ocHoBanus. BBIBOABI M3 3THX CXEM
CIIPaBEIIMBEI KaK JUISI 3apsSDKCHHBIX, TaK M JUISI HE3aPSHKCHHBIX KHC-
JOT ¥ OoCHOBaHWHU JIbloWca, MOCKOIBKY B3aMMOJICHCTBHS T'PaHUYHBIX
opOuTaneil CymecTByIOT HE3aBUCUMO OT TOTO, €CTh OOIIM 3apsi WiIn
HeT. 13 pucyHKa BUIHO, 4TO Ojarogapsi B3aMMOJICHCTBHIO TPAaHHYHBIX
opburaneit HanbosbIIas cTabuIn3anus koMiviekca AB momydaercs st
KHUCJIOTBI C OTHOCUTEIbHO HU3KOM sHeprueit HCMO u ocHoBaHus ¢
OTHOCHUTENBFHO BBICOKOM sHeprueir B3BMO (B3anMoneicTBre «MSITKHH—
MATKHi»). B atom ciryagae HCMO (A) B3MO (B) 6iu3ku 1o sHepruw,

A A-B B

A
— \
|
|
|
|
|

—

—
—
P
-
—

-
‘\ \‘\ ' \‘""/_H_ \
= \ J_

K=K X-M M=K M-M

—

Puc. 3.2. Yerslpe BO3MOXKHBIX CITydasi B3aHMOJACHCTBUS TPAaHWYHBIX OpOHTAled HpH
KHCIIOTHO-0cHOBHOH HelTpamm3amun (HCMO xucnotst A, B3MO ocnoBanust B)
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T. €. DHEprusi BO3MYIICHUs UMeeT OoJiblnyto BenuuuHy. K kucioram c
Huzkoil sHeprueit HCMO 0THOCATCS! HOHBI TSKEIBIX METAJIJIOB € IyCTOU
s-opoutansio (Cu™, Ag™, Hg?>") wu neifrpansusie Monekyisl (Bry,
I,, rerparmmanstriien (CN),C=C(CN);), a K OCHOBaHUSAM C BBICOKOU
sueprueit B3AMO — CN™, RS™, R3P, okcuz yrnepoga (CO) u 1. a. (T. €.
MATKHAE peareHTHI 1mo 1adm. 3.1).

JleBast quarpamma Ha puc. 3.2 COOTBETCTBYET THUILY B3aUMOJICIHCTBUS
«KECTKMHU—KECTKUI. 31ech dHepreTuieckoe pazianuue mexay HCMO
(A) mu B3MO (B) HacTonapko BETHKO, YTO BO3MYIICHHE MPU B3aUMO-
NEHCTBUN ITHX OpOHUTANCH ToiydaeTcs odeHb ciadbM. OpOuTaiapHOE
B3aMMOJICHCTBHE HE MOXKET 00ECIEUUTh JOCTATOYHYIO CTaOMIIN3AIUIO
KoMIuiekca AB, ¥ eciaM 3TOT KOMILJIEKC He pacmajaeTrcs, TO TOIBKO
u3-3a TOoro, yto A u B yaep:KuBalOTCs BMECTE JIEKTPOCTATUYCCKUM
TIPUTSDKCHUEM (CM. HIDKE).

ITockoIbKy GONBIIMHCTBO HOHOB M MOJIEKYJ (3a UcKimroueHueM HT,
He?T, Li*t u T n.) umeror u B3MO, u HCMO (1111 cOOTBETCTBYIOIINE
UM aTOMHBIE OpPOUTAIIM B CIly4ae OJHOATOMHBIX YacTHIl), B NPHUHIIAIIE,
nmoboe BemecTBO aMpoTepHo. YTOOBI OnpeAennuTh, Kakoe M3 JaHHBIX
COeMHeHMI OyJeT KHCIOTOHM, a Kakoe OCHOBAHWEM, HY)XHO OIICHHUTHh
otHOCHUTENbHYIO dHepruro B3MO nu HCMO mns 0o0oux COeqMHEHUH,
MOMHS TPU 3TOM, 4YTO HambOoiee 3p(PEeKTHBHO ¢ OOpa30BaHHEM CBS-
31, OJM3KOM K KOBAJICHTHOM, pearupyloT opOHTaiu, OMM3KHE IPYr K
JIpyTy TO 2Hepruu. i WuTFocTpanyl OTHOCHUTEIFHOCTH TEPMHHOB
«KHUCIIOTHOCTBY» M «OCHOBHOCTB» paccMoTpuM B3MO u HCMO Tpex
runoTeTuyeckux Mosiekya A, B u C B mpou3BOIBHON IIKaJie YHEPTrUid
(em. puc. 3.1). BBMO (B) 3nauutensno Ommxe k HCMO (C), uem
HCMO (B) x B3MO (C), cinemoBatenbHO, Oojiee BeposSTHO, 4To B
MoBeET cedsl Kak OCHOBaHuUe 1Mo oTHoIIeHuto kK C, a C — Kak KUCI0Ta 10
otHoMeHUIO K B. C pyroif cTOpOHBI, JHEPTETHIECKOE Pa3IHINe MEXKTY
B3MO (A) u HCMO (C) mensbe, uem mexay B3MO (C) u HCMO (A),
u TakuM oOpazoMm, C IO OTHOIIEHHI0O K A SBISETCS OCHOBAHHEM.
Korna pasnocts 3nepruii mexxay B3MO onnoit monekynst 1 HCMO
BTOPOM MOJIEKYJIbI TPUMEPHO paBHa pazHocTu sHepruit HCMO nepBoit
Mosiekysibl 1 B3MO BTopoil MOJIEKYJIbl, BO3HUKAET HOBOE SIBJIEHHUE,
KOTOPOE€ HA3BIBACTCA «08YCMOPOHHUM (0Opammuvim) ceazvieanuem». B
3TOM cily4ae 00pa3yroTcs OYeHb MPOYHBIE aJAyKThl, HO HENb3s1 TOYHO
CKa3aTh, Kakas M3 0O0pasyIolIMX WX MOJEKYJ SIBISETCS KHCIOTOH, a
Kakasg OCHOBaHHEM. /[BycTopoHHee (00paTHOE) CBs3bIBaHHE OYCHH pac-
MPOCTPAHECHO B KOMIUIEKCAX MEPEXOAHBIX METAIOB C OpTraHUYEeCKUMHU
Mosiekyidamu (Ti1. 27) u urpaer OONBIIYIO POIb B HEPUYUKIUYECKUX
npoyeccax(ri. 25).

JileKTpocTATHYECKOe B3auMo/ielicTBHe. B3aumozeiicTBue o tumy
«MATKUU—MSATKHID MOKHO TPAKTOBaTh KaK YaCTUYHBIN MEpeHoC 3apsiia
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¢ B3MO ocnoBanug sa HCMO kucinotsl. B aToM citydae npu B3aumo-
NEHCTBUU MEXKITy KHCIIOTOH U OCHOBAHUEM IIPOSIBIISICTCS OpOUMAlbHbLLL
Konmponw (cp. pasa. 2.3.5, . 2). Kynonosckoe B3anmoseiicTeue ctabu-
JU3UPYET aITYKT 32 CUET DIEKTPOCTATHYECKUX CHII TaJIbHETO AeHCTBUS.
Ecnu annyxT crabuieH UMEHHO H3-3a KyJOHOBCKOTO B3aMMONICHCTBUSI,
a opOHuTaNbHBIE B3aWMOJCHCTBHS HWIPAIOT BTOPOCTEIEHHYIO POJb, TO
TOBOPSIT, YTO B PEAKIHH MPOSIBISICTCS 3aps1006biti KoHmpoaw (pasq. 2.3.5,
1. 2). 3apsiIOBEIH KOHTPOIb XapaKTePeH IS B3aUMOACHCTBUS 10 THITY
(OKECTKHH—KECTKHI» (CM. pHC. 3.2), Koraa aOCONOTHBIE KECTKOCTH
B3aMMOJICHCTBYIOIINX MOJIEKYJT BEITUKH.

Cornacuao mpunnuny KMKO, xectkue ocnoBanus (OH™, F~, NHj,
RNH, ¥ T. 1.) OpeNOYUTaoT pearupoBarh ¢ )KeCTKMMH Kuciaortamu (HT,
LiT, Na™, BF;, AICI; u T. 1.). IIpeanouTurenbHOCTh B3aUMOEHCTBHS
«MSATKAR—MSTKHI» TOHSATHA: OHA SIBIISIETCS CIIEICTBUEM CHIIBHOTO B3aH-
moneticteuss BSMO—HCMO. Ho kak 0OBSICHUTH TIPEAITOYTUTETHHOCTD
B3aMMOJICHCTBHS «KeCTKU—kecTkuii»? M3 ypaBuenus (3.3) cienyer,
9TO ¢ yuyeToM BelImYuH G4 B G BBIOOD (OKECTKHH—MSITKHI, Ka3a10Ch
OB, MPEANOYTHTEIbHEE, YEM «OKECTKHUU—KECTKHUIN.

OObsiCHEHHE COCTOUT B y4Y€Te CTEIEeHH B3aUMOACUCTBUS MEXKITy
B3MO u HCMO B pgaHHOM MojeKysne KHCIOThl WM OCHOBaHUS.
JKectkoe ocHOBaHWE HMMEET JJIEKTPOHHYIO Tapy Ha HH3KOJIEKallen
B3MO; sta mapa oueHb TpyaHO mnoispusyercs, Tak kak HCMO oc-
HoBaHus nayneko or B3MO »storo ke ocHoBanusi. IlonspusyemocTts —
3TO CTENeHb Je(OopMaIK IEKTPOHHBIX 00JIaKOB MOJICKYJBI O/ BIIHU-
SHAEM BHEITHETO TOJS MPHONMKAIOMIeWCs MOJNEKYIbl KUCIOTHL. s
JIeTKOU JIe(hOpMUPYEMOCTH TpeOyeTcsi HalMYhe B JAHHOW MOJICKYIIe
omusko pacmonokeHHBIX B3MO m HCMO, 7nerko CMeNTMBarOIIuXCs
B pesyabpTare Bo3MmyleHus. Ecim mapa mioxo monspuszyema, TO 3TO
03HAYaEeT, YTO OHA IPOYHO yaepxkuBaeTcs Ha B3MO u coznaeTr cuibHOE
IMEKTPOCTATUICCKOE TTOJIe. AHATOTHYHO, €CIIU B KUCIIOTE IepBas MycTas
OpOHTAIb JISKUT BBICOKO, TO DJIEKTPOHBI HA 3aHSITHIX OPOUTANIAX TaKKe
TJIOXO TIOJISIPU3YEMBI U «IUIOTHOCTH ITyCTOM OpOHUTAINy BelIMKa. Takum
o0pa3oM, 00a KECTKUX peareHTa XapakTepU3yrTCs HU3KOU TOIspu3ye-
MOCTBIO U CHIJIBHBIM 3JIEKTPOCTATUYECKUM TIOJIEM.

Ha puc. 3.3 mpuBeneHbl IEKTPOCTATUUECKUE B3aUMOACUCTBHS ISt
YETBHIPEX BO3MOXHBIX CIIydaeB KHCIOTHO-OCHOBHOHM HEHTpaIH3alIii.
[Ipu CTOTKHOBEHUU MOJIEKYI KECTKON KHCIOTHI U KECTKOTO OCHOBAHUS
MIPOUCXOANT CHIIbHAS CTAOMIIN3alvs, ¢ M30BITKOM KOMIIEHCHPYFOIIAS
c1alyro cTabMIIn3alnio, 00yCIOBISHHYIO B3aUMOAECHCTBUEM IPAaHUYHBIX
opOurtaneii. Eciim B peakiuio BOBIEKAeTCS MATKHA KOMIIOHEHT, TO
muddysnas (u3-3a omuzoctu BAMO u HCMO) npupona ero siek-
TPOHHOW O0OOJIOYKM TPUBOJUT K YMEHBIICHHIO SJIEKTPOCTATHYECKO-
r0 TPUTSOKEHUS K MPOTUBOMOHY OJTO CBSI3aHO C TEM, YTO MOJHAs
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Puc. 3.3. Dnexrpocrarmueckoe B3ammopeiicteue (mo CameMy) B 4YeTHIpEX BO3MOXK-
HBIX ClIydasX KHCJIOTHO-OCHOBHOHM HelTpanusanuu. ITyHKTHpOM HOKa3aHbI «pa3MepbD»
HCMO

SHEPrusi MPUTSHKEHUs, mporopironansias 1/R, rae R — paccrosiHue
MeX]ly 3apsiiaMu, JJOCTUTAETCs TOJIBKO TOTIA, KOTJa MOHHBIE Cephl He
MPOHUKAIOT APYT B JIpyra, TaK KakK MO AJIEKTPOCTATUUCCKOU TeopeMme
l'aycca wacTh OTpHIIATENBHOTO 3apsiia, KOTOpas HE HAXOAWTCS BHE
MOJIOKUTENFHON c(ephl, He OyNeT HWCIBITHIBATH TOJHOTO MPUTKEHUS
3TOH chepsl.

CousBaranus. B onpenenennn CBOWCTB )KECTKUX M MATKUX KHUCIOT
¥ OCHOBAHHI OIPOMHYIO POJIb UTpaeT pacTBoputelb. [lockonbky Lit —
KECTKasl KHCIIOTa, MBI TOBOPHM, YTO €My JOJDKHO COOTBETCTBOBATH
Boicokoe 3HaueHne HCMO. Ha camom gene pacueT HM30JIMPOBAHHOTO
voHa LiT mokaspiBaert, uTo mycTas 2s-opOHuTajb PacloNoKeHa ropasio
HUKE 110 HEPTuu, YeM OpOHUTau OOJIBIIUX TI0 pa3MepaM M IMPEJIoo-
KUTENBHO OoJiee MATKUX WOHOB. [logoO6HBIM 06paszom B3MO Hebob-
mmx annoHoB (OH™, F7) B ra3oBoii a3ze pacroyiokeHbl JOCTaTOYHO
BBICOKO, KaK M CJIEJIOBAJIO OXKHUJIaTh, YIUTHIBAas CHIIBHOE OTTAJIKHBAHWE
MEXIY MEKTPOHAMHU, CKOHLIICHTPUPOBAHHBEIMU B MajioM oOobeMe. Takum
00pazoM, u3onupoBaHHble HOHBI LiT™, OH™, F~ uMeroT opOuTaabHble
XapaKTEPUCTUKU, KOTOPHIE MbI TIPUITUCHIBATIM MSITKAM CHCTEMaM.

KecTkoCTh MaTbIM HOHAM TIPHUJIAET TOJIBKO COJIbBATAIHS TPOTOHHBI-
MU pacTBOpUTEISIMU (CUMOHMO3; cM. pasa. 3.2.2).

[In0THas «mMONMOXKUTENBHAS) CONbBaTHAs 000JI0uKa (Harmpumep, U3
MOJIEKYII BOJIbI, OPUECHTUPOBAHHBIX aTOMaMH BOJIOPO/a K HOHY ) TPOTOH-
HBbIX pacTBopuTesei nonmwkaer B3MO Manbix aHnoHOB. « OTpUIlaTelb-
Has COoNbBaTHAs 000J10YKa (MOJIEKYITBI BOABI OPUEHTHPOBAHBI aTOMaMU
KHCIIOpoa K HOHY) moBbimaer sHepruro HCMO Majipix KaTHOHOB.
CrnieoBarenbHO, )KECTKOCTh MaJIBIX MOHOB MOJKHO paccMaTpuBaTh Kak
«mpuobpereHHy». KpoMe Toro, Masbie HOHBI PUOOPETAOT KECTKOCTh
B Hadajie KHCIOTHO-OCHOBHOM pEeakInu MpH MPSIMOM B3aUMOACHCTBUU
C MapTHEPOM, AIEKTPOCTATHUECKOE MOJIE KOTOPOTO OKa3bIBAET CTAOWIIN-
3UpyIOIee BIUSHAE, TTOJ00HO BIUSHUIO IPOTOHHBIX PACTBOPHUTEIEH.

Karron Lit B BojHOM pacTBope JIETKO C/IeaTh MATKOHW KUCIIOTOH,
BBEIISI €TO BO BHYTPEHHIOIO ITOJI0CTh MOJIEKYJIBI KpayH-3¢upa (cM. TL. 11)
win kpunranaa. Torma, 6marogaps Huskoit HCMO Lit, non Bener cebs
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TaK, Kak OyITO OH MU30JHMPOBaH M MO pazMepam OoJblle, YeM Ha CaMOM

aeie:
N\\//\O\f — /0\/7 Li (OH,), @ NG
0\)
//70
BHYTPEHHAS noNnocCThb, JKECTKasa Kucnora MArKas Kucnora
no pasmepam COOTB?TCTBWOLuaH B BOOHOM B BOAHOM
KaTuory Li* pacTBope pacTsope

[2,1,1]-KpunTang,

3.3. KHCJOTbI U OCHOBAHUSA BPEHCTEJIA
3.3.1. CIJIA KMCJIOT I OCHOBAHUM

CrocoOHOCTh KHCJIOT M OCHOBaHHMH JIpromca B3aMMOIENCTBOBATH
IPYyT C APYTOM OTpeAessieTcss uX aOCONIOTHON «OKECTKOCTBhIO» M ab-
COJIFOTHOM 3JIEKTPOOTPULATENBHOCTBIO. [IOHATHA «CHIIbHAs KHUCJIOTa
JIptonca» wmnmm «cmabas kuciora JIprowca» Majo XapaKTEepHUCTHYHEI,
IIOCKOJIBKY «CHJIa KHCJIOTBDY 3aBHCUT OT THUIIa OCHOBAaHUS-MAPTHEPA,
a «cuja OCHOBaHHUS» CBfi3aHAa C THUIIOM B3aMMOJCHCTBYIOLIEH C HUM
KHCJIOTBI.

C npyroit CTOpPOHBI, JUId XapaKTePUCTUKH KHCIOT U OCHOBaHM bpen-
CTena MIMPOKO UCTIOIB3YIOTCS TEPMHUHBI «CHIIBHBIN» U «cnalblit»y. Ecmu
paBHOBecHe (3.1) MOTHOCTBIO CABMHYTO BIPaBO, TO MOXKHO CJ€JaTh
BBIBOJl, YTO OCHOBaHUE B cuibHee OCHOBaHMS A~ WIH, MO-IPYromy,
kuciora BHT cnabee kucnorer AH. Cuna GpeHCTENOBCKMX KHMCIOT U
OCHOBAHUH 3aBUCUT OT CPEIpbl, T. €. OT PACTBOPUTENS. DTO CBS3aHO C
TE€M, YTO MOJIEKYJbI PACTBOPHUTEINS CAMH SIBISIOTCS OCHOBAHUSIMH WU
kucioramu bpencrena. Hanpumep, eciiu pactBoputh kucioty HA wmu
OCHOBaHUE B B Boze, TO B pacTBOpe Kak KHUCJIOTa, TAK U OCHOBAaHUE
OyIyT B OIpEJICIIEHHON CTENEHN HOHU3NPOBAHBI:

AH+H,0 = A~ +H;0™, (3.4)
B+H,0=BH"+O0OH". (3.5)

CreneHb MOHM3ALMK XapaKTEpPU3yeT CHIIy KHUCJIOThI MJIM OCHOBAaHHUS B
BOIHOM pacTBope. B paszbaBieHHBIX BogHBIX pactBopax HCI muccomm-
upyeT monHocTeio. [losToMy ecinm mocTeneHHO N00aBisITH B BOAHBIN
pactBop HCI xpenkwmii pactBop NaOH (4To0b1 00beM TpH T00aBICHUH
NPaKTHYECKH HE MEHSJICSI) M MO Mepe N00aBICHHS H3MEPSTh DIeK-
TPOIIPOBOTHOCTHh HEHTPAIU3yeMOTO PacTBOpa, TO OyneT HaOIromaThes
KapTHHA, ONHChIBaeMasi KpuBoi / Ha puc. 3.4.
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3>

anexTponpobodrocts

konu4ectbo
dadabnernoro NaOH

Puc. 3.4. 3aBucCHUMOCTbH 3JIE€KTPONPOBOAHOCTH pacTBopa cwibHOU (/) u cmaboit (2)
KHUCJIOTBI OT KOJIMYECTBa 100aBICHHOro ocHOBaHMsA. (KpHBBIC KOHIIYKTOMETPHYECKOTO
TUTPOBAHH)

B nepBoM IpuOMMIKEHHH 3JIEKTPOIPOBOIHOCTH MPONOPLHUOHAIBHA
YHCITy HOHOB B PACTBOPE U 0COOOMY XapaKTepU3YIOLIEeMy HX apamMeTpy,
KOTOPBIH HA3BIBACTCS n00gudicrocmoio uona. ColrbBaTHPOBAHHBIN MPO-
TOH W TUAPOKCHIIBHBIH MOH KaKk MOHBI HEOONBIIUX Pa3MEpPOB HUMEIOT
OYEHb BBICOKYIO MOABM)KHOCTB, MOITOMY HEUTpamu3anus CHIBHOTO
snekrpoiauta HCl npuBOANT K CBA3BIBAHUIO CHIIBHO MOABMKHBIX HOHOB
W 3aMEHE UX MEHee MOJBM)KHBIMH 4acTHLaMHU. B Xoze HeWTpannzanun
WOHBI BOIOPOJIA 3aMEHSIOTCS 3HAYUTEIBHO MEHEE MOJBIKHBIMA HOHAMU
Harpust (HCl—NaCl) u 3neKTponpoBOAHOCTh yMEHbIIACTCS. YBEIUUe-
HHE JIEKTPOIPOBOAHOCTH IIOCIJIE TOUKU SKBUBAJIEHTHOCTH 00YCIIOBICHO
HAKOIUIEHHEM MOABMKHBIX MOHOB OH™ mu3 M30BITOYHOTO KOJIMYECTBA
NaOH.

Wnast curyanus HaOmonaeTcs Mpu HEHTpaTU3alMyd YKCYCHOM KHC-
notel (puc. 3.4, kpuBas 2). YMEHBIIECHHE DJIEKTPOIPOBOTHOCTH TPH
JI00aBJIEHNH TEPBBIX MOPLMNA IIETOYH COOTBETCTBYET HEWTpasn3aluu
HMOHOB BOZIOPOJa, KOTOPBIE HMEIOTCSI B UCXOAHOM PACTBOPE BCIIEICTBUE
paBHOBecHs noHuzanuu (3.4). OgHaKo B UCXOAHOM PacTBOPE KHUCIOTHI
MOHOB BoZiopoza Mano. Ilocae Toro kak OHM M3pacXxOJOBaHEI MO peak-
1uu (3.6), AMEeKTPOIPOBOJHOCTh HAaYMHAET CHOBA BO3pacTaTh, TaK Kak
HEINCCOLMMPOBAHHBIE MOJIEKYIIbI KHCIOTHI IIPEBPAILAIOTCS B alleTaTHBIE
HOHBIL, — peakuus (3.7):

H;0" 4+ OH™ — 2H,0, (3.6)
CH3;COOH + OH™~ — CH3;COO™ + H,0. (3.7)
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Takum oOpa3zom, B BOOHBIX pacTBopax cuibHbIX KuciaoT (HCI)
VCTHUHHBIM HOCHTEJIEM KHCIIOTHBIX CBOMCTB ABISETCS MPOTOH (TOYHEE,
woust H;01, HsOS, HgOZr MU T. IL.), @ B PacTBOpax CJIa0bIX KUCIOT
(CH3COOH) — kak H3O™, Tak n HeIMCCOLMMPOBAHHAs MOJIEKYJIA KHC-
JIOThL. AHAJIOTUYHO B BOJHBIX PAacTBOPax CHIIBHBIX OCHOBAaHWI €IHMH-
CTBEHHO MPHUCYTCTBYIOIIUM OCHOBaHWEM OyIeT THIpaTHPOBAHHBINA HOH
OH™ (ypaBHenue (3.5)), a B pacTBopax ci1aObIX OCHOBaHHI — KaK HOH
OH™, tak u monekyna B. [loHnMaHHe Takoro pas3audusi HEOOXOIUMO,
MpPH PACCMOTPEHUU KUCIOTHOTO W OCHOBHOTO Karaju3a, HalpuMep B
peaknmsIX KapOOHIIBHBIX CoemuHeHUH (cM. pas3m. 3.3.6).

3.3.2. KUCJIOTHOCTb U OCHOBHOCTbB B BOJAE

Ecnu Boay mnojaBeprHyTh MHOTOKPATHOW IEPETrOHKE B KBaplEBOU
WU TUIATUHOBOM MOoCyAec, TO OKa3bIBACTCHA, YTO, HECMOTPA HA TAKYHO
TIIATENBHYIO0 OYUCTKY, BOJIa BCE e COXpaHsIeT HeOOJbIIYI0, HO BIIOJHE
OTpeesICHHYI0 CIIOCOOHOCTh MPOBOIUTD AIEKTPUUYECKUN TOK. DTO 00Y-
CJIOBJICHO CaAMOUOHU3AYUeli BOMIBI:

2H,0 = H;0" + OH". (3.9)

CamMomnoHu3anus HaOMIOMAeTCcsl M Ui METaHOJa, YKCYCHOM KHCIIOTHI,
JKUIKOTO aMMMaKka M MHOTHMX JPYyTHX HPOTOHHBIX pacTBoputeneit. C
JIPYTOii CTOPOHBI, TAaKWE PACTBOPUTENH, Kak >kuakuii SO,, OeH3on,
JIMOKCaH CaMOMOHHU3HMPOBATHCS HE MOTYT. DTOT IMPOLECC XapaKTepeH
Ut aM(OTEPHBIX pacTBOpuTeNne. J{pyroe Ha3BaHNUE CAaMOMOHHU3AIIH —
a8monpomonus3.

Koncranta paBHOoBecus (3.8) mpu CTporoil TepMoguHAMUYECKOU
3alliuCu UMECT BUJ

OTH OTH

a’ L aZm
0 __ "Hi;Ot "OH
Kl = o (3.9)
H,0
e a® = a¥"™ /a% — oTHOCHTENbHAS aKTHBHOCTb YacTULBl X B pas-
HOBECHOI cMecH; af " — abCoNIOTHAs aKTHBHOCTE X B PAaBHOBECHOM

CMecU U ay —a0CO0THAsE aKTUBHOCTb X B T€PMOAMHAMHUYECKOM CO-
CTOSTHUM CHCTEMBI, IPUHITOM 32 CTaHJIapTHOE.

ITockonbky cTemens mporekanus peakuuu (3.8) oueHb mana, OT-
HOCHTENbHAsI aKTUBHOCTH CaMOW BOZIBI TIPW PAaBHOBECHH OYIEeT OYeHb
Maj0 OTIMYAThCs OT CAMHHLEI (djjo ~ 1), ecin B KauecTBe CTaH-
JAPTHOTO COCTOSIHHUS B35ITh THIOTETHYECKYIO YHCTYIO HEOHH3HPOBAH-
Hy10 Bogy. KpoMe TOro, mockosibKy paBHoBecue peakuuu (3.8) oueHb
CHIIBHO CIBHUHYTO BJIEBO, KOO()(PUIMEHTHl aKTUBHOCTH MOHOB H3;0OT
u OH™ B umcroil Bome OymyT Takke Onu3ku K eaunune. [loatomy
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oTHOcHTeNbHbIE akTHBHOCTH H3OT m OH™ (QaxTuuecku paBHBI HX
MOJISIPHBIM KOHIICHTPAIIUsAM (€CITM HCIOIB3yeTCs] MOJISIpHAs IIKajda U
B KaueCTBE CTaHAAPTHOTO COCTOSHHS BbIOpaHa aKTHMBHOCTH | MOJIB/M).
OTcroma

K? ~ Kasro = [H;OT][OH ],

rne [H307] u [OH™] — monspusle KOHIEHTpAUH; Ko — KOHCTAHTA
aBTONPOTONH3a Bozbl, paBHas 1,00 - 104 moms?/n” mpu 25°C.

Vpasrenue (3.8) mokassiaet, uto B umctoit Boge [H3OT]=[OH |,
09TOMY

[H;0T]=[OH ] =v10-14=10""7 mpu 25°C.

JInst ymoOcTBa KOHIIGHTPAIMIO THIPOKCOHHEBHIX HOHOB IIEJIECO-
00pa3HO TPUBOAUTH B BHUJE OTPHUIATENBHOTO Jiorapu(ma, KOTOPBIH
o0o3HauaeTcst cuMBosioM pH:

pH = —Ig[H;0"], (3.10)

Jlns uucroii Boxsl pH=7,00, B kucibix pactsopax [H3O1] > [OH ]
v pH< 7, a B wenounsix [H;0T] < [OH™| u pH> 7.

Ecnu [H;0™| wiu [OH ™ ] Henb3st cUMTATh OYEHD MATIBIMH, TO MOJISIP-
HbIe KOHIEHTPALMK YK€ HE PABHBI AKTMBHOCTSM M HYXKHO YYHUTHIBAaTh
AKTUBHOCTb KOHKPETHOTO BHJIa HOHOB.

Hwxe 11 cpaBHEHMs IPHBEICHBI KOHCTAHTHI aBTONIPOTONIN3a HEKO-
TOPBIX IPYTUX KUIKOCTEH (PKapro = — 1€ Kapro) Tipu 25°C.

Cuctema PKasro

Cepnas xucnora 2H,;SO4 = Hj SO;‘Ir +HSO, 2.9
Mypasbunas kuciaora 2HCOOH = HCOOH;L +HCOO™ 6,2
droposomopon 2HF = H,F™ +F~ 10,7 (0°C)
Meranon 2CH;OH = CH;OH; + CH;0~ 16,7
dropeynbhonosas kucinora 2FSOsH = FSO3H;r +FSO; 174
Aneronntpun 2CH;CN = CH3;CNH ™ + CHy=C=N~— 19,5

Ammuak 2NH; = NH; + NH; 27,7 (—50°C)

Hucconmanuio kuciaotsl AH B Bojie MOXKHO NpEACTaBUTh ypaBHE-
HUEM

AH+H,0 =A™ +H;0™. (3.11)
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B nmomnom BUJC TCPMOAMHAMUYCCKASL KOHCTAaHTA PaBHOBECUS 3TOM
peakIuy BeIpaXkaeTcst cooTHoIeHueM (cp. (3.9))

DaBH _paBH 0 0
KO — Ap- " Ay,o+ Aan " 4,0

a paBH __paBH : 0 0 )
9AH " 9H,0 - y,0t

rae a‘;(aBH u a())( — abcomoTHbIe akTUBHOCTH vacTul X (X=A", H;0™,

AH, H,O) B paBHOBECHOI CMECH U B CTAaHIAPTHOM COCTOSTHHU COOTBET-
CTBEHHO.
OTHOCHTEeNbHAS aKTHBHOCTH BOJABI IIPH COCTOSHHHM pPaBHOBECHS
(a}y0/at,0) HE CHIBHO M3MEHSETCS NPH MEPEXONE OT OIHOM KHCIIO-
TBI K Apyrodl (mms pa30aBIEHHBIX PAacTBOPOB) W IMPU OCCKOHEYHOM
pa3baBiieHUM MPUOIIDKASTCS K eAuHuUIEe. [[09TOMYy MOXXHO BBECTH Tak

HA3BIBAEMYIO MepMoouHamudeckyio koncmanmy kuciomuocmu KO(AH):

paBH _paBH 0

ap- " Ay,o+ a
KJ(AH) = s | () (312)
Al Ap- Ao+

OOBIYHO UCTIONB3YIOT IIKATY MOJISIPHOCTH U 332 CTAHAAPTHOE COCTOSHUE
MPUHUMAIOT BOJIHBINA PAcTBOP, B KOTOPOM aKTUBHOCTh X paBHa | MOJIB/I
mpu 25°C. Takum o6pazom, B ypaBHeHHH (3.12) MOXHO COKpPAaTHUTh
BCE Pa3MEPHOCTH W UJIEH, B KOTOPBIA BXOAUT ag(. Janee, ecnu pac-
CMaTpPUBATh MPOLECCHI TOJBKO B pa30aBICHHBIX PacTBOpPaX, TO MOXKHO
MPUHATH, YTO OTHOIIEHHE KOA(PPHUIIMEHTOB aKTHBHOCTH OJMHAKOBO IS
BCEX KUCJOT U ONM3KO K equHHMIe. Torna B Ka4eCTBE OTHOCHTEIbHOU
MepbI CHJIBI KHCJIOTHI B pa30aBIEHHOM BOIHOM PacTBOpE MPHU JaHHOMN
TEeMIIepaType MOXKHO UCIIONB30BaTh KoHcmanmy kucromuocmu K,(AH),
KOTOpasi OTpeesieTCs BRIpaKEHHEM
[H;0%][A"]

[AH]
IJe B KBaJpaTHBIX CKOOKax jJaHa MOJSpHAs KOHIIEHTpAlWs YacTHIl B
COCTOSIHMM pPaBHOBECHs NpuU (DUKCUPOBAHHOU Temreparype (OOBIYHO
25°C). Koneuno, K,(AH) Oymer 3aBucerh OT KoHIeHTparuu AH,
MTOCKOJIBKY KO3((UITMEHT aKTUBHOCTH CBA3aH C KOHIIEHTpAIuel, Ho,
€CIU HyXHO, TepMouHamudeckuii napamerp K (AH) MoxkHO NONTyunTh
IKCTPATIONAINEH K OECKOHETHOMY pa30aBIICHUIO.

Uewm Gonbie K,(AH), Tem BbllIe cTeneHb quccoruayu (ypaBHeHHE
(3.11)) u Tem cumpHee KucioTa. s XapaKTepUCTUKH KHUCIOTHOCTH
YI00HO HCIIOJIb30BaTh OTPULIATENILHBINA JOrapru(M KOHCTAHTBI KUCIIOT-
Hoctu pK,(AH), nmu ipocto pK,:

pK.(AH) = —1gK,(AH). (3.14)
OueBuniHO, yeM Oosbie pK,, TeM cllabee KUCIOoTa.
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L1T

Kucaornocts HEKOTOPLIX KUCJIOT B BO/1€

Heoprannueckue kucnorst

Tabnuma 3.2

Kucnora Dopmyna pKa Kucnora Dopmyia pKa
Honosonopon HI —10 CepoBoniopo H.S 7,0
BpomoBonopon HBr -9 Jurunpodocdar H.PO, 7,20
XropoBomopon HCl -7 uanosomopon HCN 9,21
CepHast KuCIIOTa H,S04 -3 Bopnas kuciora B(OH)3 9,24
A30THas KUCI0Ta HNO; —1.4 [Tepokcun Bopopona H,0, 11,7
CynbhamMHHOBasT KHCIIOTA NH,SOsH 0,99 T'unpodocdar HPOZZf 12,4
Tunpocynbdar HSO, 2,0 Tunpocynbdun HS™ 14,0
docopras kuciIoTa H3PO4 2,15 Bona H,O 15,7
DTopoBoIOPOT HF 3,18 Tuapokcun® OH™ ~21
A3oTHcTas KMCIoTa HNO, 3,3 AMMuak NH;3 ~ 33
VYronpHast KHUCIOTa H,COs3 3,88




8I¢

OpraHndeckue KUCIOThI

Tab6nuna3.2. Ilpooonscenue

Kucnora Dopmyina pKa Kucnora Dopmyina pKa
NC N /CN Hutpomeran CH;NO; 10,2
T ITaHTHOJI C,HsSH 10,6
IlenTanmanoMKIIONIEHTaIHEH ‘ J\ —11 JunmanmeraH CH,(CN), 11,2
NC N/C>\H CN // _<\N Oz
2,4,6-TpI/IHI/ITp0aHI/IJII/IH6 0,N — — NH, 12,2
Tpurmanmeran (1uanopopm) HC(CN); ~ =5 AN (
MeraHcynb(pOHOBasE KHCIOTA CH;SO;H 0 (o
Tpururpomeran (autpodopm) | HC(NO,)3 0 Tpudroparanon CF;CH,OH 12,4
TpudropykcycHas kuciora CF3;COOH 0,23 Okcnm anerona’ (CH3),C=NOH 12,4
TpuxsopykcycHas KUCI0Ta CCl;COOH 0,66 __NOy
_ N0 2,4-I[I/1Hmp0aH1/mHH6 O — // \ NH, 15,0
2,4,6-TpuHuTpoheHO O _// \ o 071 \:/—
(MMKpMHOBast KMCIIOTA) \: ( Auerami CH:CONH, 15.1
NO, Meranon CH;0H 15,5
JluxmopykcycHast KHCIIOTa CHCL,COOH 1,26 Sramon CH;CH,OH 15.9
HnanykcycHast xuciaora CNCH,COOH 2,47 ‘ﬁ‘ ’
XJopyKCycHast KUCJIOTa CH,CICOOH 2,86 LuKoneHTa HeH 16.0
MypaBbHHas KHCIIOTa HCOOH 3,75 H><H ’
NO:
s uzo-TIpomason (CH3),CHOH 17,0
2,4-JTunurpoderon 409 || mpem-Byranon (CH;);COH 18,0

o N—//_\— OH
N




6I1¢

bensoiinas kucnora
VYKcycHast KMcoTa
TpumerunykcycHas KUCIOTa
Tuodenon

4-Hurpodenon

2-Hurpodenon

3-Hurpodenon

Anerunaneron’
Texcadropnponan-2-oi
DeHon

CHsCOOH
CH;COOH
(CH3);CCOOH
CeHsSH

ox— Non
e
a.
N

OH
7\

OH
N/
0,N 7
CH3COCH,COCH;3

(CF3),CHOH
Cs¢HsOH

4,20
4,76
5,03
6,5

7,15

7,23

8,36

9,3
10,0

4-Hutpoanunux

Anerodpenon®
Aneron
DeHnnaneTUICH
Dtunauerar’
AueToHuTpuUI
AueruieH
NS
Tpudenunmeran
Jumetuincynbhokcus
Tonyon6

Benzon

Mertaun

Iluxnorekcan

6

Iukmnonpornen”

0 N—//_\—NHZ
TN/

CeHsCOCH,
CH;COCH;
C¢HsC=CH
CH,COOC,H;
CH;CN
HC=CH
CeHsNH,
(CeHs);CH
CH3;SOCH;3
CeHsCH,
CeHs

CHy4

(CHa)s

X

H

ms

18,4

19
20
21
24
25
26
27
31,5
33

~ 41

~43

~ 50

~55

~ 65

a Jina peaxuuu OH™ 4+ H,0 = 02~ + H;01;
5 MomuepkuyT camblil «KHCIIBII» BOXOPOI B MOIEKYIIE;
¥ Jlnst peakimy npeBpauieHust B CUIILHOOCHOBHBIH anTHapomarnyeckuii annon C3Hy .



U3 ypasuenwii (3.10), (3.13) u (3.14) nonygaem
[A7]
pK.(AH) =pH —1g ——, (3.15)
[AH]

OTKyJia CJIeIlyeT, YTO BeJinunHa pK, paBHa ToMy 3HaueHut0 pH pactBopa,
TIPH KOTOPOM KHCJIOTa HOHU3WPOBaHA HAIIOJIOBUHY.

g Bozbl u3 ypaBHeHus (3.13) momyuaem

K — [H;0")[OH"] _ Kamo _ 10—14.
[H,O] [H,O] 55,5

Taxum o6pazom, pK,(H,O) = 15,7 npu 25°C. Dra BenuurHa Xxapak-
TepHU3yeT KHUCIOTHOCTh MOJIEKYJI BOABI B BOXHOM pacTBope. /i ruapok-
conneBoro uona pK,(H;0") = pKyso — pKa(H,0) = 14— 15,7 = —1,7.

OnpeneneHue KOHCTaHT KUCIOTHOCTH KUCI0T AH B Bozie ¢ moMOILbIO
MPsIMOTO M3MepeHUs KOHIeHTpanuid A~ U AH BO3MOXHO JHIb B TOM
ciTy4ae, eclid KHCJIOTHAs JUCCOIMAINS TIPOUCXOIUT B 3aMETHOH, HO HE
NOJHOM crenenu. Eciu kuciaoTa Tak cnada, 4To MOYTH He JUCCOLUUPYET,
WIH TaK CHJIbHA, YTO AMCCOIMHUPYET (HPaKTUIECKH HAIEN0, TO B IIEPBOM
ciyyae HeJb3s TOYHO u3Meputh [A™ ], a Bo BropoMm [AH]. [ns Takux
KHCJIOT MCIIOJIB3YIOTCS KOCBEHHBIE METOJIBI OTIPEIEICHNUS KUCIOTHOCTH
(pa3n. 3.3.4). B Tabn. 3.2 npuBeneHsl BeIMYMHBI pK, Ui HEKOTOPBIX
kuciot. Jas xucnor ¢ pK, < 0 wmu pK, > 20 naHHbBIe TAOIHIIBI
He oueHb TO4HBL. OJHAKO HEKOTOpBIE 3HaUYeHHs pPK, ompenesieHbl ¢
BBICOKOW CTETEHBI0 TOYHOCTH M HKCTPANOIMPOBAHBI K OECKOHEYHOMY
pa30aBICHUIO U TOSTOMY MPEACTABISIOT COOOH TepMOIMHAMUYECKHE
semuunbl pK(HA) ypasnenue (3.12)).

CooTBeTCTBYIOILEE BHIPAKEHUE JUISI KOHCTAHThI HOHU3AaLMU OCHOBA-
HUS B BOIE MOYKHO TIOJTYYUTh aHAJIOTHYHBIM 00pa3oM M3 ypaBHEHUS

B+H,0 =BH" +OH".

DTO ypaBHCHHUE COBEPILIECHHO SICHO MOKA3BIBACT, YTO MPOUCXOIUT, KOraa
CHJIbHOE HEWTpallbHOe OCHOBAaHWE PACTBOPSIOT B Bome. Kowcmanma
ocHoenocmu Ky orpenensieTcs BhIpaXKeHHEM

[BHT|[OH™]

Bl
OpHako B HacTosIIEE BpeMsI KOHCTaHTBI OCHOBHOCTH MPAKTHYECKU BbI-
Ui 13 ynorpebnenus. OHE MPOCTO M3IHILHM, TaK Kak HHQOpMaLus o

cule OCHOBaHMS B BK/IIOYEHA B KOHCTAHTY KMCJIOTHOCTH COTNPSKEHHOM
kuciore BHT:

B=

[H;0"][B]

BH" +H,0 =B+ H;0", K,(BH")=
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OCHOBHOCTH HEKOTOPBIX OCHOBaHWil B Bojxe mpu 25°C

Heoprannueckue ocnoBanust B nnu B~

Tabnuma 3.3

HasBanue Dopmyia pKa(BH) HasBanue Dopmyina pKa(BH)
Amun NH; ~33 I'mnpasun NH>NH, 8,0
Oxkcun 0~ ~21 Tunpocynbdun HS™ 7,0
Iunpoxenyg OH™ 15,7 I'unpoxcnnamuH NH,OH 6,0
Cynbdun S 14,0 Bona H,O0 —1,74
AmMuax NH; 9,25
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Ta6nuua3.3. Ilpooonscenue
Opranndeckue ocHOBaHHS B
HasBanue Dopmyina pKa(BH) HasBanue Dopmyia pKa(BH)
Et,N NEt, ( )

CH;0 OCH; Judennnamun C¢Hs),NH 0,9
1,8-buc(auaTriiaMuHo)- NN S X ' 16,3 /—\
2,7-mumeTokcuHadTanuH ‘ H OKuch MUpUArHA \/ >N -0 0,8
Ty NH=C(NH), 13.6 AneraHuimg CH3;CONHC¢Hs 0,4
Aneramuans NH=C(CH;)NH, 12,4 Mouesnna NH,CONH, 0,2

Et?lf ITEtQ Aneramun CH;CONH, 0
1,8-Buc(auaTriiaMuHo)- NS \ 12,1 // \\

| ” 2-Hurpoannnun _/ TNH, —0,25
HadTanMH \/\\ o,

XUHYKIHIATH % TN 11,15 =/

AN / Asynen ll N\ —-1,7

JIMdTUIIAMUH (C2Hs)NH 10,8 e/

Jumerunamus (CH;3)2NH 10,7

TpHoTHIAMHH (CoHs)3N 10,7 Jumvernincynbhoxcun CH3SOCH; —1,8
Merunamua CH;NH, 10,66 Meranon CH;O0H =20
STUIAMUH C2H5NH2 10,65 mpem-ByTaHOJI (CH3)3COH — 3,8




€T

TpumeTHIaMUH (CH3);N 9,80 o //7\ .
‘ ﬂf 2,4-JIAHATPOAHUITUH RN —45
o,
Mmupgazon \1\,1 e 7,03 Sranon C,H:OH ~s1
H JMaTHII0BBIH 2hup (C2Hs),0 —5,1
AN YKcycHas Kuciora CH3;COOH —6,2
Hupun ‘\ /H 5,2 Bensanpaeru C¢HsCHO -7,
N AueroH CH3COCH3 —72
0
N-MeTunanunua </\> —NHCH; 4,85 R ‘/\H/‘ ‘\ PO 827
AHnnng ;()Hslin 4,60 HTpaxuHOH AN /\‘ ‘/H\ /‘ o
7\
2-XnopaHunuH N_/ —NH, 2,64 _NO
={_
_a 2,4,6-TpuHUTpOAHWIIUH 0N 7// \7“{2 —9.41
// \—NH. N=
3-Hurpoanunun N/ 2,47 NO,
on” AneToHuTpun CH;CN —10,1
: — Hurpobenzon CsHsNO» —11,3
4-Hurpoanunux 0,N 7</ >7NH2 0,99 Hutpomeran CH3NO» —11,9




Jpyrumu cnoBamMu, OMH U TOT K€ apaMeTp — KOHCTAHTa KUCIOTHOCTH
K, xucnorel AH win BHT — asnsiercs Mepoii He Tonbko cuiisl AH niu
BH™ kak 10HOpOB mpoTOHA, HO W CUibl A~ miu B Kak akientopos
IIPOTOHA.

CunbHoii kucnore AH unu BH' cooTBeTcTByIOT ci1aboe conpsikeH-
HOoe ocHoBaHue A~ wuinu B; B aTOM ciydae BenuuuHa pK, Mana Wiu
naxe orpunarensbHa. CunbHOMY ocHOBaHHIO A~ mnu B cooTrBeTcTByeT
cnabas xkucnora AH wim BHT, B sToM ciiydae pK, umeer Gonbmioe
MOJIOKUTENBbHOE 3HadeHue. Tak ke kak pH ucmonb3yeTcsi B KauecTBe
Mepbl He TOJBKO KoHueHTpamun H', Ho m konnentpaumu OH™, Tak
u pK, ONuCBHIBAaIOT HE TOJBKO cuily A~ uiau B kak ocHoBaHuil, HO U
cury AH 1 BHT xak xucnor. B Ta6n. 3.3 npusenens! 3HadeHus pK, mis
HEKOTOPBIX OCHOBaHUH. Kak U Juist KUCIOT, HEMOCPEACTBEHHO U3MEPUTH
CHJIy OCHOBaHMI MOYHO IMIIb B y3koM uHTepsane pK,(BHT). 3a
IpeieJaMy 3TOT0 MHTEpBaja OCHOBHOCTb OIPENEISETCS KOCBEHHBIMU
MeTolaMH, 1o3ToMy 3Hauenus pK,(BH™) BHe uHTEpBaIa IpUMEPHO OT
—2 1o 17 "He ABISAIOTCS TOYHBIMU.

3.3.3. BJIUSIHUE PACTBOPHUTEJIA
HA KUCJIOTHO-OCHOBHOE PABHOBECHE

3.3.3.a. TEPMOJIMHAMUKA XUMUYECKUX ITPEBPALLIEHUI

OOmIePUHATON MEpPOW CHIIBI KHCIOTHl FUIH OCHOBAHHS SIBISICTCS
pK.(AH) wn pK,(BH™), KoTOpBIE CBA3aHBI CO CTAHAAPTHON CBOGOIHOMN
SHEpruel KUCIOTHO-OCHOBHOTO PABHOBECHS COOTHOIIIEHUEM

23RT-pK, = —23RTgK, = AGS,

rae AG; — U3MEeHeHHe CTaHAapTHOM CBOOOIHON SHEPrUU IPH MEPexose
OT peareHTOB K mpoxykram, T.e. o AH+H,O k A~ +H;0" umm
or BHT +H,0 x B+H3;0" mng ciydas BoaHBIX pacTBOpPOB IIpH
temriepatype 7. Eciim T = 298 K, to 2,3RT = 1,36 Kkai/MoIb, ClIeI0Ba-
TeJbHO,

AG59gx = 1,36pK, (kKan/moib). (3.16)

CBo0OoHas YHEPIHs CBS3aHA C M3MEHEHUEM CTaH/IapTHOM SHTAIBIHN
(AH®°) m cranmaptHOH SHTponuu (AS®) KHCIOTHO-OCHOBHOW peakIiH
npu temmeparype 7 COOTHOLICHHEM, KOTOPOE HAa3bIBACTCS 2ldGHbIM
YpasHeHuem mepmMoOUHAMUKU.

AG7 = AH® — TAS°.
Bemmuuaer AG® w, criemoBaTrenbHO, pK, OTpakaloT TEPBBIA U
BTOPOW 3aKOHBI TEPMOJMHAMHUKHU CIIOCOOOM, Haubojee yIOoOHBIM ISt
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XUMHYECcKoro mnpuMeHenus. Korma HeoOXoaMMO Yy3HaTh, MOMIET JIK
peakuus B JAHHOM HAIIPABICHUH, Mbl JOJDKHBI Onpeneinuts AG ais
peakiuy HadaJbHOE COCTOSHHE (pPeareHThl) — KOHEYHOE COCTOSIHHE
(TIPOITYKTHI):

AG = anouyKTm - GpeareHTbl-

Eciu AG orpunatenbHa, TO peakiys UMEEeT €CTECTBEHHYIO TeHICHIIUIO
MIPOUCXOANTH CIIOHTAHHO B HAIPABIEHUH OT PEarcHTOB K MPOIYKTaM;
ecnu AG TIONIOXKHUTENBHA, TO PeakLusi He OyAeT MPOUCXOIUTh CaMOIIPO-
W3BOJILHO, HO oOparHas peaknus OymeT croHTaHHOW. Hu AH Hm AS
HE SIBISIFOTCS HU B KaKOM CMBICIE «0OoJiee (bYH,E[aMeHTaJH:HLIMI/I», 4yeM
AG. Tem He MeHee pasmencHue AG Ha AH m AS mo3BoisgeT mryOxke
MOHATh CYTh JaHHOTO XHMHYECKOTO Ipolecca. B 3ToM paszmene Mol
KpPaTKo pacCMOTPHM CMBICH TOHATHIA «IHTAJBIHD U «IHTPOIHS», a B
CIEMYIOUIEM pasfesie MIPOaHATU3UPYEM UX POJIb B KUCIOTHO-OCHOBHOM
B3aMMOJICHCTBUM B BOJIHOU CpeJie.

DHTAJBNUS. DHTAIBIHIO, HIIH TEIUIOCOISP)KaHNE, JAHHOTO COCIIU-
Henus (H), Tak e Kak 1 cBoOoHY10 dHepruio (), HEeIb3sl PacCUUTaTh
WIH OINpPENCIUTh B a0COMIOTHOM CMbIcie. MOXHO H3MEPHUTH JIHIIh
usMeHenue DSHTAIBIIAH, COMIPOBOXKIAIONIEE MaHHYIO peakmuio. Ecmum
AH < 0, peakiusi 5K30TepMHUIHa, eciu AH > 0, peakius dHI0TepMUYHA.
Korga AS mist xaxkaol W3 OTAENBHBIX PEakiMii B paccMaTpuBaeMoOin
Cepuu peaxiuii Majsl o Benuunne, AG ~ AH 1 U3MEHEHHUE SHTAIBIINN
JIOCTATOYHO XOPOIIIO XapaKTepU3yeT HAIIPABIICHHE U CKOPOCTH PEaKITHH.
Boiee Toro, ecau AS BEIUKH 10 aOCOIIOTHOM BEIUYUHE, HO IS KaXK10H
OTJIEITFHOM PEaKIMK B pacCMaTPUBACMOM CEpHUU OHHM OAMHAKOBEI, TO W3-
MEHEHHUE PHTAIBIINN MOXET CIYKUTh MEPOIl OTHOCUTEILHON JIETKOCTH
MpoTeKaHus Kax10i peakiuu. Ciaydau, Korja B cepuu peakiuu AS ~ 0
uin AS ~ const, BCTpe4yaroTcsi JOBOJBHO YacTO, U TOTJa B KadyeCTBE
«IBWDKYIIICH CWJIBD) pEaKIMH PacCMaTPUBAIOT M3MEHEHUE DHTAJIBITHH,
T. €. CTEIEHb YK30TEPMUUYHOCTU WIH SHAOTEPMHUUYHOCTH MpoIecca. ITo
0C00CHHO BaKHO ITOTOMY, UYTO U3MEHECHHE YHTAJIBITHH JICTKO H3MEPHUTH C
MIOMOIIBIO KaJOPUMETpPa U MONIYIUTh TaKUE IICHHBIC TEPMOXUMUYCCKHE
JIaHHBIE, KaK TEIIOTHI 00pa30BaHMs COEIMHEHUH U3 dJIEMEHTOB (AH qp ),
SHEPIUM JTUCCOLMALUY CBA3EH B MONEKyIax (D), TemnoTbl AH ) U T. 11
B mociemyronux miaBax mpy aHAIH3E CBSI3U CTPOCHUS C PEAKIIMOHHON
CITOCOOHOCTBIO MOJIEKY MBI OylIeM IIHPOKO HCIIONH30BATh SHTAIBITAN
peaKuui.

JHTponusA. MHOrue mnpouecchl MPOUCXOIAT CaMOIPOU3BOJIBHO,
HECMOTPSI Ha TO YTO SBIIIOTCA DJHAOTEPMHUYECKHMH, T. €. HAYT C
MODJIOIIEHHEM TeIUIOThI M3 OKpyxkatomel cpenasl. Hampumep, KCI
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CaMOIPOU3BOIBHO PACTBOPSAETCA B BOJE, XOTSA JUId 3TOrO Ipolecca
AH > 0. DTO NpOMCXOAMUT M3-32 TOTO, YTO BTOPOH WIEH B ITIABHOM
YpaBHEHUU TepMOAMHAMUKHU, TAS, 10 abCOMIOTHON BEIMYUHE MPEBOC-
xomut AH n nostomy AG cTaHOBHTCS OTpHIaTeNbHON. Benmunna AH /T
XapakTepu3yeT W3MECHEHHE SHTPOIUU OKPYKAIOIIeH Cpenbl, BETUYMHA
AS — U3MEHEHHE DHTPOIUHU B M3y4aeMOW cucTeMe (pacTBOp B KoJyOe),
AG /T — B OKpyKaroleii cpefie IIFC pacTBoOp B Koibe (BCS BCEICHHAs).
CrnoHTaHHBIN MPONECC YBEIMYUBAET SHTPOMUIO BCEH BCEIEHHOM; XOTA
IIPY TOM B3SThIE B OTAEIbHOCTH 3HTPOIUHU OKPYXKAOLIEH Cpeibl WU
M3y4aeMOU CUCTEMBbl MOT'YT YMEHBIIATHCS.

B npoTHBOMONOXHOCTh SHTAJIBINU U CBOOOAHON SHEPIMU COEAU-
HEHUS M CaMH DJIEMEHTHI, X COCTAaBISIONINE, UMEIOT aOCOMOMHYIO
oHmponuio. ITO CBSI3aHO C TEM, YTO 10 TPEThEMY 3aKOHY TEPMOJMHA-
Muku nipu 0 K sHTponus uieanbHOro kpucrajuia papHa Hymo. Ciieosa-
TEJIBHO,

AS7 = (cymma S7 MpOAYKTOB — cymMMa S7 PEarcHTOB).

OHTPOIHUIO U3MEPSIOT KAJIOPUMETPHUUECKH U3 3aBUCUMOCTH TEIIIOEMKO-
CTH COEJIMHEHUI WM SIIEMEHTOB OT TeMIIepaTyphl. DT0O ropas3io Ooiee
CJIOXKHBINA 3KCIIEPUMEHT, YeM OIpeaeiacHue AH.

B 0CHOBHOM 3IIEKTPOHHOM COCTOSTHUH DHTPOIIUS JFOOO0TO AIIEMEHTa,
MOJICKYJIbl, KpUCTAJIJIa U T. [l. MOJKET OBITh MPEICTaBICHA CYMMOH TpeX
cJlaraeMbIx:

S= SHOCT + SBpaLu + Sxona

e Spocr — SHTPOIHS, CBA3aHHAS C OCTYIATEIBHBIM JIBHKEHHEM MOJIe-
KyJ1 (Mepa pacceuBaHus YaCTHIL [0 00BEMY PacTBOpa B KOJIOE);

Sgpang — DHTPOIHMS, CBS3aHHAsA C BHYTPEHHUM BPALIEHHEM BOKPYT
O-CBSI3€d B MOJIEKYJIE UM C BpallleHHUEM BCEH MOJEKYyJbl KakK ILIEJIOro
BOJTYKA;

Skon — DHTPOTIHSI, CBs3aHHAs C KOJCOAHMSIMH aTOMOB B MOJICKY-
nme (pacTsbkeHHE W C)KaTthe cBsized, nedopMammoHHBIC KOJIcOaHUS
T ).

Ecau B pesynbrare peakiinu yBeIMYMUBACTCA OOIIEE YUCIIO YACTHUIL I10
CpPaBHEHHUIO ¢ WX YUCJIOM JIO PEaKIIMH, TO YHTPOIHUS IMOCTYIaTeILHOTO
ABHZKCHHUS BO3pACTACT [ASHOCT = OnocT; IpomyKThl Snocnpearekm;l > OL €CJlIn
YHCIIO YaCTHUIl YMEHbBIIAETCHA, TO ASyoer < 0, €CIM YUCIO YacTHIl HE
U3MEHSETCS, TO AS)oer = 0.
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Hampumep:

(CH3)2COH —_ (CH3)2C:CH2 +H,0

mpem-0yTaHou n300yTeH (A 0 —3 7’ 3 KK /MOJ’IL)
(0}
L] —— 3CH=0 (AS°® = 83,6 KKan/MOB)
~~ dopmanbaerun

1,3,5-Tprokcan

@  — % = 47,8 KKaJI/MOJIb)

(peaxuus Iunbca—Asbaepa)

H H H COOCH;
/ /
s — el
H,C COOCH;  H,C H
YuUC-METUIIKPOTOHAT mpaHc-METUIIKPOTOHAT

((AS° = 0,5 xxan/Mo1b))

[Tocneauuii mpuMep MOKa3bIBAET, YTO MPU NU30MEPHU3ALUIX SHTPOIUS
MOCTYNATEIbHOTO IBHKCHHS HE H3MEHSETCH.

Ecnu B npoaykTe peakuuy BO3HUKAIOT BO3MOXKHOCTH JUIst O0siee CBO-
OonHBIX KOoleOaHUI aTOMOB, TO KojeOaTelbHas SHTPOIMS BO3PACTACT.

Hampumep:
— A~
z (A5°= 49 KKan/Monb)
X7I0pLYUKAONpONaH XAOPUCTBIA anAUn
m — , AF
6uunkno[2.2.0] rexcan rexcaven-15 (AS°= 16,8 kkan/mons)

OnHako Korga MPOMYKThl PEaklUyd OYCHb IMOXOXKH Ha PEareHTHI, DH-
TPOIHUS TIOYTH HE H3MEHAETCS, MOCKOJIbKY KaK ASpocr, TaK U ASyoy
MPUOIU3UTEIBHO PABHBI HYJIIO.

CHy  CHy CH,
}v{ _ ’v“ (AS8°= 04 KKan/monb)
CH

3
4uc-1,2-RAMETUALMKNO~  TPaHC-1, 2-BUMETUALMKNO-
nponat npona

YMeHbIIIeHHe SHTPOIINHU B TIPUBEICHHON HIDKE PEaKIIMHA H30Meph3a-
IIUU OOBSCHSACTCS TEM, YTO B MPOJYKTE PEAKIMH BHYTPEHHEE BpaIllCHUE
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BOKpYT cBs3u C;—Cs HEBO3MOXKHO, & B pearcHTE BO3MOXKHO, XOTS U
3aTOPMOKEHO OTHOCUTEIFHO OONBITUMHE pa3MepaMy IUKIOTPOITHILHON

TPYTIIBL.
3 2
N o 173
<j4 (A5°=-3,7 kKan[monb)
6 4 5

M30I’IPOﬂeHMJ'IU,MK.ﬂ0ﬂpOﬂaH 1-MeTUNUUKNONEHTEH

st pacyera SHTPOIUU, CBA3aHHOW C BpPAlLlEHUEM LIEJI0M MOJIEKYJIbI,
HEOOXOAMMO OTPEACTUTh €€ MOMEHT WHEPUUH M YHCIO0 CUMMETPUHU
o (T. €. YUCJIO HEPA3IUYUMBIX CHUTyaIHil, KOTOPOE MOXKHO TOJIYYUTh
BpaIeHIEeM MOJICKYIIBI Kak 1mestoro; Hanpumep, 11t H—Cl o = 1, ms Br,
6 =2, 11 3TwieHa ¢ = 4, 11 9TaHa 6 = 6 U T. 1.). MOMEHT uHepIuu
PAcCUMTBHIBAIOT W3 JUIMH CBA3CH M yIIOB MEXKIY CBS3SIMH, KOTOpBIE
AKCIIEPUMEHTAIILHO OTPEACIISIOT 10 JaHHBIM JTU(PPAKIIUU SIISKTPOHOB H
MOJIEKYJISIPHOM CIEKTPOCKONrHU. J{7si GONbIINX, THOKUX OpraHUYeCKHIX
MOJIEKYJI TAKUE PACUCThl OYCHB 3aTPYAHUTEIbHEI.

[IpuBencHHBIC BEINIEC 3HAUCHUS ASC IUIS pa3HBIX PEaKIHH, a TaKKe
pacueThl BKJIAJOB B OOILYH) SHTPOIHIO, KOTOPbIE BO3MOXHA ISl MPO-
CTBIX MOJIEKYJ, IIOKA3bIBAOT, YTO BO BCEX CIydasx

Sl'[OCT > SBpaLLI > SKOJI‘

3.3.3.6. TEPMOAMHAMUKA KHUCJIOTHO-OCHOBHBIX PABHOBECHIA
B BOAHBIX PACTBOPAX

B Ta6mn. 3.4 mpuBeacHBI TEPMOTUHAMUYICCKHAE ITAPAMETPHI TSI AFCCO-
Uanuy KapOOHOBBIX KUCIIOT, PEHOJIOB M COMPSKEHHBIX KUCIOT aMUHOB
B BOJIHOM PacTBODE.

Jist kKapOOHOBBIX KHCIOT AH° MOYTH OMHAKOBBI M OUCHb OJIM3KH K
HYJIO (T. €. IUCCOLMALUS TEPMOHEHTPAIbHA). YBEIIMUEHUE KUCIOTHOCTH
Ha 5 NOPAIKOB IPU IEPEXOAE OT TPUMETHIYKCYCHOH K TPUXJIOPYK-
CYCHOH KHCJIOTE, TAKMM 00pa3oM, LEJIUKOM CBSI3aHO C SHTPONUIHBIM
uynieHoM (—7'AS°) B IIaBHOM ypaBHEHUM TEpMOAMHAMHKH. BennunHa
AS° 3aBHCHUT OT TOTO, B KAKOW CTENEHU HEAMCCOLMMPOBAHHAs KUCIIOTA,
C OJHOI CTOPOHBI, U TUCCOLIMUPOBAHHBIE HOHBI — C JPYTOi, HAPYIIAIOT
CTPYKTYPY JKHIKOW BOIBI MIIM CIIOCOOCTBYIOT €€ JallbHEHIIeMy YIopsi-
JIOYNBAHUTO (MOJICKYJIBI BOABI COOMPAIOTCS BOKPYT MOHOB).

B cityuae ¢eHonoB cuTyauus uHas: i cadbix kuciaoT AH© > 0, Ho
IpU BBEIECHUHU 3JIEKTPOHOAKLENTOPHBIX 3aMecTuTeNnel AH° cTaHOBUTCS
MEHBIIE, a JJIsi MTUKPUHOBOK KHCIIOTHI MPOLECC yiKE CI1ad0o IK30TepPMU-
yeH. OIHOBPEMEHHO U 3HTPONMS CTAHOBUTCS MEHEE OTPULIATEIbHOM.
OTO CBSI3aHO C TEM, YTO BJIEKTPOHOAKLENTOPHBIC 3aMECTHTENH, IO-
JSIpHBIE 110 CBOEH NPHUPOIE, IEJAIT MOJIEKYIy HEIUCCOLUUPOBAHHON
KUCJIOTBI OoJiee MOJISIpHOH (Oosiee MOXOXKelW Ha AMCCOLMHPOBAHHBIC
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Tabnuna 3.4
TepMoauMHAMHUYECKHE TAPAMETPHI 115 JUCCONUAMH HEKOTOPHIX OPraHuIecKuX
KHCa0T B Boge mpu 25°C

AH® AS° —TAS®  AG°
Kucmnorst pK Kkan/  Kkai/ Kkan/  Kkan/
MOJIb  MOJIb MOJIb  MOJIb

Kap6oHOBBIE KHCTOTHI"

Tpumernnykcycnas, (CHs )3sCCOOH 503 | —0,7 | =253 7,6 6,9
Vkeycnas, CH;COOH 4,76 | —0,2 | =219 6,5 6,3
Bensoiinas, CsHsCOOH 4,20 0,1 | —18,7 5,6 5,7
Mypassunas, HCOOH 3,75 | —0,1 | —174 5,2 5,1
Huanykcycnas, CNCH,COOH 2,47 | —0,19] —14,3 42 33
Juxnopykcycnast, CHCl,COOH 1,26 | —0,1 | —0,6 1,8 1,7
Tpudropyxcycnas, CF;COOH 0,23 0 -1,0 0,3 0,3
denomsr™*
®enon, CeHsOH 10,00 55| =272 8,1 13,6
3-Hutpodenon, 3-NO, —C¢H4OH 8,36 49 | —21,8 6,5 11,4
4-Hutpodenon, 4-NO, —C¢H4sOH 7,15 4,7 | —17,1 5,1 9,8

2,4-uautpodenon, 2,4-(NO,),CsH3;OH | 4,09 2,6 | —9.8 29 5,5
ITukpuHOBas KuCIOTA,

2,4,6-(NO,)3;CsH,OH 0,71 | —=1,5 | —6,0 1,8 0,3
Wonsl aMmmonus™ ™™

DTHIIAMMOHHUH, C2H5NH3+ 10,68 | 13,7 | —3,1 0,9 14,6

NHI 9,25 | 12,5 | —0,5 0,1 12,6

Annnunnit, CeHsNH 460 | 74 3,7 | —1,1 6,3

2-Xnopanunuaui, 2-Cl—CsHy NH3+ 2,64 6,0 8,1 —24 3,6

* JlaHHBIE TOMyYeHBI UL 26 KapOOHOBBIX KUCIIOT.
** JlanHble IONy4eHb! 10151 23 (eHooB.
*** JlaHHbBIe TOMYYeHBI Ut 21 aHUITHHUEBBIX U || MUPHANHUEBBIX HOHOB.

WOHBI) U MOATOMY pa3IMYie MEXAy HEINCCOLMHUPOBAHHON KHCIOTON
W WOHAaMH B CIIOCOOHOCTH pPa3yNopsAOYWBaTh WM YIIOPAI0YHBATH
CTPYKTYPY BOIBI yMEHbIIaeTcs. YMeHbIeHne AH°® u 0JHOBpEeMEHHOE
yBenuueHne AS® B pagy (EHOJOB MPHUBOAUT K TOMY, YTO WHTEPBAI
KHCJIOTHOCTH (PEHOJOB 3HAYUTENBHO OOJbIe, YeM s KapOOHOBBIX
kuciaot (~ 10° u ~ 10° cooTBeTcTBEHHO, cM. Tab. 3.4).

CoBepuIeHHO OYEBHHO, YTO HHU3Kasg KHUCIOTHOCTh aMMOHHEBBIX
HOHOB ITIaBHBIM 06pa30M CBsi3aHa C OY€Hb BBICOKUMU ITOJIOKUTCIbHBIMHA
3HaueHUAMU AH °. 3HaducHms TAS® B 9TOM CiTydac HEBEITUKH H MEHSIOTCS
B Y3KOM HHTepBaje okoso 7TAS® = 0.

Juis xapOoHOBBIX KHCTIOT W (penomoB TAS® > HC, a g mpo-
TOHUPOBAHHBIX aMHHOB, HaobopoT, AH® > TAS°. Takoe paznnume,
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MO-BUJMOMY, CBSI3aHO C 3apsiIOBBIM THIIOM KHCJIOTBI: KapOOHOBBIC
KHACJIOTHI M (PEHONBI IIEKTPUYECKH HEUTPaTbHBL, a COJIM aMMOHUS
3apsOKCHBI MOJIOKUTENbHO. [lpu nucconuanuu HEHTpaIbHBIX KHUCIOT
YUCIIO MOHOB B TIPaBOM 4YacTW ypaBHEHWS Ha Ba OOJbIlE, YeM B
JICBOW YACTH, a TIPU JUCCOLUAIUH TIOJIOKHUTEIBHO 3aPSKEHHBIX KUCIOT
JIOTIOJTHUTENIbHBIC NOHBI HE BO3HUKAIOT!
AH+H,0=H;0"+A~, BH'+H,0=H;0" +B.
HET HOHOB JIBa HOHa OJIMH KaTUOH OJMH KaTUOH

[TockonbKy MOHBI (M KaTHOH, U aHHOH) CHJIBHO YIAEPKUBAIOT OKOJIO
ce0s MOJIEKYITBI PACTBOPUTEIISI, K3MEHEHNE SHTPOINH MTPH AUCCOIMALINN
HEUTPaJIbHBIX KUCIIOT JIOJKHO ObITH OOJiee OTpUIATEIbHBIM, YEM IPU
JUCCOITMAINH 3apsHKEHHBIX KHUCIIOT, TIPH KOTOPOW OIMOIHUTEIhHBIC
WOHBI HE BO3HHUKAIOT.

Takum 00pa3oM, H3MEHEHHE KUCIOTHOCTH TIPH NEPEX0/e OT OHOTO
KJ1acca COeTMHEHNH K IPyTOMY WIIH B CEPUH CTPYKTYPHO OYEHB OJTM3KHAX
COCJIUHCHHI MOXET OBbITh CBS3aHO WJIM TOJBKO C SHTPOMUNHBIMU, WU
TOJIBKO C SHTATBITUHHBIME 2P PEKTaMHU, I ¢ 000ouMH dPPeKTaMu cpa3y.
[To3aToMy mpu MHTEpHpPETAIINK HA MOJICKYJIIPHOM YPOBHE BEIUYUH PK,
B pacTBOpax >KellaTelbHO 3HaTh BeIUUYUHbI AH u AS.

3.3.3.s. CPABHEHME KHCJIOTHOCTU 1 OCHOBHOCTH
B PA3HBIX PACTBOPUTEJIAX

V3meHeHne KUCIOTHOCTH M OCHOBHOCTH IIPU HEPEXOAE OT OIHOIO
pacTBOpUTENS K JPYroMy CBSI3aHO C pPa3HbIMM NPUYMHAMH, U3 KOTO-
PBIX INIABHBIMM SIBJISIOTCS: 1) pa3inuue KUCIOTHO-OCHOBHBIX CBOWCTB
pacTBopuTeiei, 2) pa3iuuue B MX IOJISIPHOCTH, 3) crneunuduueckas
CoJIbBATAllMsl MOJIEKYJI U MOHOB. B nmanHoM paszene OyayT NpHUBEICHBI
HEKOTOpBbIE MPUMEPHI, WIUTIOCTPUPYIOIINE MPUHLIUIIBI TOX01a K HHTEp-
HpeTaluy BIUSHUS PACTBOPUTEIIS HA KUCIOTHO-OCHOBHOE PaBHOBECHE.
ITockonbky AH 1 AS B OONBIIMHCTBE CIIy4yaeB HEM3BECTHBI, MbI OyJIeM
ONUPATHCSI TOJBKO HA 3HaYEHUE PK,.

BiusiHue KHCJI0THO-OCHOBHBIX CBOMCTB pacTBopuTesis. J(uama-
30H KHCJIOTHOCTH U OCHOBHOCTH B JIJaHHOH cpeJie OrpaHHYeH COOCTBEH-
HBIMH aM(OTEPHBIMUA CBOMCTBAMHU PACTBOPUTEIIS, T. €. «OKHOM» MEXKILY
pK.(S) u pK,(SH') (cumBonamu S u SHT o06o3HaueHbl cBOOOIHAS
W TPOTOHHWPOBAaHHAs MOJIEKYIbl PacTBOpPHUTENs). B Bome KHCIOTHI ¢
pK, <~ —2 NOJHOCTBIO AMCCOLMHPOBaHBL. Boja HuBenupyer cuiy
CHUJIBHBIX KHCJIOT, MO0 OHA «CITUIIIKOM OCHOBHAY», YTOOBI AH(QEpeHITH-
poBath ux. Tak, cepHas U COISIHAS KUCIOTHI, OTIMYAIOLINECS 110 CHIIe
Ha 6 mopsankoB (ApK, = 6; cMm. Tabm. 3.2), B pa30aBICHHBIX BOTHBIX
pacTBOpax KakKyTcsl OJMHAKOBO CHUJIbHBIMU (3HaueHus pK, —3 u —7,
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MpHUBEJCHHBIC B TaOMI. 3.2, MOJNydYeHbl HE MPSMBIMH H3MEPEHUSIMU, a
MTyTeM KOCBEHHOH OIIeHKH). B oTiimuue oT HUX MOHO- M JIMXJIOPYKCYCHAs
KHUCJIOTBI, OYeHb Onu3kue 1o BenuunHe pK, (2,86 u 1,26 cOOTBETCTBEH-
HO; CM. TaOi. 3.2), CHJIbHO OTIIMYAIOTCS MO CTETICHH JWCCOIHAIINU: B
0,1 M Bomnom pactBope mepBas auccouuupyet Ha 11% (pH 1,96), a
Bropast —Ha 52% (pH 1,29). Takue Onuskue 1mo pK, KHCIOTHI JIETKO
TUPPEpEeHIUPYIOTCSI B BOAE 110 TOW MPUYUHE, YTO OHU MPEICTABIISIOT
coboii 6ostee ciaadbie kucinotel, uemM HCI mm H,SOy.

B ykcycHoOl kucioTe, KOTopas Kak OCHOBaHHE cliabee BOIbI (CM.
Tab. 3.3), HAIEJIO AUCCOIMUPYET TOJBKO XJopHas kuciora, a HNO;
u HCI puccouuupoBaHsl nuilb B cliaboii crenenu. Takum oOpazom, B
cnaboocHoBHOM pactBoputesnie HNO; n HCI BemyT cebst kak crmaOble
KHCJIOTBIL

B cooTBetcTBHU ¢ 3TUM cita0ble KHCIOTHI B BOJIE MOTYT TTOJTHOCTHIO
JIUCCOITUMPOBATh B 00Jiee OCHOBHOM pacTBOPHTENIE, HAIPUMED, B KHI-
KOM aMMHAaKe WJTU B aJIKMJIaMUHaX. B 3THX pacTBOpHUTENSIX BCE KUCIIOTHI,
y KOTOPBIX B Bozie pK < 5, T. €. 6oJiee CHIIbHBIE, YeM yKCYCHas KUCIIOTa,
KaXXyTCsl OJJMHAKOBO CHJIBHBIMH, TaK KaK IOJHOCTBHIO JUCCOLUUPYIOT.
Takum 00pa3oM, KOTma KHCIOTY HA3BIBAIOT CHJIBHOW WM cinaboi Ha
OCHOBaHUM BeNMYUHBI pK,, OTIPECICHHON B BOJIC, peYb HJIET TOIBKO O
ee TUCCOIMAIK B BoJle. B pacTBOpUTENsIX WHOW OCHOBHOCTH JHCCO-
nuanys OygaeT npyroit. HekoTopble JaHHBIE 110 KUCIOTHOCTH B Pa3HBIX
PacTBOPUTEIIAX TPUBEICHEI B Ta0MI. 3.5.

PacTBOpUTEIIE COOTBETCTBYIOIIMM 00pPa30M BIIMSET TAKXKE U HA pe-
aKnuu oCHOBaHuMil. Boxa HuBenupyer cuity ocHoBanui ¢ pK,(BH) > 16.
Hosromy NH; K*, C,HsO™Li*t u CH;SOCH; Na™ GyayT pearuposars
C BOIOW, 00pasysl COOTBETCTBYIOIIHE COMpPsDKEHHBIC KHCIOTHI NHj,
C,HsOH u CH3SOCHj; u crexuomerpudeckoe konudectso OH™. Oana-
KO B MEHee KUCJIOTHOM pacTBoputeine, Hanpumep C,HsNH,, ocHoBaHus,
Oosee cunpHble, yem OH™, He OyayT NPOTOHUPOBATHCSI.

Ecnu B3aTh pactBOpHTENh OONEe KUCIOTHBIA, YeM BONA, TO OCHO-
BaHMs, KOTOpble ObUM cllaObbiMU B Boze, OynyT 3p(eKTUBHO NPOTOHU-
poBarbcsi. Hammpumep, B H;SO,4 ci1ab00CHOBHEIE B BOIE apOMaTHUSCKUE
aMUHBI TTOYTH TIOJTHOCTHIO TPOTOHUPOBAHBI:

H,SO4 + ArNH, = HSO, + ArNH; .

B CCpHOﬁ KHCJIIOTC Ja)XC TAaKMC COCAMHCHMSA, KaK a30THas KHCJIOTAa HIIN
Kap6OHOBbIe KHUCJIOTHBI, ABJIAIOTCA OCHOBAHUSAMU!

H,S0, + HNO5 = HSO, + ON(OH);,
H,S04 + RCOOH = HSO, +RC(OH); .

B mawaie aToro pasmena OBIIO OTMEUEHO, YTO JIHMAITAa30H KHUCJIOT
U OCHOBaHUHU, KOTOPHIE MOXKHO MPHUMEHSTH B JaHHOM PAacTBOPHUTEIE,
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Tabnuma 3.5
3navenne pK, HEKOTOPHIX KHCJIOT B Pa3sHBIX pacTBOpHTeNsix mpu 25°
(AMCO — numeTHnJcyab(porcum)

Kucnora AH pK(AH)
B H,O B CH,OH B IMCO
HCl -7 1,2 2,0
[MuxpuHOBas KUCIOTA 0,71 3,8 —0,3
CHC1,COOH 1,26 6,4 5,9
3-NO,CHsNH; 2,47 2,89 1,30
C¢HsCOOH 4,20 9,1 11,0
CH;COOH 4,76 9,6 12,6

// _\NH
+ (MOH IHPUIUHUS) 5,21 5,55 —
N/

4-NO,CsH,OH 7,15 11,2 10,4
NH; 9,25 10,8 10,5
C¢HsOH 10,00 14,2 16,4
(C,Hs)sNH" 10,72 10,9 9,0
CH;0H 15,5 18,2 29,0
H,O 15,7 18,6 31,4
CH3SOCH; 33 35,1

OTpaHHYMBAETCS CTENeHbl0 aMdoTepHOCTH pacTBopuTeis. Eciam pac-
TBOPUTEJIb UMEET HU3KYK KHCIOTHOCTb, TO B HEM OydyT HpOSBIATH
CBOM OCHOBHBIE CBOMCTBA IIMPOKHN KPYyr OCHOBAaHWM MpPU YCIOBHUH,
YTO OHM PACTBOPHUMBI. AHAJIOTUYHO PACTBOPUTENb, HE OOJAIArOIIUi
B 3aMETHOW CTENeHW OCHOBHBIMH CBOHCTBAMH, HE MOXKET HHUBEIHPO-
BaTh CHJIy OOJIBIIOTO Kpyra KHCJIOT, KOTOpPbIE B HEM OyIyT MpOsB-
JSATh CBOM HCTHHHBIC KHCIOTHBIE CBOMCTBAa. OMHAKO KHIKOCTH, HE
obnamaromue HU KUCIOTHOCTBIO HH OCHOBHOCTBIO, BpsiA Ju OymyT
XOPOIIMMH PACTBOPHUTEISAMH JJIsi KHUCIOT W ocHoBaHWMU. Hampumep,
cunbHbIe (B Boae) kucioTel CH3SOs;H unu HNO; u cunbHbIe (B BOAE)
ocuoBanusi (CH3);CO~K™' nnn NH=C(NH,), mioxo pacTBOpuMbI B
YIIIEBOJIOPOAX — PACTBOPUTEISX, HE 00IaJAOIINX B 3aMETHOM CTETIeHN
HU KHUCJIBIMHU, HI OCHOBHBIMU CBOMCTBaMU.

B oToM acmexre o4ueHb IEHHBIMH SIBJISIOTCS TaK Ha3bIBaeMble JIU-
MOJISIPHBIC AIPOTOHHBIC PACTBOPHUTEIM, HAINPUMEP JIUMETHICYIb(OK-
cun (AMCO) mmn aumermindopmamun (JIM®PA), HCON(CHs),. Dt
JKUJIKOCTH XOPOIIIO PACTBOPSIOT IOJIIPHBIE MOJICKYJBI U COJH U B TO
e BpeMs Topas3o MeHee KMCIOTHBI U OCHOBHBI, Ye€M BOJA M JPyTHE
TUJIPOKCUIIBHBIC PACTBOPUTEIIH.

Bausinue Iu3JI1eKTPUYECKON MPOHUIIAEMOCTH PACTBOPUTEJIA HA
KHCJIOTHI Pa3HOTo 3apsTHOTo THNa. OCOOEHHO SPKO BIUSHHUE PACTBO-
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pUTENs NPOSBISIETCS, €CIM CPABHUBAIOTCS MEXKIY COOOH MO-pasHOMY
AIIEKTPUUIECKH 3apsDKCHHBIC KUCTOTHL. M3 Tabim. 3.4 BHIHO, 9TO B BOIE
JTUXJIOPYKCYCHas KUCIIOTa B 16 pa3 cuiabHee MOHA TPUHUTPOAHUIIUHUS,
a B Meraone u JIMCO wmon ammmmmus B 3—4 x 10° pa3 cumbHee
JTUXJIOPYKCYCHOH KHCIOTHL. B Boze ykcycHast KuciioTa oyt B 3 pasa
CHJIbHEE MOHA TTUPUANHUSA, a OH, B CBOIO OY€pEe/b, B METAHOJIE SBIISETCS
B 12000 pa3 Oonee cunpHON kuciaoToil. denon B Boge B 5 pa3 cnabee
MOHa aMMOHHUS M B 5 pa3 cHibHee HOHAa TPUATHIAMMOHHSA, HO B
MeTaHoine (eHon kak kuciora B 2500 pa3 ciabee 000MX MOHOB, a B
JIMCO ¢enon B 8 - 10° pas cmabee NH u B 2,5 107 pa3 cnaGee
(CoHs);NH™. 3nauenue pK, 3aMeLIEHHBIX HOHOB AMMOHHsSI HE OYEHb
CUJIBHO M3MEHSIETCA NPU Tepexojie oT Boiabl K meTaHony win JIMCO,
OJTHAKO KHCJOTHOCTb He3apsikeHHbIX OH-KHCIIOT mpu 3TOM yMeHbIla-
ercst Ha 4-6 TMOpANKOB. DTO CBS3aHO C BIUSHHUEM JIUAJIEKTPUUYECKON
MTPOHUIIAEMOCTH PACTBOPUTEIIS.

HpI/I Aucconraln IMOJIOKUTCIBHO 3aps’KCHHbBIX HMOHOB aMMOHUSA
o0pasyeTcs TOJI0KUTEITHHO 3apsHKEeHHBIN MOH MMPOTOHUPOBAHHOW MoOJIe-
Kysbl pactBoputess (SHT), T. €. B paBoii U JI€BOii 4acTIX CTEXUOMET-
PUYECKOTO YpaBHEHHS UMEETCS 110 OJTHOMY HOHY:

N\ & ST +
7N—H+S‘—7N.+SH .

OnHako A7 HEUTpanbHBIX KHUCJIOT B IPaBOl 4acTH ypaBHEHUS
JUCCOLUAINA UMEIOTCS [1Ba, a B JIEBOW YaCTH — HU OIHOTO MOHA:

RCOOH (ArOH) +S = RCOO™~ (ArO~) + SH™.

CrneoBarenbHO, TEPEX0f] OT PACTBOPHUTENS C BBICOKOH AMAIIEKTpHYe-
CKOH NpPOHHUIIAEMOCTBIO (BOJa) K MeEHee IMOJIIPHBIM cpenaM (Mera-
aoi1, JIMCO) momkeH CHIIBHO YMEHBINIATh KUCIOTHOCTh HEHTPAIbHBIX
KHCIIOT ¥ OKa3blBaTh CPABHUTEIHHO MallO€ BIUSHUE HA 3apsKCHHBIC
KHCITOTHL. B Tabm. 3.6 mpuBeneHBI AUAICKTPUUCCKUE MPOHHUIIACMOCTH
HEKOTOPBIX IHUPOKO UCTIONH3YEMBIX B MIPAKTUKE PACTBOPUTEIICH.

Cnenuduyeckas coibBaTANUSA AHUOHOB. 3aPsIHBIN TUIT KACIOTHI
WTPaET OYCHb BAKHYIO POJIh BO BIUSHUU PACTBOPHUTENS HA KHCIOTHOCTb.
OnHako KUCIOTHI Ja)e OJMHAKOBOTO 3apsga MOTYT CHJIBHO OTJIWYATh-
Csl 10 OTHOCUTENFHOW KHCIOTHOCTH B JBYX Pa3HBIX PacTBOPHUTEIX.
Hanpumep, nmpu nepexoge ot meranona k JIMCO kucioTHas cuia
¢denoma yoeBaeT B 160 pa3, HO KHUCIOTHOCTE 2,4,6-TpHHHTpOdEHOIIA
(mukpuHOBO# KuCHOTHI) Bo3pactaeT B 13 000 pas (cm. Tabdm. 3.5).

Otu HaONIONEHUS HENb3s OOBSCHUTH HU BIUSHAEM OCHOBHOCTH pac-
TBOpHUTENA (0cCHOBHOCTh MeTanona u JIMCO mpakTU4ecKu OJUHAKOBA,
cM. Tabm. 3.3), HU BIMSAHUEM AMAIEKTPUYECKOW MPOHUIIAEMOCTH, TaK
KaK CPaBHUBAIOTCS JBE KUCIOTHI OJUHAKOBOTO 3apsSAHOTO TUMA. MOXXHO
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Tab6numa 3.6
OTHocuTeIbHBbIC AUAJIEKTPHYECKHE INPOHHMIAEMOCTH (€; M Bakyyma £ = 1)
HEKOTOPBIX pacTBOPHUTeIeil

PactBopuTtens 3 t, °C
Bona 78,4 25
Tepaplii nex 94 -2
dopmamug HCONH, 109 20
HCN (xuak.) 95 21
Mypasbunas kuciora HCOOH 479 18,5
JIMCO CH3SOCH;3 46,7 25
Aneronutpun CH3CN 37,5 20
JM®A HCON(CHs), 36,7 25
Hurpobenzon CsHsNO, 36,1 20
Meranon CH;OH 32,7 25
Dranon C,HsOH 24,6 25
n-byranon C4HoOH 17,5 25
mpem-bytanon (CHsz)3;COH 12,7 25

\/Cl
1,2-IuxnopOens o ‘ H 9,8 20
NN
VYkeycnas kucnora CH;COOH 6 20
Xiopodopm CHCl3 4.8 20
Benzon 2,23 20
Y CH,;— CHQ\
Jluokcan O\ 0 2,28 20
CH,—CH;

ITenran CsHi; 1,8 20,3
NH3 (xuak.) 21 —34

nojiaraTh, 4YTo HaONIOIaeMoOe pasiiuuue, 10 KpaHeld Mepe 4acTUYHO,
CBSI3aHO CO CIIOCOOHOCTBIO PacTBOPUTENST 0OPa30BBIBATh BOAOPOIHBIC
CBSI3W C aHMOHaMu (eHOJIa U NUKPUHOBOW KHCIOTHL. OOpa3zoBaHue
BOJOPOIHBIX CBA3EH MEXIYy PacTBOPUTEIEM M PACTBOPEHHBIM Bellle-
CTBOM SIBJISICTCS OJHHMM M3 IIaBHBIX BUAOB CIELU(UUECKON COJbBaTa-
mun. TepMuH «crenuduyeckas COIbBaTalUsD» HCIOIb3YETCs ISl TOTO,
YTOOBl OTIIMYMTH COJIbBATALIMIO, BKIIOYAIOLIYIO CHIIbHBIE XMMHUYECKHE
B3aMMOJICHCTBHS MEX/y PAaCTBOPUTENIEM U PACTBOPEHHBIM BEIIECTBOM,
OT TaK Ha3bIBAEMON «(PU3MUECKOI CONbBATALUIY, IPH KOTOPOM HE OUEHb
BaXKHBI MOJIEKYJIIpHBIE CBOMCTBa CpeNbl, U €€ MO)XHO paccMaTpuBaTh
KaK KOHTHHYYM, UMEIOIINI ONPEAETICHHYI0 JUAIIEKTPUIECKYI0 POHU-
naeMocth. B pazmene 2.3.1 (m1. 2) oTMeuanock, 4TO BOJOPOIHAS CBA3b
o0pazyercsi, Kak IPaBUJIO, MEXIY JIEKTPOOTPULIATEIbHBIMU aTOMAMU.
B o0mieM, criocoOHOCTE 31€MEHTOB 00pa30BHIBATH BOAOPOIHBIC CBS3H
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yOBIBaeT B psdy:
OH...O>OH...N, NH...O>NH...N>SH... X,
XH...S>PH...X, XH...P>CH...X,XH...C, (3.17)

rme X — mo6oit anemMedT. Hanbosee cuibHBIC BOTOPOIHBIC CBSI3H 00pa-
3yIOT MEXy COOOI aroMbl KUCIIOpOJa U a30Ta, a Hauboliee ciadbie —
aTombl yrepona. CienoBarenbHO, MOKHO OXKHJIATh, YTO PACTBOPUTEINH,
MOJIEKYJIbl KOTOphIX conepxar OH- wnm NH-rpynmsl (ciupTsl, xkap6o-
HOBBIE KHCIIOTHI, TIEPBUYHbIE W BTOPUYHBIE aMUHBI), OyayT Hamboiee
CKJIOHHBI K CTIeHU(HUECKOI CONbBaTallMy IyTeM 00pa30BaHus BOLOPOI-
HBIX cBs3eil. Takag cnenmduueckas coibBaTallysl CHIIbHEE BCEro OyneT
oka3biBaTh BiausiHue Ha OH- u NH-kucnotsl.

OOpalieHne OTHOCUTEIBHOW KUCIOTHOCTH (DEHOJa M MUKPHUHOBON
KHCIIOTHI TIpU Tiepexone oT Boabl k JIMCO 00ycCiIOBICHO pa3siTuIHON
CHOCOOHOCTBIO 3TUX PacTBOPHUTENIEH 00pa30BhIBaTh BOJOPOAHBIE CBSI3H.
OTpunaTenbHbIid 3apsa (EHONAT-HOHA B OCHOBHOM COCPEIOTOYEH Ha
aToMe KHCJIOpOJla M 4YacTMYHO —Ha aToMax ymiepojna B napa- W op-
Mmo-TIONOXeHUIX (BciencTBue +M- u +/-3pPexToB HOHU3HPOBAHHOM
TUJIPOKCUIIBHOM TPYIIIb). ATOM KUCJIOPOJIa C OOJIBIIUM OTPULIATESIILHBIM
3apsAOM CHJIBHO B3aMMOJICHCTBYET C METAaHOJIOM, KOTOPBI 0Opasyer
C HUM BOJIOPOJHYIO CBs3b. BonmoponHble CB3M ¢ aroMaMu yriepoja
B Opmo- W napa-noJOXEHUSAX 3HAYUTEIHHO cilabee, MOCKOJBKY, BO-
MEPBBIX, B ATHUX IOJIOKEHUSIX OTPHULATEIbHBIA 3apsij Masl, a BO-BTO-
PBIX, aTOM yTJIepo/ia ABISETCS TUIOXUM aKIIETITOPOM BOIOPOIHOW CBSI3U
(cxema 3.17). OTpunaTesnbHbIi 3aps B aHUOHE MUKPUHOBOM KUCIIOTHI
pacmpesiesieH 1Mo CeMH aroMaM KHciopoaa (OJHOMY (EHONBHOMY U
IIECTH aTOMaM KUCJIOPOJia TPEX HUTPO-TPYIIIT) U, MOCKOJIBKY Ha KaXKI0OM
KHACJIOPO/Ie 3apsA] OTHOCHTEIHHO Mall, aHHOH MUKPHUHOBOM KHCIIOTHI
oOpa3yeT ropa3ao MeHee MPOYHbIE BOAOPOIHBIE CBA3M C METAHOJOM,
4yeM aHWOH (peHomna:

CUNbHas chabas
BOJ0POAHAs CBA3b BOJ,0POAHAs CBA3L

Taxum oO6pa3zom, mpu iepexozae ot metanoia k JIMCO ¢erosIT-1HOH,
C TOYKHU 3pCHUS COJIbBATAllUU, IIOTCPSCT ropa3fo 60.]1]:]1[6, 4YCeM MHUKpar-
WOH, T. €. CIOCOOHOCTh JMCCOIMMPOBATh HA HOHBI TOPasio CHIIbHEE
YMEHBIINTCS JUI eHoma, 4eM Uil MHKPHUHOBON KUCIOTHI.
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CunbHOE M3MEHEHNE OTHOCUTENBHON KUCIIOTHOCTH KUCIIOT OJJMHAKO-
BOTO 3apsITHOTO TUTIA MPH MEPEX0JIe OT THAPOKCHUIIBHBIX K JTUTIOISPHBIM
AnpOTOHHBIM PACTBOPUTEISIM OCOOCHHO YETKO MPOSBISIETCS B TOM
cilydae, KOTlla CpPaBHHMBAETCS KHCIOTA, B COMPSHKEHHOM OCHOBAaHUH
KOTOPOH 3apsij IOKaJM30BaH HA OAHOM HEOOJBIIOM aTOME, C KHCIIOTOH,
B COTPSKEHHOM OCHOBAaHUH KOTOPOM 3apsijl CHIIBHO JieToKanu3oBan. Ha-
npuMep, B METaHOJIBHOM pacTBope yrieBoaopon ¢uyopaneH (pK, ~ 17)
JIUIITHF HEMHOTO 00JIee CHIIbHAS KHUCIIOTa, 4eM MeTaHoid (pK, ~ 18).

aHUOH pyopajeHa; BCAACTBUE CONpsXKeHus
prryopanen OTPULATENbHbIA 3apSA AENOKANM30BEH
no sceM 19 aToMam yrnepona

B JIMCO pK,(MeOH) =29, a mns ¢uyopanena pK, = 10,5, T e.
OomHOCUmMenbHAs cuna TUX AByX KUCIoT Menserca B 10'8 pas. Ilpu-
YUHOW TAaKOTO aHOMAaJIbHOTO M3MEHEHHS] OTHOCHTEIHHOW KHUCIOTHOCTH
SIBIIICTCSI CWJIbHAS CONIbBATAlMsI METWIAT-MOHA B METAHOJNE IIyTEeM
o0pa3oBaHusl BOJOPOAHBIX CBs3eil. B anmoHe ¢uyopameHa BeaencTBue
Me3oMepHoro 3ddekra 3apsi pacupeaesieH o BceM 19 aromam yriiepoaa
M TI0O3TOMY ITOT aHHOH HE CKIOHEH 0Opa30BBIBATh BOAOPOIHBIC CBSI3U
B THJPOKCHIIbHBIX pactBoputeisx. ClieoBaTeabHO, TakoW KapOaHHOH
OyIeT B MOYTH OJMHAKOBOH CTENEHW COJIBATUPOBAH Kak B METAaHOJE,
tak ¥ B JIMCO, B TO BpeMsi Kak METUJIATHBIN UOH, CIIOCOOHBIA 00pa30-
BEIBATh CHJIHHBIE BOJOPOIHBIE CBSI3H, TOPA30 CHIIHHEE CObBATHPYETCS
METaHOJIOM U TMOA3TOMY CHUJIBHO JECTAOMIM3UPYETCs MPU MEepexone OT
pacTBOpoB B MeTaHoJie K pactBopam B JIMCO.

K conpBaranuu annoHOB MOHO mpuMeHuTh punnun JXMKO (cm.
pasn. 3.2). Aanon CH3;O™ ¢ mokanm30oBaHHBIM 3apsSaoM OTHOCHUTCS K
JKECTKUM OCHOBaHMsM JIpronca, a aHuoH (uiyopajieHa, 3apsiji KOTOPOro
CHJIBHO JIEJIOKAJIM30BaH, SBISIETCS MATKUM OCHOBaHHMeM. Korma ruapok-
CHJIBHBIE PACTBOPHUTEIH COJNBBATHPYIOT aHMOHBI MyTEM OOpa30BaHUS
BOJIOPOJHOM CBSA3M, OHU MPOSBIISIOT CBOMCTBA >KECTKUX KHCJIOT (Tak
KaK BOJa, CIUPTHI M Jp.—KecTkue KucioThl JIptonca). Ilockombky
B3aUMOJENCTBHE <OKECTKHI— )KECTKUID MPEANOYTUTEIbHEE B3aUMOJIEH-
CTBUIO «KECTKHI— MATKUI, HEOOIbIINE aHUOHBI C JIOKAIH30BaHHBIM
3apsAIOM JOJDKHBI JIYYIlIe COJNIBBATUPOBATHCS B TUAPOKCHIBHBIX pac-
TBOPUTENSAX, YeM OOIbIINE aHWOHBI C JEJOKAIN30BaHHBIM OO0IaKOM
OTPHULIATEIBHOTO 3apsaa. TeHIEHIMs aHHOHOB C OUEHb JIOKATH30BAHHBIM
3aps0M 00pa3oBBIBATH BOJOPOIHBIE CBS3W HACTOINBKO BEIHKA, YTO
B PacCTBOPUTENSAX, KOTOPhIE HE WMEIOT aTOMOB BOAOPOAA, CKIOHHBIX
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K BOJIOPOJIHOMY CBSI3BIBAHHMIO, TAKHE aHUOHBI 00Pa3ylOT BOJOPOIHBIC
CBA3U HE C MOJIEKYJIAMHM PacTBOPUTENS, a C APYTUMH MOJIEKYJIaMHU.
Hanpumep, B ciyyae HF anuon F~ o0Opasyer BOIOpPOIHYIO CBSI3b C
HEJMCCOIMUPOBAHHOW MOJICKYJION KUCIIOTBL. DTO HAOTIOMAeTCs Jake B
BOJIHBIX PacTBOpax:

2HF + H,0 = H;0% + (F...H-F)®.

B nannom ciyuae obpaszosanue HF,, a me F...HOH oGycnosneno
TEeM, 4TO aHMOH F~ wuMeeT 3apsn, CKOHIICHTPUPOBAHHBI HA OYEHBb
HeOoJIbIIIOM aToMe, M TeM, 4yTo Mojekyna HF cunbHO mnosisipHa u
SIBJIIETCS 00JIee CHIIbHOM KHUCJIOTOM, Y€M BOJIA.

Oo0pa3zoBanue mnoHHbIx map. Ecium pactBopuTens HecnocobeH
3P PEKTHBHO COIHBATHPOBATH AHHOHBI C TOMOIIIBIO BOJIOPOIHBIX CBSI3EH,
TO AHHOHBI MOTYT OOpa30BBIBaTh KOMIUIEKCHI C MPHUCYTCTBYIOIIMMU
B pacTBOpe NPOTHBOMOHAMH, T. €. C KaTHOHAMHU. TakWe KOMITIEKCHI
Ha3bIBAIOTCS UOHHbIMU napamu. B HOHHBIX Mapax KaTHOH M aHMOH
CBSI3aHBI IJIABHBIM 00pa30M CHIIaMH AIIEKTPOCTATHIECKOTO IPUTSIKEHUS;
(cm. pazn. 2.1.3, m1. 2), HO eclii KaTHOHOM SIBIII€TCS HOH aMMOHUS (Ha-
NpuMep, B MIOHHOM nape anerata ammoHust CHj COO‘NHZ’), TO IOMHUMO
YHCTO AIEKTPOCTATHYECKOH CBSA3M 00pa3yloTCs U BOJOPOIHBIC CBSI3U:

O+++**H H

/// &
CHy-C(® /N\
\O""'H H

HonHble mapbl B 3aMETHOM KOJHUYECTBE OOpPa3ylOTCs B cpeliax ¢
HU3KOW TUAIEKTPUYECKON MPOHUIIAEMOCTHIO, TUIOXO COJBBATHPYIOIINX
WOHBI, HallPUMEp B YIVICBOAOPOJAX, MOHOAMHUHAX, MPOCTHIX 3PUpax
U T. . PacTBopuTeNh CUNTACTCS MATIOTIONAPHBIM, €CITH €70 OTHOCHUTEIb-
Hasl TUAJIEKTPUYECKas MPOHUIIaeMocTh MeHble 10-12; Takum oOpazom,
MOJB3yACh Tabid. 3.5, MOXKHO TPEJCTaBHUTD, /ISl KAKOTO PacTBOPUTEIS
XapakTepHO 00pa30BaHUE WOHHBIX Map. B JAMIIONSPHBIX alpOTOHHBIX
pactBopurensax (anerorurpuie, JJMCO, JIM®DA, rekcametuindochopr-
puammie, aleToHe U T. 1.) MOHHBIE TTapbl 00pa3yIOTCs XOTSA U B MEHBIIIEH,
HO BCE K€ 3aMETHOM cTeneHu. J[e10 B TOM, YTO XOTSI 3T PACTBOPUTENH
UMEIOT BBICOKYIO OTHOCHTEIBHYIO IHIIEKTPHIECKYIO0 MMPOHUIIAEMOCTb,
UX MOJICKYJIbI HE COJIEPKAT aTOMOB BOZOPO/Ia, CIOCOOHBIX 00Pa30BBIBATh
JIOCTaTOYHO CHIIbHBIE BOIOPOIHBIE CBsi3U. C IPYyroil CTOPOHEI, XOTS Kap-
OOHOBBIC KHCJIOTHI 00JIa/Iat0T OOJBIION CKIIOHHOCTBIO K 00pa30BaHUIO
BOJIOPOIHBIX CBS3€i ¢ aHMOHaMH, JJIs HUX XapakTepHo oOpa3oBaHHe
HMOHHBIX Map, TaK KaK 3TH PACTBOPUTEIH UMEIOT HU3KYIO TUAICKTPUIC-
CKYIO TIPOHHIIAEMOCTh (KpoMe MypabuHOM kucimotel HCOOH). To xe
caMOe OTHOCHUTCS K ciupTaM (KpoMe METaHOJIa M dTaHOJIa): HallpuMep,
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mpem-0yTHIIAT Kalus B mpem-OyTaHONE SBJISIETCS OCHOBaHHEM Oolee
CUJIBHBIM, YeM mpem-OyTHIIAT HATPHs, TaK KaK MEHBIINN 110 pazMepam
Oonee KecTKMii KarmoH Na™ Jydine KOOPAMHHMDPYETCS C AHHOHOM
(CH3)3;CO™ (3kecTKOE OCHOBaHHE).

CoJubBaTanus He3apsUKeHHBIX YACTHI, YYaCTBYIOIIHX B KHC-
JIOTHO-OCHOBHOM paBHoOBecuH. IIpu mepexozne oT BOAbl K METaHOIY
PacTBOPUMOCTh Hapa-HUTPOOEH30MHON KHUCIOTHI Bo3pacTaeT B 125 pas,
a MTUKPUHOBOM KUCIOTHI — JIMIIb B 11 pa3. DTo 3HAUUT, YTO MPU 3aMEHE
BOJIbI HA METAHOJI COJIbBATALIUS NAPA-HUTPOOESH30MHOMN KHCIIOTHI yBEIHU-
gyuBaetcs B 125/11 = 11,4 paza cuibHee, 4eM COIbBaTaIUs THKPHHOBON
kuciaoTel. B Boje mukpunHoBas kuciora B 400 pa3, a B MeTaHONIE B
19 500 pa3 cwibHEE napa-HATPOOESH30MHON KUCIOTHL. ClieqoBaTensHo,
49-kpaTHOE M3MEHEHHE OTHOCUTEJILHOM KHCIOTHOCTH, NMPOUCXOJAIIEE
TIPH TIEPEXO0JIE OT BOIBI K METaHOMY, COCTOUT U3 11,4-kpaTHoTro 3ddekTa,
CBS3aHHOIO C PA3JIMYMEM B COJIbBATALlMM HEUTPAJIBHBIX MOJEKYJI 3THX
KUCJIOT, U ToNbko M3 4,3-kpatHoro s¢ddekra, CBI3aHHOTO C M3MEHE-
HUEM COJIbBaTallUM AaHHMOHOB CONPSDKEHHBIX OCHOBAaHUU. DTOT IpUMEP
MOKa3bIBAET, UYTO MPHU aHAJINM3E BIUSHHUS PAaCTBOPUTENS Ha KUCJIOTHO-
OCHOBHBIE CBOMCTBA HEOOXOMMO YUHTHIBATH H3MEHEHNE B COTbBATAIINN
BCEX YaCTHI], YYacTBYIOIIMX B PaBHOBECHH, U HE TOJBKO HOHOB, HO
W HEWTpaNbHBIX MOJIEKYJ. XOTS B OOJBIIMHCTBE CITydaeB BIMSHUE
pacTBOpUTEsl B TEpPBYIO OYepeab CBSI3aHO C COJIbBaTallMeld HOHOB,
UMEIONINX CHIJIBHO JIOKAJIM30BaHHBIN 3apsill, HEOKPAaHUPOBAHHBIN 00be-
MHUCTBIMU HEMOJISIPHBIMU TPYTINIaMU, JUISl TIOJTHON KapTUHBI HE0OXOAMMO
YUYUTBIBATh U COJbBATALUIO 3JCKTPUUECKU HEUTPaTbHBIX KOMIIOHEHTOB
KHCJIOTHO-OCHOBHOTO PaBHOBECHSI.

CoabBaranusi, CBSI3aHHAsS ¢ NOJISIPU3yeMOCThI0. B3aumozeiictBue
MEXJy JUMOJIeM W HHIYIUPYEMBIM JAWIIONEM WU MEXKAYy ABYyMs
WHIAYUHUPOBAHHBIMU JUIOISIMU YBEIMYHUBACTCS C POCTOM IMOJSIPU3Y-

0
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907 i
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Puc. 3.5. ConbBaranust pacTBOPUTENEM, COCTOSIIIMM U3 HeOOoIbIMX (@) U 6onbmux (6)
MOJIEKYI
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€MOCTH B3aUMOJCHCTBYIOIIMX MOJICKYI M YMEHBILIACTCA C YBEIUYe-
HUEM pacCTOSHHSI Mexay Humu (pasz. 2.1.3). Moiekyiasl WId HOHBI,
B KOTOPBIX JIEKTPOHBI CHUJIBHO JICJIOKAIU30BaHbI, 00JIAat0T OOJbIICH
MOJIAPU3YEeMOCTRI0. Takum 00pa3oMm, eciim B KaKOH-TO peakiuu 00-
pasyroTcs WM HMCYE3al0T YaCTUII C CHIBHO JICIOKAJIH30BaHHBIMU
ANIEKTPOHAMH, MOXXHO OXKHMJaTh, YTO Ha ATy peaknuio OyleT BIUATHh
M3MCHCHHE MONISIPU3YEMOCTH pacTBoputens. Ecnu pactBoputens co-
CTOUT U3 HEOOJBIINX 1O pazMepaM MOJIEKYJT, TO Y HEro COIbBaTaIlns,
00ycIOBICHHAS MOSIPU3YEMOCThI0, OyaeT Mana. B gyacTHOCTH, y BOZIBI
s PexTHBHAS TOITPU3YEMOCTh 3HAYUTEIHHO HIDKE, YeM Y OOJTBIITMHCTBA
JIPYTUX pacTBopuTesield. DT0 0OYCIIOBICHO HE TOJBKO TEM, YTO aTOM
KHCJIOPO/a, CBA3aHHBIN MPOCTON CBSA3BIO C aTOMaMH BOAOPO/A, MEHee
MOJISIPU3yeM, 4YeM aTOMbI yIJepojJa W Cepbl WM aToOM KHCJIOpPOJa,
CBSI3aHHBIA JIBOMHOHN CBSA3BIO, HO M T€M, YTO MOJIEKYJa BOJBI COCTOUT
BCETO0 M3 TPEX HEOOIBITUX aTOMOB, KOTOPBIE MOTYT TECHO MTPUOIU3UTHCS
K MOJICKYJIC paCTBOPEHHOTO BemiecTBa. Korga Momnekyna pacTBOPEHHOTO
BEIIECTBa OKPYXKAETCS HECKOJIbKHMHU MOJIEKYJaMH BOJbI, KaXKIbIH W3
Tpex aroMoB, oOpasyrommx 3TH Moiekyinsl H,O, Oymer pacmonoxen
OUYCHB OJIM3KO K HEKOTOPOH 001aCTH OOIBIIION MOJIEKYIIBI PACTBOPESHHOTO
BemecTBa. MoJeKysabl BOABI BO BTOPOM CJIO€ PACTBOPUTEIS HAXOISTCS
JANBIIE OT MOJIEKYJbl PACTBOPEHHOTO BEIIECTBA IO CPAaBHEHHUIO C
MOJICKYJIaMH IIEPBOTO CJIOS Ha BEJIIMYMHY BaH-JIEP-BaajlbCOBa PacCTO-
SHUSI MEXIY IByMs MoJIeKylamMu Boabl (puc. 3.5,a). OmHako Korma
MOJIEKYJIa PaCTBOPEHHOTO BEIIECTBA OKPYKEHA KPYITHBIMU MOJICKYJIAMU
pacTBOPHTEIIS, TIEPBBINA CIIOW aTOMOB BOKPYT MOJIEKYJIBI PACTBOPEHHOTO
BEIIECTBA HAXOUTCSI HA TAKOM K€ PACCTOSIHUH, Kak U Mosekyibl H,O B
CiTy4ae BOTHBIX PacTBOPOB, HO BTOPOU CIOW COCTOUT IIIaBHBIM 00pa3oM
M3 aTOMOB TE€X MOJICKYJ PacTBOPUTENSI, K KOTOPBIM IMPUHAIUICKAT U
aTOMBI TTepBOTO 105 (pHc. 3.5, 6). CnemoBaTeIbHO, aTOMBI BTOPOTO CJIOS
OTCTOSIT OT MOJIEKYJIBI PACTBOPEHHOTO BEIECTBA YK€ HE a BaH-IEp-
BaaJbCOBO PACCTOSHNE, KaK OBLIO B CITydae COJIbBATAIH BOAOH, a JIUIITh
Ha JUIMHY KOBAJICHTHOW CBSI3M, KOTOPAas 3HAUUTEIILHO MEHbBIIE CyMMBI
BaH-JIep-BaaJbCOBBIX PaINycoB (CM. TaOMI. 2.2, T1. 2). DTO 3HAYUT, YTO
BTOPOH CIIOW aTOMOB Oy[eT aKTHBHEe y4acTBOBaTh B JIUCTIEPCHOHHBIX
B3aUMOJICHICTBUAX C PACTBOPEHHBIM BEIIECTBOM.

W3 mauHbIX TabMI. 3.5 BUAHO, YTO MPH MEPEX0/ie OT BOJBI (TPEXaToOM-
Has moJekyna) Kk JIMCO (necstraToMHas MOJEKYJa C JETKO MOISPHU3Y-
eMoit cBa3bI0 S—O) KUCIOTHOCTD, KaK MPaBHUII0, yMEHbIaeTcs. OqHako
B CJly4ae MUKPUHOBON KHCJIOTHI M 3-HUTPOAHHWIIMHA, COIPSDKCHHBIC
OCHOBaHHUSI KOTOPBIX 00JIaJal0T CHIIBHOHM TMONAPU3YEeMOCTBIO (TaK Kak
IIpU MOHM3AIMU BO3PACTACT CTENECHb ACIOKATU3ALUU 7-3JIEKTPOHOB,
MoCcKoNbKy (+M)-3¢pdexr rpynmer —O~ Oombmie, a rpynmsel —NH;
3HAUUTEIBHO OoJblIe Me3oMepHoro s¢pdekra rpynn —OH u *NH;“),
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npu nepexojie oT Bojel K JIMCO KUCIOTHOCTB Bo3pacTaeT. Bo3moxHoO,
YTO 3TO KaK pa3 M CBI3aHO C JUCIEPCHOHHBIMHM B3aUMOACHCTBUSMU
MEXIY JIETKO MOJIIPU3YEMBIMH AHMOHAMU U JIETKO MOJIIPU3YEMBIMU
mosekyinamu JIMCO.

3.3.4. ®YHKIIUU KUCJIOTHOCTHU

KucnorHocth B pa30aBiICHHBIX BOJHBIX PAaCTBOPax BBIPAXKACTCS
BemmunHOW pH. Ilomp3ysck Tabmuramu 3HadeHWH pK, KUCIOT (CM.
Tabiu. 3.2) u ocHoBaHu# (cM. Tabi. 3.3), ¢ momolibio ypaBHeHus (3.15)
(s MOHM3AIMM OCHOBAaHWN B ATOM ypaBHEHHHM HWHACKC AH HyXHO
samenuTh Ha BH™T, a ungexkc A~ Ha B) Jlerko BBIYMCIUTB, 4TO,
Hanpumep, npu pH =7 denon (pK, = 10) auccommuponan Ha 0,1%
([A7]/[HA] = 107%), a anumun (pK, = 4,6) nporonuposan Ha 0,4%
([B]/[BHT] =251).

AHAJIOTHYHO MOYXHO PaCCUMTATh, YTO aM(OTEPHBIN 8-OKCUXUHOJIHH,
KOTOPBIN MOXKET BECTH Ce0s1 U KaK KUCIOTa:

PEAEUCERSS |+ H0"  (phe=99)

" KaK OCHOBaHHUC!:

/

N +
| )+ 1o == + KO (Phe=51),

4
T-=+
\S

OH OH

IIpu pH ~ 1,5 8-OKCUXUHOJIMH HE NPOTOHUPYET U HE JEHPOTOHHUPYET,
T. €. HaXOAWTCA B HEHTpalmbHOW (opme, Torma Kak, Hampumep, Hpu
pH = 4.4 84% monexyn 8-OKCHXMHOJIMHA CYLIECTBYET B BHJIE KaTHOHA,
a npu pH=10,9 91% wmonekyn cymecTByeT B BUJE aHHOHA. Takue
TEPMOAMHAMHYECKHUE PacyeThl, 0€3yCIOBHO, MPAKTUUYECKU MOJIE3HBI.
OdeHb cirabble KUCIIOTHI B OIIyTHMOM CTENEHN HOHU3UPYIOTCS JIUIITh
B KOHIICHTPHPOBAHHBIX PACTBOPAaX OCHOBAHMH, TaK € KaK OuYeHb
ciabble OCHOBaHUS MPOTOHU3UPYIOTCS JIMIIh B KOHIICHTPHPOBAHHBIX
pacTBopax KHCIOT. /|11 KOHIIEHTPHPOBAHHBIX PACTBOPOB YpaBHEHHE
(3.15) HenmpumMeHMMO, TaK KaK OHO OBUIO BBIBEJIICHO IIPU YCIIOBUH,
910 KO0d(PPHUIMEHTH aKTUBHOCTH paBHBI emuHUIE (cM. pasmd. 3.3.2).
VYpaBuenue (3.15) Henb3ss TIPUMEHSITh TaKKe I HEBOJHBIX PACTBO-
poB. B 1932 1. T'ammer u [elpan npeaoXusid HCIOJIb30BaTh s
KOHIICHTPUPOBAHHBIX PACTBOPOB CEPHOM KHUCIOTHI BMecTo pH smmm-
pudeckyo (YHKIHIO KHCIOTHOCTH, 0003HAaYeHHYI0 MU CUMBOJIOM H
(«am HoMby). Jlns noHusanuu cnaboro ocHosanus B (B +H™ = BH™)
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sennunHa pK,(BHT) onpenmenserca ciemyromuMm BhIpakeHHeM (cp.

asm. 3.3.2):
P ) e, (B
ags+ B [BHﬂ’

e Y — ko3 pUInMeHThl aKTUBHOCTH; & dys+ — AKTUBHOCTh COJIbBATH-
POBaHHOTO NpPOTOHA. BenuunHy ays+, B NPUHLUIE, BCErIa MOXHO
U3MEPUTh, HO OTIPENEIUTh KOIDPUIMEHTHI ¥ O4eHb CIIOXKHO, TeM OoJee
YTO OHM MEHSIIOTCSI B 3aBUCUMOCTH OT cpeabl. 'ammer u [leipan
IUISL pelIeHus] 3TOM mpoOieMbl MCHOIB30BATIH CEPUI0 MHAMKATOPHBIX
OCHOBaHWH (3aMEIICHHBIE B KOJIbIIE aHWJIUHBI), JIIEKTPOHHBIE CIIEKTPHI
KOTOPBIX CHJIBHO OTIIMYAIUCH OT CIEKTPOB COOTBETCTBYIOIIHX COMpS-
KEHHBIX KHMCJIOT, U mostoMy otHomenue [B]/BHT| (ypasuenue (3.18))
MOXHO OBUIO JIETKO M3MEPUTH CIEKTPOPOTOMETPHUECKH HIIM KOJIOPH-
merpuuecku. Bennuunny [B]/BHT| npunsrto o6osnauars cumBosiom I
OHA HA3bIBACTCS MHIUKATOPHBIM OTHOIICHHUEM.

Paccmorpum nBa ocHoBanuss B; u B,, pacTBOpeHHBIE B CEpHOM
KHACJIOTE OTHOW M TOM K€ KOHIEHTPAIUN — 15l 000MX PacTBOPOB dyg+
onuHakoBbl. Ecnm mnaukaropsl By u B, B3sAThl B OY€Hb HU3KOM KOH-
HEHTPAINH, UX BIMSIHUEM Ha JAHHYIO Cpeay MOXKHO mpeHeOpeds. ([t
NPaKTHYECKUX LIeJIel Hy>KHO HCIIOb30BaTh B u B,, nMeromue 6muskue
pKa, 9TOOBI U TAHHOTO pacTBOpa 00a MHAWKATOPHBIX OTHOIICHUS — /|
u [, — nexanu B 00JIACTH, TI€ UX MOYKHO TOUHO U3MEPHUTh, HAIIPUMEDP OT
1 =0,1 mo I = 10). Beruuras ypasuenue (3.18) musa B, u3 ypaBHeHUSA
(3.18) mns By, monygaem

pK.(BHT) = lg(ys,1+ /18,) — lg(vi,m+ /18,) +1g 1> — 1g 11,

rne I} u I, —uHOuMKatopHble OTHOIIeHWs s B; um B, coorer-
CTBCHHO. SKCHepI/IMeHTaHLHO HU3MCPUB 3HAYUCHUC 1 AJI pa3InYHbIX
map ciab0OCHOBHBIX AHWJIMHOB, B3STHIX B Ka4deCTBE HHIUKATOPOB,
lamMmer oOHapykwi, 4To i ONM3KHX 1O OCHOBHOocTH By u Bj
rpaduku 3aBucumoctu lg/; u g, ot xonmentparuu H, SO, okazanuch
MPAKTUYECKU TapajlieIbHBIMU APYT Ipyry (puc. 3.6,a). OTo O3Hayaer,
gyto Algl = lgl, — lgl; He 3aBUCHUT OT ays+ H, CICIOBATEIHHO,
1g(vs,1+/¥8,) — 1g(¥B,1+ /¥B,) TAKKE HE 3aBHCHT OT Ayg+.

B cepun u3 14 3aMelIeHHBIX HUTPOAHWINHOB OBUIM IMPOBEICHBI
napHble cpaBHEeHHs HHauKaTopos B /B;, B, /B, ..., B12/Bi3, Bi3/Bis
(puc. 3.6,a) ¢ MOCTENECHHO YMEHBIIAIOMICHCS OCHOBHOCTBIO OT napa-
HutpoanmwnuHa (By) no 2,4,6-rpuantpoanununa (Bi4), 9T0 TIO3BOIHIO
OXBaTUTb OYCHb H_[I/IpOKI/Iﬁ HUHTCPBaAJl KOHICHTPAIUXU KUCIIOTBI OT CUJIBHO
pa3baBiieHHOW B ciydae napa-HUTpoaHWwIMHA 10 98%-i1 —B ciydae
TPUHUTpOAHWINHA. B pazbaBnenHoi kuciore y ~ 1, u mostomy
lg(vs,u+/v8,) — 1g(¥B,1+/8,) = 0. VI3 mapHoii napamiensHocT rpadu-
KOB (KpuBas ans B nmpaktudecku napasienbHa KpuBoi s By, kpuBas

241

pK,(BH') =1g ( (3.18)



...........

100
%

0 20 60 100
(H,50,], %

Puc. 3.6. 3aBUCUMOCTh WHAMKATOPHBIX OTHOIIEHUI OT KOHLEHTPAIIMH CEPHON KHCIIOTHI
(a) u obuwii Bua GyHKuuit KucnotHoctu Ha, Ho u Hr (0)

s By mapamiensHa kpuBoit Juisi B; u T. 1., oJlHaKO TIpU mepexojie OT
B, k By4 mapamnenbHOCTH HEe HaONIONANOCH, CM. pUC. 3.6,a) CIenyer,
YTO TIPH Beex KoHIeHTpamusax Hy SO, 3TOT WwieH mpuOIu3uTeIhHO paBeH
HYJIIO, T. €. OTHOIICHUE Y+ /¥ 3aBHCHUT TOJIBKO OT KHCIOTHOCTH CPE/IBL,
HO HE OT NpUPOALI UHAUKATOPHOT'O OCHOBAHUS. 9T0 O3Ha4acT, 4To, XOTA
WCTHHHBIE KOA(PPUIIMEHTH aKTHBHOCTH MOTYT CHIIBHO U3MEHSTHCS TTPU
WU3MEHEHUH CpEIbl, OTHOCUTEIbHBIE CBOMCTBAa CTPYKTYpHO HOZOOHBIX
WHINKATOPOB OCTAIOTCS OJJMTHAKOBBIMH.

UYroObl MOMYYHTh MpEACTaBICHUE 00 M3MEHEHUH KUCIOTHOCTH CMe-
ceit H,O/H,SO, B uHTepBase KoHIeHTpamuu KucioTel ot 0 10 100%,
HYKHO CIBUHYTb UHJMBUIyalbHbIE KPUBbIE HA pHC. 3.6, a BEPTUKAIBHO
BBEpX, YTOOBI OHH TMEPEKPBUIUCH MEXKIY c0o00i M oOpa3zoBaM HEmpe-
PBIBHYIO JIMHHIO. JTa JIWHUS M300pakeHa Ha puc. 3.6, 6(Hy).

VYpasuenue (3.18) Terneps MOXKHO 3amUcaTh B BHIIC

pK,(BH') = —1ghy — gl = Hy — g1, (3.19)

e ho = aps+ + 18/ yeu+ ¥ Ho = —1gho. Tlapamerp Hy siBisietcst Mepoit
MPOTOHOJIOHOPHOM CITOCOOHOCTH CPEIbl U TO3TOMY Ha3bIBACTCS (DYHKYU-
eti kucromnocmu. B pazbasneHnom BogHOM pactBope /g = [H;07], T e.
Hy = pH. B KoHIEHTpUpPOBaHHOM pacTBope ho >> [HS™]. Hampumep,
B 50%-it (~ 7,5 M) H,SO4 Hy = —3,38, T. e. hy ~ 4000. B 100%-it
H,SO,; (~ 18,8 M) Hy = —12,1, T e. hy = 10'>!. Takas Gonpias
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KHCJIOTHOCTh KOHIIGHTPUPOBAHHOM KUCIIOTHI OTpa’kaeT TOT (PaKT, 4To
B pa3z0aBIEHHOM pacTBOpE IMPOTOH CHIBHO TrHaparupoBaH. OOBIYHO
TUIPaTMPOBaHHBIH MPOTOH 0003HayaroT kak H3O™, Ho Ha camom Jsieie B
THIpaTalliy y9acTBYET OOJbIIee YHCI0 MOJIEKYI BOJBI, OOBITHO YETHIpE.
Tak, ecnmu sKCTparupoBaTh CHJIBHYIO KHCIOTY W3 BOJHOIO pPacTBOpa
B Opranudyeckyro a3y, oHa OOBIYHO 3aXBaThIBACT C COOOW dYETHIpE
MOJICKYJIbI BOJIbI, @ O€3BOHBIE KUCIOTHBIE HOHOOOMEHHBIE CMOJIBI JIETKO
MOTJIONIAIOT 4 MOJIEKYJIBI BOJIBI Ha OJITH KHUCIOTHBIN OCTATOK.

o
M He_
H ~on,

H,0 "OH,
B KOHIEHTPUPOBAaHHON KHUCIIOTE MOJIEKYJ BOIBI Majo, COJbBAaTaLlUs
IIPOTOHA HEIOJIHAS U OH OYE€Hb CKIIOHEH KOOPIUHUPOBATHCS C APYTUMU
OCHOBAHUSAMU.

IIpu nomapHOM CpaBHEHUU MHIUKATOPOB IPU OJUHAKOBON KOHLIEH-
TpalUU KUCIOTHI MOKHO TIOJYYHUTh JINIIb Pa3HOCTh MEXAY BEIUYHMHAMHU

pK, OCHOBaHMIA:
pK.(B\HT) — pK,(B,H) =1gh —1g1,.

CrenoBarenbHo, 4ToObl TONYYUTH abcomoTHbe 3HadeHus pK,(BHT),
HY’)KHO HauUMHaThb TaKHE€ CPABHEHUS C JIOCTaTOYHO OCHOBHOTO WHIAM-
KaTopa, IJii KOTOPOTO MOXHO U3MepuTh pK, B pa30aBIeHHOM BOJ-
HOM pacTBope. B kauecTBe Takoro ocHoBaHWS ['amMMeT BBIOpas na-
pa-autpoanwnv (pK, = 0,99 cm. Tabn. 3.3). Torna ans 2,4-AuHUT-
poanunuHa pK, = —4.,53, a nns 2,4,6-rpunurpoanusivia pK, = —10,1.
Cynepkuciinbie cpelbl. Beicokoe oTpuiiareabHoe 3Ha4€HNEe KUCIIOT-
HOW (DYHKIIMM O3HA4yaeT, YTO JaHHas KUCIOTHAas cpeia oOiajaeT CHIlb-
HOM HPOTOHOAOHOPHON crocoOHOCThI0. Eciu mpoTroHOmOHOpHAs cuiia
KHCJIOTHOH CUCTEMBbl PaBHA WJIM IPEBBILAET NPOTOHOJOHOPHYIO CHITY
100%-i1 cepHOM KUCTOTHI, TO TAKUE CPEABI HA3BIBAIOTCS CYNEPKUCTbIMU.
B Ttab6m. 3.7 npuBenensl 3HaueHus Hy musg 11 KHCIOT M KHUCIOTHBIX
cucreM, BoceMb U3 KoTopbix cuibHee 100%-i1 H,SO,4. Cynepkucisie
Cpe/Ibl IIUPOKO HUCIOJB3YIOTCA B OPraHUYECKON XUMMHM Ui TeHepalun
¥ CIIEKTPaJIbHOTO HCCIIEN0BAHMS alKMIILHEIX KapOokarrnonos (R™), ape-
HOHUEBBIX HNOHOB (ArH;'), HMOHOB aJIKOHUS (AlkH; ) ¥ IPYTUX YaCTHII,
MMEIONINX MOBBIIIEHHYIO CKJIOHHOCTD K PEAKIHsIM C HYKJICO(IIaMH.
JApyrue ¢pyHknuu kuciaorHoctu. DyHkuus [y UMeeT TOT HENO-
CTaTOK, YTO €€ MOXHO IPUMEHATH TOJIBKO K OCHOBaHUSM, JJIs1 KOTOPBIX
U3MCHEHHE Ygy+ /Y3 C KHCIOTHOCTHIO CPEIbl MApajIeIbHO TaKOMY
W3MEHEHHIO I 3aMEIIEHHBIX B KOJIbIle aHWJIMHOB (Takue OCHOBAaHUS
Ha3bpIBalOTCd OCHOBaHUAMHU ['ammera). OJHaKo KOrJa OCHOBAaHMA IO
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Tadonuma 3.7
3Hauenuss Hy 1151 HEKOTOPBIX KHCJIOT M KHCJIOTHBIX CHCTEM

Kucnora —H, Kucnornas cucrema —H,
(MOJIBHOE COOTHOIIIEHHE)

H,SO4 12,1 H,S0O4 — SO; (3 : 1) (oneym) 13,6
FSO;H 13,9 H>SO4 — SO;3 (1 : 1) (omeym) 14,4
CISOsH 12,8 FSO;H — SbFs (1 : 1) 17,5
HF 10,1 HF — SbFs (9: 1) 20
CF5;SOsH 13,0 HF — SbF; (1 : 1) > 20
CF;COOH 3,05

CBOCH CTPYKType CHIILHO OTIMYAIOTCS OT 3aMEIICHHBIX aHUIHHOB, OHH
MOTYT BECTH ce0sl MHaye.

Hanpumep, eciu B KayecTBE WHIAWKATOPOB HCIOJIbH30BATh aMHIBI,
TO BMecTO (yHKIMM H; MO ONHUCAHHOMY BBIIIE METOAY JJIsI HHUX
MOJKHO BBIBECTH IPYTy0 QyHKIuio (Ha Ha puc. 3.6,6). st amumos
pK.(BHT) = Hp — lgl. Yucnenno H, Beerna menbine Hy, U Takoe
pasyinvne, HECOMHEHHO, CBSI3aHO € PA3JIMYMEM B THPATAIUU KATHOHOB.
[o-BuarMoOMy, aMHTHBIC KATHOHBI THIPATUPOBAHBI CHIIbHEE HOHOB aHU-
JIMHUS, U TI03TOMY 00pa30BaTh KaTHOH B KOHIICHTPHPOBAHHOM KUCIIOTE
aMujly CTAaHOBUTCS TPYJHEE, YeM aHWINHY. AMUJIBI IPOTOHUPYIOTCS 10
KHCJIOPOAY: +
//O H,S04 ~OH

—_— R*C\

R—C N
NH, NH;

3aMeleHHbIE TUPUAUH-N-OKCH/IbI TAKKE IPOTOHUPYHOTCS IO KUCIOPO-
Iy, ¥ JUISl HUX TOXKE NpUMEHUMa QYHKUHUS Ha:

¢ Nt 2% 7 Ny
X X

B Hacrosiliee Bpemsi CYIIECTBYET MHOXECTBO APYTHX IOJOOHBIX
(GYHKIIUH KUCIIOTHOCTH IJIi OCHOBaHWU paszmudyHoro tuma: N,N-Iu-
ankunanuauios (H'), ankunmuugonos (H;) B cepHOM KHUCIOTE, VIS
koHIeHTprUpoBaHHBIX pactBopoB HCI, HCIO4, HF, FSOsH u T. 1.

Heckonbko 0coOHsiKOM cTOUT QyHKIHS HR+, KOTOpasi OnpeaesseTcs
W3 PAaBHOBECHS MOHU3AIMU CIIUPTOB B KOHIEHTpUpoBaHHOU HySOy:

ROH +H* =R* + H,0.
O6braHO R — TpHapuameTmibHas rpymma ArsC. st aTol peakiuu
+
am,o R+ R
—2== = pKp+ — g u (3.20)
asH+ YROH [ROH]
e K+ — KOHCTaHTa paBHOBeCHs 0OpaTHOl peakuuu RT ¢ Bomoi.
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Benuuunbsl pKr+ KOIWYECTBEHHO XapaKTEPU3YIOT OTHOCHUTEIBHYIO
cTabUIBLHOCTH Kap6oKaTHOHOB R B crutbHOKHCIBIX cpenax. [TockonbKy
BOJIa SIBJISICTCS MPOJYKTOM paccMaTpuBaeMoil peakuuu, GyHkuus Hg+
UMEET JOBOJIHO PE3KUH MOIBEeM IMPH OOJBIINX KOHIEHTPAIUSIX KHC-
notel (puc. 3.6,0). 3naueHust pKr+, ONpECICHHbIC C MOMOIIBIO ATOU
(GyHKITUH, TIpUBEACHHI B Ta6m. 9.15 (1. 9).

®Oyuakmus H_ 11 cHIBHOOCHOBHBIX cpein. B o0o3naueHusix Hy
WHJIEKC «HOJIb» TOKa3bIBaeT, YTO 3Ta (YHKIHS KOPPEIHPYET IMPOTO-
HUPOBAHME INIEKTPUUECKU HEUTPAIBHBIX OCHOBAaHUM aHWIMHOB. Eciu
OCHOBAHUSI UMEIOT OTPHULATEIBHBIA 3apsj], TO JOJKHA CYLIECTBOBATH
npyras (pyHKIHs, KOTOpas OMUCHIBACT X MPOTOHUPOBaHUE, 0003HaYac-
MO€ CUMBOJIOM H_ («am MHHYC»). B opranndeckoil XuMUu 0YeHb Majio
AHHOHOB, KOTOpbIC BBDKHMBAJIM Obl B KOHIICHTPUPOBAHHBIX PAaCTBOPax
KHCJIOT, XOTSI OHU, KOHEYHO, ecTh. K TaKUM aHHMOHAM OTHOCATCS, B 4acT-
HOCTH, TIOJINITHAaHIPOBAHHBIE COTPSHKEHHBIE KapOaHHOHBI, HATIPUMED:

NC CN

e
NCCN (NC)2C=C(CN)—C(CN)2

CN

NeHTAUMAHLMKIONEHT @ GUeHMbHbI NEHTaLUaHAMNNBHBIN
Ao aHmoH

- Ky=-85
Py <~ 11 Pha

BoapImmMHCTBO APYTUX OpPraHWMYECKUX aHWOHOB (KapOaHHMOHOB) OT-
HOCATCS K TUITY CHUJIBHBIX OCHOBaHUH U IMO3TOMY HaALICJIO MPOTOHUPY-
I0TCSl Jake B paz0aBieHHOM kuciiore. OQHAKO MPOTOHU3ALUIO OYEHb
CUJIBHBIX OCHOBaHUI (I/I.HI/I, APyruMu CJIOBaMU, OTLICIIJICHUE MPOTOHA
OT OYeHb CIA0BIX KHMCJIOT) MOXHO HCIIOJIB30BaTh Ul OIPEACICHUS
MEpbl OCHOBHOCTH CHJIBHO OCHOBHBIX Cp€I, K KOTOPBIM OTHOCSTCA
HE TOJIBKO KOHLIEHTPUPOBAaHHbBIC BOIHBIC PACTBOPHI IIEJIOYEH, HO H
o4eHb pazbasnennsie (0,001 M) pacTBOpBI THAPOKCHAA TETPaMETHIAM-
monust (CH3)4NTOH™ B cmecsx JIMCO ¢ Bojo#i pasiu4HOro cocTasa.
B xauecTBe HWHAUKATOPHBIX OCHOBaHMH OPUMCHAKOT HUTPOAHUJIMHBI
WIN HUTPOAU(EHMWIAMHHBI, KOTOPbIC HAXOAATCS B PAaBHOBECHHM C HX

AHHUOHAMMU:
N0, )-NH, + o 2Ot

— NOZ—Q>NHe +H,0

[Ixana H_ cTpouTCs TOYHO TaK ke, KaK U IPyTrye MKaJIbl KUCIOTHOCTH,
T. €. MYTEM IIOIApHOT0 CpaBHCHUA HHIAMUKATOPOB C HUCIOJb30BAHUEM
BBIPaKEHUS

pK,=H_ —lgl.
B pas3baBneHHbIX BOIHBIX pacTBopax H_ = pH.
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H Usmenenne ¢ynkumun H_ ¢ u3MeHe-
Huem cootHomenuss JIMCO/H,O mokasa-
HO Ha puc.3.7. Ilpu cogepxanun JMCO
25k 52,5mo01.% H_ = 17,7, npu counepxaHuu
90 mon. % H_ = 22, a B 99,6%-m IAMCO
H_ =26,2. BugHo, 4T0 ipH 04eHBL HEOOIBIITOM
20 - coziepkaHuK Boabl PyHKIMs H_ pe3ko Bo3pac-
TaeT. DTO CBS3aHO C TEM, YTO JUI CONbBaTa-
MU TUIPOKCUIILHOTO MOHA BOJBI HE XBaTaeT
M TI03TOMY OH CTAaHOBHTCS O4YeHb AKTHBHBIM,
OTpBIBasl MPOTOH JaXKE OT YPE3BBIYANHO Clia-
0p1x kucioT. C momompeo GyHKIUH H_ ObI-
; JIY OTIpe/IeNiCHbl 3HaYeHUsl pK, MHOTHX OUY€Hb
0 50 100 cmabeix CH-, NH- u OH-xucinor. OcobeHHO
[ [MCO] Mon, % BAKHOE SHAYEHHE HMEET ONpEJENeHUe CH-
KHUCJIOTHOCTH, TaK KaK 3TH JAHHBIC MO3BOJISIOT
Puc. 3.7. ®yukuus kuc- KOJHYECTBEHHO OLEHMTH OTHOCHTENBHYIO CTa-
notHoctH H_ mas cve- OMIJIBHOCTH KapOaHWOHOB — OYCHb BaXKHBIX MH-
ceit IMCO—Boga pasnnd-  TEpMEAMATOB B OpraHUYEecKoM cuHTe3e. JlaH-
HOro cocraea, conepka- gpie mo kKuciaotHoctu CH-xucmor B IMCO
mx 0,01 M MesNTOH ™ npuBeneHsl B Ta0m. 3.15 (pasm. 3.5).
K npyrum cuIbHOOCHOBHBIM CPEICTBaM OT-
HOCSITCS KUAKHA aMMHUaK, TUAPA3UH U [IUKIOTEKCUIIAMIH, COJIepKaIne
COOTBETCTBEHHO aMUJI, THAPa3uj WIH IUKIOTeKCUIAMHUJ] HISTOYHOrO
Meramia. O4deHb ocHoBHas cuctema (H_ ~ 30) Obuta monydeHa mpu
pactBopenun ruapuzaa vatpus B JJMCO mnpu 65-70°C mox azorom.
31eck OCHOBaHHEM CIYXXUT AMMCUIHATPHUH (HaTpUeBas CONb AUMETHII-
cynb(horcuaa):

CH;SOCH; + NaH ——— CH;SOCHSNa® +1/2H,.

JUMCHITHATPUI

15+

WNHorna B kadecTBe CHIBHOOCHOBHOM CpEAbl MCIOJIB3YIOT PacTBOPHI
mpem-0OyTuinata kamus B unctom [IMCO.

3.3.5. KUCJIOTHOCTb U OCHOBHOCTbD B T'A30BOM ®A3E

B 1960—1970-x rogax B pe3yibTaTe pa3BUTHs HOBBIX MacC-CIIEKTPO-
METPUUYECKUX METOJOB, B TOM YHCJIE METOAA MOHHOIO LUKJIOTPOHHOIO
pe30HaHca, MOSBWIIACh BO3MOYKHOCTH HCCIIEAOBaTh MEPEHOC MPOTOHA
MEXIy AByMs MOJIEKyJaMM B ra3oBoi ¢a3se, re HeT HMKAKOH COJbBa-
Tanuu. B pesynprare 3THX HCCIEN0BaHUM HEOKHUIAHHO 0Ka3ajoch, YTO
MHOTHE PsiZibl OTHOCUTEIBHOM KUCJIOTHOCTH M OCHOBHOCTH B PacTBOpE,
KOTOpPbIE paHbLIE JIETKO OOBSICHSIM COOCTBEHHBIMH JJICKTPOHHBIMH H
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NPOCTPAHCTBEHHBIMU S PEeKTaMu 3aMecTUTE]eH B MOJEKyJax, B ra-
30BOH (ha3ze TMONHOCTBHIO paccTpamBarOTCs M Jake oOpalaroTcs, T. €.
Ha cCaMOM JieJie CBS3aHBI ¢ coibBarauueil. B 9To ke Bpemsi oOpaTuin
BHHUMaHHE Ha TO, YTO PSAIbI OTHOCUTEIHHON PEaKIIMOHHOM CITIOCOOHOCTH
B PacTBOpax 4acTo 00yCIOBIEHBI SHTPONUMHBIMHY, a HE SHTAJIBITUHHBIMU
(areprerrmueckuMu) dddekramu (cMm. paszd. 3.3.3.0). B nannom paszgerne
MBI PAacCMOTPUM DS YAUBUTECIBHBIX PE3YAbTATOB, MOIYYCHHBIX MPHU
M3yYeHUH Ta30(a3HoON KHCIOTHOCTH C IENbI0 0OpaTHTh BHHUMaHUE Ha
TO, 4TO 3(P(eKThl CoNbBaTAUKN YaCTO MOTYT IEPEKPBITh HHIYKTUBHBIC,
Me30MEepHBIE U MPOCTPAHCTBEHHBIE d(PPEKTH 3aMECTHUTEIEH.

B razoBoii (haze conmpBaTanus oTcyTcTBYeT. [103TOMY MOXKHO Ompe-
JIEIATh COOCTBEHHYIO KHCJIOTHOCTH MOJIEKYJN W TYyT€M CpPaBHEHHUS C
KHCJIOTHOCTBIO B PACTBOPAX BBIICHUTH, KaK BIUSET CONbBATAIM.

B kauectBe Mepsl razodasHoN KHCIOTHOCTH MOXXKHO HCIOJIB30BATh
B3ATYIO C OOpaTHBIM 3HAKOM DSHTAJBIIHIO PEaKIUH TMPUCOCIMHECHUS
MPOTOHA K OCHOBaHMIO, KOTOPasi Ha3bIBAETCs CPOACTBOM K 1poTony (I1):

A(ra3) +H (ras) — AH(ras), AH°=—II(A");
B(ras) + H" (ra3) — BH" (ra3z), AH° = —TI(B).

CpoZCTBO K IPOTOHY, B3ATOE C TIOJIOKHUTEIHHBIM 3HAKOM, TAKIM 00pa3oM
COOTBETCTBYET SHTANbINK aucconranuun AH wim BHT.

B Tab6n. 3.8 mpuBeneHB! 3HAUEHUS CPOJCTBA K MPOTOHY IS HEM-
TpasnbHbIX Mojekyn (B) u aHumonoB. BuaHo, uTo B ra3oBoil ¢asze
MPOTOH YPE3BBIYAIHO 3K30TEPMUYHO IMPHUCOSAMHACTCS K JIOOO0H MO-
JISKyJie, BKIIIOYasi Jiaxke MeTaH. boiee Toro, B ra3oBoil (ase MpOTOH
MIPUCOEINHACTCS JaKe K MOJIEKyJiaM OJaropofHbIX Tra3oB:

He +H" — HeH', AH° = —42 xxan/mMons;
Xe+H' = XeH", AH° = —124 kxan/mMons.

Ot JAaHHBIC ITOKa3bIBAXOT, HACKOJIBKO HeCTa6I/IHCH HECOJIbBATUPO-
BaHHBIN TIPOTOH (W BOOOIIE HECOJBBATHPOBAHHBIC HMOHBI): B Ta30BOM
(1)3.36 OH MPUCOCANHACTCA K MOJICKYJIaM, UMCIOLIUM HE€ TOJILKO HCTIOAC-
nenHble ekTponHsie mapsl (NH;, H,O, HF u np.), Ho n nMerommm
anektponbl jumb o-tuna (CHy). B mocnemnem ciydyae oOpasyrorcs
TPEXIEHTPOBBIE [IBYXDJEKTPOHHBIE, TaK Ha3bIBaeMble «HEKIacCHYe-
CKUE» UOHBI:

~H
H;C—H+H" — H;C +i (AH®° = —126 xxan/Mons).

Oco0eHHO BEIWKO CPOICTBO MPOTOHA K aHwoHaM (Tadm. 3.8), Tme
PeKoOp/ IPHHAIEKUT METUILHOMY aHHOHY (AH? = —416 kkan/mMonb).

247



Tadonuma 3.8
CpoacTBo K MPOTOHY HEKOTOPHIX HEHTPAJbHBIX MOJEKY]I H AaHHOHOB

OcHoBaHMe I1, KKaJI/MOJIb H OcHoBaHKE I1, KKaJ/MOJIb

rI/IZ[pI/IHBI 3JICMCHTOB

CH, 126 CHy 416
SiHy 146 SiH; 369
NH; 207 NH, 400
PH; 185 PH, 368
AsH; 175 AsHjy 356
H,0 164 HO~ 391
H,S 170 HS™ 353
H,Se 170 HSe™ 339
HF 131 F- 371
HCI 140 cl- 333
HBr 141 Br~ 323
HI 145 - 313

OpraHudeckue OCHOBaHMS

CH30™ 379 H.C=0 168
CH3;OH 182 (CH3).C=0 202
C,HsOH 187 CH3COOC:Hs 205
CH3COOH 188 (CH2Hs),0 205
CF;COOH 167 Luxmonpomnaxn 179
HC=CH 152 CH,=CH, 159
Bbenzon 178 Tomyon 187
CH3CH3 147

Nomun-uoH, cnabeiimee ocHoBanue B Boae (pK,(HI) ~ —10), B razoBoit
(paSe OKa3bIBACTCs 3HAYUTCIIBHO 60.]'[66 CUJIBHBIM OCHOBaHUEM, YEM
aMMHuak. B 1emom cpoacTBo K MPOTOHY B Ta30BOM (ha3e 3aBUCHT OT
THIIa MOJIEKYJT CIICYIOIIUM 00pa3om:

OpraHnvdeCKueC COCAMHEHUS

C HENOJEJICHHBIMH IIapa- COC/IMHCHMA,
TH06BIe MH, € 7-CBA3SIMH C=C. coaepxalme G1aropoi-
C=O0 (cnmpThl, aMHHBL, all- p > { TONBKO O-CBS- p >
AHHOHBI HBIC Ta3bl
KEHbI, raJloreHaKaHbl, Kap- 31 (@JIKaHbl,
OOHOBBIE KUCIIOTHI, KETOHBI, CHUJIaHBI)
aJTBJICTH/IBI) U IIUKIOMIPOTIAH
IT (xxan/mMomb):
300-400 160-210 125-150 40-120

BenenctBue odeHb HU3KOM aOCOJIOTHOM KHCIOTHOCTH MOJIEKYN B
raszosoii (aze npamyro monmsamuioo AH — A~ +HT usywaror oueHsb
penko. OOBIYHO OMPENeNsIOT MOJ0KEHHE PAaBHOBECHUS B PEaKIMU Iie-
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peroca mporona mexay kucnorod AjH (uwim BiH') u xakum-uu-
Oyne ocHoBanueM A, (mu By) M mosyyaroT mKamy OTHOCHTEIbHON
KUCJIIOTHOCTH. YTOOBI MepedTH K abCOJIOTHOW IKaie KUCIOTHOCTH B
razoBoil (aze, HEoOXOMUMO, IO KpaHEH Mepe IS OTHOW KHCIOTHI,
u3MepuTh AG ans mpoiecca MmpsiMoil moHM3anuu. B kauecTBe Takoi
KHCJIOTHI MOJKHO B3sITh HF, 1711 KOTOpOTo OBIITH TOTy4YeHBI CIIETYIOIINe
TEPMOJMHAMHUYECKHE TaHHbIE:

HF —— H® + F°,
298K

AH°(HF) = 371 kkan/mob,
AS°(HF) = 19 xkan/(K - Mmoib),
AG°(HF) = 366 kKkaji/MOJIb.

Bemuunna AG° = 366 kkan/monb coorBercTByeT pK,(HF) = 268
(ypaBuenue (3.16)), torma xak B Boge pK,(HF) cocraBuser Bcero
yik 3,18 (tadmn. 3.2).

B 1abn. 3.9 mpusenens! 3HaueHus AS®, AH® u AG® I HOHU3AINH
B ra3oBoil ¢aze. BumHO, 4TO M3MeHeHUE SHTpONUU AS® HEBEIHKO H
MOYTH OIMHAKOBO JUISA BCEX KHCIOT. DTO O3HA4yaeT, 4YTo BenuunHa AG°
noyTu paBHa AH°, T. €. cpoucTBO K nporoHy (/1) I1OCTaTo4HO BEPHO
XapaKTepu3yeT aOCONIOTHYIO KHCIOTHOCTh MOJIEKYJ. 3HadeHus pK, B
ra3oBoii (paze Benuku HezaBucumo ot Toro, HCI 310 mim yrieBomopo.
B razooii (paze HET aOCOTIOTHO CHITHHBIX KHCIIOT; BCE KHCIIOTHI CJIa0bIe,
MOCKOJIBKY TPOTOH U JIPyTHUe UOHBI B HECOJIbBATUPOBAHHOM COCTOSIHUU
CYIIIeCTBOBATh HE CKIIOHHBI. OOMIHi HHTEpBaI H3MEHEHUS PK, B Ta30BOI
daze (ApK, = 54 npu nepexone ot NH; k HNO3) He cuiibHO OT/IM4aeTCst
oT mHTepBaja m3MeHeHus pK, B Bozme (ApK, ~ 50 mpwm mepexome OT
tomyosia k HI).

Ha puc. 3.8 manasie Tabmn. 3.9 moka3ansl B Bue rpaduka. BumHo, 9410
B II€JIOM HUKAKOW KOPPEJISIMH MEXIy KUCIOTHOCTBIO B Ta30Boi (ase
U B BoJie HeT. TeM He MeHee omnpeeNieHHYI0 CHMOaTHOCTh MOXKHO Hai-
TH, €CIIM PacCMaTPHUBATh Pa3IMYHbIC KIIACCHI OPEHCTEIOBCKUX KUCIOT
M0 OTAENBHOCTH. Tak, JJIs TaJOTeHOBOJOPOAHBIX KHUCIOT (IpsMast a)
MOPSAZIOK U3MEHEHHsI KUCIIOTHOCTH Kak B BOJIE, TaK M B Ta30BOU (ase
omuu u Tot xe: HI > HBr > HCl > HF. Pa3iauune cocTOUT B TOM, YTO
WHTEpBaI U3MEHEHUS pK, B BOIe NMPUOIU3UTEILHO B 4 pasa yxke, yeM
B Ta30BOH (paze. DTO CBA3aHO C TEM, YTO B BOJAE MPOTOH M TaJOreHHI-
MOHBI OY€Hb XOPOIIO COIBBATHPOBAHBI M BCIIEJICTBHE ATOTO CHJIa KHCIOT
HuBenupyertcs (pas3a. 3.3.3.8).

IIpsmasi 6 coorBercTByeT HoHM3auuu CH-KUCIOT; HaKIOH 3TOU
npsmoii dpK,(ra3)/dpK,(H,0) ~ 0,8, T. e. 6iau3ok k eauuuue. Be-
POSATHO, TaK W JIOJDKHO OBITh, TOCKOJBKY BOJA IIOXO CONBBATHPYET
kak caMu CH-KHUCIIOTBI, TaK ¥ OTPULIATEIBLHO 3apsHKEHHBIC KApOAHUOHBI,
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Ta6numa 3.9
Tepmogunamuka razodasHoii KHCJIOTHON JUCCOUALIMH

l'azoBas dasza pKa
Ne
/i Kucrora* AS?, AH?, AG®, Pk (T(:;Ioie)z)
ka/K-Momp | kkaim/monb | Kkan/mMomb | (raz)** s
1 NH3 25 400 392 287 ~33
2 | HbO 22 391 384 281 15,7
3 CH;0H 22 379 378 273 15,5
4 | C¢HsCHs 22 379 372 273 ~41
5 C>HsOH 22 376 369 271 15,9
6 (CH3),CHOH 22 374 368 269 17,0
7 (CH3)3;COH 22 373 367 268 18,0
8 | HF 19 371 366 268 3,18
9 CH;SOCH; 24 375 366 268 ~33
10 CH;CN 26 373 364 267 ~ 25
11 CsHsC=C—H 26 370 362 266 21
12 | CH3COCH; 24 369 361 265 20
13 CsHsNH, 24 367 360 264 ~ 27
14 CF3;CH,OH 26 364 357 261 12,4
15 CsHsCOCH3 23 363 356 261 19
16 | CH3NO; 23 358 352 258 10,2
17 21 356 350 256 16,0
CH,
18 H,S 21 353 347 254 7,0
19 | HCN 25 353 346 253 9,21
20 C¢HsOH 23 351 344 252 10,0
21 CH3COOH 23 348 341 250 4,76
22 CsHsCOOH 23 339 332 243 4,20
23 HCl 18 333 328 240 ~ =7
24 | CHCL,COOH 21 328 322 236 1,26
25 HNOs3 23 325 317 233 ~—14

* JlaHHBIC MTOJTYYeHBI 17151 26 KapOOHOBBIX KHCIOT.
**PaccunuTaHo 1Mo ypaBHEHHUIO 3.16.

nockonbKy cBsi3n C—H u anmonHbIe eHTphl C~ MaJio CKIOHHBI K 00pa-
30BaHUIO BOJIOPOHBIX CBsi3el (pasn. 3.3.3.8). Kpome Toro, kapOaHUOHBI,
cootBeTcTBytomue CH-kucioram, pK, KOTOPbIX MOXKHO ONpPENEIUTh B
BOJIHOM PAacTBOpPE, KaK MPABUIIO, XapaAKTEPUIYIOTCS ACTOKATU30BAHHBIM
0 7T-CUCTEME 3aps/IoM (MITKAE OCHOBAHMS ), 9YTO YMEHBIIAeT UX CKIIOH-
HOCTBh COJIbBATHPOBATHCS BOAOU (KecTkasi kuciota). CleqoBarenbHo,
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pKy & ras. pase

o4
2801
270
260
250+
Puc. 3.8. CpaBuenune pK, B ra3oBoii ¢a-
qupl- 3e u Bojge. Homepa Touek COOTBETCTBY-
10T coenuHeHHsAM u3 T1abm. 3.9. Ilpsameie:
a—nns HHal; 6 — s OH-kucior, 6 —
2ot 4y

st CH-kucnor. [{st HBr u HI 3nauenus

-10 0 0 20 30 40
pK. paccunTaHbl B MPEAIIONIOKEHUH, YTO
p/(a B HZO AGY ~ A

BIUsIHUE conbBaTtanuu B ciaydyae CH-KUCIOT HEe Tak BENMKO U HAKIOH
OJIM30K K €IUHUIIE.

Ho cambie uHTEpecHBbIC BBIBOJBI MOXKHO CJENIaTh W3 OPSIMOH 6
s OH-kuciotr. Ota npsimas UMeeT U3J0M. B HUKHEH 4acTH HaKJIOH
MPSIMOM TTOJIOKUTEIICH, T. €. KUCIOTHOCTh B Ta30BOi (aze M B BOC
YMEHBIIIAETCS B OJTHOM M TOM K€ Psy:

HNO;3; > CHCI,COOH > C¢HsCOOH >
> CH3COOH > C¢Hs0H > CF;CH,0OH > AlkOH.

B BepxHell yacTH HAKJIOH OTPULIATENEH, T. €. KMCIOTHOCTb B ra30BOU
daze u B Bome U3MEHSETCS B IIPOTHBOIIOJIOKHBIX HarpasieHusx. Ha
BEpXHEH 4YacTH NpsSMOW 6 PacIojOKeHbl BOAA M MPOCThIC aJKUIIOBBIC
crupTel. B BOJHOM pacTBOpe KMCIOTHOCTh YMEHBILIAETCS B PSRy

CH;0H > H,0 > C,Hs0H > (CH3)2 CHOH > (CH3);COH.
pKa (B BOZIE) 15,5 15,7 15,9 18

OnHO BpeMsi CUMTAIOCh, YTO 3TO CBS3aHO C AJIEKTPOHHBIM d(PPEKTOM
METWJIBHBIX I'PYIIL, TaK KaK IPH MOCIEA0BATEIHHOM 3aMEIICHHH aTOMOB
BOZOpOJa B METWJILHOH TpyIIe METaHOJa Ha METHJIbHBIC TPYIIIHI,
obnamarommme (+7)-3pdexrom (pasmen 2.2.1), alKOKCUAHBIE HOHBI (CO-
NPSDKCHHBIC OCHOBAHUSI CIIMPTOB) JTOJDKHBI JIECTAaOMIN3UPOBATECH, T. €.
CTaHOBHTHCS OoJiee CHIIbHBIMHE OCHOBaHUsIMH. OJTHaKO B Ta30BOH (ase
HOCJIEI0BATEIbHOCTD NHAS:

(CH3)3COH > (CH3)2CHOH > C,HsOH > CH;0H > H,0.
pKa (ras) 268 271 273 281
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DTy MOCIeN0BaTeIbHOCTh HEIb3st 00BICHUTH (+1)-3pdexTom ai-
KWIBHBIX TPYIII, KOTOPBIN YBEIUYHBACTCS B PSITY

CH; < CHs < uz0-C3Hy < mpem-C4H9.

Cuuraetcs, 9T0 B Ta30BOH (pa3e TIABHYIO pPOJIb WTPAEcT BHYTPH-
MOJIEKYJISIPHOE B3aMMOJIEHCTBHE OTpHUIATEIbHOIO 3apsiaa (Ha arome
KHACJIOPO/a) C MHAYIIUPOBAHHBIM TI0]T ICHCTBUEM STOTO 3apsi/ia AUTIOIEM
HETIOJISIPHOM, HO TONAPU3YeMO#l aJKuiIbHOH rpymiel. Yem Oosnblie
00BEM aJIKIITBHOW TPYIIIBI, TEM OHA Jierde moyspusyercs (pas3m. 2.1.2),
T. €. 6onee criocoOHa B3aUMOICHCTBOBATH C OTPHUIIATELHBIM 3apsIOM Ha
KHCJIOpoJe:

Alk— o0~ Alk—— 0~
) e
HecTabunen bonee cTabunen

Ota Moaenb MOATBEPKAACTCS TEM, YTO B ra3oBoil (haze KHCIOTHOCTD
IIPOTOHUPOBAHHBIX AMUHOB YMEHBIIAETCS B ALY,

CH3NHY > C,HsNH; > (CH;3),CHNH; > (CH;);CNHY.

B nmanHOM citydyae 0OBEMHCTBIC ANKHIIBHBIC TPYMIbl CTAOMIM3UPYIOT
y’K€ HE aHUOH, a KaTHOH, T. €. HEIMCCOLUNPOBAHHYIO KHCIIOTY:

HecTabunex bonee crabunex

CrenoBarenbHO, B Ta30BOH (pa3e yBenmueHne 00beMa alKIIBHON TPyII-
Tl IOJIKHO YMEHbBIIATh KUCJIOTHOCTh COJIe aMMOHHA (T. €. yBEJTMUUBATh
OCHOBHOCTH aMHUHOB), UTO U HAOIIOTACTCS.

Pesynbratel, monyueHHbIe B ra30Boi (a3e, MOKa3bIBAIOT, YTO 00pa-
IIEHNE Psijia KUCIOTHOCTH CITUPTOB B BOJE (A TAaKKe «HETPaBHUIBHOE
TMIOJIOKEHHE BOJIBI B PSAY KUCIOTHOCTH MEXK/Yy METAHOJIOM M 3TaHOJIOM)
CBSI3aHO HMCKITIOYHUTEIBHO C COJIbBATAIlME, CHila KOTOPOH MPEBOCXOAUT
CHITY B3aMMOJICHCTBHS «MOH—HHIAYITUPOBAHHBIN JUATIONGY.

B HuxHel vacTu NpsMOW 6 KHUCJIOTHOCTh B BOJIE M ra3oBoi Qase
M3MEHSETCS B OIMHAKOBOW ITOCIIEIOBATENBHOCTH. TOUKH, Jexalye Ha
9TOH YacTH mpsMoir 6, otHocsTest K OH-kucnoram, CHIBHO OTIHYAIO-
ITUMCS OTHA OT JApYTroi 1o cTpykrype: HNO3, kapOOHOBBIM KHCIIOTaM,
¢denonam, 2,2,2-rpudropatanony. B sTom ciaydae 6e3ycioBHO, MepBO-
CTETICHHYIO POJIb MTPAIOT JJIEKTPOHHBIE d(PPEKTH 3aMeCTUTENEH, T. €.
npupona camoil KuciaoTel. CHIbHBIE 2IEKTPOHHBIE 3QQEKThI, HApUMEp
(—I)-3ddexr rpynmsr CF3 B TpudTOpITaHOIIE, MEHEE HCKAKAFOTCS COJTb-
BaTalUeH U MO3TOMY, XOTs d(PPEKT CoNbBAaTallUK U BHOCST CBOM BKJIA,
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TpudTOpITaHON SABIISETCS OOJiee CHIBHON KHUCIOTOH MO CPaBHEHHIO C
AJKWJIOBBIMU CITMPTaMH Kak B ra30Boil (hasze, Tak U B BOJE.

OHUM U3 caMbIX SPKUX MPUMEPOB BIMSHUS COJIbBATALUU MOXKET
OBITH TOT (hakT, YTO B Ta30BOH (ha3e TOMYON MPEICTABIAET COOOU
Oonee CUIBHYIO KHUCIIOTY, YeM BOAA. OJTO 3HAYMUT, UYTO OCH3MIHHBIN
annon (CgHsCH; ), BCTpeTMBIIMCE ¢ MOJIEKYJIOM BOIBI, HE OyneT ¢
HEIO pearupoBarsb, a B Jy4IleM clydae oH 00pa3yeT JIMIIb BOJOPOIHYIO
cBs13b (CgHsCHS ... HOH). B Boze xe 6ensuinarpuii (C¢HsCH, Na™)
MTHOBEHHO THaposinsyercs A0 Toryoia 1 NaOH u 3toT mpouecc uner
O4YeHb OypHO C BBIJICIIEHUEM TeTlIa.

3.3.6. KHCJOTHO-OCHOBHOM KATAJIN3

OueHb MHOTHE OPraHMYECKHE PEaKLIUH KaTaJIU3UPYIOTCS KUCIOTaMU
WJIM OCHOBAHUSIMH, @ HEKOTOPBIC U3 HUX YCKOPSIFOTCS KaK B KUCIIOW, TaK
U B IIENOYHOH cpeae. KucaoTHO-0CHOBHOM KaTainnu3 SKCIIEPUMEHTAIBLHO
JIETKO PACIIO3HAETCS MO0 KPUBBIM 3aBUCHUMOCTH Jorapu(mMa Koncmanmul
ckopoctH (Igk) peakunn ot pH, Hy niam apyroit pyHKINN KUCIOTHOCTH
(cm. pasn. 3.3.4). XapakrepHbie 3aBucumoctu lgk or pH noka3ansl Ha
puc. 3.9.

gk a ] g ¢

AN N

pH

Puc. 3.9. 3aBucumocts Igk ot pH st pa3inyHBIX THUIIOB KHUCIOTHOTO HJIM OCHOBHOTO
KaTajau3a

KpuBast @ cooTBETCTBYET peakUuu, KOTOpas KaTaJIU3UPYEeTCsl KUC-
JIOTOM, HO HE OCHOBaHUEM, a KpPHUBasl 2— PEaKlUM, KaTaau3upyeMoin
OCHOBaHUEM, HO HE KHUCJIOTOM. [OpU30HTaNbHBIE YYaCTKH Ha 3THUX
KPUBBIX OTPAKAIOT CKOPOCTh «HEKaTAIUTHUECKOW» peakiuu (a TouHee
peakiuy, KaTaJu3upyeMold BOJOH WM MOJIEKYJIaMH JPYroro pacTBO-
putens). KpuBass 6 moxaspIBaeT, 4To JaHHAs pPEaKlus KaTaJu3upyeTcs
U KHCJIOTOW M OCHOBAaHHMEM, NPUYEM €€ MHHHMYM HE 00s3aTelabHO
pacmosiokeH B paiione pH 7, a MokeT OBITh CMEIIEH B CTOPOHY
Oosiee HU3KUX WK OoJiee BHICOKHUX 3HAUCHHH, B 3aBUCHIMOCTH OT TOTO,
yeM 3((deKkTHBHEe KaTaln3upyeTcs NaHHas peakius: KHUCIOTOH WIIN
ocHoBaHueM. KpuBas ¢ oTBedaeT JByXCTaAMWHON peakuuu, Korjaa ojHa
CTaausd WHTHOUpYeTCS TpH T00aBICHWH KHCJIOTHI, a JApyras CTaaus
pu 3ToM yckopsercsa. Hampumep, oOpa3oBaHHEe OKCHMOB B pEakIUU
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KETOHOB C TMJPOKCHIAMUHOM 3aMeAIsAeTcs B KHCIOW cpele u3-3a
J€3aKTUBALMY THIPOKCHIAMUHA IIPOTOHUPOBAHUEM, HO BTOpasi CTaiusl
3TON peakIuu — Jeruaparalys — KaTaIu3HupyeTcsl KUCIOTON U MOITOMY
3amemsiercst pu Beicokux pH. Bo Bcex ciydasix HakIOHBI IPSIMBIX
Ha puc. 3.9 paBHBl £1, NOCKOJIBKY CKOPOCTH TaKMX peaKLUN OOBIYHO
IPONOPIMOHATBHBI KoHIeHTpauuu [H3O] nim [OH™].

3.3.6.a. IIPUHIIUIT CTAITUOHAPHOCTU

B GosbIIMHCTBE CilydyaeB OpraHU4ecKHe PEeakiMK HE JIeMEHTapHBI,
a COCTOSIT W3 JBYX HJIM OOJIBIIIETO YHCIia AUCKPETHBIX cTaauid. B xome
peakuuii o0pa3yroTcsi MHTEPMEIUaThl, KOTOPhIe, KaK IMPaBUIIO, Majo
YCTONYUBBI. PaccMOTpUM CIIeAYIONIYIO JBYXCTAIUUHYIO PEAKIUIO:

k k
peareHT(bl) kﬁl: MHTEPMEIHaT — IPORYKT(bI).
—1

CkopocTh 00pa3oBaHHs NPOAYKTOB paBHA KOHCTAHTE CKOPOCTU ko,
YMHOXXEHHOW Ha KOHLEHTpalMi0 HHTepMmenuara. Eciam uHTepmenuar
HecTaOuiIeH (T. €. 00aaeT BBICOKOW SHEPrHei), TO ero KOHICHTPALUs
Ha BCEX CTagusiX peakuuu OydeT Maia, i MOXKHO JIOIIyCTHUTb, YTO OHA
OyleT MOCTOsIHHA. DTO MPUOJIMKEHUE HA3bIBAIOT NPUHYUNOM CMAYUO-
HAPHBIX KOHYenmpayuil, WA npunyunom cmayuonapnocmu. 3 Hero
CJIEIYET, YTO CKOPOCTh 00pa30BaHKsl HHTEpMeIraTa paBHa CKOPOCTH €ro
JECTPYKLUU:

ki [pearentsl] = k_; [uHTepmenuart| + k; [uHTEpMEnaT).
Takum 06pa3oM, CKOPOCTh PEAKIUH ONPEICISETCS BBIPAKCHHEM

K ky[pearentsi]

3.21
k14 k ( )

CKOpOCTh = ky [MHTEpMeaunaT] =

DTO0 BRIpaKEHHE MOXHO MPEJICTaBUTh B (hopMme

ky[peareHTsl]
z+1

e z = k_j/ky — dakrop pacnpeseneHus, MOKa3bIBAIOIIMN, B KaKOif

Mepe MHTEepPMEIUaT CKJIOHEH IPEBpAIlaThCs Ha3aj B pPearcHThl, a HE

NEePEXOUThH B MIPOIYKTHI PEAKIIHH.
Ecnu ky > ky (1. e. z— 0), To ypaBHenue (3.21) ynporiaercs:

CKOPOCTh = )

CKOPOCTb = kj [peareHTs).

DTo 03HaYaeT, 4TO Kak[aas MOJIeKyjla MHTepMenuara ObICTPO IaeT Mpo-
IYKTBI, U CTaaUeH, ONpeenstoniel CkopocTh Bcel peakiuu (JIUMHUTH-
pYIOIIEH cTaaueit), sBisieTcst oOpa3oBanue naTepMenuarta (puc. 3.10, a).
B Takoii peakiuum HHUKAaKHe COOBITHS, MMPOUCXOJAIINE IMOCIE MEPBON
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= a 0 i}
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= ncw) ne(2) zE; z:;
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| | | | 1 | | 1 |
0 x; 7 0 X 1 0 e l

Kkoopdunara  peakuuu(x)

. ki k
Puc. 3.10. 3aBuCHUMOCTh CBOOOIHOW SHEPTUH OT KOOPIAMHATHI peakuuu R \k:\ I[P
1

(R —pearentsl, | —wuntepmenuar, P —uponykrel). a — ky > k_1; 6 — k—1 > k;
6 — k_1 ~ ky. AG" — cBOGOHAs SHEPIHs AKTHBALMH THMUTHPYIOLIEH CTaIun

CTaJiu¥, HE JalT KuHeTtuueckoro 3¢¢ekra. B ypaBHeHue ans cko-
pPOCTH HE BXONAT KOHIICHTPAIIMM HHUKAKUX YAaCTHUIl, YYACTBYIOIIHX B
peaKIuu MocJie MepBoi CTaIuu, MO3TOMY Ha OCHOBAaHMH KHHETHYECKOTO
aHajgu3a HeJb3s CKa3aTh, Yepe3 CKOJBKO CTAIUH TPOXOMUT pPEaKITUs
nociie o0pazoBaHus UHTepMeauara. Peakius HEOTIIMYMMa OT IIPOCTOrO
OTHOCTAAMIHOTO TIpoIlecca, M, YTOOBI JOKa3aTh €€ CI0KHOCTH, HY KHBI
HEKMHETHYECKHe MeTonbl. MHorma 3To cienarh JIETKO: Hampumep, B
peakIuu THIa

MEJIJICHHO +D

I IPONYKTBI
ObICTPO

A+B

gactura D BXOTUT B COCTaB MPOAYKTOB, HO HE BXOIUT B KHHETHICCKOE
ypaBHECHHUE.

B peakmusx Takoro THIa W3MEHEHHE YacTHIBI D HE MOXET BIUATH
Ha CKOPOCTh U MOATOMY peakuuu ¢ paznuuasiMu D (D, D,, D3, ...)
UIOYT C OMWHAKOBOW CKOPOCTHIO. Tak, KaTaTu3upyeMoe MeI0IaMH rajio-
TEHUPOBAHUE AllETOHA XJIOPOM, OPOMOM HITH MOJIOM HJIET C OIMHAKOBOU
CKOPOCTBIO M TIOMYHHSICTCS CICAYIONEMY KHHETHICCKOMY YPaBHCHHUIO:

ckopoctb = k[CH3;COCH;][OH .
CireoBaTeIbHO, MOXKHO HPEUIOKHUTH TAKOH MEXaHHU3M:

CH3COCH3 + OH_ L} (CH3COCH2)_ Hal,

MEJJICHHO OBICTPO

— CH3COCH,Hal.

Tereps paccMoTpuM ciydai, korma k| > ky (z — oo). ns Taxoit
peaxiun

ckopoctb = (k1ky /k—_y)[pearentsi] = Kk, [pearentsi|.
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OTO 03HAYaeT, YTO B PEAKUUH OBICTPO YCTaHABIWBACTCS PAaBHOBECHUE
MEXIy peareHTaMH M MHTepMenuaTroM (KOHCTaHTa paBHOBecus K)), a
JIMMUTHUPYIOLLEH CTaAuel BCEU peaKL U SIBISETCS [IEPEXO] HHTEPMEIU-
ata B mponyktel (puc. 3.10,6). B atom ciydae peareHT D, KoTOpBIi
BCTYIIae€T B pEaKIUI0 Ha BTOPOW CTaaUM, BXOIUT B KHHETHYECKOE
ypaBHEHHE U OOMMH KUHETHYECKHH IMOPSAIOK PEaKIMU MOXKET ObITh
TPETHUM:

K +D
A+B——1 TIPOIYKTHI;
ObICTPO k2 ; MeLIIEHHO

ckopoctb = K ky[A][B][D].

Takoli ciyuail HaOIIOAAICS IPH KaTATM3UPYEMOI KHCIOTaMu 3Tepuu-
Kalli¥ YKCYCHOM KHCIIOTBI TaHOJIOM:

/ /M e /"
L —— J— R —— —_(—
CgC i T O e O
oH OH 0
7N
Y. HY S H,
BLICTPO ey
DBICTRO, cHy=C + H0
0C,Hs

Ecnu daxrop pacnpenenenus z ~ 0,5, T. e. uHTepMeuar | nepexoaur
B peareHTbl M TPOIYKTHl B CPaBHUMOW IPOIOPLIMH, TO ypaBHEHHE
(3.21) Henb3st YIIPOCTUTh U MOXKET HAOJIFOIATHCS CIIOKHASI KHHETHYECKas
KapTHHa!
kik,[A][B][D]
k_i+k[D]
Takast peakiuss ©UMeeT MEPBbI KMHEeTUYeCKui mopsaaok mo [A] u [B],
HO €€ 3aBHCHUMOCTH OT [D] MoxeT ObITh pa3Hoi. Eciam koHIEeHTpanus
[D] ouenw Hu3ka, T0 k_| > ky [D] u peakiust umeer oOIUI TpeTUl
MOPSZIOK, a €€ CKOPOCTh oTpenenseTcs cTaanei k. Ecnu koHneHTpaus
D oueHb Benmka, TO MOXKET CIIYYHThCS, UTO kp [D] cTaHeT 3HAYUTEIBHO
OompImie, YeM k_, JJUMHTHPYIOIMICH cTamuweil ctaHeT ki, [D] mcuesner
M3 KHHETUYECKOTO YPaBHEHHUS U peaknus OyJeT WMeTh OOIIWH BTOPO
nopsAAok: nepsblii mo [A] u nepsbiii mo [B]. Mexay »TuMH AByMs
KpailHUMH CIIy49asMH TIPOCTOH 3aBHUCHMOCTH CKOPOCTH pPEaKIHH OT
koHeHTpauuu [D] Habnrogatbest He OyaeT.

Ecnu B peakunm o0pasyeTcst J0CTaTOYHO CTAaOMIBHBINA HHTEPMEIHAT,
TO C TCUCHHWEM BPEMEHU OH CHAJalla HAKAIJIUBACTCA B PCAKIIMOHHOM
CMecH, a 3aTeM ero KOHIIeHTpaIus najaeT. B TakoM ciydae mpUHIUT
CTallMOHAPHOCTU MIPUMEHSITHCS HE MOXKET, HO 3aTO MOSBIISIETCS BO3ZMOXK-
HOCTb JUTA TIPSIMOTO M3YYEHHUs MHTEepMenuara (HalpuMep, CIeKTPOCKO-
MIAYECKH).

koL ok
A+B kﬁl I ;2> NPOLYKTHI; CKOPOCTh =
—1
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3.3.6.6. CIIELIMOUYECKNIA KUCJIOTHBINA MJIM OCHOBHOM KATAJIM3

Mexy aToMaMu 3JIE€KTpooTpuLaTeNnbHbIX 31eMeHToB (O, N u np.)
MePeHOC MPOTOHA MPOUCXOANT OYEHB OBICTpO (cM. pasm. 2.3.2, T 2);
MO3TOMY BO MHOTHMX PEaKIUsIX BHAYaJle YCTAHABIMBACTCS PABHOBECHE
MesKTy peareHToM R 1 ero conpskeHHol kuciaoroit RHT, a sarem RH™
B JIMMUTHUPYIOIIEH CKOPOCTh cTajuu oOpasyer npoaykt P. B cimyuae
BOJHBIX PAcTBOPOB

R 4+ H;Ot —~— RH* + H,0,
ObICTPO

1

RHT —2 . p.

ME/IJICHHO

IpuMeHsist TIPUHIMIT CTAMOHAPHOCTH, TI0TyYaeM
ckopocTh = K1k [R][H307].

Takasi KHHETHKA XapaKTepHa, HAPUMEp, I TUAPOJIn3a d(PUPOB Kap-
oonoBeix kucimor RCOOR B kucnoit cpeae. IlpoToH, 3axBadcHHBIN
Ha IIEpPBOM CTaJWM, BO3BpaLlAeTCS B CpPEeAy HAa BTOPOM CTajuu, H,
crenosarenbHo, konnenrpanus [H3O1] B xone peakunn ocraercs mno-
crosiHoM. [1o a1oii npuunse [H30™] MOKHO UCKITIOYUTH U3 BHIPAXKEHHUS
JUIsL CKOPOCTH ¥ TOT/a MOJYYHUTCSl YPAaBHEHHE PEaKLUK MICEBIONEPBOTO
TNOpsAKa, B KOTOPOE HE BXOMUT KOHLIEHTpalus Karanusatopa [H3 O]

ckopoctb = Kk [R].

TeM He MeHee Karaju3 JIETKO OOHApy>KUTb, €CIIM U3y4aTh KUHETUKY
IpH pasHbIX pH; Torna Mbel HaliieM, 4TO KOHCTaHTa CKOPOCTH pEaKIuu
TICEBAONEPBOTO MOPSAIKA YBEIMUMUBACTCS MPONOPLUOHAIBHO yBEIUYe-
mmio [H3O™] (puc. 3.9).

Ecnu ckopocTh peakiuu MponopIHoHaIbHA TOIBKO KOHLIEHTPALUU
[H307] (T. e. o6parHo mponopuronansha pH), To Takoii ciydaii HasbI-
BaeTCA Cneyupuueckum KUCIOMHbIM Kamaaiu3om. B HEBOOHBIX cpeaax
crneun(UUecKuil KHCIOTHBIM KaTajlu3 OCYLIECTBISIETCS MOJIEKYIaMHU
IIPOTOHUPOBAHHOIO PACTBOPUTEILSL, HAIIPUMED NHI B JKUJKOM aMMUAaKe,
CH;COOH; B ykcycHoii kucnore, H3SO; B 100%-ii HySO4 1 T. 1. Knic-
JI0Ta, CONPSKEHHAst HEHTpaIbHON MOJIEKYJIE pacTBOPUTEISI, Ha3bIBAETCs
UOHOM IUOHUSL; CIIEOBATENIbHO, CIIeHU(pUUSCKUI KUCIOTHBIM KaTalu3 —
9TO KaTajJIu3 HOHAMH JHOHUS.

AHaJOTMYHO, €CIIH CKOPOCTh PEaKIUU IPONOPLHUOHAIBEHA TOIBKO
KOHIICHTPALUU THIPOKCHIbHBIX noHOB [OH ] (T. €. pH), TO 3TO 03Haua-
eT, uTo Halonaercs cneyuguueckutl ocnogrot kamanu3. C TOUYKH 3pe-
HUSI MEXaHU3Ma PEaKui, criennpUuecKnuii OCHOBHOM KaTajii3 03HaYaeT,
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4YTO p€aKurd HAYMHACTCS C 6LICTpOFO OTpBIBA MMPOTOHA TMAPOKCHUIIBHBIM
HNOHOM:

K

RH + OH™ R~ + H,0,

OBICTPO

153

MEJIEHHO

R™ P,

ckopocts = Kk, [RH]|[HO™].

[IpumepoM Takoit peakuu SIBISICTCS albI0TbHAsS KOHICHCAIIHS:

OH
(0] O
V - V
acH;c] ™ epyCHCH,CT
H H
AlCTAIbACT UL B-oxcumacisHbli
(oraHans) aJIbJer U

(3-okcuOyTanaib )

OcHoBaHue, CONPSHKEHHOE HEUTPaIbHON MOJIEKYJIe TPOTOHHOIO pac-
TBOPUTEJIA, HA3BIBACTCA IUAMHBIM UOHOM; CIICA0OBATCIIbHO, CHCLII/I(I)I/IHC-
CKAH OCHOBHOHM KaTaJll3 — d3TO KaTali3 JHAaTHBIM HOHOM (Hampumep,
CH30™ B CH30H, mumcunannonom CH3;SOCH, B IMCO u . 11.).

3.3.6.8. OBIIMI KMCJIOTHBIN U OBIIMII OCHOBHOM KATAJIN3

CKopoCTh peaknui, KaTadu3upyeMbIX KHCIOTaMH U OCHOBAaHHUSIMH,
HE BO BCEX CIIydasx KOHTPOJIMPYETCs TOJIbKO 3HauyeHueM pH pactBopa.
Hanpumep, ruaponu3 3THIOBOTO 3pHpa OPTOYKCYCHOM KHCIIOTHI B
MSITKHX YCJIOBHSAX MOXKHO OCTaHOBHTB Ha CTaJWU JTHIIALIETATA:

_OC;Hs X L0
CH3_C<OC2H5+H20 — CH3_C\ +2C,HsOH.
OC,Hs OC,Hs

Ota peaknus KaTalu3upyeTcs KUCIOTaMH, HO HE KaTalHM3HPYeTCs
OCHOBaHUSIMH. B mema-nurpodenonsatHom OydepHOM pacTBope mpu
(GukcpoBaHHOM 3HaYeHUH pH CKOPOCTH peakuy He TIOCTOSHHA, a yBe-
JIMYMBAETCA NPHU yBEIMYEHUH KOHIeHTpauuu Oydepal. DTo o3Hauaer,

! Byd)epHbIM pacTBOPOM Ha3bIBaeTCs PACTBOP, COMEPIKANIMII CPABHUMbIE KOHIIEHTPAIHH OTHO-
CHTENIBHO cJ1a00i KHCIIOTHI (B pacCMaTpHBaeMOM ClIydae Mema-HATPO(EHONa) U €€ COMPSDKEHHOTO
OCHOBaHUSI (Mema-HUTPO(EHONATHOTO aHHoHa). Poib Oydepa MOXKHO POUILTIOCTPUPOBATH CIIETY-
toruM npumepom. [pu nobaenennu 0,01 mit konnentpuposannoit HCI B 1 11 Boxs! pH nsmensiercst
or 7 no 4. Eciu taxoe xe konmuectBo HCl no6aButh B Oy(hepHbIil pacTBOp, ColepIKalinii paBHbIC
KOJIMYECTBA alleTara HaTpusl M YKCYCHOHM KucioTel, To pH ymeHbumrces or 4,75 BCero juiib a0
4,74.
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uto kpome H3O1 peakuus xaranusupyercs Takke HEAUCCOLMUPOBAH-
HBIM Mmema-auTpodenonom (AH). OO0mas ckopocTh, TakuM 00pa3oM,
SIBJIIETCSI CYMMOM CKOPOCTEH NapalleNbHbIX PEAKLIUNA, OJIHA U3 KOTOPBIX
karamusupyercss H;OT, npyras AH, a TpeThs, «HEKaTaJIUTHYECKAs»,
peaxius Ha caMOM Jiesle KaTaJu3upyeTcs caMoil Booil:

OEt
| K1 , MeLNIEHHO
CHy—C— 0t —————
~EtOH,-H,0
CQEt 2
HO®— f
0Et OFt AansHemwme
Ky ,MeAnento S ObICTpbIe
s Ot g e SO TR PRV
OEt OEt
A-Fi
?Et K3 ,MefneHHo
CH3 C_OEt—_——_EtOH,—OHe

E AN |
m

=X
~
o

B nannom ciyuae ky =2,1-10%, ky =1,7-103 u k3 = 1077 (/monb-c).

PaccmoTpenHast peakiust SBIsSETCS MPUMEPOM 00Uje20 KUCLOMHO20
Kamanusa, KOTOPBIA XapaKTepH3yeTcs TEeM, YTO KaTaln3aToOpOM SIBIIS-
ercs mobast kuciota (mema-HUTPOGEHOI, BOMA), MPUCYTCTBYIOMAS B
pacTBope, a He TOJLKO CONpshkeHHasi Kucnora pacteoputens (H3O™).
HaGmromaemast KOHCTaHTa CKOPOCTH B Ciydae OOIIEro KHCIOTHOTO
KaTaju3a, TAKUM 00pa3oM, OIPEIEIIIeTCsl BEIPAKECHUEM

kﬂa(jﬂ — Zkl [HAI] .
AHAJOTHYHO, 00Wull OCHOBHOU KAMAiuU3 ONMCHIBACTCSl YPABHEHUEM
kﬂa6n = z:ki [B,'L

e B; — kaxmoe KOHKpPETHOE OCHOBaHHE, COACpIKAIIeecs B PacTBOPE.
[TpuMepoM Takoi peakiuy SIBISIETCS THAPOIIN3 YKCYCHOTO aHTUAPHIA B
BOJTHOM arieTaTHoM Oydepe:

O
Ve
CH;—C OH-,CH;COO~, H,0
/O
NN
o

2CH;COOH.

Kisagn

CH;—C
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OOmmii KUCIOTHBIA KaTanu3 OOBIYHO MPOSIBISIETCS B TOM clydae,
KOIZla IIEPEHOC MPOTOHA MEXKAY CyOCTparoM M OCHOBAHUEM SIBIISETCS
MeJIeHHBIM npoueccoM. Kak mpasuiio, 3To xapakrepHo st CH-kucior
n C-ocHoBanuii (cM. paszm. 3.5.1). PaccMOTpHM HECKOJNBKO XOPOIIIO
MCCIIIOBaHHBIX TPHMEPOB.

W3BecTHO, uTO 00pa3oBaHME EHOJIAT-AaHHOHOB, HAIpUMEp M3 alle-
TaJbJETU/A, SBISETCS MEJICHHBIM ITPOLIECCOM:

0 .
CH—C// —t_, H—_—e"/ 0 BbicTpo MPOAYKTbI
i 2 "\ MeasenHo CH; C\ (Hanpumep, anbaons) .
H H
Bi B-He;

OTO NPUBOIUT K KUHETUYECKOMY YPaBHEHHUIO
ckopoctb = k;[RH][B,],

rme RH — opranmueckuii cybcrpar, B JaHHOM ClIydae areTaibIeTH,
seisrotnuiicss CH-kucnoroit. Ecnu B pacTBope COMEP:KUTCSI HECKOIBKO
OCHOBaHUH B;, TO Kax1oe U3 HUX KaTaJIU3UPYyeT PEakUUi0 IyTeM OT-
nierieHust mpotoHa ot RH ¢ co6cTBeHHO# ckopocThio. O0I1as CKOpOCTh
peaknuu OyIeT CyMMON CKOPOCTEH ITHX OTICIBHBIX PEaKITUi.

B KHCIOTHOM rHIpoTU3e BUHHIOBBIX 3(HUPOB MEIICHHON cTaguen
SIBJISIETCS PUCOEIMHEHUE MPOTOHA 110 IBOMHOM CBS3H, T. €. C-IpOTOHU-
poBaHUE:

CH,=CH -~ OC, Hj 120" # Al
MEJJIEHHO
+ N + H,O
— CH;—CH-0C,H; (CH3 _CH*OC2H5) 6—>
BICTPO

— CH3CH=0 + C,H;sOH.

B sToM citydae neiicTByeT OOLIMiT KUCIOTHBIM KaTaius.

[Ipu enonm3amuu aneranpiaernaa B Oy(depHBIX pacTBopax CHavala
MIPOUCXOIMT OBICTPOE MPOTOHUPOBAHUE MO KKCIOPOJLY, a 3aTEM MEJICH-
HBIM NIEPEHOC IPOTOHA OT yIIEPOJa K OCHOBAHUIO A; :

0)

2% H;0T,k ©  H0mmA-
CH;C] ——=-CH;—CH=OH 22,
N H OBICTPO MEJIJIEHHO k>

— CH,=CH—OH + H;0" i HA.
B sTtom cnydae
ckopocth = k1 [R][H;OT[A[].

1
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_ [H:07][A]]
Tockonbky koncTanTa auccounanuu Ky = ==,
1

ckopocts = K,;K k> [R][AH]. (3.22)

OTO ypaBHEHHE OTpakaeT OOIIMI KMCIOTHBIM KaTanu3 Kuciaotoid A;H.
Ha nepBblil B3mI1s,A KaXXETCsl JOBOJIBHO CTPAHHBIM, YTO PEaKLUs, Me-
JIECHHOU CTaJlueil KOTOPOH SIBISIETCS aTaka OCHOBaHUEM, KaTaJlu3UupyeTcst
kucioroi. OgHako koHIeHTpanus [A;H] cBsizana ¢ KOHLIEHTpaluen Kak
[H3;07], tak u [A™], T. e. yBenuuenue [A;H] IpuBOAMT K YBEIUUECHHIO
[A™], a taxkxe [H30"] (u cienosarensro, [RH]). Takoi THI peakumun
Ha3bIBACTCS 00U e0CHOBHO-Cneyuuiecku-Kuciomuuim kamanuzom. Co-
OTBETCTBYIOIMI MEXaHW3M JUIsl OOIIEro OCHOBHOTO KaTajn3a Ha3bIBa-
eTCSl 0OUeKUCTOMHO-CREeYUPUUECKU-OCHOBHBIM KATNATUZOM.

Ki

RH + HO~ R~ + H,0,

OBICTPO

R™HB; —— RH+ B[,

MEJIEHHO

ckopoctb = Kp K kp [RH][B;].

B HeKoTOphIX cilydasx peaknud MMEIOT MEXaHW3M, 110 KHHeTHYe-
CKOMY YpPaBHEHHUIO ITOXOXKHU Ha OOIMUH KHUCIIOTHBIA Karain3, HO 0e3
MOJTHOTO TIEpEHOCa MPOTOHA OT KUCIIOTHI K cyOcTpary. Peakius Moxer
YCKOPSATHCS MPOCTO 00pa30BaHUEM BOTOPOAHON CBsI3M Mekay R m A;H:

R+HA, —-=R...HA, —2> P,
6I>ICTp0 MCIJICHHO

ckopocth = K k> [R][AH].

Kommnekesl, mono6usie R ... HA;, MoryT 06pa30BBIBaTECS HE TOIBKO
¢ kucimoramMu bpeHcrena, HO U ¢ KucinoTamu JIprouca, T. €. peakiuu
MOTYT KaTaJIu3UPOBATHCS HE TOJIBKO MMPOTOHOM, HO U HOHAMH METAJIJIOB.
Hampumep, maBeneBoyKCyCHas KHCJIOTa CKJIOHHA K PeaKIInd JeKapOOK-
CUJTUPOBAHUS:

HOOC—-C—CH,—COOH — CH3—C—COOH + COa,.
I |
O O
111aBEJIEBOYKCYCHAs KHCII0Ta IMPOBUHOIPaIHAsT KUCIOTa

Ota peaknusa UACT YCPe3 aHUOH KHCJIOTBI U KaTAJIM3UPYCTCSA HMOHOM
APt ipu 5ToM 06pasyeTcst KOMIUIEKC, B KOTOPOM pa3phiB cBsizu C—C
o0OneryeH NOJIAPU3YIOIIUM I[CﬁCTBI/ICM HOHa aJIFOMUHUSA:
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0 CHy) 0
N Q// -C0

0
- 3+ N 2
— c—C c—C
HOOCCOCH,C00™ + Al —-—Hov/c CE@ 2, ) St N
38, S\ 30 \sea,/
AU Al Al

KucnoTHO-0CHOBHBIE peakliny SBIAIOTCS PUUNHON KaTaTUTHYECKO-
ro AelcTBUS MHOTMX (epMEeHTOB. Tak, XUMOTPUIICHHBI KaTAJIU3UPYIOT
THIPOJIU3 CIOKHBIX 2(QUPOB U aMUA0B B HEUTpaJIbHOM cpenie. B aToit pe-
AKIUH OCYILIECTBIISIETCS GHYMPUMONEKYIAPHBIL 00Ul KUCTOMMUBIIL U OC-
HOBHOU Kamanu3s AByXCTaJMHHOTO MepeHoca aluiIbHON (R—C—) -Tpy1-

O
Tk, — CHaYa1a OT cyOCcTpara K IHIPOKCUMETHILHOW TPYIIEe CEPHHA, a
3aTeM TpY THAPOJIM3e arnuicepuHa. TpeTndHas cTpykTypa ¢epMeHTa
TaKoBa, YTO TPU aMHUHOKHCIOTHBIX OcTaTka (Bcero ux 245), a UMEHHO
acraparnHoBoi kuciotThel (Ne 102 B 1enun), ructuauHa (Ne57) u cepu-
Ha (Ne195), upeanbHO pacrosiokeHbl B MPOCTpPAHCTBE JJIs MEpeHoca
MPOTOHA!

IAsp-102 0 His-57 Ser-195
NH ¢ —NH—CH—CO— —NH—CH—C0—
CH—CH—cH, 8 | l
2 \ CH CH _—
o 2 Vi
i _ H__Q/\
’_ p—
R wo=g—
|
ﬁ ~CH, O/CHZ
—CH-—C Y “c—R
2 N N-H
No-# e R'o/(')e

SH
0~ |
| —CH, b
~CH—C =\ H—0 0
—_— 2 \ _ A ——— YT

3.3.7. YPABHEHUE BPEHCTEJIA

B 1920-x rogax bpencren u IlenepceH nomyduiig 3KCIIepUMeHTab-
HbIE JIaHHBIC, MOKA3bIBAIOIIUE, YTO YeM CHiIbHee coeauHenne A;H (mmum
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B;) kak kucnora (Win OCHOBaHHE), TEM OHO A(PPEKTHBHEE KaK OOIIUN
KHCJIOTHBIH (OCHOBHOM) Karaiau3aTop. DTO O3HA4YaeT, YTO IOBEICHUE
KHUCJIOT W OCHOBAaHMUU IpH WOHW3anuu (0OOMEH NPOTOHA C PacTBOPHU-
TEJEeM) TECHO CBSI3aHO C WX IOBEIEHHEM KaK OOIMX KHUCIOTHBIX U
OCHOBHBIX KaTanu3aTopoB. COOTHOIIEHUE MEXKIY CUJION KUCIOTHI WU
OCHOBaHHUSI M CKOPOCTBIO KaTaJIM3MPYEeMbIX UMH peaKInuii Ha3bIBaeTCs
Kamanumuieckum 3axonom bpencmeda. ITOT 3akoH 3amHCHIBACTCS
cleayromuM o0pa3om:

lgk, = algK,(AH) + const,

lghk, = —BlgK,(BHT) + const,
rae k, U ky — KOHCTaHTBI CKOPOCTH PEaKLHii, KaTaIn3UPyeMbIX KHCIIOTa-
MH ¥ OCHOBAHMSAMHU cOOTBeTCTBEHHO; K,(AH) n K,(BH™') — KoHCTaHTEI
JUCCOLMAIMK KaTalu3aTopoB; @ U f§ — koddduuueHtsl bpencrena, He

3apucsamue or npuponsl AH mimu BH™, a 3aBucsiue Tonpko OT THHA
peakuuu u ycnoBuil ee nposeaeHus. [lockonbky IgK, = —pK,,

gk, = —apK,(AH) + const, (3.23)
lgk, = BpK,(BH™) + const. (3.24)
Jpyrumu ciioBamu, U3MEHEHUE CBOOONHOM 3Hepruu AG® Mpu KUCIOT-
HO-OCHOBHOM PaBHOBECHH MPOIOPLHOHAIBHO M3MEHEHHIO CBOOOIHOM

sHepruu aktuBauuu AG® (pasnen 3.3.7.r) mpu nepexoie OT peareHToB K
HEPEXOAHOMY COCTOSIHUIO IIEPEHOCa IPOTOHA.

Jls kucaoT

Ka(AH)

AH + S (pacTtBopurens) A~ +SHT, AG°=RTpK,(AH);
R (pearent) + AH X R...H...A, AG” = —RTInk;

MePEXOHOE COCTOSTHUE
nepeHoca IpoToHa
or AH k R

AG”  mpomopuuonansHo AGC.
Jns ocHoBaHuUi
B+ SH (pactsopurens) = BHT +S™, AG®° = —RTpK,(BH);
RH (pearent) +B — R...H...B, AG” = —RTInk,;

TIePEX0THOE COCTOSTHUE
repeHoca NpoToHa
or RHk B

AG®  mponopuuonansHo AG7 .
YpaBHeHue bpeHcrena ABisieTcs OQHUM M3 COOTHOLIEHUW JIMHENHO-

CTH CBOGOHBIX dHEPrHil (Tak Kak AG® mpornopuuoHansHo AG7 ) i TECHO
CBsI3aHO ¢ ypaBHeHueM ['ammera (pasn. 3.4.5).
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3.3.7.a. ®U3NYECKUI CMbICJI KODPOULIMEHTOB BPEHCTEA

Obwuil Kucaiomuwlil U 0OWUIL OCHOBHOU KAMANU3
¢ MeONIeHHbIM NePEHOCOM NPOMOHA

B TummyHOM ciydae oOmiero KMCIOTHOTO MM OOILIEro OCHOBHOTO
karanu3a nepedHoc mporoHa or AH x R wmm or RH k B saBuser-
cs caMOM MeNJICHHOM cTaiaueil o0Imero MHOTOCTAAUITHOTO Mpolecca
(pa3m. 3.3.6.B). PaccMoTpuM, HanpuMep, SHEPTETHUCSCKUH MPOPUITH pe-
aKLIMU JUId OOIINEro OCHOBHOIO KaTalln3a, KOIJa CKOPOCTh pEeakluu
KOHTPOJIMPYETCS TIEPEeHOCOM MpoToHa OT peareHTa RH K xarammzatopy
By (puc. 3.11,a). DHepreTuyeckuii mpopuiib MOXKHO MPEICTaBUTH KaK
pe3ynbTaT HAJIOKEHUS Ipyr Ha Jpyra OTAENBHBIX IapaboIudecKhX
KPMBBIX TIOTeHIManbHON sueprun it RH u BoH™, coorBercTByrommmx
pactsoxeruio cBsizn R—H mpu nepexone ot (RH + By) x mepexomaomy
cocrostauio (R...H...By) u pactsxenuto cBsa3u Bo—H npu nepexone
or (BgH™ +R™) Kk 5TOMy K€ HEPEXOTHOMY COCTOSHHMIO (IIOCIIEIHUIA
npoliecc MPOUCXOIUT B 0OpaTHOU peakuuu, puc. 3.11,6).

a i)
§ nc
S R_‘“HHI BO
e
5|46 R+BH"
X 0
3 26°
S
| RA *‘—Bo R-H pacrsxenue

KoopouHata peaxiyuu

Puc. 3.11. Peakuum mnepeHoca mpoToHa (@), e MOAEIMPOBAHUE IBYMsS KPHBBIMU
pacTspkeHHus cBsi3ed (0) M BBIBOJ cOOTHOIIeHUs bpencrena ()

Tenepr m3mMenum karanuzatop By Ha HemHOro Gonee ciaboe oc-
HoBaHue B;. DHeprus conpsikeHHOM kuciotsl B;HT Gymer HemHOro
Bbime sHeprun BoHT, a ecim B, m By He OYeHb OTIMYANOTCA IO
TUIlYy U CTpocHUIo (Hampumep, B; u By — aBa 3aMEIICHHBIX B KOJIBIIE
aHWIVHA, OTHAKO HEeJb3s OpaTh ciiydau, Korjaa, Harnpumep, B = anwimH,
a Bp=CH;07), to dopma aByx kpusbix BH' Oymer omunakosa u
mpocTo oxHa mapabona OyIeT BEpTHKAIBHO CIBHHYTa OTHOCHTEIHHO
npyroit 6e3 usmenenus (puc. 3.11,6). PasHocTh CBOOOMHBIX dHEPrUit
aKTHUBALIIU AAGT s aByx peakuuid RH+ By u RH+B; B Takom
ciydae OyaeT npuOIU3UTEIIBHO IPOIIOPIIMOHAIBHA PA3HOCTH CTaHIAPT-
HBIX CBOOOIHBIX SHEPruil AAG® I paBHOBECHOM aucconuanuu BoH™
v BiH'. Eciu npencraButh BeTBH napabon B 0ONACTH MEPECEYEHHs
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napajuIeIbHBIMU TPAMBIMH, TO U3 puc. 3.11, 6 cnenyer:
tg®
AAG?‘é — gi O’
tg® +tg o

tg® .
~ 5o rws Ig[K, (i) /K:(0)]

= —B[pKa(BHT) — pK,(BoH™)].

lg[ka (i) /2 (0)]

Takum oOpazom, BennumHa kod¢pduunenra bpencrena f (u, anajo-
TMYHO, U1l KACJIIOTHOTO KaTajlu3a BEJIMYMHA /) 3aBUCUT OT HAKJIOHOB
kpuBbix mii RH u BH' B Touke mx nepeceuenms. Kak mokaszano
Ha puc. 3.12, BenmnunHa Koddduimenta bpeHncrena qomKHA JIEXKaTh B
npenenax ot 0 mo 1, T. e.

0 < B <1 mus peakuun RH + B — R® + BH?

0 <a <1 g peakuuu R+ AH — RH? + A°.

Ecmu xpuBwle TepecekaroTcss B BepmuHe mapabonsl RH, o f = 0
(puc. 3.12,a) ¥ mepeHoc MPOTOHA MPOUCXOIUT Oe3 3aTpaTbl YHEPTHUH.
Takyto peaxiio NMpakTHYECKH peain30BaTb OYEHb TPYOHO, TaK Kak
npy OOJBIIUX CKOPOCTSX MEepeHoca MPOTOHA JIMMUTHPYIOIIEH cTaauei
MOJKET CTaTh Tporecc odpa3zoBaHus KoMIUIekca coyaapenns RH ¢ B u
HaOmonaemast BennuuHa 3 = 0 mpakTudecku OyAeT CIEACTBUEM IU(]-
(y3MOHHOTO KOHTpPOJIS, @ HE XapakTepa MepecedeHns YHEPreTHIeCKuX
kpuBbIX. CnenoBarensHo, o« — 0, B — 0, eciu CKOpOCTh TepeHoca

a46% =0 B=0 | 6=v B=05 | 4067 = 206°  p=1

Puc. 3.12. ®uznueckuit cmbica kodpduimenta bpencrena. a —tg® — 0; o SHeprun u

CTpyKType nepexoanoe cocrosuue (R ... H ... B) ouens 6musko k pearentam (RH + B).

6 — OOBIYHAS PEaKIHsl. 8 — IEPEXOAHOE COCTOSTHHE OYEHb OJIM3KO K MPOIYKTaM PeaKIuH
(R +BH"), tgs =0
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npoToHa KOoHTponupyercss auddysuerd peareHtoB. Ecnu kpuBble Ie-
pecekarorcss B BepmmHe napabonst BHT, o B = 1 (puc. 3.12,6). B
3TOM CIIydae PEearcHThl MEepPeXOomsiT B MPOAYKT IyTEM IOCTEIEHHOTO
MOJTbeMa 0 CKIIOHY DHEPTeTHYECKOH TTOBEPXHOCTH M «sIMay Ha KPHUBOU
BH™ (akruuecku sBaseTcs BbICUIEH TOUKOM MOBEPXHOCTU. OUEBUIHO,
gto o — 1 (B — 1) xXapakTepHBI I O4YE€Hb MEIJICHHBIX IPOIECCOB
nepeHoca NpoToHa (peakuusi O4eHb CIaObIX KHCIOT C OYCHb CIa0BbIMU
OCHOBAHUSIMHU).

Ha mnpaktuke Haubojee dYacTo BCTpEHUAIOTCS CiIydau, KOraa
0<a(B) <1 (puc. 3.12,6).

Takum oOpaszom, BenmnumHa Kod(duuuenta bpencrena mponusaer
CBET Ha CTPYKTYpy HepexomHoro cocrosiHus. Ecim a(f) mamsl 1o
BEJINYMHE, TO CTPYKTypa MEPEXOAHOTO COCTOSHHS ONM3Ka K CTPYKType
peareHToB, aKTHBAIIMOHHOTO Oapbhepa TOYTH HET M JIMMUTHPYIOIIEH
cramueit MoxeT ObITh MU y3us peareHTOB (COMMKEHUE UX APYT C APY-
rom). Eciiu o) mpuGamkaroTest K eUHHIIE, TO CTPYKTYPa MEPEXOIAHOTO
COCTOSIHHS ONM3Ka K CTPYKType MPOLYKTOB PEaKITHH.

Obuwutl Kucaiomuulil U 00WUL OCHOBHOU KAMAIU3
¢ ObICMPBIM NEPEHOCOM NPOMOHA

Ecnu mepeHoc mpoTtoHa MeXy KaTajau3aTopoM U CyOCTpaToM Ipo-
UCXOJUT OBICTPO W TPU STOM BHAYaIC YCTAHABIUBACTCS KUCIOTHO-
OCHOBHOE paBHOBECHE C 00pa30BaHWEM COIPSHKEHHOW KUCIOTHI (HMITH
COIPSIKEHHOTO OCHOBaHMUs) CyOCTpaTa, KOTOpas JIajibliie PeBpaIiaercs
B TIPOAYKTHI (€HOJIM3AITUS alleTallbIeTuaa; pasm. 3.3.6.B), TO CMBICHT KO-
s duimenta bpencrena OynetT HEMHOTO WHOMU. J[j1st 00IIET0 KUCIOTHOTO
KaTanmusa

K

R +H;0" RH" + H,O0,

ObICTPO

RHY+A~ —® L R+HA

MEJIEHHO

Ha OCHOBaHWU ypaBHeHU (3.22) MOXKHO HalMcaTh
Kiaon = Ka(AH) - K - k2
Wi
lgkuasn = 1g K, + 12Ky +1gks.

[Ipumenss ypaBaenue bpencrena (3.24) mis 0CHOBHOTO Karajn3a Ha
BTOPOH CTaUH, OIYyYUM

Ighk, = —BlgK,(AH) + const.
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CrengoBarTelibHO,
1g kyasn = (1 — B) 1g Ko (AH) + 1g K const.

K| He 3aBUCUT OT IpUpOjbl KartanuzaTtopa AH, 1 mo3ToMy mojgydyeHHoe
CoOTHoIIeHHE OyJeT HOpMaIbHBIM YpaBHEHHEM bpeHcTena st KUCIoT-
HOTO KaTajau3a ¢ Kod(h(HUIIHEHTOM

a=1-8. (3.25)

OTo TOXE O4YeHb BaxkHOe cooTHomeHue. Korga cepust kucimor AH
pearupyer ¢ OZHUM M TEM K€ OCHOBaHMEM B, cymma kosdduuueHros
JUISL IPSIMOM peakuuu

AH + B 59 B+ 4 A~

u o0paTHOH peakun

BHt + A~ "y AH+B
paBHa €AMHUIIE, TOCKOJIBbKY
lgK =1gkan — lgks = —pK.(AH) + pK,(BH"),

e K = kau/ka — xoncranra pasaosecuss AH+B = BHT + A~
[Toncrapnss ypasuenue (3.23), momydaem

lgka- = (1 — a), pKa(AH) + lgk,(BH™) + const.

Takum oOpazom, kKoapduimeHT B 11 o0paTHoU peakiuu paseH (1 — @),
e o — Kod(OUIUEHT IS IPSMOHN PEaKIIUU KA .

3.3.7.6. AHOMAJIbHBIE KOO®OUILIMEHTBI BPEHCTEIA
a(f)<0ua(f)>1

Kucnotel bpencrena cocTosT U3 MpOTOHA U €ro MepeHocurKa (co-
HPSDKEHHOTO OCHOBaHMSA). B iepexonHoM cocTossHUY IepeHoca POToHa
MIPOTOH JIEKUT MOCEPEUHE MEXY CTapbIM OCHOBaHHMEM, OTAAIOLIUM
€ro, 1 HOBBIM OCHOBAaHHEM, KOTOPOE €ro 3a0upaeT. B npoxykTe peakuuu
HPOTOH LIEJINKOM NPUHAIJICKUT HOBOMY OCHOBaHUIO. YeM Oosee 1OoIHO
B IIEPEXOTHOM COCTOSIHUM IMPOTOH MEPEHOCUTCS K HOBOMY OCHOBAHHUIO,
T. €. 4eM OJINKE NEePEXOJHOE COCTOSHUE K NMPOLYKTY, TeM OOJIblIe BIIU-
SIHHE CTPYKTYPHBIX M3MEHEHUH (BBEICHMS 3aMeCTUTENIeH B MOJIEKYIY
KHCJIOTHI MJIM OCHOBAHHUS) Ha KOHCTAHTY CKOPOCTH JIOJDKHO ITOXOAUTb
Ha BIIMSHHUE 3THX K€ CTPYKTYPHBIX M3MEHEHUH Ha KOHCTAHTY paBHO-
BECHSL.

B cooterctBuM ¢ puc. 3.12, yuem Onmke BenuuMHA B K €IUHMIIE,
TeM OoJIbllIe CTEIeHb IIEPEHOCA IPOTOHA K OCHOBAHUIO, @ YEM MEHbBILE
B, TeM MeEHbLIE CTeleHb 00pa30BaHUsSI CBA3HM MPOTOHA C OCHOBAHUEM
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B MEPEXOJHOM COCTOSIHUH. AHaJOTMYHO BBICOKHE W HU3KHE 3HAUYCHUS
O CBsI3aHBl COOTBETCTBEHHO CO 3HAUMTENBHBIM W HE3HAUYNTEIbHBIM
MEPEHOCOM MPOTOHA OT KUCIOTHI B IEPEXOHOM COCTOSTHUM.

Takas Touka 3peHHUS Ha cMbIca KodddummentoB o u B, 060CHO-
BaHHas1 Ha puc. 3.12, TeM He MeHee He OOBSCHSICT HKCIIEPUMEHTAIBLHO
00HapyKEHHBIC CITyJau, KOoraa 3T KO UIIHECHTHI OBIITH OTPHUIIATCIHHBI
v Gonbuie eauHunbl. Hanpumep, aist aurpoankanoB a = —0,48:

R,CHNO, % (R,CNO,)~ +H,0 (R=H,CHy).
2

Jtst peakmuu cepun 1-apuin-2-HATPOIPOIIAHOB HAOIIOMAIach Koppe-
JSALUS CKOpOCTEeH mepeHoca NpoToHa K tmatHomy HoHy OH™ B BogHOM
MeraHoJie ¢ pK, B COOTBETCTBUM C 3aKOHOM bpeHcTena, HO Tpu 3TOM
o =1,68:

H H...OH™
| OH™ | EB//O
ArCH; —C—NO; — ArCHz—C—N\e =
O
CH3 CH3
D /06
= ArCH,—C= N +H,0.
0°
CH;
U3 ypasuenus (3.25) caenyet, uto ans oOparnoit peakmuu f = —0,68.

BozHuKaroT BOMIPOCH: Kak MOXET OBITh, YTO CTENEHb MIEPEHOCa TPOTOHA
B TEPEXOAHOM COCTOSHUHU OOJbllle, YeM B MpPOAYKTE, IJe MPOTOH
MOJTHOCTHIO Tiepeniest k ocHoBaHuio? [louemy gopmanbHO OKa3bIBaeTCs,
YTO B OOpaTHOM peakiuu NPUHMMAIOLIMI MPOTOH aToM yriepoja B
MIEPEXOTHOM COCTOSIHUM OKAa3bIBAETCSI MEHEE CBS3aHHBIM C MPOTOHOM,
YeM B aHHOHE, I7Ie MPOTOH BooOIIe oTcyTcTBYeT? Kak cBa3aTh 3HaUCHUS
o = 1,68 wm f = —0,68 ¢ HOpManbHOU BenuuuHou B = —0,5,
HaOFoMaBIICHCS TIPH OTIICTICHUH TIpoTOoHA OT HUTpodTana CoHsNO,
MOJT IEUCTBUEM PA3IUYHBIX AMUHOB?

OnHO W3 OOBSICHEHHW HEOOBIYHOTO TOBEACHUS |-apui-2-HUTPO-
MIPOTAHOB MPHU JCTPOTOHUPOBAHUH COCTOUT B YTBEPKIACHUHU, YTO B
JTAHHOM CJIy4ae SHEPIHsl MEePEeXOJHOr0 COCTOSHUS NPU U3MEHEHUU Ar
U3MCHSIETCSl CHUIIbHEE, YeM DJHEpPrusi KOHCYHOTO MPOAyKTa (aHWOHA).
DTO 3HAYMT, YTO MPH U3MEHEHHWH apWIBHON TpymIbl (Hampumep, Mpu
BBEJICHHH 3aMECTUTEIIS B OCH30JIBHOE KOJIbII0) napadoia AH He mpocTo
TIepeIBUTAETCS BEPTUKAIHLHO BBEPX HITH BHU3, HO U MEHSET CBOIO (hOpMYy,
T. €. CTAHOBUTCS WK OoJiee WM MeHee KpyToi (cp. puc. 3.11). Peakunn

268



HUTPOAJKAHOB YMEHBILIAIOT YBEPEHHOCTh B TOM, YTO O U 3 Xapakre-
PU3YIOT CTENeHb MepeHOca MPOTOHA B MIEPEXOAHOM cOCTOSHUHU. OTHAKO
B OOJIBIIMHCTBE APYIUX CIy4yaeB 3TO MPEINOIOKCHHE CIPABEJINBO H
00BIYHO COIVIaCyeTCs C JAaHHBIMHA O CTPOCHHH TIEPEXOAHOTO COCTOSHUS,
MOJTy4YEeHHBIMH COBEPIIEHHO WHBIMH MeTojamu. IloaToMy ypaBHeHue
Bbpencrena ucmonp3yeTcsi O4eHb MTHPOKO.

3.3.7.s. KPUBU3HA I'PA®MKOB BPEHCTEJA

Ecmu psan kucnor (AH) ¢ pasabeiMu pK, pearupyer ¢ OMHHUM U TEM
JKe OCHOBaHHEM B, To ko3 QUIHMEHT o JOKEeH MEHATHCS B TIpeieie OT

0 mo 1:
AH+B=[A...H...B|=BH" +A".

NepexoHOe
COCTOSTHHEC

Eciu xuciiora AH ouenb ciabast (T. €. ee CONPSIKCHHOE OCHOBaHUE
A~ HaMHOTO CWIbHEEC NPUHHUMAIOIIETO IPOTOH OCHOBaHWs B), To
MIEPEXO/IHOE COCTOSHUE JOJKHO I0CTUTaThCsI TOJIBKO TP MOYTH MOJTHOM
nepeHoce mporoHa (¢ — 1). C apyroil CTOpOHBI, KOTJa COIPSIKCH-
HOe oOcHOoBaHWMe KucinoTel AH 3HaunmrtensHO ciabee B, mepexomHoe
COCTOSIHME JIOCTHraeTcsl paHo (10 KOOpIMHATE peakluu) U o UMEeeT
HU3KYIO BEJIMYNHY (HallOMHUM, 4TO ¢« = 0 MOXKET 03Ha4arh Mepexo]] K
TUMUTHpYIomen cramuu 1uddysun, cM. Bbie). TakuM o0pazoM, Ipu
TUPOKOM BapbupoBaHud HA « Oyner MeHsATbes U rpadukn bpencrema
He OyIyT JTUHECHHBIMHU.

W netictBuTEensHO, KpUBU3HA TpadukoB bpeHcTena mHOTAa HAOIIO-
JlajJach Ha OMBITE, OHAKO HE TaK YacTO, KaK CICAOBAJIO ObI OXKUIATh.

3.3.7.r. TEPMOJUHAMUKA OBLIET'O KUCJIOTHOI'O
11 OCHOBHOI'O KATAJIM3A

IMapameTpbl akTHBanMu. [71aBHOE ypaBHEHHE TEPMOAMHAMUKH B
NPUMEHEHUH K CKOPOCTSIM PeaKUUil 3alnCchiBaeTCs CIEAYIOIUM 00pa-

30M:
AG” = AH7 — TAS7, (3.26)

I7ie 3HAUKOM 7= 0003Ha4aeTcs, 4To OepeTcst pasHOCTh MEXJTy Mepexoj-
HBIM COCTOSIHHMEM U pCarcHTaMu.

CBoOomHas SHEPTHsI AKTUBALUH TPOTIOPLUOHANBHA Jorapudmy KoH-
cTaHThl cKopocTH: AG* = —2 3RTlgk. Duranbmus akruBarun AS7
B OI[HOCTEII[I/II\/IIHI)IX peaKkuuiax Winh B MHOFOCTaHHﬁHbIX peaKknuax, Mea-
JICHHOW CTaJell KOTOPBIX SIBJISCTCS MepBasi, BCEra MOJIOXKHUTEIbHA U
JIMIIb B PEAKUX CIIyYasX UCIOJB3YCTCA M YCTAHOBJICHUS MCXaHU3MA.
OJiHaKo B 9TOM OTHOIICHUH SHTPOITUS aKTHBAIHH

AS7 = S° (nepexomHOe cocTosHIE) — S° (pearcHThl)
269



Tabnuma 3.10
TunuyHblie 3HaYeHus1 log 4 u AS7 nas peakumii pa3sHbIX THIIOB

Tun peakuun (mpumMep) log 4 AS7  xan/K - moib

MOHOMOJ’ICKyJ'[prHaS{ Jucconuanust

A-B—A+B 15-17 (¢ +8 10 +17
MoHOMONEeKyIIpHOE OTIIEIICHHE
NN
7c‘7?7 - C=C_+XY 12,5-14 (¢ —3 10 +4
XY
MoHoMoeKyIsipHasi eperpyninupoBKa
PN ‘/ AN
— .
9-13 (¢ —20 100
NSNS ©
Bumonexynsapnas acconnanus 9-10,5 —20 no —15
A+B—-A—-B (/Mo - C)
BumonexynsapHoe 3amerieHue 7-11 —30 go —10
A+B—-C—-A-B+C (1/Mo7B - C)
buMonekyspHas MHOTOLIEHTPOBAs
peaxuust
I=1
5-9 —40 no —20
A (31/M071B - ©) Ao

ouenp nHbopmarusHa. Kak 1 B ciydae AS® (pasn. 3.3.3.a), AS¥ MOXKHO
NPEACTAaBUTh KaK CYMMY M3MEHEHUH MOCTYNaTENbHBIX, KOJeOaTenbHBIX
W BpallaTeNbHBIX CcTereHell cBoOoabl. Yem Oonee ymopsodeHHoO APYyT
OTHOCHUTENIFHO JIpyra paclojioKeHbl aTOMbl PEardpyIOLIMX MOJEKYJ B
MEPEXOAHOM COCTOSIHUM 110 CPaBHEHHMIO C MCXOAHBIM M 4eM Oolee
CONTbBATHPOBAHO TIEPEXOJHOE COCTOSHHUE MO0 CPABHEHUIO C HCXOTHBIM,
TeM AS7 Gomee oTpuiarenbHa. THIMYHbIE 3HAYEHMS YHTPONUH aK-
TUBAIlMM IS TJIABHBIX THUIIOB OPraHWYECKUX pEaKUWd MpHBEICHBI
B Tabi. 3.10.

DKCIEPUMEHTAIBHO BeMIuHbl AH# 1 ASF MOXHO ONPEIEeTHTD 13
ypaBHEHUs: AppeHuyca:

k= Ae B/RT,

rae £, — SHeprusi akTUBAINH PEAKIIHH, KOTOpas ONIPEIEIIAETCS U3 TeMIIe-
paTypHOU 3aBUCUMOCTH JIOrapu()Ma KOHCTAHThI CKOPOCTH (M3 HAKJIOHA
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npsiMoii B koopauHarax 1gk — 1/T); A — npendKCIOHEHIIHATbHBII MHO-
JKUTEIb. JHEPTHsl aKTHBAIMN CBSI3aHA C SHTAJBIINCH aKTHBALIUH:

AH? = E, — nRT,

TAC n — NopsAdOK peakKuru, a HpGZ{SKOHOHCHLII/IaJILHHﬁ MHOXHWTCIb CBA-
3aH C 3HTpOl'[PIeI>i aKTHBallMM COOTHOILICHHUCM

A= (kT/h)e"e®" /R,

rae k — noctosiHHas bonbivana; 4 — noctosuHas I1nanka; R — ra3osas
MOCTOSIHHAS. 3HaueHus log A mius pa3HBIX peakmuil TakXKe JaHbl B
Tabmn. 3.10.

TepMonnHamMuyeckue NMPUYUHBI 001er0 KHUCJIOTHOTO M OCHOB-
Horo karajm3a. Kak yxe yrmomuHanoch B pasmenax 3.3.6.0 u 3.3.6.8,
oTnyue OOIIero KUCIOTHOTO KaTalin3a OT CHEIU(UUECKOro Karajin3a
WOHOM JIHOHHUS COCTOMT B TOM, YTO B TIEPBOM CJy4dae B pEaKIUU
YY4acTBYET COIMPSKCHHOE OCHOBAHUE KaTaIU3UPYIOIIEeH KUCTOThL. Hinke
MIPHUBEJICHBI YIIPOIIEHHBIE CXEMBI ITIEPEHOCa MTPOTOHA B BOJIE!

)
~ eSS 2'm-1
RYHLH R’.\.‘...H_(;‘....(Hzo)”m7
Hevonn (OHZ)/;
CrennduueckHil KHC/JIOTHBIH KAaTalH3 O6uuii KHCJIOTHBIA KaTaaus
R+H* 4 (m+n) H,0 R+ H* -+ A~ + (m+n) H,O

[Ipu cpaBHEeHHH 3THX JBYX CXEM BHIHO, YTO B Cilydae OOIIEro
KHCJIOTHOTO KaTajli3a H3-3a BKJIIOUEHHS A~ B IEPEXOAHOE COCTOs-
HUEe OyleT MPOMCXOAWUTH JOTIOTHHUTEIbHAS MOTEPs MOCTYIATebHOW U
KoJIeOaTeNbHOM PHTPONUU. PacueThl MOKa3bIBAIOT, YTO Takas IMOTEps
coctaBut 15-20 xan/(K - MOIB), 9TO MOJDKHO YMEHBIIUTH CKOPOCTH
peaxiuu B 10°-10* pas. Tlouemy e peakius He MAET MO IMyTH
B3aMIMOJICHCTBHS TOJNBKO C MOHOM JIMOHHSA, & €Ile W BBIOMpaeT Takoil
00peMEHUTENbHBIN MyTh?

OTBEeT COCTOUT B TOM, YTO BKJIFOUEHHE COTPSIKEHHOTO OCHOBAHUS
B TIEPEXOJHOE COCTOSHUE CKOMIICHCHPYET CBSI3aHHYIO C STHUM IOTEPIO
sHTponuu. Ecliu compssKeHHOE OCHOBAaHUE SIBISAECTCS aHUOHOM A,
a oCTalbHAas YacTh TEPEXOJHOTO COCTOSHHUS HECET IOJIOKUTEIbHBIN
3apsij, TO NMEKTPOCTATUUECKOE B3aUMOAEHCTBHE MOXKET CKOMIIEHCHPO-
BaTh MOTEPIO MOCTYMATEIbHOM W BpalllaTeIbHONW 3HTponuu. Jpyrumu
CJIOBAaMU, BKIIFOUCHHUE OCHOBAHMSI MOXKET IMOHU3UTh SHTAIBIIHIO aKTH-
Banuu. HampuMmep, ipu THIpOIN3e TpUATHIOpTOoarerara (pasm. 3.3.6.8)
B clly4yae creru(uyeckoro KHCIOTHOrO KaTanu3a oOpasyercs: oOnaja-
IOIIUN BBICOKOW SHEPTHEH MPOTOHWPOBAHHBIA KAaTHOH, a MPHU OOIIEeM
KHUCJIOTHOM KaTaJIM3e TaKOM KaTHOH He o0pa3yeTcs:
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®
OEt Et —=0—-H

fbicTpo l ®
CHy—C—0Et + Hy0" B 10 + CHy—C— ot MEATEMO oy ﬁ OEL + ELOH.
OEt OEt OEt
MHTepMeguar,

UMEIOLLIMM  BBICOKYIO 3HEPTUI

OFt Et0sH-"A 6
MeLNeHHO E o A
CHg—(|?“—OEt +HA == CHy—C—O0Et ————> CHg—C\—OEt + E4O0H .

— O

OEt OFt OFt
nepexofHoe
cocTosiHue
Jlasi DaHHOW peakuuu sHepretudeckn (AG7) BBITOJHEE HATH II0
BTOPOMY IIyTH, C IOTEPEN SHTPOIIMH U3-32 BKIIFOUEHUS B IIEPEXOHOE CO-
CTOSTHUE COIPSYKEHHOI0 OCHOBaHMs KucioThl AH, HO 3aT0 ¢ HU3KOM HH-
TaJbIKeH, YeM IpeoaoieBaTh BHICOKUN Oapbep Ha CTaauu 00pa30BaHUs
MIPOTOHUPOBAHHOTO KAaTHOHA — COMPSKEHHOMN KHUCTIOTHI opmo-3dupa.

3.3.7.n. BJIMSAHUE HA MEXAHW3M BPEMEHU XU3HU MHTEPMEJIMATA

Ecnu B peaknum oOpasyeTcs HEKUH WHTEPMEIHaT, TO MEXaHHU3M pe-
AKIUK 3aBUCUT OT BPEMEHU €r0 XKU3HU. Eciu nHTepMeanar pasiaraercst
MOHOMOJIEKYIAPHO CO CKOPOCThIO Goibiueit, vem 10! ¢~! (nmpenensHoe
3HAYCHUE YaCTOTHI KOJeOaHW), WM OMMOJICKYIIPHO (CO CKOPOCTBIO
Gonbmieit, yem 5 - 10° 1/(monb - ¢) (pesnen ckopoctd auddysun), To
(dakTUYECKH €ro He CYyLIECTBYeT M PEaKLHI0 HYXHO paccMaTpUBaTh
KaK COIVIACOBAHHBIN IPOLECC C OJHOBPEMEHHBIM DPAa3phIBOM CTaphIX
u oOpazoBaHHEeM HOBBIX cBsized. Ecnu mHTepMmenuar mmeeT Oofbliee
BPEMS JKU3HH, TO OH MOXKET CYIIECTBOBATh, HO BOIIPOC O TOM, HONHAET JIN
peaxmus uepe3 Hero WK HalaeT Apyroi, OoJee JIerKuii, COTIacOBaHHBIN
MyTh, 3aBUCUT OT CTPOEHMs CyOcTpara, BTOPOIO peareHra, Cpeibl,
NPUCYTCTBHS KaTaJIN3aTOPOB U T. 1.

YroObl NPOMIIITIOCTPUPOBATH CBSA3b MEKAY THUIIOM KHCJIOTHO-OCHOB-
HOTO KaTaju3a W BpeMEHEeM XH3HH WHTEepMeIHaTa, pacCCMOTPUM peak-
LU0 IPUCOEANHEHHS THOJIOB U THOJIAT-HOHOB K MOJIEKYJIE alleTaJIbIeT U~
na. B 00001eHHOM BUjie MEXaHU3M HYKICO(DUILHOTO MPUCOCIMHEHUS
10 KapOOHMJIBHOM IpyIIIie MOKHO 3alUCaTh CIEAYIOMINM 00pa3oM:

O~ OH
O . | |
écm C—-H =5 CH;—C—H+A®, (3.27)
H* | N |
Nu(I®) Nu

+HA

VY
Nu:©+CH; —c<

272



Taonuma 3.11
Mexanu3M MPHCOETMHEHHS THOJSITOB H THOJOB K aleTaIbAeruay

k_y(c™h o MexaHuszm
C,H;5S® 6-10° 0 HEKATAIMTHYECKHUit
CH;0—C—CH,S®
I 7-10 cM. puc. 3.12 3axBat [~
kuciotoi AH
ArS® 10°-10" 0,16-0,26 H-csispiBanne
(pemaccoruarys)
RSH O4YCHb ~ 0,7 COIaCOBAHHBIH
OBICTPO
CF3CH,OH(+CH,=0) ~ 10" 0,30 COTVIACOBAHHBIH

e Nu~ —anHuoH Hykieoduna; k, = kay[AH] — koHcTaHTa CcKOpoCTH
MPOTOHUPOBAHUS WOHHOTO HWHTepMenuara 1~. Bpems xu3Hm wuHTEp-
Meaguara I~ 3aBuUCUT OT CKJIOHHOCTH Nu~ K OTHICIUICHUIO OT DTO-
ro maTepMenuara (k_; B Tabm. 3.11) m CKOpOCTH TpPOTOHM3AIUHU [~
(kau[AH]). B mepBoii peakuuu annon C;HsS™ siBnsiercst cunpHeHImm
HyKIeomIoM (cM. pasd. 9.5.B, mI. 9), ciaemoBaTebHO, OYCHD ILIOXOU
yXOJIIEeH TPYINoi. DTOT aHUOH IUIOXO OTIIenIsieTcst oT [, 1 mosTomy
k_1 He odeHb Benmka. [IporoHm3arus [~ mmer ropasmo ObICcTpee, YeM
obparnoe otmemnenue C,HsS™; cnemoBarensHo, MEIICHHONW cTanueit
Bcero mporiecca Oymer cramus k. Kucimora AH ydacTByer B peakiuu
TOJILKO TOCJIe HauboJiee MEIUICHHOHN CTaiuu k|, 1 HUKAKOTO Karajiu3a
HaOmomatbes He OyneT (koaddunnent bpencrena o = 0).

ITpu BBenenuu snexkrponoakinentopuo rpymmbsl — COOCH; anuoH
THOJISITA CTAHOBUTCS MEHEE HYKIICO(PUILHBIM U 00Jiee CKIOHEH OTIIeTI-

naTees ot 17, T. e. k_ yBenmmuuBaeTcs. [1ocKoIbKy AG;fl YMEHbIIIaeTCH,
Bropas cramus (kp) yXe MOXET BIMATH Ha CKOPOCTh. Tak, eciu
I~ mocratouno OwicTpo otmerusier Nu~, To OydepHas kucimora HA
MOJKET YBEJIIMYUTE OOIMYI0 CKOpPOCTh peaknuu (3.27), 3axBaTeiBas [~ u
TakuM 00pa30oM KOHKYPHUPYS WJIM COBCEM TOJAaBisis peakuuto k_i. Jls
Nu~™ = CH300CCH;S™ B orcyrctBue AH k_| =~ k, (mpoToHm3arus
OCYIIECTBISICTCSA PACTBOPUTENEM, T. €. Booi#). [Ipu HU3KUX KOHIICHTpA-
musax [AH] ckopocth peaknuii (3.27) Bo3pacTaeT BCICACTBHE YBEIUYIC-
HUSI CKOPOCTH BTOPOH cTafuu. Termepb MposiBisieTcs 00Ul KUCTOTHBIH
KaTanu3 W BeIMYWHA KodpQHIMEeHTa o XOTS M Majla, HO He paBHa
HYJI0. 3aBUCHMOCTb CBOOOJHOHN SHEPrUu OT KOAPPHULUMEHTA pEeaKLuH
MmoKaspIBaeT nuarpamma Ha puc. 3.10,6. IIpu Beicokux [AH] wimm mpu
nobasiienun 0ojiee cuibHOM KucaoTel AH cragus k» ¢CTaHOBUTCS OYEHD
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obIcTpoit (kay ~ 5 - 1072 1/(Monb - ¢), T. €. paBHa ckOpocTH AUpDy3HH)
U TOTAa MEIJICHHOH OyaeT orsITh mepBas cranus (puc. 3.10, a), katanus
MCYE3HET U 0 YMEHbLIUTCS A0 HyIs1. Takum oOpaszom, rpaduk bpencrena
OyZeT HeJTMHEeEH.

B tpetseii peakunu u3 1admn. 3.11 HykneoduiaMu SBISIOTCS apuil-
THOJATBl ArS™, KOTOpble KaKk HYKJI€O(WIbl HE OYEHb CHIIBHBIC BCIIE/I-
CTBHE JIEJIOKATU3aIMK OTPULATEIBHOTO 3apsia MO KOJbLy

HO 3aT0 (TI0 ATOM K€ MPUUYHHE) UMEIOT CBOWCTBA XOPOIIO YXOISIINX
rpyni. B aTom citydae k_; HacTONbKO BelMKa, 4TO 1~ yKe MMeeT 1o
CPaBHEHMIO CO CKOPOCThIO NU((Y3uH O4eHb KOPOTKOE BpPEeMs >KU3HHU.
WnTtepmenuar I~ He ycreBaeT 3aXBaTUTHCS KUCIOTOM, MockoiabKy AH
He ycneBaeT U PyHIIpOBaTh K HEMY 3a CTOJIb KOPOTKOE BPEeMsl )KU3HHU.
OTO NPUBOAUT K H3MEHEHUI0 MeXaHM3Ma. Temepbp BMECTO 3axBara
peau3yercsi KaTaJIuTUYeCKud myTh, Ha koTopoM AH urpaer poiyib He
MePEeHOCUNKa MPOTOHA, a JIOHOpa BOJOPOJHOMN CBS3M C KapOOHUIIBHBIM
KucsoponoM anpaeruga. O6pazoBaHue BOIOPOAHON CBA3U CHOCOOCTBY-
€T YBEJIIMYCHUIO CKOPOCTH CTauW NpUCOeAWHEHMs Hykieoduna (k).
Takoli MeXaHU3M Ha3bIBACTCSI NPEOACCOYUAMUBHBIM:

(0] O...H-A
¥ ObICT, ¥ -
CH:C.  +H- A2 cHy-CL N,
H H MEJLTEHHO
OH
_0™...HA |
— CH3*C<H —— CH;C—H+A®°.
Nu ObICTPO
Nu

Hetitpansasie THonmsl RSH sBrsttoTes eme 6omee crmadbiMu HyKiIeo]u-
namu. bapbep Ha myTH peakuMu k_; B 3TOM cilydae Majl, ¥ BCIeJ-
CTBHE 3TOTO HAOIIONATh MHTEPMEIUaT He ynaetcs. Eciam mHTEep™Menmnar
oOpasyercsi, TO OH cpa3y ke MPOTOHHPYETCs M (PAaKTHUECKH MPOLECC
ataku Nu~ u HA Oyzner cormacoBaHHBIM (TTPaKTHICCKH OJHOBPEMEHHOC
NpUCOeAMHEHHE HYKIeo(uIa u MPOTOHA):

S
RSH -+ CH;CHO + HA “ RSHCH(CH;)OH + A® ——

OBICTPO

— AH + RSCH(CH;)OH.

ITepeHoc MPOTOHA MPOUCXOIUT YK€ HE TUCKPETHO, a SABJISACTCS YacThIO
CJIOKHOTO Tpoliecca co 3HaYuTeNbHBIM OapbepoM (k). Koadduunent
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bpencrena mostomy moBonbHO Benmuk: o = 0,7. [l npucoeauHeHUs
oueHb ciabo HykIeodpmibHOrO TpudTOopaTaHoida (cM. Tabm. 3.11) k
dopmanbaernay uHTEpMEnHaT I Takke UMeET OYEHb KOPOTKOE BpEMs
KU3HU U peakius GaKTUIeCKH MIET M0 COITACOBAaHHOMY ITyTH:

D
H(|)CH2CF3
H-C-0% (I¥)

H

ouenp Heycroituus (orwerusier CF3CH,OH)

3.4. YPABHEHUE T'AMMETA

Ha ocHoBaHMH 0OJIBIIIOTO KOJIMYECTBA HAKOIUICHHBIX 3KCIICPHUMEH-
TaJbHBIX JJAHHBIX TBEPJIO YCTAHOBJICHO, YTO PEaKIIMOHHAs CITOCOOHOCTh
BEIIECTBA CBsI3aHa C €r0 COCTaBOM, CTPYKTYPHOM (DOpMYJION U HATHYHUEM
oTpesieNIeHHbIX (DYHKIMOHAJIBHBIX rpynn. Hampumep, ToT ¢akt, 4To
TOJYOJI HUTPYETCS a30THOM KUCIIOTOW OBbICTpee, 4yeM OeH30JI, O3HAYaeT,
YTO TOJIYOJI TaKXkKe 0oJiee peaKIIMOHHOCIIOCOOSH H ITPH TalIOTeHHPOBAHUN
B SIpO, W TIPU CYIb(PUPOBAHWUU CEPHOM KHCIOTOH, M B peaKIuu
Opupens—Kpadrcea, T. €. BO Bcex peakuusix 31eKTpopuIIbHOTO apoMaTu-
geckoro 3amernieHus (cM. TI. 13). deHon B TakuxX peakmusx eie ooyee
PEaKIMOHHOCTIOCO0CH, & HUTPOOEH30JI pearupyeT MeJieHHee OeH301a.
W3 »TuX W Ipyrux MpUMEpPOB MOXHO CJIENIaTh BBIBOJ, YTO, HaBEPHOE,
CYLIECTBYET HEKoe 0000IIeHHOE ypaBHEHHUE, CBS3BIBAIOIIEE CKOPOCTH
peakiuii poICTBEHHBIX CyOCTpaTOB B IIpOIEcCax, MPOTEKAIOMIUX I10
OJJHOMY U TOMY K€ MeXaHu3My. Takoe ypaBHEHHE OBLIO MPEIIOKEHO
JI. TammetoMm B 1930-x romax.

B npeapiaymux pasjenax 3Toi 1iaBbl Mbl BUJICIH, HACKOJIBKO CUIIBHO
BJIHSIET Ha KHCJIOTHO-OCHOBHBIC CBOHCTBA COEIMHEHH pacTBOPUTEINh. B
JTAHHOM pa3Jielie Mbl CKOHLICHTPUPYEM BHHMAaHUE HAa TOM, KaK BIIUSIOT
Ha KHCIIOTHO-OCHOBHBIE CBOWCTBA B JJaHHOM PAacTBOPHUTENE OTHOCH-
TeJIbHO HeQOIbIINEe CTPYKTYPHBIC U3MCHEHUS B MOJICKYJIaX KHCIOT U
OCHOBaHU, HAIPIMep BBEJCHHE 3aMECTHTENIEH B OEH30IbHOE KOJIBIIO
apoMaTHUYEeCKUX COEIUHEHUM.

3.4.1. KUCJIOTHO-OCHOBHOE PABHOBECHE

PaCCMOTpI/IM JucCconuamuro ceMencTBa mema- U napa-3aMeICHHbIX
OcH30MHBIX KHCIOT B Bome mpu 25°C (ypaBuenue (5.23)), xotopas
3aBUCUT OT INPUPOABI U MOJOKCHUA 3aMCCTUTCIIA Z:
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COOH oo coo®
@/ +H = @ + H50% (3.28)
25°C
z

Z

HyCTb, XOTd 9TO U MMPOU3BOJIBHO, BIIUSIHUEC 3aMECTUTCIISI HA KUCIIOT-
HOCTB OCH30MHOM KHUCIIOTHI OyIeT MEpOi HEKOTOPOTO CBOMCTBA 3aMECTH-
Tenst Z (T1oKa Hac TOYHO HE HHTEPECYET, YTO UMEHHO OTPaXKaeT 3TO CBOM-
CTBO M KaK OHO TIepelaeTcs K PeaKHOHHOMY IEHTPY — KapOOKCHILHON
rpymnme). O003HauuM 3TO CBOMCTBO CHMBOJOM G M OINpPENEIUM €ro
KaK pa3HOCTh KUCIIOTHOCTH HE3aMEIICHHON W 3aMeIIeHHOW OCH30MHBIX
KHCJIOT:

07 = pKa(CsHsCOOH) — pK,(ZCsHsCOOH)
WIH
oz =1gK,(ZC¢H4COOH) — Ig pK,(CsH5sCOOH).

ITonoxxuTenbHas BeIUUYMHA ¢ O3HAYaeT YBCJIMYCHUC KUCIIOTHOCTH CO-
CAWHCHUS NTPU BBEACHUU 3aMCCTUTCIIA Z. KucnotHocTh YBCINYUBACTCA
C POCTOM CITOCOOHOCTH 3aMECTHUTENS NMPUHUMATh Ha ce0s OTpHIla-
TEJIbHBIA 3apsi]l, BO3HUKAIOMIMK B KapOOKCHJIATHOM aHHMOHE (ypaBHe-
Hue (3.28)). CiremoBarenbHO, TIOJIOKUTEIHHBIC KOHCTAHTBI G COOTBET-
CTBYIOT JJICKTPOHOAKLCITOPHBIM 3aMCCTUTCIIAM. 3aMecTUTEIn C OT-
pUIATEIbHBIMI KOHCTAHTAMHA G YMEHBIIIAIOT KUCIOTHOCTh OCH30HHON
KUCJIOTBI; OHH UMEIOT 3JI€KTPOHOAOHOPHBIE CBOHCTBA, HAPHMEP:

Z H m-OCH; m-F m-NO; n-NO, n-CHsz n-OCHj;
pKa (ZCcH4COOH) ... 4,20 4,09 3,86 3,49 3,42 4,37 4,48
oy 0 0,12 0,34 0,71 0,78 —0,17 —0,27

Bosiee mmpokasi CBOIKa 3KCIIEPUMEHTAIbHBIX 3HAYCHUA Oy JaHa B
Tabm. 3.12.

Terepb pacCMOTPHUM BIMSHUE THX K€ 3aMECTUTEJICH Ha JAUCCOLIHa-
LMIO 3aMEIIEHHbIX (beHI/mchyCHLIx 1 3-QEeHUIIPOITMOHOBBIX KHCIIOT:

ZCsH4CH,COOH + HgO ZC6H4CH2COO6 + H;0%;
3aMEIICHHbIC
(DEHMITYKCYCHBIE KHUCIIOThI

ZCgH4CHyCH,COOH + HpO == BN ZC6H4CH2CH2COO@ +H;0".
3aMCIICHHBIC
3-(eHUIIIPOHOHOBbIE KUCIIOTHI
B stux kucmorax OEH30JBHOE KONBIIO C 3aMECTHTENEM Z YIaJeHO
OT KapOOKCHJIHLHOW TPYIIBI Ha OMHY WJIM JBE MCTHJICHOBBIC TPYIIITHI
fCHZf
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Tabnuma 3.12
Koncrantsl 3amecturesieii (c 'ammera), onpenesiennble n3 ypapHenus (3.28)

o

o

3aMeCTUTEIb 38.MGCTI/ITGJ'IL
mema- napa- mema- napa-
~CH; —0,06 | —0,17 ~OH 0,13 | —038
~C,Hs —0,07 | —0,15 OCHj 0,11 | —028
—CH(CHs), —0,07 | —0,15 —0C,Hs 0,10 | —024
—C(CHz3)3 -0,10 —0,20 —OCsHs 0,25 —0,32
~CH,CsHs —0,18 | —0,11 —OCF; 0,40 0,35
~C=CH 0,20 0,23 0
—CeHs 0,06 ~0 ~0-C 0,39 0,31
—CH,Si(CHs); —-0,16 —0,21 CH;
~CH,OCH; 0,02 0,03 ~F 0,34 0,06
—CH,OCH;Hs 0,03 0,07 e 0,37 0,22
0 ~Br 0,39 0,23
7
—c? 0,36 0,44 -1 0,35 0,28
H —Si(CHs)s —0,04 | —0,07
0 ~SH 0,25 0,15
Y
~c 0,35 0,44 —SCH; 0,15 0
OH —CF; 0,40 0,50
~C=H 0,56 0,66 0
~CF; 0,43 0,54 -S 0,52 0,49
AN
—CF(CF3)2 0,37 0,53 CH3
~NH, 0,16 | —0,66 ,0
—N(CHs), 0,15 | —0,63 —S{CHs 0,60 0,72
~N(CFs), 0,40 0,53 L O
fI?I(CH3)3 0,88 0,82 ~S(CHs) 1,00 0,90
~Nj (asumsl) 0,37 0,08 718(1;25 g’% g’gg
~N=N—C¢Hs 0,30 0,35 ’ ’
“N=N 1,76 1,96
~NO, 0,71 0,78
0
foc/( 0,21 ~0
CH;
40
~H-C( 0,35 0,14
CF;

Eciu moctpouts rpaduk 3aBucumoctd pK,(ZCsH4CH,COOH)
u pK,(ZCcH4CH,CH,COOH) ot pK,(ZC¢H4COOH) (uto 5kBHBa-
JIEHTHO 3aBHCHMOCTH OT ©), TO TOJydYarcs JHUHEWHblEe KOoppes-
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nuu (puc. 3.13) T. e. Ang BceX TpeX Cepuil KUCIOT MOXHO Hamucarb
ypaBHEHHE

1gK,[ZCsH4(CH;),COOH] = 0 + const  (n=0, 1 mnu 2).
Ecnu npussTh, uto oz—y = 0, TO
const = Ig K,[CsHs(CH,),COOH],

¥ JUISL BCEX KUCIIOT
K, (3aMeleHHOi KHCIIOThI)

= 3.29
K, (He3aMeneHHON KHCIIOTHI) ozp (3:29)

Win
pK, (He3aMeIeHHONW KUCIOThI) — pK, (3aMEIICHHON KUCIIOTBI) = O7p,

rje p — HakioH rpadukoB Ha puc. 3.13 (0,49 ns ArCH,COOH u 0,21
s ArCH,CH,COOH).

YpaBuenue (3.29) Xopomio NPUMEHUMO K JAUCCOLUAIUN KOPUYHBIX
KHCJIOT, apuiIPOCPOHOBBIX KUCIOT ¥ MHOTHX JAPYTHX peakiuil mpous3-
BOJIHBIX OCH30J1a, HE00A3aTEIILHO CBS3aHHBIX C MIEPESHOCOM IPOTOHA.

0

COOH \\p/OH
o o
z YA
KOpVIHHbIe KWACNOTbI apwmpocq:onoable Kucnotb!

CnenoBarenbHo, ypaBHeHue (3.29) MoxxHO 0000IIUTh Ha 000 paB-
ropeene: lg(Kz/Ko) = ozp, (3.30)

e Ko — KOHCTaHTa paBHOBECHA JUIsl HE3aMEIIEHHOI'O MPOU3BOIHOIO
6ensona, Ky — KOHCTaHTa PaBHOBECUS IS Mema- U napa-3aMelIeHHbBIX
MIPOU3BOIHBIX OCH30JIa B ATOU K€ PEaKITHH.

pA4(2CgHCH,COOH Mnn ZCqH,CH,CH,COOH)

475 i}
g on =0,21
prenEh e
450 P4
425
' 44
L1 1 | 1 | 1
34 38 %2 (pk,(ZCH,CO0H)
08 04 40-02 (s,)

Puc. 3.13. I'pauxu 3aBucuMoctH pK, 3aMeNIeHHBIX (pEHMITYKCYCHBIX H (DeHUIIIPOIINO-
HOBBIX KHCIIOT OT pK, OEH30IHBIX KHUCIIOT C TEMH )K€ 3aMECTUTEIISIMA
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VYpasuenue (3.30) HazpiBaetcs ypasnernuem I ammema. B Hero BXOAAT
nBa mapamerpa. OIuH U3 HUX — KOHCTaHTa 3aMECTUTEINSI O — SIBIIACTCS
Mepolt BnusiHUA Z Ha pK, OeH30iHOM kucnorTel. Jpyroit mapamerp —
KOHCTaHTa PEaKkluu p — eCTh Mepa OTHOCUTEIHHOW YyBCTBUTEIHHOCTH
JIAHHOMW PEaKIUU K BBEJCHUIO 3aMECTUTEIS B OSH30JIbHOE KOJIBIIO (OTHO-
cuTenbHO 3P dekTa Tex ke 3aMECTUTENICH Ha JUCCOIMAINIO OCH30MHON
KUCJIOTHI B Bojie ipu 25°C, Korna, 1o omnpejeseHuto, p = 1).

3.4.2. KOHCTAHTHBI ¢ U p

Wonwuzanusi OSH30MHBIX KHUCIOT OOJIErYaeTcsl 3JIEKTPOHOAKIEITOP-
HBIMH M 3aTPyAHSICTCA 3JIEKTPOHOAOHOPHBIMHU 3aMectutesiMu. [lo-
CKOJIbKY CHJIbHBIE KHCJIOTBI HMMEIOT HHU3KHE pK,, 3TO 3HAUUT, 4YTO
Ul aKLENTOPHBIX 3aMECTUTENICH O IHOJOKUTEIbHbI, a JUIsl JOHOPHBIX
3aMeCTHUTeNel oTpuuarenbHbl. TakuM 00pa3oM, 3HAK G IPOTUBOIIOIO-
JKEH 3HAKy WHAYKTHMBHOTO M ME30MEpPHOro >(PQeKToB 3aMecTHTeseH
(pa3m. 2.2.1): mnsa 3amectureneit (—/)- wm (—M)-Tuna Wik i 3a-
MECTHTeIIeH, 00IaJaoKX IPOTUBOIIOI0KHO HATPaBICHHBIMH WHIYK-
THBHBIM U Me30MepHbIM 3bdekramu, B ciywae (—/) > (+M) nmm
(—=M) > (+I) ¢ > 0, a mns 3amecrureneit (+/)- wmm (+M)-Tuna
o < 0. AGcoiroTHas BETUYHMHA O SBJSETCS MEPOH CHIIBI 3aMECTHTENS
KaK JIOHOpA WM aKLENTopa 3JIEKTPOHHOU napsl. g mema- u napa-7Z
BEJINYMHA O 3aBUCUT OT OTHOCHUTEIbHBIX BKJIAJ0B ME30MEPHOIO H
WMHIYKTUBHOTO 3 {EKTOB, a Takke OT BKIaaa 3pdexra noist (mpsmoro
ANMEKTPOCTATUYECKOTO B3aUMOACUCTBUSI IUIOJISPHOM TPYIIIIbI Z ¢ IUIIO-
JIIPHBIM PEAaKIIMOHHBIM LIEHTPOM Yepe3 MPOCTPAHCTBO; pasa. 2.2.1). s
3aMECTHUTENIECH B Opmo-TIOJI0KEHUH K PEaKLIHOHHOMY LIEHTPY OOJIBbIIYIO
POJIb UTPAIOT IPOCTPAHCTBEHHBIE 3(PPEKTHI, KOTOPHIC 3aBUCAT HE TOIBKO
0T o0beMa 3aMecTUTeNsl, HO U OT 00beMa PEaKLHOHHOIO LIEHTPa U
[IOATOMY HE IOCTOSIHHBI IIPU IIEPEXOJE OT OJJHOM peakuuu K Apyrou. B
CBSI3U C ATUM OpmMO-3aMECTUTENHN B KOoppessinuu ['aMmeTa, Kak paBuio,
HE BKJIIOYAIOT.

Ecmu 3Haku p u o oguHakoBbl, 10 1g(K7/Ky) > 0 u K7 > K. Takum
00pa3oM, IMOJIOKUTENIBHBIA 3HAK KOHCTAHTHI P IIOKa3bIBACT, YTO peak-
LM CTIOCOOCTBYIOT 3JIEKTPOHOAKLEITOPHBIE 3aMECTUTENN. AOCOMIOTHAS
BEJINYMHA P SIBJISETCSI MEPOW UyBCTBUTEIBHOCTU IAHHOW PEAaKUUU K
BAMSIHMIO 3amecTtuteneil. /g apunykcycHeix kucinor p = 0,49, T e.
3Ta peakuus MEHEe YyBCTBUTEIbHA K BBEICHUIO 3aMECTHUTENICH, UeM
Juccoruanysi OeH30MHBIX KUCIIOT (p = 1 1Mo ONpeeieHuI0); B ciiyvae
3-apunmnponuoHoOBbIX KUCIOT p = 0,21, T. €. 4yBCTBUTEIBHOCTDH €Ille
MeHbIlle. DTH JaHHbIE BIOJHE IMOHSTHBI, TaK KaK B apMIIYKCYCHBIX
KUCJIOTaX 3aMECTUTENb Z ynajeH Ha OXIHY, a B 3-apUIIIPOIHOHOBBIX
KHCJIOTaX —Ha JIBE METHJIEHOBBIE TPYMIIbI Jajbllle OT PEaKIMOHHOIO
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LEHTpa, 4eM B OCH30MHBIX KHcIOTax. [Ipu OeCKOHEUHOM yHajIeHUHU
OT PEaKIMOHHOTO IIeHTpa BIUSHUE 3aMECTHTENS BOOOIIE TepecTaeT
CKa3bIBaThCA U p OyIeT paBHA HYIIIO.

OTMeTHM, YTO KOHCTaHTa p Ui JWCCOLMAIUN OCH30MHBIX KHCIOT
YBCIMYUBACTCA IIPU IEPEXOAC OT BOAHBIX paCTBOPOB K 3TAHOJIY, a 3aTCM
K JIM®DA; B TUINONSPHBIX allpOTOHHBIX PACTBOPUTEIIAX OHA MPUMEPHO
OJIMHAKOBA:

pactBopurens H,O C,Hs;OH JM®PA CH;CN JIMCO
p (ArCOOH) 1,0 1,85 2,36 2,41 2,48

B razoBoii ¢ase mabmromaroTcs eme Oojiee BBICOKHE 3HAUCHUS P.
OTO CBS3aHO C YMEHBLIGHHEM CIIOCOOHOCTH CpPEAbl COJILBAaTUPOBATH
HPOTOH.

OTtpunarenpHble 3HaUCHHUS P COOTBETCTBYIOT CIydasiM, KOTJa peak-
UM CIIOCOOCTBYIOT JJIEKTPOHONOHOPHBIE 3amectuTenu. Hampumep, B
peaknusx KaTHOHOB apeHINa30HHs ¢ apeHCyIb(HUHATAMU MPHU BBEC-
HUM 3aMECTHTENICH B KaTHOH HAOIIONAIOTCS TTOJIOKHUTEIbHbIC 3HAYCHHSI
p, @ MpH BBEICHUM 3aMECTUTENICH B aHHMOH KOHCTaHTa p OTpHIA-
TeJbHA.

® o Meraton
@NEN + CcHsS0, T‘—C—* N=NSOLCeHs ,  p=+376;
z z
@ S __. —
Cl—@—NEN + <g®—soZ +== n-C1CgH4N=N50; , p=—207 .
z z

310 J1erko OOBSCHUTH HAa TOM OCHOBAaHWH, YTO AKLEHNTOPHBIC 3aMECTH-
TeH yBEIMUMBAIOT CHITY KUCIOTHI JIbtonca ArN), HO yMeHBIIAIOT CUITY

ocHosanus JIpronca ArSO, .

3.4.3. TAPAMETPBI 3AMECTUTEJIEN. KOHCTAHTHI 6~

Ecan mocTtpouTh TaMMeTOBCKHHA Tpaduk s pK, 3aMEIEHHBIX
(deHoI0B, HUCMONB3ys 3HA4YeHUE oy u3 Tabm. 3.12, TO oOka3bIBaeTcs,
YTO HEKOTOPHIE TOYKU CHIJIBHO OTKJIOHSIFOTCS OT TpsiMoit (puc. 3.14).
OTKIOHEHUS CTPYKTYPHO 3aKOHOMEPHBI: BCE Mema-3aMECTUTEIHN JICKAaT
Ha TIPSAMOH, napa-3amectutenu (+M)-TUma Takxke JexaT Ha MpsIMOH,
a OTKJIOHSIIOTCS JUIIb napa-3amecturenu (—M)-tuna: NO,, CHO, CN
U T. I. OTH OTKJIOHEHUS MOXKHO CBSI3aThb C TE€M, YTO B (PEHOIAT-aHHOHE
OTPHULIATEIHHO 3aPSHKCHHBIN aTOM KUCIOPOa HETIOCPEACTBEHHO CBSI3aH
¢ OEH30JIBHBIM KOJIBIIOM, B TO BpeMs Kak B aHHOHEe O€H30MHOI KHUCIOTHI
OTpHHaTeHBHLIﬁ 3apsag OTACIICH OT 6CH30J'H:HOI‘O KoOJIbLIa Kap6OHI/IJII:HI>IM
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Puc. 3.14. IlpocToii raMMmeToBCKUl rpa-
(GUK U1 IECCONMANUM 3aMENIeHHEBIX (e-
HOJIOB B Bozie Tipu 25°C

yraepogoM. [lostomy (—M)-3amecTuTeny CiocoOHBI K MPSIMOMY B3au-
MOZAEHCTBHIO C aTOMOM KHCJIOPOAA, HAIIPUMED:

e
0) 0
\Qc _@[Oe \ (CUNbHBIA Me30MepHbIA
W 7/c <:: >‘=° 3QPeKT)

Takast memoxanuzanust 3apsga cnocoOCTByeT crabunu3auuu (HeHOIsT-
MOHA B TOpa3io OoMbLIeH CTENEHHU, YEM B CIydae apHiIKapOOKCHIATHOTO

HOHa: d ;;S
%C < >; °\0
U Qo

Takum 00pa3oM, KOHCTAHTBI 3aMECTHTENCH O, MOJIY4YCHHBIC NPHU
W3yYEeHUN HMOHU3AIMN OEH30WHBIX KHCJIOT, MPUMEHHMBI HE KO BCEM
peakusiM, a TONBKO K TeM, B KOTOPBIX XapaKTep CBSI3U PCAKIIMOHHOTO
IEHTpa C 3aMeCTUTENIeM NMPUHIMITAAILHO TaKoH ke, KaKk B OCH30MHBIX
KHCIIOTaX.

Juig peakuuii, B KOTOPBIX Z-3NIEKTPOHBI PEAKIMOHHOTO IEHTpa
CONPSDKEHBI C 3aMECTUTENEM, 00IaJaloNINIM SIIEKTPOHOAKIICITOPHBIMU
CBOMCTBaMH, MMPUMEHSIOT JPYTYIO IIKaJy KOHCTAHT 3aMECTHTEJeH, KO-
TOpasi UMEET CUMBOII 6 («CUTMa ¢ MUHYCOMY). UnCICHHBIC 3HAUCHUS
KOHCTaHT O BBIOpaHBI Tak, 4TOOB pPK, napa-3aMemeHHbIX (HEHOJIOB
st Z = NO,, CHO, CN wu T n. nomanu Ha mpsamyio (puc. 3.14).
3HaueHUs 6~ TPHUBEACHBI B Ta0J. 3.13; OHM MOTYT OBITH HCIIOIH30BAHBI
B JIPyTMX aHAJIOTUYHBIX CIIydasx; Harnpumep, pK, WOHOB aHWIMHUS
Jy4Ie KOPPENUPYIOT ¢ 6, 4eM o (p = 2,77). DT0 CBSA3aHO C COMpsIKE-
HUEM OCBOOOKIAOIIEHCS OT MPOTOHA JIEKTPOHHON Maphl aroMa a3oTa
B IIPOAYKTE PEaKIMi — CBOOOIHOM aHUIHHE:

0 09

A ® AN 5 ®
/c—@—NH3 HHo == NH, + Hs0
H

H
HET ConpsAXKeHns CUNlbHoe Cconpsi>KeHue
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Tabnuma 3.13
CpaBHeHHe KOHCTAHT 6 U 6 /I napa-3aMecTUTe el

napa-3amecTuTellb c o~ Ac=06" —o0
—NO; 0,78 1,27 0,49
—CN 0,70 0,88 0,18
//O
*C\ 0,48 0,84 0,36
CH3
//O
*C\ 0,45 0,74 0,29
OC,Hs
//O
—C 0,44 1,04 0,60
N
H
//O
*C\ 0,44 0,78 0,34
OH
—C=CH 0,23 0,52 0,29
—C¢Hs ~0 0,08 0,08

Ecnu B peakuuu mo coceicTBy ¢ GEH30JIbHBIM KOJIBLIOM BO3HUKAET
KapOOKaTHOHHBIN LIEHTP, HAIIPUMED

?6H5 C6H5
K, |
ZC6H4_(‘:_C6H5 + H,SO4 é ZCcHy— C—Ce¢Hs + H,O + HSO4e
5]
OH

TO B ciy4ae, Koraa Z sBISICTCS T-IOHOPHBIM 3aMeCTUTENIEM (Hampumep,
Z-napa-OCHj3), KOHCTaHTHI paBHOBeCHs K+ OOJbIE OXKHAEMBIX Ha
OCHOBAaHMM 3HAUEHUM KOHCTAHT ['ammeTa o. B 3TOM ciiydae MCIoJb3y-
eTcs IIKajda KOHCTaHT 6 («CHIMa C ILTIOCOM»); MOAPOOHO OHA Oymer
paccMoTpeHa B L. 13 mpu onmucaHuHM apoMaTHYECKOTO 3IEKTPOPUIBHO-
ro 3aMeLICHUsI.

VYpaBHeHue ['ammeTra NPUMEHUMO HE TOJIBKO K PaBHOBECHBIM IIPO-
1eccam, HO | ISl KOPPEJISIH CKOPOCTel HeoOpaTuMbIX peakuunii. Toraa
OHO 3alMCHIBACTCS B CleAyomei Gpopme:

lg(kz/ko) = ozp, (3.31)

e k7 — KOHCTAHTa CKOPOCTH PEAKIHH COCTUHEHUS C 3aMECTUTENEM Z;
ko — KOHCTaHTa CKOPOCTH PEaKI[UU HE3aMEIICHHOTO COCIMHEHMUSI.
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3.4.4. YPABHEHUE TA®TA

B 1950-x rogax ObLIO TPEIOKEHO YpaBHEHUE, aHAJIOTHIHOE ypaB-
HeHUIo ['aMMeTa, HO IPUMEHUMOE JUIsl YUCTO ain()aTHISCKUX COCIMHE-
HUH, KOTOpbIe HE SIBISIOTCS IPOU3BOTHBIMU OeH30ua. Vcronb3ys BBIBO-
nel Maronba, cienannbie enie B 1930 rony, Tadt cpaBHUI epexoIHbIC
COCTOSIHHS /ISl KHCIIOTHOTO ¥ OCHOBHOTO THAPOJIN3a CIOXKHBIX A(PHPOB
anudaTHIeCcKnX KapOOHOBBIX KUCIOT (cM. pasn. 18.8.2, m1. 18):

(|?H +7 (‘?H —#
R—C—OR’ R—C—OR’
OH, OH
JUIsT KUCJIOTHOT'O JJI T PIIlpOJ'll/I3a o
THAPOJIH3a nevicreuem OH ™

br10 mocTynupoBaHo, 4TO, BO-MIEPBBIX, B 3TUX ABYX PEAKIHUAX MPO-
CTPaHCTBEHHbIE B3aUMOJACHCTBUS OJMHAKOBBI, IIOCKOJIBKY IEPEXOIHBIC
COCTOSIHUS OTIMYAOTCS JIUIIH TEM, UTO B TIEPBOM U3 HUX HA JIBa IPOTOHA
OoJpIle, 9eM BO BTOPOM (ITO HE COBCEM BEpPHO, TaK KaK COJbBATAIUs
3TUX MEPEXOJIHBIX COCTOSHUW MOXET OBbITh OueHb pa3Hoii). Bropoe
MIPEIOI0KEHNE COCTOSIIO B TOM, YTO B YHUCTO aTH(paTHIECKUX COCIIHE-
HUSIX 3aMECTUTENI HE TPOSBISIOT Me3oMepHble (£M)-3pdektsl. Ecnu
MIPUHSATH 3TU ABa AONYILIECHUS, TO MOKHO C/EJIaTh BBIBOA, YTO PA3IHyYne
BO BJIMSIHMH 3aMECTHTEJICH Ha CKOPOCTh THJPOJIM3a CIOKHBIX 3(PHUPOB
MIPU KUCIOTHOM U OCHOBHOM KaTaiu3e 00yCIOBICHO TOJIBKO MOJISIPHBIM
(T. . MHIYKTUBHBIM) 3(()EKTOM, KOTOPBIM TOJDKEH OKa3bIBaTh MPOTH-
BOIOJIOKHOE BIUSHUE HA MPOTHBOIOIOKHO 3apsDKCHHBIC MEPEXOTHBIC
coctostHus. Takum oOpazom, s peaknun ruaponmsa ZCH,COOC;Hs

lg(kcn,z/kens ) — 1g(kenyz/kens )a = Ocm,zP™

rae kcp,z —KoHCTaHThl ckopoctd ruapoimuza ZCH,COOEt; kcy, —
KOHCTAHTBI CKOpoCTH Tuaponus3a sTmnanerara (CH,Z=CHj; B u A
COOTBETCTBYIOT OCHOBHOMY W KHCIIOTHOMY KaTaimzy; ¢ («curma co
3BE3JI0YKON») — KOHCTaHTa 3amecTutens TadTa, jaromias mpeicraBie-
Hue o moispHoM 3ddekre CH,Z OTHOCHTEIBHO CTaHmapTa, Koraa
ZCH, paBro CHj. UtoObl BeIMYMHBI ¢* MOJYYHIIMCH CPABHUMBIMH C
KoHCTaHTamu ¢ ['ammera, TadT BeIOpan 3HAYEHNE KOHCTAHTHI PEAKIIUU
p*=248.

B Hacrosimiee BpemMs BMECTO KOHCTAHT G MCIIOIB3YIOTCS KOHCTaHTHI
o; («curma WHAYKTHBHAS), CBSI3aHHBIC C G* TIPOCTHIM COOTHOIICHHEM

0;(Z) =0,456"(CH,Z).
KoHCTaHTHI 6; HaWIydIIM 00pa3oM OTpakaroT YUCTHIA WHIYKTUBHBIN
spdekr (B ommume OT KOHCTaHT ['ammera, ocoOGHHO i napa-
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SaMCCTHTCHGﬁ, KOTOPBIC SABJIAKOTCA CyMMOI‘/'I MOJIAPHOI0 U ME30MCPHOTO
addexroB). X onpenessroT Tpems Crioco0aMu.
1. M3 KoHCTaHT nuccouuanuu 4-3aMeleHHbIX OuIuKiIo-[2.2.2]-
OKTaHKapOOHOBBIX KUCIOT B 50%-M BogHOM dTanone npu 25°C:
COOH

PHa(Z=H)-pKo(Z) = 1656,(7) .
z

2. VI3 KOHCTAHT JMCCONHMAINU 3aMEIICHHBIX YKCYCHBIX KHCIOT B
Bojie tipu 25°C:

ZCH,COOH; pK,(CH3;COOH) — pK,(ZCH,COOH) = 3,8160;.

3. U3 xumuueckux cauros gropa (87) B cnexrpax AMP-'°F mema-
3aMEIIeHHBIX PTOPOCH30JI0B:!
F

FF
@Z 5,- 8, _.=7,106,-080 .

CBojKa KOHCTAHT o gaHa B Ta0md. 3.14.

Tabnuna 3.14
HHayKTHBHBIE KOHCTAHTHI 3aMeCTUTeei

3amecTUTeIh or 3amecTuTenh or
—CH;3; —0,04 —SCHj3; 0,23
//O
—CsHs 0,10 -S 0,50
AN
0 CH3;
7
*C\ 0,28
CH3
O O
V VY
—cZ 0,30 ~s{CHy 0,59
OC,Hs O
—C=N 0,56 —F 0,50
—CF3 0,45 —Cl 0,46
—NH; 0,12 —Br 0,44
—N(CHs)» 0,06 —1 0,39
/0 ®
*NHC\ 0,26 —Cl—CgHs 1,72
CHs; o
*NOz 0,65 *BV*C()Hs 1763
D
—OCH3 0,27 —1—C¢Hs 1,35
—0OC¢Hs 0,38
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"3 JaHHBIX Ta6JII/II_lI:I BUJHO YTO BCC IrpymlIibl, KPOMC AJIKHUJIbHBIX,
SIBJITFOTCSL aKIETITOPHBIMU, T. €. MPOSBILIIOT (—/)-3hdeKkT u, COOTBET-
CTBC€HHO, HUMCIOT MOJI0KUTEILHBINA 3HAK Oj.

3.4.5. COOTHOILIEHUE JUHEMHOCTHU CBOBOJIHBIX SHEPT U1
MU CTPYKTYPA IIEPEXO/IHOI'O COCTOSIHUSA

VYpaBHeHue ['ammera, ycTaHaBiIMBas JIMHEHHYIO CBS3b MEXAY KOH-
CTaHTaMH PAaBHOBECHH W (WJIM) CKOPOCTEH XUMHUYCCKUX PEaKIINi, TeM
CaMbIM YCTaHABIIMBACT JIMHEHHYIO CBSI3b MEXK/y CBOOOIHBIMU SHEPTUSI-
MH 3THX Tporieccos (AG® win AG7). Takum 0GpasoM, 9TO ypaBHEHHE
OTpaXKACT MPUHYUN JTUHEUHOCMU c80000HbIX dHepeuu(npunyun JICD).
DTOT MPHUHIUI YCTAHOBJIEH WCKIIOUYMUTEIHEHO HA OCHOBE DKCIIEPHMEH-
TaJbHBIX JJAHHBIX U HE UMEET alPUOPHOTO TCOPETHYECKOr0 00OCHOBA-
HUS.

Ecnu, Hanpumep, cpaBHUBAIOTCS JIBa PaBHOBECHBIX Mpoliecca, TO,
nmockolbky AG° = —RTInK, ypaBHeHue ['amMeTa MOXHO 3aIlHcaTh
CIIeYIOIUM 00pa3oM:

AG® = pAG® + const.
DTOo BBRIpaOKEHNE MOKHO TIepenucath B nuddepeHnnansaoi hopme:
SAGS = pSAGY

Y MHTEPIPETUPOBATH CIEAYIONIMM 00pa3oM.

CranmapTtHasi cCBOOOMHAS SHEPTHS TUCCOIMMAIMKA caMoi OCH30MHOM
KUCIIOTHI AG®' M3MEHSIETCsl IPH BBEICHUM 3aMECTHTENs Z B apoMaTu-
Yeckoe AAPO Ha BeJIuuuHy SAGY. DTOT ke 3aMeCTHTENb Z BBI3bIBAET
M3MEHEHHUE CTaHIaPTHOW CBOOOIHOM 3HEeprun AG® TUCCOLUAIUH IPYTO-
r0 apoOMaTU4eCKOro COCAMHEHHS, HampuMep (EeHMITYKCYCHOM KUCIIOTHI,
Ha BenmuuHy 0AG5. YpaBHeHHe ['aMmeTa roBOpUT HaM, YTO U3MEHEHUS
CTaH/JAPTHBIX CBOOOJHBIX JHEPIHM B pa3IMYHBIX pPEaKIUsAX, BbI3BaH-
HBIE OJHMM W TEeM K€ 3aMECTHTEeNeM Z, MPOMOPIHOHAIBHBI MEXKITY
co0oi:

SAGH ~ SAGY

U K03(D(DUIMEHT NPONMOPIMOHATBLHOCTH P SIBISETCS CPaBHUTEIHHON
MEpOl 4yBCTBUTEILHOCTH K BBEJICHUIO 3aMECTHUTEIISI 6MOPOU Peakyuu
OTHOCHTEIILHO YyBCTBUTEIHLHOCTH K TAKOMY e CTPYKTYpHOMY H3MEHE-
HUIO 1epeoll peakyui.

Kak yxe oTMe4anoch BBINIE, MCTOPUYCCKH DPaHbIIC ypaBHEHUS
l'aMMeTa mosSBIIIOCH ypaBHEHHE BpeHcTena, KOTOpOE TOXKE SIBISETCS
omHo# u3 popm BeIpaskenus npuaIuIa JICD (pa3m. 3.3.7). B ypaBHeHUH
bpencrena (3.23) u (3.24) lgk npomnopuuoHaiieH cCBOOOJHON 3HEPTUU
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AKTHBALUK KaTalUTHYeCKOoW peakiuu, a lgK — cBoOOAHON »HEpruu
WOHM3AlMN KaTamu3aTopa. Jlerko mokaszars, 9To MEXIy ypaBHEHUSAMHU
bpeHncrena u 'ammera uMmeeTcs TecHas CBsA3b. ECIM Kpyr KaTaliu3aTopoB
OTPaHUYUTb Mema- U Napa-3aMelieHHbIMH OCH30MHBIMU KHCJIOTaMH,
TO, IOCKOJIBKY KOHCTAaHTHI ['amMMeTa ONpeAesIIoTCsl U3 3HaueHU pK,
OEH30MHBIX KUCIIOT, JOJKHA HAOMIONAThCs CIIEAYIOIas KOPPEIsLysL:

lg(kz/ko) = 0op = p[pKa(C6H5COOH) — pKa(ZC6H4COOH)}
CremoBaTenbHO,
Igkz = —ppKi(ZCsH4COOH) + [Igko + ppKa(CeHsCOOH)],

rie kz u kg — CKOPOCTH peakiiy MMPU KaTalu3e 3aMEIICHHON U He3aMe-
IIEHHOM OEH30IHON KHUCIOTOW COOTBETCTBEHHO.

CyMMa B KBaIpaTHBIX CKOOKax JUIsl MAaHHOW pEeaklWu IOCTOSHHA
(He 3aBUCHUT OT Z). DTO 3HAUUT, YTO MOJYYCHHOE YPaBHCHUE HUMEET
TouHyto hopmy ypaBHeHus bpencrena, ecnu p = o. Ho xosddunment
Bpencrena, kak yxe ynomuHanoch B pasmeie 3.3.7.0, MOXeT ObITh
CBSI3aH CO CTPOCHHUEM TIEPEXOIHOTO COCTOSTHUS (deM Ommxke o k 0, Tem
MIEPEXOJIHOE COCTOSTHUE OOJIbIIIC HATTOMHHAET UCXOHBIC PEareHThI, & YeM
ommke o K 1, TeM IepexoIHoe COCTOSTHUE OJIKE K TIPOTYKTAM PEaKITHH ).
Orcroa cieayer, YTO BEJIUYMHA KOHCTAHTBI P JIJISi KHHETHYECKHX
KOPPEJSAIIA TOXKe TOJKHA OBITh CBA3aHA C IMOJIOKEHHEM IEPEeXOTHOTO
COCTOSIHMSI Ha KOOpJIMHATE peakiuu. Ha camom jiene cutyanus cioxHee.

Ilpu xoppensiuu ckopocTed peakiuii 1Mo ypaBHeHuto ['ammera
KOHCTaHTa p CBS3aHa CO CTPYKTYPOH MEPEXOJHOT0 COCTOSHUS (TOYHEE,
C Pa3HOCTHIO CBOOOIHBIX DHEPTUH MEXIy OCHOBHBIM M TIEPEXOJHBIM
COCTOSIHHSIMH), OTpaxkasi CTEIeHb W3MeHeHHs (00pa3oBaHUS WM HC-
YE3HOBEHHS) MIIEKTPUUYECKOTO 3apsijia Ha PEeaKkIHOHHOM IIEHTPE B Tie-
PEXOIHOM COCTOSTHHUM W CTEIEeHb OTKJIMKA 3aMECTHTENSl HA 3TO H3ME-
Henwne. Tot ¢axkT, uro coorHomenue JICD muHEitHO, 03HAYALT, UYTO P —
MOCTOSIHHAS BEJIMYHMHA, XapaKTEPUCTUYCCKAasl JUIsS JaHHOW peakiluu, U,
CJIEIOBATENBHO, TTEPEXOTHOE COCTOSHUE NMEET OJMHAKOBYIO CTPYKTYPY,
HE 3aBHCAIIYIO OT 3aMECTUTENS Z.

OT0 3aKIIOUEHUE JUAMETPAILHO MPOTUBOTIOIOKHO XOPOIIO U3BECT-
HOMY TPUHIUNY (U3NYECKOW OpraHNYeCKOW XUMHH, KOTOPBIA Ha3bl-
BaeTcsa nocmyramom Xommonoa. B cBoelt mpocteiimend popMynupoBke
MOCTYJIAT YTBEPXKIAET, UTO MePeXoqH0e COCTOSIHIE IHI0TePMHYeCKOM
CTA/IMU PeaKnuy TOX0Ke Ha MPOAYKTHI, a TepPexXoqHOe COCTOSTHHE
IK30TEPMHYECKOH CTAJIMU peaKkuuM IMoxo:ke Ha peareHThbl. ClOBO
«IIOXO0XKE» O03HAYACT CXOJCTBO CTPYKTYPbl M OJM30CTH IO SHEPTHH,
CJIEIOBATENIBHO, AK30TEPMHUECKas PEaKIis HMeeT HHU3KYI JSHTallb-
MU0 AKTUBAIMH, a YHJIOTEPMHUUYCECKAsl PEaKIUsi — BBICOKYIO SHTAJIBITHIO
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Puc. 3.15. Cxemarmyeckoe OTOOpaKeHUE
nocrynara XoMMOHJA IS TPEeX peaklui
¢ pa3Hoi sk30TepMuyuHOCThIO. [IC — me-

x=0 N pexonHOe cocTostHUe; KoopauHara x = 0
nc COOTBETCTBYET peareHram, a x = 1 — mpo-
Koopduwara  peakyuu IyKTam

aKTHBAIlMK W YeM OoJiee peakIus JK30TepMHUYHA (MM YeM MeEHee
SHAOTEPMHUYHA), TEM SHTAJBIIUS aKTUBALMH HIDKE (puc. 3.15).
Bo3bMmem B kauecTBe npuMepa KUCIOTHYIO HOHU3AIMIO 3aMEIIEHHBIX
TOJIYOJIOB TOJI AEHCTBUEM OCHOBaHMN B~ B CHMIIbHOOCHOBHBIX Cpeaax
(manpumep, NaNH,/NHj3 sxuak., (C,Hs)4NOH/ACMO u T. 1.):

+*
(=] - $- (<]
CHZ—H+B = CH,...H...B | —— <@>~CH2 + BH
YA z V4
peareHTbl nepexoiHoe CoCTostHue NpPOAYKTbI

OTpBIB IPOTOHA MPOMCXOAUT JOCTATOYHO MEAJICHHO, U MO3TOMY CKO-
POCTB 3TOI pEaKINH JIETKO MOIATCS N3MEPEHHUIO OOBIYHBIMHA KUHETH-
4YecKMMHU MeToaMH. Eclii B peakunu nepexogHoe COCTOSIHUE «IIO3THEE)
(xax TIC3 na puc. 3.15), To oHO OymeT MOAOOHO TPOAYKTY PEaKIINN
OCH3UIPHOMY AHUOHY ZC6H4CH29, 3amecTuTeNib Z OyleT aKTUBHO
y4acTBOBATh B JENIOKANIM3AINN 3apsijfa W peakius OyaeT dpe3BblUaii-
HO YyBCTBUTENbHA K MEKTpUYECKHM d(pdexraM Z, 4To MPUBEACT K
BBICOKOMY abcoiroTHOMY 3HadeHuio |p|. Eciam mepexomHoe cocrosiHue
«panneey (kak [1C/ Ha puc. 3.15), To B HeM OTpuLaTeIbHBIN 3apsi OyaeT
HEOONBIINM, peakust OyJeT MeHee YYBCTBUTENBbHA K DJICKTPUUECKUM
CBOWCTBaM 3aMeCTUTeNsl Z U BenudrHa |p| OyaeT MeHble.

Takyro KapTUHY HMHOTJA HA3bIBAIOT MPHHIUIIOM CEJICKTHBHOCTH.
Od4eHp PeaKIMOHHOCTIOCOOHBIM peareHT OTHOCUTEIIHO Majo CEeJEeKTH-
BCH B PEaKIUH C JaHHBIM CcyOcTpatoM (|p| Mamo), a peareHT ¢ HH3KOH
PEaKIMOHHOM CITOCOOHOCTBIO B ATOW K€ PEeakIMi OYEHb CEIeKTHBEH
(|p| Benmko). TakuM 0Opa3oM, MOKHO HPHHATH K 3aKIFOUCHHUIO, YTO B
OBICTPBIX peaKIUsAX MEPEXOTHOE COCTOSIHNE OoJIee TTOX0KE Ha peareHTHl,
YeM Ha MPOAYKTHI, a B MEAJICHHBIX PEakHsiX HAa000pOT.

31ech BO3HUKAET nuiieMMa. YpaBHeHue ['amMera ucnosib3yercs ais
UCCIICIOBAHMS THIA MEPEXOAHOTO COCTOsHHs (IO BeaWvuHE [p|) B
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CEMEUCTBE CXOIHBIX COCAMHEHMM IIyTeM BapbUPOBAaHUS 3aMECTUTENIECH
W, CJIeJIOBaTeNIbHO, TyTEM M3MEHEHHs peakInOHHOH crocobHocTH. Ho
nocTyaar X3MMOHJAA YCTAHABIMBAET, YTO MPU HU3MEPEHHU CKOPOCTH
HEMUHYEMO JIOJKHA U3MEHUTHCS U CTPYKTYpPaA MEPEXOTHOTO COCTOSHHUSL.
IIpobnema B Hacrosimiee BpeMs OCTaeTcsl HepelleHHoW. B ocHoBy
ypaBHeHus1 'aMmMera U nocrtyigata X3MMOHJAA 3aJ0KEH IMPOTUBOPEUU-
BbII CMbICI. VIMEHOIMKCS OIpOMHBIA JKCIIEPUMEHTAIbHBI MaTepHall
MO3BOJISIET YTBEPXKIaTh, YTO TAMMETOBCKHE TPAPHUKH OelicmeumenbHo
JIMHEHHBI, HEpeJKO B HHTEpBale M3MeHeHus ckopocteil B 10°-10°
pa3. IlpaBma, wHOTIA HAOMIOMAIOTCS OTKIOHEHWS OT JMHEHHOCTH, HO
OHU OOBIYHO OOBSACHSIOTCS HE M3MEHEHHEM CTPYKTYPBI HEpPEXOAHOTO
COCTOSIHUS, & PE3KOM CMEHOW MEXaHH3Ma PEaKIUU JUIsl ONPEEIICHHbBIX
3aMecTHTeNeld. B HEKOTOpPBIX ciy4asx He COOMIOHAaeTCss M MPHHIUI
CEJIeKTHBHOCTH. Tak, B pEaKIusX dJIEeKTPO(UIHBHOTO apOMaTHIECKOTO
3amemenus (r. 13) Br, B TpudropykcycHoit kmcmore B 10° pas
Oosnee peaknuoHHOCNoOcoOeH, 4eM Br, B yKCycHOM KHcCIOTE, HO B
000MX CITyJasiX CEJIeKTUBHOCTh MPAKTUYECKH OIMHAKOBA; MHOTa OoJee
PEaKIMOHHOCIIOCOOHBIE CUCTEMbI UMEIOT 00Jiee BBHICOKUE 3HAYCHHUS P,
4yeM MeHee peaKIIMOHHOCIIOCOOHBIE.

C npyroil CTOpPOHBI, BO MHOTHX PEaKIHOHHBIX CEpHUSAX BIUSHUE
3aMecTUTeNed TPYOHO OOBSCHUTH Oe3 TPWBJICUEHHs IpeACTaBICHUN
00 M3MEHYMBOCTH MEPEXOJHOI0 COCTOAHHUS (HANpUMEp, B pPEaKIMAX
otmeruieHus Tuna £2; cm. pasa. 10.2, m1. 10). B mienoM TpyHO TOHSTH,
MoYeMy TMEepeXOAHOE COCTOSIHME, KOTOPOE H3MEHSETCsl MpHU OTHOCH-
TEJIHHO HEOONBIIOM W3MEHEHUH PEareHTOB (Y4TO BUIHO U3 M3MEHEHUS
BEITUYHMHBI p), MOXKET HE MU3MEHUTHCSA MPH MOAOOHBIX K€ HEOOIBIINX
M3MCHCHISIX cyOcTpaTa (BBEACHHE 3aMECTHTEIS 7).

B03M0HO, 4TO KOHCTaHTHI p U G HE €CTh HE3aBUCUMBIE ITapaMeTPHI,
KaK TperoiaraeTcs, a CBA3aHbl MEXIy COO0OH, IpuyeM TmapameTp,
CBSI3BIBAIOIIMI p UM O, B UX IPOU3BENEHUM cOKpallaercsa. Hampumep,
€CIIM DJIEKTPOHOAOHOPHBIN 3aMECTHUTENb Z U3MEHSET NEPEXOAHOE CO-
CTOSIHUE MyTEeM YBEJIMYEHMs OTPHUIATEIBHOTO 3apsa Ha PEaKIMOHHOM
HEHTPE, TO STOMY 3aMECTHUTEIIO OyAET TpyIHEe OTAABATh MIEKTPOHBI ITPU
YBEJIIMYEHHOM OTPHIIATEIIEHOM 3apsifie, T. €. €r0 IOHOPHAs CIIOCOOHOCTh
MOJKET IIOHU3UTHCS. B TakoM ciydae cTpyKTypy MepeXoaHOT0 COCTOSHUS
MOXKHO OXapakT€PHU30BaTh BEJIMYHMHON X,, TIE P OTPaXKaeT IIaBHbIE
YepThl IEPEMEHHOTO MEPEXOAHOTO COCTOSHUS, & X — €r0 MOAU(UKAIIHIO
3amectutesnieM. C JIpyroil CTOPOHBI, BO3MOXHO, YTO MEpPOH OTKJIMKA
3aMecTUTEJd Ha U3MEHEHHE MEPEMEHHOI0 MEPEXOIHOT0 COCTOSHUS SIB-
JISIeTCs BEIMUMHA 0 /X. B IPOM3BEACHNH X COKpPAILAETCsl, U B yPaBHEHHE
l'amMmeTa BXOquT UL GP.
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3.5. KAPBAHUOHbBI 1 CH-KUCJIOTBI

Kap6anuonbl Hapsigy ¢ kapOOKaTHOHaMHM, CBOOOAHBIMHU paaMKaia-
MU, KapOe€HaMU M HEKOTOPBIMHM IPYTMMH YacTHULAMU SIBIISIOTCS Bax-
HBIMH MHTEpMeIuaTaMu (MPOMEXYTOYHO BO3HUKAIOIIMMH YaCTHIIAMM)
B OpPraHMYECKHUX peakuusx. KapOaHMOHBI MOXHO ONpPENeNuTb Kak
OTpHUILATEIbHO 3apsKEHHBIE YaCTUIIBI, B KOTOPBIX 3apsij WK, IO KpaitHel
Mepe, 4acTh 3apsiia HaXOAWTCS Ha aToMme ymniepona. l'eHepupoBaHue
KapOaHMOHOB MOXHO OCYIIECTBUTH pa3HBIMH CIOCO0aMHU, KOTOPbHIE
OyZyT OnMCaHbl B IOCIEAYIOIMX INIaBaX 3TOM KHUI'HM, OJHAKO Hauboiee
4acTO HCHOJb3yeTcs MeTop JenporoHupoBaHus CH-kucnor, kotopoe
JIETKO OCYILIECTBUTh, €CJIN 00pa3yromuiicss kKapOaHMOH ME30MEPHO MU
WHIYKTUBHO CTAaOMJIM3UPOBAH 3JIEKTPOOTPHLATEIBHBIM 3aMECTHTEIIEM
Z, CBSI3aHHBIM C OTPHLATEIIBHO 3apsHKEHHBIM aTOMOM YIVIEPOJa!

Nl O L N.O
Z3C-H+B:® =7 >C: +BH.

BonpmmHcTBO KapOaHMOHOB SBISIOTCS OY€Hb CHIIBHBIME OCHOBAHH-
sAMHU, U MMOSTOMY HX HCJIb3S IMOJIYYUTH B BBICOKOM KOHLICHTpAalUunu M3
cootBeTcTBYIOIMX CH-KHCITOT B BOIHBIX WM CIHUPTOBBIX PacTBOPax
menoueid. Iloaromy CH-xuciomunocms OONBITHHCTBA OPTaHUUYECKHUX
coeuHeHUH (pK,) MOKHO U3MEPUTH TOJILKO B CHIIBHOOCHOBHBIX Cpeiax,
Harpumep B JIMCO 1o ¢yskmuu kuciotHoctd H_ (pasmen 3.3.4).
Hansnsie o kucinoraoctd CH-kucnor 8 JIMCO nipuBeneHst B Tadm. 3.15,
B KOTOPYIO /I CpPAaBHEHUS BKIIIOUEHbI Takke Hekotopeie OH™, NH™ u
JIpyTHe THUIIBI KUCIIOT, a TAK)Ke BEJIMUUHBI CPOAICTBA K IIPOTOHY KapOaHU-
OHOB B Ta30Boit ¢aze (cM. paszm. 3.3.5). Jlnsg kapOaHHOHOB, pK, KOTOPBIX
6ombire, yem pK, (AMCO) = 35,1, ucrtunusie 3Ha4deHusi pK, MoryTt
CHJIBHO OTJIMYAThCS OT TPWBEACHHBIX B TaOnHIle OPMEHTHPOBOYHBIX
3HadueHu#. [Ing Takux kapOaHHOHOB BENWYMHBI pK, OLIEHUBAIOTCS IO
kuHeTnyeckod CH-KMCIOTHOCTH, T. €. MO CKOPOCTAM OTPbIBa IIPOTOHA
ot CH-kucnot, koTopele CBSi3aHbl C BeTWYMHAMU pK, COOTHOLIEHHEM
bpencrena.

3.5.1. KHHETUYECKAS KUCJIOTHOCTb

Baxnoii ocobenHoctpio OonpimmmHcTBa CH-KUCITOT SBIsIeTCS OTHO-
CUTCJIbHO HU3Kasg CKOPOCTHh OTPbIBA OT HUX IIPOTOHA. B otanuue ot 3TOTO
MIEPEHOC MPOTOHA MEXKY AEKTPOOTpHUIaTeIbHBIME deMerTaMu (O, N)
IPOUCXOAUT OBICTPO. Tak, cKopocTh nepeHoca npoTona Mexay H3;O u
OH™ pasna 1,4-10"" 1/Monb-C, 4TO ABNAETCS OMHOI M3 CAMBIX BHICOKUX
KOHCTAaHT CKOPOCTH OMMOJICKYJSIPHBIX peakuuii B Boze. [Iporonnsanus
O- u N-ocHoBanmii nox aeiicteuem H3;OF unm oTmienseHue npoToHa
ot apyrux OH- u NH-xucnor mox neiictBuem OH™ mpoucxomut Ha
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Ta6numa 3.15

Kucnornocrs CH-cBsizeii B JIMCO u rasoBoii ¢ase
(mox4epKHYTHI HanGoJIee KHCJIbIe IPOTOHDI)

pKa, 1T (Ta3)?,
Kuesora B JIMCO KKaJI/MOJIb
JunuanodeHuiMeTan CsHsCH(CN2>) 42 —
bensoiinas kucnora (—OH) CsHsCOOH 11,4 339
JunuanoMeraH (MaJIOHOHUTPILT) CH, (CN), 11,1 336
1,1-/Tunmanostan CH;CH(CN), 12,4 —
Iuanuctelit Bogopon HCN 12,9 353
XJ0pUCTBII BOJOPOT HCl1 13,0 333
AueTHnaneTon (CH3CO),CH, 13,3 344
mpem-HouadpropOyranon(—OH) (CF3)3;COH 13,8 —
CepoBonoporn (—SH) H,S 14,7 352
CHy— SO;\
1,3-/luTHaHTeTPOKCHUT 0,S N CHz 15,5 —
CH,—CHa»
JuMeTniManoHar (CH,(COOCH3)» 15,7 348
Hurpostan CH;CH,NO> 16,7 357
Hurpomeran CH3NO; 17,2 358
Huknonentaauex 18,0 356
CH,
®enon (—OH) CHgHsOH 18,2 351
DTOpHUCTHII BOTOPOX HF 19,3 371
Aueranmmun (—NH) C¢HsNHCOCH; 19,3 —
Unnen 20,1 —
CH,
napa-Hutpotonyon NOTQCI;I3 20,5 353
TuomoueBuna (—NH) NH>CSNH, 21,1 —
DeHUTaeTOHUTPUT C¢HsCH,CN 21,9 352
Onyopen O'O 22,6 353
CH,
Tpuc-(DEHUITHO)METaH (CeHsS);CH 22,5 —
Tpudropsranon (—OH) CF3;CH,OH 24,0 261
DTHI(CHUIKETOH C¢HsCOCHCHj3; 24,4 —
AnerodeHoH C¢HsCOCH; 24,7 363

@ Cwm. takke Tabi. 3.5.
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Tabnuna 3.15. Ilpodonscenue
Ka, 1T (ra3)?,
Kucnora B E[MCO KKaJ('l/ Mgﬂb

Aneramun (—NH) CH;CONH; 25,5 —
[{ukitorekcaHoH <:> =0 26,4 —

CH,
AneToH CH3;COCH3 26,5 369
Mouesuna (—NH) NH>CONH; 26,9 —
DennnaneTuIeH C¢HsC=CH 28,7 —
Metundenuncynspox CsH5SO,CH3 29,0 —
Meranon (—OH) CH;O0OH 29,0 379
Oranon (—OH) CH3;CH,OH 29,7 376
Buc-(mudennndpochuno)veran [(CeHs),P].CH, 29,9 —
Drunanerar CH,;COOC:Hs ~ 30-31 371
Tpudennameran (CeHs)3;CH 30,6 —
Buc-(¢bennnrio)meran (CsHsS)>CH, 30,8 —
OrundeHmcyasGoH C¢HsSO,CHCH; 31,0 —

S
1,3-Autnan <:> CH, 31,1 —

S
Jumveruncynbpon CH3S0O,CH3 31,1 366
AULETOHUTpPUI CH;CN 31,3 373
Bona (—OH) H,O 31,4 391
Nudpenunmeran (CsHs),CH, 32,1 364
mpem-Byranon (—OH) (CH3);COH 32,2 373
JumeTrncynbhokcus CH3;SOCH; 35,1 375
Bonopon H» ~ 36 401
Awmmuak (—NH) NH; ~41 400
Tomyon CsHsCH, ~ 42 379
[Iporen CH,=CH—CH3 ~43 291
TMuppomunun (—NH) U ~ 44 —

i

benzon CsHe ~ 45 397
Metunpenmicynbpun CsHsSCH, ~ 49 —
Meran CHg4 ~ 55 417
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TIOPAJIOK BEIMYMHBI MeleHHee, ueM peakius H;OT ¢ OH™. ITpumeps
TIpUBEACHBI B Ta0M. 3.16.

UssectHo, uto MoHbl H;OT u OH™ B BOJXHOM pacTBOPE CHIILHO
COJIbBATHUPOBAHBI U IIEPEHOC MPOTOHA MIPOMCXOMUT O€3 MpeaBapUTelb-
HOTO YHaJICHHsI COJbBATHOW OOOJIOYKH MO 0coOOMYy MeXaHH3MY, B
KOTOPOM IIPOTOH CMEILAETCS IO LETOYKe MOJIEKYJ BOIbI, CBA3aHHBIX
BOJIOPOIHBIMU CBSI3IMU (Mexanuszm I pommeyca):

(@) O O4eHb
28 H. 7o\ - 0H——> H—0--+ (H—0\:++ H—OH
N ? H (l) H OH GuicTpo H (I) H (|) H

H Hp

H H /n
[lepeHoc POTOHA MPOMCXOMUT MPU OTHOCHTEIHHO OOJIBIIIOM PAacCTOSI-
auu Mexay H;O u OH™ u npourcxoauT 6bIcTpo, Tak Kak nonam H3O™
u OH™ He Hamo TpaTtuTh Bpemsi Ha cOMMKeHue Apyr ¢ apyrom. Ho
peakuus H;OT + OH™ B Boze — 310 0coOblii cinydail. B GonpmuHCTBE
JIPYTUX PACTBOPUTEIICH B3aUMOJICHCTBHE IOHOPA M aKIENTOpa MPOTOHA
MPOUCXOANT IPH HMX TECHOM KOHTakTe. Torga BakKHBIM (HaKTOpOM
CTAHOBHTCSI CIIOCOOHOCTD JIOHOPA M aKIENTOpa MPOTOHA 00Pa30BbIBAThH
MeXay co0oil BomopomHyro cBs3b (cM. pasm. 3.3.3). Eme mo nHawaa
MEePEeHOCca MPOTOHA JIOHOP M aKIENTOP JIODKHBI 00pa30BaTh KOMILIEKC C
BOJIOPOJIHOM CBSI3bI0, B KOTOPOM OHU OPUEHTUPOBAHBI HYKHBIM 00pa3oMm.
UeM cuibpHEE BOJOPOAHASA CBS3b, TEM KOpPOYE PACCTOSHHS, HA KOTOPOE
JIOJDKEH CMEIaThCsl MPOTOH, W TEM HIKE Oapbep peakuuu. OTOT
3¢ deKT HaYMHAET MPOSBIATLCS yke B peaknusax Ne 7 u 8 u3 taom. 3.16,
B KOTOPBIX 00pa3yroTcst Bojopoxanbie cBsizu S...H—S wmmu O—H...P.
Takne cBs3u cimabee BOMOPOMHBIX cBs3edl Mexkmy O m N, m mostomy
CKOPOCTH TIEpPEHOCa MPOTOHA MEHbIe, yem ansi peakuuid Ne 1-6. B
ciayuae CH-xucnor (peakmuss Ne9) m C-ocHoBanmit (peaxiust Ne 10)
CKOPOCTH TIepeHOoca MPOTOHA elIe HUXKE.

WHornma cuiibHOE BOMOPOTHOE CBA3BIBAaHUE, HAO0OPOT, 3aMeyIsieT
MEPEHOC MPOTOHA. DTO HAOIONASTCS, KOIJIa OTIICIUISICTCS [IPOTOH, SIBIISI-
IOIIMIICS YacThIO BHYTPHUMOJICKYJISIPHOIN BOJIOPOJHON CBSI3M, HAIIPHMEDP
B @HHOHE CAJIMIIUIOBOM KUCIIOTHI:

s
+

+

:IUIHICD

P K

o>

09

0

ne e

O\ I\ N coc® ®
0 4 Bs 0 — [ + BH

[lepenoc npoToHa OT (PEHOIBLHOTO THIIPOKCUIIA ATOTO COCIUHEHHUSI HIICT
B 103 pa3 MenneHHee, 4eM OT caMoro (eHoma, HOCKOIbKY B HEPEXOIHOM
COCTOSIHUM TIPOTOH CBSI3aH C JIByMsI aTOMaMU KUCJIOpoJa U atomoM B
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Tabnuma 3.16
CkopocTH mepeHoca NMPOTOHA B PA3JIMYHBIX peakIusX B BOIHOM pacTBOpe

npu 25°C

Ne P K

/i catms (at/mo1b - )
1 | H;0T +0H™ — 2H,0 1,4-10"
2 | H;0" +CH;COO~ — H,0 + CH;COOH 4,5.10"
3 | H;O0" +NH; — H,O0+ NH} 43-10"
4 | OH™ 4+4NO,C¢H4OH — H,0 + 4NO,CH,0° 3,6-10%
5 | OH™ +NH; — H,0 + NH; 3,4-10"
6 | CH3;CH,COOH + CH3;COO~ — CH3;CH,COO® + CH;COOH 2,9-10%

[S]
7 | HOCH,CH,SH + SCH,COO® — HOCH,CH,S® 4+ HSCH,COO® 1,5-107
D
8 | CH,>CIPOsH + C¢HsP(CHs), — CH,CIPO3® + CoHs PH(CH3), 1,2-107
9 | CH3NO;+OH™ — CH,NOY + H,0 2,810
D
10 H3OEB + (CH3)2C:CHOH — H, O+ (CH3)2CH*CHOH 59- 1071

U TIOATOMY pBYIIAsicCs M 00pa3yromasicst CBS3M HE KOJUIMHEAPHBI, YTO
OBUTO OBl ONTHUMAJIBHBIM IS TIEpEHOCa MPOTOHA. DHEPTUsl TAKoTo Iie-
PEXOHOTO COCTOSIHUS BBIIIE, YUeM B OTCYTCTBHE BHYTPHUMOJIEKYIISIPHON
BOJIOPOIHOMN CBS3M, M, CIEIOBATEIBHO, CKOPOCTh PEAKIIMN MEHBIIIE.

[lepeHoc mpoToHA MOXET 3aMETUTHCS W BCIEICTBHE IMPOCTPaH-
CTBeHHBIX (akropoB. Hampumep, 2,6-au-mpem-oyrunnupuaut (I) pe-
arupyer u ¢ H3OT B 100 pa3 MemieHHee, 4eM He3aMEIECHHBII
mupuanH. OcoOCHHO MEIJICHHO OTIIEMJICHHE NPOTOHA MPOUCXOAUT
B TOM Ccllydae, KOIjla MMEIOTCS M TPOCTPAaHCTBEHHBIE 3aTPyIHEHUS,
U BHYTPUMOJICKYJISIPHAST BOJOPOJHAs CBs3b. llpumMepaMu SIBISIOTCS
1,8-6uc-(numeTtrtamuno ))-HadranuH (I1) 1 ocobeHHO ero 2,7-IuMeTOK-
cunpousBoaHoe (111):

(CHz),N - NleHy), (CHs),N  N(CHy),

X HC30 OCH
(cH,),C lN/ c(cH,) 3

3
I I T

O6wemuctsie rpymibt (CHj ), N BBITATKHBAIOT APYT APYra U3 MIOCKOCTH
Ha(TAJIMHOBON apOMaTH4ECKON CUCTEMBbI, U MOJTy4aeTcst KOH(popMarLus,
B KOTOpOH HETOJICJIEHHbIE IMaphl aTOMOB a30Ta HaIpaBiEHBl MOUYTH
HaBCTpedy Ipyr Opyry. B pesyiabraTe BO3HHKAET JIEKTPOCTATHUECKOE
OTTaJIKMUBAaHUE W HAINpsDKEHHE B OCTAIbHOM 4yacTH MoJeKynbl. OTral-
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KHMBAaHUC W HAIPSIKCHUC B 3HAYUTCIBHON CTCIICHH CHUMAIOTCS npu
IIPOTOHMU3aIU MOJICKYJIbI:

CHs
CHs CHs i —MI0CKOCTb
() ey — = ~am— Ha(DTa/IH0BOI0

KoJbLia

CHs

BenencTsue atoro npousBoanblie 1,8-(mumeTmiiaMuHO )Had TaTHHA JeTa-
I0TCS OY€Hb CUIIBHBIMU OCHOBaHUsAMU. Hanpumep, uist coequnenus 111 B
Bone pK, = 16,3 (cp. ¢ pK, nmpyrux amMmuHOB B Tab:m. 3.3). YnamuTs mpo-
TOH U3 COIPSIKEHHBIX UM KHCIIOT 4pe3BblYaiiHO TpyaHo. 1o sToi npu-
guHe 1,8-0uc-(quMeTmIaMiHo )JHad TaTHH TTOTYYHIT Ha3BaHUE «IIPOTOHO-
Bas ryOkay. Emie MeaeHHee MpOUCXOAUT OTIIEIICHHE TPOTOHA OT -
MIPOTOHUPOBAHHOM M3HYTPH MoJiekyisl [1.1.1]-kpunranga (IV): nepssIit
npoToH otiensercs nonoM OH™ co ckopoctsio 1,4-107% 1/(mons-c),
a BTOpOH MPOTOH OT MOHOKaTHOHa V BOOOIE HENlb3s yIaInuTh 0e3
pa3pylIeHUs CKeJIeTa MOJIEKYJIBL.

Ecam ke HeT mogoOHBIX MPOCTPAHCTBEHHBIX 3(P(PEKTOB MM BHYT-
PUMOIIEKYIIIPHBIX BOJOPOIHBIX CBSI3€H, TO MEPEHOC MPOTOHA MEX-
Iy DIEKTPOOTPHUIIATEIHFHBIMI aTOMaMHU TMPOUCXOAUT ObicTpo. Baknas
ocoberHocTh CH-KHCIIOT COCTOMT B TOM, YTO IEPEHOC IMPOTOHA OT
aToMa ymiepoja, Kak IpaBHIJIO, OCYIIECTBISIETCS MEIJIEHHO Jake B
OTCYTCTBHUE MPOCTPAHCTBEHHBIX 3arpyfaHeHud, Tak kak CH-kuciaors
HCKITIOYUTENBHO TIOXKE JOHOPHI BOAOPOIHOM cBsi3u (pasm. 3.3.3). Oto
WUTIOCTPHUPYIOT JBE TOCJICTHUE peaknuu B Taoi. 3.16.

ITockonbky CH-KHMCIOTBI MEUIEHHO OTAAIOT MPOTOH, MX HHOTIA
HA3bIBAIOT «NCEBOOKUCIOMAMUY, B OTINYHE OT «HOpMaibHBIX» CH-
u NH-kucnor. Tepmun «rcesnokucinora» npempioxun 'ana (1899 r),
BIIEpPBBIE UCCIIEOBABIINI AeCTBYE MIET0Yeil Ha HUTPOMETaH (peaKius
No 9 B Tabm. 3.16).

Hecnoco6nocth CH-kucot (n C-ocHOBaHUI) 00pa30BBIBATH CHITb-
HbIC BOJOPOAHBIC CBS3H —OTO JHIIb ONHA W3 MPUYUH 3aMEJICHUS
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nepeHoca npoToHa. Bropast npuunHa cBg3aHa ¢ TeM, YTO IPH HOHU3ALUN
oompmuHCTBA CH-KHCTOT MPOMCXOMUT 3HAUNTEIbHAS MTEPECTPOKa UX
Mmosiekyil. Cesa3p C—H mpuHUOMNMaANIBbHO HE KUCHasg, U OTHOCHUTEIbHO
cuibHble CH-KUCIOTBI CBOMMHU KHCJIOTHBIMU CBOMCTBAMU BO MHOIOM
00s13aHBI HAJTMYUIO B UX MOJEKYJaX ONpeAeTCHHBIX (DYHKIMOHAIBHBIX
TpyMI, KOTOpPBIE CIOCOOHBI TE€M MM MHBIM CIIOCOOOM MPHHUMATh Ha
ce0s1 AIEKTPOHHYIO Mapy, OCTAIOILYIOCS Ha aTOMe yIiepoa Tocie yxoaa
nporoHa. Takas ejaoKain3anus U3MEHSIET JUIMHBI CBA3EH U YIVIbI MEXAY
CBSI3IMH U TpeOyeT 3aTparhl JOMOJHUTEIBHON SHEPTHH, YTO MTOHMKACT
CKOPOCTh OTILEIJICHUS IPOTOHA.

TpeTbst mpUuMHa CBs3aHa ¢ MepecTpPOrKol (peopraHu3aleii) okpy-
JKaromiero pactBopurens. Jlro0as woHHas peakius B TOJSPHOU cpene
COIPOBOXKIAETCSI IBUYKEHHUEM MOJIEKYJl PACTBOPUTEIIS B HOBBIE TIOJIOXKeE-
HUS, KOTOpBIE JUKTYIOTCS TiepepacrpeneieHneM 3apsga. Uem Oompiie
JIBIDKEHUE 3apsijia, TeM OOIbIIe MepecTpoiika pacTBOPHUTENS U CBS3aH-
HBIE C 3TUM 3HepreThdeckue 3arparbl. 110cKoIbKy OTpPBIB MPOTOHA OT
CH-KHCIOT cOnpOBOXKIAETCS CUIBHBIM CMEIIEHHEM 3apsiia K yHKIHU-
OHAJIBHOM rpyTIie, epecTpoiika pacTBOPUTENS OyIeT CYIIeCTBEHHOM.

B Tex cnyuasx, xorga nonuzauuss CH-kucioT He conmpoBoxaaercs
JIeJIoKanu3ayen 3apsijia, IepeHoc MPOTOHA HE 3aMeIISeTCsl U 3TH CO-
eJIMHEHUS BEAYT ce0st KaK «HOpMaJIbHbIe» KUCIOTHI. [Ipr3epoM sBisieTcs
(deHmIaeTHIICH:

CoHsC=C—H + B™——» C(H,C=C%0 + HB .

B kap6annone CgHsC=C® sp-rubpuanas opoMTaib, HECyLIas OTPHIIA-
TEJIbHBIN 3apsi, OPTOTOHAJIbHA T-OPOUTAJISIM TPOMHOM CBSI3U U TIOATOMY
JeNoKaIM3aluy 3apsifa Ha n-cucreMe ObiTh He MoxeT. C  apyroit
CTOPOHBI, B aHMOHE JAULMaHMeTaHa (MAJOHOHMUTPHJIA) AEJIOKaIN3aLus
BO3MOYKHA:

HO 3TO COCJIMHEHUE 10 HESICHOM MPUYUHE BeJIeT ce0sl KaK «HOpMaJibHash»
kuciota. [IpuBeneHHbIe TPUMEPHI SBIISIOTCS UCKITIOUCHHUSIMHE, a TTPaBUIIO
coctout B ToM, uT0 CH-KUCIOTHI MPOSABIAIOT CE0sl KaK «IICEBIOKUCIIO-
TBI», T. €. OTAAIOT IPOTOH OCHOBAHUSAM C MEIJICHHOH CKOPOCTHIO.
[Tockonbky nepenoc mpotona oT CH-KUCIOT K OCHOBAHUSIM SIBISICTCS
MEJUICHHBIM ITPOIIECCOM, €T0 CKOPOCTH JIETKO MOKHO H3MEPHUTH OOBIIHBI-
MU HECJIOKHBIMH KUHETUYCCKUMH METOaMU. J[71s1 9TOH 11eTTu UCTI0b3Y-
0T PEAKITHIO U30MONHO20 0OMeHa 6000p00d TIOA ICHCTBUEM OCHOBAHUN
B MPOTOHHBIX pacTBopuTessix. OOBIYHO B KayeCTBE OCHOBaHHUS OEpyT
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COJIb, COZEP KAIIYIO JIMATHBIA MOH (QHUOH, CONpPSIKEHHBIH PacTBOPU-
temo). OOMEH MOXXKHO TIpoBOIWUTh wiu ¢ MedeHodt CH-kmcmoroit B
HEMEUEHOM («JIETKOM») pacTBopuTene, win ¢ HemeueHo CH-kucnoToit
B MEYECHOM PACTBOPUTEIIE:

R—D (wm T) + NHY RS+ NH,D
NH3 (xuak) NH
Q R—H+NHY,
R-H+ OD® RS+ HOD

20 p_ D+ ODE.

Hcnonp3ys npuHIA cTarmoHapHocTd (paszd. 3.3.6.a), I peakiuu
CH-kucnoret RD ¢ ocnHoBanuem B~ B pactBopurene HB, MoxHO
3aMmcarh:

RD+B9éRG...DB%Re...HB%RH—i—Be,

k_1
kiky

k_1 + ky[HB] RDJ[B"].

CKOPOCTh =

Ecmu ky > k|, a HB — Monekyna pacTBopuTess, To
ckopocTs ~ ki [RD][B™].

Torma HaOmromaemasi CKOPOCTh OOMEHA JCUTEpHs Ha JIETKUW BOJO-
pOI MPUOIKEHHO paBHA CKOPOCTH cTamuu MoHM3aruu CH-KUCITOTHI:
kyagn =~ ki. UucnenHoe 3HaveHue jorapudMa KOHCTAHTBI CKOPOCTH k)
HAa3bIBACTCS KUHEMUYECKOU KUCTIOMHOCMbIO coeqnHeHHs. COOTHOIICHUE
MeXJly KHHETHYECKOW M paBHOBECHOHM (TEpMOAMHAMUYECKOI) KHCIOT-
HOCTBIO YCTaHaBIIMBaeTcs ypaBHeHHEM bpencrena (pasm. 3.3.7):

lgk; = —apK, + const.

B »stoM ypaBHenun lgk; — kuHEeTHUECKasT KUCIOTHOCTE CH-KHCIOTHI,
a pK, —paBHOBeCHasi KUCJIOTHOCTh. Yem Ooblie BenuuuHa gk, Tem
CH-kucnora cuipHee, a CONPsDKCHHBIN el kapOaHuoH OoJiee cTaOniIcH.
UYem Oosbiie BennunHa pK,, TeM MeHbIIe cTabuibHOCTh CH-KHCIOTHI,
T. €. CONPSDKCHHBIN el KapOaHWOH MEHee CTaOMIICH.

3.5.2. KHHETUYECKHWI1 N30TOMHBINA YOPDEKT

Ecmu k_y > ky, 10 kywon =~ Kk, tne K = ki/k_;, T e. cxo-
pocTh 0OMEHa BOZOPOAA OILPENEIseTCs He TOJIbKO CTajue MOHU3aLuN
CH-xucnotsl. Torga Habmionaemasi KOHCTaHTa CKOPOCTH He Oyner mpa-
BUJIBHO OTPaXaTh KWHETUYECKYIO KUCJIIOTHOCTD U ee Jlorapudm He Oynet
NPOMOPLUHOHANEH BeTHYNHE PK, KHCIOTBI, B3SITOM ¢ 00paTHBIM 3HAKOM.
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OTIUYNUTE peakuio, CKOPOCTh KOTOPOH ONpeenseTcs JIUIIb CTalu-
eif moHm3anuu k;, OT PEAKIINU, CKOPOCTH KOTOPOH MPOTOPITMOHATbHA
Kky, noBonbHO Jierko. JIj1sl 3TOro Hy»KHO CPaBHHUTh CKOPOCTH 00pa3oBa-
HUS KapOaHWOHA TIPH MOHU3AINH HeMedeHOW n MeueHor CH-kucioTs
B OJHUX U TEX KE YCJIOBUAX:

R-H+B“ =R +HB
@)
MpoAyKT oOMeHa,

3.32
R-D+B° =R +DB (3-32)

L) MIPOAYKT oOMeHa,
[TepexomHOE COCTOSIHUE CTAIIMHA UMEET BHJT
RS~ ...H...B*"|”

nim
R~ ...D...B%"]7.

CTapTOBBIM COCTOSIHHEM CTamuu k| SIBISIETCS KOMIUIEKC, B KOTOPOM
CH-kucnora cBf3aHa ¢ OCHOBAHHEM BOJOPOAHON CBSI3BIO:

R—H...B°

Hnin
R—D...B°.

HpI/I MEepexXoaC OT 3TUX KOMIUICKCOB K NEPEXOAHBIM COCTOSIHUAM MPOUC-
XOAHUT OoJIee WM MEHEee 3HAYUTEIIPHOE CMEIICHNE MMPOTOHA (ICHTpOHA)
or R x B. IIporuii no Macce B JBa pa3a jerde JEUTEpHs], IOITOMY
H™ nepememaercs nerue, yem DT (u 3HaumTenbHO nerde, yem TT).
N3mepsist CKOPOCTH IByX HAIIMCAHHBIX BBIIIE PEAKIUNI, HAXOAAT BEIUYH-
Hy OTHOLICHUSI kyj /kp, KOTOpast HA3BIBACTCSI NEPEUUHBIM KUHEMUUECKUM
usomonuvim sppexmom (KUD).

Ecmut kyagn ~ ki, 10 BenmumHa ky/kp MOIMKHA 3HAYMTENBHO TIpe-
BBIILIATh CAMHUILY. ECIM OMBIT IMOKa3bIBaeT, 4TO Ky / kp ~ 1, T0 31O
YKa3bIBAET Ha TO, UTO Kyu5; 7 k1, T. €. H3MEPsAEMAsi CKOPOCTh HE OTpakaeT
KHHETHUYECKYIO KUCIIOTHOCTh coeuHeHus. [Ipu oObraHO0#M Temmeparype
mst muorux CH-kucnor otHomienue ky/kp nexut B mpenenax 7-8
(kH/kT = 17*20), HO HHOTOa kH/kD = 10-12 (kH/kT = 28730) Ha-
MpUMep, JUIsl TOJIyoJIa B CUCTEME LIMKJIOTEeKCHJIAMUH (PacTBOPUTEIND) —
HUKIIOTeKCHIaMu T (OCHOBaHue) Bemmunna ky /kp > 10. Takast Gospiuast
BennunHa KUD O3Ha4YacT, 4TO B ICPEXOAHOM COCTOSIHMU CTCICHb
paspbiBa CH-cBsi3M OoueHb BeJMKa, T. €. JIUMUTUPYIOUIEH cTaauen Jei-
CTBUTCJIBHO ABJIACTCA OTPBIB [IPOTOHA U, CIICA0BATCIILHO, Ha6.]HOI[aCMLIC
CKOpPOCTH 0OMEHa MOYKHO HUCIIOII30BaTh B KAYECTBE MEPHI KHHETHYECKOM
KHCJIOTHOCTH TOJIyOJIa.
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3.5.3. OTHOCUTEJIbHASA CTABUJIBHOCTb KAPBAHMOHOB
3.5.3.a. IIPOCTPAHCTBEHHOE CTPOEHUE KAPEAHHMOHOB

Jlns mpoCTHIX aNKMIIbHBIX KapOanuoHoB, Hanpumep CH3', MoxHO

TIPEATIONOKHUTS THPAMUIANBHYIO Sp°-THOPHIN30BAHHYIO HIIH TIOCKYIO
sp*-THOPUIM30BAHHYI0 KOH(DUTYpALIHH:

Hal
H-2 d
H H H

nupamuianbHas nnockasa

B nepBom cirydae opOuTanb, HeCcymas OTPULATENbHBINA 3apsl, SBIICT-
cs sp>-rubpuHON OpOMTANbIO, @ BO BTOPOM — YHCTOH p-OpOHTAIbIO.
DJIEKTPOHHOI Mape BHITOJHEE HAXOAMTHCS HA sp°-OpOUTAH, 4eM Ha
p-OpOMTaH, TOCKONIBLKY Sp°-0pOuTaih UMeeT Ha 25% XapakTep s-0pou-
Talu, a S-opOUTah ONIDKE K SAPY U UMeeT 0oJiee HU3KYIO DHEPTHIO, YeM
p-opoutans (1. 1). ITo aTol npuunHe NpocThie aIKUIbHbIE KapOaHUOHBI
MMEIOT MUpaMHIaIbHyI0 KoH(puUrypanuto. Jpyras npuduHa MpeanodyTh-
TEIBHOCTH MHPaMHUIATHHON KOHPUTYpPAIMU COCTOUT B TOM, YTO B HEH
penyabCHBHOE B3anMOACHCTBHE (OTTAIKUBAHKE) MEXKIY HEIOACICHHON
nmapoi M TpeMs SIIEKTPOHHBIMM TMapamu cBs3ed C—H 3HaunTenbHO
MEHBIIE, YeM B TJIOCKOW KOH(UTYpaLHH.

[lon BnusHWEM Temla TMUpaMUIAbHBIE ANKWJIbHBIE AHUOHBI BCE
BpeMsl HAxXOAATCA B MpOLECCe uHGepcuu TMUPAMUTAIBHON CTPYKTY-
pel. Paccumrannsii Oaprep muBepcum s CHS  cocTaBiser okono
5 KKaJI/MOJIb:

X - % - . ‘X (6apbep ~ SKKas/Monb)

NN0CKOe nepexofHoe
COCTOsHMe

ITpu noHMkEeHUU TEMIEPATypbl CKOPOCTh UHBEPCUU ITUPAMU/IbI YMEHb-
mraercs. Hampumep, B peakini ONTHYECKH aKTHBHOTO 2-OKTHIITUTHS C
CO, mpu —70°C obOpazyeTcst cMech KapOOHOBBIX KHCIIOT ¢ CYMMapHBIM
coxpaneHueMm koHpurypanuu Ha 20% (T. e. 60% MoNeKyl pearupyror
¢ coxpanenuem, a 40% — c oOparieHneM KOHQUTYpaAIUH), OJHAKO TTPU
0°C mpoayKT MOJHOCTHIO PAlEMU30BaH. DTO COMIACYETCS CO CXEMOM
peaknuu, B KOTOPOH kosanenmuoe (cM. TI. 19) nmuTmifopraHHyYecKoe
COCJMHEHHE AMCCOLUHPYET N0 KapOaHMOHOB, KOTOpBIC BCIEICTBHE
OBICTPOI MHBEPCHUHU TIEPEXOAST B PAaBHOBECHYIO CMECh JIByX SHAHTHO-
MEPHBIX THpaMHIAIBHBIX CTPYKTYP. [Ipn —70°C artaka monekynoi CO,
MIPOUCXOIMT €Ille 10 TIOJIHOTO yCTaHOBIEHHUs paBHOBecus, a mpu 0°C
paBHOBECHE YCIICBACT YCTAHOBUTKLCS MEPE]] aTaKOM:
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H CH
CeHyz 3 1.€0, 1.C0,
2 H30+ 2.Hz0*
COOH
CeH
l HOX o cHy
~
L
7’ \
H CH,;
CeMs COOH

3HaHTUOMEPI
2-0KTaHKapboHosoM
(2-MeTUNOKTaHOBOM) KUCAOTbI

CKOpOCTh MHBEPCHH MHPaMUAAIBHON KOH(PUTYpaluy CUIBHO 3aBU-
CUT OT CTPYKTYpHI KapOaHnoHa. Ecnm kapOaHWOHHBIN IIEHTP BXOIUT
B COCTaB TPEXWICHHOIO WHKJIA, TO Oapbep HMHBEPCHUH 3HAYUTEIBHO
MOBBIIIAeTCA. B MoIeKyne MUKIIONpOoIaHa UMEeeTCsl 3HaYUTeIbHOe Ha-
OpsDKEHUE, TaK Kak yIbl MeXIy cBsi3sMu paBHbl 60° Bmecto 109,5° B
HOpPMaJILHOM TeTpaszpe. B xoxe mporiecca MHBEPCUH HAPSIKEHHE eIl
OoJiee yBETMYUBACTCS, IOCKOJIBKY B IUIOCKOW T€OMETpPHH KapOaHHOHA
YTOJI MEX]Ty CBSI3IMHU KOJIbIIa TOJDKEH Bo3pacTu Ao 120°, a oH ocraercs
paBHBEIM 60°. BenenmcTBrue 3TOTO yuc-2-METHIITUKIONPOTIUIIATHH TIPH
neiictun CO; JaeT UCKIFOYUTEIBHO (T. €. CTEPEeOCHeUPUIHO) yuc-2-
METHIIIUKIIONPOITaHKapOOHOBYIO KHCIIOTY:

CHs

CHy
H H Li nentan H. 1)C0, " H COOH
pup 2)H;0*
Ty
CHs
H Hé M

H

W3oTonHbIi 00MeH Bogopoa B 1-1iuano-2,2-1u(eHuIIHUKIONPOIIaHe
MO 9TOM e MPUYMHE MPOTEKACT C COXPAHCHHUEM KOH(DUTYpaIHH:

Ph
Ph

Ph
Ph =N o P _
H CH30 HAC‘N cHon c=N
H —_—
H H

H D

Takum 00pa3oM, MOXKHO cIeaTh BBIBOJ, YTO AJISI AJIKMJIBHBIX Kap-
0aHMOHOB XapakTepHa NHUpamMHalbHast KOHGUrypauus. B cBsi3u ¢ oTUM
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CJIEAyeT OTMETHUTD, YTO KapOAHHOHBI U3021€KMPOHHbI AMUHAM, &, KaK 13-
BECTHO, AMHUHBI CYIIECTBYIOT B BHJIE OBICTPO B3aUMOIIPEBPAIIAIOIINXCS
JIpyT B Apyra NUPaMUAAIbHBIX (GOPM:

R, /R1
>N = (N

Ry / \ R
R (M303neKTpoHEH o

kapbanoHy R,R,R:C:)

Curyanus pe3ko MeHsIeTCs, Korja KapOaHUOHHBIHN [IEHTP HE BKJIFOUCH
B TPEXWICHHBII IUKI M, KPOME TOTO, 10 COCEJICTBY C KapOaHWOHHBIM
LEHTPOM UMeeTcs m-akuentopueiil 3amecturens: COR, NO,, CN u T. 1.
Tak, B omimune OT MPUBEICHHOTO BBINIE |-mmano-2,2-mud)eHUIITUKIIO-
MporaHa, U30TOMHbIH 00MEH HUTpUIA 2-METHII-3-(EHUITPOMTUOHOBON
KHCJIOTBI TIPOUCXOIUT C TIOJTHOHN pareMu3alueii:

CH3 CH3
CsHsCH,— c Cc=N &ho%, C5H5CH2C CN £H0D,
H @

OIITUYECCKHU aKTPIBHBII\/'I
CH;

— C6H5CH2_é_CN.
pauemar
B stoM ciydae mepekpsiBanue m-opourtanei rpymmsl —C=N ¢ opou-
TaJIbI0, HECYLIEW OTPULIATENbHBIA 3apsijl, MAKCUMAJIBHO IPOSBISIETCS
VIMEHHO B TIOCKOH sp’-rMOpUIM30BaHHON (GopMe KapOaHHOHA M TO-
3TOMY IUIOCKas axupayibHas Gopma OoJiee BHITOAHA!

CSHSCH o O @ naocKas

axupanbHas
JC—C—N  nopma

w70 0

A,0HOp aKuenTtop

Kapb6annonsl, cTabUIN3UPOBaHHBIE CONPSKEHUEM C APYTUMH JIEK-
TPOHOAKLENTOPHBIMU TPYIIIaMH, pPearupyroT aHaJOTMYHO C ToTepei
XUPAJIBHOCTH.

3.5.3.6. BJIMSHUE s-XAPAKTEPA

[MupamunanbHas KOHQUTYpaLKS ATKHIBHBIX KApOaHUOHOB 00YCIIOB-
JIeHa TeM, YTO HEIOEJIEHHas Mapa JIEKTPOHOB UMeeT 0ojee HU3KYIO
SHEPTUI0, €CIIM OHa HAXOAWTCS Ha OpOUTANIN C BBIPAKCHHBIM S-Xapak-
TEpOM. DTO CBA3AaHO C TEM, YTO p-OpOUTAIbL BOIU3M spa OTCYTCTBYET
(s11po HAXOAWUTCS B Y3JIOBOH IJIOCKOCTH) M MO3TOMY 3aHHUMAIOIINE €e
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IEKTPOHBI TOPA3L0 XYXKE IPUTATUBAIOTCS K ALPY, YE€M DIIEKTPOHBIL,
HaXOJISIINECs Ha CheprUUeCKU CHMMETPUIHOM S-0pOUTaIK. YBeInYeHUe
S-XapaxkTepa MPUBOJUT K U3MEHEHHIO (pOpMBbI OpOHUTAIH, TPUOIHKAs ee
K YHCTOH s-opOuTau:

S-XGPaxTep, %

@

sp- .@ 50

|
sp%- o}) 33
3 I
o @) 25
|
A o
nonoxenue
Adpa

B momHOM COOTBETCTBMHM C TaKUMH NPEICTABICHUSMHU HAXOIMTCS
TOT (PaKT, 9TO CTAOMIHPHOCTHh KApOAHMOHOB BO3pACTACT IPH YBEITUICHIH
s-XapakTepa opOuTaIN, HECYIEH OTpULIATENbHBINA 3aps:

H

AN ~. -
Q) < = % .‘ < RC=C
79 v Do < =g

sp?

D10 oTpaxaercss Ha BeiauuuHe pK, coorBercTByromux CH-kucior
(tabm. 3.15).

IIpouient s-xapakrepa CH-cBsi3u cBsi3aH Takke C YIJIOBBIM Ha-
MIPsDKEHUEM: KOTZa YTOJl MEXIy CBSI3IMH Y TeTPadIpUYECcKOTO aroMa
yIaepoJa yMEHbIICH Onarofapsi BKIIOYEHHIO 3TOTO aroMa B Maliblid
LUK, S-XapakTep sk3omnukinyeckod cpsizu C—H Bospacraer. Orto
03HAYACT, YTO BO3PACTACT U S-XapaKTep HECBSI3bIBAMOIICH OpOUTAIN B
COOTBETCTBYIOIIEM KapOaHWOHE, TaK KaK KApOAHUOH U AJKAH UMerom
oounakosvle Kougpueypayuu. CrenoBarenbHO, MOKHO OXHIATh, YTO B
Py THUKIOTEKCAH-ITUKIONEHTaH—-TIMKIO0Y TaH—IUKIIONPOTIaH KUCIIOT-
HOCTb JOJIDKHA YBCINYNBATBHCS. 9KCHCpHMGHT3J’ILHO€ HU3y4YCHUC KUHCTU-
4ecKoi KuciotHocTH (pu ky /kp = 6,5) B cHCTEMe HUKIOTEKCHIIAMHH—
HOUKJIIOTCKCHJIaMU g IE€3Us ITIOKa3aHO, YTO 3TO I[CI\/'ICTBI/ITCHLHO TaxK:

CH-xucnora ko

benszon 0,00 (cranmapr)
Huxmnonponman  —3,13

Meran —4.62
HuxnoOyran —6,51
Huknonenran  —7,20
Huknorexkcan —7,96
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OKcTpeMalbHble Cllydad YIJIOBOTO HAaMpsKEHUs MpPOSBISIIOTCS B
cnydae ky6ana (VI), Gumukno6yrana (VII), Tpumukio-[3.1.0.0.2Jrekca-
Ha (VII) u nogo6ueix uM coeaunenuii. CKopocTb oOMeHa BOAOpOAa B
KkybOane (s-xapakrep CH-cBs3u cocrapmser 30-32%) BhIIIE CKOpPOCTH
oOMmeHa Bonopona B Oensone. B coegunenusix VII u VIII s-xapaxrep
cBs3u cocraisieT 40-41% u ckopocTs 0OMeHa erie BBIILE:

H H

(w) (V) ()

3.5.3.. UHAYKTHUBHbIN DOOEKT

CoBepIIeHHO OYEeBUAHO, 4YTO (—/)-3aMECTHTENN IOJDKHBI CTaOu-
JIU3UpOBaTh KapOaHMOHBI. Hampumep, MOXUCTBIA TPUMETHIAMMOHHM
METauMpyeTcss (QeHUIUIMTHEM, OTKyna cienyet, 4rto uoH (CHj) N®
sBisgeTcsa 6oiiee criibHoM CH-kucnoroii, uem OeH30:1:

&%) o S
(CH3)3N_CH3 + C6H5L1 — (CH3)3N_CH2 + CeHs.

(++7)-3amecTHuTenN TOIKHBI IeCTAOMITU3UPOBATh KAPOAHMOH, YTO COTIIA-
CY€TCA C H36J'IIOZ[3.CMOI71 MOCJICA0OBATCIIbHOCTBIO YMCHBIICHNUA KUHCTUYC-
ckoil kucnotHoctu CH-cBsizeil B ajikaHax:

CHy4 > neps-CH > smop-CH > mpem-CH.

WunykTuBHEI dddekT 3amectuTens X SBIICTCS IIaBHBIM (akTo-
POM, ONPEICISIONMM CTAOUIBHOCTh APWIBHBIX aHUOHOB XC6H49. B
TakOM aHWOHE OpOWTajb, HECYIIas OTPHIIATEIBbHBIA 3apsj, He HaXo-
JIUTCSL B COIIPSDKEHUU C apOMaTHYeCKOl m-cucrteMoil. Huxe nmpusenena
MOJIEKYJIIPHO-OpOnTaNbHas KapTuHa Ui (GeHmipHoro anmona CgHy,
Ha KoTopoil mokazanel 7-HCMO wm opOuTans HEMOomeNeHHOW Maphl
(sp?). DTu opOMTAIKM OPTOrOHAJBHBI APYT Apyry: 7-HCMO aHTHCHM-
METPUYHA OTHOCHTENHHO IIOCKOCTH OEH30JILHOTO KOJIbIA, a Sp>-Op-
OuTaIb CUMMETPUYHA OTHOCUTENIBHO 3TOH MIockocTH. Clie0BaTeNbHO,
mepekpeiBanne B (pa3e (CHHU3Y IUIOCKOCTH) OymeT KOMIIEHCHPOBATHCS
NepeKpbIBaHUEM B TpoTHBO(da3ze (CBEpXy IUIOCKOCTH) M CyMMapHBIH
sHepreTudIecKkuil 3QdeKT OyaeT paBeH HYIIO:

Io 9Toii MpHYMHE 3aHATAs Sp°-OpOUTAIE HE MOKET B3aNMOJICHCTBOBATH
¢ n-HCMO 6en3ona u, ce10BaTeNbHO, B 3aMenieHHoM annone XCgH,
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3amectutenb X (Hanpumep, —CN, —NO, wiu —COR) He moxeT cTadu-
TU3UPOBaTh KapOaHWOH TyTeM compsikeHns. CTaOuIu3aIus oCyecTB-
JISICTCS TOJIBKO 3a CYET MHIYKTUBHOTO 3(p(heKTa TaKuX 3aMEeCTUTEIICH.

[Tockonbky WHAYKTHBHBIA 3 (eKT OBICTPO 3aTyXaeT MpHU yAaJICHUH
OT PEaKUUOHHOTO (KapOAaHMOHHOIO) ILEHTPAa, KMHETUYECKas KHUCIOT-
HOCTBH 3aMEIICHHBIX OEH30JI0B ¢ (—/)-3aMECTUTENIEM Bcerna yObIBaeT
B TOCIIEA0BATENIbHOCTH Oopmo->mema->napa-, T.e. opmo-CH-cBs3b
Bcerma Oosee kucias, yeM napa-CH-CBs3b. ITO MOKHO TTPOMILTIOCTPH-
POBaTh CIICIYIOMUMHE JIAHHBIMU ISl PEAKIIUU

C¢HsX 4+ KNH, (NH3) — CcHyX ™.
OTHOCHUTETbHAS KHHETHIECKAsT KUCIOTHOCTE (st OeH3oua ko = 1,00):

(1,00) F . Fs CHs
10 10 044
10° 10* 023
10° 104 023
benson qTopbenson TPUQTOpMeTUAGEH30N Tonyon

MerunpHas rpymnna B TOXYOJIE UMEET IOJIOKUTEIbHbBIA WHIYKTUBHBINA
3¢ dEeKT, U MOATOMY CKOPOCTh 0OOMEHA IT0 CPABHEHHIO ¢ OSH30JI10M 3aMe-
nsercs. Kak u cnenyer oxkunaTh, B HAHOOJIbILIEH CTENIEHU 3aMelIeHHe
MPOSIBIISIETCA VISl OpmO-TIONO0KEHUSI.

3.5.3.r. OOOEKT IIOJIA

[lupunuH BCTymaeT B peakiuio oOMeHa BOJOpOAa C TOpasio
00JIbIIIEH CKOPOCTHIO, YeM OSH30J1. DTO O0BSICHICTCS HATMYHEM B KOJIBIIE
EKTPOOTpHULIaTeNIbHOrO atoMa a3zoTa. Ilo kuneruueckoit CH-kucnot-
HOCTH TTUPUJIMH MOX0K Ha (PTOPOEH30II, OJTHAKO MEXKIy HUMHU HMEETCS
OIHO BakHOE pasnuuue. B momekynme ¢rTopOeH3071a Ooee KUCITON
gBJsieTcst OmKaiimast Kk atomy ¢ropa cBsize CH B monoxenuu 2 u kuc-
JIOTHOCTh YMEHbIIaeTCcA B nocienosareiabnoctu 2-CH>3-CH>4-CH.

B Monekyne nupuuHa — Ha000pOT: caMOi KUCIIOH sIBiIsieTCsl Hanbo-
Jee ypajaeHHas oT aroMa azota CH-cBsA3b B TOJIOXKEHNUH 4 U KUCIIOTHOCTh
yObiBaet B psiny 4-CH>3-CH>2-CH. Kpome Toro, B MoJieKyIie MUpUAn-
Ha pasHble CH-CBsI3u Masio OTAMYaloTCs IO KHUCJIOTHOCTH, @ B MOJIEKYIIe
¢dTopOeH301a OYEeHb CHITBHO:

(1,00) F 1210°
6

5
10 07710
2

10
Ber3on propbenson TPV ANH (CZHSOD =C,H,ONa, 140°C)

Z 5
10? N™ 0310
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IlomyuaeTcsi HECKONBbKO MNapaJoKcalibHas CHUTyallus: BBEJIEHHE aTo-
Ma a30Ta B apOMaTHUYECKOE KOJIBLIO YBEIMYHMBAET KUCIOTHOCTh BCEX
CH-cBsizeii, HO B OoJbliell CTENEHU BO3pPAacTaeT KUCIOTHOCTb CaMOM
yJIaJIeHHOW OT BBeJIeHHOTrO aroma azora CH-cBs3m.

VYBenuyeHue peakimoHHou crnocodHoct CH-CBS3M MUPUAMHOBOIO
KOJIbIIa, Oojiee yHAJICHHOHW OT aroma a3oTa, OOBsCHseTcs 3(derTom
nons (cM. 1. 2). sp?-OpOutanb, Hecylas HENOJAENEHHYIO TIapy aToma
a30Ta, PacroJIOKEHHAs B OJHOM IMJIOCKOCTH ¢ Sp>-OpOMTAIbIO MTUPH/IHU-
HOBOTO KapOaHMOHA, OyleT OKa3blBaTh JACCTaOWIM3HPYIOILEe BIHSHUC
Ha KapOaHUOH Onarogapsi 3JeKTPOCTaTUIECKOMY OTTaJIKMBAHUIO MEXKILY
STUMH 3aIIOJTHEHHBIMHU OpOUTAIIMU. DHEPTHUs OTTAJIKUBAHUS, IO 3aKOHY
Kynona, o6paTHO nponopryoHaibHa PACCTOSHUIO MEKAY OpOUTAISIMU.
Ecin paccmarpuBaTh MoJIeKydy NMHUPUAMHA KaK NPaBWIBHBIA IIE€CTH-
YTOJIbHUK, TO BIUSIHUE HENOAEICHHON Iaphl a30Ta OyAeT yMEHbIIAThCs
[0 MEpe YBEIUYCHUS PACCTOSIHUA 0 OpOMTAIIM, HECYLIEH OTpuLaTelib-
HBIA 3apsii KapOaHWOHA, U TOJIOKEeHUH 2, 3 U 4 B COOTHOLICHUH

Firsira=1:v3:2.

Torma kuHETHYECKass KUCIOTHOCTE (Igk) moKHA M3MEHSATHCS CIEHyIO-
MM 00pa3oMm:

Igk (monoxenue 3) — gk (monoxenne 2) = ry/ry = 1v/3 = 0,58;
lgk (monoxenue 4) — 1gk (monoxkenue 2) =r,/ry =1/2 =0,50.

DOkcnepuMeHT maeT Ommskue 3HaueHus: 0,58 u 0,42 COOTBETCTBEHHO,
YTO CBHJCTEIBLCTBYET B MOJIb3Y TAaKOH MoaeiH dPQeKTa mosl.

B karnone N-MeTWINMUPUAUHUS Yy aToMa a30Ta HET HEIOJCJICHHOU
Iapel U, KpOME TOT'O, OH HECET HOJIOKUTEIbHBIN 3apsna. BCHG}ICTBI/IC 9TO-
TO OTHOCHUTEIbHAS KHHETHICCKAst KHCIIOTHOCTD U3MEHSICTCS B 00paTHOM
nopsinke: 2-CH>3-CH>4-CH.

Xnopua N-MeTWIMUpuAnHUS
(KuneTtndeckast KUCIIOTHOCTD TTOJIOKEHUS 2 TIPUHSITA 32 SAUHMUILY. )
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3.5.3.0. DODEKTBI COIIPSKEHMA

Coenunenusi, copepxamue (—M)-3aMecTUTENH, HaIlpUMep KapOo-
HWIBHYIO, HUTPUIBHYIO WJIH HUTPOTPYMIY (COOTBETCTBEHHO AaleToH,
AIlCTOHUTPUII U HUTPOMETaH), 00nanator Bbicokoit CH-KuCIoTHOCTEBIO.
DTO0 cBs3aHO ¢ TeM, 9TO (—M )-3aMecTUTENH 09eHb 3(D(PEKTHBHO CTAOH-
JTU3UPYIOT KapOaHUOHBI ITyTEM AEJIOKAIU3aLUH 3apsiia.

0] 0o°
S Dy &/
>N SN
0° 0o°
R R
g N v/
Cc-C > C=C
v v
Yo Noe

Hns m3mepenus pK, takux CH-xucnort, Hanpumep B JIMCO, Her
NPUHLUUIHAIBHBIX TPYIHOCTEH, MOATOMY B JIaHHOM pas3fieiie Mbl Iie-
peljieM OT KMHETUYECKOW K TEepMOJIMHAMHUYECKOM KuclioTHOCTU. Pac-
CMOTpPEHHE CTaOMJIBHOCTH KapOaHMOHOB 4epe3 TePMOIMHAMUYECKYIO
KHCJIOTHOCTh MMEET MPENMYIIECTBO, COCTOAIIECE B TOM, YTO BEIMIHHBI
pK, He 3aBHUCAT OT MEXaHU3Ma IIEpPEHOCa NPOTOHA. B omnmuue or
ATOTO BEJIMUNHY IS H30TOITHOTO 0OMEHa (KMHETHYECKYIO KHCIIOTHOCTD)
BOZOpOJA CJEAyeT UCIOJb30BaTh C OCTOPOKHOCTBHIO, OCOOCHHO KOTaa
HEJIOCTAaTOK SKCIIEPUMEHTAIbHBIX JaHHBIX HE TO3BOJISIET 3aKIOYNTH,
YTO MEAJICHHOHN CTaauel peakiuu sBISeTCS OTPhIB IPOTOHA.

UYroOsl conpsixenne 6bu10 3P HeKTHBHBIM, KapOaHUOH JOJIKEH UMETh
BO3MOXHOCTB ITPUHATH IJIOCKYI0 KOHQUTyparuio. B ciyuae Ourmkinye-
cKoro karuoHa IX mapa 2J1eKTpoHOB B KapOaHHOHE JKECTKO 3a(UKCHPO-
BaHA Ha Sp°-OpONTAIIN 1 TIepeKPhIBAHNE C T-OPOUTATAMHI KApOOHMIBHBIX
rpymnm He MoxeT npousoitu. Ilosromy coenunenue IX sBusercs oueHb
cnaboit CH-xucnoroit. [lpn MoHM3AIIMH MOHOITMKIMYECKOTO JUKETOHA
X kapOaHHOH MOXET NPUHSATH MJIOCKYI0 KOH(UTYPALHIO, CONPSIKEHHE
BO3MOXHO, U Y 3TOTO COCIMHEHHsI TOBOJIBHO CHIIBHO BBIPAXKEHBI KHC-
JoTHBIE cBoiicTBa (pK, = 5,26 B BoJE):

0”7 H (X) 0

0
H H X
0 (%)
Buumk o[ 2.2.2] okran-2,6-guok; 1,3- UMK NoreKcan anon;

KapbaHuoH HemnocKmi ; KapOaHuoH nnocKHit;
KUCTOTHOCTE HU3KaS KUCNIOTHOCTh  BbICOKAS

[To cmocobHOCTH amuauduuposats CH-cBsi3u (—M)-3amecTuTenn
MOKHO PACIIOJIOKHTD B CIeAyONM psia (cM. Tadi. 3.15):

NO, > COC,H5 > COCH3; > SO,C¢Hs > COOR > SO,CHj3 > C¢Hs.

305



Ta6nuna 3.17
Biausinue mnoc/ieoBaTeIbHOT0 BBEIEHHs] OJHOIO, ABYX H Tpex
(—M)-3amecTureneii Ha kucaoTHocts CH-cBsi3n

CH-xucnora pKa
B H,O B JIMCO

CH3NO; 11 17,2
CH,(NO;), 4 6,6
CH(N02)3 0 < —1
CH3;COCHj; (20) 26,5
CH,(COCH3s)2 9 13,3
CH(COCH3)3 6 8,9 (AM®DA)
CH;CN (25) 31,3
CH,(CN), 12 11,1
CH(CN); (=5) (=7) (IM®A)

Ecnu B Monekyse mmMeeTcss HeCKOIBKO TaKUX ayuouGuyupyomux 3ame-
cmumenetl, T0 xuciotTHocth CH-cBs3u enie Oosee Bo3pacraet. OHAKO
9TOT 3PQPEKT HEe amTUTHBEH (KHCIOTHOCTh BO3pacTacT HE IIPOIOp-
OUOHAJIBHO YHUCIY TIpymi; cM. Tadi. 3.17), MOCKOIbKY HEBO3MOXKHO
PacCTIONIOXKUTE BCE aTOMBI B OHOM TNIOCKOCTH HM3-3a MTPOCTPAHCTBEHHOTO
OTTaJIKUBAHUSI.

3amecturenu, mogoonsie —COR, —CN wmwm —NO,, CHIBHO ITOBBI-
IAF0T KUCIOTHOCTh cocenanerd CH-cBsi3u, Tak kKak B 0Opa3yromemcs
KapOaHUOHE BCJICICTBUE COIPSDKEHUS OTPHIIATEIILHBIN 3apsiji B 3HAUU-
TEJIHHOHN CTETICHH MEPEXOAUT OT HEAIEKTPOOTPHUIATEIIHFHOTO YIiiepoa K
anekTpooTpuiiareiabHbM anemMenTaM O win N. Tem He MEHEe U YUCThIS
YIIIEBOJIOPOABI MOTYT 00JIaaTh OYEHb BHICOKOH KHCIOTHOCTBIO.

Bricokas kucinotHocTs nukionentaguena (pkK, 8 AMCO = 18,0; cm.
Tab. 3.15) sBNIsETCS CIEICTBUEM CHIIBHOTO CONPSDKCHUS B KapOaHUOHE.

H = ©

B nanHom cimydae HemojeleHHas Mapa AJIEKTPOHOB B LUKIOMEHTAIH-
EHWJIBHOM aHWOHE BKIIIOYAETCS B apOMaTHUYECKYIO IIEeCTH-T-JIEKTPOH-
HYyI0 cucTeMy (CM. 1. 12) U IeNOoKanu3yeTcsl no cem amomam Koavyda:

0 == 00—

W3BecTHa nenas rpymmna CONPSKEHHBIX YIIEBOLOPOJAOB, UMEKOIUX B
BOJHBIX PAaCTBOPAaX KHUCIOTHOCTb, CPAaBHUMYIO C KHUCJIOTHOCTBIO (e-
HOJIOB M Ja)ke KapOOHOBBIX KHCIOT. KapOaHUOHBI, COOTBETCTBYIOIIUE
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TakUM YIJIEBOJIOPOJAM, SIBIISIOTCS CHUJIBHOCONPSKEHHBIMM CHUCTEMaMU
M YacTO CO/EpKaT LUKJIOMEHTAANEHOBBIN (hparMeHT, MPUIAOIMINNA 1M
apomatndeckuil xapakrep. Takue yIieBOmOpOAbl MO MMEHH IEPBOTrO
WX HCCIeIoBaTeNsl Ha3BaHbl yenegodopodamu Kyna. Hrke npruBeeHb
MPUMEPHI TAKUX CUCTEM U JaHbl 3HaueHUs pk,:

Ph pn
pr

PnyopeH( anbenzo~ 9-(peHunyopen 11,3,3- TeTpa—

UMK AONeHTaaueH ) pKa =185 QeHuanponet  11,3,3-6uc( 6mpenmneﬂ)-
pKa=225 (s u,m(norexcmnamme) pKa ~ 15 nponeu

(s AMCO) (8 Boge) pKa~10 (8 Boge)

©)

[ = c/—® Ph
©; O O S
| =crenen=( ] ® oD
8" o § R

11,5,5-(buepennnen)- @AyopageH Tpnc~(buperunen-  1,3-AUpeHnIuHaeH
neHTaguex-14 pka=11(8 Boge), BUHWA)MeETEH pKa =132
pka=288 pKa=135(8 MeOH) pKa=62 (B umkno-

(8 Boge) pKa=138(8 MCO) (8 Boge) rekcuiammte)

Takum 00pa3oM, MOXKHO CJIEJIaTh BBIBOJl, YTO 0COOO KHCIIBIMH CBOM-
cTBaMu OyayT 00najarh T€ yIIEBOAOPOIbI, B KOTOPHIX OTPULATEIIbHBIN
3apsi KapOaHWOHA MOXKET OBITh JeNOKaJM30BaH Ha aToMax yriepona
LUKJIONIEHTaIMCHOBOTO KOJIbla. DTO CBSI3aHO ¢ 3(hdeKToM apoMarusa-
LU, TpeJcKa3biBaeMbIM Teopuei (m1. 12). AHMOH LUKIIONEHTaaArneHa
M30JIEKTPOHEH OEH30J1y, aHMOH MHAEHA — HaTaJuHy, aHUOH (uryope-

Ha — ()eHAHTpEHY:
W303/1eK TpoHeEH

8
aHMOH UHeRa HagTanMH
{107-anexTporos ) (107-3neKTporos )

Haob6opoT, aHnoH MUKIONPOINICHa KpallHe HEYyCTOHYHB BCIICICTBUC
anmuapomamuynocmu (Ti. 12).
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CHs CH;

\V

[S]
o CHy aHT/apOMaTUHeCKHIA
1,2,3- TpUEHUALMK IoNpOneH 4 71-3N1eK TPOHHbIN
pKa ~ 62(oueHKa) aHWoH LMK flonponexa

[TosTomMy IpOU3BOIHBIE LIUKIONPOIIEHA UMEIOT PEKOPAHO BBICOKHE 3HA-
yeHus pkK,, ropazgo 6omnee Beicokue, yem pK, merana. EctecTBeHHO,
YTO TaKy0 HU3KYIO KHUCIIOTHOCTb MPSMBIMU SKCTIEPUMEHTAMHU U3MEPHUTD
HEJIb35, @ MOXKHO JIMIIb 1aTh OPUEHTUPOBOYHOE 3HAUCHUE.

IMuknorenrarpueH, aHMOH KOTOPOTO HE SBJISIETCS HU apomaThye-
CKUM, HH aHTHapOMaTHYECKUM (BEpOATHO, aHHOH HE IUIOCKHUii), oOia-
AT OTHOCHTEIHFHO HHU3KOW KHCIIOTHOCTHIO, ONHM3KOW K KHUCIOTHOCTH
aummnbHON CH-cBsi3u B mponmnene (tadi. 3.15):

[;;;J CH=CH~CH,

H™ H
uuKnorentatpueH:  pAy x 43
pKy ~ 36 (ouerka) (8 AMCO)

Korzma roBopsT o conpspkeHHH, OOBIYHO HOAPAa3yMEBAIOT MEPEKPHI-
BaHHE MEXIYy COCEIHUMH p-opOuTamsiMu. OIHAKO Ba)KHOE 3HAYCHUE
MOKET UMETh U MEePEKPBIBAHUE MEXKIY p- U d-OpOUTAISIMHU.

nepeKpbiBaHte
p- v d-opbutanei

p-d

Hon terpamermndocdonus mpu aciicteuu NaOD B D,O obmeHu-

BAaE€T BOJOPOJ Ha AEHUTEpPUN CO CKOPOCTHIO, B 106 pa3 Oosbliei, yem
D
HOH TeTpaMeTuiaMMonus. MuaykruBaeie a¢dexrsr rpynn —P(CHs)s

®
1 —N(CHj); npuMepHO OIMHAKOBBI, HOCKOJIBKY 00€ IPYIIBI UMEIOT

LENBbI TTOJIOKUTENBHBIA 3apsii U MMEHHO HajJW4yhe JTOro 3apsiaa, a
HE TIPUPOJIa OHUEBOTO 3JIEMEHTA SIBISICTCS IIABHBIM (PAKTOpPOM, Ompe-
JEJSIOINM BeJTMYUHY WHAYKTHBHOTO 3¢ ¢exra rpynnsl. Habmonaemoe
pe3Koe OTIIMYNE CKOPOCTeH 0OMeHa ObLTO OOBSICHEHO TIPEIION0KEHUEM,
4To B ciydae (ocdopa kapOaHHOH cTaOMIU3UpYyeTCsl Onaroaaps nepe-
KPBIBAaHUIO 3aIlOJTHEHHOUW p-opOuTam kKapOaHWOHA ¢ MycTol 3d-opOm-
tanbio Gocdopa:
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e
C%‘gé i ?Hz—%g — CH2=P6
Taxoe mepexprIBaHIE B CIIy4ae a30Ta HEBO3MOXKHO, TaK KaK dJIEMEHTHI
BTOPOTO MEpUoJa HE UMEIOT d-opOuTalieil, HU3KO pacroioKEeHHBIX MO
SHEPTHH, T. €. CIIOCOOHBIX aKIETITHPOBATh HETIOIETICHHYIO AIEKTPOHHYTO
napy kapbaHHOHa.

Crabunm3anus MyTeM p—d-COTPSDKCHUS XapaKTepHa Il KapOaHuo-
HOB, coziepxkanux docdop u cepy.

e dochoHueBbIE TPYIIBI CTAOMIM3UPYIOT AaHHOHHBIA 3apsl Tak
CHIIBHO, uTO Omc-(Tpudenmipoconmii)meran (XI) sBusgercs yxe 0gyx-
ocHosnou CH-kucinotoi:

pK,=5,60

@ P e S o B
Ph;P—CH,— PPh; +B Ph;P—CH—PPh; =

(X1)

» X o
\:‘Ph3P_ C —PPh3.

3.5.3.e. KAPBAHUOHBLI, COAEPXKAIIUE I'AJIOI'EHBI

BBenenne aroma Xj0pa B MOJIEKYIy METaHa NPUBOAUT K TOMY, YTO
KHCJIOTHOCTb COEJIMHEHHs BO3pacTaeT. BTopoil U TpeTuil aTroMsl XJI0pa
ewe O6oJiee yCHIIMBAIOT KUCJIOTHOCTD, M XJIOPO(QOPM OTILEIUISET NPOTOH
y)K€ TpHU JIeHCTBUHM KOHLEHTPHUPOBAHHOTO BOIHOro pactBopa NaOH.
OO0pa3yromuiics TaKuM ITyTeM TPUXJIOPMETHIHHBIA aHHOH HECTAOMIICH;
OH OBICTPO OTILEIUISIET XJIOP-MOH ¢ 00pa3oBaHHEM AMXJIOpKapOeHa —
OYEHb PEaKLMOHHOCIOCOOHOH YacTHUIIbI, IPU OOBIYHBIX YCIOBHUSIX MPaK-
TUYECKH MTHOBEHHO pearnpyromniei ¢ KOMIOHEHTaMU CpeJIbl:

S}
CHCl; + OH® % CCl; — CI® +:CCly — npoaykThi GbicTpoit peaxium.
—2

JHUXJIOpKapOeH

Pacniang TpuXIOpMETHIBHOTO aHHOHA CMEMIAET KHCIOTHO-OCHOBHOE
paBHOBECHE, U I03TOMY BEIMUYMHY PK, MOXHO YKa3aTbh JIHIIb OPUEHTHU-
POBOYHO.

CraOwinzanys kKapOaHHOHHOTO LIEHTPA COCETHUMHU aTOMaMHU XJIopa
00BsICHSIETCST OTPULATENFHBIM HHIAYKTHBHBIM 3 dexTom. [lockonbky
MHIYKTUBHBIA 3(QQEKT B psdy TrajJlOTCHOB YBEIWYMBACTCS OT MO K
bTOpY, MOXKHO OXHJATh, YTO KHCIOTHOCTH TajgoopMoB OyaeT Bo3pac-
tatek B psamy CHI; < CHBr; < CHCIl; < CHF3. OmHako Ha camoMm aere
MOPAZI0K OOpaTHBII:

CH-kucmora CHF; CHCl; CHBr; CHI;
pK, (omenka) 26,5 15,5 13,7 13,7
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dropodopm siBisieTcst HanboIee ¢1a6ol KACIOTO! U3 Beex ranodop-
MoB. OTcCrofa cleayer, 4To, KpoMe MHAYKTUBHOTO 3((eKTa, rajoreHsl
JOJDKHBI TIPOSIBIIATH €Ie OJMH KakoH-To 3P (EKT: WIIN TOMOTHUTEIbHBIN
CTA0MIM3UPYIONINH, BO3pACTAIOIHMKA OT (PTOpa K WOy, WU JCCTaOH-
JTU3UPYIOUIMK, BO3pacTaromuii or noxa Kk ¢ropy. Crabuau3upyommi
3pdeKkT MOXXHO IPEeACTaBUTh KaK y4acTHE B JEJIOKAIM3aLUU OTpHLA-
TEJILHOTO 3apsifa d-opOutaneii ramorena. ConacHo 3TOM TOYKE 3pCHUS,
dTopodopM moToMy SIBISICTCS HaMMEHEe CHJIBbHON KHMCIOTOM M3 BCeX
ranoQopMoB, 4TO B 3TOM cilyyae d-OpOMTalM TajoreHa — dJIEMEHTa
BTOPOI0 IEPHO/A — JIEKAT CIMIIKOM BBICOKO U IMO3TOMY COHPSIKEHHUE
Tuna p—d (T.e. BKIajx cTpykTyp ¢ 10 anexrpoHaMu Ha BHELIHEH 000104Ke
rajloreHa) HEBO3MOXKHO:

X

[S]
X—:C® + X=C (X=I,Br,Cl, o ne F)

X

—

><4

CormnacHO JIpyroil TOYke 3pEHUs, Ha KHUCIOTHOCTh Tajo(opMoB
BIIUSICT B TIEPBYIO OYEpeb ACCTAOMIU3UPYIONHi dPdekT (+M)-THma,
T. €. OTTAJKHMBAHUC MECKAY HCHOACJICHHBIMU IapaMun (3aHOJ'IHCHHI)IMI/I
OpOUTAIIMHU) TAJIOTEHA U yIIIepoaa:

g

X—Co-. X=F » Cl, Br

X ac\ ( )
Oror 3pdexT (MHOTHA HA3BIBACMBIN aHmuconpsdceHuem) Haubolee
CHJILHO JIOJDKEH TPOSIBISIThCA Y (TOpa — 3JIeMEHTa TOTo ke IepHoja,
4TO yIIIEPOJI, TaK KaK OpOUTAIM IEMEHTOB OJIHOTO U TOTO XKe Mepuoja
UMEIOT OJIM3KHUE pa3Mephl B ITOATOMY ITePEKPBIBAIOTCS Hamboree a3 dek-
THUBHO.

Takum 00pa3oMm, BIHUSIHHE FAIOTCHOB Ha CTA0MIILHOCTH KapOAaHHOHOB
UMEET CIIOKHYIO TMPHUPOIY U ONKCHIBACTCS TOHKHUM OajaHCOM MEXkK-
Iy WHIYKTUBHBIM S(PQPEKTOM, OTTATKUBAHUEM HEMOJCICHHBIX Map U
p—d-COTPSIKEHUEM.

3.5.3.x. CTABMJIM3AIINA KAPBAHUMOHOB ITYTEM OBPA3SOBAHUA
HNOHHBIX ITAP

Mpbl paccMOTpenH Tak Ha3bIBaeMble BHYTPEHHHE (aKTOPBI, BIHS-
IOIe Ha CTAaOWIBHOCTH KapOAHWOHOB, T. €. (PAKTOPHI, CBS3aHHBIC C
3NIEKTPOHHBIM M MPOCTPAHCTBEHHBIM CTpOeHHeM 3THX yacTull. Cye-
CTBYIOT TaK)X€ W BHEITHHE (PAKTOPHI, CTAOMIN3UPYIOIIHE KapOaHHOHEI,
HanpuMep oOpa3oBaHHe HOHHBIX Map. Pojb HOHHBIX Hap YaCTHYHO yiKe
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o0cy’kaanach HaMM IPU PACCMOTPEHUH BIIMSHUSA CPEIbl HA KHUCIOTHO-
OCHOBHBIC CBOMCTBa MoJiekyn (pa3m. 3.3.3.0).

B kauectBe mpumepa Bo3bMeM (PEHHUIAICTUICH. DTO COCAMHEHUE
nmeet pK, = 16 B aupe, 21 B mukiorekcunamune, 28,7 B IMCO. Takas
CWJIbHAS 3aBUCUMOCTb KHCJIOTHOCTH OT PACTBOPUTEIISI OOBSICHSICTCS UOH-
napnvim d@pgexmom. KHCTOTHOCTH (eHUIAICTHIICHa BO BCEX TpexX
CIy4asix OIpezelIeHa IIyTeM U3MEPEHUS PABHOBECHS C KaJIUEBOM COJIbIO
kucnotel AH, mpuuem kuciotTHOCTh AH OBITa 3apaHee W3BECTHA:

C¢HsC=C—H+K¥PA® = CcHsC=C®K® + AH.

B JIMCO uOHBI MOJTHOCTHIO JMCCOIMUPOBAHBI, HO B ILMKJIOTEKCHII-
amuHe, 1 0coOeHHO B 3¢upe, o0pa3yroTcs MOHHBIE Mapbl U Ooiee
KPYITHbIE HOHHBIE arperaTsl.

3.5.3.3. MOHbBI 1 MOHHBIE ITAPBI IEJIOYHbIX COJEN KAPBAHHOHOB

TepMuH «uoHHasg mapa» 00O3HAYaeT MOHHBIA accouuar U3 JABYX
MIPOTHBOITOJIOKHO 3apsHKEHHBIX MOHOB, KOTOPhIE HAXOJATCS B AIIEKTPO-
CTaTUYECKOM KOHTaKTe, HO 00JIa1aloT, 10 CYLIECTBY, TOH K€ CTPYKTYpOH,
4YTO U CBOOOJHBIE pa3/ereHHble HOHBI. [[oHATHE O HOHHBIX Mapax OBLIO
BBeZicHO B 1926 . H. Beeppymom uist HOHO(OPOB — CoJIeH MIEIOUHBIX
W TIETI0OYHO3EMEIBHBIX METAJIOB, KOTOPhIE MMEIOT MOHHOE CTPOEHHUE
B OTJIMYME OT MOHOTCHOB, COCTOSIIMX M3 HEHTpaJbHBIX KOBaJICHTHBIX
MOJISIPHBIX MOJIEKYN. B pacTBopax MOHO(OPOB MPOTHUBOIIOIOXKHO 3apsi-
JKCHHBIE HOHBI HAXOAATCS TMOO B KOHTAKTE, JINOO Ha TAKOM PaCcCTOSHUH,
YTO KYJIOHOBCKOE€ B3aMMOJICHCTBHE HE UTPAET 3aMETHOH POJTH.

[lepBoHauanpHO MoONarany, 4To HOHO(OPHI B PacCTBOpE HAIEIO
JTUCCOITUMPOBAHBI U KOI(D(OUIINEHT aKTUBHOCTH HOHA B PACTBOPE OIHCHI-
BaeTcs M3BeCTHBIM ypaBHeHueM [lebas—Xrokkens. Okazaaock, OHAKO,
YTO 3Ta TEOPHs COBEPIIICHHO HEMPUTOIHA JIJISl OMTUCAHMSI HE TOJIBKO KOH-
LEHTPUPOBAHHBIX PACTBOPOB, HO, UTO OCOOEHHO BayKHO, HE COINIaCyeTcs
C DKCIIEPUMEHTAILHBIMU JTAHHBIMU JIJISI PACTBOPOB C HU3KUM € < 15 u
cpeaHUM 3HaueHueM € < 20-40 quaaekTpudecKkoil MPOHUIIaeMOCTH, T. €.
MIPU CHIJIBHBIX MEXHOHHBIX B3aMMOJEHCTBHUSIX. B oTOM ciyuae Hemb3s
MpeHedperars accolanmell HOHOB, TaK YTO TOMUMO CBOOOIHBIX MOHOB
B pacTBOpE HaXOASTCS MOHHBIE Mapbl, oOpasylolMecs MpU ClapuBa-
HUU JBYX TPOTHBOIOJIOXKHO 3apsHKEHHBIX MOHOB. [loCKONBKY sHEpTHs
3NEKTPOCTATHUECKOTO B3aUMOIEHCTBUS JIBYX Pa3HONMEHHO3apsKEHHBIX
MOHOB OMpeJIeNeTcs COMacHO 3akoHy Kynmona zjz,e?/ae, tne a—
paccTosiHue MEXIy HOHAMH, KOHLEMIHMS HOHHBIX Map NpUMEHUMA B
TOM ciy4ae, Korma 3TOT wieH Oonbmie 2kg7, TAC kg — IMOCTOSHHAS
Bonpimana. [Ipu ycrnoBuu, Korna 3HEpPrusi 3IEKTPOCTATUYECKOTO TpH-
TSOKEHUS BYX MOHOB 3HAYUTENFHO MPEBBINIAET UX TEIJIOBYIO SHEPTHIO,
B pacTBope oOpasyercsi HOBas 4YacTHIa, OONajaromias J0CTATOYHON
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CTaOMIILHOCTBIO AJISl TOTO, YTOOBI HE pa3pylIaThCs B MPOJOIKEHUE 00IIb-
IIOTO YWCiIa COyAapeHUi ¢ MOJIEKylIaMH pacTBopuTess. MloHHBIe mapbl
B pacTBOpPE CHMMETPHUYHBIX 3JIEKTPOJIUTOB HE HECYT JJIEKTPUUYECKOIO
3apsa, HO UMEIOT 3HAYMTENbHbIM AUNOIBHBIA MOMEHT. [loaToMy oHuU
HE JAI0T HUKAKOTO BKJIAJa B AJIEKTPOMPOBOIHOCTH, & C TCPMOAMHAMHU-
YeCKOW TOYKHM 3peHus Bech 3(P(eKT CBOANTCS K yAalleHUIO U3 pacTBOpa
HEKOTOPOI'0 YHUCJIa HIOHOB U BBEJICHUIO BMECTO HUX JUIOJIBHBIX MOJIEKYJ
B KOJIMYECTBE, PaBHOM YHCIYy HOHHBIX Tap. HememneHHO BO3HWKaeT
BOIIPOC: KOT/IA IBa COCETHMX MOHA MOT'YT OBITh Ha3BaHbI HOHHOM Mapoi?

CormacHo Teopun beeppyma, m000W HMOH, OKa3aBIIHICS Ha pac-
CTOSIHUM 1 < ¥, OT HPOTUBOMOHA, 00pa3yeT ¢ HUM HOHHYIO Iapy,
a WOH, OKa3aBIIHMKCS BHE CPEPBl C r = 71, SBISCTCS CBOOOIHBIM.
B xauecTBe Takoro KpUTHUYECKOTO PACCTOSHUS 7. OblIa MpenyokKeHa
BEIUYHHA 7, = R:;ZBT. Hetpynno 3ameTuTh, 4TO HA PACCTOSHUU 7,
ANEKTPOCTATHYECKAs TOTCHI[UAIbHAS SJHEPT U IBYX MOHOB paBHa 2kg 7.

JanbHeliniee pa3BuTHE TEOPUH aCCOIUAIIMHA MOHOB 3aKJIIOYAETCS B
TOM, YTO MOHHBIE MAphl CYHIECTBYIOT B pacTBope B (opMe Mo KpaitHel
Mepe IByX (a BO3MOXKHO, W Oojee) muckpeTHbIX (opm. Hammaume y
WOHHBIX Tap JAWUIIOIEHOTO MOMEHTA MIPUBOANT K CHIIBHOMY 3JIEKTPOCTa-
TUYECKOMY B3aUMOJEHCTBHIO C MOJIEKYJIAMH TOJIIPHOTO PaCTBOPUTEIISL.
Crnemyer pa3nuyarh JiBa THUIA B3aUMOJAEWCTBUS KOMIIOHEHTOB BHYTPH
HMOHHOM mapsl: 1) B3aUMOICHCTBUSA, B KOTOPBIX MOJEKYJIBI TOJISIPHOTO
pacTBOpHTENsl OCTAIOTCSI BHE WMOHHOHM mMapbl M 2) B3aWMOJICHCTBHA,
MIPU KOTOPBIX OJTHA WJIM HECKOJIBKO MOJIEKYJ PACTBOPUTENS BHEIPECHBI
MeXJly MIOHAaMHU B MOHHOH mape. B camoM Hauaie pa3meneHust KOMITO-
HEHTOB MOHHOM Maphl MOJIEKYJIBl PACTBOPHUTENS HE MPEMATCTBYIOT UX
B3aMIMHOMY TIPUTSDKEHHUIO, TaK KaK PacCTOSHUE MEXIy HOHAMHU eIle
CIMIIKOM Majo s pa3MEIIeHUs] MOJEKyJIbl pacTtBoputens. llosTto-
My TepBOHAuYaJIbHO MOTEHIHAJIbHAS YHEPTHUS JBYX HOHOB PACTET MPHU
yoadeHuu ux Apyr oT apyra. OmHAKO MPH HEKOTOPOM KPUTHYECKOM
PacCTOSIHAH TIOJSIPHBIE MOJIEKYIIBI PACTBOPHUTENS Pa3MEIIaloTCsl MEXKIY
MOHAaMU U MOTEHIMAJIbHAS SHEPTHsI CUCTEMBI MOHIKaeTcs. JlanpHeimee
yIaJleHue MOHOB JIPYyT OT Jpyra B MOHHOW Iape BHOBb yBEINYHBAET
SHEPTHI0, KOTOpasi HOCTENEHHO MPUONINKAETCA K TOCTOSIHHOM BeTNYMHE,
XapaKTepHOH /sl OECKOHEYHO yHaJleHHBIX HOHOB. [lomoOHBIN Xapak-
T€p M3MEHEHHs TMOTEHIMAJIbHONW SHEPIUU I03BOJISET MPENOI0KUTh
CYIIIECTBOBAaHUE JIBYX THUIIOB MOHHBIX MMap, HA3BAaHHBIX KOHTAKTHBIMHU U
COJIbBAaTHO-pa3/ieIeHHbIMA. KOHTaKTHYI0 HOHHYIO TIapy Ha3bIBaIOT TakK-
JK€ TECHOW, BHYTPEHHEH, WIKM UHTUMHOM, a COIbBATHO-PA3/IEICHHYIO —
BHEIIHEHW, WU PhIXJIoN. OHAKO TEPMHUHBI «KKOHTAKTHAs» H «COJBBATHO-
paszzeneHHas» TOYHEE BCETO MepefatoT GU3NIECKUIl CMBICT KOHIETIIUN
WOHHBIX T1ap.
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[IpencraBnenue 00 ydacTHH [ByX THIIOB HMOHHBIX Map B oOpra-
HUYECKUX PEaKIUsIX BIEpBbIC ObLIO0 mpuMeHeHo C. YHHCTEHHOM s
OOBSICHEHHsI KMHETHKH M MEXaHHM3Ma PEakUUil MOHOMOJEKYISPHOTO
HYKJICO(pMIEHOTO 3amerneHuss Syl y HachIIEeHHOTO aToMma yIIeposa.
B 1950-1960 rr. 61111 1TOTyYeHBI MHOTOYHCIICHHBIE CBU/ICTEIBCTBA Y4a-
CTHSI KOHTAKTHBIX M COJIbBATHO-PA3ZICNICHHBIX MOHHBIX Tap B PEaKIHIX
coibBosn3a (T1. 9), OfHAKO O CHUX MOP OTCYTCTBYIOT MpsIMbIe (HU3HUe-
CKHe€ JTI0Ka3aTeIbCTBA PEATbHOMN CTPYKTYPhl HOHHBIX MTap KapOOKaTHOHOB
B peakiusix Syl.

BriepBrie cTporne Gpu3ndeckue q0Ka3aTeabCTBa IByX THITIOB HOHHBIX
nap Obun momyueHsl M. Cmumom B 1965-1966 1T mpu uzydeHuu
VY®-crieKTpoB MICIOYHBIX cojiell kKapOaHHOHOB. CIEKTPHI TOTIIOIMICHUS
MOHHBIX Map CYHIECTBEHHO OTIMYAIOTCS OT CHEKTPOB MOMIOMICHHS
cBOOOMHBIX MOHOB. [Ipy M3MEHEHWH CTPYKTYypbl MOHHOM TMaphl TaKkKe
MIPOUCXOANT CIIBUT TOJIOC MOMIONICHNS B Y®-MIIM BUIUMOM CIIEKTpE.
Tak, nanpumep, Y®-crnekTp HaTpueBodl comu Quyopena FENa® s
TI'® mpu 25°C comepXHT MOI0CY MOTIOMICHHS Tpu 356 HM, KOoTopas
3aMeHsieTcsi mpu Oojiee Hu3koi Temmeparype (—50°C) HOBOM 1OJO-
coit mpu 373 M. OTHOCUTEIbHAs MHTEHCUBHOCTb JIBYX 3THUX II0JIOC
MOIVIOIIEHHUST HE MEHSIeTCSl HU MpH pa30aBlieHHH, HU TPH BBEACHHUH
HOBOI conn — Tetpadenunbopara Harpus (CgHs);BENa®, conepxa-
IIET0 OHOMMEHHBIH KaTnoH Na®. DIeKTponpoBOJHOCTL PAacTBOPOB
EeT0YHbIX cosieil puyopena FEM® B TI'® upesBbluaiiHo Manma s
TOTO, YTOOBI MOMBITATHCS OOBSICHUTH HAOMIONAEMBIE PA3THYMS B CIICKTPE
JUCCOIMaIiiei Ha cBOOOIHBIe HOHBI. OOpaTUMBbIe H3MEHEHHS B CIIEKTPE
norommenns FENa® npu BapsupoBanuu Temmeparypbl ONPEIENEHHO
YKa3bIBAIOT, YTO B CHICTEME COCYIIECTBYIOT JIBa THUIIA YACTHUII, TPHYEM HU
OJIHA U3 HUX HE UMEET CTPYKTYpBI CBOOOJHOTO HOHA. Ha Hammuue auib
IBYX ()OpM COBEpIIEHHO ONpEACTICHHO YKa3bIBaeT M HM300eCTHYecKas
TOYKa, HaOMogaeMas mpu 100aBIeHUH O4eHb MaJbiX KonndecTB JJMCO
WIH TeTpariiMa K pacTBOpy (GIIyOpeHWUTUTHS B JMOKcaHe Bce aTH
HaOII0eHNsI OBUIM MHTEPIIPETHPOBAHBI TAKUM 00pa3oM, UTO B pacTBOpeE
MIPUCYTCTBYIOT KOHTAKTHBIE W COJIbBATHO-Pa3/IeJICHHbIE Taphbl, HaXOs-
IIMecst B paBHOBECHH:

FOM® +nS = FOS,M?,

rae S — pacTBOPUTEINb.

Jpyrum He3aBUCHMBIM TOATBEP)KIECHHEM MPUPOABI STUX HOHHBIX
map SBJSCTCS TOJOKEHHWE MaKCUMyMOB moriomeHus. [lpu Hu3KHX
temriepatypax or —20 mo —50°C misd JUTHEBBIX M HATPUEBBIX CO-
neit guyopeHa UMeeTcs JHINb I0JIoca C MAaKCUMyMOM TIOTJIOIICHUS
npu 373 HM, YTO OMNpEJEJIEHHO YKa3blBaeT Ha €€ MPUHAICKHOCTh K
COJIbBATHO-PA3/ICIICHHBIM HOHHBIM mapam. [l 3Tol (OpMbI MOHHBIX
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Ta6numa 3.18
3aBHCHMOCTD Amay MOTJIOLIeHHS (PJIyOpeHa 0T KPHCTALIOrpa-
(uyeckoro pagmyca KaTHOHA /ISl COJIeli MIeJIOYHBIX MeTAJLI0B

B TT'® npu 25°C

Karnon Te, A Amax, HM

Lit 0,60 349
Na™ 0,96 356
Kt 1,33 362
Cs* 1,66 364
NBu™ 3,8 368
ConbBaTHO-pa3/ieIeHHAS 4,5-5,0 373
WOHHAs Tmapa

CBOOOIHBIN HOH — 374

nap ¢uiyopeHa MOJIO)KEHHE MaKCHMyMa He 3aBHCHUT HH OT pasMmepa
MPOTHUBONOHA, HU OT MPUPOJBI PACTBOPHUTEIS, €T0 TIOJI0KEHNE OIM3KO K
MakcHUMyMYy moromnieHust cBoboanoro nona B JIMCO. /st KOHTaKTHBIX
MOHHBIX TaP Amax TEM MEHBIIIE, YeM MEHBIIEe pa3Mep KaTHOHA, TPHYeM
HaOIIoaeTcsl Xopollas JIMHEHHas KOpPeJsAus MMOJIOKEHUST MaKCUMyMa
TIOTJIOMIEHHSI OT 0OPaTHOW BETMYUHBI KPUCTAIUIOTpapUIEeCcKOTO pajmyca
KaTHOHA — 3aBUCUMOCTb, XapaKTepHAas ISl KOHTAKTHBIX HMOHHBIX TIap.
Ha paBHOBecwe B pacTBope Mexay IBYMs (OpMaMH HOHHBIX TIap
CHJILHOE BIIMSIHHE OKa3blBaeT MpHpoja KarnoHa. KaTtuoH ¢ OonbIum
paguycom B TI'®, JIMD, Terpariume U T. 1. COILBaTUPOBAH c1abo, To-
3TOMY BO BCeM TemreparypHoM untepaiie ot 50° no —70°C nesuesas
colb (hryopeHa obpasyeT TOJBKO KOHTAaKTHRIC HOHHBIC Mmaphl. [lomobHOe
noseaeHue xapakrepHo aist K-, Rb- u TerpaaikuiaMMOHUAHBIX coeit
(diryopeHa 1 Ipyrux KapOaHHOHOB B 3PUPHBIX PACTBOPUTEIISX, a TAKIKE B
JUTOJISIPHBIX allPOTOHHBIX pacTBOpHUTENsX. HampoTus, HaTpueBas colib
¢dyopena B TI'®D obpasyeT nmpuMepHO paBHBIC KOJIMYECTBA 00enX popM
noHHBIX map pu —30°C, Toraa kak autueBas conb Hike 0°C HaxoauTCs
B (opMe COIBBATHO-PA3EIIEHHBIX MOHHBIX map. [lons compBaTHO-pas-
JISJICHHBIX MOHHBIX TIap MIEIOYHBIX coyield KapOaHHOHOB yMEHBIIIAeTCs
B paay: Li® > Na® > K?® > Rb?® > Cs® > NRY. Baroxpomublii csur
TOJIOCH! TIOTVIONICHHUS, CBSI3aHHBIA C YBEJIMUYEHHEM pa3Mepa KaTHOoHa
B KOHTaKTHOM HMOHHOH mape, oOyCIIOBICHHBI yBEIMYCHHEM pazMmepa
KaTMOHAa B KOHTaKTHOW MOHHOM Iape, aHaJOTUYEH 10 CBOEU mNpupoje
0aTOXpPOMHOMY CJABMTY IpH NPEBPALIEHUMH KOHTAKTHBIX B COJbBATHO-
pasnerieHHbIe HOHHBIC TTaphl (Tabm. 3.18).

XapakTepHO, YTO MOJIOCHI MOTIOIEHUS JUIsl COJIbBATHO-pa3AeICHHON
WOHHON Tapel W CBOOOTHOTO WOHA OYEHb ONW3KM W JUIS MHOTHX
JIpyTUX cosiei KapOaHMOHOB NMPAKTHUECKH COBMAJIAIOT, YTO U CJIEZ0BAJIO0
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OXKUJIaTh, UCXOJsI U3 OOJIBIIIOTO Pajinyca COINbBATUPOBAHHOTO KU3HY TP
KaTHMOHA B COJIbBATHO-Pa3/ICJIEHHON MOHHOM Mape. DTU CHEKTPOCKOIH-
YECKHUE aHHBIC B COBOKYIMHOCTU JOKA3bIBAIOT BO3MOXKHOCTH OHOBpE-
MEHHOTO CYIIeCTBOBaHUS B pacTBOpe ABYyX (hopM noHHBIX map. B Oonee
OCHOBHBIX (HPHBIX PACTBOPUTEISIX, TAKHX KaK JUMETOKCHITaH (IAMD),
JUTITAM, TeTPariIuM, JI0JIs COJTbBAaTHO-pa3/ie]ICHHBIX HOHHBIX mmap Juist Li,
Na-conu u K-conu ¢gnyopena pesko Bozpacraert, a B IMCO npoucxoaut
y)K€ JMCCONMAIUs MOHHBIX Map. JTO O3HAYaeT, 4TO HE IONSIPHOCTH
pacTBOpHTEIsl, & €r0 OCHOBHOCTbH SIBIISICTCS ONPEACISIONINM (haKTOPOM
JUTS TIepexojia KOHTAKTHOW WOHHOUM Maphl B COJIbBATHO-pPa3IEIICHHYIO.
OO0bBsICHEHUE 3aKIIIOUaeTcs B 00JI€e CHIILHOM COJIbBATAIUU II[EJIOYHOTO
KaTHOHA TIIMMaMH, T. €. OCHOBHOCTH CpEJbl MIPaeT PENIafoIlyi0 pOIb
B IIpOlleCCe HOHM3AIMU METAITUYECKUX MPOU3BOIHBIX YITIEBOIOPO-
noB RM.

[TomoOHBIE 3aKOHOMEPHOCTH Ha MPOTSHKEHUH TOCIEIHUX JIBAAIATH
JIET HEOIHOKPATHO HAONIOJAINCH MPU AHAINU3E CHEKTPOB MOTIOIICHUS
B YO W BUAMMOW OOJACTH VIS COJIEH MICIIOYHBIX METAJIOB JAPYTHX
KapOaHHOHOB — TpUeHuIMeTHIaHHOHOB Ar;COM®, Gensruapunanu-
onoB Ar,CH®M®, Gensunanuonos ArCHYM®, nponaprunanuoHos

RCEC—(@JHRM@, AJUTHJIAHWOHOB U T. A. /{7151 9THX aHMOHOB OBLIO yCTa-
HOBJICHO, YTO KOHTAKTHBIE M COJIbBATHO-PA3/IC/ICHHbIE MOHHBIE Mapbl
cocymectBytoT B TT'®, /IMD u noaumimMax U MoJIo)KeHUEe PaBHOBECHS
MEXKIY HUMH 3aBUCHT OT MPUPOIBI KapOaHMOHA, KaTHOHA ILEJIOYHOTO
MeTaJjia ¥ COJNBBAaTHPYIOIEH crocoOHOCTH pacTBOpHTeNs. B orTinmune
OT ILEJOYHBIX COJNeH KapOaHHMOHOB aJIKOTOJSATHI, (DEHONSATHI M CHOJISTHI
HIEJIOYHBIX METAJJIOB, MO-BUANMOMY, CYLIECTBYIOT B BUJE KOHTAKTHBIX
HMOHHBIX AP B HEIUCCOLMUPYIOUIMX CpeAax. IDTO yTBEPKICHUE OCHO-
BBIBACTCSI Ha TOM, YTO BEIMYMHBI MAKCUMYMOB MHOIIOLICHUS JUISI 3TUX
coineil B YO-criekTpe, Kak IMpaBHIIO, JUHEHHO KOPPEIUPYIOT C BEu-
uuHOM 1 /7., THE 7. — KpHUCTAIUTOrpadHUeCcKuil paauyc kaTnoHa. Takas
3aBUCUMOCTh PacCMaTPUBACTCSl KAK XapaKTEPHbIA M BEPHBIA NpPU3HAK
HAJINYMS UMEHHO KOHTAaKTHOH (hOpMBI MOHHOW mapbl. B AMIIONSpHBIX
AIPOTOHHBIX U IOJISIPHBIX MPOTOHHBIX PACTBOPUTENSAX ILIEIOYHBIC aj-
KOTOJISITBI, (DEHOJISATHI U CHOJSTHl YaCTHYHO TUCCOLMUPYIOT MPSIMO U3
KOHTaKTHOW HOHHOM Mapsl ¢ 00pa30BaHUEM «CBOOOIHBIX)» aHHMOHOB. J{71s
HUX HaOMomaeTcs MPeBOCXOAHAs JIMHEHHAs] KOPPEALUS MEKAY Amax
TIOTJIOMIEHHSI 1 00PAaTHOW BENMMYMHON KPHCTAIIIOTpapUIecKoro paamyca
1 /r. — 3aBUCUMOCTD, THITHYHAS [UIsl KOHTAKTHBIX HOHHBIX T1ap.

OTU COJIM B MaJOOCHOBHOM M MAaJONOJIPHON Cpelie CHIIBHO ac-
COLIMHMPOBAHbl B JAMMEpPHI, TPUMEPHI U 00jee BHICOKHE arperarbl KOH-
TaKTHBIX MOHHBIX map (T 17). B AMMONAPHBIX ampOTOHHBIX PacTBO-
PUTEISIX 3TH arioMepaThl KOHTAKTHBIX MOHHBIX Map Pa3pylIaroTcs Ha
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MOHOMEPBI, KOTOpBIE YacTUYHO mauccouuupyior B JIMCO, TMODTA,
N-metunmupponunone, JIM®A, HO HEe B allETOHUTPHUIIE, OCH30HUTPHIIE,
He 00JIaJIatoIIUX BHICOKOH MOHU3UPYIOIIEH CIIOCOOHOCTHIO.

JanbHeliee yciokHEHHE MTPOOIEMBl aCCOIMAIMN HOHOB 3aKITIoda-
eTCs B TOM, UYTO B HEKOTOPBIX CIy4yasx BO3BMOXXKHO OOpa3oBaHHUE JIBYX
(hopM KOHTaKTHBIX MOHHBIX map. [Ipomomxkas u3ydeHrne KOHTAKTHBIX H
COJIbBATHO-PA3ACICHHBIX HOHHBIX Map, CMUI U3ydWs BIUSHUE OUYCHB
HeOONBINX /T00aBOK KOMILIEKCOOOpPa3yIoIUX areHTOB Ha CIEKTpP IIO-
IJIOLICHHUS IISJIOYHBIX coJiel (IyopeHa B JIMOKCaHe, TIe cosid (uIyopeHa
HAXOJAITCSl TONBKO B BHJE KOHTAaKTHBIX MOHHBIX Tap. [Ipm BBemeHum
COM3MEPUMBIX C KOHIIEHTpAIUel cosei GpayopeHa KOIMYESCTB MOIUTIIH-
MOB WJIM, YTO €IIe JIy4Ille, KpayH-ToMndI(GUPOB HaOIIOMANCS Mepexon
OOBIYHBIX KOHTAKTHBIX HMOHHBIX Tap B TaK Ha3blBAeMble «BHEIIHUE
KOMIIIEKCHBIE KOHTAKTHBIE HOHHBIE mapb» FEM®S, (rne S — Momexyibl
mMMa Wik KpayH-iosmadup). [lpenmonaraercs, 4To KaTWOH B 3TOU
(dbopMe MOHHBIX Tap COJIBBATUPOBAH TOJIBKO MO Tepudepry MOHA U B
MEXHOHHOM IIPOCTPAHCTBE HET MOJIEKYJ PACTBOPUTEISA. DTO IPUBOIUT
K 0aTOXpOMHOMY CJBUTY MaKCUMyMa IOTJIOIICHUS, KOTOPBIH, OHAKO,
HE JIOCTHTAeT BEIIMYHMHBI, XapaKTEePHOW JUIS COJIbBATHO-pa3AeNeHHON
noHHOU mapel. [logoOHas ke KapTHHA HAONIOAANACh JUIS IIEIOYHBIX
comeii 1,3-mudpermndyrena-1 n 1,3-gudenmmponena-1, s KOTOPHIX
IKCIIEPUMEHTAJIbHBIC JaHHbIC ObLIM WHTEPIPETUPOBAHBI TaKHUM 0O0Opa-
30M, 9TO B (HUPHBIX PACTBOPAxX YCTAaHABIMBAETCS PABHOBECHE MEKIY
Tpems (hopMaMHU MOHHBIX MAp — JIBYX KOHTAKTHBIX U OJIHOM COJIBBATHO-
paslieNeHHOM.

B nacTosiee BpeMs npecTaBICHHS O KOHTAKTHBIX U COJIbBATHO-Pa3-
JIENIEHHBIX (hOpMaxX MOHHBIX AP COCTABISIOT XOPOIIO 0O0CHOBaHHYIO U
JIOCTATOYHO CTPOTYH) CHUCTEMY B3IVISIOB, OMMPAOIYIOCS HA OOraThii
W pa3HOOOpa3HbId (paKTHYECKUH Marepuasl B XUMUU KapOaHHOHOB U
KapOKaTHOHOB. J[J11 MHOTHX M3 3TUX YaCTHII YAAJIOCh Ta)KE OMPEACIUTh
WH/IMBH/IyaJIbHbIE KOHCTAHTHl CKOPOCTH WX Y4acTHS B CaMbIX pa3HO-
obpasubix Sy2- u Syl-peakuusx 3aMeIIeHHs] Y HACBHIIICHHOTO aToMa
yriiepoa.
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AJIKaHBbI — IPOCTEUIINNA KJIACC OPraHUYECKUX COCJAMHEHUH, HE CO-
JepKaluX Kako-mubo (yHKIMoHaIbHOW Tpynnbl. [lpyroe Ha3BaHue
ITUX COCOUHCHUH — npeodenvivie yeneso0opoosbl — OTpaKaeT APYTYIO
0COOCHHOCTb, 3aKJIFOUAIOIIYIOCS B TOM, YTO BCE aTOMBI YIJIepo/a CBsi3a-
HBI MEXITy COOOH IMoCcpeacTBOM oauMHApHOH cBsi3u. OO0miast hopMya ai-
kaHoB — C,H 5, 7); U1 HEPa3BETBICHHBIX AJIKAHOB C JUIMHHOM YIIIepoO/-
ymiepoaHoit nensio — H—(CH,),—H. CeMeiicTBO POACTBEHHBIX COE/IH-
HEHUH ¢ OMUHAKOBOM 00Tl (POPMYITOH, pa3THIaroIuXcst APYT OT APyTa
YHCIIOM MeTUIeHOBBIX rpytn CHy, Ha3bIBaeTCS 2omonocuteckum psaoom,
a CH,-rpynna — eomonozuueckoui pazHocmuvio, OTIMYAIONIEN J1Ba COCEI-
HUX 4JICHA TOMOJOTHYECKOro psiga. Hepa3BeTBieHHbIC alKaHbl Ha3bIBA-
10T HOPMAIbHBIMU AIKAHAMU TSI TOTO, YTOOBI OTIIMYUTH UX OT aJIKAHOB C
Pa3BETBICHHOMN LIETBIO YITIEPOJ-YIIIEPOIHbIX CBA3ed. [oMonoruueckui
PSI aMKaHOB CONEPIKHUT IPAKTHUYECKU JI000E YHCIO TOMOJIOTOB, T. €.
BEJIMYUHA 71 ISl 5TOTO TOMOJIOTHIECKOTO Psijia MOXKET ObITh O4eHb 0O0JTb-
woi. [Tommatunen nuskoro pasnenus (CH,—CHy),, moaydeHHbIH mpu
TIOJIMMEPHU3AlNK JdTHJIEHAa Ha Kartanm3aropax llurmmepa—Harra (mi. 5),
JaeT yOeauTeNbHbIC AO0Ka3aTelbCTBa TOTO, UTO YIICPOA-yIIEPOIHBIC
[IENH MOTYT OBITh MPaKTHYECKH OECKOHEYHOH JTHHEI.

Hacrimmennsie yrneBogopoasl MMPOKO PaCIPOCTPAHECHBI B IPUPOIE.
[Ipupomnbrii ra3 u He(Th MPEACTABISIIOT OO0 TITABHBIM 00pPa30M CMECH
MpEeAeNbHBIX YIIEeBOA0POa0B. OCHOBHON COCTaBISAIOIMICH MPUPOTHOTO
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duznyecKkHe CBOMCTBA aJIKAHOB

Tadonuma 4.1

Temme- Temmne-
AJkaH Dopmyna patypa parypa ITnorHOCTH, T/MI
KuIIe- IIaBJIe-
nus, °C nus, °C
Meran CHy —162 —183 [0,415 npu —165°C
Dtan C,Hs —88 —183 0,561 mpu —100°C
[Iponan C;3Hg —42 —188 0,583 mpu —45°C
n-byran n-C4Hyo —0,5 —139 0,579 npu 0°C
CH;
2-Metunmnponan | CH;CHCH;3 —12 —160 |0,557 mpu —25°C
CH;
22-Auvera- oy 6o 9,5 —16 |0,613
IpornaH
CH;
u-Ilenran n-CsHip 36 —130 ]0,626
2-Metunbyran CH3;CHCH,CH3 28 —160 |0,620
CH;
n-I'ekcan 1-CeHi4 69 —95 10,660
2-Metmmenrtan | CH;CHCH,CH,CH3 62 —153 10,653
CH;
n-I'eniran 1-C7Hig 98 —91 10,683
n-OxTan n-CgHys 126 —57 10,702
T
R _ CH;
22,3 ’36TeTpa H;C—C—CZCH; 106 100 | 0,656
METUIOyTaH ‘ CH,
CH;
CH;
ZZA-TPHMETHI- | oy CH,— CHCH; 99 ~107 | 0,692
MEHTaH N
CH; |
n-Homan 1-CoHag CH; 151 ~53 10,718
H-I[eKaH H-Clonz 174 —-30 0,730
H-YHIEKaH 1-Ci11Hoq 196 —26 |0,740
n-Jlonexan 1-Ci12Hog 216 —10 {0,748
n-Tpunexkan 1-Ci3Hog 235 -5 10,756
n-Terpanekan 1n-Ci14Hso 254 6 10,762
u-Ilenranexan n-CisHsp 271 10 10,768
n-I'excagekad 1-CieHsg 287 18 10,776
H-DHKo3aH H-C20H42 343 37 0,788
n-TpuakoHtan 1-CsoHeo 235 npu 66 0,799
1 MM pT. CT.
n-Tetpakontan | H-CsoHso 260 mpu 81
3 MM pT. CT.
n-Ilenrakonran | u-CsoHioz 420 mpu 92
15 MM pT. cT.
n-I'ekcakoHTaH 1-CeoHi22 99
n-I'enrakonran | H-C7oHi42 105
n-I'exran H-C[oonoz 115
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rasa sIBJISICTCSI METaH, JI0Jisi KoToporo koseonercs ot 70 10 95%. AnkaHbl
C—Cy4 sBIAIOTCS OCHOBHOM COCTAaBIIIONMICH HEPTH, THE HapSAy C
MpPEeNCTbHBIMHI YTIICBOJOPOIAMU COACPKATCS ITUKIOAIKAHBI, apOMaTh-
YeCKHE YIIIEBOIOPObI, CEPHUCTHIC COCTUHEHHUS U JPYTHE KOMIIOHCHTEHI.
B He3HaunuTeTBHBIX KOMMUYECTBAX HpeaeiabHbie yriieBonopoabl Cy;—Csy
colepikarcs B MPUPOINHBIX Bockax. Honako3an CygHgy ObIT BEIIENCH
U3 JUCTHEB KalycThl, a ymieBogopoasl Co7Hse u C31Hegy comeprkarcs B
ITYEJTUHOM BOCKE.
dusnyeckre cBOMCTBA aJIkaHOB MPEJCTaBICHBI B Ta0I. 4.1.

4.1. HOMEHKJIATYPA AJIKAHOB

HopmanbHble ankaHbl HMEIOT Ha3BaHMS, MPOUCXOASIIUE OT rpede-
CKHX YHCIUTENbHBIX. Pa3BeTBICHHbIE aJIKaHbl HA3bIBAIOT 110 CHUCTEMa-
tuueckori Homenkiarype MIOITAK. IloxpoOHoe ommcaHue cucrema-
tnyeckoil HomeHknatypsl MIOITAK moxHO HaliTH BO BCeX BBOJHBIX
Kypcax OpraHH4ecKOd XHMHUH sl CTYACHTOB MEPBOTO rojia 00ydeHHs
aTo# aucumiuiuHe. Tam ke o0cyKaaeTcs SIBICHHE W30MEPUH OpraHu-
YecKuX coequHeHHd. B aTom pasnene OynyT HpuBEAEHBI HEKOTOPHIE
MIPUMEpPHI, WITIOCTPUPYIOLINE OCHOBHBIE MPUHIUIBI CUCTEMaTHYeCKON
HOMEHKJIaTypbl. Ha3BaHusl MpeesbHbIX YIVIEBOAOPOJIOB XapaKTepU3y-
I0TCSl OKOHYaHUEM «an». Bee pa3BeTBICHHBIE alKaHbl pacCMaTPUBAIOTCS
KaK MMPOU3BOAHBIC YIIEBOAOPOAa ¢ Hanbojee JJIMHHOM LENbI0 aTOMOB
yIJIeposia, COAEpIKalled OJHY WJIM HECKONBKO aJKWIBHBIX TPYII B
KadecTBe 3amecruteniel. Hymepanus HanOonee JIUHHOW ICH HAuu-
HaeTcs C KOHIA, ONMMKalIero K TMepBOMY pa3BeTBICHHWIO. Kaskaplid
3aMECTHTENIb B LIEMU 00O3HAYaeTcss HUQPOH, W TPYIIBl HA3BIBAIOTCS
B anaBUTHOM Mopsiake. Eciy mpu oJHOM M TOM ke aToMme yriepona
HaXOAUTCS 1B 3aMeCTUTENsI, IHdpa, yKa3bIBaromas MojJoKEeHHE ITOTO
aToMa ymiepojia B LI€NH, OBTOPSETCS ABaXAbI. J{Is1 OMMHAKOBBIX 3aMe-
CTHTENEH yNnoTpeOstoTcst mpeuKcsl Iu-, TpU-, TeTpa-, IeHTa- U T. 1.
Ecnu nMmerotes ABe 1eny OAWHAKOBOHM JUTMHBI, BBIOUpAETCS Ta U3 HHX,
KOTOpasi COIACPKUT HAWOOJbILEE YMCIO 3aMECTHTENCH. DTH TpaBHiia
MO’KHO HAITISIAHO MPOWJIIIOCTPUPOBATH HA CIAEAYIOMIUX IIPUMepax:

CH3

CH;—CH,CH, CH,CH—CH;
6 5 4 3 2 1
2-MeTHIITeKCaH

N
CH;CH,—CH—CH,—CH,—CHj;
1 2 3 4 5 6
3-MeTHIIreKcan
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CH3 CH;

s
CH;—CH-CH—CH—CH;
1 2 4 5

CHj;
2,3,4-TpUMETHIINICHTaH
CH3 CH2 - CH3

| |
CH;—CH—CH,—CH—-CH,—CHj;
1 2 3 4 5 6
2-MeTHI-4-3TUIITeKCaH

T
CH;—C—CH,—CH,—CH,—CH;
1 | 3 2 5 6

CH;

2,2-IMMEeTHIINeKCaH

CH3 CH;

| |
CH;—C—CH,—C—CH;,
1 ‘ 3 2 | 5 4

CH;  CHs

2,2,4,4-TeTpaMeTHIIIICHTAH

Cs;H5
I 2 3 4 | 6 7 3
CH;—CH,—CH,—CH— ?H*CHZ —CH;—CHj;
|
C,Hs

S-npornui-4-3THIOKTaH
7 6 5 4 3 2 1
CH3;—CH,—CH—CH—CH—-CH—CHj3

CHs; CH,; CHj3; CH;

CH;

CH;

2,3,5-TpuMeTHI-4-IIPOIHITeITaH

CH; CH; CHj5

| .
CH;—CH—CH,—CH,—CH—CH—CH,—CHj
1 2 3 4 5 6 7 8

2,5,6-TpUMETHIIOKTaH



Ecnu nMmerorcss Tpu 3aMecTHTENs, U3 KOTOPBIX JIBa HaxXOJATCS Ha
PaBHOM pAacCTOSSHUM OT Kpasl LeNH, HyMepalusi IPOBOAUTCS TaKUM
00pa3oM, 4ToOBI CpeIHHUI 3aMECTHTENb UMEl HAUMEHBILIUI HOMEp:

6 5 4 3 2 1
CH;—CH—CH,—CH—CH—CH
| |
CH; CH; CHj,

2,3,5-TpuMeTHITeKcaH

1 2 3 4 5 6 7 8
CH;—CH—CH,—CH—CH,;—CH,—CH—CHj;
| | |
CH3 CH3 CH3

2,4,7-TpUMETHIIOKTaH

B Gosee coXHBIX CiTydasX pa3BEeTBICHHBIM 3aMECTUTENb caM 000-
3HAYaCeTCsl B COOTBETCTBUU C TEMH K€ MPUHIIUIIAMU IO CBOeH Haubolee
JUTMHHOM TICTIM, HAYMHAs OT aToMa, IPUCOCIMHEHHOTO K TIIABHOM IICTIH.

CH; *?H*CH3
CH—CHj;
1 2 3 4 |5 6 6 7 8 9
CH;—CH,—CH,—CH,—CH—CH,—CH,—CH,—CH,—CH;

5-(1,2-1MMETHITIPONNIT)HOHAH

4.2. KOH®OPMAIIMA 5TAHA U ITPOITAHA

MeraH, 3TaH, HpONaH M UX TOMOJOIM HMEIOT TETPajyIpUuecKoe
cTpoeHue. MOKHO TPEeACTaBUTh, YTO HUX YNIEPOA-YIIEPOIHBIE CBSI3U
006pa30BaHbI TIEpPEeKPHIBAHIEM Sp°-THOPHIHEIX OpOHTAel KaOoro n3
atoMoB yruepona, a cBasb C—H —mepekpbiBanueM sp’-ru6puaHoit
opbutanu yriiepona u 1s-opoutanu Bomopona (cM. . 1). Jmura C—C-
cBsi3u coctasisier 1,5440,01 A, a jmaa C—H-cBsizn — 1,095 +0,01 A.
Takasi reoMeTpHs MOJIEKYJ aJIKaHOB MPHUBOIUT K BaKHBIM CJICACTBHSIM.
Yoiepon-yreponHas o-cBi3b 001agaeT LMJIMHIPUYECKOH OChIO CHM-
METpHUH, T. €. CEUEHHE 3TON G-opOUTaNIN NpescTaBiseT coboit kpyr. Ta-
KOH THUII CHMMETPHH O-CBSI3U JOILyCKaeT CBOOOIHOE BpallleHHE BOKPYT
IIPOCTON OJUHAPHOU YITIEPOA-YIIIEPOAHON CBSI3U B AJKaHaX, [IOCKOJIBKY
TpM BPAILICHUU MEPEKPHIBAHUE MEXIY sp°-THOPHIHBIMU OpOUTANSAMH
COCEJIHUX aTOMOB yIJIEpoJia He HapyIIaeTcs.

Paznuunble npocTpaHCTBEHHbIE (OPMBI MOJIEKYJI, BO3HUKAIOLINE B
pesynbTaTe BpalleHHs BOKPYT MPOCTBHIX OAMHAPHBIX YIVIEPOI-yIIIEpPO-
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HBIX CBsI3eH, Ha3bIBAIOTCA KOHGpopmayuamu. CyIeCTBYET 1Ba OCHOBHBIX
crocoba m300pakeHWS KOHGOPMANWid OJHOW W TOH JK€ MOJIEKYIIBI.
B onHOM M3 HHX MoOJeKyly H300pakalOT B BHJE NEPCHEKTUBHON
MIPOCKITNH, Ha3bIBacMOU (hOPMOI THIIA «JICCOMIIBHBIE KO3JIBD». B 3TOM
NEePCIEKTUBHON TPOCKINU MOJIEKYITY H300paKaroT TaKUM 00pa3oM, Kak
OHa BBITVISIIUT, €CJTH HAOII0AaTeNb pacCMaTPHUBACT €€ BIOJb TMHHUH CBSI3U
JBYX aToMOB yriepoza. [Ipu 9ToM Kaxablii 3aMeCcTHTENb PH 000UX aTo-
Max ymieposa B KaKJ01 KoH(GOpMaIiK 3aHUMaeT CTPOTO ONpeAeTICHHOE
MOJIOKEHHE B MPOCTpaHCTBe. JKUPHBIMHU JTMHUSIMHU H300paKaIOT CBSI3H
3aMECTHTENEH, BRIXO/AIINE U3 MJIOCKOCTH PHCYHKA MO HAIPABICHUIO K
Habmronarento. OOBIYHBIMU TUHUAMU U300paKaloT CBA3U 3aMECTUTENEH,
JIeKaIIHe B MIIOCKOCTH pUCYHKA. [[yHKTUPHBIME JTHHUSIMH N300pakatoT
CBS3M 3aMeCTHUTelNleH, JeXallue 3a IUIOCKOCThIO pUCYHKa. bonbliee
pacmpocTpaHeHHe MMONydniIn Oojiee yIoOHBIE MIIOCKHE TPOESKIIMOHHBIC
¢dopmyner Hetomena. [l mocTpoeHus: MpoeKnuOHHBIX Gopmyn Hpro-
MEHa BBIOMPAIOT YIIEPOIA-YIIEPOJIHYIO CBsI3b, BOKPYT KOTOpPOW MpO-
WCXOJUT BpAIICHWE BCEX OCTAJIBHBIX TPYMIL. DTy OCh MPEIACTABISIOT
ce0e TepIeHIUKYISIPHON K TNIOCKOCTH PUCYHKA. 3aHUH aToM yriiepoaa
M300pakaloT B BUJE KPyTa, a TIEpeHNN — B BUJE TOYKU B LIEHTPE ITOTO
Kpyra. JIuHMM, HampaBleHHbIE U3BHE K LIEHTPY Kpyra U CXOASIIHECS
B IIGHTPE Kpyra, TOKa3bIBAIOT CBS3M OJIDKAWIIero K HaOIIOmaTesro
aToma ymiepoaa. JIMHMK CBS3M yJaJIGHHOTO aToMa yIIepoAa JOXOIAT
TONBKO 10 Tiepudepun kpyra. [IpenMyiecTBo miocKux NpoeKIIMOHHBIX
dopmyn 3akitodaeTcs B TOM, YTO Ha HHUX Cpa3dy OTYETIMBO BHUJIHBI
MPOCTPAHCTBEHHBIE B3aMMOOTHOIIIEHUS MEXK/Ty 3aMECTUTEISIMHA Y 000HUX
aTOMOB YIJIepoJa.

Ha puc. 4.1 npuBeneHs! JBe SKCTpeMaibHble KOH(POpPMAIMU dTaHa
B BHUJE MPOEKIMOHHBIX (popM HbloOMeHa M NMepCHeKTHBHBIX (OpMYII.

H M, H
H H
a
H HH
H H
H
H H HH

Puc. 4.1. [lepcnextuBHbIe GOpMyIHI (@) U H
npoexuuu HproMena (0) At 3aTOpMOKEH- 7
HOH ¥ 3aCJIOHEHHOH KOH(OpMaIuii ITaHa 3aTopMOIK eHHas 3acNoHeHHas
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Kondopmanus ¢ camoli HHU3KOH COOCTBEHHOW »HEpruell Ha3bIBaeTCs
samopmodicennoll (Ipyroe ee HazBaHHUE — anmu-popma). B 31Ol KOH-
¢dbopmaimu BCe MIECTh aTOMOB BOJIOPO/Aa dTaHA MAaKCUMAJIbHO Y/IaJICHBI
npyr ot apyra. Kondopmamms ¢ HanbOobmieli coOCTBEHHON SHEPTrHeH
HA3BIBACTCS 3dCIOHeHHOU (IPyroe Ha3BaHUE: CUH- WIN yuc-Ppopma).
B Heif Bce aToMBI BOJJOPOa MaKCHUMaJIbHO COMMKEHBI B IPOCTPAHCTBE.

Yucno xondopManmid sl 3TaHa, €CTECTBEHHO, HE OIPaHUYEHO 3a-
CIIOHEHHOH 1 3aTOPMOKEHHOH, @ 0ECKOHEYHO BEJINKO. 3aTOPMOKEHHAS
3acJIOHEHHAas KOH(OpMAIUK TIPECTABIISIOT ML HAN0O0JIee U HAMMEHEee
CTAOMITFHYIO U3 HUX.

OnHako BpallleHHe BOKPYI OJMHApHOM YyIIEepoJ-yIIepOoIHON CBSI3U
HE MOXeT OBITh a0COIIOTHO CBOOOAHBIM, H JUIA IIPEeBpaIleHus Hanboee
cTabuiabHOU KOH(pOpMAIlMK B HaMMEHee CTa0WIbHYH Tpedyercs mpe-
OJI0JIETh PHEpreTudeckuit 6aprep. g srana stor Oaphep O4eHb Maj
1, COTJIACHO JKCIIEPUMEHTAIBHBIM JaHHBIM, COCTABISIET 2,9 KKaJ/MOITb.
[lepexon U3 3aTOPMOXKEHHOW B 3aCJIOHCHHYIO KOH()OPMAITUIO ISl 3TaHa
JIOCTUTAETCs TOBOPOTOM Ha 60° oTHOCHTENbHO ABYX cBs3eit C—H:

L 8=60° 16=0°
H 3 gy
H
H H noBopoT Ha 60° VI3M6€HEHM§
S ——— 8060,aHOV
v H JHeprim nbbca
H T H H HH 46°= 29 kKan/morb

Tax kak O0apbep BpamIeHUs COCTABIACT 2,9 KKaJl/MOJIb U B 3aCIIOHCH-
HOU KOH(OpMaLUU Peamu3yoTCsi TP OJMHAKOBBIX 3aCIIOHCHHBIX B3au-
moneiictBus C—H cBsazeil, sHEPrus Kaxa0ro U3 3aCIOHCHHBIX B3aUMO-
NEHCTBHUNA NByX aTOMOB BOAOPOAA COCTABIISICT MPUMEPHO 1 KKai/MOJb.
bapeep BpauieHus SBISETCA SHEPrUE HANPSIKEHUS B 3aCIIOHEHHOU
KoH(OpMaIy 3TaHa. JTO HANpsDKEHHE TI0 CBOEH NpPUPOAE SBISAETCS
TMOPCUOHHBIM HANPAJICEHUEM; SHEPTUS TOPCUOHHOIO HAINPSIKEHUS JBYX
aTOMOB BOJIOPOJIa COCTABIIACT | KKaJ/MOJb.

[Ipupony BO3ZHHKHOBEHHs Oapbepa BpallleHHsS MOXHO OOBSICHHUTH
cienyromuM obpazom. l3meHenne KoH(OpMAIMM MOJEKYJIBI JTaHa
CBSI3aHO C U3MEHEHHEM TOPCHOHHOTO ABYTPAHHOTO yIlla MEKIY TIOCKO-
CTSIMU, OJJHA U3 KOTOPbIX Mpoxonut yepe3 C—C-cBs3b U aTOM BOIOPO/A,
CBSI3aHHBIN € 3aJIHUM aTOMOM ymiepona, a apyras — uyepe3 C—C-cBa3b
U aTOM BOJAOPOZA, CBS3aHHBIM C MEPEeIHUM aTOMOM yriepona. B 3acio-
HEHHOW KOH(OpMalnuu TOPCHOHHBIN yron @ = 0, a B 3aTOPMOXXEHHOU
® = 60°. 3aBucAIIas OT TOPCHOHHOTO YTIIa YHEPTHUS MOJICKYJIIBI SBIISETCS
CYMMOI! 4eThIpex ciaraeMbix:

ET = Vne + Vnn Vee + EKPIHCT7

rae V. —NOTeHLUaNbHasl SHEPTUsl B3aUMOJCHCTBHS HJICKTPOHOB CBSI3U
C—H c¢ saapamu ymiepoga u Bojmopona cocenHeit CHs-rpynmsl,

323



>
X
x
X
x
X
X

JHeprusa

T

Tx

I

T x

x
| ; ;
T

H H

1 L L L ! I
0° 60° 120° 160° 240° 300°
Topcuonnbld yroa

Puc. 4.2. 3aBucumMocCTh MOTEHIMAILHONW SHEPTUH ATaHa OT TOPCUOHHOTO YITa

Vyn —DHEpPIrus sAEepHO-SAEpPHOro, a V,, —NOTEeHUMaJbHAsl JHEPIUs
AJIEKTPOH-3JIEKTPOHHOTO B3auMoiecTBU BUIlMHANIBHBIX C—H-cBsizeit;
Eyyper — KHHETHYECKAS SHEPTUS JJIEKTPOHOB. M3 BceX cilaraéMbIX B 3TOM
YPaBHEHUU C CUJIAMU IPUTSIKEHUS CBA3aH TOJBKO WIEH V), OCTaJIbHbIC
TPH WICHA CyMMBI SIBIISIIOTCS CHJIaMU OTTAJIKUBaHUS. B 3aTropMoskeHHOM
KOH(OpMaIy 3TaHa BKJIAJ] 3TUX CHJI MOXHO TPUPABHATH K Hy’i0. B
3aCJIOHEHHOW KOH(OPMAIMU KaK CUJIbl MPUTSDKEHUS (aTTpaKTHBHBIC
Vy4e), TaK B CHITBI OTTATKUBAHUS (PEITYIbCUBHBIE V) + Ve + Euner) HaU-
Oonee Benuku. UpesBpluaiiHO mpocToil pacueT paer s V,, 3HaueHue
19,7 xkan/monb, a cymma (V,,, + Ve + Exuner) paBHaA 22,4 KKaJI/MOJb.
DTO O3HAYaeT, UTO CHJIBl OTTAJKUBAHHS B 3aCIIOHEHHOH KOH(OpMaIuu
Mpeo0IaIatoT Hajl CUIIAMU MPUTSDKEHMs. TakuM 00pa3oM, TEOPETUYSCKU
SHEPTreTUUYCCKUN Oaphep MEXIy 3aTOPMOKCHHONH U  3aCIIOHCHHOU
KOH(poOpMausiMu 3TaHa coctasisier 22,4 — 19,7 = 2,7 xkan/mMonb.
Teopernyecku paccuuTaHHBIA Oapbep BpaIleHHs] O4eHb XOPOIIO COTJIa-
CYeTCsl C DKCIIEPUMEHTAIILHO OTPEICICHHON BETUYHHOM 2,9 KKaJI/MOJIb.
DHepreTHUecKkuil Oapbep MEXKIy 3aTOPMOKCHHOH W 3aCIIOHCHHOU
koH(opMarUsiMu 00YCJIOBJICH TE€M, YTO B 3aCJIOHEHHOW KOH(OpMaIuu
OTTaJKMBaHWE CWJIbHEe TMPUTDKeHus. Takold Oaphep Ha3bIBaeTCS
penyIbCUBHO-TOMUHAHTHBIM, OH XapaKTEPEeH JIsl TOMOJOTOB JTaHA —
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Tadonuma 4.2
CooTHOLIEHHE MeKIY 3aTOPMOKEHHBIM U 3aCJIOHEHHBIM KOH(OpPMEpoOM 3TaHa B
3aBHCHMOCTH OT 3HAYeHHUsI CBOOOIHOI IHEePrumn

Paznuune B SHEprun
% 3aTOPMOXKEHHOTO % 3aCIIOHEHHOTO
KOH(OPMEPOB TpH
xoH(popMepa KoH(popMepa 25°C (xxan/mor)
50 50 0
55 45 0,119
60 40 0,240
70 30 0,502
75 25 0,651
80 20 0,821
90 10 1,302
95 5 1,744
98 2 2,306
99 1 2,722
99,9 0,1 4,092

npornaHa, OyTaHa H T. JI., a TaKkKe IS TAKAX MOJIEKY, KaK dTHIAPTOPH]I,
METaHOJI, MCTHJIAMUH, MeTUIIMEpKanTaH. He crienyert, onHako, monararsb,
YTO TaKoe sIBIIEHHUE HOCHUT BceoOmmii xapaktep. s psnma momexyn
MOXET pean30BaThcsi KOH(OpPMAIUs, B KOTOPOW CHIIBI TPUTSHKCHUS
npeobyasaloT HaJa CHJIAMH  OTTalKWBaHUA. Torma Oapeep Mexmy
BBITOJIHO W HEBBITOJHOW KOH(oOpMalusiMu OyleT aTTPaKTUBHO-
JIOMUHAaHTHBIM. Takoil ciydail peanusyercs B NPOM3BOAHBIX 1,3- u
1,4-n1noKcaHoB, TeTparuaponupana u ap. (cMm. pasz. 24.6 B . 24).

Ha puc. 4.2 npencrapiieHa 3aBUCUMOCTb MMOTEHIMAIBHON YHEPTUU
dTaHa OT TOPCHOHHOIO yTIA.

PacueThbl OKa3bIBAIOT, YTO MEKATOMHOE PACCTOSHHE MEX/Y aroMa-
MH BOJIOPOAA B 3aCJIOHCHHOW KOH(OpMamwu 3TaHa cocTaBiseT 2,29 A,
TOrJa KaK B 3aTOPMOXKEHHON KOH(OpMAIMM OHO YBEIWYMBACTCS JIO
2,55A. Ha ocHOBaHMM 3HAaYeHMS SHEPruu TOPCUOHHOTO HAMpPsHKEHUS
sTaHa B 2,9 kkan/Moib u3 ypaBHeHHs [n60ca AG° = —RT Ink mMoxHO
BBIUMCIIUTh KOHCTAHTY paBHOBecHs rpu 25°C Mex1y 1ByMs KoH(opMa-
nusMu (Tadm. 4.2).

B 00brunbIx yenoBusax npu 25°C 99% Momnexyn STaHa HaxXOIUTCs B
3aTOPMOKEHHOU KOH(OPMAaIMU U TOIbKO 1% — B 3aCTIOHEHHOM.

st cnemyromero roMoiora, npomnata, Takke UMEeTCsl TOPCUOHHOE
HaNpsDKeHWe, BO3HHMKAIONIEE B pe3yJibTaTe OTTaJKWBAaHHUS [BYX IIap
aTOMOB BOAOPOAA (QHAJIOTMYHO A3TaHy) M OJHOTO JOMOJHUTEIHLHOTO
B3aumozeiicteus mexay cBsazsimu C—H u C—CH; B 3aciioHeHHOMU
KOH(OpPMaIUH:
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CH3 H3C H

60 AG = 3,4 /

bapeep BpalleHus I MPOMAHA HECKOJIBKO BBIIIE, YEM JUIsl 3TaHA, U
cocTaBiseT 3,4 Kkan/mMoib. Tak Kak SHEPTUS KaKIOTO B3aUMOICHCTBUS
JBYX aTOMOB BOZOpOAa B 3aCIOHCHHOW KOH(OPMAIMH COCTaBJISIET
1 XKaJI/MOJb, DHEPTHUS B3aUMOICHCTBUS METHJIBHOW TPYIIIBI U aToMa
BOJIOPO/Ia B 3aCJIOHCHHOU KOH(OpMAIIMH MPOTIAHA U CIIEAYIOIIUX TOMO-
JIOTOB aJIKaHOB MOXET OBITh oneHeHa B 3,4 — 1 -2 = 1,4 kkaja/Mob.

4.3. KOH®OPMALIUHA n-BYTAHA

Jist crenyromux roMoJIoroB MponaHa CUTyalusl CTaHOBUTCS OoJiee
ciokHOH. s OyTaHa MOXHO 3alMCaTh LIECTh 3KCTPEMAJIbHBIX KOH-
dbopmanmii, BO3HUKAIOIINX MpH BpamieHuu BOKpyr cBsizu C(2)—C(3).
Tpu u3 HUX SBJSAIOTCS 3aCIOHEHHBIMU M TPU 3aTOPMOXKEHHbIMHU. [lBe
3acinoHeHHble KoHpopmatuu (4) u (H) SHEPreTUUYeCKH SKBUBAJICHTHBI.
OO0e oHHM IBaKIbl CONEPKAT B 3aCIIOHCHHOM IIOJIOXKEHUH METUIIbHYIO
TpyIIy U aToM Bojopona. B Tperweil 3acionenHoi xoHdopmanuu (B)
B 3aCJIOHCHHOM IIOJIO)KEHUM HAXOAATCS IBE METHIIbHBIC TPYIIbI, U
9Ta KOH(OpMalusi OKa3bIBACTCS HanMeHee CTaOMiIbHOH. Tpu 3arop-
MOXEHHbIC KOH(pOpMaLuy OyTaHa TakKe HEPaBHOLICHHBI 110 SHEPIUU.
Hawubosnee Hu3Ko# sHeprueit obnagaeT camas cTaOMiIbHas KoH(opMa-
st (I7), B KOTOpOH [Be METWJIbHBIE IpyHIbl B Ipoekunu HbromeHa
pacrionoxkensl mox ymioM B 180°. Takas xondopmanms Ha3blBaeTcs
anmu-koH(opMauueil. B 1ByX Ipyrux sHepreTHdeckd 3KBUBAJICHTHBIX
3aTOPMOXEHHBIX KoH(popMmauusx (// u E) MeTWwibHBIE TPYNIBI Haxo-
IaTcs mom yrioM 60° mpyr OTHOCHTENBHO napyra. OHHM Ha3BIBAIOTCS
2oul, WIA CKOWeEHHbIMU, KOHGopmayusamu. B3anmonpeBpalenns 3THX
KOH(pOPMaIMii MPOUCXOIST NpH BpaiieHuu Bokpyr cBsizu C(2)—C(3).
Ecnu ydects 3HaueHusi sHeprum B3zaumojerctsuii H—H u CH;—H,
MOJTYYEHHBIX IPH PACCMOTPEHHH 3TaHa U MPOTaHa, MOKHO MpeICKa3arh,
9T0 aumu-koHpopManus (/) mommkHa OBITH CTaOMIBHEE, YeM 3aciio-
HeHHasi koHpopmanus (4) wiu (H), Ha 2 - 1,4 + 1 = 3,8 kka/MoJIb.
DTO TOYHO COOTBETCTBYET BeMWUIMHE JIs1 KoH(popmaruit (4) u (I7). Ha
OCHOBAHUH pa3Nnuuii sHepruu konpopmanuu (B) u () B 5,4 KKain/Moib
MOXHO OLICHUTbh 3HEPrHIO B3aMMOICHCTBUS IBYX METWIbHBIX IPYIII B
3acioHeHHo! KoHpopMauu (B). Dta sHeprus paBHa 3,4 KKaJl/MoJb: OHA
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H CHs CH3_ CHy H CH;

H H CH
H H HH H H H 3
A (A) 3aconenras (B) ()

JHeprus

36 kKan
Mo7b

L L 1 1 L 1 1
180° 120° 60° 0° 60° 120° 180°
Topcuorneill yron

CH3 CH3 CHsy CH3

H H o CHy Y H chy, A ’

HO H H H H H H H
CH, H H CHsy
antu(r) row () row(€) antu(T)

Puc. 4.3. 3aBucuMOCTb OTEHLUAILHON SHEPTUH OT TOPCHOHHOTO yIJIa IOBOPOTA BOKPYT
cBa3u C(2)—C(3) B n-Oyrane

NpEACTaBISIET COOOH pasHUIY MEXKAY 5,4 KKaJ1/MOJb U YABOCHHBIM 3Ha-
genueM B3aumoneicTus H—H (T. e. 5,4-2 -1 = 3.4 xkayi/monb). Takum
oOpaszoM, [uisi OyTaHa peaJbHO CYLIECTBYIOT YETBIPE SKCTpEMalibHbIC
koH(popMmaruu. Ha pwuc. 4.3 mpuBeneHa 3aBUCUMOCTH IOTEHIINATBLHOMN
SHEPTUU OT TOPCHOHHOTO yIiia moBopoTa Bokpyr cBsizu C(2)—C(3) B
H-OyTaHe.

Ch, |, Chy OHy

3
H g lCH:;

3
aHru(r‘) 3ac noHerHasi (A) mzu 1) 3acnonennas(B) row(E) 3acnonenHasi(b aHru(f‘
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Tabnumna 4.3
PaccunTanHble 3HaYeHUS YHEPIUii B3aNMOAeHCTBUS Pa3JIMYHBIX TPy

B aJIKaHaX
. Oueprus,
Bsaumoneiicteue | Kondpopmanus Hanpsixenne
KKaJI/MOJIb
H-H 3aCJIOHEHHAs TOPCUOHHOE 1,0
H—CHj; 3aCJI0HEHHAs TOPCHOHHOE 1,4
CH;—CH3 3aCJIOHEHHAsl | TOPCHOHHOE U CTEPUYECKOE 3.4
CH;—CHj; TOII CTEpUYECKOE 0,9

eow-Kondopmaruu (J) u (£) Ha 0,9 xkan/Moiab MEHee CTaOMIbHBI
10 CpaBHEHUIO C anmu-KoH(popmarmeit (/7), XOTsS eou-KoHGOpMaIUs
HE COJICPXKUT 3aCJIOHCHHBIX aTOMOB HJIM TPYII U, CIIEA0BaTEIbHO,
HE WMEET 3aCIOHCHHBIX B3aUMOJCHCTBUN. DTO pa3nmmune 00yCIIOBIIC-
HO CTEPUYECCKUM OTTaJIKMBaHUEM (CM. DI. 2, pasj. 2.2) aByX OJIM3KO
PaCIONIOKEHHBIX METHIIBHBIX Tpynn B KoHbopmanusx (/) u (E) (Tak
HA3bIBAEMOE CTEPUYECKOE HATIPSHKCHHE, UM CKOIIIEHHOE OyTaHOBOE B3a-
umojeiicteue). Kak u ciemoBano 0xuiaTh, SHEPrHsi MAKCUMAaJIbHA JIJIS
3aCJIOHEHHOM KoHpopMaruu (B), Tae TOPCUOHHBIH yroi paBeH 0°. B pe-
aJbHOM H-OyTaHe peanin3yroTcs Bce KOH(OpMAaIiK, OCKOJIbKY Oapbep B
5,4 KKa/MOJIb JIETKO TIPEOJI0IEBACTCS, HO MPEO0IIaafoIiMH SBISIFOTCS
anmu- u eow-xkoHdopmauuu. [Ipu 25°C B paBHOBecun HaxomsaTcs 72%
anmu-popmer 1 28% eows-popmbl. TodnbIil cocTaB KOHPOPMAITMOHHON
CMECH OIPENIEIIeTCS PAa3HOCThEO CBOOOIHBIX dHEPruit AG® ¢ MOMOIIbIO
ypaBHeHUs1 ['m60ca. B Tadm. 4.3 mpuBeneHbl pacCUMTaHHBIC 3HAYCHUS
SHEPruii B3aUMOCHUCTBHUS PA3IMYHBIX TPYII B aJIKaHAX.

OTH K€ TPHUHLHUIBI OKa3bIBAIOTCS YPE3BBIYANHO TUIOAOTBOPHBIMHU
MPHU OILICHKE CTAOMJIBLHOCTU KOH(OPMAIUI MEHTaHa, TeKCaHa, BBICIINX
aJIKaHOB M X U30MepOB. B 00miem cirydae [i1st H-aJKaHOB OlaronpusTHa
Takas KOH(OpMaIs, B KOTOPOH BCE YIIIEPOJ-yIIICPOIHBIC CBSA3H HAXO-
JIITCS B 3aTOPMOKEHHOM TIOJIOKEHUH C dHMU-PACTIONOKEHIEM Hanboee
00BEMHBIX TPYIL:

H HH HH HH HH HH H

1226
H HH HH HH HH H H H

Heckonbko 0oiee BBICOKYIO SHEPIHI0 HMEIOT CKOIICHHBIE KOH-
dopmanyu (eow-koHGOPMALIMU), KOTOPBIE JETKO BO3ZHHKAIOT YK€ MpPH
KOMHAaTHOH TeMIeparype B pe3yJbTaTe BpAIICHUS BOKPYT IMPOCTHIX
YIIEPOA—YIIIEPOIHBIX CBS3CH.
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H CH3 CH3 CH3 H CH3 H CH3

CHy H H CH3
H CH3 HH CH3 H CHx HH CH;

Ineprusi

Kkkan

@”ila-ﬂb
1 1 1 1 1 1
60° 120° 180° 240° 300° 360°
TopcuokHbil yron
CHs CHs Hf g
H CHy  CHs H H H
: CHy H CHy A CHz
H H CH3

Puc. 4.4. 3aBucuMOCTh MOTEHUUATBHOM HEPIUN 2-METWIOyTaHa OT TOPCHOHHOIO yIva
MIOBOPOTa BOKPYT LeHTpanbHOH cBsazu C—C

XapakTepHOil 0COOCHHOCTHIO KOH(GOPMAIWA Pa3BETBICHHBIX aJlkKa-
HOB SIBIIIETCSl 00sI3aTEIbHOE HAJIMYME CKOIICHHBIX (20u/-OyTaHOBBIX)
B3aMMOJICHCTBUI DJIEKTPOHHBIX O00O0JOYEK METHIBHOTO WM APYTOTro
AJKUIBLHOTO 3aMECTUTENS] U aTOMOB BOJOPOAAa OCHOBHOHM YTIIECPOAHOMU
1eny. MoHOMeTHII3aMeNIeHHbIE YITIEBOAOPOIbI IMEIOT B HanboJee cra-
OMITEHBIX KOH(OPMAITUSAX OTHO WIIM JIBA 20ui-B3anMojieiicTBus. B 2-me-
TUJIATKAaHAX IMEETCS JIUIIb OHO 2ous-B3auMonericteue. B 3-metunanka-
HaX, 4-MeTWIaIKaHaX ¥ IPyTuX MEeTHJIaIKaHax B HanOosee cTabniIbHON
U3 eow-KoHGOpMAIIMi UMEETCS JIBa 20u-B3aUMOJICHCTBUS METUIBHON
TPYIIBl U aTOMOB BOJIOPOAA INIABHOW YIIEPOAHOM LIEIIH.

JUIss OILIGHKU DHEPIruM pa3iMyHBbIX KOH(pOpPMAIMH Pa3BETBICHHBIX
aJKaHOB Y0OHO BOCITOJI30BATHCS MTPUHIIUIIOM aJJIATUBHOCTH SHEPTUU
B3aumoeiicteus rpynn H—H, H—CH; u CH;—CHj;, npuBeacHHBIX B
Tabm. 4.3. B xadectBe mpumMepa Ha puc. 4.4 MpuBeJcHA 3aBHCHMOCTD
MOTEHIUAIBHOM 3HEPTUN Pa3IMyYHBIX KOH(QOpMAIUil 2-MeTHIIOyTaHa OT
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TOPCHOHHOTO yIJia MOBOPOTa BOKPYT LIEHTPAJIbHOW YIIEpPOA-YIIEepO-
HOW cBsi3u. HerpymHO 3aMeTHTh, YTO pa3iM4Me B DHEPTUU MEXKITy
3aCJIOHEHHBIMH KOH(OpManusiMu U 2ou-KoHpopMepaMu 2-MeTHI0yTa-
Ha COOTBETCTBYET NMPHUHIMITY aTUTUBHOCTH YHEPTHI B3aMMOICHCTBUS
aToMOB U Tpynm. Tak, HampuMmep, B 3acIOHEHHOH KoH(popmauuu (A4),
COOTBETCTBYIOIICH yrmy moBopoTta B 0° m 120°, mMeercss omHO B3awW-
MOJIEMCTBHE ABYX METHJBHBIX IpymI, ogHO B3aumojzeiictsue CH;—H
n H—H. CormacHo npuHUMNYy aAIUTUBHOCTH, SHEPrUs JUIsl STOM KOH-
¢popmanmu gomknaa ObiTh paBHa (3,4 4+ 1,4 + 1,0) = 5,8 kkan/moib
(cMm. Tabm. 4.3), 9TO COOTBETCTBYET pealbHOMY 3HAUCHUIO — OKOJIO 6
KKaJ1/Mouib. J171st Apyroii 3acioHeHHOM KoHpopMatuii (H) 2-MeTuiOyTana
Tpu B3ammoxeicTBust CH; —H (31,4 xkan/Moib) Takke COOTBETCTBYIOT
peanbHON 3HEpruu B 4,2 KKan/Modb. [ow-koHpopmanus (B) ¢ nByms
201/-B3aMMOJICHCTBUSIMI METHJILHBIX TPYII BABOE Oorade dHEprHei 1mo
CpaBHEHUIO C HanboJIee CTAOMIIBHBIM 2oui-KoHpopMepoM (/7), B KOTOPOM
HMeEeTCsl TOJIbKO onHo ecow-B3aumogeiicteue CH;—CHj;. IlogoOnbii
TTOJIXO] OKa3bIBAETCS IIJIOOTBOPHBIM ITPH OLIEHKE CTAOMIBHOCTH JPYTHX
Pa3BETBICHHBIX allkaHOB. Tak, HapuUMep, U3 JIBYX 2ou-KoH(popMaui
2,3-nuMeTrIOyTana HanOosee CTabMIIbHOM OKa3bIBACTCS Ta, TIE HMECT-
sl [IBa 20ui-B3aUMOJICHCTBUSI METUIIBHBIX TPYIIIL:

C i ( ""
3/ ! 1
///// \\\\\\\\ 3

H

CH;

H H St
CHy™ CH
MO nBa |

row-83aUMOLeNnCcTBus rouL-B3aUMOLEUC TBUS

(MeHee cTabusibHas (60ee cTabunsHas

KOHQpopmauus) KOHEpopMaLus)

Crnenyet 0co00 OTMETUTH CIIEYIOIIee 00CTOATEIbCTBO. JIr0bast Tou-
Ka Ha SHEPreTHYECKOW JuarpaMme Jilsl 9TaHa, OyTaHa U 2-MeTWIOyTaHa
(eMm. puc. 4.2, 43 u 4.4) cOOTBETCTBYeT HEKOTOpPOIl ompeneaeHHON
KOH(pOPMAIUH, HO TOJIBKO T€ TOYKH, KOTOPhIE COOTBETCTBYIOT JdHEpre-
THYECKUM MHUHUMYyMaM, OTBe4atoT koHpopmepam. Tak, Hanpumep, st
OyTaHa TOHITUIO KOH(QOpMEpa YIOBIETBOPSIOT TOJIBKO KOH(pOPMALUH
), (), (E), a Bce ocTaimbHbBIC MPEACTABIAIOT COO0H TIPOCTO KOH(MOP-
Mmaruu. JJis 3TaHa MOHITHIO KOH(OpMEpa YIOBISTBOPSIET TOJBKO 3a-
TOpMOXKeHHasT KoHpopmMarus. [T0CKOIbKYy MeTacTaOUIbHBIE COCTOSHUS
MOJICKYJIBI 110 (PU3MUYECKOMY CMBICIY HEJb3s pacCMaTpUBAaTh KaK H30-
MEpBI, [eJIeco00pa3HO BBOAUTH TEPMHUH KOHMOPMAYUOHHAS U30MEPUS.
OTO MOHATHE JOHKHO OTHOCHTHCS TOJIBKO K KOH(opMmMepam ¢ MHHU-
MYMOM TOTEHIMALHON SHEPTUM W OMHCHIBATH MEPEXOAbI PA3TUUHBIX
1o SHepruu KoHpopmepos. [IpuBeeHHOE BBIIIE ONpeeiCHHE TOHSTHS
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«xoH(popmauus» coorBercTyeT npasuiam UIOITAK u sBasiercs, BooO-
Il TOBOPS, YNPOIIEHHBIM U HecTporuM. ComracHo Goiee cTporomy H
TOYHOMY ONPEACICHUIO, 0] KOHPOpMaIHeH clieayeT TOHUMaTh Jr00oe
OTHOCHTEIIFHOE TTOJIOKEHHE COBOKYITHOCTH SIZIEP MOJICKYJIBI B TPOCTPaH-
CTBE, KOTOPOE MOXKET OBITh JAOCTUTHYTO O€3 HapyIIeHHUs LEIOCTHOCTH
MOJIEKYJIBI. JTO PAacIUIBIBUATOE OIpeleleHNe HAaMEpPeHHO HHUKAK He
CBSI32HO C THUIIOM BHYTPUMOJIEKYJISIPHOTO JIBMKEHHS. B cooTBeTCTBUM C
3TUM OmpeJieNieHneM KOH(GOPMAIIOHHBIHN TTePeXol NPEeICTABISET CO00i
HETIPEPBIBHBIN MPOIeCC U3MEHEHUSI BHYTPEHHUX KOOPAWHAT SIICPHOTO
0CTOBa MOJICKYJIBI, TPOTEKAIONNH 0e3 HapylIeHUs ee LEeIOCTHOCTH, C
MOMOUIBIO KOTOPOTO OfHA KOH(OPMALUS TPEBPAIIACTCs B IPYTYIO.

4.4. XUMHUYECKUE CBOMCTBA AJIKAHOB

Koganenrnas o-cBsizb AB MoxeT paciieruisiTbes TpeMs BO3MOMKHbBI-
MU CIIOCOOaMH:

A:B — A® +B°:
A:B — A°: +B®

A'B— A+ + B+ roMOIUTHYECKHI pa3pbIB CBA3M.

} TETEPONIMTUYECKUI Pa3phIB CBSI3U,

DHeprusi coOCTBeHHOM moHm3armu cBsizu C—H B aiikaHax B ra3oBoit
(aze CIUIIKOM BeJHMKA IS TOTO, YTOOBI B OOBIYHBIX YCIOBUSAX MOYKHO
OBUIO OXHJIATh PEAKIU, TPOTEKAIIUX 10 HOHHOMY MexaHu3My. Tak,
JUTST MeTaHa, COMIACHO PAacYEeTHHIM JaHHBIM, DHEPTUS HOHU3AIUH Ha
METUIKATUOH CH;r u ruapug-uon H™ cocrasnser 314 kkan/mons,
T. €. TaKOM IPOIIECC PHEPreTUUECKU KpaiiHe HEeBBITOACH. JTa BEJIUYMHA
MOJET OBITh pacCUMTaHa U3 CICIYIOIIEro SHEPIeTUICCKOTO IIHUKJIIA!

CHy — *CH4 +H- + AH®; AH®° = +104 xkan/moib
*CH; — CHY + e~ + AH®; AH® = +226 xKkan/moib
H:-+e~ — H! +AHC; AH° = —16 Kkxan/mMoib

CHy — CHY + H® +AH®;,  AH° = +314 kKan/Moinb

3HaK «UII0C» 0003HAYACT SHAOTEPMHUUYECKHI MPOLECC, a 3HAK «MH-
HYC» OTHOCHTCSI K 9K30T€PMHYECKOMY IPOLECCY C BBIIECICHHEM Tell-
na. ITockonbKy 3HEpPrusi TOMOJIMTHYECKOTO PACIIETIICHUs] HETOJIIpHON
ces3u C—H B Tpu pasa Hipke 3HEPrHU IeTEPOJUTHUYECKOTO pa3pbiBa
9TOM e CBSI3H, JUIs aJIKAHOB IPEK/IE BCETO AOJKHBI OBITh XapaKTepHBI
TOMOJINTUYECKUE PEAKLUN C 00pa30BaHMEM B Kaue€CTBE IIPOMEKYTOY-
HBIX YacTHIl (MHTEpMEIUaToOB) CBOOOJHBIX paauKaioB. 3 Bcex Takoro
poza peakuuil Haubosee BaXKHOM SBJISIETCSl PEaKLUsl raJIOTeHUPOBaHUS
AJKaHOB.
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4.4.1. XJIOPUPOBAHUE METAHA

Ecmu cmech merana ¢ xmopom Harpets a0 200°C winu oOdy4HTh
V®-cBeToM NOIXOASIIECH JJIMHBI BOJHBI, TPOTEKAET CUIIbHO SK30TEPMHU-
YyecKast peaKius:

200°C i hv
E—

CHy + Cl CH;Cl+ HCl + AH®,

AH® = —25 KkKkan/Monb.

TerutoBo#t 2pdeKT MmepBoil CTagUN XJIOPHPOBAHUS METaHAa B Ta30BOU
¢daze mo CH;Cl u HCIl MoxkeT ObITh paccuuMTaH Ha OCHOBAHHU 3aKOHA
I'ecca.

Paspuie ceasu Obpasosanue ceasu
CH;—H; AH°®=+104kkan/mons CH;—Cl; AH° = —84 xkan/mMoib
CI—Cl; AH° = +58 xKkan/mMoib H—Cl; AH° = —103 xkain/mMoib

AH° = +162 xkan/Mojb AH° = —187 kkan/Momnb

CymmMmapHbiii TeroBolt apdexkt AH® paBeH —25 KKkajl/MoOib. JTH JaH-
HBIE TIOKa3bIBAIOT, YTO XJOPHPOBAHWE METaHa IIPENICTABIAET COOOM
BIIOJIHE BEPOSTHBIN MPOIIECC, XOTS TEIIOBOM 3PPEKT HUKOUM 00pa3om
HE CBfI3aH CO CKOPOCTBIO PEaKIuH, KOTOpas ONpeesseTcsi CBOOOTHOM
SHEpPruel aKTUBALIMU.

XoprpoBaHUE METaHA HE OCTAHABJIMBACTCS HAa CTAUU IOJIY4YEHUS
METUJIXJIOPU/IA, & TIPUBOAUT K 00PA30BAHUIO BCEX YETHIPEX BO3MOKHBIX
npoaykroB 3amemnienusi: CH3Cl, CH,Cl,, CHCl; u CCly. Mx cooTHo-
[ICHUE 3aBUCUT OT COOTHOIICHHUS XJIOpa U METAHA, a TAKXKE OT YCIOBUIA
MIPOBEJICHUST PEAKIIMH.

XII0pUpOBaHUE METaHA U JAPYTUX aJIKAHOB — KJIACCUYECKUM IIPUMED
LETMHON pajiuKaJIbHOM peakiuu. [loydeHbl MHOTOYHCIIEHHbBIE J10Ka3a-
TEIBCTBA LIEITHOTO PAJIUKAIBHOTO XapaKTepa dTOU peaKiluu.

1. Obpa3oBaHne cMECH YEThIpeX MPOAYKTOB 3aMEIICHHUsI BOIOPOIa
Ha XJIOp B METaHE MPH YKBUMOJHHOM COOTHOIICHUH PEareHTOB CIIY>KHUT
BECKUM apryMeHTOM B IOJb3y LEMHOIO Xapakrepa Ipolecca, Npu
KOTOPOM MPOAYKT NEPBOW CTAJAWU CTAHOBUTCS MCXOIHBIM PEarcéHTOM
Ha BTOPOM CTajuu, U T. 1.

2. MertaH He pearupyeT ¢ XJOpOM IpU KOMHATHOW TeMIlepaType B
temHoTe. J[is1 0Opa3oBaHUs rajoOreHIPOU3BOIHBIX HEOOXOIUMa SHEp-
THS, JOCTATOYHAs JJIsl TOMOJUTHYecKoro paciieruieHus casizu Cl—CL

3. Jng peakinuu, MHUITUUPYEMOU CBETOM, KaKIbIH MOTIOIICHHBIN
¢oTOH BBI3BIBAET 00pa3oOBaHWE JECSATKOB THICSY MOJIEKYJ IPOIYKTOB
3aMeIeHus. ITO BO3MOXKHO TOJIBKO MPHU LIETHOM MEXaHH3ME Ipolecca.

4. Kuciopox MNONHOCTBIO NOJABISIET XJOPUPOBAHHME AJKAHOB, U
XJIOp HE pearupyer ¢ METAHOM, €CIU OH CMEIIAH C KUCIOPOIOM, JdaKe
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npu OOMYYeHUH PeaklMOHHOW cMmecH. Kuciopox B OCHOBHOM COCTO-

STHAH TIpeNCcTaBisieT coboit oupamukan O—O (cM. pasm. 2.6), KOTOPHIid
SHEPruvHoO B3aI/IMOI[CI\/’ICTByCT C AJIKWJIbHBIMU paJiluKaJIaMu:

R-+0-O0—>R-0-0O- (aNmKHUIEepOKCUTHBIN pajuKa).

Kucnopon siBnsiercst 3pQeKTHBHBIM MHIHOUTOPOM CBOOOIHOPAIUKAIIb-
HBIX PEaKIMH, W ITHM TECTOM YacTO IOJB3YIOTCS Ui OTHECCHUS
MEXaHHM3Ma PEAKIUH K PAIUKATHLHOMY WIH HOHHOMY THITY.

5. Terpastunceunen (C,Hs)sPb B ommmume ot kucnoponma cro-
COOCTBYET TaJIOTCHUPOBAHUIO MeTaHa. TeTpaj’TUIICBUHEN OTHOCHTCS K
METaJUIOPTAaHUIECKUM COCAMHCHIM (T71. 19) ¢ KOBaJIGHTHOH O-CBS3BIO
yraepoaa u meramia. DHeprust ceasu C—Pb ouens mana (31 kkan/mMoub)
U IIpH YMEPEHHOM HarpeBaHuu wiu npu obmyuenun Pb(C,Hs)s pasna-
raercsi ¢ 00pa3oBaHMEM CBHHIA M 3TWJILHBIX PaJMKaIOB (CM. aajee):

Pb(C2H5)4 — Pb+4 -C,Hs.

OTWUIBHBIN pajuKal B 3TOM CIy4yae CIYKUT HHUIUATOPOM IEMTHOIO
paauKaIbHOIO Mpolecca.

Bce 3Tu axTbl HaXOAATCS B COOTBETCTBUH C LICTTHBIM paJUKaIbHBIM
MEXaHU3MOM XJIOPUPOBAHUSI METaHa. DTa PEaKLUMsl HHULUUPYETCS To-
MOJIMTHUECKUM PAcCIEIVIEHUEM CBA3H JIByX aTOMOB XJIOpa B MOJIEKYJIe
Mpu OOJTyYeHUH WM HaTPEBaHHM.

Cl, 5201 + AH®;  AH° = +58 xKkai/mMoib.

3apokieHne paJauKaIbHOW IIEMH HAYWHAETCS C PACIICIUICHUS CBSI3U
Cl—Cl, a ne C—H B merane, tak kak 3Heprus cpsizu Cl—CIl npumep-
HO BABOe Hipke sHepruu cBsizu C—H B ankaHe. DHTaIbIUs CTaauu
MHULMAPOBAHMS IIEMHU MONOXKUTeIbHA. [lepBas cranus pa3BUTHS LENU
MPaKTHICCKA TEPMOHEHTpAIbHA, @ BTOPast CHIILHO YK30TCPMHUYHA!

Cl- +CH4 — CHj3- —|—HC1+AHO;
AH® = +1 KKay/Mob;
CH;- +Cl, — CH;3CI + Cl- —I—AHO;
AH® = —26 KKan/MOb.

Ppa3sBUTUC L€TIN

[lukn pa3BUTHS LEH MOXKET TOBTOPATBHCS THICSYM Pa3, M €ro0 MOXKHO
OBLTO OBl MOBTOPATH OECKOHEUHO, eciH Obl He OBLIO MPOLECCOB «0OpHIBA
HeTn»:

o6prwiB 1eru ¢ CH3+ 4+ -CH3 — CH3CH3-
Cl-+-Cl—Cl,
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+
A [cl---H---CH;] .
467 [cHs—-ct-cl]

3Heprus

o

8

Koopdunata peakuyuu

Puc. 4.5. DHeprernyeckas IuarpamMma cBOOOIHOPAIMKATIBHOTO XJIOPHPOBAHUS METaHa:
AG?’E = 4 KKaJa/MOJIb; AGZ"é ~ 1 kkan/monb; AH® = —25 kkai/Moib

Bce peakunu oOpbiBa LEMU O4eHb OBICTPBIC; CKOPOCTh PEKOMOWHALINT
paZiKaJoB MPEBOCXOIUT CKOPOCTh CTaJNM MHHUIIMAPOBAHUS IIETH, HO
MOCKOJIBKY B XOJIE€ PEAKIMM KOHIIEHTPAIMX aTOMOB XJIOpa U pajUKaJIoB
CHj3 upe3BblYaiiHO Majibl, LIENW IPU XJIOPUPOBAHUU OYEHb JIJTMHHBIEC.
Craauu oOpbIBa LENH SK30TEPMUYHBI, HATIPUMEP:

Cl- +Cl- — ChL+AH®; AH° = —58 kKaj/M0ib.

IIpuBencHHbIE BBIIE HHTANBIUYU KAKIOW IEMEHTAPHOM CTaJUU XJIO-
pUpPOBaHMS METaHAa PACCUMTAHBI IO PA3HOCTH DHEPIHU CBA3EH (CM.
tabn. 4.6). Tak, suranenus craguu Cl- + CH4 — HCl+ CH3+ paccun-
TBIBaeTCS Kak pasHocTh dHepruu cBss3eilt H—Cl m C—H B merane, a
SHTAJBIUS CTAIUU

CH;- + Cl, — CH;Cl + ClI-

kak paszHocts dHepruu cBszeir C—Cl B CH3Cl u sueprun cpsizu Cl—CL

Ha puc. 4.5 npuBenena sHepreTuueckas auarpaMma sl o0eux
CTaaAui pa3BUTHS LIETIH XJOPUPOBAHUS MeTaHa A0 MeTwixjiopuzaa. Ha
9TOM PUCYHKE IPEICTABICHBI AUAarpaMMBI I ABYX ITOCIIE0BATEIBHBIX
peaxiuii, rjae NpoAyKT MEepBOM M3 HUX SBISETCS MCXOJHBIM PEareéHTOM
[t BTopoi. [ToaToMy 1Be TnarpaMMsl CO€IMHEHBI IOCEPENNHE B TOUKE,
COOTBETCTBYIOLIEH 00OpazoBanuio paaukaia *CHj xak mHTepMmenuara,
HaXOJMIErocss B DHEPreTHYECKOM MHUHHMYME MEXIy HNEpEeXOIHBIMU
COCTOSIHUSIMM II€PBOM M BTOpOM cranuid. JIerko Takke 3aMeTHTh, YTO

cBOOO/HAs SHEpPrus axKTHBAMHM NEpPBOW CTaauu AG?’é IIPEBOCXOIUT

SHEpPIruI0 aKTMBALMU BTOPOH CTaIuu AG7E, T. €. AG?’é > AG;E. 910
YKa3blBae€T Ha TO, YTO NPU TaJOIC€HHUPOBAHUU METaHa MepBasl CTaausd
pa3BUTHS LENU SBISAETCS CaMOW MEIJICHHOW M ONpPENeieT CKOPOCThb
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Bcero npouecca. M3 3To quarpaMMsbl TakKe CIENyeT, YTO XJIOpUPOBa-
HHUE METaHa W JIPYTuX aJIkaHOB — MPOIECC IK30TepMUUHBIN. TernoBoin
addekt peakunn AH® Bcerna COOTBETCTBYET Pa3HOCTH SHEPTHIA MEXKIY
HayaJbHBIMM BEHIECTBAMH M MNPOAYKTaMH pEaKIUU HE3aBUCHUMO OT
qyciia CTaJAni U HaJM4Yus WIK OTCYTCTBUS HHTEPMEANATOB. JTO MPaBUIIO
CIPAaBEIUIMBO VIS JIFOObIX PEaKIUid:

AH® = +1 — 26 = —25 KKaJI/MOJIb.

4.4.2. BPOMUPOBAHUE, MOAUPOBAHUE U ®TOPUPOBAHUE METAHA

MexaHu3M, KOTOPBIA OBUI PacCMOTPEH Ul XJIOPHPOBAaHUS MeETa-
Ha, CMpaBeUIMB U [UIsl PEakluil ¢ ApyruMH ranoreHamu. Bo Bcex
ClydasiX 3TO IIEMHOM, pajuKalibHbIA MPOLECC, HHULIMUPYEMbIH TOMO-
JIU30M MOJICKYJIbI rajioreHa ¢ oOpa3oBaHWEM aroMa raioreHa. Kak u
CJIEIOBAJIO OXKU/IATh, PEAKIIMOHHAS CIIOCOOHOCTh YMEHBIIACTCS B PSITy
F, > Cl, > Bry > I,. DHTansnuu mociemnoBaTeabHBIX CTAAUil raJoreHH-
poBanus Merana mo CH3;X mpuBeneHs! B Ta0. 4.4.

Kak BuIHO M3 JNaHHBIX TaOJUIBI, OTHOCUTEIbHAS PEAKIMOHHAS
CIOCOOHOCTH TaJIOTEHOB COTIIACYETCS KaK ¢ CYMMapHBIM 3HaueHHeM AH ©
BCEro TpoIlecca raJiorTeHUPOBAHMsI B LIEJIOM, TaK U CO 3HaYeHHeM AH°
JUTSL CTQAWHA Pa3BUTHSA ETIH. DTO OOBIYHBIN Pe3ynbTaT IS paJiKaIbHBIX
peakuuii B ra30Boi ¢aze. OrpoMHBI CyMMapHBIH TEIUIOBOH 3(deKrT
HK30TePMHUYECKOTO (PTOPHUPOBAHUS U OOJBIINE OTPUIIATEIHLHBIC YHTAIb-
MUY Ha KaXIOW CTaJWU Pa3BUTHUS LIETIH CBUACTEIBCTBYIOT O TOM, YTO
ATy PEAaKIUIO0 OYeHb TPYAHO KOHTPOIMPOBATh. DHEPrust oOpazoBaHUS
HOBOM CBSI3M 3HAYMTEJBHO IPEBBIIIACT HHEPTUIO0 pa3pbiBa CBA3CH B
MCXOJIHBIX peareHTax. DHeprusi oopa3oBanus cBsizu Uit HF Tak Benmuka
(136 kKay/MOITB) 10 CPABHEHHIO C APYTUMH T'aJIOTEHOBOIOPOJAMH, YTO
Jlake Takasi HeoObIUHas peakius Topa ¢ METAaHOM, PUBOJISINAS CPa3y
K aByM pagukaiam CHs+ u F-, sHmoTepmMuyHa Bcero Ha 6 KKaJ/MOJIb:

CH4 + F, — -CH; + F- + HF 4 6 xkan/moib.

CrenoBarenbHO, MPU CMENTUBAHUK MeTaHa W ¢Topa B Ta30BOd (asze
paarKaIbl MOTYT 00pa30BaThCsl CIOHTAHHO, MUHYS CTAHI0 WHUITMHPO-
Banusa uenu F, — 2F-. [locaenytomue craauu pocTa IENU HACTOIBKO
HK30TEPMHUYHBI, YTO 3TO TMPUBOJUT K OBICTPOMY POCTY OOIIEro Kojmde-
CTBa CBOOOAHBIX PAJAMKAIOB (TOpa BCIACICTBHE OYCHb MallOl DHEPTUH
cBs3u F—F. Hakorienue pagukaiaoB Gropa MpOUCXOOWT OBICTpEE, YeM
UX pacxXofoBaHHE, YTO HEM30eKHO MPUBOAUT K B3phIBY. [loaToMy mps-
Moe (TOPHpPOBAHHE aJTKAHOB HEBO3MOYKHO OCYIIECTBUTH NMPAKTUYECKU
JeCTBUEM IeMEHTapHOTro (ropa. DTy TPYyAHOCTh MOXKHO OOOWUTH, €CITU
MCTIOJIh30BATh CHIILHO pa30aBlieHHBIE Ta30Bble cMecH (pTopa M ajKaHa B
MHEPTHOM Ta3e M CMEUINBATh UX MOCTEIEHHO, OIHAKO TAaKOW IpoIecc
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Taonuma 4.4
JHTAJbIHH OTAEJIbHBIX CTAIHII TAJOTeHUPOBAHUSI MeTaHA

Cranus Peakius AH°, Kkajn/Moib

F2 C12 Br 2 Iz

1. MuuuuupoBaHue Lenu X; —2X- +37 | +58 | +46 | +36
2. Pa3Butne nenu X+ + CHy — CH;3- + HX —33 | +1 | +16| +33

CH;: +X; - CH3 X+ X+ | =71 | =26 | —24 | —20
3. OOpsIB menu Xe4+X =X —37 | =58 | —46 | —36

Oo6mias suTanemms peakimn  CHy + Xo — CH3X +HX | —104 | =25 | —8 | +13

CJIMIIKOM JIOPOT M CJIOKEH B TEXHOJOTHYECKOM OTHOIIeHUH. DToprpo-
M3BOJIHBIC YIJIEBOIOPOIOB COCTABIISAIOT BAXKHBIN B TIPAKTUYECKOM OTHO-
HICHUH KJIACC COCOMHEHUH. MHOTHE (TOPXIOPIPOU3BOJHBIC HU3IINX
aJKaHOB TOJl OOUIMM Ha3BaHUEM (PEOHBI HCIOIB3YIOTCA B KadyeCTBE
XJIQJI0areHTOB B Pa3IMYHbIX XOJOIWJIBHBIX YCTaHOBKax, oOecrednBas
TpeOyeMblil TeMIIEpaTypPHBIH PEeXUM B OYSHB ITUPOKOM JHAITa30He TeM-
neparyp. @peoHbl IIMPOKO MCIOIB3YIOTCS TAKKE B KAU€CTBE a0COIIOTHO
WHEPTHBIX PacTBOPUTENEH, 0COOEHHO IS peakinii, IPOTEKAIOIINX ITPU
Huskoit Temmneparype!. Camblii Basublit u3 Gpeonos — CF,Cly — nomy-
gu1 ToproBoe HazBanue Gpeon-12; CCl3F — dpeon-11; CCIF,CCIF, —
¢peon-114; CCLL,FCCIF, — ¢ppeon-113; CHCIF, — ¢ppeon-22. Ilpu nu-
pomuze CHCIF, (dbpeona-22) obpasyercs terpadtopatiien CF,=CF,,
IpY MOJMMEPH3aLUU KOTOPOTo MOoJTy4aeTcs moaumep Gproprutact-4 (Te-
(ITOH) — UCKITIOYUTEIIEHO BaKHBIH M aOCONIOTHO WHEPTHBIN TOJTUMED-
HBII1 MaTepHall

[TepdTopankaHbl NCTIONB30BAIHCH IS pa3elIeHUs] H30TOIIOB ypaHa-
235 u ypana-238 B Buje jeryuux rexcadropumos > UFgs u 23¥UFg.
I'excadropuasl ypaHa pasfensior, UCTONB3ysS HEOOJBIIYIO DPa3HHILY
B ckopocTsx ux aupdysun yepe3 memOpanbl. [excadropunsl ypana
00yajatoT OYCHb BBICOKON KOPPO3MOHHON CHOCOOHOCTHIO. I[lo3aTomy
MeMOpaHbl, CMa304YHbIE Macja W TEIUIOHOCHTEIH IOJDKHBI 00NamaTh
BBICOKOM KOPPO3UMOHHOM CTOMKOCTBIO. [IpUronHeiMu mjisi 3TOM UEenu
OKa3aJMCh TOIBKO (TOpCOIEpIKalfe IOIUMEPHl U TMEepPTOpaTKaHBI.
[Tep¢propankansl momyyaror GTopupoBaHUEM aJKaHOB TOJ JICHCTBHEM
¢dropuna kobamsra (I11). Yepes cmoii CoF; mpomyckaroT mapsl ajnkaHa,
npu 3ToM 00pasyroTcst nepdropankan u Gropua kodansra (II):

CyHapsa + CoF3 25 C,Fapys + HF + CoF,.

' B macrosimiee BpeMs OT HCTONB30BAHHS (DPEOHOB TIOCTETIEHHO OTKA3BIBAIOTCA, TAK KAK OHH
OYCHb JICTYYM M HAKAIIMBAIOTCS B BEPXHUX CIOSX arMocdepbl. DTo, M0-BUIUMOMY, CIIOCOOCTBYET
00pa30BaHHIO «O30HHEIX JBIPY.
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[Bpm Hu CH3]$ .
[CH Bru Br]

——— £ KKaA
AGZ = 2076

= F_ o KKa _

S| A6 =18 — R

§ 1 Mok -CH +HBr T T
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" K16

MOoJ1b

ol _ KKan
_L a)==24; 000

o __pKKan
= HMIJ/Ib

Br* + CH3Br

\ 4

KOOpOUHATA  peaKLuU

Puc. 4.6. DHepreTnyeckas JuarpaMMa cBOOOJHOPAIMKAILHOTO OPOMUPOBAHUS METaHa

®topun kxobambera (I1I) perenepupyrot, mpomyckas udepe3 CoF, Tox
¢Topa.

BpomupoBanue MeraHa MeHee SK30TEPMUYHO, YeM XJIOPUPOBAHUE.
IlepBast cranus pasBUTUSL LENM XAPAKTEPU3YETCSl BBICOKMM JSHAOTEP-
mMudeckuM spdextom: AH] = +16 kxan/monb (IpHU XJIOPUPOBAHUU
AH} = +1 kkan/monb). DTO 03HA4YaeT, YTO CBOOOAHAS DHEPIUS AKTH-

BallUU AG?"é IUIsl TaHHOHM cTaauu OpOMHUPOBAaHUS METaHa JO0JDKHA ObITh

HaMHOTrO BBIIIE, YeM JUJIsl XJIOpUpOBaHUA. JleMCTBUTENBHO, AG?é TS
nepBoii craguu pa3suTusa uenu (18 kkan/monb; puc. 4.6) npu 6pomu-
POBaHUU HAMHOI'O IIPEBBIIIAET AG?é JUIsL XJIOPUPOBaHUs (4 KKaj/MOJIIb).
TerutoBbie 3 (hEKTH BTOPOW CTAAWHM Pa3BUTHS LM MPH OPOMUpPOBa-
HuU (—24 KKaJI/MOJIb) ¥ TIpHU XJIOpHpoBaHUU (—26 KKaJI/MOJIb) BEChMa

OJTM3KH, U SHEPTHH aKTHBAIIUU AGz'é JUTsT 000UX TIPOIIECCOB TOXKE OUCHD

MaJIo pa3iuyaroTcs. 3HAUNUTENbHO OoJiee BHICOKOE 3HAuYE€HHE AG?’é JUISL
OpOMHUPOBAHUS YKa3bIBAaCT HAa TO, YTO OPOMHUPOBAHUE METAaHA IPOTEKAET
C MEHBIIEH CKOPOCTHIO, YEM XJIOPHUPOBAHHE.

HonupoBanue MeTaHa HAET C HUYTOXXHO MAaJloil CKOPOCTBIO Ja-
ke npu 300-500°C w mo3ToMy NPAKTHYECKH HEOCYLIECTBUMO.
Upe3BpI4allHO HHU3Kasi CKOPOCTb HOAMPOBAHMS OIPENEISeTCs BBICO-
KOM DJHEeprueil axkTUBaUUU IIEpBOM CTaJuu pa3BUTUS OSTOM Lenu:
AG?’E = 34 kkan/moinb. Takoe BbICOKOE 3HAYCHUE AG?’é HE YIUBHUTEIILHO,
HOCKOJIbKY IIE€pBasi CTaausl pocTa LENH HOAWPOBAHMUSA CHIIBHO 3HJO-
TepMuuHa (AH] = +33 kkan/monb). ITo3ToMy KOHIIEHTpaIMs aTOMOB
noza, 00nagaImX SHeprueil, HeoOXOAUMOM [Vl IPEOAOICHUS IEPBOTO
SHEPreTHYECKOro Oapbepa, HUUTOXHO Maja faxe npu 300°C. Ilpu 6onee
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BBICOKHMX TeMmIeparypax oOpasyrommuiics HI serxko BoccranaBimBaeT
CHj31 o6patao mo CH4 m .

ComnocrapneHne 3Ha4eHUH SHTAIBIUY JUIS KaKJI0W CTauM rajiore-
HUPOBaHMS METaHa, a TAK)KE CONOCTABIICHUE 3HAYCHHUN YHEPIHH aKTHU-

Baluy AG?é u AG;é o0enx cramuii pa3BUTHS LEMH TPUBOAAT K BBIBOLY,
YTO CKOPOCTH BCETO IPOoIIecca ONMPEAesaeTcsi CKOPOCTHIO IEPBOM cTaIuu
pocTa 1enu, uMerolIei Haubosee BRICOKOE 3HAUCHUE AGT. 3TOT BBIBOJ
ocTaeTcsl B CWiIe s J1r000ro rajoreHa v jJr0oro ajkaHa.

[IpuBenennsie B 3TOM paszfeliec AaHHBIC MO JHTAIBIUAM PEaKIUU
W JHEPTWsIM aKTHBAIMKM TaJOTEHHPOBAHHSI METaHa BBIABIIIIOT OIpe-
JIEJICHHO BBIPAKCHHYIO 3aKOHOMEPHOCTB: UEM BBINIC TOJOKUTEIHHAS
SHTAJBIUS KaXKIOTO IIPOIECCa, TEM BBIINIC €r0 DHEPTUS AKTHBAITHH.
DTOT BaKHBIA BBIBOJ MOXKET OBITh PACIIMPEH U IS MHOTHX JPYTHX
TOMOJINTUYECKHUX PEaKIMi B Ta30BOH (aze WIM B HEMOJIPHOU cpere,
YTO MO3BOJISIET IPOTHO3UPOBATH CKOPOCTh TAKOTO POAA PEAKIUIl TOIBKO
Ha OCHOBaHUH TEIIOBOTO d(h(eKTa peakiium.

4.4.3. TAJJOTEHUPOBAHUE 'OMOJIOI'OB METAHA

MexaHu3m rajoreHUpOBAaHUS TOMOJIOTOB METAaHa TaKXKe SIBISETCS
[ENHBIM PaJnKaJIbHBIM U MAJIO OTIMYAETCS OT MEXaHU3Ma TaJOTeHUPO-
BaHUsl CaMOr0 METaHa, OJIHAKO IPU raJIOTEHUPOBAHUH IIpOIaHa, OyTaHa
W JIPYTHX aJKaHOB BCerga o0pa3yeTcs CMEeCh HE TOJBKO IPOIYKTOB
MOJIUTAJIOTEHUPOBAHNS, HO U CMECh U30MEPHBIX NMPOAYKTOB 3aMEILEHUS
OJTHOTO aTroMa Bojopona Ha raysoreH. CaMbIMH ClIaOBIMH CBSI3IMHU C
HaWMEHBIIICH SHEpruel sABIsItoTCs B ankaHax cBs3u C—C, a He cBs3u
C—H. TeMm He MeHee pajiuKaibHbIE PEaKIMy 3aMEeIICHUS B aJIKaHAX MIPHU-
BOJST NIOYTH UCKITIOYHUTENILHO K pa3pbiBy cBsizu C—H. Dto o0ycnosieHo
TEM, 4TO YIJIEPOHBIE IIEMH B allkaHaX MPOCTPAHCTBEHHO OJIOKUPOBAHBI
ce3simu C—H, mostomy arakyrommid aToM WM paiMKal oOpasyeT
HOBYIO CBSI3b C aTOMOM BOJIOpOia, a He yriepoaa. ATaky IO YIJIEpOLY,
TakuM 00pa3oM, 3aTPyAHSIOT MPOCTPAHCTBEHHBIE NpensiTcTBU. Ho 310
HE 03HAYaeT, YTO a0COIFOTHO BCE PEAareHThl BCETNa aTaKyIOT allKaHBI 110
ce3u C—H. B peakmusax ¢ noHHBIMEH pearcHTamu (cM. pasmd. 4.4.10)
[JIABHYIO POJIb UTPAIOT MOJISIPHBIC, & HE MPOCTPAHCTBEHHBIC 3((EKTHI.

B mpomane He Bce aToMbl BoJoposa dKBHUBaJeHTHEL. LllecTs n3 HUX
MPUHAJUICKAT JBYM IEPBUYHBIM aroMaM YIjiepoja, a JBa JIPYrHx —
BTOPUYHOMY aToMy ymiepoia. Ha oCHOBaHWM YMCTON CTATUCTHKH IPU
MOHOXJIOPUPOBAaHUH TMPOMNAaHa CJIeJ0BAI0 Obl OXKHMIATh paclpeieicHue
M30MEpHBIX |-XjoprponaHa u 2-XJOprporiaHa B COOTHoIIeHuu 3 : 1.
HeiictBurensHo, pu S00°C COOTHOIIEHUE ITUX MPOAYKTOB OIHM3KO K
3: 1. Ognako npu Ooyiee HU3KUX TeMIIEpaTypax HaOIIONAeTCsS HHOE CO-
oTHoLIeHUe n3oMepoB. Tak, Hanpumep, B pactBope B HerosipuoM CCly
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NpY XJIOPHPOBaHUM IporaHa npu 25°C, HHUOUHPYEeMOM OOITyueHHEM,
obpasyetcst cmech 43% 1-xmoprpomnana u 57% 2-xjgoprnponana:

CH;CH,CH; + Cl, SN CH;CH,CH,Cl+ CH3;CH(CI)CHs.
CCla,25° (43%) (57%)
DTO 03HAYaeT, YTO U30MPATEIHLHOCTh 3aMEIICHHS O] JCHCTBHEM aTo-
MapHOTO XJIOpa pacTeT MPHU MOHWKEHUH TeMIepaTypbl. DHEPTHUS CBSI3U
C—H s Bropuunoro aroma yniepopa CH,-rpymnmel mpomaHa Ha
3 kkan/Moib HUke, yeM 3Heprus C—H-CBsI3M IS MepBUYHOTO aToMa
ymiepona CHs-rpynmnsl. [loaTomy 3aMmenienre npu BTOPUYHOM YIIIEpPOJ-
HOM aToMe HJET C 0oiiee BHICOKOH CKOPOCTHIO, YEM NpPU MEPBHYHOM.
Ho B MpoIraHe MMCETCA MICCTb PABHOLCHHBLIX AaTOMOB BOAOpOAAa IIpU
JIBYX TIEPBUYHBIX aTOMax yTJIepoja M TOJIBKO J[Ba aToMa BOAOpOna MpH
BTOpUYHOM yriiepozae. OTHOCUTEIbHAS PEaKIIMOHHAs CIOCOOHOCTH JIBYX
pasnuaabix C—H-cBsi3eit MOXKET OBITH BEIpa)KEHA CIEAYIOMAM 00pa3oM:

BTOpMYHBIA  57:2

4:1.

nepBUUHBI  43:6

B Tex xe ycnmoBusx 2-meTmimnpomnaH odpasyer 36% 2-Xiop-2-MeTHII-
npomnana (mpem-Oytunxiaopuna) u 64% 1-xjaop-2-MeTuinponana:

CH;
CH;—C—CH;+Cl, — ™ CH;~C—CH; (36%)+
CCly,25°C |
CH; Cl
CH;

+CH;—CH—CH,—Cl (64%).
DTO COOTBETCTBYET PEaKIIMOHHOH crocoOHOCcTH TpeTruHoi C—H-cBsi3n
oTHOCHUTENbHO nepBuuHOo C—H-cBs3m kak 5 : 1:

i 36:1
TPETUYHBIA 5.1

NepBUYHBI 64 : 9 -

Takum o00pa3oMm, peakIHOHHAs CIHOCOOHOCTH aTOMOB BOAOPOAA
MpH pa3IMYHBIX THIAX aTOMOB YINIEPOAa YMEHBIIAeTcs B PsIy
TPETHYHBIA > BTOPUYHBIA > MEPBUYHBIA M CEJICKTUBHOCTh XJIOPHPO-
BaHWS 3aMETHO 3aBUCHUT OT TeMIIepaTypsl (Taom. 4.5).

CyTbh peakiu MeXJ1y paJuKaioM WM aTOMOM U aJIKaHOM COCTOUT
B TOM, YTO B HEH y4acTByeT OAHOKPATHO (OAHOAIIEKTPOHHO) 3aHSATas
MonekyisipHas opourans (O3MO) pagukana unu aroma. O3MO moxer
WM OTJAaBaTh WM TPUHUMATH OJWH DJIEKTPOH, T. €. B PEaKIIUI0 MOXET
BoBiekathbcsa kak HCMO, tak 1 B3MO aikana.
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Taonuma 4.5

3aBHCHMOCTD CeIeKTHBHOCTH CBOOOIHOPAJAMKAJIbHOIO XJIOPHPOBAHUS
aJIKAaHOB OT TeMIePaTypPbI

Bonopon Bonopon Bonopon
Temmeparypa, IIPU TIEPBUYHOM [PU BTOPUYHOM MPU TPETUYHOM
°C yraepoze yriepoze yriepoze
B CH3-rpynne B CHy-rpynne B C—H-rpynne
200 1 3,9 5,1
300 1 33 4.4
600 1 1 1

Paccmorpum [uist npuMepa B3auMOAEHCTBHE aTOMA XJI0pa C METAHOM
(puc. 4.7). B atom cirygae sHepretudeckre yposau O3MO aToma xjopa
u B3MO merana 6mmke, ueM sHepretuueckue yposau O3MO u HCMO,
u Bo3mymieHue Mexay O3MO u B3MO OyzeT riaBHBIM.

B mpomnane (u apyrux nguHedHbIX ankaHax) B3MO naxoautcs B
OCHOBHOM Ha aTtomax yriepona (puc.4.8) u momxon k stoit B3MO
THTIA Oc—c TMPOCTPAHCTBEHHO 3aTPy/AHEH (MHa4Ye OBl IPH XJIOPHPOBAHUN
pazpobiBanuch cBs3u C—C). 3HauuT, peakiys MnporaHa ¢ aToMOM XJIopa
HEe MOkeT uartu myteM B3ammoneiicteus B3MO (C;Hg)—O3MO(CI).
Bsaumogeiictene O3MO—HCMO umeno 061 BEICOKYIO SHEPTHIO aKTHU-
BaIliH, TaK KaK 3TH OPOUTAIIN CHITBHO PA3INYaroTCs 1Mo sHeprun. OHaKO
B mpona”e HemMHoro Hmxe B3MO rexaT 1Be MOYTH BBIPOXKIECHHBIE
opOuTany, B KOTOPBIX BBICIIAs AJIEKTPOHHAS TUIOTHOCTh HaXOIUTCS
y aToOMOB BOAOPOJA, CBSI3aHHBIX C LEHTPAJbHBIM aTOMOM YIJIEpOja.
CrenoBarenbHO, aTaka aroMOM XJIOpa C TOYKM 3peHus teopuun MO
JIOJKHA TIPOUCXOMUTH 1O aTOMaM BOIOPOAA B TMONOKEHHH 2. IDTO
coracyeTcsl ¢ BBIBOAAMH, OCHOBAHHBIMH Ha PAacCMOTPEHHH SHEPTUU
ceszeit C;—H u C,—H B mpomane (cM. BbILIe).

- HCMO(CH, ) \%(
03MO(C1 3p) —+—<"_ np%

o
0yy,

835, e
a”Mo _\/]6/‘/0@ Q

POTae~— _u mamo(cH, )

Puc. 4.7. Cxema, WIUTIOCTpHUpYIOIIAs MpeanoyTuTeNsHoe B3anmoaeiicteue O3MO atoma
xsopa ¢ B3BMO merana. Meran nmeer Tpu Beipoxaenasie B3MO u HCMO (puc. 1.17).
Jl11 IpoCTOTHI 311€Ch MPUBEAEHBI ICKU3bI I Ul oAHoH U3 Tpex B3MO u HCMO
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Puc. 4.8. O0bscHeHHE TPEINOYTHTEIHFHOTO OTIICIUICHHUS BOZOPOAA OT LEHTPAIBHOTO
aToma IpomnaHa

CeNeKTUBHOCTh CBOOOIHOPAIUKAILHOTO XJIOPHUPOBAaHUS aJIKaHOB B
LIEJIOM HEBBICOKA, M JTOT METOJ YPE3BBIYAHO PEIKO MPHUMEHSETCS B
1a00paTOPHBIX YCJIOBHSIX Ul TONYyYEHHsS WHIUBHIYaJIbHBIX aJKUIITa-
JIOTEHHJIOB, HO OH MPHUMEHAETCS B IPOMBIINIJICHHOCTH AJIS ITOJy4YEHUS
CMECH aJIKUITaJONeHUJ0B, a U3 HUX —CMeCU cnupToB. McknroueHue
COCTABIISIET XJIOPUPOBAHUE YIVIEBOAOPOIOB IIPH KOTOPOM HEBO3MOXKHO
o0Opa30BaHuE U30MEPHBIX MPOIYKTOB, HAPUMEP:

CH3 CH3
| |
CH3—(|J—CH3 +cl, CH3—(‘Z—CH2C1 1 HCI
CH3 3

CH
Cl
O NG LA g 4 HCI (sbixon 57% )

BpomupoBanue amkaHOB — HaMHOTO 0oOJjiee CEJICKTHUBHBIN Tpoliece,
4yeM XJopupoBaHue. Tak, HampuMmep, Npu OPOMHPOBAHHH H-TIPOIIAHA B
ra3zoBoit daze mpu 150°C momyvaercs 97% 2-6poMriporiaHa U TOIBKO
3% 1-Opommponana:

CH3CH,CH; + Bry, 22", CH;CH,CH,Br (3%) +

TerutoBo#t addekT I MepBOM CTaTuU pPa3BUTHSA IICMH JBYX 3THX
KOHKYPHUPYIOIIUX IPOLIECCOB IOCTATOYHO CHIIBHO Pa3InvacTCs:
KK
CH;CH,CH;3; + Br- — CH3;CH,CH;" —I—HBI'—l-AHO, AH® = +10,5 ;
H-TIPOIHIT MOJIb
(IepBUYHBIN pajnKai)

CH;CH,CHs + Br+ — CH;CHCH; +HBr 4 AH®, AH® = +6

U30-TIPOIIUIT MOJIb
(BTOPHYHBIHA pasuKa)
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Bricokast ceneKTUBHOCTD NPH OPOMUPOBAHUH aJIKAHOB MPOSIBIIAETCS
OCOOCHHO SIBHO B TOM Cllydae, KOTJa aToM BOJOpOa HaXOIUTCS TPHU
TPETUYHOM aroMe yriepona. Tak, Hampumep, 2,2,3-TpUMETHWIOyTaH
npu OpoMupoBaHUM gaeT Ooixee 97% TPETHYHOTO AJIKWITAIOTEHUAA,
HECMOTpS Ha TO YTO Ha OJIMH aTOM BOAOPO/A MPHU TPETUUHOM YIIIEPOJIe
MpUXOANTCS 15 aToMOB BOZOPO/Ia MPH MEPBUYHBIX aTOMax yIieposa:

CH,;
(CH3);C—CH—CH;+Br, C’# (CH3);C—C—CH; (97%).
4
CH3 Br

CenextuBHOCTh OpoMupoBanus ankanoB rnpu 200°C cocrapnsier 1 s
CHjs-rpynnst; 90-100 — ans Bropuunoit CHp-rpynmer u 1600 — mist
tpetuunor CH-rpymnmnsbi.

B peaknusax cBoOOJHOPaAMKaILHOTO XJIOPUPOBAaHUS U OpOMHUpPOBa-
HUS aJIKaHOB peayin3yeTcst O0Imast sl OpraHMYeCKUX Peakiuii 3aKoHO-
MepHOCTh: Ooiyiee akTuBHBIM areHT (Cl*) MeHee CEJIeKTHBEH, a MEHee
aKTUBHBIN peareHT (Br+) Oojee celeKTHBEH.

Bonee BbIcoKylo M30HMpaTelbHOCTH aToMa OpoMa IO CPaBHEHHIO C
aTOMOM XJIOpa MOKHO OOBSICHHTH C TIOMOIIBIO TIOCTylaTra X3MMOHIIA
(eMm. 1. 3, pasz. 3.4.5). IlepBas cranus pa3BUTH LIETIH IPU XJIOPHUPOBA-
HUW TIpoTaHa dk30TepMuyHa (AH° = —5 KKaJI/MOJb), TOTAa Kak mepBas
CTamusl pa3BUTUSL LENM NP OpPOMUPOBAHMHW MPONAHA SHIOTEPMHUYHA
(AH° = 410 kxan/mons). CriemoBaTelIbHO, DHEPTHS AKTHBAIMH IS
OpOoMUpOBaHUS JOKHA OBITH BhIIIE, YeM /sl xJiopupoBanusi. CornacHo
nocTyaary XsMMOHA, I DHIOTEPMHUYECKOTO IIPOIecca MepexoHoe
COCTOSIHME TI0 SHEPIHMHM M CTPYKType MOAOOHO NpPOAYyKTaM peakLuH,
B JK30TEPMHUYECKOM TMPOIECCe TEPEXOJHOE COCTOSHHE TI0 CTPYKType
HalOMHMHAET MCXOIHbIE peareHThl. CXOICTBO MEPEXOTHOr0 COCTOSHUS
SH/IOTEPMHUYECKON PEAKIMH C TPOAYKTaMHU JIOJDKHO BKIIOYATh B ceOs
OHEPreTHYECKOE Pa3iniyie B TEPMOIMHAMUYECKONW CTAOMIBLHOCTH MPO-
JTyKTOB PEaKINH, OTKY/Ia CIEeIyeT, YTO YHA0TEPMHUIECKIE pEaKkiiuy Ooee
CEJIeKTHBHEI.

Ha puc. 4.9 npuBeaeHbI epexoHbIe COCTOSHUS I OpOMHUPOBAaHUS
W XJIOpUPOBaHUS IpolaHa B mojoxeHus | m 2. B Oomee mo3mHeM
MIEPEXOHOM COCTOSIHUM OpomupoBaHus cBsi3b C—H mouTH MOTHOCTHIO
pacimeruieHa ¢ 00pazoBaHHEeM CBOOOTHOTO alKIJIBHOTO paaukana. B o1-
JMYUE OT 3TOr0 B MEPEXOAHOM COCTOSHUM XJopupoBaHus cBsizb C—H
pacieruieHa ToJIbKo B OY€Hb MaJIOH CTETICHH.

B supotepmuueckoM OpOMHUpPOBaHHM, TN NEPEXOJHOE COCTOSHHUE
MOJ00HO paIvKaIbHOMY MPOMYKTY, pa3HHIA B DHEPTUAX aKTHBAIIUU
OpOMHPOBaHUs MPOIMAHA B TIOJIOXKEHHUs 1 U 2 COCTaBIsET 2,5 KKaJl/MOJIb,
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(CH3),CH® + HCL
CHyCH,CH, + CL*
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koopburara peakyuu

Puc. 4.9. Dueprernueckue aumarpaMMbl OpOMHUpOBaHUS (BBEPXY) M XJIOPHUPOBAHUS
(BHH3Y) IpoIIaHa 10 MEePBUYHOMY U BTOPHYHOMY aToMaM yIiiepoja

YTO COOTBETCTBYET Pa3iIMUYUIO B DHEPTUU MEXKIy NMPONMIBHBIM M H30-
NPONUJIBHBIM paJUKallaMH, paBHOMY 3 KKaji/Moub. B 3K30TepMHYHOM
XJIOPHPOBAHUM PA3HULA B DHEPIHAX aKTUBALMM COCTABIIAET BEINYUHY
JHIIb OKOJIO | KKaj/MOIlb, KOTOpasi CWIIBHO OTIMYACTCS OT Pa3HHUIIBI
B JHEPIusAX IEPBUYHOTO M BTOPUYHOIO paaukana. Takum obOpaszom,
nocTtynar X5MMOHJA Ha KauyeCTBEHHOM YPOBHE IPAaBUIIBHO IPEJICKa-
3bIBaET 0OJIEE BBICOKYIO CEJIEKTHBHOCTH MEHEE aKTMBHOIO PEarcHTa B
SHJO0TEPMHUYECKOM IIPOLIECCE.

4.4.4. CTABUWJIBHOCTDB AJIKWJIBHBIX PATUKAJIOB

[Ipu paccMOTpeHHM CEICKTUBHOCTU TaJIOTEHUPOBAHUS AJTKAHOB B
MIPENBIAYIIEM pasfeiie ObUIO yCTaHOBIEHO, YTO JJIST BCEX TaJIOTCHOB
CKOPOCTh 3aMEIICHHUS BOAOPOAA Y YIIEPOAHOTO aToOMa IOHMKAETCA
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B psly TPETUYHBIA > BTOPUYHBIA > IEPBUYHBIM, KOTOPBIM IPSIMO
MIPOTHUBOTIONOKEH psiay sHepruit C—H-cBs3u B ankanax (tadm. 4.6);

RH —R-+ -H+AH°.

[Ipu cpaBHeHuM 3Hepruil NepBUYHON W BrOpuuHOM cBazed C—H B
npornaHe BUIHO, YTO OHU pa3invaroTcs Ha 3 Kkaj/mMoub. [Tockonbky uc-
XOJIHOE COEMHEHNE U OJIMH U3 paauKayioB H+ omHu u Te ke, oTa pa3HuIa
OTpaxacT TOJIbKO pa3jiIniune B CTa6I/IJ'H:HOCTI/I TMEPBUYIHOIO U BTOPUIHOI'O
panukanos. [logoOHOe ke pa3nuune B SHEPTUU TUCCOLUAIH H300y-

tana (CH;);CH na (CH;3),CH—CH, u H- (98 kkan/mMonb) U ero xe
auccormarmu Ha (CH3)3C+ n H- (92 kkan/Monb) oTpaxkaeT pasindue B
CTaOWIILHOCTU TEPBUYHOTO M TPETUYHOTO pajukayioB. Ha ocHOBaHWU
3THX JAaHHBIX MOXHO COCTaBUTh PsiJi OTHOCUTEIBHON CTAOMIBLHOCTH
AJIKUJIBHBIX PAIUKAJIOB: TPETUYHBIA > BTOPUYHBIN > NepBUYHBINA. Eie
0oJiee BBICOKOM CTaOMIILHOCTBIO 001aJal0T aJIMJIBHBIA U OeH3MIbHBIN
pamuKaibl, TOrJa Kak (CHWIbHBIH W BUHWIBHBIA paJUKalbl MEHEE
CTAaOUJIbHBI, YeM METUIIPAJKAIL:

C¢HsCH, ~ CH,=CHCH, > (CH;);C > (CH;),CH >
> CH;CH,CH, ~ CH;CH, > CH; > CH,=CH > C4Hs-.

W3MeHeHnne B CTaOMIIBHOCTH aJKWJIBHBIX PATUKATIOB OOBIYHO CBS-
3BIBAIOT C COBMECTHBIM JICHCTBUEM JIByX A(PQEKTOB — FHIIEPKOHBIOTA-
UM U CTepudeckoro. [WrepkoHbBIoTaIys Kak BHYTPUMOJEKYISIPHOE
BO3MYIIICHHE IMOAPOOHO OINKCaHAa B IIaBe 2 Ha MPUMEPE STHUIHHOTO
kaTtroHa. COBEpIIEHHO aHAJOTUYHO MOXXHO paccMaTpHUBaTh CTAOWIIH-
3alMI0 PAAUKATBHOTO LEHTPAa COCECAHUMH METHWIBHBIMU TPYIIAMU;
HanpuMep, 00JbIIas CTaOMIHPHOCTD STHIIBHOTO PajifKaia 10 CPaBHEHUIO
C METWJIBHBIM 0OYCJIOBJICHA B3aMMOJICHCTBUEM TPYIIIOBOI opOutanu P
nByx cBs3eit C—H ¢ 2p,-opOurtaibio, HecyIie HecrmapeHHbIH AISKTPOH.
['unepkoHBIOTAIIUIO B pAIUKATIE MOXKHO CYUTATh BHYTPUMOJICKYISIPHBIM
B3aumozeiicteuem O3MO paaukanbHoro nenrpa ¢ B3MO 3amecrtu-
TeNel y paJuKalbHOTO IIEHTPa, KOTOPOE MPUBOAUT K JEIOKAIM3AIUI
HECIIapEHHOTO JJIEKTPOHA.

[Ipu yBenuueHnr Yucia METHIBHBIX 3aMECTUTENCH Y paAuKaIbHOTO
YIJIEPOJHOTO IIeHTpa yBeauuuBaercs uucio ceszeir C—H B B-nonoxe-
HUSX, U, CICA0BATEIBHO, CTCIICHD JCIOKATN3AINHI BO3PACTACT.
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Taonuma 4.6

3Heprnn TOMOJIMTHYECKOH THCCOMAIIHN HEKOTOPBIX AJIKAHOB U JPYIrUX

coeTUHeHn
CBs13b AH?, CBsI3b AH?,
KKaJI/MOJIb KKaJI/MOJIb
H—H 104 CH,=CHCH,—Cl 69
H—F 136 C¢Hs—H 110
H-Cl 103 C¢Hs—F 125
H—Br 88 Ce¢Hs—Cl 97
H—1I 71 C6H5CH2*BI‘ 82
F-F 38 C¢HsCH,—H 85
Cl-Cl 58 CsHsCH,—Cl 70
Br—Br 46 HC=C—-H 125
I-I 36 CH3;CH,CH,—H 98
H;C—H 104 CH3;CH,;—CHj3 85
H3;C—F 109 CH3;—CH3 88
H;C—Cl 84 C,Hs—CHj3 85
H;C*BI‘ 70 (CH3)2CH*CH3 84
H;C—1 56 (CH;3);C—CHj 81
H;C—-OH 91 CH,=CH—-CHj3 97
H;C*SH 70 CHz :CHCHZ *CH; 74
H3C—NH; 80 Cs¢Hs—CHj3 102
HsC,—H 98 C¢HsCH,;—CH;3 72
CH;C—H
HsC,—Cl 81 [ 86
(0]
HsC,—Br 68 HO—H 119
HsCy—1 53 HO—-OH 51
HsC,—OH 91 CH;0—H 102
(CH3),CH—H 95 CH3;S—H 88
(CH3),CH—CI 80 C,Hs0—H 103
CH3;C—CH3s
(CH3)2CH*BI‘ 68 H 77
(0]

(CH3),CH—OH 91 CH3;CH,0O—CH3; 81
(CH3),CH—1 53 NH,—H 107
(CH3);C—H 91 H—CN 130
(CH;);C—Cl 79
(CH3)3C*BI’ 65
(CH3);C—1 50
CH,=CH—H 108
CH,=CH—-Cl 88
CHz :CHCHsz 87
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Ecnu ¢ pagukanbHBIM HEHTPOM CBSI3aH 3aMECTUTENb, 00aal0mni
Me30MepHBIM 3(P(eKTOM, TO CTAOMIBHOCTH AJKHILHOTO pagukaia B
3aMETHOM cTermeHu Bo3pacTaeT. [Ipu 3TOM paaukan cTaOHIN3UpyeTcs
KaK CHWJIBHBIMH T-IOHOPHbIMU (Hampumep, —NHj), Tak u CHIBHBIMU
m-aknenTopHeiMu (Hampumep, —BH;) rpynmamu, a taxke 3amecTu-
TeJIMHU, OOJIErJarolMMK JEJIOKAIM3aLUI0 HECHapeHHOIO 3JIEKTPOHa
(manmpumep, —CH=CH;) B ayumnbpHOM paaukane. Hanpumep, Heammnu-
PUUECKUI pacdeT SHepruu CTabMIM3aluy METHIBHOTO pajMKajia IpU
3aMEeHe OJIHOTO aToMa BOJOPOJAa Ha 3aMECTUTENb X JaeT CIeTyIoIue
PE3yIIBTaThI:

XBXéHz H —-BH, —CH; —NH, —CH=CH, —C=CH —-C=N C(l
OtHocurenpHas 0 11 2 10 21 15 11 3
SHEPrust

CcTa0UIM3aIuu,

KKaJ1/MOJIb

Kak BuaHO, 3amenienue atoma Bojopoaa B paaukaine CHiz Ha nr00yr0
TPYIITy TPUBOAUT K CTAOWIW3alMM pagukaja, WHOTIA HEOOIBIIOHN
(X = CHj;, Cl), Ho unorma ouens 3ametHo# (X = CH=CH,).

Ha cTabuimbsHOCTE aTKHIBLHBIX PAANKATIOB BIIHSIOT TAaKKe MMPOCTPAH-
cTBeHHbIE (akTopbl. [IpocThie aNKHIbHBIC PaJUKaJbl SBISFOTCS IO-
YTH IUIOCKHMH YaCTHIIAMH, B KOTOPBIX HECTAPCHHBIN JIIEKTPOH 3aHH-
MaeT IMOYTH HETrHOPHJIM30BaHHYI p-opOutans. Hampumep, B mpem-
OyTHJIIBHOM paJuKalie METHJIBHBIE TPYIIIBI OTKIOHSIIOTCS OT TUIOCKO-
ctu Bcero Ha 20°. CnenoBaTenbHO, IPOCTPAHCTBEHHOE OTTAJIKUBAHUE
MEXIy 3allOJTHCHHBIMHU JJICKTPOHHBIMH O000JIO0YKAMHU TPEX METHIBHBIX
rpynn B u300yTaHe OyJeT B 3HAYUTEIBHON CTEICHU OCIA0IATHCS NpU
muccornuanum cBs3un C—H:

H

HaC_
he s — T X—0H,
3 CH; (NOYTM NAoCKMi)

H3C H3C

Ecnu B xayecTBe Mephbl CTaOMIBHOCTH ANKHIBHOTO pagvKaia MbI
BBIOEpEeM dHepruto muccoruanuu cs3n C—H B ankanax, To yka3aHHBIN
MPOCTPAHCTBEHHBIH 3PPEKT OyaeT JOMOTHUTENBHO K THIIEPKOHBIOT ALK
CTAaOUIM3UPOBATH Mpem-0y THIBHBIN paiKall IO CPABHEHHUIO C METHIIb-
HBIM.

4.4.5. CYJIIb®OXJOPUPOBAHHUE AJIKAHOB

BaxHoli B mpakTUYE€CKOM OTHOIIEHUH PEaKIUued SBISIETCA CYJlb-
doxnopupoBaHue ankaHoB. [Ipy B3aMMOAEHCTBHU alkaHa C XJIOPOM
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U CEPHUCTHIM AHTUJPUIOM IPU OOIYYCHUU MPOUCXOIUT 3aMEIICHUE
BOJIOPOZA Ha XIJIOPCYIb(POHWIBHYIO TPYIIITY:

hv //O
RH + SO, + Cl, — R—SCl + HCI.
o

aJIKaH-
cyab(OXIOpHULI

OTa peaxius TakKe MPOTEKaeT MO0 IEMHOMY PaJKaIbHOMY MEXaHU3MY:

Cl, LNpTe WHUAIIHAPOBAHNE

RH + CI- — R+ + HCI
//O
R:-+ SO, — RS-
A
O pa3BuTHE LIEHU
//O
+Cl, - RSCl+Cl-
o

Jlerko 3ametrmth, uTto TMoMmMO RSO,Cl B 3TO#f peaknuu TOJKHBI
[OJy4YaThCs M XJIOPIPOMU3BOAHBIE B PE3YIbTATE LEMHOr0 IPoliecca XJIo-
pupoBanwus. KirroueBoit ctagued st 000MX KOHKYPHPYIOMINX MPOTIeC-
COB XJIOPHPOBAHHS U CYIb(HOXIOPUPOBAHUS SBISICTCS B3aMMOJCHCTBUE
alKwipajarkana ¢ xjaopom uwin SO;:

R+ Cl, — RCl 4 Cl-,

RS-

7N\

O
O

YToObl TONABUTh PEAKLINIO XJIOPUPOBAHHUS, CYIb(POXIOPUPOBAHUE AJIKa-
HOB TIPOBOIAT TIpH OosbmioM M30bITKE SO;, KOTOPHIN BBITOIHSICT POJb
«TepexBaTUMKay aJKWI-paguKkaja C pPa3BUTHEM HOBOW pagUKaIbHOU
ren. CeneKTUBHOCTh 3TOTO TpoIlecca HEBeNHWKa M Io00Ha CeleK-
TUBHOCTH TIPH PaJNKaIbHOM XJIopupoBaHuu. 13 mponana oOpasyrorcs
MIPUMEPHO B PAaBHBIX KOJUYECTBAaX 00a BO3MOXKHBIX M30Mepa:

CH;CH,CH; % CH;CH,CH,S0,Cl (48%)+
v, 50°

+CH;CH(SO,CI1)CH; (52%).

AnKaHCynb(hOXIOPHUIBI TIPEICTABIAIOT COOOW XJIOPAHTHIPHIIBI all-
kaHcynbdokucor R—SO3;H. Onu terko ruapoau3yroTcs 10 cyiab(okwc-
JIOT, KOTOPBIC OTHOCATCA K OUCHBb CHUJIbHBIM KHCJIOTaM. Hx HaTpHUCBLIC
conn obpa3yrorcs mpu B3aumoxneiictuu RSO, Cl ¢ BogHBIM pacTBOpOM
TUAPOKCHUAA HATPpUA UJIN COObL:

RSO,Cl + 2NaOH — RSO Na® + NaCl + H,0.
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[Ipu cOOTBETCTBYIOMIUX pa3Mepax aNKWIbHBIX TPYII OHU MPOSBISIOT
CBOICTBAa THUIMYHOIO I[OBEPXHOCTHO-AKTHUBHOIO BELIECTBA U I0O3TO-
My 4pe3BbIYalHO IIMPOKO MCIIOJIB3YIOTCS B KaueCcTBE JAETEPreHTOB.
ATNKuIbHAA TPyIIa MPHUAAET ITHUM COJSAM JUNO(UIBHBIE CBOICTBA,
a WOHHAs CyJb(pOHATHAs IPyIINa SO?—rI/mpoq)Hanme cBoiicTBa. Y
coJIell ¢ aJKWJIBHOM TIpymnmou, cozjepxkaimiet 8—16 atomoB ymiepoja,
muno(uiabHble U TUAPOQUIBHBIE CBOMCTBa COAAHCHPOBAHBI TAaKUM
00pa3oM, 4TO OHU SMYJIBTUPYIOT B BOJIE )KUPHI M Macina. CHHTeTHYeCKre
JIETEPTEHTHI MOIYYAt0T B MPOMBIIINICHHOCTH B OTPOMHBIX KOTHUYECTBAX
CyIb(hOXTIOPUPOBAHUEM KEPOCHHOBOU (pakiinu HeTH O3 pa3maenecHus
Ha KOMIIOHEHTHI. [TIaBHBIH HEJIOCTAaTOK 3TOr0 METoj]a — 3arpsi3HEeHUe
OKpy’Karomei cpeapl (BOZOEMOB, PEK, 03ep, MOpei) JeTepreHTaMHu,
MPUMEHSIONUMUCS TPU (UIOTAllMU U B OBITOBBIX YCJIOBUSAX. bakTepuu
pas3iaraioT COJH alKaHCYTh(OKHUCIOT C HePa3BETBICHHON YIIepOTHON
1Ienbl0, HO OHN Hed(P(PEKTUBHBI TIPU AECTPYKIHH aJTKAHCYIb(OKUCIIOT C
pa3BeTBIEHHOM 1lenbio. BaxxHeimas mpobiemMa COCTOUT B UCIOB30Ba-
HUU COBPEMEHHOH TEXHOJIOI'MH, OCHOBAHHOI Ha HUCIONb30BAHUHN CMECU
H-aJIKaHOB.

4.4.6. TIAPO®A3ZHOE HUTPOBAHUE

JByoxucs azora *NO, npencrasisieT co00i OTHOCUTENBHO CTAOWIIb-
HBI HEOpTraHWYCCKUH CBOOOTHBIA paauKall, TUMEPHU3YIOIIHIACS B TCT-
paokuchk azora NoOy4 Tonbko npu Temneparype Hmwxke 150°C. JIByokuch
a30Ta MOXET UT'PATh Ty K€ POJIb B PaIMKaJIHLHOM 3aMEIICHUN BOJIOPO/Ia B
aJKaHaXx, YTO M aTOM TajoreHa. bosiee BrIcoKasi CTaOMIBLHOCTD pajuKaia
*NO;, 1o cpaBHEHHIO C aTOMapHBIM TaJOT€HOM OIPEIeNIeT MEHBIITYIO
PEaKIMOHHYIO CIOCOOHOCTh JBYOKUCH a30Ta B PaIUKaIbHBIX PEAKIIHUIX.
OyukiuonanbHasg *NO,-rpyrina B OpraHM4ecKOM XUMHUM Ha3bIBAETCSA
HUMpPOZPYnnot, a caM TPOIecC 3aMeIIeHHs BOAOPOia Ha HUTPOIPYII-
my — peaxyueti HumpoeaHus. HuUTpoBaHWE aKaHOB IIOJ JCHCTBHUEM
pasz6aBnenHoi 10-20%-i a30THOIN KUCIIOTHI ITpH HarpeBanuu 1o 150°C
B aMITyJaxX BIlepBbie Obu10 BhIoHEHO M. M. KoHOBamoBeiM B 1888 T.
[Ipu HUTpOBaHHMM H-TEKCaHA B ITHUX YCIIOBUSIX 00pa3zyercs 2-HUTPOTeK-
caH ¢ BbIXOJOM 63%. JlanbHeliliee pa3BUTHE ITOT METOJ MOIYYMI B
TaK Ha3bIBACMOM IMapoda3HOM HHUTPOBAHUHM aimkaHoB (Xacc, 1936T).
IIpu mpomyckaHuu cMecH MapoB JByX MOJIEH ajkaHa M OJHOTO MOJIS
KOHIIEHTPUPOBAHHOW a30THOM KMCIIOTHI Yepe3 TOHKHE TPYOKH peaKkTopa
npu 420-450°C srtan, nponat, #-0yTaH 1 U300yTaH 00pa3yIOT CIOKHbBIE
CMECH HHTPOAIKAHOB, COACPIKAIINE TAKXKE COCIUHEHHS C MEHBIIUM
YICJIOM aTOMOB YIJIEpoJa, YeM B HCXOJHOM yIvieBopoposne. M3 srana
noJiy4aeTrcsi cMech, cogepxkamas 90% nurpostana u 10% Hurpomerana.
[Tpy HUTPOBAHWU TPOTaHa MOIydYaeTcs ¢ OOIMM BBIX0J0M 21% cMmech
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HUTPOAJKAHOB CJICAYIOIIETO COCTaBa:

CH;CH,CH; 4+ HONO, 2", CH,CH,CH,NO, +

(32%)
+ CH;3;CH(NO,)CH; + CH3CH,NO, + CH3NO,.
(33%) (26%) (9%)

Takum o0pa3oM, mpu mapodasHOM HUTPOBAHHH PBYTCS CBSI3U HE
tonpko C—H, Ho u C—C, T. €. HUTpPOBaHME CONPOBOKIAECTCA KPEKMHIOM
yIieBoopojioB. HuTpoBaHue MeTaHa a30THOW KHCIOTOW BKIIOYAET
CIIeIYIOIINE CTaIUU:

CHy4 + *NO, — HNO, + CH3';
HNO, + HNO3; —+ H,O +2 'NOZ;

*CHj3 + *NO, — CH3NOx.

Tak xKaK KOHIEHTpaLusi CTAOMIIBHOTO B 9THX yCIOBUAX paaukana *NO,
JOCTaTOYHO BBICOKA, OH OBICTPO pearupyer ¢ METHIbHBIM PaliKalloM,
4T0 00ecednBaeT NpeesbHO HU3KYI0 KOHIIeHTpaluio paaukana CHs u
UCKJIIOYAET Pa3BUTHE NOOOUHBIX pajMKaJIbHBIX Lienel. J[Byokucs a3ora,
TakuM 00pa3oM, HUrpacT poJib IepexBaTiMKa METHJIHOTO pajuKaia.
MexaHu3M napoda3Horo HUTPOBaHUS OTIIMYAETCS OT MEXaHU3Ma Tajo-
TEeHUPOBAHHUS BBICOKOI KOHILIEHTpauuen paaukanbHOW yacTuisl *NO,.
B HacTosiliee BpeMs B KauecTBE HUTPYIOLIETO arcHTa HCIONb3YIOT
JBYOKHUCH a3oTa npu 450°C.

4.4.7. KPEKUHI" AJIKAHOB

IIpu marpeBannu Bbimie 5S00°C ankaHbl MOIBEPTAIOTCS TTUPOTUTH-
YECKOMY PAa3IOKEHHIO ¢ 00pa30BaHUEM CIOKHON CMECH TMPOLYKTOB,
COCTaB W COOTHOIIEHHE KOTOPHIX 3aBHCAT OT TeMIIEpaTypbl 1 BPEeMEHU
peakuuu. [Ipu mupoan3e TPOUCXOAUT PACIICITICHUE YITICPOI-yIIepoa-
HBIX CBSI3€H ¢ 00pa3oBaHMEM aJKIIBHBIX PAIUKaJIOB. DHEPTHH YIIEPOI-
YIIICPOAHBIX CBs3el B aJIkaHax 6HI/I3KI/I MO0 BCJIMYUHC IS TNICPBUYHBIX,
BTOPUYHBIX, TPETUYHBIX W Y€TBEPTUYHBIX aTOMOB yrieposa (tabim. 4.7) u

Tabonuma 4.7
JHepruu yriepoa-yrjiepoaHoii cBsi3M B aJIKaHaX

Yriesonoposn Tun ceszu C—C AH®, KKkan/MoImb
CH;—CHj MepPBUYHBIH—TIEPBUUHBIN 88
CH3;CH,CH,—CHj3 MePBUYHBIII—BTOPHYHBII 85
CH;CH,—CH,CH3 BTOPUYHBII—BTOPUYHBII 82
(CH3 ) »CH—CHj; MePBUYHBIH—TPETHUHBIN 84
(CH3)3C—CHs MEePBUYHBI—YETBEPTHYHBII 81
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B JKECTKHX YCJIOBHSIX MHPOJIM3a pacuierniienue moboit cssu CH, —CH;,
B HOPMAaJIbHBIX AJIKAHAX PAaBHOBEPOSTHO.

Jnst pa3BeTBICHHBIX YIIEBOJOPOIOB MPEHMYIIECTBEHHO MPOHUCXO-
JUT Pa3pblB CBSI3M Y TPETUYHOTO WIIM YETBEPTHUUHOIO aToMa yIiIeposa.

Jiist cBOOOIHBIX aJIKWIIBHBIX PAAUKAIOB XapaKTEPHBI JBa OCHOBHBIX
THUIIa NIPEBPAILCHUSA: PEKOMOMHALNS U AUCHpONOpLIoHUpoBaHue. Tak,
HanpuMep, Npu NHpoIH3e H-OyTaHa MEepBOHAYAILHO 0OpasyloTcs Me-
THUJIBHBIN, STUJIBHBIN U NPONMIBHBIN PAIUKAJIbL:

CH,- + CH;CH,CH,-
600°C
CH;CH,CH,CHj;
600°C
CH;CH; - + CH3CH;-

PexoMOWMHAINS ATUX paJWKallOB MPUBOAUT K OOpPa30BaHUIO CMECH
3TaHa, MpOIaHa, OyTaHa, MEHTaHA U T€KCaHa, KOTOPbIE MOJBEPTatOTCs
moBTOpHOMY pacterieHuto. [Ipu HarpeBanmm Bwimie 600°C pexom-
OMHaLUs paJUKaJIoB, [O-BUJIUMOMY, HE WIPAET CYyIECTBEHHOW pOIHU
U OCHOBHBIM HAIpPABJICHUEM JAIBHEHIIET0 IMPEBPAILECHUS PAJUKAIOB
OKa3bIBaeTCs qUcTporiopuroHupoBanne. CyIecTBYIOT ABa OCHOBHBIX
TUTA JAUCIPONOPIMOHUPOBAHUS CBOOOHBIX AJKHJIBHBIX pajukasioB. B
OJTHOM M3 HUX PaJIFKaJI OTIIEIUISIET aTOM BOJIOPOJIa OT MCXOIHOTO aJIkaHa
WM aJIkaHa, 00pa3yIoIIerocs B pe3ylibTare PeKOMOMHAIIMY PaJIUKAJIOB:

RCH,CH,CH,- + RCH,CH,CH,CH,CH,CH,R —
— RCH,CH,CHj; + RCHZCHQCHZCHZéHCHZR.

DTO MpeBpalIeHUE MOIYUUIIO HA3BAHUE PeaKyu NEPeHOCa PAOUKATIbHOU
yenu. JIpyro THUI TUCTIPOTIOPIIMOHUPOBAHUS AIKWIBHBIX PaJIUKAIOB
HasbIBaeTcs B-pacuyennenuem (B-pacnadom). B pesynbrare -pacnana
TOJTyJYaeTCsl QJIKCH M HOBBIM paguKal ¢ HECIApEHHBIM DJICKTPOHOM Ha
P-yIIepogHOM aToMe MO OTHOIICHUIO K TOJIOKEHHIO HECMapeHHOTO
JJIGKTpOHA B HCXOIHOM pamukaie. Jlamee 3TOT mporiecc MOXKET IIo-
BTOPATHCS 10 TEX MOp, MOKAa B pe3yapTare f-pacmaga HE TOIYyYUTCA
METHUJIBHBIA paguKal U dTUJICH:

B
RCH,CH,CH, CHZCHCHZR Froacnan,
—>RCH2 CHZCHZ + CH,=CHCH,R
B-pacmaz

CH,—CH, +RCH;* — u T 1.
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MeTunpHbI pajiikal B KOHEYHOM MTOIe JaeT METaH B pe3ylbTare
IepeHoca pajaukaibHO nenu. ITocnenoBareabHOCTh MPOTEKAOIINX TPU
9TOM NPEBPALIEHUH JIETKO MPOCIETUTh HAa MOJIEIBHON peaKkiuy MUpOIIU-
3a H-HOHaHa. Kak ¥ [y Ipyrux ajakaHoB, IIEPBOHAYAIBHO B PE3yJbTaTe
romosuTryeckoro pacuieruieHus: C—C-cBsi3n 00pa3yloTcsl alKWIbHBIC
paauKaibl, HaIpUMep:

H-C9H20 i) C3H7' + C6H13 °.

OTu paguKkambl Jajee MOABEPraTcs B-pacmany ¢ pa3pblBOM YIIEPOA-
YIJIEPOJHOM CBSI3U:

CH;CH,CH,+ — CHj+ + CH,=CHy;
CH;CH,CH,CH,CH,CH,+ — CH3CH,CH,CH,+ + CH,=CHa;
CH;CH,CH,CH,+ — CH3CH,+ + CH,=CHy;

CH;CH,- — H- + CH,=CH,.

bosnbliuas 4acTh aJKWIBHBIX PaJMKaJOB BO3HUKAET HE IPU I'OMOJIM3E
C—C-cBsi3u B ankaHe, a B pe3yibTaTe OTILEIUIEHHS OT HEero aroma
BOZOpPOJAa C IOMOILBI0 METHUJIBHOIO paguKaja. OTH PEaKUUH HOCST
Ha3BaHUE NepPeHoca yenu:

CoHy + CHs+ — CH, + CH;(CH,)sCHCH;;

B-pacnag

CH;(CH,)sCHCH; 2™, CH;CH=CH, + CH;(CH,);CH,";

B-pacnag

CH3(CH2)4CH2' — H- + 3CH,=CH,.

ATOM BOJIOpOJIa MJTM METUIIBHBIN pasinKai, o0pa3yloliecs a pe3yybrare
CepHH TOCIENIOBATEIbHBIX IPOIECCOB [-pacmaja, OTHICTUISIOT aToM
BOZOpOJa OT HOBOW MOJIEKYJbl alKaHa, HENPEPHIBHO BO30OHOBIISA
pa3BUTHE paJUKaIbHON 1enu. B 3aBUCMMOCTH OT BHEIIHUX YCJIOBUU
(TeMmepaTypsl 1 BpeMEHH KOHTAKTa C HarpeToi MOBEPXHOCTHIO) ITPH ITH-
poJn3e aaKaHOB 00pa3yeTcs CIOKHAs CMECh JIMOO KUAKUX, JTHOO Ta30-
00pa3HBIX YIIIEBOJOPOAOB. Peakiuu f-pacrajga aJKUIBHBIX PajlKaioB
XapaKkTepu3yloTcs 0ojiee BHICOKOH PHEpruell akTUBALUHU M0 CPAaBHEHUIO
C KOHKYPHPYIOIIUMH TpOIeccaMi PEeKOMOMHAIIMK W TIepeHoca paju-
kasbHOU nenu. IToaromy ckopocTs B-pacnaja ¢ poCTOM TEMIIEPATyphl
BO3pacTaeT ObICTpee, YeM Ui IPYTHX KOHKYPHPYIOIMUX peakmwid. [Ipu
400-500°C u mpu MaioM BPEMEHH BBIICPKKH B MPOAYKTAX MUPOJIN3a
npeoOamaroT XuAKue yrieBogopoasl. OnHako mpu 750-900°C u mmm-
TEJILHOM KOHTAKTE C HAarpeToi MOBEPXHOCTHIO MPeo01aaloT MPOLECcCh
B-pacmiana, MpUBOASAIINE K 0OpA30BAHUIO CIIOKHOW CMECH Ia3000pa3HbIX
YIJIEBOAOPOAOB: ATHJICHA, MPOIUIEHa, OyTeHOB, MeTaHa H JIp. B kade-
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CTBE THUIIMYHOTO MpHUMEpa IPHUBEIEM pacIpeeIeHUe NMPOAYKTOB IIpHU
nuponu3se #-rekcana mpu 700-900°C:

1-CeHyq 222%°C, CH, + CH,=CH, +
(15%) (40%)
+ CH3CH= CH; + apyrue yrieBogopOIbI.
(20%) (25%)

B 1930-1950 rr. nupoau3 BBICIIMX aJKAHOB LIMPOKO HCIIOJIb30BaJI-
Csi B MPOMBINUICHHOCTH JUISA TIOXYYEHHS CIIOKHOW CMECH allkaHOB M
AJIKeHOB, CONEPKAIINX OT TSATH A0 JIECATH aroMoB yriepoxa. OH mo-
Jy4uJI Ha3BaHHUE «mepmuyeckuil kpexune». C TOMOIIBIO TEPMUYECKOTO
KPEKWHTa yIaBaJIOCh YBEIUYNUTH KOJMYECTBO OCH3WHOBOH (hpakiuu 3a
CUET pacUICTJICHUS aJIKaHOB, COACPIKAIINXCS B KEPOCHHOBOW (paKiuu
(C19—Cy5) m dpaknun comspoBoro Macia (Cip;—Cyy). OgHako oOkTa-
HOBOE YMCIIO OCH3WHA, MOJYYEHHOTO NPU TEPMHUYECKOM KPEKUHTE, He
MpeBbIIIaeT 65, 9TO HE YIOBIETBOPSET TPEOOBAHUAM, MPEABABISIEMBIM
K JIBUTATEsIM BHYTPEHHETO CrOpaHHs COBPEMEHHOTO aBToMoOmis. B
HACTOSIIIee BpeMs TEPMHUYECKH KpPEKWHT TIOJHOCTHIO BHITECHEH B
NPOMBILIUICHHOCTH KaTaIUTHYECKUM KpeKnHroM. Karanutuaeckuit kpe-
KWHT TIPOBOJAT B ra3oBoil (ase mpu Oojee HU3KUX TeMIlepaTrypax —
400-450°C u HuszkoM nasiaeHund — 10—15 arM Ha aIIOMOCUIIMKATHOM Ka-
tammu3atope (87% SiO; u 13% Al,O3), KOTOpBIN HEPEPHIBHO pEereHEPH-
pyeTcs cxuranueM oOpasyrolerocs Ha HeM KoKca B TOKe Bozayxa. [lpu
KaTaJIUTUYECKOM KPEKWHTEe B TOJYYEHHOM OEH3WHE pe3KO BO3pacTaeT
COZIep)KaHHe allkaHOB C Pa3BETBICHHOW CTPyKTypoil. Kpome Toro, on
COJICPXKHUT 3HAYUTEIHOE KOJIMYECTBO apOMATHUYECKUX YTJIEBOAOPOIIOB,
00pasyronmxcs B pe3ysbTaTe MUKIN3aUd U IeTHAPUPOBAHUS ATKAHOB
1 ITUKII0ANIKaHOB (cM. 1. 24). Takum 00pa3oM, KaTaInTHYECKIE METOIBI
nepepaboTKi He(TH TOIHOCTHIO OTBEYAIOT MOBBIIIEHHBIM TpeOoBa-
HUSIM, TIPEIBABISIEMBIM K BBICOKOOKTaHOBOMY TOIUIMBY. [loaTomy B
MIPOM3BOJICTBE OCH3MHA 3TH METOABI BHITECHUJIM CTaphle TEPMHUUYECKHE
METO/BI ITepepadoTKH HedTH.

Tepmuueckne MeTomabl TiepepaboTKH OCH3MHOBOW W KEPOCHHOBOM
¢bpakuuii HeTH COXpaHWIM CBOE 3HAYCHHWE M HCIOJIB3YIOTCS B IPO-
MBIIIUIEHHOCTH UCKITFOYUTENFHO C IENbI0 IOyYeHHUs] dTHUIICHA H TPO-
nuwieHa (cM. T 28). DTWIEH W NpPONMJIEH B OTPOMHOM KOJIMYECTBE
WCTIOJIB3YIOTCS B KA4€CTBE MOHOMEPOB TIPH MTPOU3BOJICTBE ITONHUATHIICHA
Y TIOJMITPOIHIICHA.

4.4.8. OKUC/IUTEJBHASA JECTPYKIIUS AJIKAHOB

B OrpaHUYCHHOM maciTade B MMPOMBIINIJICHHOCTHU UCIIOJB3YOT OKHC-
JIEHUE BBICIIHX MMapaduHOB KUCIOPoaoM Bozayxa mmpu 100-150°C B mpu-
CYTCTBUHU alleTaTa Mapraniia Kak kataiu3atopa. OKUCIeHUE MPOUCKXOAUT
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NpY IPOAYBAHUHU TOKa BO3[lyXa Yepe3 paciulaBlieHHbIN mapaduH, coaep-
Kalui colib Maprasia. B pesynbrare paspbiBa yIiepoa-yriiepoaHon
CBsI3HM 00pa3yeTcs CI0XHAsi CMECh KUCJIOT ¢ HOPMAIIbHOM LIEMBIO:

0 RCOOH + R’COOH.
(CH3C00),Mn; 100-150°C 50% 50%

RCH,CH,R’

Kucnotel OTAEISIFOT OT HEMPOpEarupoBaBILEro napadruHa pacTBOPCHUEM
B BOJIHOW WIEJOYH C MOCJHEAYIOUled HeWTpanu3alnueil MuHepalbHOU
KACIOTONH. Pa3HOBHIHOCTBIO ATOTO MeTona SABISETCS OAWH W3 TPO-
MBIIIJICHHBIX CTIOCOOOB MOTY4EHUs YKCYCHOM KHCIOTBI OKUCINTEIBHON
NeCTPYKIUEH H-OyTaHa:

(CH;C00)3Co

CH;CH,CH,CH; + O; 170-180°C; 50 arm

2CH;COOH.

4.4.9. MIEHTUOUKALNSA AJIKHJIbHBIX PAIUKAJIOB

[Ipsimoe noKa3aTenbCTBO CYIIECTBOBAHHS CBOOOIHBIX AIKHIIBHBIX
panuKaioB — HeCTaOMIIBHBIX HHTEPMEANATOB C TPEXBAJICHTHBIM aTOMOM
ymiepona — OpT0 ToNTydeHo B 19291 B m3samrHbIX ombiTax [laHera u
Xodmuua. IToTox a3oTa WM BOAOpOJa, HACHILICHHBIA MapaMu TeTpa-
METHJICBHHIIA, MPOITyCKaJICAd 4Yepe3 KBaplEeBYI0 TPYOKy B TPOTOYHOU
CHUCTEME M OCTaTOYyHOM JaBieHuu 1-2 mm pT. cT. Ha ompenenenHom
ygacTke TpyOky HarpemaioT a0 500-600°C, mpum 3ToM MeTayutopra-
HUYECKOE COEMHEHHE pa3jlaraercs M Ha CTEHKax TPYOKH ocTaercs
3epKaJIbHBIN HAJIET CBUHIIA:

Pb(CH3)4 — Pb +4CHj;.

3areM TpyOKa BHOBb HArpeBajiaCh B 30HE, PACIOJIOKEHHON OJMKe K
BXOJly ra30B, a 30Ha CBHHIIOBOIO 3€pKalia OCTaBaiach XOJIOAHOM. Ipu
3TOM CTapOe 3ePKAJI0 HCUE3AET, 4 B 30HE IIOBTOPHOTO pa3orpesa oopasy-
€TCsl HOBOE CBUHIIOBOE 3¢pKaio. [IpOIyKTOM TEPMUYECKOTO PA3I0KEHHUS
Pb(CH3)4 momkeH ObITh ra3, CIOCOOHBIN pearkpoBaTh C XOJOTHBIM
METAJNIMYECKUM CBUHIIOM. 9KCHCpI/IMeHTaHLHO 6])1.]10 YCTaHOBHeHO, qToO
BOJIOPOJI, a30T, STUIICH, METaH W JTaH HE PEarupyrT CO CBUHIIOM.
CrnieioBaTebHO, CBHHIIOBOE 3€PKajio B3aMMOJICHCTBYET CO CBOOOIHBIM
METUIILHBIM PaMKaIOM, BHOBb 00pa3ysi TETPaMETUIICBUHELL:

4+CH; + Pb — Pb(CHj3),.

DTOT BBIBOA OBLT 3aT€M MOATBEPKAEH B JAPYTUX SKCIIEPUMEHTAX, [Je
BMECTO 3€pKajla U3 CBUHIIA ObUTM UCIIOJIb30BaHbI 3€pKajla U3 LIMHKA WIIH
CYypbMBI, a B KaU€CTBE 'a3a-HOCUTENS — BOJOPOJ, HACBIIEHHBIN ITapaMu
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TeTpamMeTWwIcBUHIA. [Ipr 5TOM mociie «CHATHUS METaNTNUECKOTo 3epKa-
Ja B NPOAYKTax peakuuu Obutn oOHapyxeHsl quMeTmiiuHK Zn(CHs),
i TpumetiicypbMa Sb(CH3)3, KOTOpBIE MOTYT TOIYYUTHCSI TOJBKO
0 peaknnuu

2+-CH; +Zn — Zn(CH3)2;
3-CH; + Sb — Sb(CH;)s.

Taxum xe ciocooom u3 Pb(C,Hs), ynanocs uaeHTHUIMPOBATH pau-
kan *CyHs. B aTux 3KcriepuMeHTax 1Mo MCUE€3HOBEHUIO METAJUTMYECKUX
3C€pKaJl yAaJ0Ch OMPCACINTD MOJYIICPpHUOJ Cyl€CTBOBAHUA METUIILHOT'O
paaukaia, KoTopsiid cocrasisier 0,005 ¢. B HacTosmee Bpemst Hanbosee
3 (EeKTUBHBIM METOJOM T'eHEpAalUU AJKWIBHBIX PAJAUKAIOB SIBIISETCS
obOy4yenne YP-cBeTOM 3aMOpPOKEHHOTO TIPH OYeHb HU3KUX TeMITepary-
pax oOpasla B aproHHOU MaTpHIIE.

4.4.10. DJIEKTPO®PUJIBHBIE PEAKIIMU AJIKAHOB

XoTs1 Hamboee XapaKTepHOUW I adKaHOB XUMHUYCCKOW peaKIuen
SBIIIETCSL OTPBIB aroma Bopopona cesisu C—H mox neiictBuem pa-
JUKATbHBIX areHTOB, B OIPEIEICHHBIX YCIOBHSIX MOTYT HPOXOAWTH
peakuuu M C SICKTPOHOACPHULUUTHBIMHU, T. €. DIEKTPOPHIBHBIMH pe-
areHTaMH, HallpuMep C TPOTOHOM, KapOOKaTHOHAMH, COJEpPKAIIUuMHU
TpPEeXBaJEHTHBIN ymiepos (MpocTeHlnii mpuMep — MOH CH;L), HOHOM
HUTPOHUS (NO;r) U T. II. B 3TUX peakuusax 3aTparuBarOTCs HE TOJIBKO
CH-cBs31 allkaHOB, KaK B paJIMKaJIbHBIX Ipoleccax, HO U cBsizu C—C
MEXIy aroMamH yriepoaa. Peakuuu ajikaHOB ¢ MpPOTOHOM HaOIona-
IOTCS B CYMEPKHUCIBIX cpemax (mi. 3, pasmd. 3.3.4), U3 KOTOPHIX darie
BCETO UCTIONB3YIOT hropeyiabdoHoByto kuciaoTy FSO;H unu 6e3BonHyio
(TOPUCTOBOAOPOTHYIO KUCIOTY B cMecH ¢ Kuciotoi JItonca SbFs. B
pe3ysibTaTe PaBHOBECHBIX pEaKHii BO3HUKAIOT KOMIUIEKCHBIC KHCIOTHI
(B TIpaBOM YacTH MPUBEACHHBIX YpaBHEHWI), 00IadaroIue OTPOMHON
MIPOTOHUPYIOMIEH CITIOCOOHOCTHIO:

FSO;H + SbFs = HT (SbFsSO3F)
HF + SbFs < H* (SbFg) ™.

OTH KHCIIOTHI CIIOCOOHBI TPOTOHUPOBATH Jake alkaHbl. [ ymydrre-
HUSI PACTBOPHUMOCTH aJIKAHOB B YKa3aHHBIX CYNEPKUCIIOTAX MOCIIEAHUE
NPUMEHSIOT HE B YHCTOM BHJE, a B CMECH, HAlpUMep, C KHIKOU
nByokuchto cepbl SO, mmu ¢ SO,CIF. Bbibop UMEHHO TakuX pacTBO-
puTenel AUKTYyeTCsl O4eHb KECTKHM YCIOBHEM: PACTBOPHUTEINb JOJIKEH
o0nasaTh KaKk MOKHO 0oJiee HU3KOM OCHOBHOCTBIO, YTOOBI HE CHMXKATh
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CYyHEePKHUCIOTHOCTh cpebl. B Takux ycnoBUSIX alKaHbl MPUCOCIUHSIIOT
MIPOTOH, 00pa3ysl MOHBI AIKOHUSA, HAIIPUMED:

CH; +H'(SbFsSO3F)™ = CHY +(SbFsSO3F)~.
OCHOBaHHE KHCIIOTa HOH METOHHMS

B maBe 3 mbI paccmarpuBalii OCHOBAHUA, KOTOPBLIC IMPUCOCAUHA-
OT TPOTOHBI WM APYTHUC KUCJIOThI JIrtouca 1o HCHOL[CHCHHOﬁ nape
SJICKTPOOTPHULATECIIBHOTO 3JIEMEHTA. HOCKOJ'IBKy Op6I/ITaJ'II>, HECYHIYIO
HCIIOACIICHHYIO IIapy, HNPHUHATO 0003Ha4aTh Kak I’l—Op6I/ITaJ'II), TaKHue
OCHOBAHUA IIOJYYHIIM Ha3BaHUC Nn-0CHOBAHUL WA n—donopoe JJl1eK-
mMpOHOE. AJnKaHbpl HUMEIOT DJICKTPOHBI JIMIIb Ha O-CBA34X, IMO3TOMY
X CJIIEAYCT CUHUTATh O-OCHOBAHUAMU HJIKM O-AOHOPAMMH. CYH_ICCTByeT
CIIC U TpeTI/Iﬁ BUJ OCHOBHOCTH, XapaKTeprIﬁ JUISL OJIC(I)I/IHOB, KOTO-
PBIE MOXXHO CHUTATh 7-OCHOBAHUAMMH HIIN 7T-JTJOHOpPaMHU. Taknm 06p3.-
30M, OOHOPLI 3JICKTPOHOB MOXKHO KﬂaCCI/I(I)I/IL[I/IpOBaTI:, KakK IIOKa3aHO
B Ta0m. 4.8.

Tabnuma 4.8
THNBI TOHOPOB 3JIEKTPOHOB
n-OCHOBaHUS -OCHOBaHHUS 0-OcHOBaHUs

(n-1OHOPBI HECBA3BI- (7T-1OHOPBI CBSA3bI- (C-JIOHOPBI CBA3BI-

BAIOLIHX 3JIEKTPOHOB) BAIOIIHUX 3JIEKTPOHOB) BAIOLIHX 3JIEKTPOHOB)
I'erepoaromsl, Hanpumep O, S, AJIKEHBI AJIKaHBI
N, Hal AIIKUHBI MIPOCTBIE CBSA3H BCEX TUIIOB
Kapbannonst R™: apeHbl (C-H,C—C,H-Hur 1)

Kak npaBuio, 0OCHOBHOCTh yOBIBaeT B pSAy: 7-OCHOBAaHHSA > TT-0C-
HOBaHHsI > G-OCHOBaHUs. DTO CBS3aHO C PsIOM MPHYHH. Bo-mepBhIx,
n-opourtany (HENoAeICHHBIE TTaphl) TPOCTPAHCTBEHHO 00JIee TOCTYITHBI
TSI B3AaUMOJICHCTBUS C I CTOM OpOUTAIBIO KUCIOTHI, YEM 7T- 1 OCOOCHHO
c-opOuTanu. Bo-BTopsIX, 7-0pOHUTaNH JIeKaT BhILIE T-OpOUTaJICH, U 0CO-
OCHHO o-OpOWTANICH, U TTOATOMY BO3MYIIEHUE, IPUBOASIIIEE K 00pa3o-
BaHUIO KOBAJICHTHON CBSI3H IPU KHCIOTHO-OCHOBHOM B3aWMOJICHCTBUH,
JTOJDKHO OBITH OOJIBIIE TSI n-OpOUTaNICH:

(nycrag opburass)
—

S T—

0CHOBAHKE HKUCA0TA
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OTCIO,Z[EI CJICAYCT, YTO aJIKaHbl JOJI’)KHbI OBITh CaMBIMU CJIaGbIMI/I u3
HEUTPAJIbHBIX OPTAHUYECKUX OCHOBAHHUM.

4.4.10.a. CTPOEHUE NOHA METOHUA

Non meronns CHI, koTOpbIil SKCIepUMEHTANBHO HAGMIONAJCS B
Macc-CIEeKTpax, UMEET MaJIOCUMMETPUYHOE CTPOCHHUE, TaK KaK MPH MPO-
TOHMPOBAHWW METaHA B PEAKIMH yYacTBYeT IVIaBHAs OISl THUOPUIM30-
BaHHOH sp*-op6uranu (pponransHas araka). dnexrpodun H arakyer
MECTa C MOBBIICHHON AMEKTPOHHOM MIIOTHOCTBIO, T. €. MEXAY aTOMaMU
C u H, a He mo 3agHel 1oiu OpOMTANIM, WUTPAIONICH OTHOCHUTEIBHO
MaJyl poJb:

H o

H H H
N\ ® N @) N\

wc- + Hp=—= @c_ Y ww ¢+
HH’/ D ’ HH,/ (o) H///\\}L

H

Paccrosnue H—H, commacHo pacderam, IOYTH B TOYHOCTH PABHO
MEXIPOTOHHOMY PACcCTOSHHIO B MOJIEKyle Bopopona. OTcrona cienyer,
YTO KaTUOH CH? MOKHO pacCMaTpUBaTh U KaK KOMILIEKC KACIOTbI CH?9
u o-ocHoBanus H,. DTum oObsicHseTcss (akT JIETKOTO pacLierIeHUs
CH{ na CH; n H,. BesesicTBre yKkasaHHOIO SIBIIEHHS B HOHE METOHHS
BO3MOJKHBI TIEPETPYIIUPOBKU «OT CBSI3U K CBSI3U», KOTOPBIE OOHAPYKU-
BAIOTCA, HAITPUMED, IIPU PUMEHEHUHN IEUTEPUEBON METKHU:

D H H
\C, o _"‘*\C// ; -.__;\~C,/+|
L0 ~— _,L. L.t
I
CH3 + D, CH,D* + HD CHD; + H,

4.4.10.6. MEXAHM3M DJIEKTPO®MJIBHBIX PEAKLIMI AJIKAHOB

IleHTaKOOPIMHMPOBAHHBIE coenuHenns yraepoga CHY

H LCRs

-
-

I
RiC+ 1, RsCl
N N
E
u apyrue, tne E = D, H, R, NO,, Hal—»T0 uoHBI «Hekmaccuye-

CKOI» CTPYKTYpBI, a TPEXKOOPAMHHMPOBaHHbIE yacTulbl R3CH — 5310
KJIACCUYECKHUE HOHBI, B KOTOPBIX CBSI3b MEXIY KaXKI0H mapoi COCETHUX
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aTOMOB OCYIIECTBIISIETCS Mapoi 3eKTpoHOB. KaTHOHBI mepBoro tuma
Ha3bIBAIOTCSA KApOOHUesbIMU NOHAMH, @ KaTHOHBI BTOPOTO TUIA — Kap-
OenuesvlMu MOHAMH, TaK KaK pOpPMaIbHO MX MOKHO PacCMaTpUBaTh Kak
HPOTOHUPOBAHHBIE KapOEHBI:

:CH, + H" — CHJ xapGenueBblii noH.

HNoubl Tumna CH;r MOJKHO Ha3bIBaTh Takke KapOOKaTHOHAMH (Tak XKe,
kak ¥ uoHsl tuna CHY), m Hwke MBI GymeM HCIONB30BaTh 5TO
Ha3BaHue. CleqyeT 3aMeTUTh, YTO PaHbIIe TEPMUH «KapOOHUEBBIH HOHY
WCTIONIB30BAJICS I COSAMHEHWH TPEXBAJIEHTHOTO YIepoja, TaKk Kak
TOrJa elle He ObUIM M3BECTHBI EKTPO(UIbHBIC PEaKIIUU aJIKaHOB.

K snexTpodnitbHBIM peaknusaM aJIkaHOB OTHOCSITCS KaTaJIN3UpyeMbIe
KUCJIOTaMHU pEeakuyd M30MEpHU3alMK YIIEBOJOPOIOB, (parMeHTaluH,
UKITH3AIIH, 8 TAKKe AEKTPoUIbHOE HUTPOBAHKE, TaIOTEHUPOBAHNE
Y HEKOTOpBIC JIPyrHe peakiuuu. B OCHOBE peaKIMOHHOU CIIOCOOHOCTH
ceeit C—H mmn C—C B Takux peakIusax JEKHT UX CIIOCOOHOCTH
OpraHU30BbIBaTh MEHTAKOOPAWHHPOBAHHBIC KapOOHHEBbIE MOHBL. [lo-
CIIeayIolee paciierIeHne TPEXIIEHTPOBO CBA3H BEJET K 00pa30BaHUIO
TPEXBaJICHTHBIX KapOOKATHOHOB (MOHOB KapOeHHsI) U TPOAYKTOB 3aMe-
meHus (a Takke MPOIYyKTOB MIEPEHOCa BOJIOPOIA):

& (nepexoc
T Ti//,Rac + EH gonopona)
RC—H + E° == |RyCl+:
E ‘\«R CE4+ H® (3rexTpO@UIBHOE
- - 3 3aMeLLeHue)
- *
® ?RJ ® (3neKTpopubHoe
RiC—CR3+E~ = |RsCl*i |S=RLE+ RC™ “saueiienite)
L F

IlepexonHOE COCTOSHUE SIBISAETCA «TPEYTONBHBIMY», T. €. LIUKINYE-
CKHM TPEXLEHTPOBBIM JBYXJIEKTPOHHBIM. JTO CJIEIYET, BO-NIEPBBIX, U3
MPeoaaracMoi CTpyKTypbl HOHA METOHUS, & BO-BTOPBIX, U3 MPOCTHIX
MOJIEKYISIPHO-OPOUTAIILHBIX TPEACTABICHHUH.

PaccMoTpuM [UT MPOCTOTHI B KAY€CTBE MOJEINN IIEPEXOJHOIO COCTO-
SIHUSA IPOTOHUPOBAHHYIO MOJIEKYILY BOAOPOIa H;r B JIMHENHOM, yIIIOBOM
WU TPEyroiabHOU (opme:

® H ...H...
(HevesHeeeH) (B -.,H)$ i 8.

VYroBass gopma SBISETCS MPOMEKYTOYHOM MEXAy JIHHEHHON u
TPEYTOJNBbHOMN, €€ CTa0UIBHOCTD OyJET NPOMEKYTOYHOM, IOITOMY Orpa-
HUYUMCSI PACCMOTPEHHEM JIMIIb JIMHEHHOM 1 TpeyronbHol Gopm. Kakast
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Puc. 4.10. Koppensiunonnas nuarpamma ypoBHed MO aist TUHEHHOH M TpeyronbHOH
¢hopm noHa H3+

u3 3THX GopMm crabunbHee? s pemieHus: 3TOro BOIpoca BOCHOIb3Y-
eMCsI METOZOM BO3MYIIICHHH MOJIEKYISIpHBIX opOutaineii. Ha puc. 4.10
MpUBEJCHA KOPpENALMOHHAs Juarpamma, cBsi3piBatoiast ypoBHH MO
JIMHEWHOW U TPEyTroJIbHON CTPYKTYP.

MO nuHEHHON MOJNEKyIbI H;’ cTposaTcst u3 ls-opOutaneil Tpex
aTOMOB BOJIOPO/a; OHM aHAJOTHYHBI T-OPOUTATHN AJUTHIIBHOW CHUCTEMBI
(1. 2). Huoknsist opOutans y; He uMmeeT y310B. OpOuTans y, UMeeT OAuH
y3eJ, MPOXOIAIMINNA Yepe3 IEeHTPaTbHBIH aroM H, BepxHsas opOHWTaIb
Y3 UMEET ABa y3na (Mexay kaxmaoil mapoii 1s-AO). Ilpu mepexoze B
TPEyroJibHyI0 (GOPMY YPOBEHb Y| MOHMKAETCS BCIIEICTBHE BO3HUKHO-
BEHUS B HEH JIOTIOJIHUTENBHOTO CBSI3bIBAIOIIETO B3aUMOIEHCTBHUS MEXK LY
KOHIIEBBIMH aTOMaMH BOJIOpPOJa. YPOBEHb Y, IOBBIIIAECTCS, MOCKOJIBKY
B TPEYrojbHON popMe MeKAy KOHLECBHIMH aTOMaMH yCTaHABIMBACTCS
AHTUCBS3BIBAIONICE B3aWMONICHCTBHE, KOTOPOTO HE OBLIO B JTMHEHHOM
dopme. YpoBeHb Y3 IMOHMKAETCS, TaK KaK BO3HUKACT CBS3b MEXKIY
KOHIIEBBIMH aToMaMu. OpOuTamu W, M Y3 TPEyroabHOU (pOpMBI HMEIOT
mo omHoMmy y3iy (Ha puc. 4.10 moka3aHO TyHKTHPHBIMU JIMHUSMH)
U TI03TOMY BBIPOXKJEHBI (MMEIOT pPaBHYIO 3Hepruio). Ilockonbky B
OCHOBHOM COCTOSTHUH JIBYX2JIEKTPOHHOTO HOHA H;“ opouTanu y, u yi
MyCThble, N3MEHEHHNE UX SHEPTUU HE YUUTHIBAETCS, a YUUTHIBACTCA JIMIb
ypoBeHb Y. M3 KOppeNsIIIMOHHON IUarpaMMbl CIEIYyEeT, YTO H;“ Oonee
cTaOuiieH B TpeyroyibHOU opme.

4.4.10.8. [IPUMEPBI DJIEKTPO®UJIbHBIX PEAKLII

DONeKTpoQUIbHBIE PEaKIuy aIKaHOB B CHHTE3€ MPAKTHYECKN HE HC-
MOJIB3YIOTCSI M UMEIOT JIMIb TI03HABaTeNbHOE 3HaYeHUE. MBI IpuBeeM
HEKOTOpBIE TPUMEPHI TAKUX PEAKIHA ¢ YKa3aHWEM yCIIOBHH M BBIXOIOB
MPOIYKTOB.
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Bonoponnsblii 060MeH. DTa peakiys YacTUYHO YK€ paccMaTpuBaiach
BhITIe. Jlerkwii 0OMEH BOmOpo/aa B MOJIOKeHUH | agamMaHTaHa B Cymep-
KHCJION cpesie SIBNISETCS JJOKa3aTeIbCTBOM TPEYTOJIbHOIO MEPEXOTHOI0
COCTOSIHUSL:

H---D
oy
DF/SbFs ®

-80°C

aflaMaHTax

B amkanax B pacrBopax FSO;H/SbFs npu Hu3koit temmeparype
(—80°C) mpeobmanaer pacuierienue ceszeit C—H, a mpu BeICOKHX
temneparypax — cBsizeid C—C. [IpocTpaHCTBEHHbIE NPEISITCTBUSI MOTYT
BJIMATH OY€Hb CHIIbHO. Tak, B Tpu-mpem-O0yTHIMETaHEe TPETUYHAS CBS3b
O4YeHb CHJIBHO JKpaHHWpOBaHAa W Mo3ToMy pearupyer jumb C—C- u
nepsuyHble C—H-cBs3u:

He pearupyeT

| CHs
N /
CH;—C——C —C—CH;
/
CHy CHs
CH/ | \CH
3 CHS 3

AJIKWIINpPOBaHUe. DNEKTPOPUIBHOE ATKHIMPOBAHUE OCYLICCTBIIS-
eTCS WM TIPH B3aMMOJCHCTBUHU alKaHOB C 3apaHee IOyYeHHBIMU
kapOokaruonamu R;CT (nanpumep, -ButSbFy), mwimm npu peaxuuu
ankaHoB ¢ kapOokatnmoHamMu R3CT, BO3HMKaOIMMHU B pe3yibTaTe Ie-
penoca Bomopozaa (mampumep: R3CH + HT = H, + R3;CT. Peakuuio
CTaOMIBHBIX KapOOKATHOHOB C aJTkaHaMH OOBIYHO M3YYaloT B pacTBOpax
cynsdypunxiopuadropuaa npu —78°C, Hanpumep:

(CH3);C®SbFS + HC(CHs )3 % (CH;);C—C(CH;); +HSbFs.
—78° (BbIxOH ~2%)
VYMmeubleHue IIPOCTPAHCTBECHHBIX HpCHHTCTBI/If/i IIOBBIIIACT BBIXO:
(CH3),CH®SbFS + HC(CHs )3 % (CH; ()2CH—C§SH3)3 +HSbFg.
BbIXON ~12%

HurtpoBanue. UtoObl n36ekaTh CBOOOTHOPATUKATHFHOTO HHUTPOBA-
HUA U KUCJIOTHOT'O paCHICIUICHUA ITPOAYKTOB pE€aKMK, B JaHHOM CJIy4ac
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IUIE HUTPOBaHUSI OEpyT HE caMy a30THYIO KHUCIOTY, a CTaOWJIbHBbIC
COJIM HUTPOHUS (HampuMmep, NOSr PF.) B anpOTOHHBIX pacTBOPHTEIAX
(HanpuMep, cMeCcH XJIOPUCTOrO METHIICHA C TETPaMETHIICHCYIb(HOHOM).
B crmydae mertana m 3TaHa MPOAYKTHl HUTPOBAaHUS — HUTPOMETAH M
HUTPOITAH — K KUCJIOTaM HE€ YYBCTBUTCJIbHBI 1 B KaUYCCTBE PACTBOPH-
Temneit MoxkHO ipuMeHTh Oe3Bogaable HF m FSO3H, B KOTOPBIX BBIXOBI
BbIIIC:

RH +NOSPFy ——— R—NO, + HPF
CH:Cl; cynbdoran

RH CHs C;Hg BbIcHIME aliKaHbl — aJlaMaHTaH
Bemxox (%) 1 1 2-5 10

XiopupoBanue. [Ipu >10eKTpoQUIBHOM XJIOPHUPOBAHHU AJKAHOB
BBIXOABI TIPOIYKTOB HU3MeEHSIOTCS OoT 2-5% (B ciydae MeTaHa) J0
55-60% (B ciyuae BeICIINX akaHOB). OCOOCHHOCTh PEAKLUH IEKTPO-
(UITBHOTO TaIOreHNPOBAHMS COCTONUT B €€ BBHICOKOW CENIEKTUBHOCTHU: U3
MetaHa oOpasyercs Toiabko CH3Cl u He oOpasyrorcss CH,Cly, CHCIy
n CC14:

SbFs

CH4 +Cl
4t Ch SO,CIF, —78°

c CH;Cl+ HCI (Bbixom ~ 2-5%).

Ieperpynnuposku. [Ipu nzoMepusanuu aakaHoB, KATAIU3UPYEMOU
KHACJIOTaMH, TIEPBUYHBIM aKTOM SIBJISIETCS TPUCOCIMHEHHE TPOTOHA C
00pa3zoBaHuEM MATHKOOPAMHALIMOHHOTO KaTHOHa. B mocienyrorei cra-
UM TIPY OTIICTUIECHUH MOJIEKYJBI BOJIOPOJIA FJTH HU3KOMOJIEKYIISIPHOTO
ajKaHa o0pasyeTrcsl TPEeXKOOPAWHAIMOHHBIM KaTHOH, KOTOPBIH MOXET
MeperpyNIHUPOBBIBATECS B Oojlee CTaOMIBHBIA KaTHOH ITyTEM Pa3HOTO
poza BHYTPU- U MEXKMOJICKYISIPHBIX MPOIECCOB (AJIKWIMPOBAHHE, OT-
HIETITICHHST alTkaHa WM MOJIEKYJIBI BOAOPO/IA, TIepEMEIICHHUS aJIKHIIa HITH
aToma Bojiopona). Ha mpuBeneHHOW HIDKe cXeMe TIOKa3aHbl TPOIeCCh
nu3oMepu3any H-OyTaHa B M300yTaH B KHCJBIX cpedax. B mpouecce
STOW CJIOKHOW peaknHuH y9acTBYIOT mepBuUHEIH (1), Bropmunsii (1) u
TpetnuHblii (I11) OyTHiIbHBIE KaTHOHBI, a TAaKK€ METHILMKIONPOIAHBI,
MPOTOHUPOBAHHBIE «II0 PeOpy» WM «I0 YIIy». Bce mpuBeneHHBIE
peaxknuu oOpaTUMBbl, HO pAaBHOBECHE OYCHb CHIIBHO CMEILICHO B CTOPOHY
mpem-0OytuinsHoTro Katuona (III), tak uto B cmekrpax SIMP oGHapy-
JKUBAIOTCS JIMILb CHTHAJBl OT 3TOTO KaTWOHA, HO HET CHUTHAJOB OT
katuonoB (I) u (II), xoTopeie, BeposTHO, 00pa3yrOTCs JHUIIL B OUYCHB
MaJIbIX KOHIICHTPAIUIX:
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LA

+H S+
CHz—CH;—CH;—CH; —— CHy— CH;--CHy—CHy
® < -H
-H H+H +C2H51 ~C,Hs
e ®
HoooH CH,CHy
N/
CHy—CHy—CH—CH, +C4H1oj [—-C4Hw
-H ”+H H---~C,H
2 ’
2 +C,Hg Nt 25
CHy—CH;—CH—CH, (I) =—————= | CH;—CH;—CH—CH;
~C,Hg
LenoKanauus
3N1EKTPOHOB +C,Hg [[CoHs
ces3n C-H
HyC---H CH efloKanu3sauus
A o ,’;\\3 g‘nexrponoa
/
H,C—CH—CH, H,C—CH—CH, | €834 €=C
MeTUALMK IoNponaH,
MIPOTOHMPOBaHHbI
" no pebpy”
1 l CH3
CeH—cH—CH; (1)
H----H
\\\'f'//l 1[
CH
H
H{ \CH CH GB? 3
2 3 CHy—C—CH, (D)
MeTUAUMKAONpOnaH ,
MpOT OHMPOBaHHBIA
"no yrny”
H (CH3)CH
H:_-’:ICH
H,C— CH—CH
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AJKeHaMU Ha3bIBAIOTCS YIIIEBOAOPOIBI, CONEPKAIINE OHY IBOMHYIO
YIIEpONn-YIIIEPOAHYIO CBsI3b. [IpocTelmuii ankeH 3TUiIeH (3TECH) UMEET
CJIeyIolee TeOMETPUUECKOE CTPOEHHE:!

o,

12150 oM

Ny

16,6°( ¢ ==

[

13308
H \H

Morexynna STHIIEHA TUIOCKas, C BAJEHTHBIMH yIJaMH, ONH3KUMH
kK 120°. DTO COOTBETCTBYET sp>-TMOPMAM3ALUU OOOUX aTOMOB YT-
nmepoxa (mr. 1, pasm. 1.8). B pamkax Momenu THOPHUIHBIX OpOHTAICH
ceasu C—H o6pasyrorcs myTeM TepeKpbiBaHUs sp>-THOpUaHBIX AO
ymiepona u ls-opOutaneit Bogopoma. OmHako, Kak ObUTO MMOKa3aHO B
1. 2 (pasm. 2.5.2), oOpa3oBaHue CBsi3el B MOJICKYJIE STHJIEHA MOXHO
omnucarb, He mpuderas K ruOpuaHbM opouTaisim. Cesazs C—H B aTuiieHe
(1,076 A) kxopoue cBs3u C—H B ankanax (1,095 A), KOTOpasi 0Opa3oBaHa
TnepeKphIBaHUeM Sp°-TUOpUIHON opOuTanu yrmiepoga U 1s-opOuTanu
BOZOpOMA. DTO O3HAYAET, UTO Sp°-0pOHTANL Oojlee KOpOTKas M Goree
3NIEKTPOOTPHULIATENbHAS [0 CPABHEHHIO C sp°-OpOMTaIbIO aToMa yIvie-
poma. Kak yxe Obuto oTMedeHO B maBe 1, 0-CBA3h aTOMOB yIieposa
B 9THIJIEHE 00pasyeTcs 3a CUeT MEePEKpPhIBAHHS JIBYX DKBHBaJCHTHBIX
sp*-TuOpUAHBIX opOUTaNeill KakI0To M3 aTOMOB YIVIEpOa, TOra Kak
TT-CBSI3b BO3HHMKAET NP MEPEKPHIBAHUM JIBYX p.-OpOUTaNCH KaXKaA0ro n3
YIIEPOIAHBIX aTOMOB. DTH OpOUTAIN MapaulelbHbI, YTO 00ecrneynBaeT
MaKCHUMallbHOE TIepeKphIBaHue. B OTiH4HMe OT O-CBA3H 7T-CBSI3b MMEET
TUIOCKOCTh CUMMETPHUH, COBIIAAAIONIYIO C TNIOCKOCTBIO BCEH MOJICKYJIBI
STHIICHA.

0-OJNeKTpOHHAas TUIOTHOCTh cBsA3M C—C uMeeT HMWIMHIPUYECKYIO
0Ch CHMMETPHH, TOTJIA KaK T-3JIEKTPOHHAs IIOTHOCTh HMEET IIOCKOCTh
cummMeTpun. CyMMapHoe pacrpeaesieHHe SIeKTPOHHON TITOTHOCTH MEXK-
Iy aTOMaMH yIJIepoja B ATHJIEHE CHIIBHO OTIIMYAETCs OT TOTO, KOTOpPOe
MOXHO TPEACTaBUTh TOJBKO HAa OCHOBAHWU O-CBS3M WU 7-CBSI3M,
W HE HMMEEeT UMJIMHIPUYECKOW OCH CUMMETpuu. BaxueWmum crien-
CTBHEM OTCYTCTBHS LMJIMHIPUYECKOH OCH CUMMETPHH 3JIEKTPOHHOMN
IJIOTHOCTH JIBOWHOW YIIIEPOJI-yIIIEPOJHON CBSI3U SIBISIETCS BBICOKHUI
Oapbep BpalleHUs] OTHOCUTENILHO TOM CBsI3H. MI3BeCTHBI, HAIPUMED, JBa
CUMMETPUIECKUX JAUTCHTEPOITHIICHA, PE3KO PA3ITNYAIOIINECS IT0 CBOUM
CHEKTPaJIbHBIM XapaKTePUCTUKAM H JIPyTUM (H3MUECKUM CBOHCTBAM:

D D H_ D
Jc=C__ Jc=C__
H H D H

yuc- mpaHc-
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dusnyecKkHe CBOCTBA aJIKEHOB

Tabnuma 5.1

20 g
AnkeH Dopmyna i §r Tnotroct, g E
gz /M g %
5 E 320
= = = BEo
OrteH (ITUIIEH) CH,=CH; —104 0,57 —169
npu —110°C
[Ipomnen (mponwuien) CH3;CH=CH» —47 0,61 —186
npu —50°C
Byren-1 CH3;CH,CH=CH, —6 0,595 —130
CHj; N _CHs
yuc-byrten-2 /C:C\ 4 0,62 —139
H H
CH3 N H
mpanc-byTen-2 /C:C\ 1 0,604 —105
H CH;3
2-MeTHJIporneH (CH3),C=CH» -7 0,595 —140
(1300yTHIICH)
CH;CH, N _CHs
yuc-Ilenten-2 /C:C\ 37 0,66 —151
H H
IMenTen-1 CH;3(CH;)>,CH=CH, 30 0,64 —165
CH;CH, N H
mpanc-TlenTen-2 /C:C\ 36 0,65 —140
H CHj;
3-Merunbyren-1 (CH3),CHCH=CHa, 25 0,65 —137
2-MetubyTeH-2 (CH3),C=CHCHj3; 39 0,66 —134
T'ekcen-1 CH}(CH2)3CH:CH2 64 0,68
2,3-TumeTunGyren-2 (CH3),C=C(CH3) 73 0,71
Tenten-1 CH;(CH)4CH=CH> 93 0,70 —119
Oxren-1 CH;3(CH,)sCH=CH, 122 0,72
Homnen-1 CH;(CH2)sCH=CH> 146 0,73
Jenen-1 CH;(CH»)7CH=CH> 171 0,74

OTH J1Ba MPOCTPAHCTBEHHBIX M30Mepa MPEeBpaIIaroTCs APYT B Apyra
npu temneparype nopsinka 450-500°C, 4To COOTBETCTBYET SHEPTUH
AKTUBAIMH B3aWMOTIPEBPAILICHUS YUC=mMpaHC TIOpAIKa 65 KKay/MOIb.
IlepexonHoe cocTosgHHE 3TON peaklnu H30MEpPU3ALUU HUMEET CKpY-
YEHHYIO CTPYKTYpY, B KOTOpPOH p-opOHTai 0OOMX aTOMOB yIieposa
B3aMMHO TIEPIICHIUKYIISPHBI.

JlBe GopMBI DUAEHTEpPOITHIICHA MPEACTABISIOT COOOW YaCTHBIN
ciy4ail oOIIero SBJIEHUS CTEPEOU30MEpPHUH, Ha3bIBAEMOU yuc-mparc-
m3omepuert (cMm. 1. 8). JBe (opMBI ITUACHTEPOITHIIEHA MOTYT OBITH
MpEeBpallleHbl IPYr B Jpyra ¢ IOMOIIBI0 BPAIICHUS OTHOCUTEIHHO
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JIBOMHOM CBSI3U TaKUM e 00pa3oM, Kak MPEBpaIAlOTCs JPyr B Apyra
anmu- 1 2ou-koH(GoOpMepbl OyTaHa IPU BPAIICHUH BOKPYT OPAMHAPHON
C,—Cs-cBsi3u:

D D H D
Sl e N
_— —

v Y v Ny
HoC H HsC H
IN (v e N\ el
2 -y g

e ey 4 H

anTu- oL

Opnnako Oapbep BpalleHUs BOKPYT ABOMHOHM CBSI3M B JHACHTEPOITH-
JIeHE COCTaBiIIeT 65 KKaja/MOIb, TOTJa KaK SHEPreTHYECKH Oaphep
MHTEPKOHBEPCUU anmu- U 2ow-popm OyTaHa COCTABISIET BCETO OKOJIO
4 xxan/mons. IloaTromy oba cTepeonzomMepa TUACHTEPOITHIICHA COBEp-
HICHHO cTaOMiIbHEI Aaxe pu 100°, B To BpeMsl KaK anmu- U 2out-hOpMBI
OyTaHa IepecTaroT MpeBpaInarbes Ipyr B apyra Toiabko mpu —230°C.
OTO pasnuyue B HMHTEPKOHBEPCHH OOYCIOBICHO Pa3IUYHBIM BHIOM
CTEpEON30MEPUN U WMEET MOATOMY pa3indHble 0003HaueHUs. Axmu-
U 2ow-Popmbl OyTaHa HA3bIBAIOT KOH(POPMAIMOHHBIMH HU30MEpaMH, a
JIBA M30MEPHBIX IUACUTEPOITHIICHA HA3BIBAIOT KOHQDUSYPAYUOHHBIMU
usomepamu.
dusnyeckre CBOMCTBA aJIKEHOB MPUBEACHHI B Ta0m. 5.1.

5.1. HOMEHKJIATYPA AJIKEHOB

AJIKEHBI UMEIOT U JIPyroe UCTOPUYECKU CJIOXKHBILIEECS HA3BaHUE!
onegunsl, T. €. POJOHAYAIBHUKYN BBICHIXatomux macen (omud). Kak u
JUISL IPYTHX KJIACCOB OPTraHMYECKUX COCIMHECHUN, UIMEIOTCS JIBE Pa3HbIC
HOMEHKIIATYpbI aJIKCHOB: 00INast U cucTeMarnyeckas. B oOmield HoMeH-
KJIAType OKOHYAHHE «aH» MPEACSIbHOTO YITIEBOIOpOJa 3aMEHSETCS Ha
CHIICH»:

CH3CH:CH2 CH3 *C:CHZ
|
CH3
HPOIMIICH n300yTHIIEH

HexoTopsle ipocThie alKeHbl pacCMaTPUBAIOTCS KaK MMPOU3BOIHBIEC 3TH-
JieHa:

HiC_ CH; Br_  _Br
oC=C_ oc=c__

H;C CH; H Br

TECTPaAMETHUIIDTUIICH TpI/I6pOM3TI/UIeH
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Kongurypaunonnsie u3omepsl B 001Ield HOMEHKIAType pa3indatoTcs
npedukcamMu yuc- U mpauc. B yuc-uzomepe 0JUHAKOBBIE 3aMECTUTEIIN
IIPU CMEXHBIX YINIEPOJHBIX aTOMax [BOMHOW CBA3U JIEKAT C OJHOMU
CTOPOHBI IUIOCKOCTH CHUMMETPHH MOJIEKYIBI, & B Mpanc-n30Mepe — C
Pa3HbBIX CTOPOH 3TOH MIOCKOCTH:

ca_ H_d
Jc=c( sc=c(

H H Cl H
Yuc-AuXJI0pITUIIEH MmpaHc-AuXI0PITUIIEH

Pagnkan CH,=CH na3pIBacTCS BUHUII:

CHzZCHCl CH2:CH_O_C2H5

XJIOPHUCTBI BHHUII STHJIBUHHIIOBBIH 3up

HCKOTOpI:IC YIIIEBOAOPOAbl MMCIOT CBOU TPUBHAJIBHBIC HA3BaHUS, HE
CBSI3aHHBIC ¢ KaKOW-THOO HOMEHKIIATYPO:

CeHs,  H
C6H5CH:CH2 /C:C\
H CeHs
CTUpOI mpanc-cTUIbOeH

B cucremaruueckoit Homenkiarype MIOITAK Ha3zBanust Bcex alike-
HOB MPOU3BOISATCA OT HA3BAHUH alKaHOB 3aMEHON OKOHYAHHS «-aH» Ha
«-eny. ITonoxeHne TBOMHOM CBSI3M B YINIEPOJHOW IEMHU OIpEesieTCs
mUQpoii M BBIHOCUTCS B Hadajlo MM B KOHel Ha3BaHus. Hawaino
HyMEpaIyHy IeTH oTpeiessieTcst Hanboiee OIM3KUM MTOJIOKEHHEM JTBOH-
HOM CBSI3M U HUKOUM 06pa30M HE CBsA3aHO C IIOJIOKCHUEM H 4YUCIOM
ATKAITBLHBIX 3aMECTUTENICH B TIIABHOW IemH. [J1aBHas Iemb oO0s3aHa
BKJIIOYaTh JBOMHYIO CBs3b. [IpeduKChl yuc- M mpanc- BBIHOCATCS B
Ha4yao0 Ha3BaHUS:

C2H5\ Cl
/C:C\
H C,H;s

3-XJ10p-mpanc-3-rekcex
(3-x510p-mparc-rexcen-3)

Cﬁ{z
(CH3)2CH*CH2*C:CH2 /C\
| CH;CH,CH, CH,CH;
CH3 2-3TUi-1-TIeHTeH

(2-aTunmnenTen-1)
2,4-numMeTrI- 1 -TieHTeH

(2,4-numeTnnnenTen-1)

OnHaxo yuc—mparnc-cucteMa Ha3BaHUN KOHPUTYPaLMOHHBIX H30Me-
POB YacTO INPUBOAUT K IIyTaHULE U HEOIPEAEICHHOCTH, OCOOCHHO IIpU
HaJM4UM TPEX WIM YEThIPEX PA3JIMYHBIX 3AMECTUTEIICH IPU ABOWHOMU
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cea3u. Homenknarypa MIOIIAK npemycmarpuBaeT ApYyryro CUCTEMY
Ha3BaHUH I KOH(PHUTYypalHOHHBIX M30MepoB. CoTTacHO 3TOH CHCTe-
Me, eclu JBE camble crapmme mno R, S-cucteme (CM. . 8) TpyMIbl
PAacIIoNOXKEHbl 10 OJHY CTOPOHY ABOMHOM CBSA3M, COCOUHEHHE IOJY-
yaeT o0o3HaueHne Z (OT HEMELKOIO zusammen—BMECTE), a €CII ITH
CTaplliue IPYIIbl PACIOIOKEHBI 110 Pa3Hble CTOPOHBI ABOMHOM CBs-
31 — o603HaueHue £ (0T HEMELKOTo entgegen — HANpOTUB). [IpuHIUIBI
OIIpelesICHHs CTapPLUIMHCTBA 3aMECTUTEIICH H3JI0KEHBI IIPH OIIPEAETICHUN
R, S-xoHpuUrypauuu B miase 8:

(1) CHyCH,CH,CH; (1) (1) L CHy (1)
C=C C=C

@) H CHy (2 (2 CH; H @)
Z-MeTHII-3-TeKCEeH Z-2-x10p-2-0yTeH

2) (}h\C_C/CHgni(n

1) ccH’ CH, ()

E-4-xn0p-2,3-aumernn-2-0yren-1-on

()  CHy_ ,COOH () (1) CHy_  CHy (2
JC=C, oc=c_
©) H CHy () () H COOH (1)

Z-2-meTuin-2-0yTeHOBasi KHCJIOTa E-2-metun-2-0yTeHoBasi KHCI0Ta

OObyHO Hamboniee M3BECTHBIE COCAWHEHMSI C HECIOXHOH CTPYK-
TypoH Ha3BIBAIOT TIOJB3YACh WJIM OOIIEeH HOMEHKIATYpOH, WIIH TPH-
BUHAIILHBIMHA Ha3BaHUAMU. B 0ojee CIIOKHBIX ClIydadaX IIOJIb3YIOTCA
HomeHnkiarypoir MIOITAK. Jlnsg coeauHeHU, UMEIOIMMX W JBOMHYIO

O o

7 7
CBsI3b M (YHKUHOHAIBHYIO rpymniy, Hanpumep OH, C\ , C\

, TIpU
HyMepaIruy TIIABHOW IeTH, BKIIOUAIonied 1 (pyHKIIMOHAIBHYIO TPYTITY,
Hayalo HyMepaluu OMNpeAessieT MOJOKEHHE 3TOH (YHKIMOHAIBLHON

TPYIIIIBI: . 3 s .
CHZ =CH- CH2CH20H

OyT1-3-en-1-o1 (3-OyTen-1-om)

5.2. TEPMOJUHAMMNYECKASA CTABUWIBHOCTD AJIKEHOB

Hecmotrpss Ha TO 4TO yuc-mpanc-uzomepusanusi HE MPOUCXOAUT
CaMOIPOHU3BOJIBHO, JIETKO MOA00paTh yCIOBHUS, B KOTOPHIX UMEET MECTO
B3aMMOIPEBpaIIeHne 000MX TeOMETPHUECKUX H30MepoB. Tak, Hampwu-
Mep, NpU HarpeBaHUM Kak yuc-, Tak U mpanc-0yTeHa-2 B IPUCYTCTBUU
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KaTaJIUTHYECKUX KOJIMYECTB CEPHOM KHCIOTHI 00pa3yeTcsl paBHOBECHAs
CMECh OIHOTO U TOI'O )K€ COCTaBa:

H_  CHy . HC_ CH
Sc=c’ —  c=c
H;C H H H
mparnc-0yTeH-2 yuc-0yTen-2
(85%) (15%)

Ha ocHOBaHMM 5THX JaHHBIX C NMOMOIIBIO ypaBHEHUS AG® = —R T ap,
CBSI3BIBAIOIICTO KOHCTAHTY PABHOBECHS CO CBOOOIHOM SHEPTHEH, MOXKHO
paccuurTarh, 4YTO TEPMOAMHAMUYECKH mpanc-OyTeH-2 TPUMEpPHO Ha
1 kKas/MoJb cTabuibHEe, YeM yuc-u3oMep. s Ipyrux anuKiIn4ecKux
QJIKCHOB HAOJIONAeTCsl aHAJIOTWYHAs 3aKOHOMEPHOCTD U MpaHCc-U30Mep
OKa3bIBaeTcsl Oojee cTaOMIbHBIM M30MepoM. MeHblias CTaOHIbLHOCTD
yuc-u3oMepa OOBACHIETCS CTEPUUCCKHMH NPUYMHAMH, a HWMEHHO —
OTTAJIKUBAaHHEM AJIKWIBHBIX 3aMECTUTEJICH TI0 OAHY CTOPOHY JABOMHOM
ces3u. Ilo cBoell mpuponme 3TOT 3PdeKT aHaJIOrHYeH HANPSHKEHUIO,
BO3HHKAIOLIEMY B 3aCJIOHEHHON KoH(opMaruu OyTaHa.

H_ _H H_ H
Cc=C C H

s N AN /s

C N C N H C=C N
H | H H | 'H H JC.H
H H H H

CTepHYecKoe HalpshKeHHEe OTCYTCTBHE CTEPHYECKOTO
B yuc-OyteHe-2 HAIpsDKeHUs: B mpanc-OyTeHe-2

Haubonee npocToii u ynoOHBIH My Th AJIS1 ONPEACTICHUS OTHOCUTENb-
HOH TEePMOIMHAMUYECKON CTAOUIBHOCTH YUC- U MPAHC-U30MEPOB aJIKe-
HOB 3aKJIF0YaeTCsl B OMPEICTICHUH TETIOBOTO 3 PeKTa KaTaTuTHIECKOTO
rupupoBanus. B aTom ciydae o6a nzoMepa o0pa3yroT OIUH U TOT K€
aJIKaH, M03TOMY BEJIMUMHA A/] peaKkluu HENOCPEICTBEHHO OTPaKaeT
OTHOCHUTEIIbHYIO CTaOMIIBHOCTB ABYX H30MEpOB:

CH3; CH3; CH3; H
AN / H H AN /s
ce=cl B eneHcHcH &2 De=c!
H H M PMoH CH;
AH° =—28,6 xkain/Moib AH°=—27,6 xkain/mMoib
yuc-Gyren-2 n-Gyran mpanc-6yten-2

Ha puc. 5.1 npuBenena sHepreTuueckas quarpamma Jijisi THApUpOBaHUS
yuc- n mpanc-6yrenoB-2. [10ckoNbKyY yuc-u30Mep MeHee CTaOHIICH, ero
SHEPreTUYECKUN YPOBEHb JISKUT HECKOJIBKO BBILIE, YEM I MpaHc-
usomepa, u AG,,. > AG,, .-

Ter0Te THAPUPOBAHUS SBISIOTCS HanOOJIee HAJe)KHOW XapaKTepH-
CTUKOH OIICHKHM YCTOMYUBOCTHU ajKeHOB. [1Jis alikeHOB ayin(haTHueCcKOro
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aneprus

Puc. 5.1. DHepretudeckuit mpoduib pe-
aKIWH THAPHPOBAHUS yuc- U mpanc-0yre-
Koopdunara peaxkuyuu HOB-2

H-ByTaH

psina mpanc-u3zoMep crabuibHee yuc-u3omepa. MckioueHueM u3 3Toi
oOmieil 3aKOHOMEPHOCTH sBIsieTcsl Tpymnna mukioaikeHoB C3;—Cyy.
Jnis umkionporneHa, UMKIOOyTeHa, LUKIONCHTeHA, HUKIOTEeKCeHA M
LUKJIOTENITEHa IO YHUCTO TEOMETPUYECKHM COOOPaKEHUSIM BO3MOXK-
HO CYIIECTBOBAaHME TOJBKO yUC-U30MEpa, XOTS MPEAIoNaraimT, 4To
MpaHCc-IUKIOTENTEH 00pa3yeTcsi B HEKOTOPBIX PEaKkLMsIX Kak KpaiHe
HecTaOuiIbHast yactuia. L[MKinoankeHsl ¢ YUCIIOM YITICPOAHBIX aTOMOB
B LIUKJIE Oosiee 7 MOTYT HaXOAMTHCS U B yuc- U B mpanc-popme. st K-
JIOOKTEHa, HUKIOHOHEHA W IHKIIOJCLeHa yuc-popMa cTabuiIbHee, YeM
mpanc-popma. DT0 He YIUBHUTEIBHO, TaK KaK B mpaHc-U30Mepe Ipo-
UCXOJUT MCKa)K€HHE BAJIEHTHBIX YIIOB, YTO OTPAXKAeTCS B YBEITMUYEHUU
TEIUIOTHl THIPUPOBAHUS II0 CPaBHEHUIO C yuc-uzoMepom (tadi. 5.2).
OpHako HauuHasg C UUKJIOYHJEIICHA BOCCTAHABIUBAETCS OOBIYHAS I10-
CJIEI0BATEIBHOCTh TEPMOINHAMHYECKOW YCTOMYMUBOCTH: MPAHC>YUc,
Kak M JJIs allUKIMYeCKHUX aJKEeHOB.

H
H
H
LUC-UANKN00KTEH TPAHC-UNKNOOKTEH

WnTepniperanys JaHHBIX 1O CTaOWIBHOCTH yuc- W Mpawc-
M30MEPHBIX AJIKCHOB HE BbI3BIBAET OCOOBIX 3aTPyAHEHHH U SIBIISETCS
JocTaTogHO oveBHHOW. CoBceM HMHOE TOJOKEHHE BO3HHMKAET MpHU
MHTEPIPETALUY JaHHBIX 110 TEPMOAMHAMHUYECKOH CTaOMIBHOCTH MOHO-,
-, TPU- M TETPA3aMEILEHHBbIX IPU ABOWHON CBA3M ankeHoB. 3
JaHHBIX, IPEACTaBICHHbIX B TaOi. 5.3, ciemyer, 4To CTaOMJIBHOCTh
AJKEHOB BO3pacTaeT ¢ yBEJIMYEHHEM 4YHCIa aJKWIBHBIX 3aMecTUTeNel
IpH JBOMHOM cBsA3H. Temora THUAPHPOBAHHUSA OTUIIEHA COCTABISIET
—32,8 kKaj/mMoIb, HO JUIs mpolieHa, OyTeHa-1 U Opyrux ajJkeHoB-1 oHa

369



Ta6nuia 5.2
TenaoTbl THIPUPOBAHNS IUKJI0ATKEHOB

TuKI0aIKeH _AHmupnpOBaHm{,
KKaJI/MOJTb
yuc-1{ukIIooKkTeH 23,0
mpanc-11ukinookreH 32,2
yuc-11uKIoHOHEH 23,6
mpanc-11uKI10HOHEH 26,5
yuc-luknoaeuex 20,7
mpanc-Lluxnonenen 24,0
yuc-luknoynaeueH 24,6
mpanc-1luknoyHnenen 24,5

MOBBIIIACTCS HA 2,5 KKaJ/MOJIb. YBETMUEHHE YUCIIA 3aMECTUTEICH MPH
JIBOMHOM CBSI3U MPUBOJUT K JaJIbHEHIIIEMY YBEJIIMUCHUIO BETUYUHBI AH .
ITo cBoeil cCTaOMIBLHOCTH aJIKEHBI PACTIONIATAIOTCS B PSIY

R R R, R R_ _H
oc=c__ > Jc=c__ > Jc=C__ >
R R R H R R
TETpa3saMECIICHHbBIE TPU3aMEIIEHHBIC mpaHc-An3aMENICHHBIC
H_ H R_ H H_ _H
> JC=C__> Cc=C__ > C=C_
R R H H H H
Yyuc-aA3aMCIICHHBIC MOHO3aMEIICHHBIC OTHUJICH

AHanoruuHasi MocCJe0BaTeIbHOCTh CTa0OWJIBHOCTH AaJIKCHOB CJEIyeT
TaKXkKe M3 TEPMOIMHAMUYECKUX JAHHBIX MO TEIUIOTaM 00pa30BaHUs
MOHO-, JIU-, TPU- M TETPA3aMEIICHHBIX MPU JIBOWHOW CBS3U AJKCHOB
(Tabm. 5.4).

B Hacrosiiliee BpeMsi HET €JMHOTO MHEHHUsS O NMPUYMHAX M3MCHCHUS
CTAOUIIBLHOCTU B PSJly METHJI3aMEIICHHBIX alkeHOB. OJiHA U3 THIIOTE3
CBSI3bIBACT YBEIUUCHHE CTAOWIILHOCTH METHII3aMEICHHBIX AIKCHOB C
3P PeKTOM THIIepKOHBIOTAIUH (T, 2).

H

H—}(C\CH-—’?&HZ

H

Uem Oompllie METHUIBHBIX 3aMECTUTENCH HAXOMUTCS MPU TBOMHOMN
CBsI3U, TeM Oombine A((EKT TUMEPKOHBIOTAIIMH M TEeM CTaOMIIbHEEe
aJKeH. AJIbTEPHATUBHOE OOBSICHEHUEC U3MEHCHHS CTaOWJIBHOCTH aJiKe-
HOB OCHOBBIBACTCS HAa Pa3jWYMH B JHEPTHU W JJINHE CBSA3CH, oOpa-
30BaHHBIX Sp°- U sp’>-TUOPUIM3OBAHHBIM aTOMOM yIiepoja. o-CBs3b
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Tabnuma 5.3
Tena0Thl THAPHPOBAHUS ATKEHOB

AukeH —AH, KKaj1/Moib
CHz :CHZ 32,8
CH3CH,=CHa, 30,1
CH3CH,CH=CH, 30,3
(CH3 )2CHCH:CH2 30,3
(CH3 )3CCH:CH2 30,3
(CH3)2C:CH2 28,4
CH3CH\
SC=CH, 28,5
CH3

CH; /H

Se=c( 26,9
CH3 CH3
CHs /CH3

Sc=c( 26,6
CH; CH3

Tabnuna 5.4
Tennorel 0dpazoBanusi —AH; ajKkeHoB
AnkeH —AHY, kkan/monb

CHz :CHZ + 12
CH3CH=CH, +5
CH3;CH=CH—CHj3 -2
CH3; —CH=CH—-CH,CH3 —7
(CH3)2C:CHCH3 —10
(CH3)2C:C(CH3)2 —18

Cypr— sp3- 0-CBsizp H;C—C
B mpomnene (1,505 A) Ha 0,03 A kopoue, ueM C—C-cBs3b B TIpOIIaHe.
Takum oOpa3om, OOLIMM NPaBWIOM SBISETCS OONbLIAs MPOYHOCTD
o-ces3u Cyp—C,3 no cpaBHennto ¢ o-csasbio Cys—C 5. B Gyrene-2
umeerces Be 6-CBs3u Cyp—Cp3, Torma xax B OyTeHe-1 TOJNbKO OfHA
o-cBa3b Cypp —Cy 3. DTO mpesronpenenser 6051ee BHICOKYHO CTaOUILHOCT
OyTeHa-2, cofepiKalero aBa aJKWIbHBIX 3aMecTHTeNs. [l anKeHoB C
OOJBIIINM YHCIIOM aJTKUIBHBIX 3aMECTUTENCH MPU TBOHHOM CBS3H BCeTaa
Habmonaercs 6osee Bbicokoe orHomenue uucna (Cg, —Cg,3)-cBsaseit K
ancity (Cy,s —Cy)-cBA3€H, UeM Uil MEHEe 3aMEIICHHBIX aJIKEHOB!

Cy» Gomee mpounas, yem 6-cBsi3b Cy—C

Sp3 —Sp2 sz —Sp3 Sp3 —Sp3 Sp3 —Sp2
! Vo
CH;—CH=CH—-CHj CH;—CH,—CH=CH,
OyTeH-2 Oyren-1
(6onee crabuiieH) (MeHee cTabuieH)
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W3 nByx anbTepHaTUBHBIX OOBSICHEHUH OTHOCHTEIBHOW CTaOMIIBHO-
CTH 3aMEIICHHBIX aJIKEHOB MHTEPIIPETALNsA, OCHOBAaHHAsI HA N3MEHEHNN
JUIMH M SHEPTUHM CBS3H B 3aBUCUMOCTH OT Sp° MIIM Sp° XapakTepa ruopu-
JU3allid yIIepoa, Kaxercs: 0osiee NpeArloOYTUTEIbHOW. AHaJI0rn4IHas
MOCJIeIOBATEILHOCTh B TEPMOIUHAMUYECKON CTaOMIbHOCTH HalIona-
€TCs U1 MOHO- U JU3aMEILEHHBIX IIPA TPOWHOM CBSI3U aJIKHUHOB.

5.3. IOJYYEHHUE AJIKEHOB

Cpenu orpoMHOro 4Hcia METO/I0B MOITY4YEeHHs aJIKEHOB HE0OXOAMMO
BBIICTIUTh TP HanOoJiee O0ImMX croco0a Co3MaHus ABOWHON YyIiepoa-
yniepoaHo# cBsa3u. OQuH U3 HUX (CM. HUXKE peakuuu 1-5) ocHOBaH Ha
SIUMUHUPOBAHNH JIBYX TPYTIT OT BUIIMHAIBHBIX aTOMOB YIJIEpO/ia HaChl-
HIEHHOTO coenuHeHus. Jpyroit crnocod cHUHTE3a aJKeHOB 3aKII0YaeTCs
B CTEPEOCENIEKTHBHOM WA CTepeocTenu(@uyeckoM BOCCTAHOBICHHUU
TPOMHON yIIEPOA-YITIEPOAHON CBA3UM B AJIKMHAX JO JBOMHOW CBS3H
yuc- nu mpauc-xkoHpurypanuu. Tpetuit cnocod co3maHus yriepon-
YIJIEPOIHOM CBS3M OCHOBAaH HAa MHOTOYHCIIEHHBIX PEaKITHIX KapOOHWII-
METHJICHOBON KOHJICHCAIIUU KapOOHWIBHBIX COCIIMHEHHI C COCIMHCHU-
SIMH C «aKTHBHOW METHJICHOBOU TpyTIOi». Bce aTh peakiuu moapoOoHo
paccMOTpeHbl B mocneaymux masax (cm. o 10, 11, 16, 17), 3aeck
JKe TIpUBE/IeHa TOJBKO TPEeAeTbHO KpaTKasi CBOJIKa OCHOBHBIX METOIOB
CHHTE3a aJIKECHOB.

1. JlermaporaJloreHupoOBaHUE aTKUITaaoreHua0B (1. 10):

. 0 /
—c-c- 255 Se=cl +BH X

Hamnpumep:

H

Cl (CH3)3C*819(
H  (cHy)scomn; 100°C
H

+ (CH3)3COH +KCl

(88%)

2. Herupparauus cnuptoB (1. 11):

| H,50;4 (
2804 (xonm.)
—C—C—
\ i H3POy (kouu.); #°

|
H OH

N S
JC=C__+H,0
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Hamnpumep:

H H3PO4 (85%-1)
L, e L) mo

OH (80%)
3. JleramoreHUpOBAaHHUE BUITMHAIBHBIX JUTATOTeHUIOB (1. 10):
>
—C—C— Nz e e
‘ | HIIN (C(,Hs)}P \
Br
Hanpumep:
H Br
C¢Hs _H
CeHs—C—C-CeHs —“— >C=C{  + NalBr,
| aleToH H C6H5
Br H (70%)

4. DIUMHHUPOBAHUE TPETUYHBIX aMHHOB M3 THUAPOKCHUJIOB TETpa-
ankuwiaMmMonust o A. ['opmany (1. 10):

H
,C‘,C‘, % >C=C<—|—ZN(CH3)3+H20—|—AgI
| N®(CH;); I°
Hanpumep:
CH;—CH,CH-CH;  22DYC oy cH,CH=CH, +

| H,O
N&(CH;); 1€

+ :N(CH3)3 + HzO + AgI

5. JlerunpupoBaHue aakaHoB (TII. 4):

I
o Br Se=c] +H,
H H
Hanpumep:
Pt; 500°C

CH;CH,CH,CH; —— CH3;CH,CH=CH,; + CH;CH=CHCH; +
+CH2 :CH_CH:CHQ + Hz .
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Ora peakuusa UMECT NPAKTUICCKOC 3HAYCHUC TOJILKO JJIA IMMPOMBILIJICH-
HOTO TMOJYYCHUS] HU3IIMX AJKCHOB: JTHIICHA M3 JTaHa, MPOMHJICHA U3
npornaHa, OyTeHOB U3 H-OyTaHa, a TaKKe U3 ra3000pa3HbIX IPOIYKTOB
TEPMHUICCKOTO KpeKHHTa (CM. T1. 4 1 28).

6. CrepeoceneKTHBHOE BOCCTAHOBJICHUE QIKMHOB JI0 YUC- U MPAHC-
akeHoB (T 6):

R! R?
Pd/BaSOq; xunonun N /
R'C=CR? 4 H, WA, e o]
0—20°C H H
Yuc-aJIKCH
R! H
N AN /
R'C=CR? : _Cc=C
s NHz; —33°C “R2
mpch—anKeH
Rl RZ
Ni(OAc)>+NaBH. AN /
RIC=CR? ORMBL___, Se=c
CH3CH;OH; HaNCH,CHNH2; 20°C N H

yuc-ankeH

Hanpuwmep:
Ni(OAC)z ; NaBH4
CH3CH,OH; HoNCH;CHaNH»;20°C
CH;CH, CH,CH;
AN /
— C=C

/
H “H

(99%)

CH;(CH,);C=C(CH,);CHy ——=
*kunak. NHz; —33°C

H

CH;CH,C=CCH,CHj;

CH3(CHy)s
— P Cc=C <
H (CH, ) 3CH;
(78%)

/

7. Peakmus . Burtura (cMm. 1. 16):

R ® o R
C=0+(C¢Hs);P~CHR? ———  C=CHR’ + (CgHs)3P=0

RZ s¢up nmm TT O R2

Hamnpumep:

® O
( )=0+(C4Hs) P~ CHy — {_)=CH, + (C4Hs)P=0
Tro—IMCcO
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5.4. XUMHUYECKHE CBOMCTBA AJIKEHOB

OHeprusi JABOMHOW  yIIEpOA-YIIEPOJHOM CBSI3M B OTHIIEHE
(146 xkan/MoJb) OKa3bIBACTCS 3HAUUTEIHHO O0OJIee HU3KOM, YeM yIABOCH-
Hast oHeprus ogrHapHoi C—C-cBsi3u B Tane (2 X 88 = 176 Kkkan/Moib).
0-Cesizp C—C B 9TWIIEHE NpPOYHEE 7-CBSA3M, II0ATOMY pEaKIu
AJIKEHOB, COTPOBOXK/IAIOIMECS PA3PBIBOM TT-CBS3H C 00pa30BaHUEM JBYX
HOBBIX TIPOCTBIX O-CBA3EH, MPEICTABISAIOT COOON TepPMOJMHAMHYECKU
OnaronpusTHBIA Tpouecc. Tak, Hampumep, B Ta30Boi (ase, coriacHo
PacyeTHBIM JIaHHBIM, BCE IPUBEACHHBIC HWXXE PEAKLUUU SBISIOTCA
9K30TEPMHUUYECKUMHU CO 3HAYUTEIBHOM OTPULATENILHON SHTAIbIUEN,
HE3aBUCUMO OT UX PEaJIbHOIO MEXaHHU3Ma:

CH,=CH, + H, — CH;—CH; + AH"; AH° = —32,7 KKaj/MOIlb.
CH,=CH, + Cl, — CH,CICH,Cl + AH®; AH®° = —43.2 kKaj/M0b.
CH,=CH, + HBr — CH3CH,Br + AH®; AH° = —19,0 Kkka1/MOIIb.
CH,=CH, + HOH — CH3CH,OH + AH®; AH° = —10.,9 kxayi/M0b.

C TOUKH 3pEHHUs TEOPUH MOJIEKYISPHBIX OpOWTaJell Takke MOXKHO
c/ieNaTh BBIBOJ O OOJIBIICH PEaKIMOHHOW CIOCOOHOCTH 7T-CBSI3H 10
CpPaBHEHUIO C G-CBsI3bI0. J{eMCTBUTENBHO, KaK YKa3bIBAIOCh B 1. 1 1 2,
CBSI3BIBAIOIIAS T-OpOUTAIIb UMEET 00JIee BRICOKYIO DHEPTHUIO, UEM CBSA3HI-
BaloIasi c-opouTab, 1 HA00OPOT, pa3phIXJIAoIas &*-0pOUTab JICKUT
HIDKE paspeIxjstiomnieii o*-opoutanmu cBss3u C—C. CinemoBaTenbHO, rpa-
HUYHBIMH OPOUTAISIMU 3TUJICHA, ONPEICIISIONUMHU €r0 PEaKIUOHHYIO
CITOCOOHOCTD, OYIyT T-OpOUTAIIH.

5.4.1. KATAJIMTUYECKOE I'MIPUPOBAHUE AJIKEHOB

HecMmoTps Ha TO 4TO TMAPUPOBAHUE ITUIICHA U BCEX JIPYTHUX AJIKEHOB
JI0 aJIKAaHOB COMPOBOXKIAETCS BBIACICHUEM Tera (pa3a. 5.2), aTa peak-
LUsI C JIOCTATOYHOM CKOPOCTHIO HJET TOJBKO B MPUCYTCTBUU OIMpEjie-
JICHHBIX KaTanu3aTopoB. Katanuzatop, mo omnpeaeneHuio, He BIUSET HA
TeTTIOBOM 3(PPEKT peaKIuu U €To POJIb CBOIUTCS K IIOHMKEHUTIO SHEPTHH
aktuBanuu. ClieyeT pa3inyarh IeTepOreHHOE€ M TOMOTE€HHOE Kara-
JUTUYECKOE THAPUPOBAHHUE AJKEHOB. B reTeporeHHOM THAPHUPOBAHUU
HCIIOJB3YIOTCS TOHKOU3MEJIBUEHHbIE METAUINYECKHUE KaTaJu3aTopbl —
TUTaTUHA, TAJUIaIui, PyTeHUN, POJUN, OCMUN U HUKEJh JIMOO B YUCTOM
BHJIe, MO0 HaHEeCCHHBIE HAa HWHEpPTHBIe HocuTenan —BaSQ4, CaCOs,
aKTUBUPOBAHHBIN yroiib U T. 7. Bce OHM HEpacTBOPUMBI B OPTaHUYECKUX
cpemax W JIEHCTBYIOT Kak TeTepOreHHBbIe KaTaan3aTropbl. Haumbonbiryio
AKTUBHOCTH CPEJY HUX MPOSBISIOT PyTCHUN W POAUN, HO HAUOOJIbINEe
pacmpocTpaHeHHEe TONYYWIH TUTaTHHA W HHUKENb. llmatnHy OOBIYHO
MPUMEHSIOT B BUJIE YepHOTO nuokcuaa PtO,, mMpoKo U3BECTHOTO MO
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Ha3BaHHUEM «KaTajguzaropa Amxamcay. J{MOKCH TUIaTHHBI OTYYaloT Py
CIUIABJICHUH IUIATHHOXJIOPHCTOBOMOponHO kuciotel H,PtClg - 6H,O
win rekcaxnopruiatiuaara ammonust (NHy),PtClg ¢ HuTpatom Hatpws.
I'mppupoBaHue ajJKeHOB C KaTajdu3aTopoM AjaMca MPOBOISAT OOBIYHO
npyd HOPMallbHOM JaBiieHuH W Temmeparype 20-50°C B coupTte, yK-
CYyCHOW KHcIoTe, THiianerare. [Ipu npomnyckaHud Boaopoja JBYOKUCH
IJIATUHBI BOCCTAHABIUBAETCSI HEMOCPEICTBEHHO B PEAKIIMOHHOM COCYIIe
JI0 TUTATHHOBOM YepHH, KOTOpas M KaTalu3upyeTr rujapupoBanue. py-
rue Ooliee aKTUBHBIC METAJUIBl IUIATHHOBOW TPYIIIBI HCIONIB3YIOT HA
WHEPTHBIX HOcHuTeNsX, HanpuMmep Pd/C nmu Pd/BaSO,4, Ru/Al,O3; Rh/C
u np. Ilamnanuii, HAHECEHHBIM HA yroJb, KaTalU3UpPyeT TMIPUPOBAHUE
aJIKEHOB IO aJIKAHOB B CITUPTOBOM pacTBope mpu 0-20°C 1 HopMaTLHOM
naBieHnd. Hukenb OOBIYHO HUCHONB3YETCS B BUJE TaK Ha3bIBAEMOIO
«Hukenst Penes». g moiydeHUs: 3TOro KaTajau3aTopa CIUIaB HUKEJsS
C QTFOMHHUEM 00padaThIBalOT TOpsueii BOAHOM IIEI0YbI0 T yAaIeHUS]
MOYTH BCErO AJIIOMUHMS M Jaje€ BOIOM [0 HEWTpPaJlbHOW pEaKIUu.
Karanuzarop uMeeT MNOPUCTYIO CTPYKTYpy M IOATOMY Ha3bIBaeTCA
TaKKe CKEJICTHBIM HUKEJICBBIM KaTajlU3aTOPOM. THUIHMYHBIC YCIOBUS
THAPUPOBAHHUS AJIKEHOB HaJ HHKeleM PeHes TpeOyroT NMpHMEHEHHUS
napienuss nopsiaka 5-10 arm u Temmeparypel 50-100°C, T.e. 3TOT
KaTaJu3aTop 3HAYUTEIBHO MEHEE aKTUBEH, YEM METAJUIbl [JIATUHOBOU
TpyIIbL, HO Oonee aemieB. Hike mprBeaeHbI HEKOTOPBIC TUITMYHBIC TTPH-
MEpBbI FE€TEPOreHHOT0 KATATMTUYECKOIO THAPUPOBAHUS ALIUKIMYECKUX U
IUKINYECKUX AJTKEHOB:

CH /CHK
G( T i —"
2 7 CH,CO0H; 20°C; Tarm " iy (82%)
CHs “CH,
12-auMeTun - .,
A yuc-12-gumetun-
LmMKnorexcen LMK noreKcan
PtO.
H, + CH;CH,CH,CH,CH=CH, 2
C2H50H;20°C
— CH;CH,CH,CH,CH,CH3; (92%)
H4C COOH
3\C/ HooC COOH
Pd 3, I,
R g
C
/N H \H
Hs¢  COOH

Tak kak oba aroma BOmOpOJa TMPHCOEAWHSIOTCS K aroMaM YIJIepo-
Ja JBOMHOM CBSI3M C TIOBEPXHOCTH METalljla-KaTajiu3aropa, OOBIYHO
MPUCOCTUHEHHUE TTPOUCXOIUT C OJHOM CTOPOHBI ABOMHOM CBS3U. DTOT
TUIN TPUCOEIUHEHMsI Ha3bIBaeTcd cuH-TIpUcCOeqUHEeHHeM. B tex ciy-
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yasx, Korna aBa ()parMeHTa pearcHTa MPHCOCTUHSIOTCS C Pa3lU4HBIX
CTOPOH KpaTHOW CBsI3W (ABOWHOW WM TPOWHOI), MMEET MECTO aH-
mu-rpuCcoCaIUHCHUC. TCpMI/IHbI CUH- 1 aHmu- 110 CMBICITY 5KBUBAJICHTHBI
TEpMUHAM yuc- U mpanc-. YToObl M30eKaTh MyTAHUIIBI H HEIOpa3y-
MeHPIfI, TEPMUHBL CUH- WU aHmMu- OTHOCAT K TUILY HPUCOCAMHCHHA, a
TEPMUHBI yuc- U mpanc- — K CTPOCHUIO cyOcTpara (ajaKeHa).

XoTs MHOTHE BaXKHbIC NE€TATH €IIC HESICHBI, JOCTUTHYTO oOIee
MOHUMaHUE MEXaHH3Ma M CTEPEOXHMHUH CIIOXKHOTO Tpoliecca Karaiu-
TUYECKOTO TUApPUpOBaHUs. Bomopoa ancopOupyeTcs Ha MOBEPXHOCTH
METaJUINYecKoro Kartanusaropa. KpaTHas yriepon-yrmiepojHas CBS3b
TaK)Ke B3aUMOJICHCTBYET C MOBEPXHOCTBIO MeTalia, 00pa3ys CIOKHBIC
WHTEPMEMATHI, B KOTOPBIX OpPraHHUYEecKas MOJIEKYJa CHIIBHO aJIcopOu-
poBaHa. [lepBoHavanbHO 00Pa30BaBIINIICS HHTEPMEAUAT aICOPOUPOBAH
00OMMU YIJICPOJHBIMU ATOMAMH JIBOWHOW CBSI3H, U T-OpOUTAIIN aKeHa
WCIIOJIb30BAHBI JIJISI CBS3BIBAHUS C MOBEPXHOCTBIO MeTasuia. Bomoporn,
a71copOupOBaHHBIN Ha TTOBEPXHOCTH, JlaJIee MPUCOCAUHSICTCS K aJIcop-
OupoBaHHOI MoJIeKyIle cyOcTpara, H 00pa3yromascs Ipyu 3TOM YacTHIIA
CBsA3aHa C MOBEPXHOCTHIO METAJlJIa O-CBA3bIO. O9TOT HUHTCpMEaUatT Jajce
MOJBEPraeTcs TUAPOTCHOIN3Y — PACIIEIICHHIO HOBOW MOJICKYIOH BO-
nopoja 1o cesizu C—wmerait ¢ 00pa3oBaHUEM KOHEYHOIO HACHIIIIEHHOTO
npoaykra. CXeMaTH4eCcKH U YIPOIIEHHO 3TO MOXKET OBITh MPEJICTABICHO
CIIeIYIOIUM 00pa3oM:

~ /R
H--- c—C H---H
| L L1
R /RR
H-H o Se—c] H R R
| | R7| ™H [ e
R“7 \"R
H H

JBoiiHasi cBs3b B alIkeHaX TUAPHPYETCs ¢ OOJbIIEH CKOPOCTHIO
[0 CPAaBHEHHUIO CO MHOTHUMHM JPYTMMH (DYHKLIHOHAJIBHBIMU I'PYyNIIaMH
(C=0, COOR, CN u np.) u no3roMy runpuposanue asoitoi (C=C)
CBSI3U 4YAacTO MPEACTABISCT cOOOM CEeNeKTUBHBINA MPOLECC, €CIH THAPH-
poBanue BezpeTcst B Msrkux ycioBusix (0-20°C u mpu atmochepHoM
nasneHun). Huke npuBeneHbl HEKOTOPbIE TUIINYHBIE IPUMEPBI:

A @ Hy; Pd/C 1 moms KETOH HE BOCCTAHABIIUBACTCSA
’ 6 C2HsOH; 20°C; 1 arm (') B OTHX yCJIOBHSAX
CH=CH—-COOCH d CH,CH,COOCH
E. ©/ 3y H, Pd/C ©/ 2CHy 3

1 monb C,H;sOH;

MeTHII-3-(EeHIMIIPOIIEHOAaT
¢ p 20°C

MeTHII-3-(eHUIIPOoaHoaT
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benzonpHOC KOJIbIIO HE BOCCTAHABJIIMBACTCA B 3TUX YCJIOBHUAX:

CH=CH—C=N Pd/C CH,CH,CN
©/ +oH, ©/ e
1 moms CH3CH,OH; 20°C

BoNbIMM ¥ TPUHIMITHAGHO BAYKHBIM JOCTHKCHHEM B KaTaJUTH-
YECKOM THJIPUPOBAHUU SIBISICTCS OTKPBITHE PACTBOPUMBIX KOMILICKCOB
METaJIJIOB, KOTOPBIC KATAIU3UPYIOT THAPUPOBAHUE B TOMOTCHHOM pac-
TBOpe. ['eTeporeHHOe THAPUPOBAHNE HA TMOBEPXHOCTH METATHYCCKUX
KaTaJn3aTopoB MMEET PsiJi CYIICCTBEHHBIX HEIOCTATKOB, TaKHX KakK
W30MepHU3alisl alKeHa W PaCIIeIICHHe OJUHAPHBIX YIICPOJ-YIIIepo-
HBIX CBs3eil (TUIporenosn3). [oMOreHHOe TuAPUPOBAHUE JTHIICHO ITHUX
HEJIOCTATKOB. 3a TMOCIEIHUE TONbl MoJyueHa OoJblnasi TpyIma Kara-
JIM33aTOPOB TOMOTEHHOTO I'M/IPHPOBAHMUS — KOMILJIEKCOB IIEPEXOIHBIX Me-
TAJJIOB, COIEPIKANIMX PA3THUHbIC TUraH bl. JIYUIIUMH KaTaau3aTopamMmu
TOMOT€HHOTO TMPHUPOBAHUS SBIISIOTCS KOMIUIEKCHI X10pua0B posus (1)
u pyrenus (IlI) ¢ Tpudenundpochunom — tpuc-(Tpudenmidocdun)po-
muitxiaopun [(CgHs)3PJ3sRhCl u ruapoxnopun Tpuc-(tpudenundoc-
¢un)pyrenus [(C¢Hs);P]3RuHCI. HauGonee moctyreH poaneBbiii KoM-
TIJIEKC, KOTOPBIM TIoydaeTces pu B3auMoeicTBuil ximopuma pomaus (1) ¢
tpudenmnpocdunom (karamuzarop Jx. Yunkuncona). Poguessiii kom-
TUIEKC YHIKUHCOHA UCTIONB3YETCs JIJIsl TUAPUPOBAHUSI IBOWHOW CBS3U B

O6BI‘IHI)IX YCJ'IOBI/ISIXZ
[Ph3P]3RhCl
@SN
6eH3on 20°C

Baxnoe mpenmyIecTBO TOMOTEHHBIX KaTadu3aTOPOB 3aKIIOYAETCS B
BO3MOXKHOCTHU CEJIEKTUBHOIO BOCCTAHOBJICHUSI MOHO- U AM3aMEUICHHOU
JIBOMHOW CBSI3U II0 CPAaBHEHHMIO C TPU- U TETPA3aMEIICHHON M3-3a
OOJBIINX PA3NAYNHA B CKOPOCTH THAPUPOBaHMS. biaronaps sTomy cTano
BO3MOJKHO CEJIEKTUBHOE BOCCTAHOBJICHHUE OJHOM JIBOMHOIN CBSI3HM B
MPUCYTCTBUU JPYTOW JBOMHOM CBSI3W B OJHOM M TOM K€ MOJIEKYJIE:
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HpI/ICOCI[I/IHGHI/IC BOAOpOAa NPOUCXOOUT B YuUC-IIOJIOKCHNU, BOCCTA-
HOBJICHHE yuc-2-0OyTeHa IeUTeprueM MIPUBOIUT K Me30-2,3-muaenTepoOy-
TaHy:

H NS CH3 H
T‘: 4D, [(C6Hs)3P]3RhCI D*‘*CH3
/C\ Gerson D—‘— CH;
H CH3; H
yuc-2-6yTeH Me30-2,3-aupeiTepodyTan

PeaKI_[I/II/I, KaTaJII/IBI/IpyCMLIC KOMIIJICKCaAaMU HCpCXOI[HI)IX METaJlJIOB, B
TOM YHUCJIC U FI/I,Z[pI/IpOBaHI/Ie AJIKCHOB, HO,[[pO6HO paCCManI/IBaIOTCﬂ B
mase 27.

5.4.2. BOCCTAHOBJEHME JIBOMHOM CBA3U C IOMOIIBIO JTUUMMUJIA

T'unpasun NH, —NH, okucnsercs nepokcuaoM BOJOpoAa B IPUCYT-
creun noHoB Cu’t no mummmma NH=NH. Bosnee y1o6HEIM MeTOIOM
TeHepaluu JuuMuJa sBJISICTCSA BSaHMOHCﬁCTBHC ruipasvHa ¢ HUKCIIEM
Penesi. Eciiu B peakilmoHHOM cMecH IPUCYTCTBYET ajKEH, €ro JBOMHAs
CBA3b 1101 HCﬁCTBHCM O4YCHb HCCTaGI/IHBHOI‘O AnnUMHuia MOoABEPracTcAd
ruAprpoBaHnio. OTIMUNTENBHON 0COOEHHOCTHIO 3TOTO0 METO/A SIBISET-
Csl CTpOTast CUH-CTEPEOCTEIIM(PHUIHOCTD MPOIECcCa BOCCTAHOBICHHUSI.

CH
cH o3
G[ 3 NH;—NH, @H
Ni Penes --CH
CHs y 3
yuc-1,2-guMeTun~
UMK ONeHTaH
NH;—NH,
Cu?*+H,0
1,4,6-u1Kno- (98%)
JAopeKaTpuet UMKNOg0aeLeH

5.4.3. PEAKIIMU IEKTPO®UJIBHOI'O IPUCOEJIUHEHMUST
IO JBOMHOM CBSI3U AJIKEHOB

I'parmaaeiMu opbutansmu B3MO u HCMO aikeHOB SIBIISIOTCS
3aHsTass - W mycTas 7w*-opOuranu. ClenoBaTelbHO, B PEaKIUAX C
snexrpoduaamu (ET) Gymer yuacTBOBAaThH m-OpOMTalb, a B PEaKLHAX
¢ nykineopunamu (Nu~)— m*-opourans cBszu C=C. B OonbiimHCTBE
CITy4aeB TIPOCTHIE alKeHBI JIETKO BCTYIMAIOT B PEAKIHH C DIEKTPO-
¢unamu, a ¢ HykIeoQuUIaMH pearupyroT ¢ OOJNBLIMM TPYyAOM. OTO
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o0bsicHsieTcss TeM, 4To 00b1HO HCMO GonbIIMHCTBA 2IEKTPOPHUIOB
mo 3Heprum Onmm3ku K sHepruu m-B3MO ankenoB, Torma kak B3MO
OOJIBIIMHCTBA HYKJICO(UIIOB JIeXKaT 3HaYuTeNbHO HIKe n°-HCMO:

(HeMo) ™
cnaboe
BO3MyLLeHe

£®(HcMo)

(B3MO) 77 —t— NS (B3MO)

chabHoe
BO3MyLLeHHe

[IpocTele ankeHbl pearupyroT JUIb C 04€Hb CHIILHBIMH HYKJICO(HIIb-
HBIMU areHTaMH B KECTKUX YCJIOBHUSX, OHAKO BBEICHHE IJIEKTPOHOAK-
nenTopHeix rpymni, Hanpumep NO,, COR, F u ap., npuBoauT K HMOHU-
KCHHUIO 7*-ypOBHS, OJaromaps 4eMy ajkeH MPHoOpeTaeT CIIoCOOHOCTh
pearupoBaTh ¢ HyKJICO(PHIaMU CPEAHEH CUITBI.

B pesynsrate B3ammopneicTBus snekrpoduibrHoro arenra EY ¢
aJIKeHOM 00pasyeTcsi KapOOKaTHOH, 00JIaJaroIINii BEICOKOH peaKuOH-
HOH crocobHOCTRI0. KapOokaTHOH nmanee CTaOMIM3UPYETCS 3a CUeT
OBICTPOTO MPUCOEIMHEHHS HyKI€0(HIbHOTO arenTa Nu®:

N oA~ @ MemremHo  \ 7@7
JC=C{_+E® &2 3C-Co (1)
ke MEKTPO- E
rbrbri KapOOKaTHOH
areHT
AN ® = OBICTPO N /
2C—C_ + Nu P SC—CL Q)
E E Nu
KapOOKAaTHOH HYKJICO(QHITbHBIN MPOIYKT
areHT HPUCOETUHEHUS

ITockosbKy MEIJIEHHOH CTaiuel SIBISAETCS IPUCOECIUHEHUE DIIEKTPO-
¢ua, c TOUKH 3peHUs. MEXaHU3Ma MpoLecca IPUCOSIUHEHUE TTOJIIPHOTO
arenta ET9Nu~? cienyer paccMaTpuBaTh HIMEHHO Kak 2EKTPOMUILHOE
HNPUCOEINHEHUE K KPAaTHOM CBsI3U ajkeHa. V3BecTHO OOJbIIOE YHCIIO
peakuuii 3Toro Tuma, Ine pojb EKTPOPHUIBHOTO arcHTa BBIIOJHS-
10T TaJoreHOBOAOPO/Ibl, BO/A, TaJOreHbl, COJIM JIByXBaJEHTHOM pPTYTH,
cynshenxnopunbl RSCI, xmopuctsrit HuTpo3ui NOCI, 6pom azum BrNs;,
nonasua INs, nognzornmanar [—N=C=O0 u npyrue nosuspHsle pearcHThl.
DneKTpoPMIbHOE TIPUCOSANHCHIE K JBOWHON CBSI3W B KJIaCCUPUKAIINH
MEXaHM3MOB OpraHMYEeCKHX peakuuii umeeT cuMBonl Adp (Addition
Electrophilic) 1 B 3aBUCHMOCTH OT YUCIIa pearupyromux MOJICKYJI 000-
3HavyaeTcs Kak Adg2 (OumonexynsipHas peakuusi) uiu Adg3 (TpuMoseKy-
JsIpHas peakius). PaccmMorpuM Teneppb Oosee moapoOHO Hanboee Bak-
HBIE IPUMEPHI AEKTPOPHUIBLHOTO MPUCOCTUHEHUS 110 ABOMHOM CBS3H.
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5.4.3.a. IPUCOEAMHEHUE I'AJIOTEHOB

AJKEHBI pearupyioT ¢ OpOMOM H XJIOPOM ¢ 0Opa3oBaHUEM MPOIYK-
TOB MPHUCOEIUHEHUS IO ABOMHOM CBA3M OJHOW MOJIEKYJbl rajoreHa
C BBIXOJOM, OJMU3KHM K KOJTHYECCTBCHHOMY. DTOp CIUIIKOM aKTHBEH
U JaXe MPU HU3KOH TEMIIEpaType BBI3BIBACT ACCTPYKIHIO AJKCHOB.
[IpucoennHuenne noma K aJkeHaM B OOJIBITUHCTBE CITydaeB MPEACTABISICT
c000i1 00paTUMYIO PEAKIIMIO, PABHOBECHE KOTOPOU CMEIICHO B CTOPOHY
HCXOJIHBIX pPEareHToB.

CH;CH=CH, +Br, - el

CH3 (‘ZH—CHzBr (99%)
Br

1,2-qu6pommnpornan
Br

ccl,
O+ s O o

~

Br

mpanc-1,2-TMOPOMIIMKIIOTeKCaH

CCly

CH;CH= CHCH3—|—C12 CH3 CH—CH—CH; (100%)

|
Cl Cl

2,3-nuxsopOyTan

CH;CH,CH=CH, + Cl, b,

CH;CH,—CH—CH, (97%)
Cl Cl

1,2-muxnopOyran

bricTpoe obecrBeunBanue pactBopa 6poma B CCly CIIy’)KHT OTHHM W3
MPOCTEHIINX TECTOB HAa HEHACHIIIEHHOCTb, MOCKOJIBKY M aJIKE€HBI, U
AJKAHBI, ¥ TUCHBI OBICTPO pearupyroT ¢ OPOMOM.

[Mpucoequnenne Br, u Cl, x anmkeHaM HOPOMCXOOUT IO HOHHO-
My, a HE PaaUKaJIbHOMY MEXaHHM3MYy. DTOT BBIBOJl CIIEAYyeT W3 TOTO,
YTO CKOPOCTb NPHUCOEIUHEHHUs TajoreHa He 3aBUCUT OT OOJIydeHus,
MPHUCYTCTBHS KUCIIOPONa W APYTHUX PEareHTOB, WHUIMHAPYIOUINX WU
WHTUOMPYIOMNX paJuKalbHBIe Tporiecchl. Ha ocHOBaHWHM OOIBIIOTO
qHciia SKCIEPUMEHTANbHBIX JIAHHBIX Ul ATON peakuuu ObLI Mpensio-
KEH MEXaHH3M, BKIIOYAIOMINK HECKOJBKO IOCIE0BATebHBIX CTaINH.
B mepBoil cTagun MpOUCXOAUT MOJSAPU3AIMS MOJIEKYJBI TajoreHa Mo
NEHCTBUEM DJICKTPOHOB 7T-CBSI3H. ATOM TaJIOTCHA, MPHOOPETAFOIIHIA
HEKOTOPBIA POOHBIN MOMOKHUTENBHBINA 3apsi, oOpasyeT C 3IeKTpOHa-
MU TT-CBSI3U HECTAOWIIBHBIN MHTEPMEIHAT, Ha3bIBAEMBIN T-KOMITJIEKCOM
WIM KOMIUIEKCOM C TepeHocoM 3apsja. CienyeT OTMETHTh, 4TO B
TT-KOMIIJIEKCE TaJOTeH He 00pa3yeT HalpaBIeHHON CBSI3U C KOHKPETHBIM
aTOMOM YIVIEpOJa; B 3TOM KOMIUIEKCE MPOCTO Peasu3yeTcs JAOHOPHO-
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AKLENTOPHOE B3aUMOJICHCTBHE 3IEKTPOHHON Maphl 7-CBSA3M Kak JOHOpa
U raJIoreHa KaK akKLenTopa.

c=c" 4+ —gn e o
- -o- .0' ~—
7\ 7
Br*¢
|
Br¢

TT-KOMILIEKC
(KOMIUIEKC C TIepeHOCOM 3apsija)

Janee m-KOMIUIEKC MpeBpaIlaeTcs B UUKINYSCKH OPOMOHHEBBI HOH.
B mpomecce o6pa3zoBaHHsA ATOTO IMUKIMYECKOTO KaTHOHA MPOMCXOAUT
rerepoiauTudeckuii paspsiB cBsizu Br—Br (wim Cl—Cl) u mycrast p-op-
OuTanb sp’-ruOPUIN30BAHHOTO aTOMa yIIeposa MepPeKphIBAETCS C Op-
OWUTANBIO «HETIOACICHHOH Maphb» EKTPOHOB aToMa TajoreHa, oopasys
MUKITAYECKUA NOH 6pOMOHI/I$I (Wi XJIOpOHHMS):

N s
AL = iy
STN T SN
r""‘ Br Br
BI"J HOH JTHIEHOPOMOHHS

B mocnenne#t, Tperbel, cTaauM aHWOH OpomMa Kak HYKIJICO(MUIHHBINA
areHT aTaKyeT OJMH W3 aTOMOB yIiiepofa OpoMoHueBoro noHa. Hykieo-
¢ubHas aTaka raJIoTeHU/I-MOHA TIPUBOJHUT K PACKPBITHIO TPEXUJICHHOTO
UKJIa ¥ 00pa30BaHUI0 BUIIMHAIBHOTO IUTaIoreHI A (Vic — psiioMm). DTy
cTaanio (opMaITBHO MOYXKHO paccMaTpPUBaTh KaK HYKICO(PHIbHOE 3aMe-
menue Sy2 y atoMa yIiepona, TIe yXoasieil rpynnoi seiasercs Bre.

"e
. 'Br', .~ /Br
-——{c — o
/\e/D\ 7 N

IIpucoenrHenue raJoreHoB K JBOMHOM CBSI3U AJIKEHOB MPEICTABIISIET
co00if OfHYy W3 TMPOCTBIX MOJAETHHBIX pEaKIWid, U Ha 3TOM IpPHUMEpe
MOYKHO pPacCMOTPETh BIWSHHUE OCHOBHBIX (PAKTOpOB, HA OCHOBAaHUHU
KOTOPBIX MOT'YT OBITh CJICIIaHbI APTYMEHTUPOBAHHBIC BHIBOJIBI O JICTAJIb-
HOM MexaHu3Me mporiecca. s 000CHOBaHHBIX BBIBOJIOB O MEXaHU3MeE
OO0 peakiuu cleAyeT pacrojaraTb JaHHBIMH TOo: 1) KMHETHKe
peaknuu, 2) CTEPCOXUMHH, 3) BIUSHUIO 3aMECTHTENICH B UCXOTHOM
cyOCcTpaTe Ha CKOPOCTh peakiuu, 4) BIMSHHIO pPAacTBOPUTEINS Ha
CKOPOCTh peaklnW, 5) HaJWYWI0 WIU OTCYTCTBHIO COIPSKEHHOTO,
KOHKYPHUPYIOILIETO Tpoiecca, 6) BO3MOXKHOCTH MEPErpyHIrupoOBOK B
XO[€ pEeaKIuH, 7) WCIOJB30BAHUIO MEUYEHBIX CYOCTpaToB W (WIIH)
pEareHToB.
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PaccmoTpum 3TH (akTopbl Ha MPUMEPE TaJOreHUPOBAHUS aJIKEHOB.
KuHeTtnueckue naHHbIC 1al0T BO3MOXXHOCTb YCTAaHOBUTb IIOPSIIOK peak-
IUU 110 KKIOMY KOMIIOHEHTY M Ha 3TOM OCHOBAHMHU CJEJIaTh BHIBOA
00 oOmiell MOJEKYISIPHOCTH PEAKLUHU, T. €. O YUCIIE PEarHpyOLINX
MoJiekyi1. s OpomMHupoBaHMSA aJKeHOB B OOIIEM Cllydae CKOPOCTh
PEaKIMU ONUCHIBACTCA CIEAYIOIINM YPaBHEHUEM:

v = k' [anxen] [Br,] 4 k" [anken][Br;)* + & [anken|[Br,][Br ],

KOTOpOe MHOTIa yrpomaercs jo v = k’[anken][Bry] + k" [anken] [Br,]?
U pEeIKo [0 NEePBOHAYAIBHO OKUIAEMOIO IIPOCTOrO BBIPAXKECHUS
v = k'[anken]|[Br,]. Ha 0cHOBaHWM KHHETHYECKUX JAHHBIX MOXKHO CJie-
JaTh BBIBOJ O TOM, YTO B ONPEAENIAOIE CKOPOCTh CTaUU HPUHUMAET
y4JacTHe OJHa WM JBE MOJICKYNbl Opoma. BTopoil mopsgok mo 6pomy
03HAYAET, YTO ¢ OPOMOHMEBLIM HOHOM PEArupyeT He OpoMHUI-HoH Bre,
a TpUOpPOMUI-NOH Br?, oOpasyrouuiicst pH B3aUMOJCHCTBUN OpoMa H
OpomMuI-HoHa:

Br; + Br® = Br{’

OT0 paBHOBecue Juisi 0Opa3oBaHUs Br3e cABUHYTO Brpaso. Kuneru-
YEeCKHE JaHHble HE IMO3BOJIAIOT CHeNaTh KakKue-IM0O Ipyrue BBIBOBI
0 CTPYKType NEpEXOAHOTO COCTOSHHUS W IPHUPOAE IEKTPOPHIBLHON
YaCTHLBI B pPEaKkUUU IMPHCOEAWHEHUS TaJoreHa I0 JBOWHOM CBS3M.
Haubonee nennyro nHGOpPMALUIO O MEXaHW3ME 3TOW PEakUuH IMpe.-
CTaBJIAIOT JaHHBIE MO CTEPEOXMMHH IpucoennHeHus. [Ipucoennuenne
rajoreHa K ABOIHOM CBSI3U MpeAcTaBiIsIeT co00l cTepeocnennduiyeckuii
npouecc! anmu-npucoeMHEnns 11 AJKEHOB M [UKIOAJKEHOB, Y KO-
TOPBIX /BOMHAs CBA3b HE COIpPSIKEHAa ¢ OEH30JbHBIM KOJbLOM. [l
yuc- 1 mpaHc-u3oMepoB OyTeHa-2, MEeHTeHa-2, TeKCeHa-3, MUKIOTeK-
C€Ha, LUKIONEHTEHa U APYTUX AJKEHOB IPUCOEIUHEHHE MPOUCXOAUT
UCKJIIOUUTENIBHO B MpaHC-TI0JI0KEHNE.

A Br H
12 3 —n
> + b, — T Br
" afl H " Br
Br H
LIUKIIOTEKCCH a,a-xoHdpopmep e,e-koHpopmMep

mparc-1,2-1nOpOMINKIOreKCAH

IIpu npucoearHeHnn OpoMa K IIUKIOTeKCEHY TIepBOHAYAILHO 00pa3yeT-
cst mpanc-1,2-mHOPOMITUKIIOTEKCAH B a,a-KOH(PpOopMaIuH (KoHGOopMaIuu

! Crepeocnenupnaeckim Ha3BIBAETCS TAKOH MPOIECC, B KOTOPOM 06Pa3yeTcs monbko ooun m3
BO3MOXKHBIX CTEPEOH30MEPOB; B CTEPEOCEIEKTUBHOM MpoIlecce HAOIIONACTCS npeumylyecmeeHoe
00pa3oBaHHe OIHOTO CTepeoMepa.
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LUKJIOTeKCaHa PacCMOTPEHBI B IaBe 22), KOTOPBIA 3aTeM Cpasy ke
HEPEXOAUT B SHEPreTUUECKU 00JIee BBIFOIHYIO €,e-KOH(POPMaLH0. ITOT
BBIBOJI OCHOBAH Ha N3yYCHHUHU IPUCOCAMHEHHS OpOMa K HEHACHIILICHHOMY
COEIMHEHHUIO, B KOTOPOM KOJIbLIO LUKJIOTEKCEHA KOHICHCHPOBAHO C
OpyruMu Kosiblamu. HawmOosee ymoOHBIM MOJENBHBIM COCAMHEHHEM
TAKOI'0 THIIA SIBJIETCS XOJIECTEPUH:

(s CH;

M55 L CH
Joon

3

HO

XOJIIECTePUH

XomnecTepuH TPHCOCTUHSIET OpoM ¢ 0Opa3oBaHUEM ITHAKCHAIBLHOTO
JTMOpOMUIa, B KOTOPOM KOJIBIO0 B 3aKperieHo B aHHOW KOH(pOpMAaIUu
cousieHeHHeM ¢ koiabnamu A u C:

H CHs H CHs
CHy B CHs CgHyy
‘ Gty B2 Br
M h CCly
HO
H
y Ho
f Br

H

JIMaKCUATTbHBIH HI/I6p0MI/IH XOJIECTEpHUHA

mpanc-JlnakcuanbHOE MPUCOEIMHEHNUE TaJOreHOB K JIBOWHOW CBs-
3U MO3BOJIACT OTBEPIrHYTh MCXAHU3MBI OZ[HOCTaI[I/II\/'IHOFO CUHXPOHHOT'O
MIPUCOCIMHEHUSI OAHOW MOJIEKYJIbl TaJlor€éHa K JBOMHON CBSI3H, KO-
TOPOC MOXKET OCYHICCTBIATHCA TOJIBKO KaK CUH-IIPUCOCAUHCHUC. An-
mu-TIpECOEINHEHHUE TaJI0TeHa He COMacyeTcs TakkKe U ¢ 00pa3oBaHUEM
oTkphIToro kapookarnona RCPH—CH,Hal B kauecTBe MHTEpMeIHaTa.
B oTkppiTOM KapOOKaTHOHE BO3MOXKHO CBOOOJHOE BpalllcHUE BOKPYT
C—C-cBs3H, YTO JIOJDKHO TIPUBOIUTE ITOCJIEC aTakud aHWoHa Br~ k oOpa-
30BaHUIO CMCCH IMMPOAYKTOB KaK armu-, TaK U CUH-TIPUCOCANHCHUA. Cre-
peocriennpudeckoe aHmu-IPUCOCTNHEHUE TallOTEHOB SBHJIOCH TJIaB-
HOW MPUYMHOM CO3/IaHMS KOHLEMIHWH OPOMOHHEBOTO HIIM XJIOPOHHE-
BOTO HMOHOB B Ka4e€CTBE IUCKPETHBIX IPOMEKYTOUHBIX YaCTHIl. ITa
KOHOCHIUA UACAIbHO YAOBJCTBOPACT HNpPaBUIly aHmu-IpuCOCANHCHNA,
MTOCKOJIbKY HyKJIeo(pHITbHAS aTaka raJIoTeHH/I-HOoHa 110 JTF000MY U3 JBYX
aTOMOB YIJIepoja TaJOreéHOHMEBOTO0 MOHAa Mo Sy2-mexaHusmy (I 9)
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MMPOUCXOOUT C ThUIBHOM CTOPOHBI:

Hal) Hal
C \C —C/
7 (\ <
Hal® Hal

Jist HeCHMMETPHYHO 3aMEIICHHBIX aJIKEHOB 3TO JI0JHKHO MPUBOANUTH
K JIByM DHAaHTHOMEpaM mpeo-POpMbl TpU MPHCOCTUHEHUH Opoma K
yuc-u30Mepy 1 K SJHAHTHOMEPAM 2pumpo-GOopMbl TIPH TaTOHIUPOBAHUH
mpanc-u3oMepa. IT0 IeHCTBUTEIBLHO HAOMIONAETCSI MPU NPHCOSINHE-
HUM OpoMa, HanpuMep, K yuc- U mpanc-u30MepaM IeHTeHa-2:

Br H 7
L ‘aH >c (A CH
“/R K 33
H\ Vi N CHy g g3
/ + Br, — C—-—-C ‘é g
cfis CHZCH3 VA CHe s A (5
L35 Ceyy ESS
LHC-NeHTeH-2 g S0 O
BC CH,CH,
Br H 9
a , /CH CHy
CHy H o 1 CHV(S) (R)\
ISV R g i Br® > 3HaHTHOMepb
= —_— —( — =
/ N / \Q/ \ CH3 Br 3puTpo (pOprl
H CHCH,  H Br CHCHy | 5
— = _—¢
TPaHc-NeHTeH-2 7 ~<s
ACRONY
Br CH,CH, |

B ciydae cuMMETpHYHBIX allKeHOB, HAIPUMEp yYUcC- U MPAHC-
M30MEPOB I'eKCEHa-3, IOJDKEH 00pa30BbIBATHCS WU palrieMar (T. €. CMeCh
paBHBIX KOM4ecTB D- U L-DHAHTHOMEPOB) WIH Me30-(hopMa KOHEUHOTO
JUMOpPOMUJIA, YTO U HAOIIONACTCS B JICHCTBUTEIBHOCTH:

Br H 9
a /'
—
Hon W H/(R (p)\ CH,CH,
\N_/ Bn l 1 Br® | CHiCH, 3HaHTUOMepb!
/c c\———-» /c c\ CMEChb paBHbIX
CHsCH,  CHCH Chaliy Br Ty | H\\ Br ;f“;"fftopm
yuc-reKcen-3 L—-»
CHCH, /(s) (5\
Br CHch |
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Br CH,CHz
e N\ /
a 4§ H- 7 (S)C\\H
RN, "!\l l,,CHzCHs CHyCH, Br L
(= —*— /\C\——,,C/\—E-e— ’ o Me30-DopMl
H \CHZCH3 CHCH, Br H i\
Tpanc-rexcen-3 CH;H&C(W)CVHZCH;
Br H

.

Nwmeetcss He3zaBHCHMOE, TPSMOE JOKA3aTelIbCTBO CYIECTBOBAHUS
raJOreHOHUEBBIX MOHOB B HEHYKJICO(PMIbHON, MHAUPPEPEHTHOH cpene
npu Huskoil Temneparype. C momouipto SIMP-criekrpockonuu Ob110
3apeTuCTPUPOBaHO 00pa30BaHUE OPOMOHUEBBIX HOHOB NP MOHU3ALNN
2-6pom-3-prop-3-MeTundyTaHa npu ISHCTBUHM OUEHb CHIIbHOW KUCIIOTHI
JIptonca — nATHTOPHUCTON CYpPHMBI B PACTBOPE KHUIKOH JIBYOKHCH CEPBI
npu —80°C:

Blr or CHs /Br\ ,CHz
5 SNTDN L =)
— — — —_—p —
(cr13)2 ﬁ CH—CHj4 K50, ; 80°C /c C SbFg

F CH, H

OTOT KaTHOH J0cTaTouHO cradbuieH npu —80°C B HeHyKICOPHIBLHON
cpene Uil HEMOCPEACTBEHHOTO HAOIIOAEHMS, HO MIHOBEHHO pPa3py-
H1aeTcst Mpu JAEHCTBUM JIOOBIX HYKICO(QHIBHBIX arceHTOB WM IPH
HarpeBaHUH.

Huknnyeckre HOHBI OPOMOHUS HHOTZIA MOTYT OBITh JAa)Ke BBIICIICHBI,
€CIIM TIPOCTPAHCTBEHHBIC NMPEMATCTBHS MEIIAIOT UX PACKPHITHIO TPH
JEHCTBUH HYKJICO(PHIIOB:

B

r
+
+ 2Br, ———
e
Bry
AvagamaHTuner
DT0, pasyMeeTcsi, HE MOXET CIYXKUTh IPSIMBIM JOKa3aTEIbCTBOM
o0pazoBaHus OPOMOHHUEBEIX HOHOB B PEAKIIUU MPUCOCIUHEHUS OpoMa
K JIBOMHOW CBS3U QJKEHA B CIUPTE, YKCYCHOM KHCIIOTE€ U APYTHX
AJIEKTPOHOJOHOPHBIX PACTBOPUTENSIX. Takue JaHHBIE, CKOpee BCEro,
cenyeT paccMaTpyBaTh KaK HE3aBUCHUMOE MOATBEPKICHUE TPUHIIUITH-
aJHHON BO3MOXXHOCTH 00pa30BaHNsl raIOT€HOHUEBBIX HOHOB B MIPOIECCE
AMEKTPO(UIBHOTO TPUCOCIUHECHUS 10 JBOMHON cBs3u. KoHmerius
TaJIOTEHOHWEBOTO HOHA IIO3BOJISIET JaTh paIOHAJIbHOE OOBSICHEHHE
00paTUMOCTH TPUCOCAWHEHUS HONa K JBOWHON cBsi3u. B kaTmone
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TaJIOTCHOHUSI €CTh TPH DJICKTPOQMIBHBIX LEHTPA, JOCTYMHBIX HYK-
neoIbHON aTake TaJoOreHHA-aHMOHA: JIBa aToMa yIIepoga M aToM
ramoreHa. B ciydae ximoponueBbix MoHOB aHMOH Cl™, mo-Buaumomy,
NPEHMYIIECTBEHHO WM Ia)Xe HWCKIIOYUTENIBHO aTaKyeT YIIIepPOIHBIH
HeHTp KaTuoHa. J{ns OpOMOHHMEBOro KaTHOHAa PaBHOBEPOSTHHI 00a
HaITPaBJICHHS PACKPBITHS raJIOTEHOHUEBOTO HOHA 32 CUET aTaKu OpOMH/I-
MOHA KakK I10 YIJIepOy, TaK 1o atoMy opoma. HykneodunbHas araka o
aroMy Opoma OPOMOHHEBOTO MOHA NMPHUBOAUT K MCXOAHBIM peareHTaM —
OpoMy U aJKeHy:

A .

t—¢”
Br

AN
C=C + Br—Br —/

/

Br®

WomoHneBbIif MOH pacKphIBAeTCs, BEPOSITHO, MPEUMYIIECCTBEHHO B
pe3yabpTare aTakd MOAUA-UOHA M0 aTOMy MOJa, M MOSTOMY PAaBHOBECHE
MEX]ly UCXOTHBIMHU peareHTaMu U HOJJOHUEBBIM HOHOM CMEIICHO UMEH-
HO B CTOPOHY PEarcHTOB:

\C=C/ + [— ] \c—c/
/\?/\ .

~

(S}

Kpome Toro, koHEUHBIH NMPOAYKT MPHUCOEAUHEHUS — BUIIMHAIBHBIN
JUHMOIU] — MOXKET MOABEPraThesl HyKJICO(UIbHON aTake IPUCYTCTBYIO-
mmM B pactBope (I, +1° — 139) TPUUOJUA-UOHOM 139 — I10 aTOMy HOJa,
YTO TAKXXe NPHUBOIUT K 0OPa30BaHUIO MCXOIHBIX PEarcHTOB aJIKEHa M
noja:

R\ /R e i A R\ /R e e
R C—Cp * Iz = [R—=C—C=R|— C=C{+ 1, + I (umm Ig)
I I I I R R
] )
I 1
NS/
I

Aunmu-nipucoeIMHEHUE XJIOpa WM OpoMa XapaKTEpHO Ui aJIKEeHOB,
Yy KOTOPBIX JBOWHAs CBSA3h HE COMPSDKECHA C ZM-INEKTPOHAMU OCH301b-
HOTO Koublia. J[mst ctuporna, cTHiibOeHa M MX MPOW3BOAHBIX HAPSAY C
AHMU-TIPUCOCANHEHUEM UMEET MECTO U CUH-TIPUCOCIUHEHUE TajoreHa,
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KOTOpOE B MOJISIPHOI Cpeie MOXKET CTaTh JlaXke JTOMUHUPYIOIINM:

CeH H
R gy SHsC00H Cﬁ'iic . a0 N Cs'iic C,/”
= r — —- —_—
/7N 2 7\ He7  OvCHs
H CHs Br CHs Br Br
(68%), NPORYKT (32%), npoa yKT
E-1-penunnponen aHTH-NPACORAMHEHMS CHH-TIPUCORAVHEHNS
H H H Br H H
N/ CH3NO, S S S S
C= + Br, ——— C—C~ C—C
7~ ¢ g CHsr7 ™ N\ +C6HS// S CeHs
cdfis CeHs B CeHe B Br
(10%), nposykT (90%), npomykT
QHTH-TPUCOB L MHEHMS CHH-NPUCOBAUHEHUS

B Ttex ciywasix, korjga NpucOeIMHEHUE rajoreHa K JBOMHOM CBs3U
NPOBOAUTCS B Cpeie HYKICO(QMIBHBIX PacTBOPUTEICH, pacTBOPUTEIH
3PPEKTHBHO KOHKYPUPYET C TaJOTEHH]I-MOHOM TIPH PACKPBITHU TpeX-
YJICHHOT'O IUKJIa IraJIOICHOHUECBOI'O HOHA:

o Hal
Hal ~ /
e (g
N A AN P Hal
c=C. + Hal,—/> (C—C—
oo P ACVA S
Hal
Solv /Solv
@——’7c—c<
/

OO0paszoBaHue MPOAYKTOB MPUCOCAMHEHHS C YYaCTHEM PaCTBOPUTEIS
WM KaKOTO-THOO MHOTO «BHEUIHET0» HyKJICO(MIBHOTO areHTa HOCHUT
Ha3BaHUE peakyuu COnpsadcenHo20 npucoeounenus. llpu Bzaumonei-
cTBHM OpoMa M CTHUpOJa B MeTaHolie oOpasyeTcs JBa NMPOAyKTa: BHU-
OUHATBHBIA AUOpOMUI B OpoMAI(HpP, COOTHOLIEHHE KOTOPBIX 3aBHCUT
OT KOHIIEHTPAIMH OpoMa B METaHOJIE:

CsHsCH=CH, + Br, <%, ¢ . H,CHCH,Br + C¢HsCHCH,Br

Br OCH3

B cunbHO pa30aBiieHHOM pacTBOpPE NOMHHUPYET HPOIAYKT CONPSIKEH-
HOTO MPHUCOEIUHEHUs, a B KOHIIEHTPUPOBAHHOM pacTBOpPE, HAIPOTUB,
npeoOiafaeT BULMHAIBHBIN quOpoMua. B BogHOM pacTtBope Beeraa
npeobaasaeT TaJOTeHTUAPUH (O-CIIUPT, COIEpKalMi TrajoreH IMpu
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0-yTIIEPOIHOM aToOMe), T. €. IPOAYKT CONPSI’KEHHOTO MPUCOEANHEHUS:

ol
A N +Hcl
AN X N +HOL =
Q_V ik and i vl a
0 OH

OH
Tpanc-2-xnop-
UuKnoreKcason

H M

B ciyyae HecHMMETPHYHBIX QJIKEHOB B PEAKIHUAX COIPSHKEHHOTO
MPUCOEANHEHUS TaJOreH BCErJa NMPUCOENUHAETCS K aToMy yIIeposa,
cojieparieMy HauOoJbIIee KOJIUIECTBO aTOMOB BOAOPONA, & HYKJIEO-
GUIBHBIN areHT — K YIIepony ¢ MEHBILIMM YHCJIOM aTOMOB BOAOPOA.
W3oMepHBI TIPOILYKT C WHBIM PACTOIOKEHHUEM IPHUCOCAMHIIOIINXCS
rpynn He oOpasyercs. DTO O3HAuaeT, YTO 0Opa3yroluiicss B KauecTBe
WHTepMeanaTa IUKINYeCKUi TaJIOTEHOHNWEBBIH HOH [OJKEH HMETh
HECUMMETPUYHYIO CTPYKTYPY C JABYMsI Pa3IN4aIONIUMUCS O 3HEPTUU
n npounoctd cBm3smMu C(1)—Hal m C(2)—Hal u GOIbIIM  MOJIOKH-
TEJIbHBIM 3apsiloM Ha BHyTpeHHeM aroMme yniepopa C(2). Iloatomy
HYKJICO(DMIBHON aTake pacTBOPUTENIEM IOJBEpraeTcs aroM yrieposa
C(2) rajioreHOHHEBOTO MOHA, HECMOTPS HA TO YTO OH 0OJIee 3aMEeIleH U
CTepHUYECKH MEHEe JIOCTYIICH.

Mo Ng
.(,J/ 0@ OH
CH CHz g,
3 HoH | 0¥ |
_C=CH,+Br, — /Ci:/CHZ —_— CH3—c|-CHZBr — CHz-C—CH,Br + HBr.
CH CH
3 5 Br |pe CHsy g CHs
(73%)

OnuH u3 JIyYlImX NpenapaTuBHBIX METOJ0B CHHTE3a OPOMIHIPHHOB
3aKJII0YaeTcsi B OpPOMUPOBAHUH AJKEHOB C MOMOIIBI0 N-OpOMCYKIHMHU-
muna (NBS) B 6unaproit cMecu qumetmwicyibhokcuaa (IMCO) u BopL.

o 5°
0 [V
7 0: CHzS Y
eH—eL MO CRES CHy—S—CH;
R—CH=CH, + | NBr___ 75 |R—CH—CH,
CHZ-C\ +
0 Br
CHs
(<)
0—S"CH, po
H—C
HOH 2 ~ H ® (<]
R—CH—CH,Br |————» R—CH—CH,Br + éH—C/N + (cHy),S—0
- OH 2

JlnMeTniIcymbOKCHIT, KaK BRICOKOOCHOBHBIN TUTIONISIPHBINA aripOTOHHBIH
PACTBOPUTENB, PACIICIIISCT TPEXWICHHBIN UK OPOMOHUEBOTO KaTHOHA
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¢ obOpa3oBaHHEM COJIH CYIb()OKCOHHS, KOTOpas MPH TUAPOIHU3E JAeT
OpOMTHIPUH C OYEHb XOPOIITUM CyMMapHBIM BBIXOJIOM:

40

CH,-C
CeHsCH=CH, + | >NBr AMCO-H;0,

H,—C
o
—>C6H5 *CH*CHzBr (76%)

OH

o)
CH,C

C¢HsCH=CHCHj + |
CH,—C

JMCO-H,O
20°C

NBr

7 N\ / N\

O
—)CGHS*CH*CH*CH3 (92%)

OH Br

Hcxonupii N-OpOMCYKUMHUMU, TTOJTyYaeTcss Ipu OpPOMHPOBAHUM CYK-
nuHAMAga (MMUOAQ SHTAPHOW KHCIOTHI) OpOMOM B BOIHOM IEIOUH
npu 5°C:

0 0
Y Y
CHz—C< o CHz—C<
| _NH+Br, ——— _NBr+ NaBr + H,0
CH—C 207 CHy~C
0 0

O6pazoBaHue MPOAYKTOB COMPSKEHHOTO NMPUCOSANHEHNUS B PEaKLIUU
raJIoOTeHUPOBAHUS AJIKEHOB TAKXKE I03BOJISICT OTBEPIHYTh CUHXPOHHBIN
MEXaHU3M MPHUCOEANHEHUS OAHON MoJeKynbl rajoreHa. ConpskeHHOe
HPUCOEINHEHHE K ABOMHOM CBSA3M HAXOIUTCS B XOPOLIEM COOTBETCTBUHI
C JBYXCTaJUHHBIM MEXaHH3MOM C Y4YacTHEM KaTHOHA TaJOTCHOHHS B
KauecTBEe MHTepMeuara.

Js peakuuy 31eKTpOQHIBHOTO NMPHCOCIUHEHUS! K IBOMHON CBs-
3M CIEAYeT OXMIATh YBEJIWYCHHUS CKOPOCTH PEaKkIWd TpU HATHMYUH
3JIEKTPOHOJOHOPHBIX AJIKHMJIBHBIX 3aMECTUTENICHl NpH IIBOWHON CBS3M.
JlanHble, peacTaBiIeHHbIE B Ta0M. 5.5, TOKa3bIBAIOT, YTO CKOPOCTH MPHU-
COEIMHEHMs KaK XJIOpa, TaK U OpoMa pe3Ko BO3pacTaer Ui Au-, TPU- U
TeTpaMeTUI3aMellleHHbIX MPOU3BOAHBIX 3TUIeHA. CKOPOCTh NMPUCOEU-
HEHUS XJIOpa WA OpoMa K TeTpaMeTHIIATHIEHY (2,3-TuMeTHI0yTeHY-2)
Bospactaetr B 10° pas mo cpaBHenuio ¢ Oyrenom-1. Takoe rpomaj-
HO€ YCKOPDEHHE OIPEIECJICHHO YKa3blBa€T Ha BBICOKYIO IIOJIIPHOCTD
MIEPEXOTHOTO COCTOSIHMS U BBICOKYIO CTEMEHb pa3fielieHHs 3apsJoB B
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Ta6numa 5.5
OTHOCHTeNbHAS PeaKIHOHHAS CIOCOOHOCTh AJIKEHOB B PEeAKIMAX MPUCOeTHHe-
HHS I'aJIOTeHOB

OtHOCHTENbHAS

PEaKILHOHHAs CHOCOOHOCTh
AJkeH MPU XJIOPUPOBAHUK | TIPH OPOMHPOBAHHU
DruneH — 0,01
Byren-1 1,00 1,00
yuc-byTten-2 63 27
mpanc-byren-2 20 17,5
2-MetnmporneH (1300yTHIICH) 58 57
2-MetunOyTeH-2 (TpUMETUIITHIICH) 11000 13700
2,3-JlumeTmOyTeH-2 (TeTpaMeTHIITHIICH) 430000 190 000

TIEPEXOTHOM COCTOSIHUU COTNIACYETCS C NEKTPOPHILHBIM MEXaHU3MOM
MIPUCOETUHEHUS.

W3 maHHBIX TabOm. 5.5 crmemyer oOpaTWTh BHHMAaHHE Ha TO, YTO
CKOPOCTHU XJIOPUPOBAHHS U OPOMHUPOBAHUS YUC- U MPAHC-OYyTEHOB-2, C
OIHOW CTOPOHBI, U M300yTHIIEHA — C APYTOH, MAJIO OTIMYAIOTCS MEXKITY
co00#. DTO SBISETCS elle OJHUM apryMEHTOM B IOJIB3y 00pa3oBaHUS
OpoMoHHMeBOTO MOHA. baromapsi MUKIMYECKOH CTPYKType MOH Opomo-
HUSl CTa0MIIM3UPYETCs MOYTH B OJMHAKOBOHM CTEINCHH, HE3aBUCUMO OT
TOTO, HAXOJATCS JIW JIBE METHIILHBIC TPYIITHI Y OHOTO (B H300yTHIICHE)
WIN y pa3HbIX (B OyTeHax-2) aToMOB yriepoaa. OTKpHITHIN KapOOKaTHOH
3HAYUTEIHHO Oosiee cTabniIeH, ecii 00e METHIIbHBIE TPYTITEI CBSI3aHBI C
KapOOKaTHOHHBIM IIEHTPOM.

B HekoTOphIX cilydasx OpUCOEANHEHHUE XJI0pa K aJKeHaM, COJlepKa-
IIUM DJIEKTPOHOJOHOPHBIE 3aMECTUTEINN, COMPOBOXKIACTCS OTIICIUICHH-
€M MPOTOHA U3 MPOMEKYTOYHOTO COCTUHEHHUSI BMECTO MPUCOCIUHEHUS
xynopua-uoHa. OTIIETIICHHe MTPOTOHA MPUBOAUT K 0OPA30BAHUIO XJIOP-
3aMEIICHHOTO aJIKeHa, KOTopoe (hOpMaIbHO MOYXKHO pacCMaTpPUBATh Kak
MpsIMOE 3aMeIlleHUe ¢ MUTpanueil ABOMHOM cBsi3u. OIHAKO OIBITHI C
M30TOIMHON METKOH YKa3bIBaIOT Ha 00Jiee CIIOXKHBIN XapaKTep MPOUCXO-
ISITUX 37eCh peBpameHuii. [Ipn xmopupoBanuu n3o0ytuieHa mpu 0°C
obpazyeTcs 2-MeTHI-3-XJIOPIPOIEH (METHIAIUTHIXIOPUI) BMECTO OXKH-
JTaeMOTro AUXJIOpUJa — IPOAYKTA NPUCOSAUHEHUS IO ABOMHOM CBA3U:

Cly (1momsb)

0°C

(CH3),C=CH, CH,=C—CH,CI+HCI,

CH;

T. €. popMagbHO Kak OyATO HIET 3aMelIeHUE, a HEe TPHCOCTUHCHUE.
W3ydenue 3Toi peakiMu C HCIIOJIb30BaHHEM H300yTHUIICHA, MEUCHOI'O
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B nonoxenue 1 uzoromom '“C, mokasano, 4To mpsMoe 3aMelleHHe
BOZOpPOJA XJIOPOM HE NPOUCXOAUT, TaK KaKk B 0OpasylolleMcsl METH-
NaIWIXIopue Metka Haxomutes B rpynmne *CH,Cl. Peakimio MOKHO
OOBSACHUTD CIEOYIOUIEH OCIeI0BAaTEIbHOCTHIO IPEBPALICHUIL:

(;CI\ ®

4 1, +14 -H 14

CH3—C|—-CH2 — | SHp ¢, CH2=CI——CH2C1
CHy H o CH, CHs

XITOpOHUEBBI WOH CTaOWIM3upyeTcss He mpucoenuHennem Cl—, a
OTILICIUICHUEM IPOTOHA ¢ 00pa30BaHMEM HOBOTO aJKeHA. DTOT alIKeH
y&KE MOXKET IMPUCOCIUHATH BTOPOW MOJIb XJIOpa IO JIBOMHOM CBSI3U.
AHan0ru4Ho HUOCT pCaKlus TETPaMETUIIDTUIICHA C XJIOPOM!:

CH CH CHz CHg CHz CHs
\3 / 3 \ _H® \ CH e (S)
c=C + cl,— c—¢ —_ c—c=—CHs 4 HoU .
/ 2 /\®/ \ 4 \
CHy  CHy CHy L CHy | o CH, ct

B OTACJIBHBIX ClIydasdX MOXCET HNPOUCXOAUTH TAKKC MUTpAlLUA aJIKUJIb-
HOM TpYMIIbL:

1,2-MUrpaLys
CHs-rpynnbI H®

_ CH3NO, @ ® _
(CHy) C=CH=CH +CL,—— (CHg)z—C—CH—(i‘HZ ————— |(CH3)C-CH-CHCL| —>
y l CHsz
BTOPUUHbIA KapboKaTMoH S——
-1® KapBoKaTuoH
—-'CH2=|C—<IIH—CH2C1 + (CH3)3C—CH—CH2
CHj CHy o
(10%) (90%)
1,2-murpauus
\ CHz-rpynnel
(CH3),C—CH=CHC(CH5 ), + CL—>(CH3) 0 —CH—CH—C(CH3), —

Cl

BTOPUYHbIA KapboKaTuoK
® -H®
—(CH3) C—CH—CH—C(CH;); ——— CHF=C— CH—CH—C(CH
3)2 3)3 2 3)3
CH3 C1 CHy CHy Cl
TPeTHuHbIM KapGokaTon (46%)

OTH neperpynnupoOBKU XapaKTePHbI VIS IIPOIIECCOB C Y9acTHEM Kap0Oo-
KaTMOHOB B KaueCcTBE NPOMEXYTOUYHBIX HacTul (cM. . 26). Cneno-
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BaTeNIbHO, MPHUCOEIMHEHHE XJIOpa B JITHX CIydasx HJET He uepe3
XJIOPOHHEBBIN MOH, a Uepe3 KATHOHHYIO YaCTHUITY, OJTU3KYIO K OTKPBITOMY
KapOOKaTHOHY. B peakuusx nmomoOHOro TuHa NPUCOCAMHEHHE XJIopa
MIPOUCXOINT HECTEPEOCEICKTHUBHO, HAIPHUMED:

o o
cl Ct
Ph H Ph Cl Ph H
cl, & _Bpauetue N\ @ /
(=—=(¢ —— (—(C C C ~H
/ N / AN H — BoKpyr / AN
H H H l H cesauC-C H cl
Cl Cl Cl H
Ph \\c C/ Ph \\c C/
/ SCH / SH
H H H CL
CHH axTm

BMmecte ¢ TeM ciefyeT OTMETUTh, YTO CKEJIETHBIE MEPETPYNITUPOBKA —
SIBJICHHE JIOCTaTOYHO PEJKOE B MPOLECCAX IMPUCOECAUHEHUS TaJlOreHOB
U CMELIAHHBIX I'aJOI€HOB IO JBOMHOW CBSI3U: OHO HAOIIOZAETCS NPH
MPUCOEANHEHUH XJIOpa W TOpa3lo peke MpU NPUCOETUHEHHH Opo-
Mma. [leperpynnupoBku HaOMIOZAIOTCs IPU NPUCOCIUHEHUH XJIopa K
JIBOMHOM CBSI3M B MOJSIPHOM cpene (HUTPOMETaH, alleTOHUTPUI), HO B
HENOJISIPHOM cpesie MPOUCXOIUT HOpMaIbHOE IPUCOEINHEHHE TraJloreHa
0e3 meperpynnupoBKH.

CyMMHpYS IPUBEICHHBIE TaHHBIE IO CTEPEOXUMHUH, CONPSKEHHOMY
IIPUCOEIUHEHUIO, BIMSHUIO 3aMECTUTEIIEH B JIKEHE, BIUSHUIO PaCTBO-
pUTEIA HA CKOPOCTh PEaKLUH, a TAKKE MEPErpyNIUPOBKaM B PEAKIIHAX
IIPUCOEIUHEHUS TaJIOTEHOB 110 JBOMHOU CBSI3U, CIEAYET OTMETUTh, YTO
B OOJBIIMHCTBE CIy4aeB OHM HAaXOIATCS B XOPOIIEM COOTBETCTBUHU C
MEXaHH3MOM JEKTPOPUILHOTO TPUCOCAWHEHUSI C y4acTHEM IHKIIH-
YECKOro raJIoreHOHMEBOTO MOoHa. TakuM ke 00pa3oM MOTYT ObITb WH-
TEPIPETUPOBAHB] JAHHBIE 110 IPUCOCAUHEHUIO K aJIKEHAM CMEIIAHHBIX
TaJIOT€HOB, 7Sl KOTOPBIX CTaAMHHOCTbh IMPUCOEIUHEHUS ONpPENENIeTCs
MOJIAPHOCTBIO CBSI3U JIByX aTOMOB rajlOreHa:

RCH=CH, + I*CI~® - RCH——CH, ““ RCHCH, L.

Ig |
Cl

5.4.3.6. TIPUCOEJUHEHUNE 'AJIOTEHOBOJIOPOJOB
(I'MAPOI'AJIOTEHMPOBAHME)

Hpyroii peaknuei MEKTPOOUILHOTO TPHUCOSAMHEHHUS K alKeHaM
SABJIIACTCA OaBHO M3BCCTHOC I'MAPOTaJIOT€HUPOBAHUC AJIKCHOB.
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Hwxe npusenens! tunnynele npuMepsl npucoeaunenus HCl, HBr u
HI x pa3znu4HbIM ajnkeHam:

(CH3)>C=CH, +HCI ™ (CH;);CCl (94%)
+ HBr CH3;COOH (9 1 %)
Hj
CH; 4

CH3(CH,),CH=CH, + KI+ H;PO, S50

— CH3 (CHz)z(leCH3 (93%)
1

Takue peakuuy JUIIb Ha MEPBBIM B3MIAJ KaXKyTcs mpocThiMu. Ha
CaMOM JieJieé OHU UMEIOT OY€Hb CIIOKHBIH MEXaHU3M, JeTalld KOTOPOro
OCTAIOTCS HESCHBIMU JI0 CUX TOp. BiMsiHUE aKUIIBHBIX 3aMECTUTENIEH Y
JIBOMHOW CBSI3U HA CKOPOCTb IIPUCOEIUHEHUS ONUCHIBAETCS CIELYHOIIECH
MIOCJIEI0BATEIbHOCTHIO:

R,C=CHR =~ R,C=CH; > RCH=CHR ~ RCH=CH,.

DTO comracyeTcss ¢ TaKUM MEXaHHU3MOM, B KOTOPOM B OIpPEACHAIONIECH
CKOPOCTh CTAJMU pEaKIUuh TPOUCXONUT 0Opa3zoBaHHWE KapOOKATHOHA,
MOCKOJIBKY CTaOWJIBHOCTh aJKWJIBHBIX KaTHOHOB BO3PacTaeT B Psjy:
TPETHYHBIN >BTOPUYHBIA S>TIepBUYHBINA (cM. T1. 9, pas3a. 9.3). Takum
00pazoMm, MEXaHU3M MPUCOCIUHEHUS NOJDKEH BKIIOUATh MPOMEKYTOU-
HOE 00pa3oBaHHWE WJIH CBOOOMHOTO KapOOKaTWOHA, YTO HAOIIOmaeTCs
OUYCHb PEIKO, WM HHTEpPMEIHara ¢ KapOOKATHOHHBIM XapaKTepPOM.
[Tocnenuuii cimydail HanboJiee pacrpoCcTpaHeH.

Ecnu Obl mprcoeMHeHNE TPOUCXOAMIIO Yepe3 «CBOOOIHBIN KapOo-
KaTHOH», TO peaKus ObLTa OBl COBEPIIEHHO HECTEPEOCEIEKTUBHOM, TaK
KaK aJIKWIbHBIE KaTHOHBI UMEIOT IJIOCKOe cTpoeHue. OIHAKO TUApora-
JIOTEHUPOBAHNE, KaK MPaBUJI0, IPOTEKAET CTEPEOCEIEKTUBHO, IPHIEM B
3aBUCHMOCTH OT THIIa aJIKeHa MOXKET HaOMomaThCs: 1) CeleKTHBHOE
AHMU-TIPUCOEINHEHNE, 2) CENEKTHUBHOE CUH- WIH CMEIIaHHOE CUH-
AHMU-TIPACOETNHEHHE.

J1st ankeHOoB, y KOTOPBIX JABOMHAs CBSI3b HE COIPSIKEHA C apOMaTHye-
CKHAM KOJIBIIOM, XapaKTEePHO aHMuU-TIPUCOSANHEHUE TaIOT€HOBOIOPOIA.
AHnmu-npucoeIMHEHUE XJIOPUCTOTO U OPOMHUCTOTO BOJIOPO/IA, XJIIOPUCTO-
ro U OpoMHCTOTO AeWTepusi HAOIIOMaeTCs Ui IUKIOreKCeHa, IUKIIO0-
MeHTeHa, 1,2-IMMEeTHIIIUKIIOTeKCeHa, 1,2-TUMeTHIIIMKIONCHTEHA, YuC-
U mpanc-OyTeHa-2, TeKCeHa-3 ¥ MHOTUX JPYTUX MPOCTBHIX aJKEHOB U
[UKIOANTKEHOB. AHMuU-IPUCOCINHCHIE HECOBMECTUMO C MEXaHU3MOM,
B KOTOPOM TIpeAIioyiaraeTcss o0pa3oBaHUe JUCKPETHOTO KapOOKAaTHOHA.
Jliis miockoro kapOOKaTHOHA HyKJICOo(HIIbHAS araka rajioreHUI-MoHa

394



pPaBHOBEpOSITHA C OOEUX CTOPOH IUIOCKOCTH, YTO JOJDKHO NPHBECTH
K 00pa30BaHHUIO CMECH IPOIYKTOB aHmu- W cuH-TipucoeanHeHus. Ku-
HETHKa THIPOTaJIOTCHUPOBAHMS aJKCHOB TaKKe yKas3bIBaeT Ha Oolee
CIIO)KHBI MEXaHH3M HpHUCOCTUHEHHS. |11 HECONpPSDKEHHBIX aJKCHOB
CKOPOCTh pEaKiHi, KaK MPaBUIIO, OMMCHIBACTCS YPAaBHEHHUEM TPETHErO
HOPSIKA CO BTOPBIM HOPSIKOM IO TaJIOTE€HOBOAOPO/Y, T. €. COOTBETCTBY-
eT Adg3-MexaHusmy:
v = k[anken][HX]?.

anmu-IlpucoeMHeHNE U BTOPOH MOPSAIOK PEaKIHH 110 TaJIOTeHBOIOPO-
Iy cOIflacyeTcsi ¢ MEXaHM3MOM, B KOTOPOM aJIKeH B3aUMOJEHCTBYET C
JIByMSI MOJIEKYJIaMH TaJIOT€HOBOIOPO/A, OHA M3 KOTOPBIX BBIIOJIHSIET
(GYHKIHIO 31eKTPOPUILHOTO, a Apyras — HyKJIeo(QHIBHOTO areHTa:

H-CX (anekTpocpun)

\ \\J‘* J‘,/ \ |
c=¢"+ 2HX — L= ——— 0=+ HX
7N\ VAR 1N\
H=X X
(HyKneocpun)

[IpuemnembiM 00BsICHEHHEM OOpa30BaHUS aHMU-TIPOMYKTa B TPH-
MOJICKYJISIpHON peakiuu Adg3 sBISeTcs TakKe IMPEANOIOKCHHE, YTO
cHavajia o0pasyeTcsi MOJIeKyJISIpHBIN KomIuieke ainkena ¢ HHal, kotopsrit
3aTe€M aTaKyeTCsl C aHMuU-CTOPOHBI BTOPBIM FaJOT€HUA-HOHOM:

o
H
Cl AN C1®,/ H\ Cl
| L—C = c—C
Ho _x 7 N M2 7 RS
N HCL N E . CHH-
C=(C" — =" anayKkr
7\ \ ;
&H
_L—C
// \
Cl
aHTH-3BYKT

Takoll TPUMOJIEKYIAPHBI MEXaHU3M BKIIIOYAET 00pa3oBaHUE KOM-
MJIeKca aJIKeHa C OJTHOM MOJIEKYJIOM rajlor€HOBO0pOo/Ia € Moceyoen
HYKJICO(MIbHON aTakol BTOpoil Moiyekynbl HX Ha 3TOT KoMImieke Oe3
o0pa3zoBaHusi AUCKpeTHOro KapOokatnoHa. CieayeT 0oco00 OTMETHTH,
YTO JIOOOH TPHUMOJIEKYJISPHBIM MEXaHW3M JIOJDKEH COCTOSTH W3 JIBYX
IOCJICA0BATCIIbHBIX CTaﬂHﬁ, TMMOCKOJIbKY OJHOBPEMEHHOC CTOJIKHOBCHUC
TpeX MOJIEKYJ KpaliHe MaJlOBEPOSITHO.

Anmu-nprcoeIMHEeHNE CBUAETEIbCTBYET O NMPEANOYTHUTEILHON HYK-
neo(uIpHON aTake TaJoreHOBOAOPO/Ia CO CTOPOHBI, MTPOTHBOIIOIOKHON
TOM, OTKyZa MPOUCXOJUT NMPOTOHHPOBAaHUE alikeHa. BMecTo ranoreHo-
BOJIOpOoAa (PyHKIMIO HYKIEO(DHIFHOTO areHTa MOYKET BBHIIONHATH U Ta-
JIOTeHUI-MOH. J{eCTBUTENbHO, CKOPOCTh peaKi OOBIYHO BO3pPACTaET
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IpAMO IMPONOPIUOHAJIBHO KOHIIECHTPAIUX IraJIOrCHU/I-MOHA, BBEICHHOI'O
B BHJIE FaJIOTeHU 0B TeTpaankuiammonus NRY XS unu nutus. B stom
Clly4ae HaOIIONAETCs CTEPEOCeUPUIECKOE aHMU-TIPUCOETUHEHHE.

Jlst aJKeHOB, y KOTOPBIX ABOMHAs CBA3b CONPSDKEHA C apoMaThde-
CKHMM KOJIbLIOM, XapaKTE€PHO CUH-TIPUCOEMHEHHE UM CMELIAHHOE CUH-
anmuy-TIPACOENNHEHUE TAIOTEHOBOIOPO/IA:

S
Br
H e M Br
- w L, (9 Sad
—
O, &k ol
H H H
aueHaQTuneH CuN-ap AyKt

CMH-HpI/ICOC,E[I/IHCHI/IC SABJIACTCA AOMUHUPYIOLIUM IIPOLECCOM I
yuc- 1 mpanc-n3oMepoB 1-permmponena, 1-QpeHmT-4-aTKIIITHKIOTEK-
CEHOB, aneHaTHICHa, HHACHA. [Ipy MPOTOHUPOBAHUM TAKUX aJKCHOB
00pasyroTcss KapOOKaTHOHBI OCH3WIILHOTO THIIA, KOTOpPHIC CTaOWIIbHEe
YHUCTO QJIKWJIBHBIX KAaTUOHOB, BO3HUKAIOMIUX TPU MNPOTOHUPOBAHUU
OOBIYHBIX AJKEHOB M IMUKIOATKEHOB (cM. TI. 9). KuHeTnka peakiuu B
3TOM Cllyuae OOBIYHO OIUCHIBACTCSI O0OJIee IPOCTHIM YPaBHEHUEM BTOPO-
ro nopsiaka: v = k[ankes|[HX], T. e. cOOTBeTCTBYeT GHMOIICKYIISIPHOMY
Adg2-MexaHn3My, KOTOPBIH IpennoiaraeT oopa3oBaHre HOHHOH Mapebl,
BKJTIOUAIOIIEH KapOOKATHOH U TaJOrCHUI-HOH:

X© )l(
5
ArCH=CHR + HX — ArCH—CH,—R — ArCH—CH,—R.

Henp3st oxunaTh, 4T0 MEXaHU3M MPUCOCIMHEHUS C y4acTHEeM HOH-
HBIX Map OydeT OTIMYaThCS BBICOKOM CTEPEOCENCKTHUBHOCTHIO. Ecmu
WOHHAs Tapa IpeBpamlaeTcd B KOHEYHBIM MPOMYKT OBICTpee, HeM
MIPOUCXOAUT BPAIICHHE BOKPYT IMPOCTOH YIIEpOI-YITICPOAHON CBS3H,
KOHEYHBIM Ppe3yJbTaToM OYIeT cuH-IPUCOENWHEHHE, TAe TPOTOH |
TaJIOTeHU/I-UOH MPUCOCIUHSIOTCS C OJHOW U TOM e CTOPOHBI JIBOWHOU
cBsi3u. B mpotuBHOM citydae HaOmroaercs 00pa3oBaHue MPOJAYKTOB Kak
cun-, Tak u aumu-npucoenunenus HX. Takol ciydait peanusyercs npu
TUAPOTATIOTEHUPOBaHUH 3aMeleHHbIX cTupoioB Z—C¢Hys—CH=CHj;.
Habmromaemast 31ech 3aKOHOMEPHOCTH 3aKITFOYaeTCsl B TOM, YTO CUH-
MPHUCOCANHEHUE XapaKTEPHO JIUIIb YIS T€X OJIC(HHOB, KOTOPBIC MPHU
MIPOTOHUPOBAHUH JIAIOT OTHOCUTEIFHO CTAOMIBHBIA KapOOKaTHOH.

st peakiyii THApOraJoreHHPOBaHUS, POTEKAOMKX 10 Adg2-Me-
XaHU3MY, XapaKTepHa KOHKYPEHIIHS MPOILECCOB COMPSKEHHOTO TPUCO-
SIMHEHUS U MEPErpyNIUPOBOK, MOCKOJIBKY B Ka4eCTBE HMHTEpMEIuara
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o0pazyercsi KapOOKaTHOH WIIM MOHHAS Tapa:

CsHsCH=CH, + HC] Z1CO0H, C6H5$HCH3 + CGHSC‘HCHg.
Cl O—COCH;
(86%) (14%)

B xauecTBe nmpuMepa neperpynnupoBok ¢ 1,2-Murparuei ankuiabHoN
IpYNIBl U TUAPUI-UOHA IPUBENEM PEaKUUM I'MApPOraOreHUPOBaHUS
COOTBETCTBEHHO mpem-0yTUIAITUIICHA H HU30TPOIMIITHIICHA!

CH3NO,
(CH3),C—CH=CH, =+ HCL — CH3—<I:—CH—~CH3 _—
CHy  C®
o
. (CH3)2?—(|?H—CH3 c (CH3) g —CcH—CH
CH, Cl CHy
Cl (83%)
I aHOMaJlbHbIA NPOG YKT
> (CH3);C—CH—CH3 MpUCOERUHEHMS
(17%)
HOPMaJbHbIM NPOAYKT MPUCOBAMHEHNS
@ ]
(CH;)ZCH-CH=CH2 <+ Hcl > (CH,)zC—CH—CH:, aA—
® o®
——>| (CH3),C—CHCH, —.(cns)zcl-—cwzcn3 +
a L (60%)
————— (CH3) CH—CH—CHy aHOMaNbHLIA NpoA YKT
2 (40%) NPUCORLUHEHHS

HOPManbHbIM NPOLYKT NPUACOEAMHEHNS

st peakuuii MPUCOEIUHEHUS TaJIOTEHOBOAOPOAOB K HAIPSIKEHHOU
JIBOMHOM CBA3M XapaKTEPHBI CKEJIETHBIE NTEPETPYIITMPOBKU C YYaCTHEM
KapOOKaTHOHOB B KaueCTBE MHTEPMEINAToB. J[BHXKyIIeil cUiol Takoro
pola eperpyImupOBOK SBIIIETCS 00pa3oBaHue 060ee CTa0MIBHOTO WITH
OJM3KOTO TI0 CTAaOMIBHOCTH KapOoKaTHOHa. B KaduecTBe KiIaccH4ecKoro
IIpUMepa CKEJIETHBIX MEPErPYIITUPOBOK MOXKHO MIPUBECTH IPUCOEIIHE-
HHUE K HOpOopHeHy (Onuunkino-[2.2.1]-renreny-2):

Ay smm AT B N

HopbopHen (57%) (41%) (2%)
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[Tpucoeaunenune DCl x HOpOOpHEHY AaeT 9K30-HOPOOPHUIXIOPHL; IPH
3TOM OKOJIO IIOJIOBHHBI IPOIYKTa 00pa3yercsi B pe3ysbTaTe CKeJIeTHOM
NeperpynnupoBKA HOPOOPHUIIKATHOHA. dk30-I10oMoXKeHue xjiopa TakxKe
HAaXOJHUTCSI B COOTBETCTBHU C MOHHBIM MEXaHH3MOM IPHCOCTHHCHHS.
[Mpeobnaganue HeMEpErpynIMPOBAHHOTO 9K30-HOPOOPHHUIIXIOPUIA YKa-
3bIBa€T HA TO, YTO OOJbIIAs YacTh MOHHBIX Iap JaeT KOBAJICHTHBIH
NPOIYKT, IPEeXkJe 4eM 00pa3yeTcsi COBEpIICHHO CUMMETPUYHAS HOHHAS
napa.

[eperpynmnupoBKH, 4acTo HaOIIOAAIOUIMECS MPU MPUCOCAMHEHHH
raJOreHOBOIOPOJIOB K aJIKeHAM U IUKIIOAJIKeHAM, CHIDKAIOT CHHTETHYE-
CKHE BO3MOXXHOCTH W IICHHOCTB 3TOH peakuuu. bomnee ynoOHbIH criocob
HOJTyYeHUS] BTOPUYHBIX M TPETUYHBIX AJIKWITAJIOTCHUIOB 3aKII0YaeTCs
BO B3aUMOJICHCTBHUHU CIIMPTOB C TaJIOT€HOBOIOPOAOM, THOHHIXIIOPHIOM
WITH KOMILIEKcOoM TprdeHnI(pochrHa ¢ TaJOTCHOM HIIH YeTHIPEXXJIOPH-
CTBIM ymiiepoaoM (cM. 1. 11).

5.4.3.8. OPUEHTALIYA. TIPABJIO MAPKOBHHUKOBA

B oTnuune OT CHMMETPUYHBIX IEKTPO(UIOB, TaJIOreHOBOJOPOIbI
NPEACTABISIOT COOOH HECUMMETPUYHBIC JMEKTPOPHIBHBIC PEarcHTHI.
[pucoenunenue naroboro HecumMmeTpuuHoro snekrpoduna (HBr, ICI,
H,0, Hg(OAc), U T. 1.) K HCCUMMETPUIHOMY aJKEHY, B TPHUHIIHIIC,
MOIJIO OBl JIaTh CMECh aJIbTEPHATUBHBIX IIPOJIYKTOB, OJTHAKO HA TIPAKTUKE
0OBITHO 00pa3yeTCs JUIIh OJUH U3 HUX:

CH,CH,CH,Br
H-nponunbpomug,

\ CH;CHBrCH;
#30-nponuabpomug,

Eme B 1870 . B. B. MapkoBHUKOB CHOPMYIHPOBAT SMITHPHUECKOE
MIPABUIIO, COMIACHO KOTOPOMY HECHMMETPHYHBIE AJIKEHBI TPUCOEANHS-
10T HX TakuMm myTem, 4TO MpPEeUMYIIECTBEHHO OOpasyeTcsi MPOAYKT,
B KoTopoM H mnpucoenuHseTcss K HanMeHee 3aMeleHHOMY, a X —K
HanOoJIee 3aMEIIeHHOMY KOHITY JBOWHOM CBSI3H.

OO0b1yHO MpaBUII0 MapKOBHUKOBA OOBSICHSIOT Pa3InurieM B CTaOWIIb-
HOCTH JBYX aJIbTEpPHAaTUBHBIX KapOokaTHOHOB. Hampumep, B puBeneH-
HOM BBIIIE MPUMEPE HOPMAJIBHBIA MPONMUIBHBIN KaTHOH 3HAYUTEIHHO
MeHee CTaOWIeH, YeM u30-IPONMIIbHBIM KaTHOH M IO3TOMY PEeaKLHs
UJET 0 BTOPOMY IyTH. B NelcTBUTENBHOCTH MBI, KOHEYHO, JTOJIKHBI
paccMaTpuBaTh OTHOCHTENBHYIO CTA0MIBHOCTH aJbTE€PHATHUBHBIX IIe-
PEXOIHBIX COCTOSHUI CTaauu 00pa30BaHUsI BO3MOXKHBIX IPOAYKTOB.
OpHako, COMIacHO MOCTyIaTy X9MMOH/IA, PaclpeeIeHne 3apsiia B Ie-
PEXOHOM COCTOSIHUM HE CUIIBHO OTIIMYAETCs OT paclpesiesieHus 3apsia
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B KapOOKaTHOHE U [M03TOMY OOBbSCHEHUE MpaBuiia MapKOBHHKOBA uepe3
OTHOCHUTENFHYIO CTa0MIBHOCTh KapOOKATHOHOB BITOJTHE TIPUEMIIEMO.

[IpaBuno MapkoBHUKOBa MEPBOHAYATHHO HCIIONIH30BATIOCH TOJIBKO
Ui cydaeB mpucoenanHeHuss HX K ymieBomopomHeIM cyOcTpaTam,
HO B MPHUHIUIE €r0 MOXHO PACIpPOCTPAHUTHh M HA PEAKIUH IPYTUX
3aMemIeHHbIX ajakeHoB. Tak, mpucoemuunenne HCl xk CF;CH=CH,
naeT «anmu-mMapkoBHUKoBckui» mpoaykr CF;CH,CH,Cl. Dtoro u
CIIeI0BAJIO 0KUIATh, NockonbKy Katnon CF;CHTCH3 meHee cTabuieH,
4eM KaTHOH CF3CH2CH;' n3-3a cuibHOTO (—/)-3dpdexra CF3-rpymnisl.
[IpeumymiecTBeHHO 00pa3yeTcss KaTHOH CF3CH2CH;, HO OH TOXe
JleCTaOMITM3UPOBaH HHIYKTUBHEIM 3 dekrom rpymmel CF3, BeaencTBue
yero npucoenuHerne HCl k TpudropmMeTHidTHICHY HAET 3HAYUTEIHHO
MEJUICHHEE, YeM MPUCOCANHECHNUE K HE3aMEIICHHOMY dTHUJICHY.

[To ananornyHOW MpPUYMHE KATHOHBI BUHWITPUAIKHIAMMOHUS TIPH-
coenuusroT HBr Takxke nporus npasuna MapKOBHHKOBA!

&) D
R3;N—CH=CH; + HBr —+ R3;N—CH,—CH,Br.

Xnopucteiit Buaun CH;=CH—Cl Bcerga naer HCKIIOYUTEIb-
HO «MapKOBHHUKOBCKHME aJIyKTbl», Hampumep, npu peakmuu ¢ HCI
o0pasyeTcsi TONBKO TeMHUHANbHBIN 1,l-muxiopstan (eem-AUXIOPUL)
CH;3CHCl,. Xnop anamornuno CF;-rpymme umeer cuimbHbIN (—1)-3¢-
(eKT, ¥ Ha TEePBbIi B3I KaXKETCs, YTO MO TOH MPUYHHE TPUCOC -
HEHHE JOJDKHO MMETh aHTUMapKOBHHKOBCKYIO OPHEHTAIMIO, TaK Kak
katuoH TCH,CH,Cl nomxeH ObIThb Gojnee CTaOUIBbHBIM, 4eM KaTHOH
CH;3;CH™CI. Ognako B omamune or CF3 xjop o6nagaer mpoTHBOAEH-
CTBYIOILUM HHIYKTHBHOMY 3(ddexty (+M)-3pdekrom (Tak Kak uMeeT
HenozeNneHHbIe mapbl). OMBIT MOKA3bIBAET, YTO BEIWYMHA ME30MEPHOTO
s dekTa BIIOIHE A0CTATOYHA, YTOOBI TIOHU3UTh YHEPTHIO |-XJIOPITUIIB-
HOTO KAaTMOHAa HW)XXE YPOBHS SHEPTHH 2-XJOPATHIBHOTO KaTHOHA, B
koTtopoM (+M)-3ddext He TmposiBIAETCS:

%HZ-—CHz—'ClV
2-Xﬂ0p3TMJleblM KaTuoH

(metee cTabunen)
(+M)-3ppexT

\ ® .
CHy— CH—>CL

4-XJI0PITUNbHBIA KaTUOH
(6onee cTabunen)

CHz=CH—CL + HCl

TemM He MeHee NPUCOENMHEHUE K XJIOPUCTOMY BUHUIY IPOUCXOIUT
MEJIJIEHHEEe, YeM K 3THIIEHY B T€X K€ YCIOBHUAX, T. €. 110 CyMMapHOMY
3pPEeKTy XJIOpP OCTAETCs AIIECKTPOHOAKIICTITOPHBIM 3aMECTUTEIEM 110
CpPaBHEHHUIO C BOIOPOIOM, a |-XJIOPITHIIBHBIM KaTHOH MEHee CTaOW-
JIEH, 4YeM CZH;F. Takoe moBeAeHUE XJOPUCTOrO BUHHUJIA COBEPLIEHHO

399



AHAJIOTMYHO TOBEJICHUIO XJIOPOCH30JIa B PEaKIUsIX AEKTPOYUIHLHOIO
3aMmernieHus (cM. 1. 13).

[Ipucoenunenne HX k anmkeHam, UMEOIIUM CUiIbHBIE (—M)-3a-
MecTtuTenu, Harnpumep Kk akpwionutpuily CH,=CH—C=N, nomxkHO
UITH IPOTUB npaBuia MapkoBHUKOBa. OIHAKO B 9TOM Cllydae IBOMHAs
CBSI3b HACTOJIBKO CHJIBHO JI€3aKTUBUPOBaHA MO OTHOIIEHHIO K AJIEKTPO-
(WIBHBIM peareHTaM, 4TO 3TU PEaKIUH HIYT JIUIIb B OYCHb JKECTKUX
YCIIOBUSIX.

B cnenyromieM pasnene Mbl QMM ajJbTEPHATUBHOE OOBSICHEHUE
npaBuiIa MapKOBHUKOBA C MTO3UIIMHA TCOPHH MOJICKYJSIPHBIX OpOUTAJICH,
a B 3aKJIFOYCHUE HTOTO pasfiesia OTMETUM, YTO ATO MPABWIO IPUMEHUMO
M K peakmusaM, IMPOTEKAIOIIMM dYepe3 MOCTHKOBBIE TaJOT€HOHHEBBIE
nonbl. Harmpumep, npu OpoMupoBaHUY MPOIUIICHA B YKCYCHOM KHCIIOTE
B KadecTBe MOOOYHOTO MPOayKTa oOpasyercs 1-OpoM-2-TiponuiiamneTar,
a He M30MEPHBIN 2-0poM-1-TiporuaneTar:

CH;CH=CH, :O—i> CH;—CH—CH,Br + CH;CHBrCH,Br.
C

IJIABHBIA TPOLYKT

OAc

B nmaHHOM ciydae mepexofHOE COCTOSIHHE CTaaud 00pa3oBaHUS
KOHEYHOT'O IIPOIYKTa UMEET YETKO BBIPa)KCHHbIM KapOOKATHOHHBINA Xa-
pakTep U Mo3ToMy 0Opa3yeTcsi BTOPUUHBIN, a HE MEPBUYHBIN aleTar:

or | Br ”
J-‘-,'l \\ /, \\\E*'
CHy—CH—CH, chs—ch—cn,
S 8-
AcO OAc
bonee cTabusnbHoe MeHee cTabusbHoe
MepexojHoe COCTOSHMe MepexoAHoe COCTORHMe

5.4.3.r. [IPABIJIO MAPKOBHHKOBA 1 MOJIEKVJISIPHBIE OPBUTAJIN

B mpenppinymem pasnene wHTeprperanus npaBuia MapKOBHHUKOBA
CTpOMIJIacCh Ha OCHOBE CPaBHEHUS OTHOCHUTENBHOM CTaOMIBLHOCTH Kap0Oo-
KaTUOHHBIX MHTEPMEIMATOB, O0Pa3yIOIIUXCS MPU PEAKIMH AJIKSHOB C
npoToHoM. J[pyroif myTh K MOHUMAHHIO TPABWIJI OPHEHTAIMH TIPUCO-
SIMHECHUS TI0 TBOMHON CBS3U COCTOUT B UCIIOJIB30BAHUU Kau€CTBEHHOTO
MeTO/1a MOJIEKYJISIPHBIX opOuTanei. OpreHTaIIo 10 paBmiTy MapKoB-
HUKOBA U MPOTHB ATOTO MPaBHUIa BO MHOTHX CIy4asX MOXHO JIETKO
MpecKa3aTh MPH PACCMOTPEHUH MOJEKYISIPHBIX OpOUTaIIel HCXOIHBIX
AJIKEHOB.

PaccMoTpuM MOJIEKyYIbI 3THJIEHA C TT-ITOHOPHBIM (+M)-3amecTHTe-
JIeM X U m-akientopHsiM (—M)-3amectutenem z. K 3amecTuTensiM Tuma
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X OTHOCATCs Takue rpymmbl, kak RoN, RO, Hal, u MHOTHE npyrue, a K
yucny 3amecrurenei tuna z — rpynnsl COR, COOR, NO,, CN u T. 1.
ITockonbky MemneHHOM cragueit npucoeauHenus HX k ankenam siBiis-
€TCsl aTaka T-CBsI3U IPOTOHOM, KJIFOUEBBIM B3aUMOJICHCTBHEM B 3TOMU pe-
akuuu OyzieT B3auMopelcTBuUe mycToil 1s-opOutanu nporona ¢ 7-B3MO
3aMEILEHHOro ankeHa. OpueHTalusl TaKOro B3aUMOACHCTBUS ONpeesis-
ercst aByMs (aktopamu (cM. L. 2, pasz. 2.3): 1) kosdduuneHramu,
C KOTOphIMH JBa atoMa ymiepoaa cBsizu C=C Bxoast B n-B3MO
3amenienHoro 3twineHa x—CH=CH, wmu z—CH=CH,, 2) BenuuuHoOi
OTPHIATENHLHOTO 3aps/ia Ha STHX Sp°-THOPUAHBIX aToMax yriepona. O6a
(axTopa OAMHAKOBO BaXKHBI.

bes nomomm 9BM Mbl HE MOXKEM ISl KaXJI0T0 KOHKPETHOIO 3ame-
CTHUTEJISl X WIX Z TOYHO OMPEICIIUTh KOAPPHUIIMESHTBI, ¢ KOTOphIMU p-AO
aromoB yriepoja cBsizu C=C Bxoasat B 7-B3MO cuctemsl x—CH=CH,
unu z—CH=CH,;. IToaToMy JiJ1s1 Hayajia ynpoCTUM CUTYalUIo, IIPEAINo-

JIOXKHB, YTO X = CHZ_ ,az= CH; Torma:
x—CH=CH, annpokcumupyercs auIlJIbHbIM aHHOHOM
CH,—CH=CH,,
z—CH=CH, annpoxcuMHUpyeTcs aJlIUJIbHBIM KAaTHOHOM
+
CH,—CH=CH,.

MosekynsipHble T-OpOUTaIH ANIHIBHON CUCTEMBl M TOUYHBIC 3HAYe-
HUS KOA(POUITNESHTOB BEIBOIATCS OYCHB JIeTKo 0e3 momommu DBM (cm.
1. 2, pa3a. 2.4). OHu UMEIOT CIEAYIOMINMA BUI;

]
-
Y px 1
5| %
A
V2 } Vi
7-B3MO anona CH-CH=CH,
| 1
1 |_VE 1
20 | 2
7-B3IMO Karuona ‘CHyCH=CH,
|
|
|
cH-ci=c?
(+unm-)

VYcnoBHO OyaeM cuuTaTh JEBBIH aTOM yIIepojia auIMIbHOW CHCTEMBI
«3aMeCTHTeNIeM» THIAa X (VI aHWOHA) WJIM ThIa z (I KaTWoHa),
a cpemHuil n mpasblil aroMbl C — «JIBOMHOM CBSI3bI0» 3aMENIEHHOTI0
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ankeHa. M3 npuBeneHHOW OuarpamMMbl JIETKO BHUJIIETb, UTO <«JIBOWMHAs
CBS3bY» AJUIMJIBHOTO aHUMOHA aTaKyeTcsl IPOTOHOM IO aToMy YyIepoza,
HauboJIee yIaIECHHOMY OT «JIOHOPHOTO 3aMECTHUTEIIS)) CHZG, MTOCKOJIbKY
Ha CpeTHEM aToMe yriepozaa miotHocTs B3MO pasHa Hymo. OpouTtaib-
HBI KOHTPOIIb, CJIE0BATEIbHO, HATIPABIISET MPOTOH U JIIOOOH ApYroi
AMeKTpoMI K He3aMemeHHOMY aToMy YIJlepoja, 9TO COOTBETCTBYET
npaBuily MapKOBHUKOBA.

7-DNEeKTpOHHBIC 3apsiabl Ha atoMax ymiepona C(2) u C(3) ammmib-
HOTO AaHUOHA TAaK)XE CHOCOOCTBYIOT OpUEHTAanuud 10 MapKOBHHKOBY.
OHU BBIUUCISIOTCS IyTeM CYMMHUPOBAHHS KBaJpaToB KOA(PPHUIIHMEHTOB
Ha TJaHHOM aToOME IO BCEM (B 3TOM ciiydae IByM) 3aHsAThIM 7-MO:

m-3apsin Ha C(2): (1/V2)2+0= %’

m-zapsim Ha C(3): (1/2)2 + (—=1/V2)? = %.

CrenoBarenbHO, M OPOUTABHBIN U 3apsIOBBIN KOHTPOJIb B 3TOM ClTydae
CIOCOOCTBYIOT OPHEHTAIUU 110 MapKOBHUKOBY.

B caydae ammmipHOTO Katnona m-B3MO OymeT camoil HIKHEH w3
NpPUBEICHHBIX Ha CXEMe aJUTMIBHBIX 7-opOuTaieil. Jlerko ybenurscs,
YTO B 3TOM CJIy4ae OpUeHTAIHS TPUCOETNHEHHS TPOTOHA aHTH-MapPKOB-
HUKOBCKASI.

Temepp mepelineM OT aJUTHIHBHOW CHUCTEMBI K PEaIbHBIM OObEKTaM
HAIIIeTO M3YyYeHHUs, T. €. K 3amelleHHbIM TuieHam tuna x—CH=CH; u
z—CH=CH;. KBaHTOBO-XUMHYECKHE PACUCTHI TOKA3BIBAIOT, UTO (hopMa
3aHATBIX 7T-aJUIMIBHBIX MOJIEKYJISPHBIX OpOUTANell IPU 3TOM MEHSAETCs
CIICIYIONTUM 00pa3oM:

B3MO B3MO

B3MO

X~ cnabbiit JA0HOp X~ CUNbHBIA TT-A0HOp  Z- TT-aKuenTop

W3 npuBeneHHBIX AMAarpaMM BUAHO, YTO TOIOJIOTHYECKH (T. €.
M0 YHCIY Y3JI0B M CUMMETPHH) T-OpOMTAId 3aMEUICHHBIX STHICHOB
OCTAaKTCA HOI[O6HI:IMI/I JI'—Op6I/ITaJ'I$1MI/I ajljinjia, OTJIMYMEC JIMIIb B KO-
s ¢unmentax. Hampumep, mrotHocth B3MO Ha IIeHTpaJIbHOM aToMe
yIiepoJa B aJUIMJIbHOM aHHOHE ObLIa paBHA HYJIO, @ B 3aMEILCHHBIX
stuneHax x—CH=CH; Ha BHyTpeHHEM aTrome yriepojia UMeeTcs eK-
TpPOHHAsA MIOTHOCTh. OIHAKO MakcHMMalbHBIA Kodpduunent B B3MO
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x—CH=CH,; umeert aTom ymiepona, yJaJeHHbI OT 3aMECTUTEINEH, T. €.
OpHEHTANHS JTOJKHA OBITh MApKOBHUKOBCKOH. [Ipr yMeHBIIEHNN CHITBI
7-noHopa x (T. €. pu ymeHbiieHuu ero (+M)-3¢ddekra) kodhduireHt
Ha BHYTPEHHEM aToMe yIlIepoja 3HAYUTeNbHO BO3pacTaeT. JTO 3Ha-
YHT, YTO CEJIEKTUBHOCTh OPUEHTALIUH, T. €. BBIXOJA «MapPKOBHHUKOBCKOTO
n30Mepay, CHUXKACTCS TPU Tepexone OT CHIbHBIX (+M) K craObiM
(+M)-3amecTuTenIM.

®opma B3MO 3amemiennsix 3TuiieHoB z—CH=CH; Toxe oueHb
noxoxka Ha B3MO ammunbHoro katuona. HamOombiunas sneKTpoHHas
TUIOTHOCTH COCPEA0TOYEHA Ha BHYTPEHHEM aTOMe YIIIepoAa, U MOITOMY
JOJDKHA HAaOMIOAaThCsl OpUEHTALUS IPOTUB NpaBuiia MapKoBHHUKOBA.

OTMeTUM, YTO PAacCMOTpPEHHE OpHUeHTauuu npucoenuuenus HX x
HECUMMETPUYHBIM aJIKeHaM C Mo3uLuii MeToga MO MpHUBOIUT K BHIBO-
JlaM, aHAJIOTUYHBIM CJISIaHHBIM B TIPE/IBIIYIIEM pa3ielie Ha OCHOBAaHUU
aHaJIM3a OTHOCUTENBHOM CTa0MIIEHOCTH KapOOKAaTHOHHBIX HHTEPMEIHa-
TOB.

5.4.3.n. TUAPATAIINA AJIKEHOB

KucnorHokaranmsupyemas TUApaTaius alkeHOB MPUBOINT K 00pa-
30BaHMIO CIUPTOB. HampaBiieHue rujparanuu ajJkeHOB OIpeneseTcs
MpaBWJIOM MapKOBHHUKOBA, TOATOMY TPEIIIONAraeTcs, 9To B KayecTBe
MPOMEKYTOUHON YaCTHILBI B ATOW peakuuu o0paszyercs: KapOOKaTHOH:

_ ® & HOH ®
RCH=CH, + H;0 [RCHCH;] —— R — CH—CH; + H®.
MEJUIEHHO ObICTPO

OH
_ b i HOH 2]
R,C=CH, + H;0 [RZC_CH3] —— R,C—CH3 + H"™.
MEJIJIEHHO ObICTPO ‘
OH

CKJIOHHOCTh BTOPUYHBIX AJKHJIBHBIX KapOOKAaTHOHOB K MEperpymiu-
POBKaM MEUIAE€T UCIOJIB30BAHUIO TUAPATALMU AJIKEHOB I MOJIy4EeHU
BTOPUYHBIX CIUPTOB:

HCOOH, HC1O4
S —
85-100°C, 3 4aca

— CH3CH,CH, CH,CHCHj3 +CH3 CH,CH,CHCH,CHs.

OH OH
(66%) (34%)

CH;CH,CH,CH,—CH=CH, + H,O
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OTOT METOA B J1a0OpaTOpPUX HaLIe] OrPaHUYCHHYIO 00JacTh MpUMEHEe-
HUSA TOJIBKO JUIS NOJlyYE€HHs TPETUYHBIX CIIUPTOB:

65%-1 H2SO4

(CH3)2C:CH2 +H,0 (CH3)3C*OH

0-20°C (45%)

60%-5 H,S0, Chy
-CH, +H >
[ )+ R D<0H

(40%)

I'mpparanus NpoCTEHIINX aIKEHOB — 3TUIIEHA U MPONMIIEHA IIPEICTaB-
JIIeT coO00M Ba)KHBIN MPOMBINIICHHBIM METO TOMYyYCHHUS dTUIOBOTO H
H30MPOIUIOBOTO CIUPTOB (T1. 28):

H3PO4/SiO,

CH,=CH, + HOH CH;CH,OH;

300°C, 70 atm (95%)

04 /Si0:
HPO/SIO o CHCH,.
250°C, 40 atm ‘
oH

(95%)

CH;CH=CH, + HOH

B naGopartopHoii mpakTHKe MpsiMasi TUApaTalys aJIKeHOB HE Haluia
HIMPOKOTO IPUMEHEHHsI KaK BCIIEICTBUE KECTKUX yCJIOBUI, Tak U Oina-
rozapsi 00pa30BaHUIO 3HAUYNUTEIBHOTO KOJMYECTBAa H30MEPHBIX CIIMPTOB.
B HacTosmmee BpeMs JUIsl PETHOCENIEKTUBHOIO MOJYYEHHUsI CIIUPTOB W3
AJIKEHOB OOBIYHO UCIIONB3YETCs POACTBEHHAS peaklus OKCUMEPKYPHPO-
BaHUS — AEMEPKYPUPOBAHHUS.

5.4.3.e. OKCUMEPKYPUPOBAHUE — JEMEPKYPHPOBAHUE

OnekrpoduibHast aTaka Ha JBOMHYIO CBsI3b aJIKEHA MOXKET OCYIIECTB-
JSITHCS HOHAMH METAJIOB, CPEIH KOTOPBIX 0C000€ MOJIOKEHHE 3aHUMAET
katuoH pryTH (II). Amerar pTyTH B O4eHb MATKHX ycIOBUAX mpu 20°C
NPUCOCIMHACTCS K aJKeHaM B BogHOM Terparuapodypane (TI' D) unu B
BOJHOM yKCYCHOM KHCIIOTE ¢ 00pa30BaHUEM PTYyTbOPraHUUECKUX COEIH-
HeHull. [IpucoennHenne anerara pTyTH IO ABOMHOM CBA3U NPOTEKAET
PETHOCEIEKTUBHO MM PErHOCIeLU(GUUHO B CTPOIOM COOTBETCTBUM C
npaBuiioM MapKOBHHMKOBaA, T. €. KaTHOH MPHUCOEAMHSAETCS K HauMeEHee
3aMELICHHOMY aTOMY yIIIepoza:

RCH=CH, + Hg(OAc), % R—CH—CH,—HgOAc.
OH
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Ankenbl-1 Gonee peakIMOHHOCIIOCOOHBI IO OTHOLICHUIO K alleTaTy
PTYTH IO CPAaBHEHHIO C aJKEHAMH, B KOTOPBIX IBOIHAs CBS3b HAaXO-
JIUTCsl BHYTpH yrieponHoi nenu. Csazp C—Hg B pTyThOpraHudeckux
COEIMHEHMSX MOXKET OBbITh JIETKO paclieyieHa oA AeiicTBueM 6oprui-
puna Hatpus NaBH, c oOpazoBanuem prytu u HoBOHM cBa3su C—H.
Ilpeanonaraercs, 4To B KauecTBE HECTAOMIBHOIO MHTEpMeEnUara IpH
9TOM TNOJIy4aeTcs alKWIMEPKYpPTUApu, KOTOPBIN Aaliee pas3jiaraercs ¢
BBIJICJICHUEM METAJUINYECKON PTYTH IO PAJUKAIBLHOMY MEXaHU3MY:

R—CH—CH,HgOAc + NaBH; — [RCH—CH,HgH] —

|
OH OH
— R—CH—CH;+Hg.

OH

CyMMapHO ABYXCTaJUHHBIN MPOLIECC OKCUMEPKYPUPOBAHUS — JIEMEPKY -
PHUPOBaHUsI B KOHEYHOM MTOT€ IPEACTABISIET COO0H pernocrnenqupuaHyo
THIpATalMIo ajKeHa 10 TpaBWily MapKOBHHKOBA B HCKIIOYHTEIHHO
MSATKUX YCJIOBHUSX, KOTIA 0O0pa3oBaHHE MOOOYHBIX MPOIYKTOB CBEICHO
K IMpeIebHO BO3MOXHOMY MHUHMMYMY. DTO MOXKHO HADIAHO MPOMII-
JIOCTPUPOBATH C TIOMOIIBIO CIEAYIONIAX MTPUMEPOB, B KOTOPHIX OOIIN
aOCOJIOTHBIA BBIXOJ MPOMYKTOB peakuuu coctasisier 90-98% u rae
TIPUBEICHHBIE BBIXO/IbI YKa3BIBAIOT TOJHKO HA COOTHOIICHHE MMPOIYKTOB!

1) Hg(OAc),; TTd—H,0;20°C

CH3 (CH2)3CH:CH2
2)NaBH4; H,O
— CH;3(CH,); —CH—CHj3 + CH;(CH;); CH,CH, OH.

OH
(99,5%) (0,5%)

MOCTHKOBBII MEPKYPHHHUEBBIA HOH MOYKHO 3a()UKCHPOBATH B HEHYKJICO-
¢unpHON cuibHOKHMCION cpene aaxe npu 20°C mpu NpHCOCTUHEHUH
0oJiee CHITLHOTO BIEKTPOQPIIIBHOTO areHTa — TpuQTOoparerara pTyTH B
cMmecH GTopcyabPOHOBOM KHCIOTHI U MATU(PTOPUCTON CypbMBI:

CHy H
R FSO,H-SbF, M CHy
o=+ iglococky), — s o e’
H CH, Y Ne/o H
HgOCOCF,

MepKypHUHHUEBBIN KATUOH MOYKET PACHICTUIATLCA MTPU JEHCTBUU HE TOJIb-
KO BOJbI, HO U APYTUX 3JIEKTPOHOMOHOPHBIX PACTBOPUTENEH: CIIUPTOB,
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YKCYCHOM KHCJIOTBI, alleTOHUTpuiIa 1 Ap. KOHEUHBIM MPOTYKTOM peak-
MU B 3TOM cllydae OyJIyT COOTBETCTBEHHO MPOCTHIE A(PHPHI, aleTaThl
i N-3aMeleHHble aMUJIbl YKCYCHON KUCIIOTBI, HallpuMep:

)Hg(OAc),; TTd— CH;OH; 20°C
2) NaBH4; CH;OH

— CH3 (CH2)3CH_CH3 (90%);

CH;(CH,);CH=CH, -

OCHj3

) Hg(NO3)2; CH3CN

CH;(CH,);CH=CH, -
2)NaBHy; H,0

NH-COCH;
OH

CeHs—C=CH, ”Hg(o‘:;ija;;:;‘j;oﬂooc C6H5(|3—CH3 (100%).
& | &6

) Hg(OAc); TT®—H,0;20°C

(CH3)3C—CH=CHj -
2)NaBH.; H,0
— (CH3)3C* CH—CH; +(CH3)3CCH2CH20H.

OH
(97%)

1)Hg(0Ac),; Tr$~H,0 OH
dl 2)NaBH,; ;0 dj

Kak BUJIHO U3 TIPUBEJEHHBIX BbIIIE MPUMEPOB, OKCUMEPKYPHUPOBA-
HUE — IEMEpPKYpPUPOBaHUE AJIKEHOB B OOJIBIIMHCTBE CllydaeB obecrie-
YUBACT PETHOCICITU(PUICCKYIO THIPATAIMIO aJIKCHOB C 00pa30BaHHEM
MMPAKTUYCCKN TOJIBKO OJAHOI0 M3 JBYX HM30MCEPHLIX CIIMPTOB. Cne);[yeT
OTMCTUTH, UTO HCT HUKaKOU HCO6XOI[I/IMOCTI/I B BBIJICJICHUH PTYTHOP-
TaHUYEeCKOTO COEAMHEHMsT M 00a mporecca MOTYT OBITh MPOBEICHBI
HEMOCPCACTBEHHO OAWH 3a JPYI'UM.

OKCcHMEpKYypHUpPOBAHUE ATKEHOB, MTO-BUIUMOMY, HAUMHACTCS C aTaKu

xatnoHa AcOHg™ u 06pa3oBanHus B KadecTBE MHTEPMENUATA LUKIIHU-
YECKOT0 MEPKYypPHHHMEBOIO KaTHOHA (aHAJIOTa TaJIOTCHOHHUEBOTO HOHA),
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KOTOPBIA 3aTeM PAaCKPhIBACTCS B pe3yJbTaTe HYKICO(DHIBHOW aTaku
BOJIOH 1T0 HanOoJiee 3aMeIeHHOMY aroMy yrmepona C-2:

OH
@ | D
RCH=CH, + HgOAc — RCH——CH, 2% RCH—CH,HgOAc + H.

AN 69/
Hg
|

OAc

MEPKYPHUHHEBBIi
HOH

Jiist nosmydeHust mpocThiX 3GUpoB Oosee 3PPEKTUBHBI 10 CPABHEHUIO
¢ aneraroM pryt TpudTopauerar prytu Hg(OCOCF;), uau tpudnar
prytu Hg(OSO,CF;),:

OH
|
@ 1) Hg(OCOCF;)2; CH; —CH—CHs QO—CH—CH3
2) NaBH, |
CH;

(98%)

[IpucoennHeHne cojeil PTYTH K allKeHaM TIPEICTaBIsET COOOMU
HauOoJiee SPKUN TpHUMEp PEAKIMH CONPSHKCHHOTO IPUCOCTUHCHHS K
JIBOWHOM CBSI3W, TAE POJIb BHEIIHETO HYKICO(HIFHOTO areHTa BBITOI-
HsET pacTBOpuUTENb. [lo 3TON mpUYMHE MPOIECC YacTO HA3BIBAIOT pe-
aKIuen conbeamomepKypuposaus (conbeomepkypuposanus). Crepeo-
XUMUSL TBOMHOTO MPOIIECCa OKCUMEPKYPUPOBAHUA—IEMEPKYPUPOBAHUS
3aBHCHT OT CTEPEOXUMHUYECKOTO pPe3yabTaTa KayKIA0H OT/IEIbHOMN CTaNN.
Jns okCUMEpKypHUpOBaHUS, KaK U JUIsl JPYI'MX PEeakluil ¢ ydacTHEM
IIUKIIMYECKOTO KaTHOHA, XapaKTepHO auwmu-npucoenuHerune. OIHAKO
paguKaIbHOE JEMEpPKYpPHPOBAaHUE HE OTIMYACTCS BBICOKOM cTepeoce-
JIEKTUBHOCTBIO, TO3TOMY BECh MPOIIECC B 1IEJIOM TO K€ HeCTepeoC el u-
¢buyeH.

5.4.3.x. IIPUCOEJUHEHUE CYJIbOEHTAJIO'EHU/IOB

B3aumopeiicTBue KOBaJIeHTHBIX CYNb()EHTaIOTeHHIOB (CTapoe Ha-
3Banue — cynbdenunranorenuipl) RSCl u RSBr ¢ ankenamu aimurens-
HOE BpEMsI CUHMTAJIOCh OJHON M3 CaMBIX MPOCTHIX Adg-peakiuii ajke-
HOB. [Ipucoenunenue cyabpeHraJoreHuI0B JaeT B-rajoreHTuo3huphl
C BBIXOJIaMHU, OJTM3KMMU K KoJTrmdecTBeHHOMY. [Ipu aToM He HabmonaeTcs
00pazoBaHuE MPOIYKTOB COMPSHKEHHOTO MPUCOCANHECHUS PACTBOPUTEIIS,
JTlake YKCYCHOW KHCIIOTHI WJIM alleTOHUTPHIIA, W HE OCYIIECTBISIOTCS
CKeJICTHBIC MeperpynnupoBKu. CTepEOXUMUs PEeaKIuu MPUCOCIUHEHUS
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RSCI u RSBr npakrudecku Bcerjja COOTBETCTBYET aHmMuU-TIPUCOCIUHE-
Huto rpynn RS- u ramorena, a ee permoceneKTuBHOCTb — MIPEUMYIIie-
CTBEHHOMY aHTUMapKOBHHKOBCKOMY MPHCOCIAWHEHUIO JIJISi TEPMUHAIb-
HBIX aJIKCHOB (1-aJIKCHOB):

R!CH=CH, + R?SCI — R'CH—CH,Cl.

SR?
Hanpuwmep:

CH;CH—CH,—CH=CH, + n-NO,CgH,SCl £,

CH;
— CH3CHCH,CH—-CH,Cl+ CH3CHCH,;CHCH, SCcH4NO,-n.

| | | |
CH3 SC6H4N02—I’Z CH3 Cl
(63%) (37%)

J1 3aMenIeHHBIX CTUPOJIOB, OJJHAKO, IPUCOEIMHEHHE CYIb(EHTa0-
TCHUOB IMMPOTCKACT B IIOJIHOM COOTBETCTBUU C IIPABUIIOM MapKOBHI/IKO—
Ba. Jlyis oTOM peakiuu 0e3 cephbe3HON apryMEHTAIIUH ObUT MPEIOKEH
MEXaHU3M C y4aCTUEM MOCTHUKOBOI'O BHHCYHb(bOHHGBOFO HOHa:

Cl

|
N’ __ o Nl /
,C=C{_+RSCl— c\ /C\c1 /(‘: C
T SR
R

9MUCYIb(OHNUEBBIN HOH

C ToukH 3peHUs OOIIeH METONOIOTHH H3YUCHUS Adp-TIPOIIECCOB TaKne
0COOCHHOCTH, KaK OTCYTCTBUE COIPSKEHHOTO MPUCOCTUHECHUS PACTBO-
PUTENST W CKEJIETHBIX MEePerpyniipoBOK, a TaKKe aHTH-MapKOBHUKOB-
CKas OpHEHTAIMs, JTOJDKHBI ObUIM OBl CKOpee paccMaTpHBaThCS Kak
CepbhEe3HbIC APTYMEHTHI MPOTUB 00pPa30BaHUSI MOCTUKOBOTO KATUOHA. DTH
MIPEJICTABICHUS O MeXaHU3Me IMPUCOCTUHEHNS CYIb(EHTaJIOTeHUIOB K
ajikeHaMm ObUTH MOABEprHyTHl KpuTHKe B padorax H. C. 3eduposa u
B. A. Cmuta. OHu nokasajiu, 4To Mpy MPUCOEAUHEHNH K JIBOWHON CBA3U
MOHHO TocTpoenHoro pearenta RSPBFY niu RSPSbFy neiicreurens-
HO oOpa3yeTcsi HCTHHHBIH ATMHUCYIb(OHUEBBIH WOH, KOTOPBIA TJIAIKO
pacKpbIBaeTCs MPH JCHCTBHH CaMbIX Pa3HOOOPA3HBIX HYKJICO(PUIBHBIX
areHTOB, TAKKMX KaK YKCYCHAas KUCIIOTa, BOJA, CIIUPTHI, THOJBI, alleTOHHUT-
pwit u jp. PackpbiTie 3nucy1b(hOHUEBOTO HOHA IPOUCXOAUT B CTPOTOM
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COOTBETCTBHU C TIPaBUJIOM MapKOBHHKOBA, T. €. HyKICO(PHUIbHBIH areHT
Nu: arakyert OoJiee 3aMEIICHHBIA aTOM YIVIEpoaa:

1 2EB 1 Nu 1 2
R,C=CH; + RS - R,C—CH,; — R2(|J—CHZSR .
\%{RZ Nu

[Ipucoenuuenne RSCl k mpem-OyTHIATHIICHY XapaKTepPH3yeTCs
IMOJIHBIM OTCYTCTBUEM CKCJICTHBIX ICPETPYyIIINPOBOK, SAUHCTBECHHBIM
nponykrom peakiuu sBisiercst (CHsz )3 CCH(SR)CH,Cl. B npotusormno-
JIOKHOCTB 3TOMY TIpH TIpucoenuHennn RSTBF 4@ K mpem-0y THIITUIICHY
MPOUCXOAUT |,2-CABUT METHJILHOW TPYIIbI, XapaKTepHbIA I pe-
AKIUH DJICKTPO(UIBHOTO MPUCOCTUHEHUS APYTUX PeareHTOB — XJIopa,
rajoreHoBomoponos, Boabl. [Ipucoennuenne RSCl m RSBr k yuc- u
mpanc-u3oMepaM OyTeHa-2, reKceHa-3 M APYTHX aJIKeHOB MPOHMCXOIMT
crepeocnennpuyHO B MIMPOKOM HWHTepBaje Temmeparyp or —40 1o
+150°C, Torna kak npu npucoeanHennu katnona RS® yxe npu +20°C
MIPOUCXOINT CTEPEOKOHBEPCHS M 00pa3yeTcsi CMECh mpeo- U dpUumpo-
MPOAYKTOB IPUCOECIUHEHHUS:

N (o 1507 s
-40°-(+150°)C
c=c +  Apseu R DOUC CH3CH—CHCH;
/N CH3COOH |
H H SAr
QHTU-NPACORLUHEHUE Tpes-
H3C ¢y o s s o cHy  cHy CHs K
ArS C=—=C ArS
@ -30°C g Ny #20°C ) + /\<®7 <
H “sZar M W SsZactt HY SsTarCHs
Nu: Nu: Nu:
Chg CH—CH-CH, CHy CH~CH=CHy + CHCH—CH—CH;
SAr Nu SAT Nu SAr Nu
Tpea-(>95%) Tpea- 3purpo-

[Ipucoeaunenue Cynb()EHraJOreHUIOB K ajJKeHaM B TPUCYTCTBUU
LiClO4 xapakTepu3yeTcst TEMH Ke 0COOCHHOCTSIMU (TIeperpyIITHPOBKH,
COTIPSKEHHOE TIPUCOETMHEeHHE, MTPUCOeANHEHNE TI0 TpaBuiIy MapKoB-
HUKOBA), 4TO U IprcoeauHenne nona RSY. Bausnue nepxiopara nutus
Ha CTEPEOXMMHIO U HalpaBICHHWE MPHUCOEAWHEHUS CyIb()EeHXIOPUIOB
MOJIYYMJIO Ha3BaHUE «IonmuHT-3¢¢exra». Takum o0pazoM, mpucoeau-
Henue noHHOro SRTX® U KOBaJIEeHTHOrO PeareHTOB K JBOWHON CBS3M
OCYIIECTBIISIETCS [0 Pa3IMYHBIM MEXaHU3MaM U SIUCYIIb()OHUECBBIA HOH
B Ka4yecTBe WHTEpMEAMAaTa ITOJIy9aeTCsl TOJIBKO IPH TPUCOCTUHEHUN
MOHHOTO pearcHTa. J[Jis1 Hanbosee MOJIHOTO OMUCAHUS MEXaHU3Ma IpH-
coenuHeHus kak HOHHBIX (RSY), Tak u koBanenTHBIX (RSCI) pearenToB
H. C. 3edupossiMm u B. A. CmutoM Oblia mpesioxkeHa oOIasi cxema,
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mpe/osararnias oopa3oBaHue B KAYeCTBE HHTEPMEIHATOB Pa3IHYHBIX
THUTIOB MOHHBIX TAp, SMUCYIb()OHNEBOTO MOHA U KOBAJIEHTHOTO CYIb(]y-
paHa:

\ 7/ AN /
C=—=C C=C
/ + AN / + N\

RSC Rs®
Ve v® 1
o—f = — = —¢ = V—¢ = /
~ ~ (— S
N7 N T Ren T RNeh T e
/s\ SR SR sZR S-R
R c® c® y®
KOBaﬂeHTHblﬁ KOHTaKTHasa CO0JibBaTHO- CONlbBATHO- CBOBOMbIﬁ
cyﬂbqupaH WOHHas napa PaS,E,EﬂeHHaH pa3ﬂ,9ﬂeHHaﬂ BHMC)/!'_I‘b(DOHVI—
l WOHHAd napa NOoHHAA napa €BbIN UOH
l i
ﬁ-XﬂOprﬂbpr,ﬂ, neperpynnMpoaaHHble XﬂOPCyJ'lbq)M,U,bl npoayKThbl COFIpﬂ)KeHHOrO

npucoeAuUHeHNs BHeLHero
HyKﬂGOCpMﬂbHOFO arelTa

Ora cxema, B CYHIHOCTH, SIBISETCA PACIIMPEHHBIM MPUIOKEHUEM
CXeMbl YalHCTEWHA ISl ONUCAHMS PeaKLUii MOHOMOJIEKYJIIPHOIO HYK-
1eo(MIbHOTO 3aMeleHus Sy 1-Tula y HachIEHHOIo aToMa yIepona
(1. 9). TIpuBeIeHHbIE BhIIIE JaHHbIE TI0 IPHCOEIMHERHIO KaThoHa RSP
U Cyab(EHIaJOreHUI0B HAXOIATCSI B XOPOLIEM COOTBETCTBUM C IIO-
CJIEI0BATENIBHOCTBIO IPEBPALLECHUN, IPEAIIOIAraeéMoOi B JAaHHOM cXeMe.
bynymue uccnenoBaHus HOKaXyT, MOKHO JIU € €€ TOMOILBIO ONTUCHIBATh
3aKOHOMEPHOCTH, HAONIOAAIONIMECss TPU TNPUCOCAWHEHUU K KPaTHOM
CBSI3U JPYIMX KOBAJEHTHBIX 3IEKTPO(UIBHBIX areHTOB — raJIOTCHOB,
rasniorenoBoioposioB: R,PCl, RSeCl B HemonsipHOW U MasONOJISIPHON
cpene. BrionHe BO3MOXKHO, YTO aHTH-IIPUCOEANHEHUE HEMOJSIPHBIX KO-
BAJICHTHBIX XJIOpa MU OpoMa K aJIkeHaM B HETIOJISIPHBIX PACTBOPHUTEIAX
(CCly, CHCl3) ocymecTBisieTcsl MO0 MEXaHH3MY, B KOTOPOM TaJiore-
HOHHUEBBI MOH B KauecTBE MHTEpMenuara BooOIle He obpasyercs, a
AHTHU-IIPUCOEANHEHUE JOCTUTAETCS C y4aCTHEM MHTEPraJoreHu1a TUIa
Hal,, tne » = 4,6 win gaxxe BOoCcbMHU aroMaM Tajorena. J[is mpuco-
€IMHEHUS TaJIOTCHOBOJOPOA B MAJIOIOISIPHON Cpelle 3TO MPAKTUYECKU
SKBUBAJICHTHO MeXaHHU3My 0Oe3 oOpa3oBaHMs IUCKPETHOTO KapOOKaTu-
OHa, KOTOPBIM OBUI OMUCAaH B OTHOM W3 NPEABIIYLIMX Pa3lIesioB 3TOH
I7IaBBlI.

5.4.3.3. IIPUCOEJUHEHUE JIPYTUX DJIEKTPO®UJIbHBIX PEA'EHTOB

MHorue npyrue 3IeKTpo(UiIbHbIE areHThl TAKXKE MPUCOCAUHSIIOTCS
10 JBOMHOM CBsI3WM ankeHOB. Cpeau HUX OTMETHM OpOMa3H/I Br+5N3_ o
U HOJa3ujl I+5N3_ 5, pommsoranar 178—N—"9=C=0, JIMpOJIaH, XJIO-
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puctbiii Hutposun Cl~—NT°=0, C¢HsI(OAc), u RSeCl. Ilpuco-
emuuenne IN3, BrN;, INCO u apyrux mnceBnorajioreHos, rae asui-
n3onaHaT- U TUOLMAHAT BBIIIOJHSIOT (IJYHK]_[I/IIO rajJoreHua-uoHa, Iio
CBOEMY MEXaHU3MY, CTEPEO- U PETHOCEICKTUBHOCTH TPHHITHITHAD-
HO HC OTIIMYACTCA OT MPUCOCAUHCHUA HCCHUMMCTPHUYHBIX I'aJIOTCHOB.
[Tpucoenuuenue IN3, BrN3 u INCO umeer cuHTETHYECKOE 3HAYEHUE,
IMMOCKOJIBKY azuJorpyniia MOxeT 6I:IT]> BOCCTAaHOBJICHA 10 aMUHO-TPYIIIbI
¢ moMoIipio aubopana B,Hg mnmm karamuTudecku BOIOPOIOM B TIPH-
CYTCTBHHM Tajulafus Ha kapOoHare Oapus. CaM Homasuj MONydYaroT B
pacTtBope B adupe mpu 006padboTke azua cepedpa wind HaTpust dXOUPHBIM
pacTBOopoM Hoza win xjaopucroro uona npu 0-10°C:

C¢HsCH=CH, — 2, H — CH—CH,—1 2o >dup,
(0-10°C, 5up) 2)HCl

o ©

N=N=N

(70%)

— C6H5 - C‘H—CHz—I
NH; - HCI
(50%)

Hopasux IN; crepeo- M pEruocesneKTUBHO 10 MapKOBHUKOBY
MIPUCOENNHSACTCS K JBOMHON CBS3U, INPHUYEM CTEPEOXMMHMs pPEaKkluu
COOTBETCTBYET aHTHU-NpHcoeauHeHuto. OOpasyromuecs mpanc-f-1oa-
AJKWJIA3UIbl IPH BOCCTAHOBIIEHUH C IIOMOLIBIO AIFOMOTHIPHIA JINTUS
[IPEBPAILAIOTCS B a3UPUIUHBI — COCIUHEHUS C TPEXWICHHBIM LIUKIIOM U
OJHMM aTOMOM a30Ta:

NH
H CH N CHy .
Newo” DAL Y /Hmwk/\f“
/ N apup Hoz SH spp ¢
CH, H o, NP o, H

Hommzomuanar I-N=C=0. D10 coeauHeHue MOJydyaeTcss NpHU
B3aMMOJICHCTBHH JIETKO JOCTYITHOTO IHaHaTa cepedpa ¢ momoM B aupe.
B omimumne oT B3pBIBOONACHOTO MOJAa3WAa 3TOT PEareHT JOCTATOYHO
cTabuJIeH U MOXKET OBITh BBIICTICH B MHAWBUyaIbHOM Brje. Moamusornu-
aHaT cTepeocnequPpUIHO MPUCOCTUHSCTCS O JABOMHON CBSI3U aJKCHOB
¢ oOpa3oBaHreM 2-MOJAIKHIN30IMAHATOB, KOTOPBIE MPEBPAIAlOTCs
B KapOaMaTbl B pe3yJbTaTe MPUCOCAMHCHUS METAaHOJIA WU JIPYIOro
crupta (1. 21). [Ipu B3aumopeicTBum 2-moakapbaMaTa ¢ THAPOKCHIOM
HATPUsI TPOUCXOIUT IUKIU3ANUS C TOCICAYIOMUM IIEIOYHBIM TH-
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poIM30M CcIOKHOUPHOU Tpynibl. KOHEUHBIM MPOXYKTOM 3TOH Leru
IPEBPALICHUS OKA3bIBACTCS a3UPUANH (a3aLUKIONPOIIAH):

2AENCO +21 21— N=C=0 +2Agl.

Spup; 0
CH50H

Q) + rimemo e Q22 O g
N=c=0 HiH—C— OCH,

0 Kapbamar
NaOH 1l NaOH
_ - —(C— _—
H,0; 20°C; 24 @\ ° A O>N C—0CH; H,0; 100°C
0CH3

0
— [::I>N—3—o —————+[::I>NH co,

(90% ) 2,3-TeTpameTuneHa3 PALNH

Takum oOpa3om, IpUCOECANHEHHE HOAU30MaHaTa K ABOMHON CBSI3U
OTKpBIBAET MPOCTON M BIIOJIHE JIOCTYIHBIA MyTh K CUHTE3Y a3UpHU]IU-
HOB — Han0OJIee MPOCTHIX a30THUCTHIX TETEPOIMKINISCKUX COCIMHECHUH.
[Ipucoennnenne k qBoMHON cBsi3n ankwicenenxiopuna RSeCl ¢ Toukn
3peHUs MEXaHU3Ma U PErHOCENeKTUBHOCTH HUYEM MPUHIIUIUATIBLHO HE
OTIIMYACTCS OT MPUCOSANMHECHHS CYIIb(EHTATIOTEHUIOB (pasm. 5.4.3.k).

[IpucoenuHenne XJIOPUCTOTO HUTPO3WIA K aJIKCHAM MPUBOAUT K
00pa3oBaHUIO TPEX TUITOB AIAYKTOB B 3aBUCUMOCTH OT CTPOCHUS aJIKCHA
U YCIIOBUH MpoBeneHHs peakiuu. [lepBoHauaapHO BCerjga oOpasyercs
B-TalOreHOHUTPO30COCTUHEHHE, HO OHO CTAaOMJIBHO TOJIBKO B TOM CIIY-
yae, KOrja HUTPO30rpyIina HaXOAUTCS MPU TPETUYHOM aTOME yriiepoa.
Ecnu e HUTpO30rpynmna HaXOAUTCA HPU BTOPUYHOM WU MEPBUIHOM
YIJIEPOJHOM aToMe, HUTPO30COETMHEHHE JIETKO U30MEPU3YETCSI B OKCUM
B pe3ysbTaTe MPOTOTPOIHOTO MPEBPAIICHHUS:

5]
Nocy —ts CHClz H; H0
<C:::> + To-5°C é;:ZZE-N =0

Cl  NOH c o

I'maponus OKCHMMOB NPUBOAUT K MOJIYYEHUIO KETOHA. JIByXcTanuii-
HEIM Tiportecc mpucoequHeHuss NOCI K IHKIIOaTKeHaM C ITOCIeAyIo-
LIUM KHCJIOTHBIM THUAPOJIM30M SBIISECTCS OJHUM W3 METOJOB IOJyUYEHUS
O-XJIOPLIUKIIOAJIKAHOHOB. B ciryuae MpocCThIX ajJKeHOB [-TajlOTeHOHUT-
PO30COEIMHEHUE OKHUCIAETCS MOJ JACUCTBHEM HUTPO3WIXJIOpUAA 0
B-ranoreHoHuTpocoeuHeHs. CTepeoXuMusl MPUCOEANHEHUS XJIOPHU-
CTOr0 HUTPO3WJA K JABOMHOHM CBSI3M JIETKO U3MEHSETCS Ja)xe MNpU U3-
MEHEHHH NPUPOJBI pacTBOpUTENs. Tak, HapUMep, B JKUAKOM JByOKHUCH
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cepol SO, HaONIONACTCS @HMU-TIPUCOCIUHEHHUE K LIUKIOTEKCEeHY, TOT/Ia
KaK B TPUXJIOPAITHIICHE HMEET MECTO CUH-TIPUCOCTUHEHHE.

CymiecTByeT HECKOJBKO CIOCOOOB YBENMYEHUS «IPPEKTUBHOCTH
ANEKTPO(GUIBHOCTHY PEareHTa, MPUCOCTUHSIIOIICTOCS K IBOHHON CBSI3U
aJKeHa 1Mo MOHHOMY MexaHu3My. OIMH U3 HUX 3aKIII0YaeTcs B 3aMeHe
gactunpel Y B pearente X°T —Y?~ ma Gomee »1eKTpOOTPULIATENLHYIO
rpymny wiau anumon Y =BF,; SbF.; ClO,; FSO;. Takoe peskoe
Bo3pacTanue «3(p(HEeKTHBHON AMEKTPOPHUIBLHOCTH» peareHTa Mpoucxo-
JWT, HanpuMep, mpu 3ameHe cynbenmaxnopuaa RSCl nHa RSTBF,
win RSTSbB, (cM. Bbllle) WM NP [EPEXoie OT auerara PTyTH
(CH3COO0),Hg x (CF3CO0),Hg umu k (CF3SOs3),Hg. [Jpyroit myTs
YBENWYEHHSI AIIEKTPOPUIBHOCTH PeareHTa COCTOUT B ANEKTPOPHILHOM
KaTajiu3e KUCIOToM JIptonca. DTa unes IeKUT B OCHOBE PEaKIUi AIeK-
Tpo(pHUIBPHOTO TIPHCOEANHEHUS K JIBOMHON CBA3M aJKeHa, KaTaIH3HUPy-
embix okcugom cepol (VI) (H. C. 3edupos, H. B. 3bik, A. C. KozbMmuH,
1982). IlepBonaganpHo SO; melicTByeT Kak Kuciorta Jlprouca, 3arem
HPOMCXOIUT Meperpynmnuposka amtykra XY®: SO,0° B X—0S0,Y,
410 (HOpPMANBHO COOTBETCTBYET BHEAPCHHUIO CEPHOTO aHTHJIPHIA 10
cBs3u X—Y ¢ oOpa3oBaHUEM HOBOTO pearcHTa:

X% — Y% 4805 = XY® —S0,0” = X%t — 0% —S0,Y.

Ceasp X°T—0% B X—0—SO,—Y ropasno Gonee mHonspHa, ueMm
cBa3b XOT—Y?~, u Takoif cymbpoHaT okasbiBaeTcsi Goliee CHUILHBIM
ANIEKTPOGUIIOM, YeM UCXOMHBIN peareHT X— Y, HalpuMep:

0
__7go VY

Cl, +50; =S, c1-0-sZcl:
CH,Cl, \\O

—78°C //O

CIOC,Hs + S03 m ClOS<\8C2H5;

//O
RoNCIl+ SO; — RyNS-OCl;
o

0
R—S—S—R + SO; — RS~SZ0O—SR.
Yo

B »TuX MOmM(UIMPOBAHHBIX peareHTax aToM XJIOpa WM TpyIna
SR oka3bIBaeTCs MONOKUTEIBHBIM KOHIIOM JUIIONS U BBITIOJIHSACT POJb
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ANMEKTPO(PUIBHON YaCTHUIIBL:

.C
8+ 8- -78°C R ‘
cotsot + O RN Q
050,01
0ES0,00H + H-CytgCH= —b0t o+
s+ H-CylaCH=Chy T - CCH-CH L+ oCyfgCh—Ch,
080,0C,Hg & 0S0,0C,Hs
(56%) (15%)

N,N-mnankuiaxmopamuabl RyNCI u gucynmedumnsr RSSR npucoenu-
HAIOTCS K JABOMHOW CBSI3M IO paJuKaJbHOMY MEXaHU3MYy (CM. Cleny-
FOIIUN pasnen), OMHako Momudukaus ux ¢ moMornsio SO; M3MeHseT
MEXaHHM3M C PaJUKaIbHOTO Ha AEKTPO(UIBHBIN:

FCHGCH=Cy  (Cyft) NCL + 505~ ~oHyeL Gy O CALL (88%) ,
0SO,N(CHs),

O - DN--CI +503—W O (90%),

. I e CHe CHe
ity CH=CH, + €S ~SCeis +505 g LH T eSS
NH~ G- CH g
JSCeHs
—-78°C |/.\\" 0
s a0, 8
O o CaMsSTSteHs + 803 TR A /l\ I
NHCCH 4
LSCeHs

g ~ / ’
CEHS’S-“N(LZHS)Z + 505 + @"’EFZ—C-];-—--—n» U\

050, N{C,Hs),

5.4.4. PAAUKAJIBHBIE PEAKIIUN AJIKEHOB

5.4.4.a. PAIJUKAJIBHOE ITPUCOEJUHEHUE HBr, KATAJIM3MPYEMOE
NEPEKNCAMMU, U POJCTBEHHBIE PEAKLINN

[Ipucoenuuenre GPOMHCTOrO BOAOPONA K allkeHaM PE3KO OTIHYa-
eTCs OT TMPHUCOCIWHEHUS OCTANBHBIX rajoreHoBomoponos — HF, HCI
n HI. B 3aBucumoctu or ycioBuil npu mnpucoeguHeHun HBr x
HECUMMETPUYHBIM aJIKCHaM 00pa3yloTcs HPOAYKTbl NPHCOECIMHEHUS
WIM B COOTBETCTBUHU C NpaBMJIOM MapKOBHUKOBA, MJIM MIPOTUB MIPpaBUiIa
MapkoBHukoBa. Jlo 1933 1. mpuumMHBI 3TOM aHOMaduH OBLIM COBEp-
LICHHO HE SICHBI M PE3YJIBTAaThl Pa3IUYHBIX IPYNIl MCCIEN0BATENIeH Mo
npucoenrHenuo HBr Haxoaunuch B pe3KoM NPOTUBOPEUUH JAPYT C
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apyrom. Hepenko KOHEYHBIMH MPOIYKTAMH OKa3blBaJIaCh CMECh 000X
M30MEpHBIX OpoMu0B. Tak, HapuMep, IPU MPUCOSTHHEHUH OPOMHUCTO-
ro Bojopoaa K OpomuctomMy ayuiuiy (3-OpoMIIponeHy) B NPUCYTCTBHU
CJemoB Bo3Myxa oOpasyeTrcs cMech 1,2- u 1,3-a1uOpOMITpOITIaHOB WA
JaXKe TIPEUMYIIECTBEHHO 1,3-mrOpomMIporiaH:

BrCH,CH=CH, + HBr,, — BrCH,CH,CH,Br + CH;CH—CH,Br.

Br

PanponansHoe 0OBsICHEHHE aHOMAJIbHOTO MPUCOCAWHEHHS OpOMH-
cToro Bojopoma K ankeHam Obuio maHo M. Kapamem u @. Maiio
B 1933 . OHu 0OHAPYXWJIH, YTO TIPH MOJHOM OTCYTCTBHH KHCIIOpPOIa
B HCXOJHBIX pearcHTax M pacTBOpUTeNie THMAPOOPOMHPOBAHHE allKe-
HOB CTPOTO TOJYHMHSAETCS MpaBUIy MapKOBHHUKOBA H, CIIEOBATEIbHO,
OCYILECTBISICTCS 110 MEXaHU3MY AIEKTPOPHIBHOTO MPUCOSTUHEHUS 10
JIBOMHOMW CBSI3M, OMMCAHHOMY B MHPEIbLAYILIMX pa3jesax 3Toil miaBel. B
MPHUCYTCTBUH KUCIIOPOJIa WIIH Pa3IIUYHBIX MMEPEKUCHBIX T00aBOK, TAKUX
Kak MepeKkuch OeH3omIa,

40

C6H5C\

O
Y
O—O—C\

CeHs

ruapornepekuch mpem-0ytuna (CH3);C—O—OH, H,O, u T 1., Mme-
XaHM3M PEAKIUH W3MEHSETCS C JJIEKTPOPHILHOTO Ha PaauKalbHBIN,
YTO NPUBOIAUT K IOJHOMY HM3MEHEHUIO PETHMOCEIEKTUBHOCTH THIPO-
OpOMHUpOBaHKs AJKEHA, KOTOPOE TeNeph MPOUCXOAUT MPOTHB IpaBUIIA
MapkoBHHKOBA:

RCH=CH; + HBr

TP s RCH,CH,Br.

WIH [IEPEKUCH

[Ipucoenunenue GPOMHUCTOTO BOAOPOAA, MHUIIMUPYEMOE KHUCIOPO-
JIOM WJTH TIEPEKUCSIMH, OCYIIECTBISIETCSA IO LEMHOMY DPaJuKaIbHOMY
MexaHu3My. VHUIMpoBaHue paaukaibHON IeNH 3aKIro4YaeTcs B 00-
pa3oBaHUM aTomMa OpOMa, KOTOPBIM BBI3BIBACT PAa3BUTHE PaJUKaIbHON
(1178

3ap09fcdeHue yenu:

o) ) 0
c&gcf 0 ﬁE@ﬂ»zcgkcf
00—’ 0-
CeHs
29 20
2C6H5C\ + HBr — 2C6H5C\ + Br-
0- OH
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paseumue yenu:

Br- -+ RCH=CH, — RCHCH,Br + AH® (AH® = —9kKa1/Mo1b)
RéHCHzBr+ HBr— RCH,CH;Br+Br- +AH° (AH® = —7 KkaJi/MOJIb).

OO6pazoBanne pamukana Bre mpu 3apoXICHUU METH TMPOUCXOIUT B
pe3ynbraTe B3aMMOJCHCTBUSI KHCIOpoaa Wi, uyTo Oonee 3ddekTHBHO,
MEPEKHCHOTO paguKaita ¢ OpoMHCTHIM BojopomoMm. C dYmcTO 3HEpre-
THYECKOH Touku 3penusi obpazoBanue C¢Hs—COOH u Bre ropasmo
BBITOnHEE, ueM oOpazoBanne C¢HsCOOBr n H+, mockonbky sHEprus
cBs3u O—H 3HaunTensHO npeBbIiaeT 3Hepruto cesizu O—Br, u, cneno-

40
BaTeJIBHO, B paJMKaIbHOM mporecce obpazoBanne C¢Hs;C—OH u Br-
npeanoytutensHee. O0e cTaguy pa3BUTHS LENH 3K30TCPMHYHBI M Xa-
paKTepu3yIOTCsI HU3KOH SHEprueil akTUBAINH, YTO 00JierdaeT pa3BUTHE
LIENHOTo Tnporecca. AToM Opoma MPUCOEANHSAETCS K KOHIIEBOMY aTOMy
yIiieposia aikeHa ¢ 00pa3oBaHHEM HanOoJjee 3aMeIeHHOTO BTOPHYHOTO
pajvkana. AHAJOIMYHO KapOOKATHOHAM BTOPUYHBIC AKUJIBHBIC PaIH-
Kallbl cTabuibHee epBUYHBIX (TU1. 4). [loaToMy B mepBoil cTagwu pas-

BUTHS 1IeTIH 00pasyeTcst Tonbko BropuyuHblit pagukan RCHCH,Br, Ho He

nepsuuHblil pagukai RCHBrRCH,. B koHeuHOM HTOre 3TO MPUBOJUT K
AHTUMaPKOBHUKOBCKOMY TTPOAYKTY PaIuKaIbHOTO THIPOOPOMHUPOBAHUS
RCH,CH;Br. 910 He HOMWKHO BBI3BIBATH YAMBICHUSA, CCIU TPUHATH
BO BHHMaHHE, YTO paJWKaJ OpoMa B JTOW pPEAKITMH BBIMOTHICT TY
JKE POJib, UTO U MPOTOH B PEAKIMH AIEKTPODUIBHOTO MPUCOCIMHECHUS
rajJlorTeHOBOIOPOJIOB K aJIKEHY:

HBr; hv

CH,=CH(CH,)sCOOH ——

MePEKUChH
OeH3omIa

BrCH,CH,(CH,)sCOOH.

AHOMaJbHOE THAPOTAIOTEHUPOBAHIE, HHUITUUPYEMOE MTEPEKUCIMH,
xapaxtepHo uis npucoeaunenus HBr, o ne HCI, HI unn HF. Dueprus
cBs3u C—1 HacTONbKO MaJjia, YTO MPUCOEAMHEHNE pajuKaia [+ kK TBOHHON
CBS3M B TEPBOM CTAAMM Pa3BUTHA LIENH SHAOTEPMHUYHO U TpelyeT
BBICOKOW SHEPruy aKTHUBALUU:

RCH=CH, + I- — RRCHCH,I + AH®, AH® = +5 xxan/mons,

XO0Td BTOpas CTaaus pasBUTUA LCIH 3K30TCpMHUYHA!

RéHCHzl + HI — RCH,CH,I + 1+ + AH®, AH® = —24 KKai/MOIb.
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Ipu paguxansHom npucoeaunennn HCl u ocobenno HF k npoitnoit
CBSI3M, HANPOTHB, BTOpAs CTAAWS PAa3BUTHS LENU XapaKTepU3YeTCs
MOIVIOIIEHHEM Teria, TOCKoNbKy 3Heprust cBsizu HCI odeHb Bbicoka
(103,2 kKxan/mMomn).

RCH=CH, +Cl- —RCHCH,Cl+AH®, AH® = —22 kKkan/monb,
RCHCH,Cl+HCl— RCH,CH,Cl+Cl- +AH®, AH® = +8 kkan/mob.

LlerHbIe paguKalbHBIE TIPOIIECCH OCYIIECTBIAIOTCS JIETKO TOJIBKO B
TOM clly4ae, Korja o0e CTaJluu Pa3BUTHS PAJUKAILHOW IEMU 3K30Tep-
MU4HblL. Hanmuuue 3H10TepMUYHON CTaAUKU COOTBETCTBYET MEIJIEHHON U
00paTuMoii peakiuu ¢ ObICTPBIM O0OPBIBOM IienH. [103TOMY B OOBIYHBIX
ycnoBmsixX pamukansHoe npucoennaenne HF, HCl u HI x aBoiino# cBsi3m
HC IMPOUCXOIUT.

Psan npyrux coequHEHU ¢ TOJAXOMASIIEN 3HEpPrue CBA3HM MOXET
IPUCOEIUHATECA K JBOHHOM CBA3M IO pPaJUKaIbHOMY MEXaHU3MY,
MoJI00HOMY pauKaIbHOMY npucoeanHeHnto HBr k ankenam. M3BecTHBI
MHOTOYHCIICHHBIE TIPUMEPHI IPUCOETNHEHHS K alTkeHaM CepOBOIOPO/Ia,
THOJIOB, AUCYIb(UAOB, YETHIPEXXJIOPUCTOTO U YETHIPEXOPOMHUCTOTO yT-
nepona, CBrCl;:

CH;CH,CH=CH, + H,S Oh—vc> CH;CH,CHCH,SH +
° (68%)
+ CH3CH,CH,CH,S—CH,CH,CH,CH3s;
(12%)

(CH3),C=CH, + CH;CH,SH “"“%, (CH;),CHCH, S~ CH,CH;.

(94%)
Hucymsdunpst, CCly 1 CBry erko pearupyioT ¢ aJIKCHAMH B IPUCYT-

CTBUH TepeKrcell, THULMUPYIOIIUX paJiKalbHbIE IIPOLECCHI, C 00pa3o-
BaHMEM aJJIyKTOB cocTasa | : 1.

CH;CH=CH, + CF3S—S—CF; 2% CF3—C|H—CH2—S—CF3;
(100%)

CH;

CH;(CH,)sCH=CH, + CCl; —-—— CH;(CH,)s CHCICH,CCls;
TIEPEKUCH (75 %)

OeHzonaa

CH;(CH,)sCH=CH, + CBr 75”—C> CH;(CH,)s —C‘H— CH,CBr;;
° (88%)

Br
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ROOR 5 2RO,
RO- 4+ BrCBr; — ROBr + *CBrs,

° CBI‘3 + CH3 (CH2)5CH:CH2 — CH3 (CH2)5 _éCHCHz - CBI’3 N
CH;(CH,)s—CHCH, —CBr; + CBry —
— CH3(CH,)s—CH—CH, —CBr; + CBr;.

Br

B HekoTopbIX cityudasx, 0COOSHHO JUIsl CAaMOI0 ATHIICHA, TAKKE PEaKIIUU
MIPUBOJAT K CIOXHOM CMECH IPOAYKTOB TaK Ha3bIBAEMOH TeJOMepHu3a-
[IUY, TAE MPOMEKYTOUHO O0Pa3YIOIIMICS PajMKall IPUCOCTUHSIECT OIHY
3a APYToil HECKOJIBKO MOJIEKYI STUJICHA:

-CCl; + CH,=CH, — Cl;CCH,CH, S2=t,

— Cl;CCH,CH,CH,CH, <=, ¢1,CH,CH,CH,CH,CH,CH, —

}’I(CHZ =CH2) CC14
IR

CCly(CH,CHy), , ,CH,CH <24
— CC13 (CHQCHz)n+2CH2CH2C1+ CC13 UT O
TesoMep

nCH,=CH, + CCly —) Cl(CHzCHz) CCls,

110°C; nepekucn
e n=1(9%); n =2 (57%); n =3 (24%).

B mporeccax temoMepuzanun mpeodIaaaoT MPOIyKTEl CO CPaBHH-
TEJIbBHO HU3KOM MOJISIPHOM MAaccoil, COOTBETCTBYIOLIEH HU3KHUM 3Haue-
HUSIM 1 < 5 BCIIEJICTBUE JICTKOCTU OOPbhIBA PaJIMKAIBHOMN IISTIH.

5.4.4.6. AJUIMJIBHOE BPOMNPOBAHUE AJIKEHOB
N-BPOMCYKIMHUMUAOM I10 TUIJIEPY

B 1942 r. Kapn Llumtep Bocmipon3Ben paHHIO padoty A. Boms mo
OpOMMPOBAHUIO AJKEHOB M MOKa3all, YTO peaklus ajkeHoB ¢ N-Opom-
cykuuHuMuaoM B CCly, HHULIMUPOBAaHHAs NEPEKUCIMU, SIBISETCS 00-
MM METOJOM OpOMHPOBaHUS alKEHOB B TaK Ha3blBaeMOE aJUIHIILHOE
HOJOKEHHE (AJUIMIIBHBIM HA3bIBACTCSI aTOM YIVIEPOZA B (-TIOJIOKECHUHU
M0 OTHOWIEHHIO K JIBOMHOI cBs3u). N-bpomcykunnnmua (NBS) nomy-

418



YaeTCs IPU B3aUMOJICHCTBUU CYKUMHUMHUIA (MMUA SHTAPHOM KUCIOTHI)
¢ OpoMOM B IIETTOYHOH cpee:

0 0
VY VY
CHz—C< e CH,—c”
NH + Br; + NaOH —— N—Br+NaBr + H,O.
v 0o v
CHz—C\\O 0 CH,~C{_
NBS

NBS cenekTuBHO OpOMHPYET W IUKIMYECKHE aIKeHBI TONBKO IO all-
JIMIIBHOMY aToMy yIIIepoJa:

O

Br CH2*C

() + NBs ROk, @ + |
CCly, 80°C

CH,—-C

NH

7 N/ N\

O

CH;(CH,)4CH,CH=CH, + NBS CCli, 80°C

— CH; (CH2)4 —CH —CH=CH, + CHj (CH2)4CH:CHCH2BI +

‘ (17%) (45%) yuc/mpanc=1:1
Br 0
4
CHZ—C\
+ | _NH
CHZ*C\\O
CsHsCH=CH—CHj; + NBS —>C6H5CH CHCH,Br—+
mpanc- CCly (75%) mpanc- //O
CHZ—C\
+ | _NH
CHZ*C\\O

Kak M0XHO OOBSCHUTH OPOMHUPOBAHUE UCKIFOYUTEIHHO B aJUTUIIb-
HOC TOJOXKCHHE W KaK OOBSICHUTL OOpa3oBaHHWE TIPH OpPOMUPOBAHHUH
OKTeHa-1 cpa3y AByX MPOAYKTOB, U3 KOTOPBHIX B OAHOM MPOHU3OILIO U3-
MEHEHUE MMOJOKEHUSI ABOMHOM cBsi3u? OTBET Ha 3TOT BOIIPOC CBOJUTCS K
paccMOTPEHHUI0 0C000H CTaOMIBFHOCTH AJLTHII-pauKana. bpomupoBanue
ankeHoB 1o [urmepy ¢ NBS npencrasisieT co0oit ermHo paaiuKaTbHbIA
npoliecce ¢ yyactuem atoma opoma. Atom O6poma oOpasyercst mpu GoTo-
JU3e WM TEPMUIECKON TOMOIMTHYECKON TUCCOIIUAIIIH MOJIEKYIISIPHOTO
Opoma, oOpa3yrolierocs B OueHb HHM3KOH KOHIeHTpaiuu u3 NBS wu
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cienoB HBr, unu 3a cuer Tepmuyeckoro pasnoxkenus NBS:

HBr + (CH2CO)2NBI' — Brp + (CHzCO)zNH

hv umu t

Br, 2Br-,

Br- +R—CH,—CH=CH, — HBr + RCH-CH= CH,,

AJUTUIIBHBII
paauKan

Br
. |
R—CH—-CH=CH; + Br, - R—CH—CH=CH, + Br- u 1. 1.

Hanpasnenue paaukanbHOTO TajloT€HUPOBAHMS ONpPEAEIseTcs] OT-
HOCHTEJIPHON CTAaOMJIBHOCTBIO pajiiKaja, 00pa3yIoIIerocsi B KauecTBe
uHTepMmennata (. 4). bpomupoBaHue aTKeHOB B aJUTMIIBHOE MOJI0KEHNE
onpenensieTcs 6onee Hu3Koi sHeprueit C—H-cBsI3n B aJITHITBHOM TI0JTO-
JKCHUU 10 cpaBHeHUIo ¢ sHeprueit C—H-cBa3u 00bIYHON METHIICHOBON
WJIN METWJIBHOH I'PYIIbL. OTH JaHHBIE ObLIIM IPUBEIEHBI B NIAaBE 4 1 U1
Oosblel HaIAAHOCTH PUBEAEHBI Ha IIpUMepe 4-MEeTHIIIUKIOreKCeHa!

(nepauHbIiA)
.. H H
(sTopuuemt) \ /
KKan C
95 vonb - \H
g KKas
MOJIb
(anannbHbin) H/
KKan
T
H
(BMHWABHBIM )

W3 HuUX clemyeT, 4TO aJUIMIBHBIN pagukall cTaOuibHEEe BTOPHYHOTO
AJKAIILHOTO pagukaja Ha ~ 8 KKaJl/Moib, Ha 11 KKkai/MoJbh cTabWiIbHEee
NEPBUYHOTO aJKUIBHOTO paankaia v Ha 20 KKaJl/MoJb cTabuibHee BU-
HUJILHOTO pajiukana. [[kiIorekceH Kak CHMMETPHYHBIH aJlkeH 00pasyer,
€CTECTBEHHO, TOJBKO OAWH IPONYKT 3aMELICHUs] BOJOpOAa Ha OpoMm
B aJUIMJIBHOM TIOJIOKeHHHU. Takue ajljIuiabHbIe TraJJOr€HU bl OCO6CHHO
Ba)KHBI JUIsl CHHTE3a COMPSIKCHHBIX JTMEHOB MPH JICTHIPOTaI0reHUPOBa-
Huu (1. 7):

Br

(CH3)2CC)71(+
ok O

CH3)3C—OH; 80°C

Bwmecto N-O6poMCcykIuHUMUIA MOKHO UCIOIB30BaTh N-XJIOPCYKIIH-
HUMUJI, KOTOPBII XJIOPUPYET AJKEHBI [0 aJUIMIBHOMY IOJIOKEHUIO. Pe-
aKIMeH, pOICTBEHHOHN aJUIMIIBHOMY raJloreHUpOBaHuIo 1o [umepy, sB-
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JsieTces mpsiMoe ra3oo0pasHoe xyopuposanue nponuieHa Ha 400-500°C
(1. M. JIsBoB, 1884 1.):

CH;CH=CH, + Cl, 222%°S, CICH,CH=CH, + HCl.
B nacrosimiee BpeMsl 3Ta peakiysl JIEKUT B OCHOBE IPOMBILIIEHHOIO
CHOCO6a IMOJIY4YCHUA XJIOPUCTOIo aJuivdiia B 60J'IBI_LII/IX KomuecTBax. B
TaKUX YCJIOBUSX NMPUCOEAMHEHUE XJIOpa K JIBOMHOM CBSI3U CTAHOBHTCS
o0paTuMoOil peaxiuel, rJe paBHOBECHE CHIIBHO CMEILIEHO B CTOPOHY
HCXOJHBIX peareHToB. C 3TOM peakinel yCcremnHo KOHKypPUpyeT IpsiMoe
paauKaJIbHOC 3aMCIICHUE BOAOPOJAa B aJUITUJILHOM ITOJIOXKCHUU!

Cl, = 2CI-
CH,=CHCH; + Cl- —+ HCl+ CH,=CH—-CH,",
CH,=CHCH,- +Cl, — CH,=CHCH,Cl+Cl- wuT x.

AJITMIXJIOPHUIL HCIIONB3YeTCsl Ui TONYYeHHUsS SIUXIOPTHIPHUHA

CHZWCH*CHZCI U COCNWHCHUU C aJUTHJIbHON rpymnmoil. Taxum

00pasoM, peakIuy paguKaabHOTO 3aMEIICHUS BOJOPOAA B aJUTHIHLHOM
TTOJIOKEHUH, KaK ¥ PEaKINH PaIUKAIIBHOTO MPUCOCTUHCHHUS 110 JBOWHOMN
CBSI3H, CTOJIb YK€ TUITUYHBI JUIsl AIKEHOB, KaK U MPOIECCHI ACKTPOPUIIb-
HOTO TIPUCOCTUHEHUS 110 KPATHOM CBSI3H.

5.4.5. OKHUCJIIEHUE AJIKEHOB

Peakunu okucieHHs alkeHOB I1eJIeCO000pa3HO MOPA3IeIUTh Ha JIBE
Oonblue Tpymnmel: 1) peaxiuu, B KOTOPBIX COXPaHSAETCS YIIEPOIHBII
CKeJIeT, 2) peakIHH OKUCINUTENbHOMN JeCTPYKIMH YIIIEPOIHOTO CKeJIeTa
MOJIEKYJIBI 1O JIBOMHOM cBsA3u. K mepBoi rpyiie peakiuid OTHOCSTCA
SMOKCHIMPOBAaHUE, a TaKKe TMAPOKCHUIMPOBAHUE, MPUBOJSIIEE K 00-
Pa30BaHUIO BULMHAJIBHBIX MpaHc- WKW yuc-rukoiei. Jpyras rpynna
BKJIIOYAET O30HOJIU3 U PEeaKIMK UCUEPITBIBAIONIETO OKUCIIEHHUS aJIKEHOB,
MIPUBOIAIINE K 00Pa30BaHUIO PA3IMIHOTO POAa KapOOHHMIBHBIX COENIH-
HEHUI U KapOOHOBBIX KUCIIOT. MBI TIOCIIEIOBATEIBHO PACCMOTPUM 00€
3TU BA)KHBIE IPYNIbl PEAKIIH.

5.4.5.a. PEAKIIMHN OKUCJIEHUA AJIKEHOB C COXPAHEHUEM
YITIEPOAHOI'O CKEJIETA

1. DnokcuaupoBanue (peaxkuusi H. A. Ilpunexaena, 1909 r.)
AUUKIMYECKHE M IMKIWYSCKUE AJKCHBI NPU B3aUMOJCUCTBUU C
0
nepkuciaoramu (Haakuciaoramu) RC B HENOJISIPHOM, HHIUPde-
O—OH
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PEHTHOU cpene 00pa3yloT OKHCH aJIKEHOB — 3MOKCU[BI, TIOITOMY cama
peaxiusi HOCUT Ha3BaHHUE peaxyuu 3NOKCUOUPOBAHUA.

O /O\ /O
3(pHup, OeH30 /
RCH=-CH, -+ RIC{ M R—CH—cCH, —I—Rl—C\
OOQH " CH.CL, SMOKCHABI OH
1€ PKHUCJIOTA (oKcHpaHbl)

(HagKuca0TAa)

ComnacHo coBpeMeHHoi HomeHnknarype MIOITAK, tpexuneHHbIi
LUK C OJHUM aTOMOM KHCJIOPOZIa HOCUT Ha3BaHHE OKCHPAH.

ONOKCUIUPOBAaHUE AJIKEHOB CIIEAYeT paccMaTpuBaTh Kak CHHXPOH-
HBI/, COIIACOBAaHHBIN IPOIECC, B KOTOPOM HE yYacTBYIOT MOHHBIC HH-
TepMeMaThl TUIMA THAPOKCHIbHOrO Katnona OH™. Dnokcunuposanue
AJIKEHOB MPEICTaBIsIeT COOOM NpOLEcC CuH-IPUCOCAUHEHUS OIHOTO
aToMa KUCJIOpOja MO JBOMHOI CBS3HM C MOJHBIM COXpAaHCHHUEM KOHQU-
ryparuu 3aMecTUTes el pu IBOMHON CBA3H:

H H

H H
\N.__ ./ 0 N 0
= Ol <
R R oo ML N OH
ct cl

meTa-xnopnepben3onHas
KucnoTa

R H R 0 H
AN / 0 NN\ / 0
c=c_  + D 7
/ N, \ CHCL,  / N\ N
H R o 00H H R 4 OH

Jist STOKCUIUPOBaHUS ObUT MPEJIOKEH MEXaHHM3M, XapaKTepHBIN
JUTSI COTIIACOBAHHBIX MPOTIECCOB (CM. TII. 25):

R H 1
N\N./ 3 R H
1 2 < 0 R N/ R®
3 _ /R 3 //0 o AN S C\ /
c=¢" + f¢/ —— 20 c — | o + o=
[ o—0H LSRN Il J/
H e c L
R v 2/ N\
R H
3aMeLL,eHHbIN
oKcupaH

B xauecTBe SMOKCHAMPYIONINX ar¢HTOB HCITOJIB3YIOTCS CIICTYIONTHE
MIEPKUCIIOTHL: TepOeH30MHAs, M-XJIOpIIepOeH30iHAsI, MOHOTIep(TaIeBas,
TepyKcycHas, epTpuTOPYKCYyCHAsI W TepMypaBbuHasA. [IepKUCITOTHI
apOMaTI/I‘{CCKOFO p;lz[a HpI/IMCHHIOT B BHUJIC I/IHI[I/IBI/II[yaJILHLIX pCaI‘eHTOB,
TOT/a Kak MepKUciIoThl anudarmueckoro psma — CH;COs;H, CF;COsH
u HCO3;H — He BBIACNAIOT HHAMBUAYATIHHO M UCIOIB3YIOT Cpa3y Mocie
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ux oOpasoBanus npu B3aumozeicteun 30- miam 90%-i1 mepekucu
BOJIOPO/Ia M COOTBETCTBYIOIIECH KapOOHOBOH KHCIOTHL. I[lepbeH3oliHy1o
U Mema-XJI0pIepOCH30iMHYI0 KUCIIOTHl B HACTOALIEE BPEMs MOITYy4aroT
OKHCJICHUEM COOTBETCTBEHHO OCH30WHOHN U Mema-XI0pOCH30MHON KHC-
70T 70%-i MepeKnuchio BOIOPOAa B PACTBOPE METAHCYIIb(OKHUCIOTHI:

0
V:
COOH  + HO, = @—c + HO
@ %2 TH,SO0,H; 25°C ~o—ot 2
(85-90%)
WA U3 XJIOPAHTHAPHUIOB KHCJIOT M TIEPEKUCH BOIOPOIA:

0 Mgso, 0
7 4 7
¢ + H0 : c + HO -+ NaCl
@ et 22 NaOH; H,0-guoxcan @— ~o—or 2

cl 1
(70-75%)

MoHonep(dTaneBylo KHCIOTY IOJNy4YaroT TMOXOOHBIM METOAOM U3
¢raneBoro anrunpuna u 30%-i mepexucu BoIopoaa B BOJHOH IIETOYH:

C¢0 ° Céo

~ 1)NaOH-H,0: ~5..710°C ~0-0H
A+ B0 7 50%an 1,50, 0°C

i COOH

IlepBoHauanbHO AJISI MOTYYCHUS OKCUPAHOB (SIIOKCUAOB) HCIOIB30Ba-
JIack MepOCH30MHAsI WU MOHOTIEpdTaIeBas KHCIOTHI:

0
Y / N\
CeHsCH=CH, + cHee”  —STEE, ¢ ocfi—eH, 4 ¢ HCo0H
AN A OOC 6 2 6''S
0—0H (75%)

CHs

CHy LN

3pup

@C 00H

COOH
Qranesas
KucnoTa

3M0KCKL, xonectepuiauerarta
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Oco0eHHO ynoOeH METO]l C UCIOIb30BaHHEM MOHOTIEPTAIEBON KHCIIO-
TBl. MoHOMIepdTanzeBass KUCJIOTa XOPOIIIO pacTBOpuMa B 3dupe, Toraa
KaK OAMH M3 IMPOLYKTOB peakuuu (¢raneBas KUCIOTa) COBEPIICHHO
HEpacTBOPUM B 3(HUpE U O XOIE€ PEAKLUH JETKO CYIUTh 10 KOJIUUYECTBY
BBIJICJTUBILCHCS KPUCTAIUIMYECKON (DTaIeBOW KUCIIOTHI.

B Hacrosimee Bpemst A7 SIOKCUANPOBAHUS HYallle BCErO UCIIONIB3YIOT
Mema-xopnepOeH30iHYI0 KUCIOTY. B oTianume oT apyrux MmepKUCIOT
OHa CTa0MJIbHA IPU XPAHEHHM B TE€UYEHHUE IJIUTEIBHOIO BPEMEHH (IO
1 rona) u abcomoTHO Oe3omacHa mpu oOpanieHu:. BBIX0Ibl OKCHPaHOB,
MOJIY4YEHHBIX IIPU OKHCICHNU alUKIMYECKUX M LUKIMYECKUX AJKCHOB
Mema-xopnepOeH30HHON KHCIOTOM B pacTBOPE XJIOPUCTOTO METHIICHA,
OOBIYHO OYEHB BBICOKHE.

CH,CL
@ + M-ClCgH,C0 :H—;%» (o 4 wecicH,co0H
(80%)
/N
CHZ(CHZ)SCHchZ+_,..,7-C1c6H4c03HWc~3\m\ CH—CH, + m-ClCH,CO0H
’ (90%)
Hs H S s O H
C\° s CH,Cly; 27 SN2
= + CogH —— 22—, /c-ﬂ
H C00C H, 000,

ITepkucaoThl 4acTO TEHEPUPYIOT MPSMO B PEAKIMOHHOM CMECU U3
90%-i1 mepekucu BoOAOpona W KapOOHOBOWM KHCIOTHI B XJIOPHCTOM
METHIICHE.

H,CL,
CH3(CH,)CH=CH, + H,0,+CH, C00H 22, ch Hy)oCH—CH, + H,0 + CH3COOH .
(9o%-aa) (80%) 0

}.
GHs M Het, 8 I5/
C=C + H0, + CHzC00H ——2— N + H0 -+ CH;C00H
/ S N
H CHs  (90%-as) H CeHs
(70%)
0
@ CF5CO5H é‘
—_—
CH,CL,
(87%)

ATKEHBI ¢ IBOWHOW CBS3bIO, COMPSDKCHHOH C KapOOHWIBHONW U
KapOOKCUJIBHOM TPYIION WM JPYTMM aKIECOTOPHBIM 3aMECTUTEIEM,
MaJIOAKTUBHBI, M JIJISl MIX OKUCIIEHUS HEOOXOIUMO MCIIOIB30BaTh OoJee
CWJIbHBIC OKUCIIUTEIN, TAKHE KaK TPU(TOPICPYKCYCHYIO KUCIIOTY, TIOTY-
YaeMylo M3 aHTHIpHIA TPUPTOPYKCYCHON KUCIOTHI B 90%-i1 mepekncu
BOJIOPO/Ia B XJIOPUCTOM METUJICHE. ATBTEPHATUBHBIN METOJ] STTOKCUIH-
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POBaHUS 3aKJII0YAETCsl BO B3aUMOJIEHCTBUN ajlkeHa ¢ HUTpUIIoM U 90%-it
HEPEKUCHI0 BOAOPOAA:

_NH
RC=N+H,0, — R_C\
0—OH
Hepl/IMl/IﬂOKI/ICHOTa
NH 0 0
Y / V
R—C< +R!CH=CH, — R'-HCZ—CH, + R—C<
O—OH NHZ

IIpocreiimmii OKCHpaH — OKUCh 3TUJIEHA — IOJIY4Yal0T B ITPOMBIILI-
JICHHOCTU OKHCJICHHEM 3TUJIEHA KUCJIOPOAOM B IPUCYTCTBHM cepedpa
KaK KaTajm3aropa:

CH,=CH, + 0, — =% H,C——
250-350°C \O

CH,

2. anmu-T'napokcuIMpoBanue

TpexuseHHOe KOJBII0 OKCHPAHOB JIETKO PACKPBIBACTCS MO ICHCTBH-
€M CaMbIX pa3HOOOpPa3HBIX HYKICOPHIBHBIX PEarceHTOB. JTH PEaKLIUH
OZIPOOHO OYAYT 00CY)AaThCs B TiaBe 11, MOCBAMEHHON aIlfUKINIeCKAM
Y [MKIUYECKUM MPOCTHIM 3dupam. 31ech e OyIeT pacCMOTPEH TOIBKO
THIPOJIH3 SMIOKCHUIOB. [ HIPOIIH3 ATIOKCHAOB KaTaTU3uPyeTCst KaK KHCITO-
TaMH, TaK ¥ OCHOBaHUSAMH. B 0001X cirydasx 00pa3yloTcsi BALMHAIbHBIC
JUOJBI, T. €. TIuKond. [Ipw KUCIIOTHOM Karaimu3e B TIEpPBOM CTaauu
NPOMCXOJUT MPOTOHHPOBAHME aroMa KHCIOpona 3MoKcuaa ¢ obpaso-
BaHUEM IMKIMYECKOTO OKCOHHUEBOTO KaTHOHA, KOTOPHIH pacKphIBaeTCs
B pe3yJabTare HyKJIeo(pUIbHON aTakh MOJIEKYIBI BOJBI:

H H *
0 (‘)93 <i> on (‘)H
@ bbicTPo N / N _+ BblcTpo
Rpa e (Koo R s e
7/ Nvegnewno| 4 1N / |\
R /039 OH
H H H H

KiroueBoii cTaaueiil B paCKpbITUU KOJIBIIA, OTIPEACIISIONICH CKOPOCTh
BCETO TpoIiecca, SBISIeTCs HyKIIeopuIbHasI aTaka BOIOH Ha IPOTOHHUPO-
BaHHYIO (opmy smokcusa. C TOUKH 3PCHUST MEXaHHU3Ma ATOT MPOLECC
aHAJIOTHYCH PACKPBITHIO OpPOMOHHEBOTO WOHA TPH HYKICODUIHLHOM
aTake OpPOMHJI-MOHA WM JPyroro HykieopuibHOoro areHta. C 3tux
MMO3UIANA CTEPEOXUMHUUYCCKHM pPE3YyJIBTaTOM OJKHO OBITH 00pa3oBa-
HUE MPAHC-TIIMKOJIEW TIPU PACUIENVIEHUM LMUKIMYECKUX HIOKCHUIOB.

425



JleficTBUTENBHO, MPHU KUCIOTHO-KATAIM3UPYEMOM THAPOIU3E LIUKIIO-
TFeKCEHOKCH/Ia WJIN LMKIJIONEHTEHOKCHAAa 00pa3yroTcsi UCKIIIOUUTEIbHO
mpanc-1,2-1u0mbl:

H H
H g
HE % ®
o T v T o + H
H H (86 %) “OH

Tpanc-1,2-UMK NoNeHTaHAuoN

TakuM 00pa3oM, ABYXCTATUHHBIA IPOIECC SMOKCHIUPOBAHUS all-
KE€Ha C IMOCJICAYIOUIMM KHUCJIOTHBIM THAPOJIM30M 3IOKCHUAA CYyMMAapHO
COOTBETCTBYET PEaKINH aHTUTHIPOKCHIIMPOBAHNUS ATKCHOB.

066 CTagun aHTUTUAPOKCUIIUPOBAHUS aJIKCHOB MOXKHO COBMECTUTD,
eciu ankeH oOpabatsiBaTh BogHOM 30-70%-i mepekuchio BOAOpoaa B
MYpaBbHHOW MU TpU(TOPYKCYCHOH Kuciore. O0e 3TH KHCIOTHI SIBIIS-
IOTCSl JOCTATOYHO CHJIBHBIMHU JIJISI TOTO, YTOOBI BBI3BIBATh PACKPBITHE
SMOKCUAHOI'O IUKJIA, MMO3TOMY HUX KHCJIOTHL O6LI‘1HO HUCIIOJIB3YIOT Jid
AHMU-TAIPOKCHIINPOBAHUS aJKEHOB, HAIPUMep:

OH
CF3C03H-H,0,
O T . (82%)

OH
CHa(CH,) CH=CH(CH,) C 0%-25 10 oo
. = —t —CH—CH— o
2-CHChy), CH=CHICH,) £OON = CHy(CH, o= CH—CH(CH,),COOH (80%)
0/1eUHOB3a88 KucnoTta 7'/750'9,10'Am'M,ﬂ,pOKCMOKTa,ﬂEKaHOBaﬂ Kucnora

TpEU-9,10—AMOKCHCTeapMHOBa5‘. Kuenota

PackpopiTEe 3TOKCHIHOTO KOJbIA, KaTaIHU3UPYyEMOE OCHOBAHHEM,
TaK)Ke MPHUBOIUT K 00Pa30BaHUIO MPAHC-TIINKOJICH:

[S]
:OH
OF = D= Qe
0 H
H 0 f OH

Tpanc-1,2-UuKno-
NeHTaHauon

CrnieioBaTebHO, JABYXCTAJAMHHBIA MPOIECC SMOKCHIUPOBAHUS AJIKCHOB
C TIOCJICAYIOUINM IIEJIOYHBIM THAPOIU30OM SIOKCHIOB TAaK)Ke SBISETCS
peaxkuuen anmu-ruJpOKCUINPOBAHHS AJTKEHOB.

Tpetuil COBpeMEHHbIH METOJl aHmMuU-TUIPOKCUIMPOBAHUS AJKEHOB
obu1 mpeuioxkeH U paspadoran K. I[Ipeso (1933 ). AnkeH HarpeBaroT
C WomoOM W OCH30aTOM WJIH aleTaToM cepebpa B Oe3BOAHOM OcH30IIe
wim CCly. mpanc-IlpucoenuHenne K OBOWHON CBS3M NEPBOHAYAIBHO
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MIPUBOJIUT K 00pa30BaHUIO HoA3(Hpa, B KOTOPOM MO JIajIee 3aMeIaeTcs
0OCH30aT-MOHOM, U MOyYIaeTCs AUOSH30aT TITHKOJIS.

CgHsC00% A
RCH=CH, + I+ CgHsCOOAg—>| RCH—CH, | —>RCH—CHz-I————>RCH~-CH,0-C
&/ 0 CeHs
I S} O"C// O“C¢
CgHsC00 N CHs
Peakmust IlpeBo B 0e3BOAHON cpene MPHUBOAUT K 0Opa30BaHHUIO
TOTO K€ AHOJIa, YTO U IMOKCUAHMPOBAHUC AJKCHOB C MOCJICAYHOUINUM

THAPOJIU30M:

1) 1,-CgHsC00Ag; Benson; 80°C

- = CH,(CH,), CH—CH—(CH
2-CHy(CH,) CH=CH(CH, ) C0OH T NaOH o 3(CHy), CH (CH,),£00H
onenHoBas OH OH (75%)
Kucnota 7pe0-9,10-LMOKCMOKTa LeKaHoBas KucaoTa
(7peo-9,10-amoKeucTeapuHoBas  Kucnora)
P
CgHsCO0Ag +1, 0—0/—C6H5 anbexzoat
Benszon, 80°C " "O“C\—CsHs TpaHc-1, 2-UuKnoreKcanamona
N
H 0
(44%)

Taxum oGpazom, peakius [IpeBo mpeacrarisier coboit Gojee moporo-
CTOSAIILY O MOZ[I/I(I)I/IKaL[I/HO ApyTux METOHOB aHmu-TUAPOKCUINPOBAHUA
ankeHoB. OJIHAKO JUIS YYBCTBUTENBHBIX K JICHCTBUIO KUCJIOT COC/IH-
HEHHUM 3TOT METO MMECT OUYCBUIHBIC MPCUMYIICCTBA IIE€PEA METOAOM
AHMU-TAIPOKCUITMPOBAHUSI C TIOMOIIBIO MEPKUCIOT W TIOCIE/YIOIIETO
KHUCJIOTHOTO THJIPOJIA3a MOKCHJIA.

3. cun-T'uapokcuaupoBaHue

Hekoropsle cOnM W OKCHABI NEPEXOAHBIX METAIIOB B BBICIINX
CTCTEHSIX OKHCJICHUS SIBISIOTCA J3(P(QEKTUBHBIMH peareHTaMu CuH-
THIIPOKCUIMPOBAHUSI IBOMHOM CBSI3H AJIKEHA, KOIa 00€ THAPOKCHIIbHBIC
IPYIIIbl IPUCOECIUHSIOTCS ¢ OJHOW M TOH K€ CTOPOHBI JBOMHOM CBsI-
3u. OKHCIIEHHE alKEeHOB MEPMAaHTaHATOM KaJIdsd — OJUH U3 CTapeHIInx
METOJI0B CUH-TUJPOKCUIUPOBAHUS ABOWHON CBS3U — IPOAOIIKAET M-
POKO HCIOIB30BaThCSI HECMOTPSI HA CBOWCTBEHHBIE €My OTPaHUYEHHS.
yuc-l{uknorexcanauon ObT BriepBbie nony4deH B. B. MapkoBHHKOBBIM
emie B 1878 I THAPOKCUIMPOBAHNEM IIUKJIOTEKCEHA BOAHBIM PACTBOPOM
nepmanranara kanust npu 0°C.

OH

KMno,
HOH; 0-5°C; pH=75-8 " =+ Mn0; + KOH

OH
(37%)
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DTOT METOJ B JajbHEHIIEM TOIY4YHJl pa3BUTHE B pabOTax PyCCKOro
yuenoro E. E. Baruepa, nostomy cuH-rufipOKCHIIMPOBAHKUE aJIKEHOB 01
JICHCTBHEM BOJHOTO PAacTBOpa IEpPMAaHraHaTa Kajus HOCHT Ha3BaHUC
peaxyuu Bacnepa. TlepMaHTaHAT KIS SIBISICTCS CHIIBHBIM OKHCITHTE-
JIeM, CIIOCOOHBIM HE TOJBKO THPOKCHIIMPOBATh JIBOMHYIO CBS3b, HO U
pacIIeIUIATh 00pa3yIOMUNCS BUITMHAIBHBIA THON. UTOOBI 10 BO3MOXK-
HOCTH HM30€XaTh JaJbHEUIICr0 PACHICIUICHUS TIUKOJICH, HE0OXOAMMO
TIIATEIEHO KOHTPOJIUPOBAThH YCIOBHS peakmuu. Hanmydrmue pesynbTa-
ThI JJOCTUTAIOTCS TIPU TUAPOKCUIUPOBAHUH AJIKCHOB B CJIA0OIICIOYHON
cpene (pH~ 8) mpu 0-5°C paz6asineHHBIM ~ 1%-M BOIHBIM PacTBOPOM
KMnOy,. Tem He MeHee BBIXObI IIHKOJIeH 00bIuHO HeBeauku (30-60%):

CHy cH
KMnO, /_‘__ ﬁ;oﬂ

v oy

ey M0-aueron; 0-10°C ATt (45%)

OH
yuc-1,2- BUMETUNLUKNONEHT aH BN, 2

KMnO,

CICHZCIH—CH——-—CH
Cl

CICHzCH—CH—CHOH (56%)
Cl OH

Z crupt-sosa; 0-10°C
( KMnO,
-~ - C S — — —CH- \ 210,
2-CH3(CHy), CH=CH(CH,) COOH BOM'O»WC_PH:&» CH3(CH,); CH--Ci {CH)coon  (81%)
’ ’ OH OH

3purpo~9,10- AOKCUOK T eKAHOBAA KUCAoTa
(3purpa-9,10- [MOKTUCTeapUHOBAS KKCNOTa)

0JlenHoBas Kucnota

IlepBoHAuUaNbHO NPHU OKUCIICHUH AJIKCHOB [IEPMAaHIAaHATOM KaJius oOpa-
3yeTcsl HMKIMYECKHA 3()up MapraHieBoil KUCIOTbI, KOTOPBIH HEMeEJIeH-
HO TUAPOJIN3YETCS O BUIMHAIBLHOTO JHOJIA:

1 2
R\C C/R
R! R? / N
/
Se=c +KMno;— | M | | H | HoH, (5.1)
O O
H H \M/
/ n
o7 oK

LUKITYECKuii a¢pup
MapraHieBoOi KUCIIOTHI

R! _R?
MO, Sc—c{ 4 MnO, + KOH. (5.2)
AN
H | | H
OHOH

Huxmmaeckuit 3pup MapraHIeBoi KHCIOTH KaK HHTEPMEINAT HUKO-
rJa He ObUI BBIJICIICH, OJIHAKO €r0 00pa30BaHUE CIICAYET U3 DKCIICPUMEH-
T0B ¢ MedeHbIM 80 nmepmanranarom kamus. K. Baiibepr ¢ corpytHuKkaMu
(1957 1.) mokazainu, 4To 00a aTroMa KHCIOPOAA B IIMKOJIC OKA3bIBAKOTCS

428



MEUYEHBIMU NIPU OKUCIECHHUM aJKEHA KMn'®04. D10 03Hauaer, uto 0b6a
aToMa KHCIIOpOo/a MEePeXosiT OT OKHUCIUTENS, a HE U3 PaCTBOPUTEIS —
BOIBI, YTO HAXOOHUTCS B XOPOIIEM COOTBETCTBUH C MpeAsiaracMbIM
MEXaHU3MOM.

Jpyroii MeToj| cun-TUAPOKCUIMPOBAHNSA aJIKEHOB MOJT ICHCTBUEM OK-
cuna ocmus (VIII) OsO4 661 ipemoxken P. Kpure B 1936 1. Terpaokcun
OCMHSI TIPE/ICTaBIsICT cO00H OeclBeTHOE, KPUCTAJUINYECKOE BEILECTBO,
XOPOIIO pacTBOpUMOE B dHpe, THUOKCaHe, THPUANHE U IPYTHX Opra-
HUYECKUX pacTBopuTensax. [Ipu B3amMoAecTBUU TETPAOKCHAA OCMUS
C ajKeHaMH B 3(Upe WK JHOKCaHe 00pasyeTcsl YepHBI 0CaIoK ITHK-
JMYECKOTO d(pHpa OCMUEBOH KUCIOTHI — OCMAT, KOTOPBIH JIETKO MOXET
OBITh M30JIMPOBAaH B MHAMBUAyabHOM BHne. [Ipucoennnenne OsOy K
JIBOMHOM CBSI3U 3aMETHO yCKOPSIETCS B PACTBOpE NUpUAKNHA. PaznoxeHue
OCMaTOB JI0 BUIIMHAIbHBIX IIUKOJEH AOCTUraeTCsl ACUCTBUEM BOIAHOIO
pacTBopa ruApoCyIb(hUTa HATPUS WIH CEPOBOIOPOIOM:

1 2
R\C C/R
R! R? / \
/ u
Se=c] 4050, 2w, H | [ H
/ \ l/Iﬂl/IHHpH,Ell/IH O O
H H \O/
25
o7 Yo
R! R? HO 0]
/ Y
— Sc—=c{ + >Os\<
N eins” H | | 'H  HO 0
OH OH

BLIXOILBI IPOAYKTOB CUH-TUAPOKCUIIMPOBAHHA aJIKCHOB B 3TOM ME-
TOAC 3HAYUTCJIBHO BBIIIC, YEM IIPpU HUCIOJIb30BaHUU IICPMaHTraHaTa B
KauyeCTBE OKHUCIUTENSA. BakHBIM JOCTOMHCTBOM MCTOa KpHre SABJISA-
€TCA OTCYTCTBUC IPOAYKTOB OKHUCIUTCIBHOI'O PACIICIIJICHUA AJIKCHOB,
XapaKTEpPHOIro I IMEPMaHTIraHATHOTO OKHUCJICHUA

CH CH
CHz '3 ;3
+ 050, —MPhAH =0 OS/O NaHS03 Lo
g ————— —_— o
o O:'O/ No O @0}1 (87%)

3 ‘CH3 *CH3
@ 1) 0504 -nupupurt O:OH (98%)
2)NaHSO5-HO oH "

HO OH

i 1) 0504~ 3cpup ‘
@O ONaHSO,HO OO

aueHadTUneH

(98%)
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Terpaokcua ocMus — IOPOrod U TPYJAHOLOCTYIIHBII PEareHT, K TOMY
e OH oueHb TokcwdeH. [loaromy okcum ocmus (VIII) mcmonb3yercs
JUISL CHUHTE3a MaJIbIX KOJIMYECTB TPYIHOJOCTYMHBIX BEIECTB C ILIEJIBIO
MoJTy4eHHs] HanOoJiee BHICOKOTO BBIXOMA Auoia. s ynmporieHus cum-
TUAPOKCUITMPOBAHUS allkeHOB 1o neficteueM OsO,4 Oblta pazpadoTaHa
METOJUKA, TIO3BOJISAIONIAS MCIIOIB30BATh JIUIIh KATAIUTUYCCKIE KOJTUYe-
CTBa 3TOr0 peareHTa. [ MApOKCUIMPOBAaHUE AJIKEHOB OCYLIECTBIISIETCS C
MIOMOIIBIO TIEPEeKUCH Bogopoaa B mpucytcteun OsO,4, Hampumep:

H

O + no 20 C(:OH (58%)
. S o
272 Oocl.Hzoz N OH 7o

\

H

WNHTEepecHO OTMETHTh, YTO BBICIIME OKCHUJbI JPYTUX IEPEeXOJ-
HBIX MeTtamwioB (V,0s; WO;, MoOs; u nmp.) KaTaausupyroT aumi-
THIPOKCHIIMPOBAHNE AJIKEHOB.

P. Byneopna B 1958 1. nmpenioxxui anbTepHaTUBHBIA TpexcTaAniHbIN
Croco0 cuH-TUAPOKCUIIMPOBAHNSA alKkeHOB. [lepBoHavaIbHO ajKeH mpe-
BpAIllAlOT B MPAHC-UOALETAT B PE3YJIbTaTe B3aUMOJICHCTBHS C HOJIOM U
areTaroM cepedpa B YKCYCHOH KuciioTe. 3aTeM rajioreH 3aMelIaioT Ha
OKCUTPYTITY pHu 00pabOoTKe BOAHON YKCYCHOW KHCJIOTOM IpH Harpesa-
Huu. [locneaHss craaus 3aKiI04aeTCs B TUAPOIUTHIESCKOM OTIIEIUICHUN

aleTaTHOM TPyMIIbL:
H

’

1) 1,; CH;C00Ag o
a1tk Matab SN
O 2) CHyC00H+H,0 =l (66%)

3) ruaponus W

B 3akiroueHue 3Toro pasnena NpHUBEIEM CTEPEOXHMMHUYECKHE OTHO-
LICHUS] MEXKY aJKEHOM yuc- WIN mpaHc-KOHQUTYypauu U KoH(pUrypa-
nueil 00pa3yIoIerocsi BUIIMHAIBHOTO IIIHMKOJS, KOTOPBIH MOXET OBITh
yuc- UM mpanc-u30MepoM, spumpo- uiu mpeo-hopMoi, me3o- unu d-,
[-popMoii B 3aBUCHMOCTH OT 3aMECTHUTEJICH B aJIKCHE:

CUH-
T'JIMKOJIb

THJPOK- -
AP yuc-, apumpo- WIH THAPOX
’ CHJIHPOBaHHE Mme30-hopMbl CHJIMpOBaHUE
Yuc-anKeH mparc-alKex
CUH-THAPOK-
THJPOK- TJIUKOJb CUJIHPOBaHHE
Mpatc-, mpeo- HJu
CHJIM pOBaHHE d, I-opmbt

AHaJOrMYHbIE CTEPEOXUMHUUECKHE OTHOLIEHNs HaOIIoqaoTCs U B ApY-
TUX PEAKUUAX CUH- WIA aHMU-IPUCOECOUHEHUS 10 KPATHOH CBA3H
BOZOPOJa, I'aJIOT€HOBOJOPOIOB, BOABI, IaJOr€HOB, TMAPHUIOB Oopa U
JIPYTHUX PEareHToB.

430



5.4.5.6. OKUCJIIMTEJIBHOE PACHIEIVIEHUE AJIKEHOB

[Ipu okHcneHUH alKEHOB ILEJIOYHBIM BOAHBIM PACTBOPOM IE€pPMaH-
raHara KaJusi npu HarpeBaHuu uium pactBopom KMnO, B BomHOHU
CEpHOM KHUCIIOTE, a TAaKXKe MPHU OKUCIIEHWH AJIKEHOB PACTBOPOM OKCHJIA
xpoMma (VI) CrO; B yKCYCHOH KHCIIOT€ WM AUXPOMATOM Kallus W
CEpHOI KHCJIOTOH MepBOHAYAILHO 0Opa3yIoIuiics IIMKOIb MOABEpra-
€TCs OKHMCIIUTEIbHOU JecTpyKuuu. KOHEUHBIM pe3ysIbTaTOM SIBISIETCS
pacuieneHue yIiIepoaHOro CKeleTa o MecTy ABOMHOM CBsI3U U 00pa3o-
BaHUE B Ka9€CTBE KOHEYHBIX IMPOTYKTOB KETOHOB M (MIJIH) KapOOHOBBIX
KHCJIOT B 3aBUCHMOCTH OT YMCJIAa 3aMECTUTENIEH MpU ABOMHOMN CBSI3H.
Ecnu o6a aroma yrmiepona mpu JBOHHOH CBSI3M COAEPIKAT TOJNBKO MO
OJTHOM aJIKWJIBHOM TIpyIIe, KOHEYHBbIM IMPOLYKTOM HCUEPIBIBAIOIIETO
OKHCJICHUSI OylIeT cMeCh KapOOHOBBIX KHCJIOT, TETpa3aMeIICHHBIH MpH
JIBOMHOM CBSI3U AJIKEH OKHUCIISIETCS 10 ABYX KETOHOB. OIHO3aMEIIEHHbIE
AJIKCHBI C KOHIICBOM JBOWHOW CBSI3bI0 PACHICIUISIOTCS J0 KapOOHOBOM
KHCJIOTBI U YIIEKUCIIOTO rasa:

R!CH=CHR? —M%_, RICOOH + R2COOH
2804+H,0 KapGOHOBBIE KHCIIOTHI
RCH=CH, 2% _, RCOOH + CO,
H,SO4+H,O
R! R3 R! R3
/ /
>C:C\ __ KMnO; >C:O+O:C\
R2 R4 H>SO4+H,O RZ R4
KETOH KETOH

Peakuny ucueprpIBaroIero OKUCISHHs alTKEHOB UMEIOT OTpaHUYeH-
HO€ 3HAYCHHUE TOJILKO JUISl OMPEJCIICHUSI CTPOCHHUSI MCXOIHOTO aJIKeHA
M0 TPOXYKTaM AECTPYKTHBHOTO OKHCIEHHS. DTH PEeakIy He WUTParoT
3aMETHOM POJIM B CHHTE3¢ KETOHOB M KapOOHOBBIX KHCIIOT, TOCKOJIBKY
BBIXOJIbI ITPOJIYKTOB UCUYEPIBIBAOIIETO OKUCIICHUS THM CII0COOOM HEBe-
maku'. Topasfo Gonblee NpenapaTHBHOE 3HAYEHHUE TIPHOOpea peakius
030HOJIN32 AJIKEHOB.

5.4.5.s. O30HOJIN3 AJIKEHOB

PeaKI_lI/Iﬂ AJIKCHOB C O30HOM MBJISIETCA BaXHBIM METOJOM OKHUCIIH-
TEJIbHOTO PaclIeIUICHUs aJIKeHa 10 ABOMHOM cBsi3U. B TeueHne MHOTHMX
IlCC)ITI/IJICTI/IfI aTa peaK]_[I/ISI cnqu/ma OCHOBHBIM METOA0OM onpe/:[eneHH;[
CTPOCHHS HCXOAHOTO YITICBOJIOPOIA, a TAKKE HAXOAWJIa IIPUMCHCHHE B
CHHTE3€ pa3HOoO0pa3HbIX KapOOHMIBHBIX coenuHeHni. Peakius ankena

' Onmaro B ycnoBuAX Mex(pasHOro karamusa (cM. 1. 12) BBIXOABI TPOTYKTOB OKHCIEHHS
nocturatoT 80-95% u 3Ta pasHOBUAHOCTH OKHMCIUTENBHOM IECTPYyKLMHM Halula NPUMEHEHUE B
OPraHHYECKOM CHHTE3E.
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C 030HOM MPOBOIUTCS MpoIryckaHueM Toka 5-10%-ro pacTBopa 030Ha
B KHCJIOPOZIE B PacTBOp aJKeHa OOBIYHO B XJIOPUCTOM METHIICHE HIIH
srunanerare npu —80... — 100°C. OkoHYaHHE peaKUUU KOHTPOJIHU-
pyercst mpoOoii Ha CBOOOTHBIM O30H C HWOAWIOM Kaius. MeXaHHu3M
3TOH CBOCOOPA3HOM U CIIOKHOW peaKkMy YCTaHOBIICH TIIaBHBIM 00pa3oM
omaromapst padoram P. Kpure B 1950-1956 rr. IlepBpIM mpoOmyKTOM
1,3-aUmonsipHOTO HUKIONPUCOSANHEHNS K IBOMHOM CBSI3U SIBIISIETCS TaK
Ha3bIBaeMbIi Mobo30oHUT (1,2,3-TpHOKcoNan). DTOT ajayKT HeCTaOu-
JICH U Jialiee pasJiaraeTcsi ¢ paCKphITHEM IIUKJIa U 00pa30BaHUEM B Kaue-
CTBE KOHEYHOTO TPOJYKTa HOpMajbHOTO 030HUAA (1,2,4-TprHoKconana):

Semeo” Ne o e
a0y — // \\ — NN\
N o aNrA
? N i—s
MOSIb030HMA 030HU,
(1,2,3-TpuoKconan) (1,24 -Tprokconan)

B Hacrosiiee Bpemsi oOmIenpru3HAHO, YTO TPEBpalleHHe MOJIbO30-
HUJAa B OOBIYHBIM 030HM]I MPOUCXOANUT MO MEXAHU3MY PacIlEIUICHUs —
pexomOnHaImu. MOBO30HH] TIpETepIieBaeT CaMOIIPOU3BOIIBHOE pac-
KpBITHE HECTaOMIBHOTO 1,2,3-TPHOKCOIAaHOBOTO LIUKIIA ¢ 00pa3oBaHuEM
KapOOHWIJILHOTO COCTMHEHUS M OUITOJISIPHOTO HOHA, KOTOPBIE Jajee pea-
TUPYIOT MEXIY cO00H Takxke Mo cxeme 1,3-IUIoNISIPHOTO ITUKIIOTIPHUCO-
enHeHus (MopoOHee 0 PEAKIHSIX AUMOIAPHOTO HUKIONPUCOEANHEHUS
CM. B TUL. 25):

\ H 0 H
Ly N/ peKoMBiHaUus \C/ \C/

C C
NN g ¢ o | R, .,
:0; :0: “\89/ R? R \ / "
's :0: 0—0
\'(57 J Gunongpruia~ aBAETAA S
L - L von _
MOJIb030HM 030HMA,

[IpuBenennast cxema NEeperpymnImyupOBKH MOJIbO30HHA B HOPMAaJbHBIN
030HH]I MOATBEPKAACTCS TEM, YTO €CJIH 0 MOJHOTO 00pa3oBaHHs 030-
HU/Ia B PEaKIIMOHHON CMECH MPUCYTCTBYET B KAYECTBE «IIEPEXBATUMKA»
OWITOJSIPHOTO MOHA JIpyroe KapOOHWIIbHOE COCAMHEHHE, TO 00pa3yloT-
csi TaK Ha3bIBaeMbIe «CMEIIaHHBIE O30HUIBD. Tak, Hampumep, MpU
030HOJIM3€ YUC-CTUIBOCHA B MPHCYTCTBUHM OCH3albACTHIA, MEUEHOTO
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HU30TOIIOM 180, METKa BXOAUT B COCTaB 3(1)I/IpHOFO, a HC NCPCKUCHOI'0
MOCTHKA O30HUIA:
180 0—0

H
Y 0 -~
CeHsCH=CHCGHs + Celist, —————s Cghs—CH_ e
y o CHLL;-80°C 189" \CSHS

DTOT pe3ysbTaT XOPOIIO COMIACYeTCs ¢ 0Opa30BaHHEM CMEIIAHHOI'O
030HHIA TPU PEKOMOMHAIMK OWTIOJIIPHOTO MOHA C MEYCHBIM OCH3aITh-
JETUJIOM:

1 /H
Q=—=C CGHS 0—0 CGHS
TCeHs XS\
_— C\ /C\
HeCHogy ,0
‘s 5C<§/ W e Ny

Ecnu npu 030HONIM3E B Ka4eCTBE PACTBOPUTENEH UCIOJIB3YIOT CIIUPTHI,
HarpUMep METAHOI, TO OUITOJIIPHBINA HOH, 00pa3yOIIHIACsS MPH pacIIer-
JICHUU MOJIbO30HH1 /1A, YJIaBJIMBACTCA B (bOpMC O-TUAPOKCUIICPOKCUAHOI'O
mpoctoro 3dupa. ITo MpemoTBpaIIaeT NaTbHEHIITYI0 PEKOMOMHAITHIO
6I/IHOJ15[pHOI‘O HOHa C Kap6OHI/I.]'H:HI)IM COCANMHCHUEM, YTO IIO3BOJIACT
BBIJICITUTHh KAPOOHHIIbHBIC COCITHEHUSI, 00pa3yIoIInecs Ha CTauu pac-
MICIIICHUA MOJIBO30HU A

b O
R,C=0—0 + CH;0H — Rz*(‘:*OCH3

O—-OH

CsHsCH=CH, + O; % CsHsCH—OCH;+

O—-OH
(31%)
O—CH;
| 0
+CH,—0O—0OH +C6H5C\ +CH;O0.
H
(23%) (26%) 27%)

HecMoTpsi Ha CHOXKHBIA MEXaHU3M O30HOJIM3a, 3Ta PEAKLUs O CHUX
MOp SIBJSIETCS IIABHBIM METOJOM PACIICIJICHUsS] JIBOMHBIX YIIEpOJI-
YIJIEPOJAHBIX CBSI3€M KaK C LIEJIbIO JI0KAa3aTEIbCTBA CTPYKTYpPhI aJIKEeHa,
TaK W I CHHTE3a Pa3IMIHBIX KapOOHWIBHBIX COCITUHCHUN.

O30HHIBI TIPEJICTABISIOT COOOW OYCHb HECTAOMIILHBIC COCMHCHUS,
paziararonigecs co B3pbIBOM. Kak mpaBuiio, UX HE BBIJCISAIOT WHJIH-
BUJyaJbHO, @ PACHICIUISIOT NP JICHCTBUM PAa3HOOOPA3HBIX PEarcHTOB.
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Crnenyet pa3iandaTh BOCCTAHOBUTEIBHOE U OKUCIUTEIBHOE PA3I0KECHHE
030HUIOB. [Ipy ruapoM3e 030HUABI PACIICIUIIOTCS Ha KapOOHUITHHBIC
COCIMHEHMUSI U TIEPEKUCh Bopopoaa. Ilepekucs Bonopoaa OKUCISET allb-
JETHIBI 1O KapOOHOBBIX KHCIIOT — 3TO TaK HA3bIBAEMOC OKUCAUMENbHOE
pasnodiceHue 030HUO0E:

1 2 2

-

2

R" 0—0 R ! — -
\/ \.” R\/o Qx/R R\/o ot R
/C\O/C\ +HOH'—’//C C\—’ /C\ + 0=C_ —
H H H R H-Lo H K o H

0 0

¥ ¥
—»R‘—~c< + R2C< + H0, ——— R'cooH  + R%COOH
H H

I'opazmo Gonee BakHOE 3HAUEHUE MMEET BOCCTAHOBUTEIBHOE pPacCIIeIl-
JIECHHE 030HUJIOB. B KauecTBe BOCCTaHOBUTENEN UCHOJB3YIOTCS LIMHK U
YKCyCHas KUCJIOTa, TpupeHWIPoCchHUH Win AUMETIICYIb(GuI. B sTom
Cly4yae KOHCUHBIMHU MPOAYKTAMHU O30HOJM3a OKA3bIBAIOTCS AIbJACTUIBI
WJIM KETOHBI B 3aBUCUMOCTH OT CTPOCHHUS UCXOTHOTO aJKEeHA:

1) 05 8 CH30H: ~78°C P 0,9 P
1) H-CeH,,CH=CH - — -
) H-CeHy ==y " csnﬁc\H +ei=s 4+ H=c{
(73%) CHs H
2) /@ 1) 03 B CH2C12, -78°C a ‘ n /0
N 2)Na, 05— HoH s P TN
CH, N CH—=CHZ A N c H
(80%) H
CHiCH,  CHy  1)05; CH,CL ; -78°C P
3) Se=c_ 2) Zn-CH,C OO CH3CH,CT_ - CHyCHO
H3C H (90%) CHz
Chs 1) 05 ; CH,CL, ; -78°C y P
4) Q/ ot CHg—cio{CHz) 7
2) H,/Pt o) Ay
2 (85%)

MexaHu3M MPOUCXOASIIUX MIPU ATOM MPEBPAIIEHNUH MOXKET OBbITh Mpej-
CTaBJICH CJICAYIONTUM 00pa3oM:

H
A /3 1 3
R'  o0-0 R R'O) O R R R
H W G +
R? \O/ g R2 0/ R4 RZ R4

Takum oOpa3oM, TeTpa3aMEIICHHBINH MPH TBOWHOW CBS3W alKeH IpHU
030HOJIM3E H TMOCIEAYIOIIEM BOCCTAHOBUTEIHHOM Pa3JIOKEHUU 00pasyeT
JIBa KETOHA, TOTJa KaK TPU3aMELICHHBIN aJIKeH JacT KETOH W albACTHI.
Ju3aMenieHHbI CMMMETPUYHBIA aJIkeH MpU 030HONU3e 00pasyer IBa
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aJIbJICTH]IA, A AJIKSHBI C KOHIIEBOW JIBOMHON CBSA3BIO — ()OPMAIIBICTHI:

1)03 8 CH,Cl,; -78°C
F00CH; 2)Zn + CH3CO0H

0o 0
> chyle, ).+ (o) coocts
H
(79%)

Z-CHg{CH,) CH=CH—-CH,)
C/CHZ 1)03 B CHZCLZ; -78°C &o + O=C/CH3
O e, DZn-CHiCOOH-HO New

3 (84%)

3

WHTepecHoil MomuduKalieid 030HOIN3a SBISIETCS METON, IJIE B
Ka4eCTBE BOCCTAHOBHUTEIS O30HHIA MCIOIB3YETCS OOPTHIPHI HATPHS.
B 3TOM ciydyae KOHEUHBIMM MPOAYKTaMU PEAKLMHU OKa3bIBAIOTCS IEP-
BHYHBIC WJIH BTOPHYHBIC CIIHPTHI, 00pa3yIONTUECS ITPH BOCCTAHOBICHUH
COOTBETCTBEHHO aJILJIETHUJIOB U KETOHOB:

CH3CH2CH2\C:C/H 1) O3; CHyCly; —78°C
H / N CH,CH,CH; 2) NaBH,; CH;OH
— CH3CH,CH,—CH,—OH
(95%)
O 1) O3; CHyCly; —78°C HOCH, (CH,);CH,OH
2)NaBH4—CH3;0H (63%)

)03; CH,Cly; —78°C

CH;CH~CH(CH,),COOCH; -

2) NaBH4; CH3OH

— CH3;CH,OH + HOCH, (CH,);COOCHj3
(91%)

O30HONMN3 AJIKEHOB — 3TO CIIOXKHBIN, TPYIOEMKHUI 1 B3pHIBOOIIACHBII
mporecc, TpeOyromui MTPUMEHECHHS CIISIIHaIbHOM anmapartypsl. [1o aToi
MpUYUHE ObIIN pa3paboTaHbl PYTrUe METObI OKHCIUTENBHOTO PacIIen-
JICHWSI AJIKEHOB /10 KapOOHMIIBHBIX COCTMHEHUN M KapOOHOBBIX KHCIIOT,
KOTOpBIE C YCIIEXOM 3aMEHSIOT PEaKkIUI0 030HOJIN3a B CHHTETHUYECKON
MIPaKTHUKE.

OnuH U3 COBPEMEHHBIX NMPENapaTUBHBIX METOIOB OKUCIUTEIBHOU
JICCTPYKIUU ajKkeHoB Obul mpemioxkeH B 1955 . P. Jlembe. B ocHo-
BE€ 3TOr0 METOJA JICKHUT T'MIPOKCHJIMPOBAHHUE AJIKEHOB C MOMOUIBIO
MepMaHraHaTa Kajusl ¢ MOCIEIYIONIMM paCIICTNIEHHEeM BUIIMHAIBHO-
ro mkois nepuojgatoM Harpus NalO4 mpu pH ~ 7-8. Ilepuonar
caM mo cebe HE B3aUMOICHCTBYET C ayjkeHOM. [Ipomykramu 3TOro
JIByXCTaAMMHOIO OKUCIMTEIBHOIO PACIICIICHUS SIBISIOTCS KETOHBI WIIH
KapOOHOBBIE KHCIIOTBI, MOCKOJIBKY aJIbJIETHUABI B 3THX YCIOBHUSAX TaKKe
OKHCIIIOTCS 10 KapOOHOBBIX KMCIOT. B meTone Jlembe He BO3HMKaeT
TPYAOEMKOH MpOOJIEMbl OTHACICHHS OJHOTO W3 MPOMYKTOB PEaKIHH —
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JBYOKHCH MapraHiia, Tak Kak WU JIByOKHCh MapraHiia i MaHTaHaT BHOBb
OKHCJISIFOTCSL [IEPUOAATOM JI0 IIE€pMaHIaHAT-MOHA. JTO IMO3BOJISIET HC-
MOJIb30BaTh TOJBKO KaTAIMTHYECKUE KOJIMYECTBA NIEpMaHTaHATa KaJlusl.
Hwxe npuBeneHbl HEKOTOpPblE TUIHUYHBIE HPUMEPBI OKHUCIUTEIBHOTO
pacIleIuIeHus aJKeHoB 1o MeToay Jlembe:
R'CH=CHR? —"%*__, RICOOH + R*COOH.
NalOy,5-10°C
pH ~ 7+ 8 aneron—Boja wWinM  Boma—mpem-Oy THIOBBIH CITUPT

CH 0
2 KMnO A
_ % + H—c”
CH,  NalO,;0-5% CH N

CH, BOJ,8-aLETOH CH, 3 OH

KaMeHUoH

[utpoHennon — cnupT, BXOASIIMM B cOCTaB PO30BOrO Maciia, Macla
répaHi U JIMMOHA, — OKUCIIACTCA CMECBIO INI€pMaHraHaTa KajJud W IIC-
puomata HaTpus B BomHOM aretoHe mpu 5-10°C go 6-rumpokcu-4-
MECTHUIIT CKC&HKap6OHOBOﬁ KHCJIOTBI C KOJIMYCCTBCHHBIM BBIXOAOM:

H;C N H

c? H;C_ H
H,C~ CH, preid

| | H,C~ “CH,~CH,OH
KMnO4; NaIO4 0

H2C\ CHZOH Boga—arneTon; 5-10°C (100 A))

(HJ —H H,C N //O

C “OH

H;C CHj;

IIATPOHEIION

OTUM METOJOM OBIIIO YCTAaHOBIEHO CTpOCHHE (hepoMOHa (IT0JIOBOTO
aTTpaKTaHTa) HEMAPHOTO MISIKOIPsiia. PeareHT OKUCIsieT TOJIbKO JABOH-
HYIO CBSI3b, HE 3aTparvuBasi OKCH- U alleTOKCUIPYIIITY.

CH3 (CH2)5CH_CH2CH: CH_(CH2)5CH20H—>

O—COCHj3; depomon
(0]
_ _ ¥
KMnO4 KIO4 K2C03 CH3 (CH2)5 CH*CHZ— C 72 +
BOJa—npem-0y THIOBbIH CIIUPT ‘ \H
O—COCH;
(92%)
O\\
+ /C*(CH2)5*CHZOH
HO
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B napyro#l pa3sHOBHJIHOCTU 3TOr0 METOAA BMECTO II€pMaHIAHATA
KaJIUsl MCHOJb3YHT KaTaIUTHYECKUE KOJIMYECTBA TETPAOKCHUIA OCMUS
(Jlembe, [IxoncoH, 1956). Ocoboe mocromnctBo komOuHanmu OsOy
n NalO4 3akmrogaeTcs B TOM, 9TO OHA ITO3BOJISICT OCTAHOBHUTH OKHC-
JICHUC Ha CTaauHu ajJbAcruaa. TeTpaOKCI/I,I[ OCMUS TPUCOCAUHACTCA K
TIBOMHOM CBSI3M allkeHa ¢ 0Opa3oBaHUEM OCMaTra, KOTOPHIH OKHCIISICTCS
MEePUOJIaTOM HATpUs 1O KapOOHWIBHBIX COEJMHEHUH C pereHepaunuei
YETBIPEXOKUCU OCMUSL:

RZ
R'CH=CR?R? 2%, RIcH——c N0, (5.3)
3(1)Hp ‘ ‘\RS BOZA
0 0
/
>/Os\\
0 0
O 0 A0
—R'C +R*CT_ +0504+NalO; (5.4)
H R3

BMmecTto TeTpaokcHa 0CMHS MOXKHO HUCIIOIB30BATh U TETPAOKCHI pyTe-
Hus RuO,4. OxucnurtenbHas necTpyKuus ankeHoB 1o Jlembe—/[xoHCY
MIPUBOIUT K TEM K€ MPOLYKTaM, YTO U O30HOJIN3 C BOCCTAHOBUTEIbHBIM
pacuieIIEeHHEeM 030HU0B:

O
@1) 0sO4—sdup H (77%)
2) NalO4—Bona //O
~_

\H

1) OsO4—amnokcan 4 0
CH;(CH,)oCH—CH, CH;(CH,)oC.  (68%)

2) NalOs—Bona \H

B tepmuHax, xapakTepHbIX JIJ11 COBPEMEHHON OPTaHUYEeCKON XMMHUU, 3TO
o3Hauaet, uro komOuHaiust OsO4—NalO4 npexcrasisier codo cunme-
MuyecKutl 3K8UBaIeHm PEeaklnyi 030HOIIN3a alIKEHOB C ITOCIETYIOIIUM
BOCCTAHOBUTEIHHBIM PACIICIUICHUEM. AHAIOTUYHO OKUCIICHUE alIKCHOB
CMECHIO TIepMaHraHaTa U epruojaTa — 3TO CHHTETHYECKH SKBUBAICHT
030HOJIN3a C OKUCIUTEIBHBIM PA3I0KEHUEM O30HUIOB.
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5.4.6. THAPOBOPUPOBAHUE AJIKEHOB

Ota peakuusi Obuta OoTKpbITa [. BpayHOM cpaBHHMTENBHO HEIaBHO,
B 1959 1, TeM He MeHee B HACTOsIIEe BpeMsl OHA MpHOOpesia OueHb
OoJiblIIOC 3HAYCHHE B OPraHMYECKOM CHHTE3€, OCOOEHHO B MHOTOCTa-
JTUIHBIX CHHTE3aX OMOIIOTHYECKH aKTHBHBIX IMPUPOIHBIX COCTUHEHUN:
BUTaMHHOB, ()epOMOHOB, JICKAPCTBEHHBIX BelIecTB u Ap. [ mapobdopupo-
BaHUE aJIKEHOB MPEICTaBIsAeT COO0H MPUCOSAMHEHNE THIPHUIOB Oopa 1Mo
nBoiiHOM cBsizu. [Ipocreitmii ruapun 6opa, 6opan BHj, HeusBecTeH.
DTO COCNWHEHHWE SIBIISICTCA KpaliHe HecTaOWIpbHOW KuciioTod JIpromca
C CEeKCTETOM OJJIEKTPOHOB Yy aroma Oopa. bopan caMomnpous3BOIbHO
TUMEpHU3yeTcsl B 0oJiee cTabMIbHEIN quoopaH. /Jlubopan nMeeT HeOObId-
HYI0 MOCTHUKOBYIO CTPYKTYPY, XapaKTEepHYIO IS SIIEKTPOHOACPHUIINT-
HbIX MoJieKyll. MocTtukoBas cTpykrypa B,Hg sBisiercst kinaccuueckum
MIPUMEPOM JIByXdJIEKTPOHHOM Tpex1ieHTpoBoii cBsizu B—H. .. B.

AN
(dawnbopan)

e
rd

8 e
N

UYerhipe aTomMa BOJIOpOJA U JBa aroMa O0opa JuOOpaHa JIekKaT B OJHON
TUIOCKOCTH, @ 00a «MOCTHUKOBBIX» aTOMa BOJIOPOZIa PACIIONIOKEHbI HaJl
10J1 ATOM MJIOCKOCTHIO.

MoexysapHO-0pOUTaNBHYIO KapTHHY MOCTHKOBBIX CBSI3eH B JAM00-
paHe MOXXHO TIOCTPOUTH CIEIYrIIUM o0pa3om. bpyTro-popmyna audo-
pana B;Hg Takas xe, kak Opyrro-dhopmyna strana C,Hg, HO mubopan
UMeeT Ha 2 3JeKkTpoHa MeHbIe. Paccmorpum obOpaszoBanme B,Hg u
C,Hg¢ u3 nmByx ¢dparmentoB BH; u CHj; coorBercrBeHHOo. Mosnekyna
3TaHa 00pasyeTcsd U3 AByX METHWIHHBIX PaJNKaIIOB, HECTIAPEHHBIE HIICK-
TPOHBI KOTOPBIX OOBEANHSIOTCS Ha CBSA3BIBAIONICH G-0pOUTaln, 00pa3ys
MIPOYHYIO G-CBA3b:

| \\/ W
Ot + O — S
N\ | 7 ~

[Ipu mogo6HOM 00BeMHEHNH NBYX (pparmerToB BH3 cBs3p B—B He
MOXeT 00pa3oBaThCsl, MOCKOJIBKY OObeAuHsIomuecs: opoutanu ¢par-
MeHToB BH3; He uMeroT 3JeKTpoHOB:

I \/
OB + OFO — N o
// ’ ,7’B<DB\

Uto06s1 ipomsonuia peakius 2BH; — B,yHg, HykHO, 9TOOBI ITyCThIC
Op6I/ITaHI/I B3aHMOZ[CI>iCTBOBaJIH C 3aIlIOJIHCHHBLIMMU. HO 3aIl10JIHCHHBIMHA
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opburansimu B BH3 siBnsitorest opourtanu cesizeit B—H. CrienosarensHo,
obwenuHEeHME OBYX Mojekya BH; B mumep BoHg momxHO ocymecTs-
JISITHCS TIO-MHOMY, YeM OObeiMHeHue AByX paaukanoB CHjz+, a uMeHHO
TaK, Y9TOOBI TIEPEKPHIBAHUE ITYCTHIX opOmTameld Oopa C 3aHATHIMH
o-opbutansimu csized B—H Obl10 MakcHMasibHBIM:

Qaé@ Qi L
K Nod

| B'g P
,‘ @?

Tpu atoma B---H--- B cBA3aHbI 0IHON Napoil JIEKTPOHOB, U MTOATO-
MYy TaKasi CBsI3b Ha3bIBACTCSI mpexyeHmposoll. TpexeHTpoBas IByX3JeK-
TPOHHAS CBs3b CiTabee OOBIYHOMN MBYXIIEHTPOBOU CBS3H (Kak B dTaHE),
HO 3aTO B JUOOpaHe TaKUX CBSI3ei JIBe, UYTO U 00CCIICUUBACT IPOYHOCTh
muMepa. V3BecTHBI W BBICIINE THAPUABI 60pa HEOOBIYHOW CTPYKTYPHI:
nenTabopan BsHy, rekcabopan BgH¢ u apyrue, Taxxke conepxariue
«BOJOPOITHBIC MOCTHKIM». JlmOopaH mpeacTaBiseT co0oil OeCIIBETHBIM,
SIIOBUTBIM Ta3, MTHOBEHHO BOCILIAMCHSIIOIIUICS Ha BO3IyXE, MOATOMY
BCE pPEaKkIMu C HUM CIIeIyeT MPOBOAWTH B MHEpTHOU atmocdepe. [u-
0OpaH MOyYaroT MPU B3auUMOJICHCTBIM OOprujipua HaTpusi U dpupara
tpexdropucroro 6opa B TT'® mim THMETHIOBOM dPUPE STUICHTITHKOIIS
(mumetokcuaTane — JIMD).

3NaBH, + 4BF; - (C,Hs),0 -2 2B,H; + 3NaBF, + 4(C,Hs ), 0.

Jubopan kak kwuciora Jlpromca mpu B3ammoacHcTBuu ¢ TI'D wmm
JIPYTUM MPOCTHIM 3PUPOM Kak ocHOBaHHEeM JIbtonca o0pa3yeT JOHOPHO-
AKIENITOPHBIN KOMILIEKC:

Hz(|3—(sz o o CH—CH,
B,Hg +2 —2 H3B*O\
HZC\O/CH2 CH,—CH,
KHUCJIO0Ta OCHOBAHHEC KOMILJIEKC

DTOT KOMIUIEKC JieTko oTmeruisieT BH3, KoTopbrii OBICTpO M KOJHYE-
CTBEHHO MPHCOEUHSICTCS K JIBOWHOM CBSI3U aJKeHa ¢ 0Opa3oBaHUEM
TpUATKAIOOpaHa:

3RCH=CH, + BH; — (RCH2CH2)3B.

TPHAIKHIOOpaH

I'mopoGopupoBanne BKIIOYAET TpU cTamud. Ha mepBoit cramuu GopaH
MIPUCOEUHSCTCS K aJIKeHY ¢ 00pa30BaHUEM MOHOAIKUIOOpaHA!

RCH=CH, + BH3; — RCH,CH;BH,.

MOHOaJ’IKHJ’IﬁOpaH
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MoHoankuI00paH CoAEpKUT ABe cBsi3u B—H, moatomy nocienosaresnb-
HO TIPUCOEIUHSIET €IIE ABE MOJIEKYJIbI aJIKeHA!

RCH,CH,BH, =9 (RCH,CH,),BH 2= (RCH,CH,);B.

MOHOANKUI60paH JMATTKWIIOOpaH TPHAIKUIOOpaH

[Ipucoenunenue 6opaHa K IBOWHOW CBSI3U MPOUCXOAUT PETHOCEICK-
TUBHO IIPOTHB IIpaBuUiIa MapKOBHUKOBA TAKMM 00pa3oM, 4TO aToM Oopa
OKa3bIBAETCS CBA3aHHBIM C HaWMEHEE 3aMEIICHHBIM aTOMOM YIIepoja
TIpH BOIHOM cBs13M. [Ipucoennuenne 6opana mo JBOWHON CBS3H MTPOWC-
XOIUT CTEPEOCTICHUPUUHO KaK CUH-TIPHCOCTUHEHUE C OTHOBPEMEHHBIM
CBSI3pIBAHMEM aToMa Oopa M BomopoAa OopaHa ¢ ABYyMs aTOMaMH
yriepoJa mpu ABoiHo#H cBsizu. [ToaTromy 006e HoBble cBsi3u C—B u C—H
00pasyroTcss ¢ OMHOW W TOH K€ CTOPOHBI KpaTHOW cBs3u. s »Toi
peakiuy MpeUIoKeHO YeThIPEXIIEHTPOBOE MIEPEXOJHOE COCTOSIHUE:

o
NA___ A7 A A A N >
Se=c] + H—B—H :---?\H St
H H___é< CuH-npucoeauHeHune H BHZ

H

B pamkax Teopun MO sTa peakiivsi ONMChIBA€TCS KaK B3aUMOJICHCTBUE
3aMl0JIHEHHOH 7T-0pOHTaIH alIKeHa C MyCTOH p-0opOHuTaIbio 6opa ¢ TOU e
camoii cumMmetpueit opoutanmm. Obpazoanue cBs3u C—B compoBoxma-
€TCs1 CHHXPOHHBIM pa3pblBoM cBsa3u B—H:

PerunocenexruBHocTts npucoeauHenus BH3; nerko npezickasars Ha
OCHOBaHMHM KaK JJIEKTPOHHBIX, TaK W cTepuueckux Qaxrtopos. bop
00aaeT MEHbIIEH AEKTPOOTPHUIIATEIEHOCTEIO (2,0) Mo cpaBHEHHUIO C
BOJIOpOZIOM (2,2), mo3tomy cBsizb B—H nosmkHa ObITh ¢1a00MONSPHON.
Kpome Toro, arom Gopa B OopaHe SBISETCS DICKTPOHOICOHUITUTHBIM
LHEHTPOM C IyCTOH p-OpOUTAIIbIO, UTO OMPEACIISIET €T0 AMEKTPOPHIbHEIE
cBoiicTBa. Pamnyc aroma Oopa HaMHOTO OOJIBIIIE paiiyca aToMa BOAOPO-
na. [losTomy cTepuueckuii hakTop Takke 6JIaronpusTCTBYeT NPUCOCIH-
HEHUIO Oopa K HaUMeHee 3aMEIIeHHOMY U JOCTYITHOMY aToMy yTIepo/ia.
[Tonararot, YT0O UIMEHHO CTEPHUYECKUH (PaKTOp MrpaeT Pelaroilyo poib
Y HallpaBlieHHE IPUCOETNHEHNS O0paHa K IBOWHOM CBSI3W OIPEIeNIIeTCs
CTEPUUECKUM KOHTPOJIEM PEaKLUH.
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MoHo3aMeIleHHbIE aJKeHbI B peakiu ¢ O0paHOM 00pa3yloT Tpua-
KAJI00paHbl, OHAKO ISl TPU- WIIA TETPAAKIJI3aMEIICHHBIX MTPH JABOH-
HOW CBSI3M aJIKEHOB T'HAPOOOPHPOBAHUE JIETKO MOXXHO OCTAHOBUTH Ha
cTaguu 00pa3oBaHUs MOHO- U quaikuidoopana. OcoOeHHO O0JbIIOe 3HA-
YeHUE B OPTaHMUYECKOM CHHTEe3e Mprodpen Ouc-(3-metui-2-0yTuin)-60-
paH, obpasyromuiics pu B3anMonelictBur BH3 ¢ aByms mMonexymamu
3-meTundyTena-2:

2(CH3),C=CHCHs + BH; -2 | (CH;),CH—CH - BH

CH3

JCHaMUIOOpaH

2

OTOT peareHT NONYyYWI TPUBHAIBHOE Ha3BaHUE — JUCHAMHIOOpaH
(Sia),BH. TerpamermmatmieH obOpasyer ¢ OOpaHOM aJIyKT COCTaBa
1 :1—2,3-qumeTunOyTui-2-00paH, KOTOPBIA Ha3bIBACTCS TEKCHIIOOpa-
HOM:

i
(CH3),C=C(CH3), + BH3 P (CHg)zCH—(|J—BH2.
CH;
TEKCUIOOpaH

Cun-nipucoeIMHeHue OOpaHa K JIBOWHOM CBSI3U MPOIIE BCETO MOXKET
OBITH TTPOMJLTIOCTPUPOBAHO HU TIPUMEpe THAPOOOpHUpoBaHus |-MeTHiI-
IIMKJIOTeKCeHa ¢ TToMoIbio BD;

AnxunOopaHbl, Kak MPaBIIIO, HE BRIIEIAIOT HHIANBUIYJIbHO, & UCTIONb-
3yIOT HEMOCPEACTBEHHO Ul CHHTE3a TPeOyeMOro IeJIeBOTO MPOAYKTa.
AnKunOopaHbl SBIAIOTCA KIIOUEBBIMH PEareHTaMH JIJIsi MHOTHUX CaMbIX
Pa3HOO0OPa3HBIX MPEBPAIICHUN, OONBIINHCTBO U3 KOTOPBIX OBLIO OMHCa-
Ho . bpayHOM ¢ coTpyIHUKaMHU.

CBsi3b ymiiepoi—00p B TpUaIKUIOOpaHaX Mo/ JCHCTBUEM KUCIOTHBIX
areHTOB pacHICIIISETCs ¢ 00pa3oBaHMEM MPEICTHHBIX YIIIEBOIOPO/IOB:

R;°B™ + 3HX — 3RH + BX.

Tak kak B 3TOW peakmuy KapOOHOBBIE KHCIOTHI MO PEAKITMOHHON
CIIOCOOHOCTH TIpeBOCXoAAT Ooisiee cuibHble kucioTel (H,SO4, HCI,
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HBr u ap.), ans nporonuza TpUaIKWIOOPaHOB ObLT MPEATIOKEH MeXa-
HU3M, BKJIIOYAIOUIMH IIECTU3BEHHOE LMKINYECKOE MEPEXOJHOE COCTO-
SHUE ¢ HYKJICO(PMILHONH KOOpAMHAIMEH KapOOHMIBHOTO KHCIOPOJAA IO
aTroMy Oopa M 1eKTpoUILHON aTakoil aTroMa BOIOPOZA HEIUCCOLMU-

O
POBaHHOU (POPMBI RC\ 10 aToMy ymIepoaa TPHAIKIIOOpaHa:
OH
40
(RCH,CH;);B + 3CH;C —
OH
[ _CH,CH,R] 7
RCH,CH, —B
CHZCHZR
=3 7 — 3RCH,CH; + (CH3COO)3B.
H’ /‘ O
No——C
L “CHy

OTOT MeToA 0COOEHHO YI00EH B TOM Cllydyae, Korna HeoOXOAUMO BBECTH
M30TOIIHYIO ICHTEpUEBYIO METKY B alikaH. Torna B Ka4ecTBe KHCIOTHOTO
areHTa MCHojb3YyIoT AeitepoykcycHyto kucinoty CH3;COOD. B nenom
THIPOOOPUPOBAHNE AKEHOB C IMOCIEAYIONMM KHCIOTHBIM pacIIer-
JICHUEM TPHUAJIKIIOOPAHOB MPEACTABIACT COOON JIETKOMOCTYIHBIH M
yaoOHBIN crioco0 mpeBpaleHus aTKCHOB B aJIKAHbI.

T'opa3no Goiee nHTEpECHBIE U Pa3HOOOpPA3HbIE CHHTETHYECKHE BO3-
MOXHOCTH OTKPBIBACT PpACIICIUICHHE TPUAIKHIOOPAHOB MEPEKUCHIO
BOJIOpPOZia WJIM TaJloTeHaMHu B InenodHol cpexe. IIpm obGpabotke Tpu-
ANKHIO0PAHOB IIEIOYHBIM PACTBOPOM TIEPEKHCH BOAOPOIa MPOUCXOANUT
pacmerienne cBs3u C—B ¢ oOpa3oBanuem cruptoB. Takum oOpazom,
MOCIIeIOBATEIbHOCTh ATUX JIBYX CTaAMd TUAPOOOPHPOBAHHS AJIKCHOB
IPENICTABIACT cOO0M METOX T'MApaTaluy aJIKeHOB:

Hs H,0»

(RCHzCH2)3B —) RCH,CH,0OH +

aOH—H20  neppuummit crmpr

RCH=CH; > B

b O
+NaB(OH);.

I'mapoGoprpoBaHue HECHMMETPHYHBIX AJKEHOB C ITOCIEIYIOIIUM
okucienueM H;O, mo3BONISIET yCTaHOBUTH PETHOCHEUU(UYHOCTD H
crepeocnennPpuIHOCTh BCETO TMpolecca. lak, HampuMep, TpH THI-
poOopupoBaHuM 1-METHIIIUKIOIEKCEHA € MOCIEIYIOINM OKUCIEHUEM
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TPHAJIKUIOOpaHa MIeJTOYHBIM PACTBOPOM NEPEKUCH BOAOpOa 0Opasyer-
csl Mpanc-2-MeTHIIUKIOTEKCAaHOI. DTO 03HAYaeT, YTO MPHU OKUCICHUU
rpynna BR, 3amemjaercs Ha THAPOKCHI C IIOJHBIM COXPaHEHUEM
TeOMEeTpUYECcKoil KoH(urypamuu. HampasrneHue rumparaiuu ajkeHa
B 3TOM JBYXCTaJUNHHOM IpOILIECCE MOITHOCTHIO MPOTHUBOIOJIOKHO pe-
THOCENIEKTUBHOCTH MPAMOM THApaTallii alKeHOB I PETHOCEIeKTHB-
HOCTH peaKkIUi OKCUMEPKYpPHUPOBAaHUS — IEMEPKYPUPOBAHUS AJIKEHOB
(pa3m. 5.4.3.¢). 'mppararmus ankeHa, T. €. CyMMapHBINA IPOIecC THIPO0O0-
PUPOBaHMS — OKUCIICHUS, HUMEET OPUEHTAIMIO, MPSAMO MPOTHBOIOIOXK-
HYIO TIpaBuily MapKOBHHKOBa (aHTUMAapKOBHUKOBCKOE IPHUCOCTUHEHHE
Mo KpaTHOW cBsA3M). I alMKIMYECKUX MOHO3aMEIleHHBIX U JTu3aMe-
IICHHBIX aJIKEHOB TUIPOOOPHUPOBAaHNE — OKHCIICHHUE JaeT YHUKAIbHYIO
BO3MOXHOCTh CHHTE3a MEPBUYHBIX CIUPTOB C CYMMAapHBIM BBIXOIOM

80-95%.

RCH = CH, 2™ | RCH,CH,OH:
2) H,0,—NaOH
R,C = CH, 22 M® o CH-CH,OH.
2) HzOz —NaOH

JIsT OKHCIIMTETHLHOTO PaCHICIUICHUS TPHAIKIIIOOPAHOB B IIEIIOU-
HOH cpezie MpeniokKeH CIeAyIouii MexaHu3M npeBpatieHuii. CHauana
TUAPOTICPOKCUI-HOH IMPUCOCAUHSICTCS K 3JICKTPOHOACPUITUTHOMY aTOMY
0opa TpHaJIKuIOopaHa:

S) R\@
R;B + :O0OH — R—-B—0OO0OH.

/
R

OO6pa3yromuiics Ipyu 3TOM aHUOHHBIN OOpaTHBIN MHTEpMenuar mpe-
TEpIIeBaEeT MEPErpyNninupoBKy € MOTEpe THMAPOKCUI-UOHA. J[BroKyIen
CHJION 3TOH MEeperpynImUpPOBKHU SABISACTCS 00pa3oBaHHUE OYCHB MPOTHOU
cBs3u B—O BmecTo MeHee mpouHoii cBsizu C—B:

R

| e
R—28—0-C0H —— R—B—OR +OH .

Bonee BbICOKasi MPOYHOCTH CBSI3M O0Opa € KHUCIOPOAOM OIPEIeNIIeTCs
JOTIOJTHUTENILHBIM TTEPEKPhIBAHMEM 3aIIOJHEHHOH 2p-0pOUTany KUCIO-
poma ¢ mycToit 2p-opOuTannsio 60opa, CTaOMIN3UPYIONM CBs3h B—O.
1,2-Murparus alKuIbHOW Pyl C Tapol IEKTPOHOB OT Oopa K Kuc-
JIOPOY, TI0 CYIIECTBY, aHAJIOTHYHA TIEPErpyMIMpPOBKe B KapOOKaTHOHAX,
rIe TaKke 4acTto Habmromaercsi ctepeocnenuduueckas 1,2-murpanus
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ANKHJIBHOHN TPYNIBI ¢ MAPOH IEKTPOHOB K KapOOKaTHOHHOMY LICHTPY

(cm. T 9):
AN Ne /

o/
AT TN

[lepBoHauansHO oOpasyrommiicss mpoaykT R,BOR monsepraercs na-
Jiee OKHCIMTEIbHOMY PACIICIUICHUIO AaHAJIOTUYHO TPUAJIKUIOOpaHy 10
ONHMCAHHOM BBILIE cXeMe ¢ oOpa3oBaHHEeM 3(upa OOPHOH KHCIOTHI
(Tpranmkminbopara):

S S
R,BOR +200H — (RO);B + 20H.

TpuankumbopaT B KOHEYHOM UTOTE THAPOIHM3YETCS B MISIOYHON cpele
JI0 criupTa u OopaT-aHUOHA!

S} S
B(OR); + OH + 3H,0 — 3ROH -+ B(OH),.

PermocenekTHBHOCTS THApPOOOpHPOBAHUS TMOn jaeiicTBreM BHj,
omnpeaeisieMas COBMECTHBIM ,E[CIZCTBI/ICM OJICKTPOHHBIX U CTCPUUCCKUX
s dexToB, BecbMa BbICOKa W 00brdHO TpeBbimaeT 90%. Hmxe npuse-
JCHbI HEKOTOpBIE HauboJee TUITUYHBIC TPUMEPBI THAPOOOPUPOBAHMS —
OKHCIICHUS aJIKCHOB.

1) BH;-TI'®

CH;(CH,);CH,CH,OH+

CH3 (CH2)3CH == CHZ
2) Hy0, ~NaOH—H,0 (94%)

+CH3 (CH2)3(|:H *CH3 N

OH
(6%)

CeHsCH = CH, — DB1Te

CeHsCH,CH,OH+
2) HzOz —NaOH—HZO (80%)

+CHgHsCH—CHs;
|

OH
(20%)
CH;CH,C=CH, — 2 ™M® . cH.CH,CH —CH,—OH+
| 2) HzOz; NaOH—HZO | (99%)
CH3 CH3
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_OH

+CH3*CH2 *C(CH3;

CH;
(1%)
1) BH;-TT'®
2) HzOz—NﬁOH—HzO

— (CH3)2CH_CH_ CH(CH3)2 —I—(CH3)2C— CHZ—CH(CH3)2.

| (98%) | (2%)
OH OH

(CH3),C = CH—CH(CH;),

CeNeKTUBHOCTh THAPOOOPUPOBAHHS MOXKHO 3HAYUTENBHO YBEINH-
YUTh, €CJIM I TUAPOOOPUPOBAHMS AJIKCHOB HCIIOJIB30BaTh IIPO-
CTPaHCTBEHHO 3aTpyAHEHHbIe nuankuibopanbl R,BH, nanpumep ouc-
(3-metun-2-6ytmn)-6opan — (Sia), BH:

1)(Sia),BH; TT'®

CH;(CH,);CH=CH, CH;(CH,);CH,CH,OH+

2) H>0,;NaOH—H,0 (99%)

+CH; (CH2)3CH*CH3 (< 1%),

OH
C4HsCH=CH, —DEBETT® ol CH,OH+
2) HzOz; NaOH; H,O (99%)

+CeHsCH—CH; (1%)

OH

JpyruM Ba)KHBIM IIPEUMYILECTBOM MPOCTPAHCTBEHHO 3aTPyAHEHHBIX
MUCHaMUIO0paHa M TEKCHIOOpaHa SBISETCS CEIIEKTHBHOCTH THAPOOO-
pHpOBaHMs 3aMeLIeHHBIX ajikeHoB. O0a 3Tux 6opana B 20-100 pa3 Gornee
aKTHBHBI 110 OTHOIICHHUIO K HE3aMEICHHON KOHIIEBOM JBOMHOU CBSI3H,
YeM K 2-MeTHJIaJIKeHY- 1. DTo Mo3BOJISIET CENEKTUBHO IHAPOOOPUPOBATH
KOHIIEBYIO JIBOMHYIO CBSI3b B MPUCYTCTBUU JIPYTHX TBOWHBIX CBS3CH:

| (sia).BH \
NN ———— . VAVAVAN
e (Sia),B

Texcmnbopan pearupyeT ¢ yuc-ankenamu B 100 pa3 OpicTpee, uel ¢
MPAHC-A30MEPaMHU, YTO HIUPOKO UCIIONIB3YETCs B TOHKOM OPTaHHYECKOM
cuHTe3e. B mpemapaTUBHBIX ENIX BMECTO JAWCHaMHIIOOpaHa ymoOHee
UCIOJIb30BaTh OulMKIMyeckuit 9-6opadbunukio[3.3.1]Honan (9-bBH).
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OH Heroprou, HO OKHCIAeTcs Ha Bo3myxe. IBepabiii 9-bBH ropaszmo
crabmibHee audaTndeckux 00OpaHOB TAKKE M TCPMHUCCKH.

1)9-BBH; TT'®, 25°C

CH;(CH,)3CH = CH,
2)H,0, —NaOH—H,0
— CH; (CH2)3CH2CH20H + CHj; (CH2)3 CH—CHs;.
(99,9%) 01%) |
OH

CH3
H-C3H7 /CH3 _ . o
>C:C\ 1) 9-BBH; TI'd, 25°C 4-CsHy— CHy—C—OH
H H 2) HzOz—NﬁOH—HzO |
H

(99,8%)

9-bopabunukio[3.3.1]HoHaH nonydaeTcst npu npucoequHeHrnn BH3 k
JIETKO JAOCTYIHOMY yuc-yuc-1,5-1MKI00KTaqueHy (O MOJYyYEHUU 3TOTO
JIMeHA CM. TII. 7):

Tre; 65°C; 14
- - (®

(99%)

Tpuankunbopansl, o0pasyrommecss Opu THIAPOOOPUPOBAHUHU aAJIKe-
HOB, MOXHO HCIIOJIb30BaTh U JUISl CUHTE3a aJIKWITAJOTCHUAOB. 3aMeHa
0opa Ha MO/ IPOUCXOAUT ITPHU 00pabOTKe TPHATIKUIOOpaHa HOAOM B Iie-
Jo4Hou cpene. [Ipu gercTBUM IEI0YHOTO pacTBOpPa MOJa OTIIETUISIOTCS
TOJIBKO JIBE U3 TPEX MEPBUYHBIX AJKWIBHBIX TPYMIT GOPOPraHNYECKOro
COCIIMHEHMUSL:

R3B + 21, + 2NaOH — RB(OH), + 2RI + 2Nal.

IIpu nogupoBaHUM TPUATKUIOOPAHOB CO BTOPUYHOW aJIKMIIBHOW TPYII-
oM ymaercsi mpeBparuth B 6mop-RI Tonbko OgHY M3 3THX TpyIIL.
HcnonezoBanue 6poma u mMetuiara Harpust B TI'® mpuUBOAMT K aiKuIiI-
OpomuzaM ¢ IPEeBOCXOIHBIMH BBIXOAAMHU:

I
1)BHy ; Tre (100%)
2)ICL

1)BHy; Tro
CH3CH,CH;—C=CH, CH3CH,CH—CH—CH,Br  (70%)
| 2) Br,~CH;ONa; Tr'e I
CHsz CH,
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PernocenekTuBHOCTh 3TUX PEAKLUUN TAKKE IPSAMO IPOTHBOIIOJIOXK-
Ha NPUCOECIMHEHHUIO TaJlOTEeHOBOAOPOJia K JIBOMHOM CBsI3U. AJIKEHBI C
KOHILIEBOM JIBOIHOM CBA3bI0 00Pa3yIOT MEPBUUHBIE AJIKMUITaIOT€HUIbI:

1) BH;-TI'®
2) Bra—CH;3ONa; TTd

RCH = CH,

RCH,CH,;Br.

BopopraHqucxme COCIUHCHUSA MOKHO UCIIOJIb30BaTh U I TOJTYyHYCHUS
TIEPBUYHBIX aMHUHOB IPU 0OpabOTKE TPHATKHIOOPAHOB XJIOPAMHUHOM
WIN TUAPOKCHIAMHUH-O-Cynb()OKHCIOTOH. MexaHu3M S5TOH peakiuu
MPUHIMITHAIBHO HE OTIMYAETCS OT MEXaHW3Ma OKHCIICHHS TPHAIKHII-
060paHOB MEPEKUCHIO BOJOPO/IA B IICIOUHOMN Cpene:
S
R,B + NHX ———Fj B—N—Cx——> RB—N— h—oOt RNH,  + g(OH)4

/ \ |

‘i" "
‘ﬁ" 9
X=Cl wnm 0503

[Ipumenenue TpuankuaOOpaHOB B OPraHUYECKOM CHHTE3€ MOTY4HII0
JanpHeliIee pa3BUTHE OCIe TOTo KaK ObUIa OTKPBITA peaKusi KapOOHH-
nupoBaHust bopoprannueckux coequnenuii (I. bpayn, M. Pamke, 1967).
[Tycras p-opbutans atoma 6opa B R3B mepekpriBaercs ¢ 3amoTHEHHOMI
2s-0pOuTanbio aToMa yIiepoa MOHOOKCHIA yIviepoJa ¢ 00pa3oBaHUEM
ajrykra coctapa 1 : 1:

S @ =) ®
R;B+ :C=0 — R3B—C=0.

OTOT aliyKT HE BBIACISIIOT U Cpa3y K€ HCIOJb3YIOT Ul JaJbHEUIINX
npeBpalieHnii. XapakTep MpoayKTOB IIPU 3TOM ONpeAesieTCs] BBIOOPOM
YCIIOBUH PEaKLUy, IIPU KOTOPBIX aJKHIbHBIC IPYIIIbI IOCIEA0BATEIBHO
MUTPUPYIOT OT Oopa K KapOOHMIBHOMY aroMy yIiaepoja ajIyKTa

= 5%
R3B—C=0. Ecau TpuaikunbopaH HarpeBarOT ¢ MOHOOKCHJIOM yTJie-

poma mpu 100-120°C m mpum arMochepHOM IaBICHHUH, IPOUCXOIUT
MUrpanusa BCEX TPEX aJIKUJIbHBIX I'PYIIT U TOCJIC OKUCJICHHUA HICJTIOYHBIM
pacTBOpPOM TIEPEKUCH BOJIOPOJia 00pa3yeTcsl TPETUYHBIH CITUPT:

R,
RgB+C0 0270 | p 2 oLE —R|—| 8=t/
a0

AR H,0,

N o
0=B—C —22__ , pY-—
—_ o | Teo-p R—C—0H +  Blon),
R .
TPeTUHbIA BopaT-atuo
cnupT
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Ota peakuys MpeacTaBisieT co0oi ynoOHbIH MEeTO TPEeBPAILCHUs aJIKe-
Ha B TPETUYHBINA CIIUPT C BBICOKMM BBIXOIOM:

B
BHz; Tre 1)€0; 100°C ; (859
2)H,0,-NaOH—F,0° <:>—C|_<:> 5%)
3

OH
BHs, Tr'e 1)C0, 125°C
CH3CH=CH —————— (CH;CH,CH}:-B ————————+ [ CHs— CH;~CH-YC—OH (87"
T (CH5CHyg 3 2)H20—Na0H-H20< 7 (&%)
CH3 CHs CH

3

[Ipy HanMUUMM B peakIMOHHON CMECH JPYTUX PEAareHTOB PEaKIHIo
MOXXHO OCTAHOBHUTHL Ha CTaAUXU MUT'PALIUN OZ[HOI‘/'I W IBYX aJIKHUJIbHBIX
rpynm. Ecin kapOoHMIHpOBaHKE TPOBOAT B IPUCYTCTBHH OOPTHAPHIA
HaTpusi, 00pa3yloTcs MepBUYHbIE CIUPTHI. [lepBUYHBIN ciupT moy4da-
ercsi B pe3yjibTare BOCcCTaHOBJIeHUs moj aedcreueM NaBH,, untep-
MeanaTa, 0OpasyroIIerocs Mmociie MUTPAIMK TOJBKO OTHOW aKMIBHON
TPYIIIBL:

\e ) AN 1) Na BH4 =)
/B—Céo—b /B—-C=0 _— RCHZOH + 2ROH + B(OH)4
R R Jq 2)H,0; NaoH-H,0 NepBUYHbIN

cnupT

B npucyTcTBUM 3KBUMOJBHOTO KOJUYECTBA BOABI PEAKLUs OCTAHABIU-
BaeTCsl Ha CTAIUM MUTpAIMK JABYX aJKWIbHBIX rpymi. [locienyroinee
pacieruieHne 0opaINOKCHIa MIeIOYHBIM PacTBOPOM TIEPEKHCH BOIOPOIA
MPUBOIUT K CUMMETPUYHOMY KETOHY:

R = R

\e r® s

/B——c"o —_— \—51.! _— R—B—C< Hor
@& @ A

O OH R
HOH H20; e
|- ———— R—C—
c\R NaoH=F,0 R § R+ RoH —+  BloH),

KeToH

B kadyecTBe TUMHUYHBIX HpI/IMepOB MMpUBEACM IMOJYUCHUC NUIIUKIIOTCK-
CHJIKETOHA ¥ HOHAaHOHA-5

0
T ; 125°C; H,0 I
O+ s~a+*~(©>§ OO
2)H 0 NaOH-H 0 (90%)

1)C0; 125°C;H20
CH;CH,CH==CH, "——> (cH 3CH,CH CH,:-)— et CH3CHCH,CH— C CH,CH,CHCH; .

) NaOH- e
2)H,0;-NaOH-H,0 HoHaroH-5 (90%)
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Ecnu anst rugpoOopupoBaHus ajlkeHa UCTIONB30BaTh TEKCHIIOOpaH ¢
MOCJIEAYIOLUIMM MOHOAJIKUINPOBAHUEM, KapOOHUIMPOBAHHUE MPOCTPAH-
CTBEHHO 3aTPYJHEHHOTO TPHUAJIKHIOOpaHa OTKpPHIBAE€T MYTh CHUHTE3a
HECUMMETPUYHBIX KETOHOB. DTOT METO/I OCHOBAH Ha TOM, YTO IIPOCTPAH-
CTBEHHO 3aTpyJIHEHHas TekcuibHasd rpynna (i-PrMe,C) He murpupyer
oT 60opa K yrmepoay:

ey I
(CH3).CH—C(CH3), Bi,+ (CH3), C=CH, = (CH ) CHE(CH3 )~ BHCH;-CH(CH ;) —>
Texcunbopan

CH=CH—CH,C00C,H, CH,CH(CH;), CO; H,0

(CH3),CHC(CH3)-B_

CH,CHs—CHz=COOC 5

,CH.CH(CH3), H,0, o i conc
- - S S -
(CH3),CH~C(CH5); B=C{ o TH,CO0Na (CH3),CHCH,C—CH,CH,CH,CO0CH, .
OH OH CHaCH,CH,CO0C,Hs H,0 (84%)

Hcnonp3oBanue rupuaoB 60pa Ajsl CEJICKTUBHOIO BOCCTAHOBIICHHUS
AJKHHOB JI0 YU{C-JIKEHOB U KETOHOB C MOMOIIbI0 BUHMIOOpPAHOB pac-
cMaTpuBaeTcs B Iase 0.

5.4.7. HOJIMMEPU3ALIUA AJIKEHOB

TepMUH nonumep OTHOCHTCA K MAaKpOMOJIEKYJIAM, COCTOSIIIUM H3
O4YEeHb OOJIBILIOTO YHUCIIA IOBTOPSIOIIMXCS 3BEHBEB — OT HECKOJIBKUX
TBICSY O HECKOJNBKUX cOTeH Thicsd. llommumep oOpasyercs myrem
MOCJIE0BATEILHOTO IPUCOEANHEHUS OTIEIBHBIX MOJIEKYJ, HA3bIBAEMBIX
monomepamu. COeJMHEHNE OJUHAKOBBIX MOJIEKYJI MOHOMEPA IPUBOIUT
K 2oMononumepy, TNOIUMEp, IMOIYYEHHBIH W3 JABYX WM OOJIBIIEro
YHCJIa Pa3IMYHBIX MOHOMEPOB, HA3BIBAETCS conoaumepom. Ilonumepst
coJepKaT TaK Ha3blBAEMbIE «KOHIIEBBIE TPYIIIBD», KOTOPBIE PE3KO OT-
JIMYAIOTCS OT MOBTOPSIIOIINXCS 3BEHBEB. OTH KOHIIEBBIE TPYIIIBI SIBJISI-
I0TCSI HHALMATOPaMHU CaMOT0 IpoIiecca MOIUMEPU3aUU 1 COCTABISIOT
HUYTOXKHO MAJIyI0 4acTb BCEro IOIMMEPA, KOTOPAsl HE OTPAKaeTcs Ha
CBOMCTBax camoro nonumepa. [Ipocreiimum 1 Hanbosee BaXKHBIM CIIO-
COOOM TOJTyYeHHsI TIOMMEPOB SBJISIETCS TTOJIMMEPHU3AIH — IPOLIECC, B
KOTOPOM MOHOMEPHI ITOCIIEA0BATENbHO, CTPOTO OMPEACICHHBIM 00pa3oM
NPUCOCIAMHSIOTCS IPYT K APYTy ¢ 00pa3oBaHUEM OYEHb [UIMHHOH IIETH.
OTOT mpolecc MHUIMMPYETCS pajuKalaMu, KaTHOHAMM, aHUOHAMU M
METaJJIOOpraHuueCKUMHU coeTuHEeHUSIMU. COOTBETCTBEHHO CIIEIy€eT pas-
JIM4aTh PAJUKAIBHYIO, HOHHYI U KOOPAHHALMOHHYIO [MOJIMMEPU3ALUH.
ITocnepnuii TEpMUH OTHOCHUTCA K IOJHUMEPU3ALMH, UHULUUPYEMOM
KOMILIEKCHBIMU COEJUHEHUSIMU, COCTOSIIMMHU U3 TPUAIKUIATIOMUHUS
U COJel MEepexOAHBIX METa/UIOB. XHMMHsS MOJIMMEPOB WU, B Ooiee
LIIMPOKOM CMBICIIE, XMMHS BBICOKOMOJIEKYIISIPHBIX COEIMHEHHUN IaBHO
YXKE CTaJla COBEPIICHHO CaMOCTOSTEIbHOM HAyYHOW JUCLUMILIMHOM.
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B y4eOHBIX Kypcax OpraHM4ecKod XMMHHU TEeTepb H3JIaraloTcsl TOJIBKO
OCHOBOIIOJIATAKONME U IPUHIMUIIMAIBHO BaXKHbIE CBEICHMS O IMOJIMME-
pHU3alry ¥ NoJIUMepax. JTa Tpaauuus He OyJaeT HapylleHa.

5.4.7.a. PAIJUKAJIBHAS ITOJIMMEPU3ALIMA AJIKEHOB

Bonbiryro yacTh MONMMEpPHBIX MAaTEpUANIOB TONYHYaIOT CBOOOIHO-
pamuKalbHON MOJMMEpHU3alUeil caMbIX pPa3HOOOPa3HBIX MOHOMEPOB.
Kak m B npyrux cBOOOIHOpaIUKaIbHBIX PEAKUUSIX, MOJTUMEpPHU3ALMs
BKJIFOUACT CTAJANH WHHUIIMMPOBAHUS, Pa3BUTHA (pocTa) W OOphIBA HIIH
nepeHoca nenu. MHnnmatopaMu cBOOOIHOPAINKAIEHON MOIMMepH3a-
IIAY CITY’KaT MIEPEKUCH aliIIOB (TIEPEKUCH OCH30MIIa, IEPEKUCH alleTHIIA),
a300uC(u30-0y THPOHUTPILT)

(CH3)2*C*N:N*C(CH3)2

CN CN

U JPyTHE COSAMHCHHUS, CIIOCOOHBIE PaCIIalaThCsl Ha PATUKAIIBI B MSTKHIX
YCIIOBHSIX.
Hnuyuuposanue yenu:

29 29 29
R—CZ0-0-CZR — 2R—CZ0- = R- +CO,.

Pocm yenu:
R: + CH,=CHX — RCH, - CHX;
RCH,CHX + CH,=CHX — RCH, —(‘ZH—CHZ—(FH N

X X

2CHL=CHX, RCH:CH - CH -~ CH-- (CHf?H)w

X X X
Obpuis yenu:
2RCH, CH—CH,CH  (CH,CHX), —
X X
—RCH,—CHCH,—CH—(CH,—CH),— (CH—CH,),—CH—CH,—CH—CH;R.

| | | | | |
X X X X X X

Kak u s npyrux pagukalibHBIX MPOLECCOB, OOPBIB paluKalbHON
LEeNH BO3MOXKEH HE TOJIBKO 3a CUET MPHUBEACHHON BBILIE PEKOMOMHALINH
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pasvKajoB, HO TaKKe M B pe3yiabTaTe peakiil mepeHoca LENH U
JUCTIPOTIOPLMOHUPOBaHUS (1. 4):
RCH,—CH—(CH,—CH),—CH,—CH + R'H
TIEpEeHOC
| paJuKaIbHON Lienu

X

— R' 4+ RCH,—CH—(CH,—CH),—CH,CH,;

X X X

X X
2RCH,CH—(CH,~CH),—CH,CHX —
|
X X
— RCH,—CH—(CH,— CH),—CH=CH +
| | |

X X X

JUCTIPOTIOPIIMOHUPOBAHUE
paaukaioB

+ RCH,—CH—(CH,—CH),—CH,—CHo,.

X X X

BepositTHOCTE 00pBIBa paAUKaIbHOM LIETIH MOXKHO PE3KO TOHU3UTH, IIPO-
BOZSI PEAKLMIO TaKUM 00pa3oM, 4TOOBbl KOHLEHTPALMS PEeardpyroLuX
neneii GbLIa Upe3BbIUAIHO HMU3KOH, HanpuMep, Hmke 10~ Moms/1. Oc-
HOBHBIM CIIOCOOOM IPUCOEAMHEHHUS MOHOMEPOB APYT K ApYyTy Hpu pa-
JUKAJIbHON MOJMMEPHU3ALUH SIBJISETCS IPUCOSANHEHHUE TUIIA «T0JIOBA K
XBOCTY». BenencTBue aToro gocturaercst BbICOKast pernoCeIeKTUBHOCTh
npolecca noauMepusannu. Takas OpHeHTALMsI 3B€HbEB B IIOJIMMEPHOI
Henu o0ecrevyrBacT IpU KaKAOM AIIEMEHTApHOM aKTe NPUCOEIMHEHUS
MOHOMepa oOpa3zoBaHue Hanbojee CTaOMIBHOTO PaJuKaIbHOTO MHTEp-
Mmenuara. Hampumep, IpucoenHEHNE K CTHPOIY HMPOHMCXOAUT TaKHUM
00pa3oM, YTO paJMKaIbHBIA LIEHTP BCE BPEMsl HAXOOHUTCS Y YIIIEpO.-
HOTO aroma, CBSI3aHHOTO C (DEHWJIBHOW TPYIIOH; MPUCOETUHEHUE K
METHIIOBOMY SPHPY Q-METHUIIAKPHIOBOW KUCIOTHI (METHIMETAKPHJIIATY)
NPOMCXOOUT TaK, YTO PAAUKAIBHBIA LEHTP BCE BpPEeMs HAXOIUTCS MO
COCEJICTBY CO CJIOKHO(DUPHOM TPYIIIOi:

.~ CH ?H—(CH CH)s-CH- lCH + CHECHCGHg —> . —CH- CH chs- CH Y CHE- CH
CeMs c Hs  CeHs cTvpon H Hs/pv s GHS
CHy CHy CHy  CH; CHs
o CHy C‘ CHy € ———JCHzCo+CHEC — ..~CHy c CHy Hy C@
coocH3 C00CHz/, ~ COOCH, COOCHs cooct, ocr13 et (;OOCH3
MeTun-
MeTaKpunar
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[t pagvkanbHOW NOJUMEPU3ALUU IIPUTOAHBI AJIKEHBI, KOTOPbIE
JIETKO BCTYMAIOT B PEAKIHUM PaJMKaIbHOTO NPUCOECIUHEHHS THOJOB,
CepoBOJIOPOAA U OpoMHUCTOr0O BoJopoaa. K HUM oTHOCSTCS ajnkeHsl, co-
JeprKaline Ipu IBOWHON CBSI3U apUIIbHYI0, CII0KHOI(PUPHYIO, HUTPUIIb-
HYIO TPYIITy WJIM aTOM TajioreHa, MOCKOJbKY 3TH TPYIIbl CTaOMIN3H-
PYIOT paauKaiibl, 00pa3yroIuecs B KaueCTBE IPOMEXYTOUHBIX YaCTHULI.
Haubosee BaKHBIMH MOHOMEpAMHM JUIsl paJlKajabHON MOJUMEpPU3ALNN
SBIIIIOTCS. OTUJIEH, CTHPOII, XJIOPUCTBIH BUHWII, aKPUIIOHUTPHII, METUJI-
METaKpuiaT, TeTpadTOpITUIICH, BUHHIHICHXJIOpUA. CyliecTByeT IBa
TEXHOJIOTHYECKH Pa3IMYHBIX METOAA PaJWuKaIbHON MOJINMEPH3ANH —
nojuMepu3anus B OJIOKe W CyCleH3HMOHHas monuMmepusanust. CTHpoI
U METHJIMETaKpHaT HNOABEPraioT MOJUMepHU3alun B OJIOKE B IPUCYT-
CTBHUU PAJUKAIBHOIO MHULUATOPA. XJIOPUCTBIA BUHUI, AKPUIOHUTPUII,
BUHUJIALIETAT, TETPadTOPITHICH TOJIUMEPHU3YIOT B CYCIIEH3UH MOHOMEpa
B BOJE, HCIOIB3ysd B KadeCTBe MHUIMaTopa peakTuB (DeHTOHa, T. €.
pacTtBopbl conel sxenesa(Il), comeprkamue mepekuch Bogopoaa. JTa
cucremMa obecrednBaeT 00pa3oBaHME WHHUIMATOPA — THAPOKCHIBLHOIO
pajukana:

F" 4+ HOOH——— Fe>* + O~ 4 HO-

2+

F
1-CR=CF, e Y
FSO H,0 g
e
CHe=CHON 4 T272, (cn—m)
OPHOH

ITonuBUHUNXTIOPUA, MONYYEHHBIA NPU PaAUKAIBHON IOJIMMEpU3A-
U XJOPHCTOTO BUHWJIA, UMEET CPEIHIOI MOJISIPHYIO MacCy OKOIIO
nojiyropa MWIIHMOHOB. OH HCIONB3yeTCs A MPOU3BOJCTBA TPYO,
TPaMIUTACTUHOK, a IIacTU(GUIUPOBAHHBIN 3pupaMu (hTaneBoil KUCIOTHI
MOJIMBUHUIIXJIOPU TPUMEHSICTCS ISl M3TOTOBICHUS HCKYCCTBEHHOMU
KOXH, TUTaliei, W3OJSAIMOHHBIX MaTepualoB W NUIaHroB. Teduiow,
UMEIONIAKA MOJISIPHYI0 Maccy OKOJO JBYX MHJIJIMOHOB, YCTOWYUB K
JIEHCTBUIO KOHIICHTPUPOBAHHBIX KUCJIOT, PACIIABICHHBIX IETIOYeH U
MIEJIOYHBIX MeTAITOB Tipn TeMirepaTtype 1o 300°C. TlomuakpuiIOHATPIIT
M3BECTEH KaK CUHTETUYECKOE BOJIOKHO I10]] Ha3BaHUEM OPJIOH, aKpHJIaH.
OTWJICH TOIBEPTaeTCs PAIUKaIbHON TOIMMEPHU3AIH B OYEHB )KECTKUX
ycnoBusix ipu remneparype 100-300°C u naBnenuu ot 100 10 3000 atm
B IIPUCYTCTBHHU KUCIIOPOJIa WITH NIEPEeKHCer Kak HHUIUATOPOB. [Ipu aToM
MOJIyYaeTcs] TaK HA3BIBAEMBIM MOTUATUICH HU3KOM IUIOTHOCTH, MPEA-
CTaBJIIONINHT cO00M aMOp(HBIH, TUTACTHYHBIN TTOJTUMEP C TEMITEPaTy PO
pasmsiraenust okono 110°C.
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5.4.7.6. NOHHAS ITIOJIMMEPU3ALINA AJIKEHOB

MHorue ankeHbl OJIUMEPU3YIOTCS B IPUCYTCTBUN CHIIbHBIX KHCIIOT.
B stom ciywae poct menu oOyCIIOBJICH MPHCOSAMHEHHUEM allKeHOB K
KapOOKaTHOHY, 00Pa3yIOIIEMYyCsi B pe3yibTare AEKTPO(UIBHOTO TpPH-
COCJIMHEHMS] WHUIIMATOpa IO JBOMHOM CBsi3u. Takoi THI MOJUMEpPHU-
3allMd HOCHT HAa3BaHUE KAMUOHHOU noaumepusayuu. [10 KaTHOHHOMY
MEXaHU3MY TMOJIMMEPHU3YIOTCS TaKHe alIKeHBI, U3 KOTOPBIX 00pa3yroTCs
CPaBHHUTEIBHO yCTOIUMBBHIC KapOokaTtuoHbl. K HuUM ciemyer oTHecTu
n3o0yTwieH, BuHWIOBBIe hupel CH,=CH—OR, 3-merunOyren-1 u
HEKOTOpBIE MPOU3BO/HBIE cTUposa. Karanm3aropoM KaTHOHHOH ITOJHU-
Mepu3anuu ciayxar kuciotel JIetouca: BF3;, AlICl;, AlBr; u npyrue B
MPUCYTCTBUH OYCHD MAJIBIX KOJIMYECTB BO/IBI. B KauecTBe MITIOCTpanu
MPHUBEIEM KaTHOHHYO ITOJIMMEPH3AIMIO H300y THIICHA, KATaTU3uPYyEeMYIO
TpeX(TOPUCTHIM OOPOM.

Hnuyuuposanue:

H,0 + BF; = H® + BF;(OH)®.

CH, CHz
&, lo
(CH3).C + CHz=C(CH3), ——> CHa—Ci‘—CHZ—C

CHy  CH,
CHy  Chs CHy CHs
CH;—CI—CHZ—TGB + CHE=C(eh;), ——> (CH,),C—CHz—C—f-CHz—C®
CHy  CH, CHy CHy

n

OOpBIB LIENIM TPOUCXOAUT B pe3yabTaTe IMOTepH INPOTOHA MM OT-
pBIBa THIAPHUI-HOHA OT IPYTroro cyOcTpara (NMEepeHoC MemH). AJKEHBI,
CoJIepKaIlUe EKTPOHOAKICITOPHBIC 3aMECTUTEIIN, & TaKKe ITOKCH-
JIbl, TTOJMMEPH3YIOTCS B MPUCYTCTBHH OYCHb CHIBHBIX OCHOBaHHA —
MCETAJUIOOPTraHUYICCKUX COC,[[I/IHCHI/Iﬁ IICJIOYHBIX MCTAJIJIOB. Ilo CBOCMY
MEXaHH3MYy aHHOHHAsS MMOJUMEPH3AIINs OTIMYACTCS OT KATHOHHOW TeM,
YTO POCT LIEMHU OCYIIECTBISAETCS C y4YacTHEeM KapOaHHOHOB.

5.4.7.8. KOOPIUHAIITMOHHAS ITOJIMMEPU3ALINA AJIKEHOB

[Tonmmmepwn3amus mponuiacHa U OPYTUX alKeHOB o0Imeld (GpopmMyrsl
CH,=CHX (X =R; Cl; CN; COOR wu 1p.) 110 THIy «T0JIOBa K XBOCTY»
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NPUBOAMT K 00pa30BaHMIO MOJIMMEPA, B KOTOPOM KaXK[bIil UETHBIH aTOM
yIIeposia MIaBHOW LIETIN OKa3bIBACTCA XUPAIbHBIM:

nCH,=CH — ... -=CH,CH—CH,—CH—CH,—CH—-CH,—CH—...

X X X X X

CornacHo TPUHATON TEPMHUHOIOTHH (IV1. 8), 3TO O3HAYaeT, YTO B WC-
XOAHOM AQJIKEHE aTOM YIVIEPOJA, CBSI3aHHBIA ¢ Ipynnod X, sABIseTCs
MPOXHpPAIBHBIM. B KOHEYHOM MOIMMepe BO3MOXKHBI TPH Pa3IMYHBIX
BapHaHTa PACIOJIOKEHUs 3aMecTHTeNel X M aToMOB BOJOpOJa OTHO-
CUTENIHO INIaBHOM LI€NH, KOTOpPBIE HAa3bIBAIOTCS ATAaKTUYECKUM, CHH/IU-
OTAKTHYECKUM U N30TAKTHYECKHM.

H3orakTHueckHii mosunponuiaen ((rped.) 430 — OZHHADHBIH)
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B arakrnueckoM mnoaumepe rpynnsl X pacroOKEHbl COBEPLICHHO
Xa0THYHO, CTOJb JX€ XAOTHYHO uepenyercs R- u S-KoHUTypanus
XUPAIbHBIX LIEHTPOB B moiuMepe. PagukanpHas U KaTHOHHAS MOJIHME-
pusanus ankeHoB CH, =CHX mpuBomuT kK 00pa30BaHUIO aTaKTHICCKUAX
MOJIMMEPOB. ATaKTHYECKUE TMOJMMEpPhl aMOP(HBI U HUMEIOT CpaBHU-
TEJIBHO HHU3KYK TEMIIEpaTypy pasMsrdeHus. B CHHIMOTaKTHYECKOM
nojiuMepe pacrosiokenue 3amecturens X (Hanpumep, X=CHj3) cTporo
YHOPSAOYEHHO dYepeayercs 1Mo 00euM CTOpOHAM TOJIMMEPHOW IIETIH.
OTO O3HaYaeT, YTO B CHHIMOTAKTHYECKHX IMOJUMEpax KOH(UTYparus
XUPAJIbHBIX aTOMOB YIIEPOAA TAKXKE PETYISIPpHO H3MEHSIETCS BJIOJIb
menu: R, S, R, S, R, S, R, S u T. n. TpeTbe BO3MOKHOE PACIIONOKCHHE
3aMeCTUTENEeN IpU XUPAJIBHBIX LIEHTPAX MOJMMEpa JOCTUTaeTcs B U30-
TAaKTHYECKUX TMOJIMMEpax, KOTOpble HMEIOT OJJMHAKOBYIO KOH(QUTYPAIHIO
BCEX XMpaJbHBIX aTOMOB ymIiepoaa. B M30TakTHUeCKHX IMOIHMepax
3aMecTuTeNn X PacHOJOKEHBI [0 OJHY CTOPOHY IMOJMMEPHOH ILEemu.
CHUHINO- ¥ U30TAKTUYECKUE MOIUMEPHI OBLUTH HEU3BECTHHI M0 1953 T,
xorna K. [umep B ®PI" u k. Harra B Utanuu He3aBUCUMO JIPYT OT
Jpyra OTKPBUIM CIIOCO0 CTEpEeOoperyysspHON MOJUMEpPU3ALNN AJIKEHOB
U WX NOPOU3BOAHBIX. Takas MONMMEpHU3alMs OKa3alach BO3MOXKHOU
TOJIBKO B IPHCYTCTBHHM KaTaJIM3aTOPOB, COCTOSIIMX M3 COJeH mepe-
XOAHBIX METAJJIOB U METAJNIOOPTaHUYECKOTO COCAMHECHMSI, UTPALOIIETO
poib BoccTaHoBHTeNsl. Hanbonee M3BECTHBIM KaTajlU3aTOpPOM CTEepeo-
peryispHoil moaumepuszanuu sipisieTcss karanuzarop Llurmepa—Harra,
KOTOPBIN MOITYYaloT MPH B3auMOACHCTBHU TpHaikuiadroMuHus (R3Al)
¢ getelpexxiopucteiM TUTaHOM TiCly. Karammszarop Llurmepa—Harra
OOBIYHO HCHOJB3YIOT B BHUAE CYCIIEH3MH B HHEPTHOM pacTBOPHUTE-
ne. Ilonararot, 4yTo pacTymas MNOJIMMEPHAsl LENb KOOPAMHUPYETCS C
ANEKTPOHOJC(PUIIMTHBIMHE [IEHTPAMU TUTAaHA HA MOBEPXHOCTH KaTaJH-
3aTOpa, HO TOYHBIA MEXAHM3M KaTalu3a J0 CUX [Op HE YCTAHOBJEH.
CrepeoperynspHas MOJUMepU3allds Ha KOMIUIEKCHBIX KaTalu3aTopax
MONTyYMIJIa Ha3BaHUE KOOPOUHAYUOHHOU noaumepusayuu. V3orakrude-
CKHI MOJTUTIPONUICH, MOJIYICHHBIN IPU MOTMMEPU3AIIH MPOTTHIICHA Ha
karanuzarope Llumepa—Harra, pazMsardyaercst npu TeMIeparype BbIILIE
175°C, B TO BpeMs Kak aTaKTUYEeCKUU MOJHMIPONHIICH 3aMep3aeT MpH
—30°C. [lommaTHiCH, TONYYCHHBIH C ITOMOIIBI0 KOOPIMHAIIMOHHOMN
MOJIMMEPHU3ALINH, Ha3bIBAETCS MOJUITUIEHOM BBICOKOHM IIJIOTHOCTH; OH
MMeEET KPUCTAJUIMUECKYIO CTPYKTYpY. Bee crepeoperyispHbie mojmmMe-
PBI XapaKTepu3yroTcs 0oJiee YINopsJ0UeHHON KPUCTAIIMYECKONH CTPYK-
TypoH MO CPABHEHUIO C UX ATAKTHUYECKUMH aHaJOraMu. 3a OTKPBITHE
KOOPJMHAIIMOHHOM cTepeoperyisipHoi noiuMepusanuu K. Lurmep u
Jx. Harra Obutn ymoctoeHsl B 1963 1. HoOemeBckoit mpemuu 10
XUMUU.
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5.5. KAPBEHbI 1 KAPBEHOUN/IbI

KapOenamMu Ha3bIBalOT HEWTpaibHbIE HECTAaOWJIbHBIC YaCTHLBI C

JIByXKOOPAMHAIIMOHHBIM yIyiepoioM obmieii popmymsl R!—C—R?, e
aToOM ymjiepodga COACPIKHUT TOJBKO IIECTb BaJICHTHBIX JJICKTPOHOB.

Ero azoructhlil aHamor ¢ OJAHOBAJEHTHBIM a30TOM R—N: HasbiBaeTcs
HUTPEHOM. MBI IOCJIEOBATEIILHO PACCMOTPUM CTPOCHHE KapOCHOB,
METO/IbI TEHEPAIINHU 3TUX YPE3BBIYafHO PEaKIIMOHHOCTIOCOOHBIX YaCTHI]
U TPUCOEIUHEHHE KapOEHOB K JIBOWHOM CBfA3M, a TaKkKe BHEIPEHUE
kapOeHoB 1o o-cBs3u C—H.

5.5.1. CTPOEHUE KAPEEHOB

Heszamemennsiit kapben :CH,, Ha3bIBaeMbIil Takke METUIICHOM,
MOXKET HAXOIUTHCS B CHUHIVICTHOW WM TpuIUieTHoW (opme. B cuH-
mIeTHON (opme KapOeHa JIBa HECBS3BIBAIOIIMX JJICKTPOHA HAXOMSATCS
CO CIIAPCHHBIMM CIIMHAMHU Ha OJHOW OpOWTaNHM, B TO BpeMs Kak B
TPUIIETHOW (QOpME IBa HECIAPEHHBIX DJJIEKTPOHA C TapajuielbHbI-
MU CIIUHAMHM HaXOJATCS Ha JBYX OpPOMTAJSX OJIUHAKOBOW 3HEPTUU.
CUHIIIETHBIM KapOCH AWaMarHWTEH, a TPUILICTHBIA — MapaMarHuTeH,
MO3TOMY CTPYKTypa TPHUIUIETHOTO KapOeHa MOXET ObITh H3ydyeHa C
nomotrsio DI1P-ciekTpockonuu. PazmudnbIe diIeKTpOHHBIE KOHPUTYpa-
[UU CUHIJICTHBIX U TPHILICTHBIX KapOCHOB HAXOJST OTPAKEHHUE KaK B
Pa3IMYHON TEOMETPUH ATHX YAaCTHII, TAaK M B PA3IMYHON XMMHUYECKOU
aKTUBHOCTH. /I[ByXBaJleHTHBIN aTOM yIJIepo/ia CUHIVIETHOTO KapOeHa Ha-
XOIHUTCS B Sp°-THOPUIHOM COCTOSHHH, 062 IEKTPOHA PACHIONIOKEHb] Ha
sp*-rubpuHoii opoutanu (B3MO), a p-opourans (HCMO) cBobonHa.
TpurneTHBIA KapOeH XapaKTepU3yeTcs sp-THOPUAN3aIueHi IBYXBaJICHT-
HOTO YIIIEPOAa, MIPU ATOM J[BA HECIIAPEHHBIX AIIEKTPOHA PACIIONAraloTCs
Ha nByX p-opbutansx. Yrom H—C—H mnga cuHDIeTHOrOo MeTHIICHA,
COIVIACHO CHEKTPalbHBIM IaHHBIM, paBeH 102°, a s TPUILUIETHOTO
MeTHJIeHa OH yBennmuuBaercs 1o 135-140°. Dto cooTBercTBYyeT OoOJee
BBICOKOW CTa0MJILHOCTU TPHILICTHOr0 MeTwieHa. ComiacHO JaHHBIM
KBaHTOBOMEXaHMYECKHUX PacyeTOB, TPUIICTHBI METHUJICH ACHCTBUTEINb-
HO Ha 10 KKaj/Moib CTaOMIIBHEE CHHIJIETHOTO METUIICHA!

nycras p-opburans p-opbyiTant
e (f @/ p-opbuTans
sp rmﬁpw,unasz H——C——H
0 opbutans &0
CHHINIETHBIN TPUNNETHBIA
MeTuneH MeTUIeH
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3aMeCTHUTENH BBI3BIBAIOT U3MEHEHUE OTHOCHUTEIBHON CTAOUIBHOCTH
IIBYX yKa3aHHBIX (opMm KapOeHoB. JIJIg MHATKHIKapOCHOB TPUILICTHAS
(dopma TakKe cTabuiibHEe CHHIJIETHOM, HO Jijis nuranokapoenos - CHal,
U JIPyrUX KapOCHOB C 3aMECTUTEIISIMH, COJCPIKAIINMHU HEMOJICICHHY O
napy 3J1eKTPOHOB, OCHOBHBIM COCTOSIHHEM SIBJISICTCSI CHHIVIETHOE. J{is
nmuxiiopkapoena BaneHTHBIA yroia Cl—C—Cl paser 106°, uro xopoio
comiacyercsi ¢ CHHIIIETHOH (opmoil. Bonee Bbicokas CTaOHIBLHOCTD
CUHIIETHOU (DOPMBI TUTAOKApOCHOB 10 CPaBHEHHUIO C TPUILICTHOM,
MO-BUAMMOMY, 00yCIIOBIIEHa CTa0MIN3alMeH ee 3a CUeT HEemoIeICHHON
napsbl AEKTPOHOB TETEPOATOMA.

:Cl :Cl :81\
L N
>C: < \C: < \8!
S oo
:C.l/ :61/ o

Takass crabunm3anus TPUIUICTHOM (QOPMBI TUTanoKkapOCHOB HEBO3-
MokHa. COITacCHO JTaHHBIM KBaHTOBOMEXaHMYECKOTO pacueTa, SHep-
TUsl CHHIJICT-TPUIUIETHOTO TIepexoia JUlsl ITUXJopKapOeHa coCTaBisieT
13,5 KKaJji/MOJIb.

5.5.2. METO/Jbl TEHEPUPOBAHUSI KAPBEHOB U KAPBEHOHU/I0OB

CymiecTByeT HECKOJNBKO OOIIMX METONOB TEHEPHPOBAHUSA TaKHUX
HECTAOMJILHBIX YaCTHUIl, KaK KapOeHbl. B OIHOM W3 HUX B KayecTBe
MCTOYHHKA KapOSHOB HCIONB3YIOT aTH(aTHIeCcKue TUa30COeIMHEHUS —

nrazoankansl (1. 22). [IpocreifmiM auasocoequHEHHEM anudaTude-
S)
ckoro pspa ssisercs aumazomeraH CH,=N=N:. On mnpencrasnser

cO00OH OTHOCHTEJNBHO HEYCTOHYMBOE BELIECTBO, paszjararouieecs MpH
00JIyuyeHUH Ha a30T U METUJICH!

D ~.0
c\ny-—i‘NéN: L oN=n o+ iCH, .

MeTunex

Metunen :CH, mpu ¢doronusze auaszomeraHa oOpasyercss B MeHeEe
CcTa0WIbHON CHUHDIIETHOH (opme. CHHITICTHBI METHJICH B peE3ylbTaTe
CTOJIKHOBEHHUH C MOJIEKyJaMH IMa30MeTaHa TePAET SHEPTHIO U MpeBpa-
maeTcs B 0osiee cTaOMIBHBIA TPUIUICTHBIN MeTHIIeH. DOTON3 TUa30Co-
SIMHEHUH yTOOCH AJisi TeHEpaly caMOro METHIICHA, HO MaJOymoTpe-
OMM 1S TeHepalluy IPYTHX KapOeHOB BCIIEICTBUE MAJIOH IOCTYITHOCTH
BBICHIMX JMA30aJIKaHOB. Pa3HOBUAHOCTBIO DTOrO Crocoda reHepaunuu
KapOeHa SIBISEeTCS KaTallMTHYECKOE pasIoKEeHHE IHa30COeANHEHUN U
B IIEPBYIO Ouepeab AMA30yKCYCHOTO 3(upa B MPUCYTCTBUU MEAH, €€
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COJIEH, a TaKXKe HOHOB JAPYruX IEpPEeXOAHbIX MeTrauioB. Hekoropsie
MIPUMEPHI TAKOTO CITOC00a TeHEePUPOBaHUS KapOESHOB OYyIyT MPUBEIACHBI
Janee.

Bomnee o0mmuit mMeTon reHepupoBaHUS MOHO- W JIHAJKHIKapOCHOB
3aKIII0YAETCs B TEPMUUSCKOM MITH (POTOXMMUYECKOM PA3JIOKEHUH TO3ZUII-
THIPa30HOB — MPOU3BOIHBIX KapOOHMIFHBIX COCTUHEHUNA. DTOT METOI,
B NPUHIUIE, SBJISICTCS MoAM(UKAIMEed METo/a pa3jiokKeHUs TUa30co-
eIMHEHUH, TIOCKOJIBKY M B DTOM CIllydae WHTepMeInaTaMH SBISIOT-
csl JMa30coerHeHus. VICXOIHbBIE TO3WITHIPA30HbI 00pa3yrTCs IMpU
B3aMMOJICHCTBUY aJbJIETHA WM KETOHA C TO3WITHApasuHoM. DoTo-
XUMHUYECKOE PA3JIOKEHUE TO3WITHIPA30HOB B MPHUCYTCTBHH CHIILHOTO
OCHOBaHUS (mpem-OyTHiiaTa Kajdus, H-OyTHILTUTHS H Jp.) TO3BOJISET
n30exaTh BbIACICHUs qua3oaikaHa. OOpasyrolieecs Tua30CoeIMHEHUE
cpasy ke ToiBepraeTcsi POTOXMMHUYECKOMY Pa3IOKEHHIO U He HAKaIUIH-
BaeTCs B PEaKIMOHHOM cpene. PaznoxkeHne TO3MIATHAPAZOHOB C LETHIO
reHepanun KapOeHOB Bceria MPOBOIST B alipOTOHHOHN HHIU(depeHTHON
cpene — mumerokcudTane CH;OCH,CH,OCH3 (MOHOTIINM) ¥FUTH THMeE-
tuioBoM 3dupe mudtmnenriukois CH3;OCH,CH,; —O—CH,CH,OCH;
(murTIMm):

0 R1\ e R! 8 R1
1.7 N SN S
R C\R2+H2N—NH—TS — FENNHTs — LN ——»Wto /c + NN+ TS
R
KETOH TO3IMNMUPA30H Kap6er1

T5=CH3—<_:_>—502 — (ocTaTok /7gpa-Tonyoncynb@OKNCIOThI).

Jnst reHepUpOBaHUsI AUTaloKapOCHOB pa3padoTaHbl METOJbI, OCHO-
BaHHBIE Ha PEaKIWU Q-dIUMHHHPOBAHHUS TaJOTEHOBOIOpPOJA W3 TPH-
raJloTCHOMETaHOB TOJ JEHCTBUEM CHIIBHBIX OCHOBaHHMH. JTOT METO[
MCTOPHYECKHA OBLI TEPBBIM, C TIOMOIIBI0 KOTOPOTO B KauyecTBE WH-
TepMenuara OblJI TEHEPHPOBAH MEPBBIM U3 KapOCHOB — AMXJIOpKapOeH
(JIx. Xaita, 1950). XmopodopM OTHOCHUTCS K YHCIY OTHOCHUTEIHHO
cbHBIX C—H-kucnot ¢ pK, ~ 16 (1. 3). [Ipn B3anMoAeCTBUY C CHITb-
HBIMH OCHOBaHUSIMH M3 XJI0podopma, OpoModopMa U APYTUX TPUTAIO-
TEHMETAaHOB 00pa3yeTcsi aHHOH CHal3e , KOTOPBIH CcTaOMIM3HUpyeTcs 3a
CUeT OTILEIUICHHS raJIOTeHUA-UOHA C 00pa30BaHUEM JUranokapoeHa:

6MCTPO ME/JIEHHO

[S)
(CH3)3COH +CCl; —— Cl +:CClL, ;

JIUIXJIOpKapOeH

CHCI + (CH)5CO 2%

S S} S)
CHCI; + OH = CCl; + H,O — :CCl, + CL
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B kauecTBe OCHOBaHMS MOYHO HCIOJIb30BATh JTUTHHOPraHUUECKHE CO-
equHeHUS B mHIU(depeHTHO# anporoHHOM cpene. Torma mpu —120°C
MOXHO 3a()MKCHPOBaTh 0Opa3oBaHHE TPUXJIOPMETHUIIMTHUSI B KaueCTBE
WHTEpMeInaTa:

CHCl; + n-C4HoLi % CLiCLi + C4H,p —2 :CCl, + LiCl.

C TOMOTIIBIO TAKUX CHITBHBIX OCHOBAaHMM, Kak RLi, MOJKHO TeHEpHUPOBATh
KapOeHsbl n3 1,1-AUranoreHnpou3BOAHBIX U JaK€ U3 MOHOTAJIOTEHIIPO-
W3BOJTHBIX:

CH,Cly + CyHoLi 2222, [iCHCL, 4 CyH o =

XJIOPUCTBIH H-OyTHII-
METHJICH MTHiE

= :CHCl+LiCl;

MOHOXJIOpKapOeH

CsHsCHBr, M} C6H5.CBI' +C4H;¢ + LiBr;

o, 0- 1O POMTOITY O —78°C (henundpom-
(GenzanbOpommz) kapOeH

C¢HsCH,Br 22 CloLintue 4 CH 1 C,H,o + LiBr.

GeH3unGpoMm —78°C (enunkapOen

TouHyl0 CTPYKTYpy MHTEpMEIMAaTa B PEakKlHU IUMHHHUPOBAHHUS C
UCIIOJIb30BAHUEM JINTHHOPTAHUYECKUX COCAMHEHHN B KaueCTBE OCHO-
BaHUW YCTaHOBUTH O4eHb TpyAHO. Kpome cBoOomHOro kapbena :CXj;
37IeCh BOBMOXKHO 00pa3oBaHKe Pa3InYHbIX APYTHX YACTHII, KOTOPBIC MO
XMMHUUYECKOMY MOBEJICHHUIO MOJ00HBI KapOeHaM, HO Ha CAMOM JIeJie 110
CTPOCHUIO PE3KO OTIUYAIOTCS OT KapOeHOB. Takue 4acTHIIbI HA3bIBAIOTCS
kapbernouoamu. K xapoenounam orHocsites coenunenus tuna LiCCls,

Li

LiCHCI,, C¢Hs—CH—Br, xomruiekchl KapOSHOB C raJIOreHUIaMU JINTUS
U LIeJIBIH ST APYTUX YaCTHUII, KOTOpBIE OymyT YyIOMSHYTH 0c0060. Heko-
TOpbIe M3 KapOCHOWIOB IO PEaKIHOHHOI CIIOCOOHOCTH HMPAKTHYECKH
HE OTJIMYAIOTCS OT CBOOOAHBIX KapOEHOB, AL APYTHMX KapOCHOHIIOB
XapakTepHa NHasl PEaKI[HOHHAs CIIOCOOHOCTb, YeM JUIsl CAMUX KapOEHOB.
OO6mmii moaxox K auddepeHnranum HCTHHHBIX KapOeHOB U KapOeHOu-
JIOB 3aKJIFOYAETCS B CPAaBHEHUH PACIIPEAeIICHHS TPOIYKTOB U HX CTEPEO-
XUMHU B KOHKYPUPYIOIIUX peaknusx. OOBIYHO B KaueCTBE CTaHAapTa
JUISL CPaBHEHHMSI BBIOMPAIOT TAKOH METOM, IZie MOXKET TeHEepPHpPOBATHCS
TOJBKO MCTHHHBIN KapOeH, Kak, Halpumep, npu QoToim3e auazoan-
KaHOB M COJIEH TO3WITHAPA30HOB. DTHUM CIIOCOOOM OBLIO JIOKA3aHO,
yro kapOenous LiCCly paznaraercs Ha uctunHbli kapbOeH :CCl, wu,
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TakuM 00pa3oM, MO CBOCH PEaKIMOHHOW CIIOCOOHOCTH UJCHTUYCH Ca-
MoMy auxjopkapoeHy. C npyroi CTOpOHBI, peaKITMOHHASI CITOCOOHOCTH
KapOeHomIa, 00pa3ylolerocs Mpu B3aMMOJCHCTBUHM OeH3aJILOpOMUIA
Ce¢HsCHBr, ¢ #-0yTHimuTHEM, B pEaKIUsIX MPUCOCTUHCHHS K aJIKCHAM

CWJIBHO OoTIM4aeTcst oT uctTuHHoro enmnkapoerna CqHsCH.
JluxmopkapOeH MOXKET OBITh TEHEPUPOBAH JIEKAPOOKCHINPOBAHUEM
cyxoro tpuxiyopanerara Hatpust B TT'® uinm [TUuMETOKCHITaHE:

Cy—¢ 7 et o
O g G e, e, e
3

JuranokapOeHsl MOTYT OBITh TaK)Ke€ T€HEPHUPOBAHBI U TIPU O(-DJIH-
MHUHHPOBAHUU U3 KOBAJICHTHBIX MCTA/UIOOPraHUYCCKUX COeZ[HHeHHfI.
HawnbGomnee ymoOHBIM HcTOYHWKOM muranokapoenoB :CHal, sBisroTcs
HeHlTpanpHble pTyThOpranuueckue coeaunenus tuna CqHsHgCHals
(cM. 1. 23). B HUX CBS3b yIVIEpOI—PTYTh KOBAJICHTHA W I 00pa3o-
BaHMs JUrajisokapOeHa TpebyeTcst HarpeBaHue:

CgHsHgCHaly =5 C¢HsHgHal + :CHal,.

OTOT METOJ reHepUpPOBaHHs KapOEHOB MMEET TO NMPEHMYIIECTBO, YTO
peaxius MPOBOIUTCS B COBEPIIEHHO HEHTPAILHON Ccpelie B OTCYTCTBHE
CHJIBHBIX OCHOBaHI/II\/'I, CHOCO6HLIX BbI3bIBATb HM30MEPHU3ALUI0 MPOAYK-
TOB TIPUCOCAWHCHHS KapOCHOB K IBOWHOW CBSI3M ajKeHOB. Jpyrme
METaJUIOOpPraHMYECKUe MCTOYHUKU KapOeHoB, Hanmpumep R3SnCHals,
R3GeCHal; m ap., UCIONB3yIOTCS TOpa3no peke, 4eM PTYThOpraHude-
ckue coenunenus CoHsHgCHals.

5.5.3. PEAKIIMU KAPBEHOB 1 KAPBEHOU/10B

5.5.3.a. [IPUCOEJMHEHME K JBOMHOM CBS3U AJIKEHOB
C OBPA3OBAHMEM ITPOM3BOIHBIX [INKJIOIIPOIIAHA

[Ipucoenunenne kapOEHOB K ajKeHaM ¢ 0Opa3oBaHHEM IPOU3BOA-
HBIX ITUKJIONPOTIaHa SBJISETCS BaKHEUIIEH peaknueld kapOeHOB. Peak-
st Obuta oTKpbITa B 1954 1. Jlepunrom u XoMaHOM, U B HACTOSILEE
BpeMs 3TO HamboJiee pacpoCTPAaHCHHBINH OOMNI CIIOCO0 CHHTEe3a MPo-
M3BOJAHBIX HUKJIIOMPOIIaHa U NOCTPOCHUS MUKIIOIIPOIIAHOBOI'O KOJIbLIA:

R! CH— CHR2.

/
X X

R!CH=CHR? + :CX; —

B at0i peakiuu Hanbosee OTYCTIIMBO MPOSIBISICTCST pa3iiMyle B peak-
[IUOHHOM CIOCOOHOCTH CUHIJICTHOW U TPHUIUICTHOW (OPMBI KapOCHOB.
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KapOeHn B TpUINIETHOM COCTOSIHUM SIBIISICTCS OMpaJUKaIOM, U CIIEAYET
OXKU/IaTh, YTO TPUIUIETHBIM KapOeH TOJDKEeH 0o0namaTh Takoi ke peak-
LIUOHHOM CIIOCOOHOCTBIO M CENEKTUBHOCTHIO B PEAKIMSIX C AJKEHAMH,
KaK W JOPYyTHE paauKabHbIe YacTUIel. CHHIICTHBIA KapOeH C ITyCTOH
Pp-OpOHTAJIBbIO U HETIONEIICHHOHN Mapoil AIEKTPOHOB JOJKEH OBITh «OH-
(UITBHBIMY PEareHTOM, T. €. OJTHOBPEMEHHO U AIEKTPO(UIBHBIM, U HYK-
neo¢pmibHbIM. CHHIIETHBIH KapOeH MOXKET y4acTBOBAaTh B CHHXPOHHOM
OTHOCTAJMITHOM ITUKJIOMPHUCOEINHEHNN K JIBOMHOM CBS3M, TOTIA KaK
TPHUIUIETHBIN KapOeH JOKEH MPUCOEINHATRCS B JIBE ITOCIIEI0BAaTENbHbIE
CTa/INH.

(CH3),COK Br
0 + Chry (CH3)C-OH; 0°c O><5r
(80%)
7,7- BnbpoMHopKapaH

— . [TeHTAaH - .
(CH3)2C——C(CH3)Z+ CH,CL, +H-CyHoLi o (cﬁa)chu}(cﬁs)z (67%) .
CH

/
Ct

Jns cuHmeTHoro kapbeHa XapaKTepHO CHHXPOHHOE MPHCOCTMHEHWE
K JBOMHON CBA3U AJIKEHA C IIOJIHBIM COXPAaHEHUEM TE€OMETPHUU IpU
IBOIHOM cBs3U. [IprcoennaeHne CHATIIETHOH (DOopMBI KapOeHa 1o JBOM-
HOW CBSI3M MPOUCXOIUT, TAKUM 00pa3oM, CTPOro CTepeocnenuduyHo.
OTa peakius OTHOCHTCA K YHCIY TaK Ha3bIBAEMBIX MEPUIIUKINYECKUX
peakmuit (cM. TIL. 25):

H ] H., M
\/c=c/ + 10X, - SN
1 Ng2  cnHrnerHi R1/ \C R?
yuc-anKen Kapbet 7\
X X
R1\ /H R1\ /,H
C=——=¢C + :C X2 — °C C
H/ Ng? AT el H/ \C / g2
Tparc-anke rapuen X/ \x
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B kadectBe nmpumepa crepeocrenuuieckoro NprucoeIUHCHHS CHH-
IJIETHOTO KapOeHa K aJKeHaM MPHUBEIECM MPUCOCMHEHHE TUXJIOpKapOe-
Ha K yuC-TICHTEeHY-2:

CH;CH, H3 ¢ CH;CH, /CH3
C\c c’ | CHC, (CncoR e —CTH (67%)
H H (CH})}COH /

a’ Sal

[lepBoHagaIbHO AUXIOPKAPOCH TeHEPUPOBAIH IIPH B3aNMO/ICHCTBUHU
xyopodopma mon aelicTBUEM mpem-OyTUilaTa HATpUsl B alpOTOHHOMN
cpene (3dpup, TI'O, JIMD, ieHTaH) WIN MPU TEPMUICSCKOM PA3ITOKCHHIH
cyxoro Tpuxjopauerara Harpus B IMD. C BHegpeHHEM B NPaKTUKY
OpPraHWYECKOTO CHHTE3a MeToja MeX(a3HOro Karaiusa ¢ MepPeHOCOM
peareHTOB M3 BOAHOW B OPraHMYECKYIO (azy 3TOT METO[| Hallesl IIHPO-
KO€ TIPUMEHEHHE M /IS TPUCOEIUHEHHs TUTajoKapOeHOB K aJIKeHaM
(TeopeTnueckne OCHOBBI MEX(a3HOTO Karanuza OyayT NpUBEICHBI B
1. 9).

JuxnopkapOeH, TeHepUpOBaHHBI B BOJE, TMOJIBEPraercsi OBICTPO-
My THApOIN3y ¢ oOpasoBaHueM okcuma yriepoxa (), mostomy mist
MOJTYYEHUS] TEMHHAIBHBIX AUXJIOPIHUKIONPONaHOB KapOeH HEOOXOIMMO
TeHepUpOBaTh B OpraHudYeckoil (ase, a He B BoJe. DTO JOCTUTAETCS
JEeNPOTOHUPOBaHUEM XJiopodopma 1moj JeHCTBUEM THIPOKCHI-HOHA Ha
rpanuue paszgena das xmopopopm—sona. Hanee annon CCIy pasna-
raercsi Ha JAUXJIOPKapOeH M XJOPHI-UOH YK€ B OpraHudeckoi ¢aze u
IUXJIOpKapOeH MPUCOCTUHACTCS K TBOMHOM CBA3M ankeHa. O0mas cxema
NPEBPALICHUH OMUCHIBACTCS IPUBEICHHOMN HIKE TTOCIEA0BATEIbHOCTHIO
YpaBHEHUI:

NaOH, oz + Q" Cl, . = NaClyoz + QT OHS,
Q" OHyy, = QT OHy;

Q*OH§), + CHCl; = H,0 + Q*CCI§,
QTCCIY, = Q¥CIS, + :CCl,

BOJIH
opr’
3 opr?

3opr ~ opr

R,C=CR, + CClz — ch_ /CRz,
CC12
Q+Clopr N QEBCIBOI[H

e Q+ =NT (CHzCGHs) (CHzCH3)3, N+CH3 (C8H17)3 N IlpyFOP'I JIn-
MOGUIHHBIA KaTHOH TETPAaTKHIIAMMOHHUSI FITH TeTpaaaKui GochoHus.

@Da30BbIil IEpEeHOC B 3TOM CIIy4ae 3aKJII04aeTcs B IEPEHOCE THAPOK-
CHU/Ia TeTpaaKNIaMMOHUS U3 BOAHOHN B opraHnyeckyro ¢asy. [Ipoctorta
3TOrO0 METO/a TeHepupoBaHus AuranokapoeHoB (M. Makomra, 1969)
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CIIeNano JEerko JOCTYMHBIM CO3JaHHE IUKIOMPOMNAHOBOTO KOJbIA B
YCIOBHSIX MeX(a3HOTo IepeHoca. B HacTosmee BpeMs IpUCOSTHHECHUE
JIUTaJIOKapOCHOB K JBOWHOW CBSI3M OCYIIECTBIISACTCS HMEHHO 3THUM
MeToaoM. Breixonbl 1,l-guranoreH3amMenieHHbIX ITUKIONPONAaHOB, Kak
MpaBUJIO, BeChbMa BBICOKH M BOCHPOU3BOAUMBL. HekoTopwie mpumepsl
MIPUCOCTUHEHUS JUTAIOKapOCHOB K ajkeHaM B YCIIOBHIX MeX(a3HOTO
KaTaju3a MPUBECHBI HIDKE:
CHCl3- HZO —NaOH
CeHsCH=CH,—= o cercy\—/CHz (85%)
N"(CH,CeHs)(CH,CH3),CT Za

1’

O CHCL3~H,0— NaOH Q<C1
Nz e ! cl (70%)
CHN (CH,5) CL
a a
N
CHCl3H,0 —NaOH

H3(CH,) CH=CH CH3(CH,) cr/1 \CH (60%)
3 = 3\ )z °
3T (g )N, :

y

1l

Cl NaOH - HO
OO

Plen CH3),CHCeHs e

ITpu BoccTanoBneHuu 1,1-aurajsoreHIUKIONPONAHOB MO JeHCTBU-
€M JIUTHUS U mpem-0yTUIIOBOTO CIIUPTa 00a aTOMa raJioreHa 3aMealoTcst
Ha BOIOPOJ. DTO OIWH M3 OOUIMX METOJOB IMOIYUYEHHS MPOU3BOTHBIX
LIUKIONPOIaHA!

al ) e
(:[><C,L + Li + (CH3) LOH —— ()CHZ (86%)

B pamkax KOHIIETIIINH COXPaHEHHs OpOUTANBbHONM cuMMeTpud (1. 25)
MpHUCOEIMHEHNE CHHIVIETHOTO KapOeHa K JIBOMHOI CBSI3W CIeIyeT pac-
CMaTpuBaTh Kak (72 + ®2)-UUKIONPUCOCTUHEHUE. DTOT HpOIEecC Io-
IpoOHO paccMoTpeH B pasaene 2.4.1.a (. 2).

TpureTHslld KapOCH KaK THITMYHBIN OWpaauKayl TPHCOCTUHSICTCS
K aJKeHaM TI0 JIByXCTaJIMHHOMY MEXaHU3My C IMPOMEXKYTOYHBIM 00-
pa3oBaHWEM HOBOTO OWpaanKaia. 3aMbIKaHUE NHKIA B OWpaguKaie c
o0pa3oBaHHEM MPOU3BOIHOTO LUKIIONPONaHa HEBO3MOXKHO JI0 TEX TOp,
MOKa OIIMH M3 JJIEKTPOHOB B OWpaankaje He TOABEPTHETCS CITMHOBOM
uHBepcuu. MHBepeust cimHa — Oojiee MeIUICHHBIH Mpolrece Mo cpaBHe-
HUIO C BpaleHueM BOKpyT mpocTeix C—C-cBs3eii B Onpaaukaie. [1osto-
My 3aMBIKaHHE IUKIOMPONAHOBOIO KOJIbLIA IPUBOAUT K 0Opa30BaHUIO
o0onx muacrepeoMepoB. JlelicTBUTENBHO, TPUCOSTUHEHHE TPUTIIETHOTO
kapOeHa K JIBOMHOW CBsI3W HecTepeocnenu@UuyHo ¥ B OOIIEM Cliyuae
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MPHUBOIUT K 00pa30BaHUI0 000MX JAMACTEPEOMEPHBIX (POPM LIUKIONPO-

nanoBoro npou3BogHoro (T C X, — TpUTIIETHBIA KapOeH):

1 2 1 2 1 2 1 2
N ~R I R\.I ART mepnenno R R Rs. R
/C::(\\ + TCXZ —— /( """"" C -——n;a“—lz /C """ —— /
30M
H H A AT H

! ¢ vHBepCHeNt
tCxy CnuHa 1cx, X7 X

H. 1 .R H. ! R H .R
. Me LN eHHO hX S N ’
N rrrer L R AN

R! | H ¢ wsepcuenr  R! | M R H

TC)(Z cnuHa T(.‘Xz X X

CrepeocnermuuuHOCTh MPUCOSANHEHUS KapOeHOB K allkeHaM B
pacTBOpE IIMPOKO HCIONB3YETCS OJSl ONMPEACNICHUS MYIbTHILICTHOCTH
reHepupyemoro kapoera. CrepeocnennpuaHOCTb IPHUCOSAUMHEHUS pac-
CMaTPUBACTCsI KaK JI0KA3aTelIbCTBO Y4acTUsl CHHIVICTHOU (opmbl. OT-
CYTCTBHE CTEPEOCHEU(PUIHOCTH JOMYCKAaeT OJHOBPEMEHHOE y4acTHe
W CHHIVICTHOM W TPUIUICTHOW (DOPMBI, HO MOXKET CIYKUTh WHOTJA
OCHOBaHHWEM JIJISl YIaCTHUs TOIBKO TPUILIETHOTO KapOeHa.

D¢ deKTUBHBIH U AKCIICPUMEHTATBHO OYE€HBb MPOCTOH Ccrocod mpe-
BpallleHUs aJTKCHOB B IIPOU3BOAHBIE IIUKIONPOTIaHa OCHOBAH Ha PEaKIIUU
aJKEHOB C HMOJUCTHIM METWJICHOM U CIUIABOM IIMHKA W Meau. JTa
peakmnus Op1a OTKpBITa B 1958 1. I CMMoncom 1 P. CmuTtoM 1 cpasy
K€ 3aBOEBAJIa MIMPOKYIO MOMYISIPHOCTb B CHHTE3€ MPOU3BOTHBIX ITUK-
JonporniaHa. AKTUBHON JacTHIIEH B 3TOH peaKINH SABJIAETCSA HEe KapOeH
:CH;, a kapOenoun — voaun uonmetwiuika [ZnCH,1, oOpasyrommtics
MIPH B3aUMOJICHCTBUN MOJUCTOTO METUJICHA U IIMHK—MEIHOMN Taphl:

CH,l, + Zn(Cu) — ICH,Znl.

[Tepenoc metrmena u3 ICH,Znl mpowcxXoauT crepeocleupuIHo, HO
cBoOoxubii :CH; He sSBIIsSeTCSI HHTEPMEUATOM U pearupyromeil yactu-
LEeH B 3TOM IpoLecce SBIAETCS KOMIUIEKC KapOeHa ¢ MOAWAOM LIMH-
ka. Peakunss Cummonca—CMuUTa NpeCTaBIsieT COO0H MCKIIOUUTEIHHO
yOOOHBIH METOX Ul NPEBpAIlEHHs aJKCHOB B LMKJIONPOIAHBI, XOTs
BBIXOZBI MTPOAYKTOB KosebmtoTest ot 30 1o 90%:

Zn(Cu) o
O + CH,I, W——’ O> (92%)

HopkapaH
Zn(Cu) CH;—CH,
CHz=CH—COCH3 =+ CH,I, e \CH/_ ) gc”3 (50%)
0
CH
Zn(Cu) a3 0
— UL SN 30%)
CHy(CH, ),CH=CH, +CH, 1, S, 40°C CH}(CHZ):CH_CHZ (30%
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HdpyruMm 3¢pQeKTUBHBIM CcHOCOOOM TE€HEpUpPOBAaHUS KapOEHOUIOB
ABJISIETCS] YIOMSIHYTOE PaHee KaTaJIUTUYeCKOE Pa3JIoKeHHUE Ua30COeaU-
HEHU B IPUCYTCTBUM Menu U ee coneil. Tak, Hanpumep, mpanc-okTeH-4
TP B3aUMOJICHCTBUH C JHA30YKCYCHBIM d(hupoM obpasyet apup mparc-
JUTPONHIIIUKIONPONaHKapOOHOBON KHCIIOTHI:

CsH,
be3soaHblie CuS04; 90°C e

H
= + N,CHCOOC,Hs (62%)
H (G H G,

Hy

¢
N
/

H C00C, g

B peaknuu npucoenrHeHus: K JBOWHOMN CBSI3M MPUHUMAET y4acTue
He caM KapOdTOokcuKapOeH, a KapOeHOWI — KOMIUIEKC 3TOro KapoOeHa
C MOHOM MeIW. DTO JIETKO YCTAHABIMBAETCS IO PA3IMYHOMY COCTaBY
NPOIYKTOB, TIOJIy4aeMbIX U3 HCTHHHBIX KapOSHOB 1 KapOCHOMIOB ME/IH.
CoOOTHOIIIEHHE 3HIO- U 3K30- MPOAYKTOB INPUCOCAUHEHHS HCTHHHOTO
KapO3TOKCHKapOeHa, OIy4YeHHOTO IPH (HOTOJHM3E ANA30yKCYCHOTO dPH-
pa, K OUKJIOTEKCEHY PE3KO OTIMYAETCS OT TOTO, KOTOPOE HaOIIonaeTcs
IpU KaTaJlu3e MeIblo:

H
C00C,H C00C,Hy
@ + NCHCOOCH; ———— + O>LH
hy (31%) (16%)
et (69%) (4%)

Hekoropeie kapOeHBI HACTOIBKO AKTHBHBI, YTO CIIOCOOHBI IIPH-
COCIIUHATHCS JIaXKe K apoOMaTHUeCKOMY KOJbIly OcH30ia. OCHOBHBIM
npoayKToM (oToNM3a AMa3oMeTaHa B PAcTBOPE B OEH30JIE SIBISCTCS
nuKIorenrarpuen-1,3,5:

AHAJIOTHYHO pearupyeT U JUa30yKCYCHBIH dup:

@ + cHN,Co0c,H, ¥ <j>cncooc2++5 _—

€00C,Hs
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5.5.3.6. PEAKIIV BHEJIPEHI 10 CBA3U C—H

YHUKaJIbHOH OCOOCHHOCTHIO CHHIVISTHOTO KapOeHa SIBIISETCS CIIO-
cobHOCTh BHeApsAThes o cBss3u C—H ymreBomoponoB. PeakmmonHas
CHOCOOHOCTh CHHIVIETHOIO METHJICHA HACTOJBKO BEJIMKA, YTO BHEIpE-
Hue ero mo cei3m C—H He m3bmparenpHo. CBsizm C—H mrst mep-
BUYHOI'0, BTOPUYHOTO M TPETUYHOTO aTOMOB YIJIEpOJa IMOJBEPraroTcs
atake cuHmietHoro :CH; npuMepHO ¢ OJMHAKOBBIMU CKOPOCTSMH.
Tax, Hanpumep, pacnpeaeneHue npoaykros BHeaApeHus :CH, B ciyuae
H-TENTaHa COOTBETCTBYET CTATUCTUYECKOMY PACIPEACICHUIO H30MEPOB.
s xapOoToKCHKapOeHa CeIeKTUBHOCTh MaJI0 OTIINYAETCS OT METHJICHA.
Buenpenue kaposTokcukapoena o rperuunoit C—H-cBs3u npoucxoant
TOJIBKO B TpH pasa ObIcTpee, ueM 1o neppuaHoit C—H-cBs3m.

Peaxiuu BHEApEHUS XapaKTEPHBI TOJIBKO JIsI aKTUBHBIX CHHIJICTHBIX
kapOeHoB. J[uranokapOensl He BHempstoTcs mo cBs3u C—H. [l Tpu-
TUIETHBIX KApOCHOB XapaKTEPHBI HE peakiuy BHeApeHus 1o cBsi3zu C—H,
a OTIIEIUICHNE OT aJJKaHOB aToMa Boiopoia ¢ 00pa3oBaHHEM CBOOOTHBIX
paaNKaIoB:

T . . .
CH;CH,CH3+ 1 CH, — CH3CH,CH;, 4+ CH3;—CH—CHj3 + CHs.

5.5.4. HUTPEHBI

Hutpenst R—N, T. €. YaCTHIIbI C OJTHOBAJICHTHBIM a30TOM, SIBIISIOTCS
SNIEKTPOHHBIMH aHaJoraMu kKapOeHoB. Hutpen, oOpasyrommuiicst B kaue-
CTBE MHTEepMeauara npu oomydeHnn YD-cBeToMm 3(QupoOB a3zugokapOo-
HoBo# kuciotel N3 —COOC,Hs, crepeocnenupuaHo MPUCOSAUHSIIOTCS
K aJIKeHaM ¢ 00pa30BaHWEM a3WPHUINHOB:

0 0 0
o " L O I
‘N=N=N-COCH,CH,—~—N=N + |N-C-0CH,CH,| ———— ()N—C—OCHZCH3
HuTpeH (50%)

OpHako BBIXOJBl A3UPUIMHOB B 3TOM Ciydae, Kak MpaBUIIO, HEBBI-
COKM M HaWIyyllue pe3yJbTaTbl AOCTUTAlOTCs IPH HCIOJIb30BAHUU
JIpyToil mocieoBaTeIbHOCTH MpPEBpaIleHni. A3HIbl UCKIIOYUTEIHHO
JIETKO BCTYHAIOT B Peakuuio 1,3-IUMONIIPHOTO LUKIONPUCOSANHEHHUS
(r1. 25) X fABOMHON CBSI3M AJIKEHOB, NPUBOASNIYIO K TPHA30IMHY —
MSATHWICHHOMY TeTEepOLMKIY C TpeMs aroMamu a3zora. PopMaibHO 3Ta
peaknus mogoOHa MPUCOSANHEHMIO 030HA K allkeHaM ¢ 00pa3oBaHHEM
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MoJibo30HUAa. [Ipu ¢oronuse TPHUA30JIMHOB OTIICIUISCTCS MOJICKYJa
a30Ta ¥ TOJyYaeTcs asupuaAnH, HAIpUMeD:

ﬁ Q ® o Ny A
Jo menan e N-coocHcH, =N

| N
COOCH,CH, coocH,CH,
TpUa30AMH

HopBopHeH a3UPHANH

(95%)

KapOeHbl 1 HUTPEHBI UTPAIOT KIIFOUEBBIC POJIU B NIEPETrPyIIIUPOBKAX
Bonbda, Kypumyca, llmunra, lopmana u T. 1. MexaHusm 3Tux nepe-
TPYIIIIAPOBOK OyIET PacCMOTPEH B miaBe 26.
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VYreBoopoIbl, coaepKaine TPOHHYIO YIIepOA-yIIIEPOAHYIO CBS3b,
Ha3bIBAXOTCA ANKUHAMU. CTpOCHI/IG HpOCTGI\/'IH_IGFO U3 HUX — all€TUJICHa —
MIPUBEICHO HIDKE. ALIETHIICH (3THH) UMEET JTMHEHHOE CTPOCHUE C OUeHb
KOPOTKHUM paccTtosauem 1,203 A MEX]y SiJpaMu JIByX aTOMOB yIvIepoJa:

12034 10614

180°

Cesa3p C—H Takxe xopoue, uem cBsi3u C—H B stuiiene u srane. Bee
CTPYKTYPHbBIC XapaKTEPUCTHKHU alleTUIICHA JIETKO TOAJIATCS 0ObsICHE-
HUIO, €CIM TPHUHATH THUIOTE3y 00 sp-THOpUAM3AIlMd OOOWX aTOMOB
yoiepopa. Cesisb C—H, ob6pa3zoBaHHas IepeKkpbIBaHUEM Sp-THOPHUI-
HOW opOuTanmm ymiepoma W s-opOuTamu Bomoponma (sp—s), JOJDKHA
ObITH KOpoue, ueM sp°—s-cBa3b C—H B sTuieHe, 4To M HabmonaeT-
ca B gaeictBurenbHocTu. Jnnna C—H cBsi3u yMeHbIIaeTcs B psiay:
sp>—s > sp’—s > sp—s. OnHa U3 YIIEpOA-yIIEePOAHBIX CBA3eH B

468



Tabnuma 6.1

dusnyeckne CBOiCTBA AJIKHHOB

2| g
AT Dopwyra § E E\‘; ITnorHoCTS,
a g o = /M
O = O =
E R E o
5 S 3 E
== [l
OTHH
(ameTHicH) HC=CH 82 —84 0,620
npu —80°C
IIporun CH3C=CH —104 —23 0,678
npu —27°C
Bytun-1 CH3;CH,—C=CH —130 8 0,67
ByTtun-2 CH3C=C—CH3 —28 27 0,69
[entun-1 CH3;CH,—C=CH —95 40 0,69
Ilentun-2 CH3CH,C=CCH; —101 55 0,71
3-Metun-

OyTus-1 (CH3),CH—C=CH — 28 0,67
l'excun-1 CH;3(CH,)3;C=CH —124 71 0,73
l'excun-2 CH3CH,CH,C=C—CHj -92 84 0,71
I'excun-3 CH3CH,C=CCH,CH3 —51 82 0,73
3,3-lumertwi-

OytuH-1 (CH3);C—C=CH —81 38 0,67
(mpem-BbyTtun-

aleTUJICH)

Tentun-1 CH3(CH»)4C=CH —80 100 0,73

Okrun-1 CH3(CH»)sC=CH —70 126 0,75

Honun-1 CH3(CH»)¢C=CH —65 151 0,76

Jenun-1 CH3(CH»);C=CH —40 182 0,77

Jerun-5 CH3(CH2 3CEC(CH2)3CH3 — 78 —
mpu 25 mm Hg

aneTuieHe oOpa3oBaHa MEPEKPHIBAHUEM JIByX SKBUBAJICHTHBIX Sp-TH-
OpuAHBIX OopOHWTalleii: 3TO O-CBA3b. J[Be mpyrue yriepoa-yriepoaHble
CBSI3U SIBIIIIOTCS T-CBSI3IMU M 00pa3yIoTCs IIPU MEPEKPBIBAHUU ABYX P
U JIByX p, opOHuTaieli. DIeKTPOHHAs IIIOTHOCTD B JIByX OPTOTOHAJIbHBIX
T-CBsI3sX 00pasyeT TOp ¢ LWIMHIPUYECKON OChl0 cuMmeTpuu. bosee
MoJipoOHOe OMUCaHNe IEKTPOHHOW KOH(HUTYpaluy aneTHieHa 1aHo B
mase 1.
®dusnyecKkre CBOMCTBA aIKWHOB MPEACTABIICHEI B Ta0m. 6.1.

6.1. HOMEHKJIATYPA

[IpocThie anKuHBI, cormacHO OOIIe HOMEHKIAType, paccMaTpHBa-
I0TCS KaK MPOU3BOMIHBIC allETUJICHA, Y KOTOPOTO OIWH WM ABa aToMa
BOJIOPOZIa 3aMeIIeHbI Ha aJIKUIIbHBIE TPYIIITHL:

CH;CH,=C—CH; (CH3);C—C=CH

STUJIMETHIIALCTUIICH mpem-0y THITalleTUIICH

CeHsC=CCxHs

Z[I/I(beHI/UIaLIeTI/UIeH
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B cucremaruueckoit Homenknarype MIOIIAK nns ankuHOB BBeIEHO
OKOHYaHUE «HH», KOTOPOE 3aMEHSAET OKOHYAHUE «aH» aJIKaHOB:

CH;

CH;CH,C=CCHj; CH;—C—C=CCHj

MEHTUH-2 |

CH;

3,3-numeTnnOyTuH-1

8 7 6 5 4 3 2 1
CH3;CH,—CH,—CH—-C=C—-CH,CHj;
CH,CH;3;
5-3THIIOKTUH-3
Ecmu mmeercst apyrast pyHknnonampHas rpymmna, takas kak OH, CHO,
COOH u n1p., IMEHHO OHAa OMpeAeseT Hayajo HyMepaluu:
[ 2 3 4 5
HO—CH,—CH,CH,C=CH H-C—-CH,-CH—-C=CH
4-nentun-1-o1 | ‘

(0] CH;

3-MeTuin-4-neHTHHAb
Ecnu B mMosiekyse npucyTCTBYIOT OJHOBPEMEHHO U JIBOMHAsI U TpOMHAas
CBSI3U, IIPU HyMEpallUU MPEANOYTCHUE OTAACTCS IBOHHOM CBS3H:

6 5 4 3 2 1
HC=C—CH,—CH,—CH=CH, CH;CH=CH—-C=CH
1-rekcen-5-un nenTeH-3-un-1

6.2. IOJIYYEHUE AJIKUHOB

MCTOI[bI MOJIy4YCHUsA AJIKWHOB MOXHO DPa3ACIUTb Ha [ABC T'PYIIbI
AJIKWJIMPOBAHUC AlICTUIICHUA-aHUOHA W PCAaKIUU OTIICIIICHUS, IIPUBO-
IsTie K 00pa30BaHUIO TPOMHON CBSI3H.

6.2.1. AIKMWJINPOBAHUE AIIETHJIEHUA-UOHA U KAPBAHUOHOB
TEPMHUHAJIBHBIX AJIKHHOB

ANCTUICHUI-MOHBI ATKWIMPYIOTCS TIO]T JICHCTBHEM MEPBHUYHBIX -
KUJIOPOMUIOB M QJIKHIIMOIAUIOB C 00pa30BaHUEM aJKUHOB C BBIXOJOM
o0brgHO Oomee 70%. Drta peakius, B CyIIHOCTH, TPEACTABISAET cOO0M
TUIMYHBIA Ipoliecc OMMOJIEKYISIPHOTO HYKJICO(QHUIBHOTO 3aMelICHUS
y HaChIIEHHOTO atoma yniepona (mi. 9), rae posib HyKIeo(GHUIbHOTO
arcHTa BBIIIOJHSAIOT Kap6aHI/IOHLI allCTUJICHA UJIU ankuHa-1:

TM®TA wiu JMCO
—>

R'C=C® 4 R?*CH,Br R'C=CCH,R? + Br®.
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KapOanuoHbl areTusieHa U €ro roMOJIOrOB IPEACTaBISIOT co00i He
TONBKO OYEHb CHIIBHBIA HYKJICO(QWIBHBIN areHT, HO TaKXXe W CHIIBHOE
OCHOBaHue, 1Jisi KoToporo pK, compspkeHHOH KucioTsl paBHO 25. Ilo
STOW MPUYUHE BBICOKUE BBIXOJIbl AJIKUHOB JOCTUTAIOTCS MPU UCIOIb30-
BaHWU B KAYCCTBE AKWIHPYIOIIETO areHTa TOJBKO HEPA3BETBICHHBIX
MEPBUYHBIX AJKHUITAJIOreHUI0B. J[JI1 BTOPUYHBIX aJKWITaJOTCHUI0B
BBIXOZIBI QJIKMHOB PE3KO CHMXKAIOTCS U peko mnpesbimator 10% Beren-
CTBHE KOHKypHpyIomero £E2-smuMmuanpoBanus (1. 10).

TpeTuyHble aNKUITaJOTCHUAB HAIIECIO MOIBEPTaIOTCS IITUMUHUPO-
BaHUIO TIOJ JIeHiCTBHEM KapOaHWOHAa KaK CHJIBHOTO OCHOBaHWA. Jliist
JMIOCTMXKEHUSI ONTUMATBHOTO BBIXOJA alIKMHA, KaK M IS JAPYTUX IPO-
eccoB Sy2-TUMA, PEAKLMIO CIEIyEeT NPOBOAUTH B CPEAE IUIOJISPHBIX
ANpPOTOHHBIX pacTBopuTeNe (WI. 9), Ty4YIIMMHU U3 KOTOPBIX SBISIOTCS
rexcametmiadochorpuamun (MDTA), N-metunmupponuaon u JIMCO.
Amnanoruynele pe3ynbTaThl yacto aocturatorcs B TI'D —xuak. NHj.
B Tabn. 6.2 npuBeeHbl HEKOTOPBIC TUITHMYHBIC MPUMEPHI AJIKUIUPOBA-
HUS alleTWJICHUJOB HaTPUs U JIUTHUSL.

DTOT METOI HEMPUTOJCH ISl BBEACHUS BTOPUYHON HIIM TPETHUHON
AJKUIBHOM rpynmbl. /[l monydyeHust alKuHOB, COAEpIKAIIUX BTOPHUY-
HYI0O WU TPETHYHYIO aJKWIbHYIO TPYIIy MpU TPOMHOU CBSI3U, B
HacTosmee BpeMs pa3padorad A((GEKTHBHBIA CIIOCOO, OCHOBAHHBIN
Ha AJKWJIUPOBAHMM JUAHUOHOB AJIKMHOB C KOHILIEBOM TPOMHOWU CBs-
3p10. Korma TtepMmuHambHBIA amkuH 00palaThIBAIOT JBYMS MOIISIMHU
OYeHb CHJILHOTO OCHOBaHUsI, TaKOro Kak H-Oytuimntuii H-C4HoLi uimu
mu-uzo-npormiamun autus LiN (u30-C3H7),, obOpasyercs AnaHuoH, B
KOTOPOM 3apsi[l JIOKAJIM30BaH Ha AalleTHJICHOBOM M TaK Ha3bIBACMOM
MIPOMAPIUJIBHOM aTOME YIVIEPO/a, HaXONALIEMCs pPsSAOM € TPOUHOMH
cBsi3pr0. Hampumep, npu B3aumMoneicTBuu 3-MeTWiOyTUHA-1 ¢ AByMs
SKBUBAJICHTAMH H-OyTHILTUTHSA B TI'®D monydyaeTcss TUaHUOH:

H Li

CH3*C‘7CECH + 2H-C4H9Li m} CH37(|:7CEC*L1+

CHs CH;
+2C4Hyg — 2L (CH3),C—C=C® 22,
Trd, —20°C
CH;
— (CH;),C—C=CH + LiOH.

CH; (78%)

ATKHITAPOBaHWE TPONMAPTHILHOTO JAWAHWOHA TICPBUYHBIMH aJIKHIITa-
norenugamu (ogauM mojeM RCH;Br mwnmu RCH,I) ocymecTtBusiercs
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Tabnuma 6.2
CuHTEe3 aTKHHOB AJKAJIHPOBAHHEM AlleTHJIEHHI-HOHOB

NaNH, CH; (CHy)31

1) HC=CH HC=C®Na®
suakuii NHz, —33°C sunknii NHg, —33°C
— HC=C—CH,CH,CH,CHj3; + Nal

2) CHj3 (CH2)3CECH +u—CHelj —M¥ — CH3(CH2)3CEC*Li —
I'M®TA-TI'®; —25°C

CHy (CH,)3CH,Br CH;(CH,)3C=C—(CH,)4CH; +LiBr
TrO-'MOTA; 25°C (90%)

3) 2HC= C°Na® + BrCH,CH,Br —> HC= CCH,;CH,C =CH + 2NaBr
(81%)

4) HC=C®Na?® + CH; (CH2)sBr —————— CH; CH>CH,CH,C=CH —

I'M®TA, 25°C

1) NanHy H; (CH,)3;C=C(CH,);CH; +2NaBr
2) CH3 (CH, )3Br, TI'®, 21°C (76%)

5) CH; (CH2)3CEC*L1 + (CH})zCHBI‘

RN
TMOTA-TI'®; 25°C

- CH3(CH2)3CEC7C‘H7CH3+CH3CH:CH2 + CH3(CH,);C =CH
(6%) (94%)

CH3
6) CHj3 (CH2)3CEC*Li + CH;CH,—-CH-CH,.Br ——
‘ TM®TA, 25°C
CH3
— CH;3(CH,)3C=CCH, CH— CH»CH3; + CH3(CH,),C=CH + CH3CH, — C‘:CHQ

(37%) CH; (63%) CH;

HCKJIIOUYUTENLHO 10 IPONAapIHILHOMY aTOMY YIIEPOAA U HE 3aTparuBaeT
MEHee PEeaKITMOHHOCIIO COOHBIN Sp-THOPHIHBIN alleTHIICHOBBIN KapOaHH-
OHHBIHM LEHTpP. AJKWINPOBAHNE TUAHUOHOB aJIKWHOB-1 MO Mponapruib-
HOMY TIOJIOKCHHIO MTPEICTABIISICT COOOH IMONIE3HBIN U TOCTYITHBIN CITIOCO0
IMOJIY4YCHUA 3aMCIICHHBIX alICTUJIICHOB C paSBeTBHCHHOﬁ BTOpI/I‘{HOI‘/'I I
TPETHYHON AJIKMIIFHOW TPYIIION MPH alleTHIIEHOBOM YTJIEPOJTHOM aTOME.
DT0 0COOCHHO IIEHHO TOTOMY, UTO MPSIMOE AJIKUIUPOBAHHE aAl[CTHIICHUI-
MOHOQHHMOHA HEJIb3sI OCYIIECTBUTH O JACHCTBHEM BTOPHYHBIX M Tpe-
TUYHBIX AJIKUJITAJIOIC€HHUOO0B.

6.2.2. JETUJPOI'AJIO'EHUPOBAHUE BUITMHAJBHBIX
JUTAJTIOTEHHUJ10B

OTmeruieHne IByX MOJIEKYJ TaJlOT€HOBOIOPOAA OT BHUIIMHAIBHBIX
JIUTAJIOTCHUIOB MIPEACTABIsICT COO0M OMUH U3 CaMBIX PacHpOCTpaHCH-
HBIX METOJIOB CO3/IaHus TPOHHOM yriiepo-yriepoaHoi cBsa3u. [lockosb-
Ky MCXOAHBIC BUIIUHAJIBHBIC AUTAJOTCHUABI OJYYarOT NPHUCOCANHCHU-
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eM OpomMa WM XJIOpa K ajKeHaM, BeCh NPOIECC T'aJIOTCHHUPOBAHUSI—
JETHIPOTATIOTCHUPOBAHUS SIBIISICTCS IBYXCTATUHHBIM METOIOM IIpEBpa-
IICHUST aJIKCHOB B aJKWHBI. OTIICIICHHE TaJIOT€HOBOIOPOa TOCTUTA-
eTcs ¢ TOMOIIBI0 CHIIBHBIX OcHOBaHMH, Taknx kak KOH B srtamore,
KOH B audTuUiCHIIMKONE WIM TPUATWICHDIHKONE. (s OTIIemieHus
MTOCJIEIOBATEIIEHO JIBYX MOJIEKYJ TalOTeHOBOIOPOIA TPEOYIOTCS OUeHB
JKECTKHE YCJIOBHS, W M1 COKpAIleHHUS BPEMEHU DPEaKIUui HEPEeIKo
ucmnob3ytoT pactBop KOH B MUATHIICHITIHKOIIE WITH TPUITHIICHIIIUKOIIC
rpu 200-290°C BMecTo 00b14HOTO criupToBOro pacrBopa KOH:

Ce¢HsCH=CHC¢Hs + Br, W C¢HsCH—CH—CcHs —
' ]

Br Br

C¢HsC=CCsHs +2KBr + 2H,O0.
TPUITUICHIIIMKOIB, 290°C (88%)

2KOH

IIpuMeHeHue CIUPTOB B KAUE€CTBE PACTBOPUTES B IIPOLECCE DIIUMU-
HUPOBAHMS UMEET OYEHb BaXKHBIN HEJOCTATOK IIPU CUHTE3€E AJIKUHOB CO
CTPOTO OIPEJEIICHHBIM II0J0KEHUEM TPOUHOM CBsA3U. B ciuproBoli cpe-
IIe B J)KECTKUX yCIIOBUAX BBIME 150°C MPOUCXOAUT MUTPAITUS TPOHHOM
CBSI3M U QJIKUHBI-1 HM30MEpHU3YIOTCS C MepeMeleHHeM TPOMHON CBS3U
BHYTpPb LICIIU:

CH;CH,CH,C=CH —=_, CH;CH,C=CCHj.
crupr, 175°C
HamoMuuM, 4T0o nu3aMellleHHbIe MPU TPOUHOM CBSI3M AJIKUHBI TEPMO-
JUHaAMHWYCCKU 6oinee CTa6I/IJ'H:HbI, 4YeM TCPMUHAJIBHBIC AJIKWHBI. IL]'DI
MOJIyYEHMs TEPMUHAJIBHBIX QJIKUHOB JIYYIlIE UCIIOJIb30BaTh aMUJl HATPUS
B JKHJIKOM aMMHUaKe:

2NaNH;
skunkuii NHz; —33°C

CH3 (CH2)7CHCH2B1' C8H17C ECH+2NaBr+2NH3;
|

Br (12%)

CH;(CH,),CH=CH(CH,);COOH CI%
4

Br

B 2NaNH;
— CH3 (CH2)7CH C‘H(CH2)7COOH it NHs; —33°C

Br

CH3(CH,);C=C(CH;)7;COOH (creapoioBast KUCJIOTA).
(60%)
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st cunTe3a ankuHOB-1 Hanbosee addexTuBHA Apyras MonuduKa-
LSl JeTUIPOTajIoreHupoBanus 1,2-aurajoreHankaHoB C NCII0JIb30BaHNU-
em KOH B rekcannuosne-2,5 B MpUCyTCTBUH MEK(Pa3HOTO KaTalu3aropa:
KOH; NR; CI~ .
RCHBr—CH,;Br —————— RC=CH (80 — 85%).

reKcaHIuon-2,5

6.2.3. JETUJAPOTI'AJIOTEHUPOBAHUE 'TEMUHAJIBHBIX
JUTAJTIOTEHHUI0B

I'emuHaNBHBIE IUTATIOTEHU/IBI TTOYYAIOTCS C YIOBIETBOPUTEIHHBIM
BBIXOJIOM NPH ACHCTBUU HA KETOH ISITUXIIOPHCTOTO hocdopa u mupuIu-
Ha B Oen3oJe. OTIIeruieHne raroreHoBOI0po/ia TOCTUTAETCS ISHCTBUEM
KOH B nusTuneHMKoe, OAHAKO HAaWTy4Illue pe3yIbTaThl JIOCTUTA0TCS
Npy NPUMEHEHUHU aMUJa HATPUsl B CMECH XKHJIKOTO aMMHuaka u 3¢pupa:

PCls, CsHsN 2NaNH
R!C—CH,R?> ——=25 R!CCL,CH,R? B
CgHg skuakuit NHz—a¢hup

I
0
— R'-C=C—R? +2NaCl + 2NH;.

50-75%

6.3. XUMHWYECKHE CBOVICTBA AJIKHHOB

AleTHIIeH U TepMUHAJIBHBIC AJIKMHBI 00J1aJal0T CBOHCTBAMH CIIa0BIX
C—H-kucnor ¢ pK, ~25 (1. 3). OHu 00pa3yloT COJHM MPH B3aUMO-
JEHCTBUYM C aMHJOM HATpusi, H-OyTHIUIUTHEM, IH-U30-TIPOIHIAMUIOM
JIUTHUSL U IPYTUMH CHIIBHBIMU OCHOBAaHUSIMH, PK, CONPSKEHHBIX KUCIOT
KOTOPBIX BBIIIE TPUALIATH:

HC=CH + 2NaNH, —— NaC=CNa + 2NH3;

sxuakuii NHj
RC=CH + C,;HoLi %, RC=C—Li + C4Hy,.

TepMuHaNBHBIE ATKUHBI 00pPA3yIOT cepeOpsHBbIC WM MEIHbBIE COJHU
MPH B3aMMOJICHCTBUYM C aMMHAYHbIM PAacTBOPOM THUIPOKCHIA cepedpa
i Menu (1), KoTopeie HepaCTBOPUMEI B BOZIE, CITUPTE M OOJIBITHHCTBE
JIPYrUX pacTBOPUTEIICH:

RC=CH + Ag(NH;)?HO® — RC=CAg + H,0 + 2NH;.

Bo MHOTHX peakiusax aJlKHHOB MPOUCXOIUT IPUCOCIUHEHUE MOISIp-
HBIX PEareHTOB 10 TPOMHOM cBsi3U. Tak ke Kak IBOMHAsI CBSI3b B alIKEHAX
apisieTcs: Oosee cnaboid, 4eM JIBe OIUHApHBIE O-CBs3U (TI. 5), TpoiiHas
CBsI3b cllabee, YeM TPU ONWHAPHBIX O-CBSI3U. DHEPTUS TPOWHOU CBSI3U
B arnerwieHe coctapisieT 200 Kkaji/MOJb, TOTA KaK 3HEPTUsl yriIepol-
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YIIEPOJHOH CBS3U B 3TaHe — 88 KKaJI/MOJb. DTO O3HAYAET, YTO PEAKLUU
AJIKMHOB, COIPOBOMKAAIOLIMECS Pa3spblBOM JIBYX T-CBA3eH U oOpa3oBa-
HUEM 4YeThIpeX HOBBIX O-CBSI3€H, TEPMOAWHAMHUYECCKH ONaronpusTHEI,
HIOCKOJIbKY COIIPOBOXKIAIOTCS BBIICICHUEM TeIla.

6.3.1. KATAIMTUYECKOE I'i/IPUPOBAHUE 1 BOCCTAHOBJ/IEHUE

I'ugpupoBaHue aIKUHOB MPOUCXOJUT IPUMEPHO B TEX JKE€ YCIOBHIX
U B IIPUCYTCTBUH TEX )K€ KaTaJIU3aTOPOB, YTO U THIPUPOBAHUE AJIKEHOB.
[lepBast cTamusi rUAPUPOBAHMS alleTUICHA 0 THIIEHa Oojee AK30Tep-
MHYHA, YEM BTOpas, [J€ STUJIEH IIPEBPALLAETCS B 3TaH:

HC=CH + H, 2% CH,=CH,+AH®; AH® = —42 xkan/monb;
CH,=CH, + H, 2% CH;—CH; +AH®;  AH® = —33 KKai/Molb.

W3 »>TUX maHHBIX CIEAYET, YTO THIPUPOBAHUE AJIKWUHOB, B MPHUHIIUIIC,
MOJKHO OCTAHOBUTH Ha CTaJuH oOpazoBaHus ankeHa. OmHako ¢ 60Jb-
IIMHCTBOM KaTaJIM3aTOPOB AJIKHMHBI TUAPUPYIOTCS MPSIMO 0 aJKAHOB:

R'C=CR? +2H, ™, RICH,CH,R?.

Tem HE MeHee MOXHO TIOAOOpPATh YCIOBHUS TaKkUM 00pa3oM, 4TO-
Obl OCTAaHOBUTH THUAPUPOBAHUE Ha TepBoW craauu. Karamuzatopom
BOCCTAHOBJICHHS AJIKWHOB [0 aJIKEHOB CIYXXHT MaJUTaguii Ha Kap-
OoHaTe KaJblLlus, JC3aKTUBUPOBAHHBIN O0pa0OTKOM aleTaroM CBUHIA
(xaranmuzatop JluHapa), wim Apyras ero pasHOBHAHOCTH — MaJlIagni
Ha cyibdare Oapus, JIe3aKTUBUPOBAHHBIA XUHOJIMHOM. [ HIpupoBaHue
AJKUHOB Ha KaTtanu3arope JIMHIapa MpONCXOIUT CTEPEOCEIEKTHBHO C
oOpa3oBaHueM yuc-ankeHoB. CTepeoXnMUYecKasi YUCTOTa YuUC-ATKEHOB
B OTOM cllydae He MpeBbimaet 96%, T.e. Hapsay C yuc-aJKCHOM
Bcerna momyvaercs 5-10% mpanc-n3omepa. B kauectBe Hamboiee
TUMMUYHOTO TPUMEpa MPUBEIEM THAPUPOBAHKE AIIETUICHOBOTO CIIUPTa
JI0 yuc-aIKeHOJIa — KIIFOYEBOW CTaJid B CHHTE3E ITOJIOBBIX aTTpaK-
TAHTOB HACEKOMBIX, HAlPUMEpP IMOJIOBOTO (hepOMOHA KalpOBOIO JKyKa
14-metun-8Z-rexcaneneH-1-as:

CH3

|
Pd/CaCO; —(CH3COO),Pb
CH3CH,>CH(CH,):C=C(CH, )sCH,OH + H, /Oa ;O(C o CH)ZOH
XUHOJIUH] 3 3 2

T
— CH3CH, CH(CH2)4\ y (CH;)¢CH,OH
A7 T
H H
92%
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| cic: CH(CH2)4>C:C H oG
CH3 H AN (CHZ)éCHon CH,Cl,,20°C
8%
— CH,CH,— $H—(CH2)4\C:C (CH,)4CHO.
CcH, H  H

(epomon KarpoBoro xyka
Honst mpanc-uzomepa ymeHsiaercss 10 5% MNpu TUAPUPOBAHUM TpU
—30°C u Bozpacraet 10 20% npu ruapupoBanun npu +50°C.
Jpyrum UHTEpPECHBIM MPUMEPOM U30MPATEILHOTO BOCCTAHOBIICHUS
TPOMHOM CBSI3M Ha Karanu3arope JIuHanapa sBIsieTCS THMAPUPOBAHUE
yuc-uuKIoneKa- 1 -eu-6-una, rae IBOiHAs CBA3b HE 3aTParuBacTCs:

¢ Pd/Bas0, - Pb(0Ac),
l | + H,
c CH3OH; [::Iji]

(95%)
yuc-uuKknopeka-1-eH-6-u yuc,yuc-umknopexanmen-1,6

Hust ctepeocnenn(uueckoro BOCCTAHOBICHHS AUATKHIIALETHICHOB
IO YucC-aJKeHOB OYEHb YJOOHBIM M JOCTYIIHBIM PEAareéHTOM OKa3aJics
JU-U30-0y TUITATIOMMHUNHTUIPU I, COKpallieHHo Ha3biBaembli JITBAJI-H:

(CH;—CH—CH,),AlH

CHj;
RC=CR + [(CH3)2CHCH2]2A1H
tomyoun, 0° — (—10°), B asore
H_ AI[CH,~CH—(CH;),
— /CZC\
R CH3OH mmm C,HsOH, —10°C
H H
/
- c=c(
R R
yuc-anKeH

Tax, HanmpuMep, MPU BOCCTAHOBICHUU LUKIONOICIUHA C TIOMOIIBIO
JANBAJI-H ob6pasyeTcst HCKITIOIUTEIBHO yuc-U30Mep MUKJIOA0ICIICHA:

1) AUBAN-H, Tonyon, 0°C
2) CH30H

(98%)
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CeneKTUBHOE BOCCTAaHOBJICHUE TPOHHOW CBSI3H JIO JBOWHOM OOBSCHS-
€TCsI TEM, UTO aJIKEHbI OYE€Hb MEIJIEHHO BOCCTAHABIMBAIOTCS C IIOMOIIBIO
JUBAJI-H no ankanos npu 70-80°C, Torna Kak BOCCTAHOBJIICHUE aJIKH-
HOB JI0 yuc-aJKeHoB ocymiecTsisercs yxe npu 0—(—10)°C. JUBAJI-H
MOJIYYaeTCsl B MMPOMBIIIICHHOCTH MPHU B3aUMOACHCTBUU OYEHb YUCTOTO
MTOPOIITKOOOPA3HOTO ATIOMUHUS, BOAOPOAA W TPUHU300YTHIIAITFOMIHUS.
Tpuun300y THITATIOMUHUI [TOJTyYalOT U3 H300yTHIICHA U BOJOPO/A:

4Ka£bCHaﬁhAHJH¢+mugg?SﬁAmKHﬂ}Hahhh
— arM

50-150°C

6CH2:C(CH3)2 +2Al+ 3H, 2[(CH3)2CH_CH2]3A1

50-60 atrm

Juis nonyuenus: u3 ankuHa oneduHa yuc-xkoHdurypamuun 98-99%
CTEePEOXUMHUYECKON YUCTOTHI B KayeCTBE KaTan3aTropa TeTepOTreHHOro
TUAPUPOBAHUA CIICAYCET HCIIOJIb30BaTh KOJ'[J'IOI/I,I[aHLHI)II‘/'I HHUKEIIb (KOM-
Mepueckoe HaszBanme P—2—Ni). Takoii katamm3aTop MOJIydaeTcs B
PE3YyJIbTaTC BOCCTAHOBJICHHUA all€TaTa HUKEIISA 60pFI/I,I[pI/IZ[OM HaTpusd B
crupre B npucytctBuu 1,2-arunenuamuna HyNCH,; CH,NH,, koTopbiit
IMPENATCTBYET JalbHEHIIEMY IMAPUPOBAHUIO AJIKEHA J0 AJIKAHA:

(CH3CO0),Ni; NaBH,
CH3 CHZ OH; NHZ CHZ CHzNHz 3 20°C

CH;CH, N _CH,CH;
— P Cc=C N
H H
(99%)

CH;CH,C=CCH,CH; + H,

(CH3 COO)zNi; NaBH4
CH3CH>OH; NH>CH,CH,NH;;20°C

HO—C (CH,);0H
/
%cc\
H H

(98%)

HOCHzCEC(CH2)4*OH +H,

—

mparnc-VI30MephI aIKEHOB MOIYYal0TCS TP BOCCTAHOBIICHUH HETEP-
MUHAJbHBIX QJTKHHOB PACTBOPOM HATPHS WU JIUTHS B )KUJIKOM aMMHUAKE
pu —33°C. PacTBOPHI MIEITOYHBIX METAJIOB B JKUIKOM aMMHaKe o0a-
JAI0T CBOMCTBAMHU CHJIBHOTO BOCCTAHOBUTENS (CM. II. 12) B oTiuume
OT aMHUJIOB INEJIOYHBIX METAJIOB, MIPAIOIINX POJbh OYEHb CHIBHOTO
ocHoBaHUs. BoccraHoBneHue amkMHOB HATPUEM B JKUJIKOM aMMHUAKe
MPOTEKAeT IOJHOCTHIO CTEPEOCHeMPUIHO ¢ 00pa30BaHUEM TOIBKO
mpanc-u3oMepa ankeHa. s 3Toro mporecca MPeAsioKeH MEXaHU3M
JIBYX2JICKTPOHHOTO BOCCTAHOBIICHHSI TPOWHOUM CBSI3W ¢ 00Opa3oBaHUEM
B KaQu€CTBE MHTEPMEINATOB MOCIEIOBATEILHO AaHUOH-PAIUKaIa, BUHUII-
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pajuKana U BUHUI-aHUOHA. [IepBblil 31€KTPOH HANpPABISIETCS Ha pas-
PBIXJIAIONIYIO 7T-0pOuTans ¢ oOpa3oBaHHWEM aHHMOH-pamukana. [lamee
AQHUOH-PAJUKaJ IPOTOHUPYETCS AaMMUAKOM U JJa€T BUHWIBHBII pajuKal,
KOTOPBIA MPUCOCTUHSIET €Ille OJMH JJICKTPOH ¢ 00pa3oBaHHEM BUHHII-
annoHa. B KOHIIC KOHIIOB BUHUJI-AHWOH OTHICTUISICT IIPOTOH OT aMMHUaKa,
BBIMONHSIOMETr0 polib N—H-KUCIIOTBI, B pe3ylbTaTe 4ero moiay4aercs
mpaHc-aJIKCH U aMUJI-aHUOH:

04HO3NeKTDOHHOR '’ o 4T
) RO==C(R + Na —DOOMEMTOMOE W@ 4 [RC=(R]

BOCCTaHOBNeHKE
aHUOH-pasuKan

- S R\ D

2) [RE=CR]" + NHj NH, + (=C
{ ] 2 H/ d \R
BUHUN-pafUKan
X R\ 0 0AHO3INEKTpOHHOe N ® + R\p P@e
= > Na C==C
3) H/& a \R 30CCTaHoBAEHNe H  J R
BUHWI- QHUOH
4) R\c Q+ NH NH, +R\c c"H
— J—— =
=L 3
/ Jd \ Hf \R

TpaHc-anKeH

CrepeoXuMusi KOHEYHOTO MTPOYKTa BOCCTAHOBIICHHSI, TI0-BUAUMOMY,
OTpeJeIIsieTCs] BOCCTAHOBICHUEM BHHUWII-pAJIMKANa 70 BUHHI-aHUOHA
B cramuu (3). BuHHMI-pamukan CymecTBYeT B yuc- U mpauc-popMax,
KOTOPBIC HAXOJISATCS B PABHOBECHUH, TJI€ B CUIIBHOM CTEIICHH IIpeodiiaiaeT
mpanc-bpopma. O6e GOpMBI BOCCTAHABIMBAIOTCSA IO Yuc- W MPAHC-
BUHUWJI-aHUOHOB C NIPUMEPHO PaBHOH CKOPOCTHIO, HO Mpeoliiaarolnei
bopMoii okaswbIBacTCs mpanc-BUHUI-AHUOH, KOTOPBIA MOIYyYaeTCsl MPH
OZTHORJICKTPOHHOM BOCCT@HOBJICHUH NPEoOIaaioiero mpauc-BUHUI-
pamukana. B3anmornpeBpaiienne yuc- U mpanc-GopM BHHUI-AaHHOHOB
MPOUCXOJUT MEIJICHHO, M CKOPOCTH ATOTO IPEBPAIICHHUSI MHOTO MEHBIIIE
CKOPOCTH MPOTOHHPOBAHUSI AHUOHA AMMHUAKOM B CTaMH (4).

B kauecTBe npumepa BOCCTAHOBJICHHS aJIKWHOB HATPUEM B XKHJIKOM
aMMHaKe MPHBEJEM BOCCTAHOBICHHE JCNMHA-5 J0 mparc-JleneHa-5 ¢
BbIX0AI0M 78% u crepeoxumudeckoit unctoroi 100%.

CH;(CH,);C=C(CH,);CH; Na
xkunkuit NHz,—33°C
CH;(CH,)s _H
- Sc=c(
H (CH2)3CH3
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AHAJIOrMYHO BOCCTaHABIIMBAIOTCS CTCapOJIOBasA KUCJIOTa A0 3JIaUIUHO-
BOM KHCJIOTHI U OUAJIKHUHBI 10 mpaHc,mpaHc-JUCHOB!

Li
CH;(CH;)7C=C(CH,)7;COOH
3( cze)a7ponoaaa (1<ucn02Tz)17 xuaknii NHz,—33°C
CH;(CHy)r. H
— /C—C\
H (CH,);
COOH
anauanHoBas kucnora (84%)
CH;C=C(CH,);C=CCH; —=
xugkuii NHj
CH _H
— Se=c
H (CHy)s,  H
sc=c(
H CH;

(72%)

BoccraHoBnienre au3aMeIeHHbIX MPpU TPOUHOM CBSI3U aJIKUHOB JI0
mpanc-aNKeHOB MoJ| AeHCTBUEM pacTBOpa HATPHUsS B KHUJIKOM aMMHAKe
IIMPOKO HCIIONB3yeTCs B CHHTE3e OWOJIOTHYECKH AKTHUBHBIX COE/IN-
HeHHH. B kauecTBe mpuMepa NpUBENEM CHHTE3 TOJIOBOrO QepomMoHa
BpEAUTENIS KaHAICKOHN enu:

Co vt O_(CHZ)NBLF'C—CCH cH CO“(CHZ)"’C:;C.?QC "
L= -3 2
Ho(cH, ), Br ———— 0 . »( o oo
HO-(CH H <]
Na, NHz2uaKuia ( Z)Q / (:SHSNHCx‘Oz(?le
—HO(CH, ), C=CCH,CH; - > c=C
19 -33°C / L CH,C1,
H CH,CHy
Tpaxc-11-TeTpageueH-1-o1
0
X
¢—(CH ) H
H/ 2 9
Ne—
/
H CH,CH4

Tpaxc-11-TeTpajeuerans

Ncxomabm BemecTBOM CIIykuT 10-0poMaekanon-1, B KOTOpOM THIPOK-
CHWJIBHYIO TPYIIY 3aIlUIIAI0T C MOMOIIBIO JUTUAPOINKMpaHa, peBparas
ee B TeTparuaponupaHoBeii mpoctoit 3dup (wi. 11). Kommencarus
3anuieHHoro 6pomruapuna ¢ 1-0yrunmnnutuem B 'M®TA npusonut
K JU3aMENIeHHOMY TIpU TPOMHOM CBA3M alikuHy. TeTparuaponupa-
HUWIbHAS 3alllMTHAs rpymnmna yjansercs neiicteuem HCl B meranone, a
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AlETUJICHOBBIN CIHMPT JAajiee BOCCTAHABIMBAETCA HATPUEM B JKUIKOM
aMMMaKe 10 aJKeHoja mparc-KoHpurypauuu. OKUCIeHHE NepBUYHON
CIIUPTOBOM TPYIIIBI 10 albJeruja XJopxpoMaToMm nupuanHus (ri. 11)
3aBepLIAET CUHTE3 M10JI0BOTO (hePOMOHA BPEIUTEIS €IIH.

BoccraHoBiieHue alKMHOB 10 MPAHC-AIKEHOB CTEPEOXUMUYECKOU
qUuCTOTEl 97-98% MOXKET OBITH OCYIIECTBICHO TaKXE C ITOMOIIBIO
aTIOMOTUIpHaa TUuTHs B aurmume npu 140-150°C:

LiAlHy4
nmurnum, 140-150°C

CHy(CHy);  H

/c=c\(

CHj; (CH2)7CEC(CH2)7CH3

_)

H CH,),CH;

(95%)

CnenyeT OTMETUTD, YTO AJIKCHbBI HEC BOCCTAaHABJIMBAIOTCA HU PaCTBOPOM
HICJIOYHOI0 METaJlla B )KUJIKOM aMMHUAKE, HU aJIIOMOTUAPUAOM JIUTUS.

6.3.2. THAPOBOPUPOBAHUE

Tunpumer 6opa MPUCOSTUHSAIOTCS K TPOWHOW CBSI3U aIKUHOB. [ mpo-
OopHpOBaHHE AJIKHHOB OTKPBIBAET IyTh K CHHTE3Y HECKOJIBKUX KJIacCOB
COCIMHEHHI: aJIKCHOB, BHHWITAJIOI€HUIOB, AlBICTUNOB H KETOHOB.
I'mnpobopupoBaHre alTKMHOB C KOHIIEBOH TPOMHOM CBS3bIO C TOMOLIBIO
BH; He ynaercs 0CTaHOBUTH Ha CTaJWU IMPHUCOEIUHEHHS OJHOTO MO
BH;, mpuBoasmiero k BuUHHIOOpaHy. BHHUIOOpaHBI NMPHCOETUHSIOT
eme omHy MoJekynmy BH; ¢ oOpa3zoBanmem cioxHo# cmecu 1,1-mu6o-
PWIBHBIX MOJUMEPOB, HE UIPAIOLINX 3aMETHOM POJIM B OpPraHMYECKOM
cuHTe3e. TpyOHOCTb MOMy4YeHHS BHHMIOOPAHOB MOXHO IPEOH0JIETH
Onaromapsi MPUMEHEHHUIO OoJiee CEIEKTUBHOTO MPOCTPAHCTBEHHO 3a-
TPYAHEHHOTO IMCUaMIIIOOpaHa WU AULUKIOTeKcHiI0opaHa:

R _H
RC=CH +Sia;BH ———  C=C{
o0 H BSia,
e
(CH3),CH,_
,C— | —BH=SiaBH.
CH;" 'H

2

[Tpucoenunenne Sia;BH k ankuny-1 npu 0°C ocranaBinuBaeTcsi Ha
CTaguu 00pa30BaHMs BHHIJIOOpAaHA C BBIXOIOM, OJNIM3KAM K KOJHYE-
CTBCHHOMY.
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Peaknust ankunoB-1 ¢ aucuamMuiaOOpaHOM MPOTEKAET CTPOTO PErro-
crennUYHO U cTepeocnenuPUIHO KaK CuH-IPUCOCTUHEHUE, TPpyIIa
BSia, npucoenunsieTcsi K KOHLEBOMY aToMy yriepoaa. MckimounTensHo
MOJIE3HBIM U YIOOHBIM PEareHTOM JUIss THAPOOOPHPOBAHHS AJTKHHOB
OKazaJicsi TaK Ha3blBaeMbIil MUpoKarexuHOOpaH, KoTopeld mpu 65°C
B TI'® npucoenuHsieTcs Mo TPOMHOM CBSI3U C PETHOCEIIEKTUBHOCTHIO,
MOJJIOOHON MPUCOCAMHEHUIO TUCHaMUIO0paHa:

0. C4H H C,H H
< T 49 49
CHC=CH + @: BH ——— \C=C/ + = /
/ 70°C / 0 / N
0 H B /B\ H
0 00

(93%) d (7%)

Cam mupoxaTexuHOOpaH MOJIy4aeTcsl IPU B3aMMOACHCTBUH MUpPOKaTe-
xuHa ¢ qubopanom B TI'®D:

) on e <
+ BMH o050 2 B+ 4,
OH 0

AJKUHBI C HEKOHIIEBOW TPOMHON CBA3bIO TaKXKE IMPHUCOEAUHSIOT
TUCUAMUJIOOpaH, MHUPOKATEXWHOOpPAH W JApPyrue THAPUABI Oopa 00-
meil popmynsl RoBH. Peaknmsa mpotekaer crepeocnenn(uyHo Kak
cun-nipucoeuHenune. ['mapobopupoBaHne HECUMMETPUYHBIX aJIKUHOB
MIPOUCXOAMUT PErHoCeNeKTUBHO, U rpynna BR, npucoeaunsercs k Hau-
MEHee IPOCTPAHCTBEHHO 3aTPYAHEHHOMY KOHIlY TPOMHOM CBSI3U:

0 (CH&.\ C CH
. _ ~ Tre /3 3
(ct),c-c=cet, + B~z e
o’ H/ \B/O +
(CHy).C CH ~o
i 5%
~.7 AN
B H
+ @:0/ (5%)
CeHiy CHz

0 Tre AN /
CSH11CECCH3 ‘+‘ @ \BH To(:b /C=C\
S 0
u NI
CeH CH ~o0
611 3
N
0 =
OSSN
0
(8%)
CuMMeTpUYHbIE AJIKWHBI IAI0T €TMHCTBEHHBIN MPOILYKT IPUCOESAUHEHUS
omguoro mouisi Ro,BH.
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Bunuibopansl, onydaromuyecs: Ipd MOHOTHIPOOOPUPOBAHUH TEP-
MHUHAJIBHBIX U HETEPMHUHAJBbHBIX AJIKMHOB (AJKHHOB C KOHLEBOH H
HEKOHIIEBOW TPOMHOW CBA3bIO), CIyKaT KIIIOYEBBIMH peareHTaMu JUIs
MHOTHX NPEBPALICHUN B COBPEMEHHOM OPTraHMYECKOM CHUHTE3€e. B aToM
paszesie Mbl PacCMOTPUM HEKOTOpbIE HamOoJiee BaXKHBIC PEAKIHU C
ydacTueM BUHUI00paHoB. KucinoTHoe paciieruieHue BHHUIOOPaHOB 110]
JieficTBrEeM KapOOHOBBIX KHUCJIOT ¢ 00pa30BaHUEM aJIKEHOB MPOUCXOAUT
cTepeocnenu(GUUHO ¢ MOJHBIM COXpaHeHUeM KoHurypauuu. JByxcra-
JUIHBIN Mpolecc ruApoOOpHUPOBaHHS AIKMHOB C HEKOHIIEBOI TpOHHON
CBSI3BIO C MOCJIEAYIOIUM IPOTOJIIN30M YKCYCHON KHCIOTON MPUBOAUT K
00pa30BaHUIO aJKeHa UCKIIOUUTEIBHO yUC-KOHPHUTYPaLUH:

1) Sia,BH, TT® CH;CH, _CH,CH3
e Se=c

CH;CH,C=CCH,CHj;
2) CH;COOH H “H

(82%)

OTOT ABYXCTaAMHHBIN Tpouecc CciayXUT 3(P(EKTHBHBIM CHHTETHYC-
CKHMM DKBHBAJCHTOM KaTaJHUTUYECKOMY BOCCTAHOBIICHHIO AIKHHOB JIO
yuc-aJKeHoB Ha Karajuszaropax Jlunmmapa u P—2—Ni. IlpeBpamienue
AJIKMHOB B yYUC-aJKCHbI C IOMOILbI THAPOOOPUPOBAHUS LIMPOKO HC-
HOJIb3yeTCs B CHHTE3€ OMOJOrMYECKM AKTHBHBIX BEILECTB, HalpUMEp
MOJOBOro (pepoMOHa LUTPYCOBOTO UYEpPBSi — OMACHOTO BPEAMUTEINS LIUT-
PYCOBBIX IE€PEBBEB:
1) (CF) —BH
CH3CH2CEC*CEC*(CH2)10*OH—2>
2) CH3COOH, 0°C
2
7 7 CsHsNHCrOsC1©
— CH3CH,CH=CH—-CH=CH(CH;);)OH ———
O

VW
—cZH.

z z

— CH3CH,CH = CH—CH = CH(CH,;)o

CrepeoceseKTUBHOE paclIelIeHHe BHHWUIOOPAHOB OpOMOM  HIIH

MOZOM B NPHUCYTCTBUU METWJIaTa HAaTPHUsl B METAHOJIE IIPUBOIMT K IIO-

JYYCHUIO BUHUWIOPOMHUIOB MM BUHHIMOAUIOB C TIOJHBIM COXpaHEHHEM
KOH(UTYpAIIH TIPH ABOWHOHN CBSI3U:

CH3(CH2)5\C:C/H o hcioNa, CHz(CHz)S\ B H
/ N NN CH3;0H 4 N

H B I H I
0 AN74 (80%)

Hawnbonee BakHO# peaknueld ¢ y4acTHEM BHHHIJIOOPAHOB SBIISETCS
OKHCIIUTCIIBHOC PACHICTIJIICHUC CBA3U C—B moa ,Z[Cf/iCTBHCM ICJIOYHOIO
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pacTBopa mepekucu Bojgopoaa. Kak M 1is ajakeHOB, MPU 3TOM IpPOHC-
XomuT 3aMeHa BR; rpynmsl Ha THAPOKCHI IO MEXaHHU3MY, OIHCAHHO-
My paHee B miaBe 5. IlepBoHayalbHBIM MPOJYKTOM OKHCIMTEIBHOTO
pacILEeIUIeHUs SBJISIETCS HEHACBHIIICHHBIN CIIAPT, CONEPKAIUN THIPOK-
CWJIBHYIO TPYIIy TpU JBOMHOHN CBsI3M, OOBIYHO HA3bIBAEMOIl E€HOJIOM.
Enon mememnenno m3zomepmsyercs (cM. . 16) B Ooiyiee ycToidmBOe
KapOOHWIILHOE COCMHEHHE — aJIbJIeTH] WK KeTOH. BuHunbopansl, co-
JeprKalye aroM 0opa y KOHIIEBOTO YIIEPOAHOTO aToMa, IIPH OKUCICHUH
IIEJIOYHBIM PACTBOPOM IEPEKHCH BOJOPOJA JAIOT aJbJAETHJIbl, OCTallb-
HblE€ BUHMJIOOPAHBI B TEX XK€ YCIOBUAX NMPEBPAILAIOTCS B KETOHBI:

CH3(CHa)s _H

- Sia,BH
CH;(CH,);C=CH Sc=c -
Tr®,0°C H “BSia,
_— /C:C — CH3(CH2)3CH2C
pH7—8;H202 H \OH \H
€HOI (88%)
CH;CH,C=CCH,CH, — %™
2) H,0,; NaOH; H,0
(0]
CH3 CHZ N /CHZCH3 H
— /C:C\ — CHg(CHz)z_C_CHQCH3
H OH
eHo (97%)

JIByXCTaAMIHBIH TMPOIECC THAPOOOPHUPOBAHUS ATKUHOB C TOCICIYIO-
UM OKHCIICHUEM IEPEKHUCHhI0 BOAOPOAA C TOYKH 3PEHUS] KOHEYHOTO
pe3yjibTaTa 3KBUBAJICHTCH NPUCOCAMHCHHUIO BOABI I10 TpOI\/'IHOI\/'I CBA3U.
J171s1 amKUHOB ¢ KOHIIEBOHM TPOWHOM CBSI3610 OH IIPUBOAUT K 00pa30BaHUIO
ajpaernjia, 4To COOTBETCTBYCT aHmu-MapKOBHI/IKOBCKOfI PEruocCecK-
TUBHOCTH THJpaTallii TPOWHOH CBs3W. Iy cpaBHEHHS] OTMETHM, YTO
KHCJIOTHO-KaTaJIu3upyeMas mpsiMast TUAparanus aJKUHOB IPOTEKAET B
MTOJTHOM COOTBETCTBHH C NPaBWJIOM MapKOBHHUKOBA W MPHUBOAUT K 00-
pa3oBaHUI0 KeTOHOB (cM. miI. 6). 9-bopadunmkiio(3.3.1)nonan (9-6bH)
VAUBUTEIFHO WHEPTEH 110 OTHOIIEHWIO K aJIKHHAM, XOTS JIETKO TPHCO-
eIMHSETCS K allkeHaM. DJTO TO3BOJISIET CEJIEKTHBHO T'HIPOOOPHPOBATH
JIBOMHYIO CBS3b B MPHCYTCTBUH TPOWHOU CBSI3W B €HHHAX:

CH;CH,CH,C=CCH,CH=CH, — PP Ie
2) HzOz;NaOH; HzO

— CH3;CH,CH,C=CCH,CH,CH,0OH.
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MepkypupoBaHUe BUHUIOOPAHOB MPUBOAUT K TMOJTYYCHUIO BUHUIIBHBIX
PTYTHOOPTAaHMYECKUX COCTUHEHUI CO CTPOTO OIPEICIICHHON CTepeOXu-
MHUCH:

1) Hg(OAc),, CH;OH R\C:C/H

| 2)NaCl H/ \HgCI

N\ 7

\||/
2N

B mpucyTcTBHM OCHOBaHUWS — METHIIATa HATPHsI — BAHUIOOPAHBI TOJI-
BEPraroTCsi KPOCC-COYETAHUIO C MOMOIIBIO KOMILJICKCOB OJHOBAJICHTHOM
MEIHM WM HYJIbBAJICHTHOrO Majutafus. [IpomyKTaMu 3TOro COYeTaHus
OKa3bIBAIOTCS mpawc,mparc-1,3-1ueHsr:

1) CH;0ONa
/ ?
N \\‘ 2) CuBr-S(CHs),
%

c=C _H (98%)

H “C(CHy)s
E,E-1,3-nuen

DTO TOJNBKO HEKOTOpBIE M3 PazHOOOpPAa3HBIX MPEBpAIlCHUN Ha OCHOBE
BUHHJIOOPAHOB, pa3pabOTaHHBIX 32 MMOCIEIHUE TOJIBI.

6.3.3. OKUCJIEHUE AJIKUHOB

AJKUHBI C HEKOHIIEBOW TPOMHOM CBA3BIO CITy’KaT MOTEHIMAIbHBIM
HMCTOYHUKOM JUIsl CUHTEe3a 1,2-ITMKETOHOB NpU IEHCTBUU MOAXOASIIETO
okucautensd. OJHAKO 10 CUX IOp HE HAWJIEHO YHHMBEPCAIBHOIO pea-
T€HTA, BbI3BIBAIOLLEIO OKUCIEHUE TPOUHOM YyIIEPOA-YIIIEPOIHOM CBS3U
nmo 1,2-nukapOonmnpHON Tpynmbel. [IpemmaraBmmiicss I 3TOW IeH
RuO4 —oxcun pyrenus (VIII) — caumkoM JOpor M 4YacTO BBI3BIBAET
TMATBHEHTITYI0O OKUCITUTEIFHYIO MECTPYKINIO 1,2-TUKETOHOB IO KapOo-
HOBBIX KUCHOT. [Ipu B3auMonmeHCTBUM NU3aMEIICHHBIX AIleTHUIICHOB C
TaKUMU CWIBHBIMU OKHUCIIMTEISIMU, KaK IMEPMAHTaHAT KaJlMs, TOJBKO
B COBEpIICHHO HelTpanbHoi cpeae npu pH 7-8 npu 0°C okucnenue
yaaeTcs OCTaHOBUTh HA CTaTUM 00pa30BaHUs o-IWKeTOHA. Tak, HarpH-
Mep, creaposnoBas kuciora npu pH 7.5 okucisercs A0 oO-IUKETOHA.
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B OosbmHCTBE Cly4aeB OKHUCICHHE COMPOBOXKIACTCS PACIICIUICHUEM
TPOMHOMU CBSI3U ¢ 00pa3oBaHUEM KapOOHOBBIX KHCIIOT:

KMnOy4
H,0;pH7,5;0°C

— CH3 (CH2)7C*C* (CH2)7COOH;

CH; (CH2)7CEC (CH2)7COOH

00
. I

CH;C=CCH,CH;
H,0;0°C,pH7,5

CH;C—CCH,CHz;
(90%)

R!C=CR? 2%, RICOOH + R*COOH.
H,0, 1

BrIxos mpOIyKTOB OKUCIUTEIBHON JECTPYKIUU AJIKHHOB HEBEIIUK, U
9Ta peakiys He WrpaeT 3aMeTHOH pOJM B OpPraHMYECKOM CHHTE3e.
OHa HCHONB3YyEeTCS HUCKIIOUUTENBHO JUIsl JOKA3aTeNbCTBA CTPOCHUSA
TIPUPOIHBIX COEAMHEHWH alleTHJICHOBOTO psfa. B kadectBe mpumepa
MIPUBEAEM J10KA3aTEIBCTBO CTPOCHHS MPUPOJHON alleTUIICHOBON KHCIIO-
ThI, COJIEPIKAIIICHCS B JIUCThSIX TPONUYECKUX pacTeHuil B [{eHTpanbHOM
Awmepuke. [Ipu ee OKHCIUTENHHOW JECTPYKIUU ObUIM BBIJICJICHBI JIBE
KHUCJIOThI — JIAyPUHOBAsE M QJUIIMHOBAs. DTO O3HAYACT, YTO HMCXOJHAs
KHCJIOTa TIPEJCTABISAET CO00M 6-OKTaIeIIMHOBYIO KHUCIIOTY C HOpMAllb-
HBIM yTJIEPOJHBIM CKEJIETOM U3 CEMHAJIaTH aTOMOB YIIIEpOa:

CH;(CH,),0C=C(CH,),COOH K}i“—% CH;(CH,),0COOH +

2051 JIaypHHOBast KUCJIOTa

+HOOC(CH,)4COOH.

AJUIIMHOBAsI KHUCJIOTa

I'opazno Gonee BaXKHOE 3HAUEHHE MMEET OKHCIMTEIBHOE COUYeTa-
HUE aJKUHOB-1, Karamusupyemoe coismu Meau (peaxuus [nasepa—
OrmuaTona). B 1870 1. [T1azep oOHApY XU, YTO CYCIICH3HS alleTHIICHUIA
meau (I) B criupre OKMCIsSeTCsl KUCIOPOAOM BO3AyXa ¢ 00pa3oBaHHEM
1,3-1UMHOB:

CsHsC=CH + Cu,Cl, 22, € HsC=CCu -2
CIHUPT

CHUpPT

— CgHsC=C—C=CCHs,

(90%)
_ K}FC(CN)(, _ _
HOOC—C=C—Cu =Y HooCC=C—C=C—COOH:;
(60%)
C4HoC=CH + Cu,Cl, + 0, SN - Hoc=c—Cc=C—C,H,.

(90%)
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s okucnenus anerwienunoB meau (I) B kauecTBe okucnurens 6onee
s dexrusen rexcanmanodeppar xamwst (III) K;[Fe(CN)g| B AMD wnm
JAM®DA. B 1959 . DmIMHTOH NPEUIOKUI 3HAYUTEIBHO Oosee ymoo-
HYI0 MOTH(HUKAIIAIO OKHCIUTEIHFHOW KOHICHCAIIMH aJIKUHOB. AJIKUH-1
okucisitor areraroM memnu (II) B pacrBope nupuamna npu 60-70°C.
Monundukanus DTIMHTOHA 0Ka3ajdach YPE3BBIYANHO MTOJIC3HOM TSI CHH-
T€3a MaKpPOIMKINYCCKUX TOJUUHOB U3 O, ®-TUUHOB. B KauecTBe M-
CTpaliy TPUBEAEM CHUHTE3 JIBYX IHKJIOTIOIHMHHOB MPU OKUCIUTEIHHON
KoHJeHcanuu rekcaguuna-1,5 (O. 3onaxeitmep, 1960):

2

/B ETEYN
cu(0Ac), / \
\ 11 il Apyrue
CH.N /// N + ‘h i + omromepel
s'ls < _ __) (L _/
X == =—-=

N

(6-10%) (6%)

OnuH ©3 TONHMUHOB MPEACTaBIsieT cOOOW MPOAYKT IHMKIOTPHUMEpHU-
3allud, JPYroil — HMKJIOTETpaMEPU3AIMM HCXOJAHOIO TeKkcaauuHa-1,5.
TpuMep CILyKUT MCXOAHBIM PEAreHTOM JUIsi CUHTE3a apOMAaTUYECKOIO
[18]-anmynena (mompobHee 00 aHHyIEHaX CM. B DI. 12). AHAJIOTHYHO
B TCX IXKC YCIOBUAX U3 HOHaZ[I/II/IHa-l,S ojIry4yaeTcss €ro auMmep —
1,3,10,12-nuknookraiekaTeTpacH Hapsay ¢ TPUMEpPOM, TETpaMepoM U
TIEHTaMEPOM:

CH, CH,

N
CH, CH, CH,
| 1 cwong, Il
c C ——2 |
Il I (I
CH CH

(10%)

Jns momydeHuss HECHMMETPHYHBIX TUHUHOB HCIIONB3YIOT KOHJCHCA-
IIUIO0 TAJOreHALETHJIEHOB C AJKUHOM-1 (TepMHMHAJIbHBIM AJIKHHOM) B
npucytctBum coyied memm (I) W mepBUYHOTO amMuHa (COYeTaHWE TIO
Kanno—Xoakesuuy, 1957 r.):

CupClp
C2H5NH2; CH3OH

— CHsC=C—C=C(CH,)sCOOH:;
(98%)

C¢HsC=CBr + CH=C(CH,)sCOOH

Cu2C12
C4HoNH;; CH30H

— C¢H;3C=C—C=CCH,CHzs;
(90%)

CeH3C=CBr+ HC=CCH,CH;
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CH; (CH2)9CECBI' -+
+ HC=C(CH,)sCH,0H Cuacle
CH}OH; C4H9NH2; NHzOH-HCl, 0—5°C
— CHj3 (CH2)9CEC_CEC_ (CHz)GCHon.
(84%)

WcxonHble OpOMAJIKMHBI ITOYYaIOTCS TMPH JCHCTBHU Ha aJKWHBI- 1
FI/IHO6pOMI/ITa HaTpud WU U3 allCTUIICHUAOB JIMTUA U 6p0Ma:
C4HoLi

———— C¢H3C=CLi
a¢up, —78°C

Br;

CeH3C=CH rw—

— C¢H;3C=CBr + LiBr.

Menpsopranuueckoe MPOU3BOIHOE TEPMUHAIBHOTO aJIKUHA TEHEPUPYIOT
HEITOCPEICTBEHHO B peakimonnoi cMecu u3 Cu,Cl, n ankuHa-1.

6.3.4. PEAKIIUM SJEKTPO®UIBHOI'O IPUCOEJUHEHUSA
K TPOMHOM CBSI3U

Peakruu 31eKTpo@IIBHOTO IPUCOSAMHEHUS K TPOWHOM CBSI3H OTHO-
CATCS K YMCIy HauOojee TUIMYHBIX M BaXKHBIX peakluil aJkuHOB. B
OTIINYHE OT MEKTPOPUIBLHOTO MPUCOCTUHEHHS K aJKeHaM CHHTETHYe-
CKOC€ ITPUMEHEHHUE ITOUW OOJIBIION IPYIIITEI PEAKIIHA HAMHOTO OTIEPEkKATIO0
pa3BUTHE TEOPETUUECKUX NPEICTABICHUN 0 ee MexaHu3Me. OJHaKo 3a
MOCJEIHNE JBAALATh JIET MOJOKEHUE CYLIECTBEHHO U3MEHMJIOCh U B
HacTosllee BpeMs 3TO ofHa M3 OypHO pa3BHBaromuxcs obmacted ¢u-
3uueckoi oprannueckoi xumuu. B3MO ankuHa pacmnosiaraercs HUXKE,
gyeM B3MO ankeHa, 1 3TO 00CTOATEIBCTBO MPEIOTPEISISICT B TIOAABIISI-
I01IeM OOJIBIIMHCTBE CiTydaeB 0ojiee HU3KYI0 CKOPOCTb MPHCOCTNHEHUS
ANMEKTPO(UIHPHOTO areHTa K ajJKHHY M0 CPAaBHEHHIO C alKeHOM. J{pyrum
(baxTopoM, ONpeACIAIONIMM pPa3IMyie B PEaKIUOHHOW CIIOCOOHOCTH
AJKMHOB M aJIKCHOB B PEAKLMIX MIEKTPOPHIBLHOIO NPUCOSANHEHHS,
SBIISIETCS] OTHOCHUTEIbHAS CTa0MIIEHOCTh HHTEPMEINATOB, BOZHUKAIOIIIHIX
NpY MPUCOCTUHEHUH AEKTPOPUIBHON YacTUIBI K TPOWHON U ABOMHOM
ces3aM. [lpu npucoenuuenny >1ekTpoduabpHoM yacTusl HT mwm ET
JBOMHOM CBSI3M 00pa3yeTcsl MUKIMYECKUI MM OTKPBITHIA KapOOKaTHOH
(1. 5). Tlpucoenunenve H™ wim E' x TpoiiHO# CBsA3M TPUBOAMT K
00pa30BaHUIO OTKPBITOTO WM IIUKIMYECKOTO BUHUII-KaTHOHA. B iuHen-
HOM OTKPBITOM BUHMJI-KaTHOHE LIEHTPAJIBHBIN aTOM yTJIepo/ia HaX0IUTCs
B Sp-THOPUIHOM COCTOSIHHHM, B TO BpeMsA KaK BakaHTHas p-opOu-
TajJb OPTOrOHAJIbHA 7T-CBsI3U. [10CKONIBKY Sp-rUOpUIHBIN aTOM yriepoja
BUHUJI-KaTHOHa oOnagaer Oojiee BBHICOKOH AJIEKTPOOTPULATEIBHOCTHIO
10 CPaBHEHWIO C Sp°-THOPUIHBIM aTOMOM YITIEpONa ANKWI- KATHOHA,
BUHHJI-KaTHOH JIOJDKCH OBITh MEHEee CTaOHMJICH 110 CPaBHEHUIO C aJIKHJI-
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KaTuOHOM:

o
fp~Cop? b
S :::::v\p//
1,0758 @ g
K 1,263% X
BaKaHTHaﬂ/OG::::::::::::4\
p-opbutans H

ﬂaHHbIG KBaAHTOBOMCXAHUYCCKUX PACYCTOB, 4 TAKIKC TCPMOAMHAMUYC-
CKMe€ JaHHBIE IJIs Ta30BOiM (pas3pl, MONydeHHBIE C TIOMOIIBIO Macc-
CIEKTPOMETPUH BBICOKOTO JABJICHUS M CHEKTPOCKOMTUH MOHHOTO ITHK-
JIOTPOHHOI'0 PE30HAaHCA, HAXOAATCA B IMOJIHOM COOTBETCTBHUU C DTUMU
paccyxaeHussMu. B Tabn. 6.3 mpuBeaeHBI TEPMOTUHAMUYCCKUC JaHHBIC
JUIsi 00pa3oBaHus psiia KapOOKATHMOHOB, OTHOCSINUECS K ra30Boil ¢aze
npu 25°C. W3 maHHBIX, TIPEACTaBICHHBIX B TaOI. 6.3, ciemyeT, 4To
BUHIJI-KaTHOH Ha 47 KKaJ/MOJIb MCHEe CTAOWMIICH, YeM COACPKAIIHHA TO
7K€ YMCJIO aTOMOB yriiepoaa 3TUJI-KaTUOH. Tot xe BbIBOA MOKHO CACIAaTh
M U3 DHTAILIINN I/IOHI/ISaI_II/II/I B razopoii pasze CH;CH,Cl u CH,=CHCI:

CH3CH,Cl — CH3CCH2 + CI°4+-AH?,  AHP = +191 kxan/moi;
CH,=CHCl - CH,=CH + CI° +AHE,  AHP = +223 kKkani/mois.

HerpynHo 3aMeTHTB, UTO coueTaHue 000uX (HaKTOPOB — O0JIEE BHICOKOH
SHEPrMM BHUHWI-KaTHOHAa U HU3KO pacnosiokeHHod B3MO ankuna —
MIPEOTIPEIeNSIIOT Ooiee HU3KYI0 PEaKIHOHHYIO0 CIIOCOOHOCTh aJIKWHOB
[0 CPABHEHHIO C AJIKCHAMU B PEAKIHUAX MEKTPOPUIBLHOIO MPUCOCTIHE-
Hus. B Tabn. 6.4 coOpaHbl CpaBHUTEIBHBIC TAHHBIC 110 TIPHCOCTUHEHUIO
TaJIOTEHOB, CYIb()eH- U CeIEHIIXJIOPUIOB, TPU(PTOPYKCYCHON KHUCITOTHI
Y BOJIbI K Pa3IMYHBIM aJIKEHAM U aJIKWHAM, HE COJIEPIKAIIUM KaKOH-1100
AKTUBUPYIOMICH WM Ae3aKTUBHPYIONICH (YHKITHOHAIEHON TPYTIIIHL.

W3 »TUX maHHBIX CIEAYEeT, YTO TOJBKO MPUCOCTUHEHUE KUCIOTHBIX
areHTOB U BOJIbl K TPOWHOM U JIBOMHOMW CBSI3SIM MTPOUCXOJNT C OIM3KUMU
ckopoctsiMu. llpucoenuHenne TajoreHoB, Cylb()EeHXJIOPUIOB M psaa
JIPYTUX PeareHToB K ajkeHaMm mporekaeT B 10°-10° pas GwicTpee, yem
K aJKUHaM. DTO O3HAYaeT, YTO YIIIEBOIOPO/bI, COAEPKALIUE HECONPS-
JKCHHBIC TPOWHYIO U JIBOMHYIO CBSI3U, M30UPATEIbHO MPUCOCAUHSIOT 3TH
pEeareHThl 10 IBOMHOW CBA3M, HAIIPUMED:

— CCly
CH,=CH—-CH,—CH,—C=CH + Bn, %
— CH,—CH—-CH,CH,—C=CH.

Br Br (97%)

K naHHBIM O CpaBHUTENIBHOM rHIpaTalliy aIKUHOB U aJIKEHOB CJIEyeT
OTHOCHUTBCSI C OCTOPO’KHOCTBIO, IIOCKOJIBKY Ul TMAPAaTAlMK aJKUHOB
Tpedyercst karanu3 moHamu pryTu (1I), kotopsiii HeaddexTuBeH ams
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Tabnuna 6.3
TenoTb1 06pasoBanus AH; KKaa/Moib KapGOKATHOHOB

Kap6oxarnox AHP xxan/monb
D
CH; 261
52
CH;CH> 219
(%]
CH3;CH>CH, 208
D
CHsCHCH3 187
2
(CH3)sC 174
(%]
CH,=CH—-CH» 226
5%
CH,=CH 266
5
CH,=C—CH; 237
5
CH3;CH=C—CH3 218

Tabnuma 6.4
CpaBHHTEJIbHASI PeaKHUOHHAsI CHOCOOGHOCTH AJTKHHOB M AJIKEHOB B peaKIMsX
31eKTPOPUIBHOTO MPHCOETHHEHHS

Peakuus CybcTparst Kanken / Kamam
Bpomuposaune B ykeycuoit | CH,=CH,/HC=CH 1,14-10*
KHCIIOTE C4HyCH=CH,/C4HyC=CH 1,8-10°

C¢HsCH=CH,/CsHsC=CH 2,6-10°
Xnopuposanue B ykcycnoit | C¢HsCH=CH,/C¢HsC=CH 7,2-10?
KHCIIOTE C4HyCH=CH,/C4HyC=CH 53-10°
C,HsCH=CHC,Hs /C,HsC=C—C,Hs 1-10°
Ipucoenuuenue 4-xmopde- | CH,=CH, /HC=CH 2,8-10
HUICYIb(EHXI0puaa
n-Cl—C¢H4SCl C4HoCH=CH,/C4HyC=CH 840
CsHsCH=CH,/CsHsC=CH 1,810
[pucoenuuenue denmice- | CH,=CH,/HC=CH 5,6-10*
nenxmnopuna CsHsSeCl C4HyCH=CH,/C4HyC=CH 6,9-10°
C¢HsCH=CH,/CsHsC=CH ~1-10°
Ipucoequuenue tpudrop- | CsHyCH=CH,/CsHyC=CH 5,2
YKCYCHOM KHCIIOTBI CsHsCH=CH, / C¢HsC=CH 0,8
CszCH:CHCZHs/CszCECCZHs 2,6
Kucnorno-karammsupyemas | C4HoCH=CH,/C4HoC=CH 3,6
TuapaTanus CszCH:CHCZHs/CszcEC*Csz 16,6
C¢HsCH=CH,/C¢HsC=CH 0,65
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MIPUCOEAUMHEHHUS] BOJbI K ABOMHON cBA3U. [loaTomMy naHHbIe IO THApaTa-
U1 TPOMHOMN M IBOMHOM CBsA3EH, CTPOTro roBOps, HECOMOCTABUMBI.

[IpucoearHeHUe TaIOreHOB, TaJIOTCHOBOJOPOAOB, CYIb(EHXIOPH-
OB U JPYTHX JICKTPOMUILHBIX ar¢HTOB MOYKHO OCYIIECTBIATH CTY-
MEeHYATO, YTO JIETKO MNPOUJIIIOCTPUPOBATH C IIOMOILBIO CIIEAYIOIIUX
MIPUMEPOB:

Brz

— /CZC\
a¢up, —20°C Br C2H5
C,Hs—C=C—C,H;5— (66%)
2B, C,HsCBr,—CBr,C,Hs
oup, +20°C (95%)
NR; Cl™ CoHs N ~H
C,Hs;C=CC;Hs + HC] ———— /CZC\
CH3;COOH; ~10°C (] C,H;
(97%)
CoHs ~H NR; Cl™
/C:C\ +HCl —— C2H5CC12CH2C2H5
Cl C2H5 CH3;COOH

(78%)

6.3.4.a. IIPUCOEJMHEHHME I'AJIOTEHOBO/JOPOZIOB

[IpucoenuHeHne rajJoreHOBOIOPOAOB K AJKMHAM OCYILECTBISIETCS
MO JABYM MEXaHHM3MaM: OMMOIEKYISIpPHOMY — Adp2 W TPUMOJIEKYISPHO-
My —Adg3. Mexaumsm Adp2 npeanonaraer o0Opa3oBaHHE B KauecCTBE
MHTEPMEANATAa OTKPBITOIO BUHWJI-KaTHOHA, CBSI3aHHOIO B KOHTAKTHYIO
WM COJIbBATHO-PA3/IeJICHHYI0 HOHHYIO Napy C rajJloreHuA-uoHoM. [laine-
Helilee B3aMMOJICHCTBIE BUHIII-KaTHOHA C TAJIOTCHU-HOHOM WJIN pac-
TBOPHUTEJIEM MPUBOIUT K 00Pa30BaHUIO CMECH YUC- U MPAHC-N30MEPOB
BUHWITAJIOT€HUOB U YuUC- U MPaHC-U30MEPOB MPOTYKTOB COMPSIKEHHO-
IO IPUCOCANHCHHUS.

Cl® cle
Ar_ o H H
/ D /
ArC=C-R + HCl 22, “c=c] = c=¢[ Swmw
CH3;COOH SR Ar R CH:COOH
HOAc HOAc
Ar H Cl H Ar H
— >C:C\ + >C:C\ + /C:C\ +
Cl R Ar R 0
C
/
e’ Yo
CH;C-0_ B _H
+ | e=C
O Ar R
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CooTHolIcHHE MMPOAYKTOB yuc- u mpaHC—HpI/ICOCZ[I/IHCHI/Iﬂl TraJorc¢HO-

BOJIOPOZIA W TIPOAYKTOB CONPSDKEHHOTO MPHCOEAWHEHUS B paMKax
Adg2-mexaHn3Ma 3aBUCHUT OT LIEJNOTO psifa (HakTopoB, BAKHEHIIMMH U3
KOTOPBIX SBJISIOTCS CTPYKTYpa aJIKWHA U COJIbBATHPYIOINAsi CHIOCOOHOCTh
pacTBOpHTEII.

CoracoBaHHBIN Adp3-MeXaHU3M XapaKTepU3yETCs aTaKoH IEKTPO-
¢una u Hykineopuiaa U3 IBYX MOJEKYIN TaJOr€HOBOJAOPOIA MO Pa3HBIM
aToMaMm yrjiepojia nmpu TPOMHOM cBsi3u. B pesynbrare Takoro coriaco-
BAaHHOTO B3aMMOJIEHCTBUA MOJIYy4YaeTcsl CMECh MIPOAYKTOB CUH- U aHMU-
MPUCOEINHEHHs TajoreHoBogopona. Kaxmoe mepexomHoe COCTOsHUE
Adg3-MexaHn3Ma BKIJIIOYAET JIBE MOJIEKYJIbl TaJIOT€HOBOAOPOAA U OTHY
MOJIEKYITy aJKHHA.

R'C=CR? 4+ 2HX —

~X. H-X]7 R H-X]7
Sl se=c! + o=c
R! R? H-X" R?
!
X H R! H
AN /s s
,C=C_ + Sc=c{__+2HX
R! R? X R2

Ponb nykneodunsHOro arenra npu Adg3-mexanusme Bmecto HX
MOXET BBIIIOJHSATH TaJIOTEHUA-UOH JOOABICHHOW COJM JIUTHUA WIIH
TeTpaakuiIaMMoHusl. CHHXpOHHBIH Adgp3-MexaHu3M He mpennonaraet
o0Opa3zoBaHue KapOOKaTMOHHOTO MHTepMmenuara. B sTom 3akirodaer-
¢ mpUHOUNUaIbHOE oTinnuue Adp3- u Adg2-mexanuszmos. bumoie-
KYJSIpHBIH Adp2-MexaHu3M XapaKTepeH Ui THUAPOrajJoreHUpOBaHUS
apwranetuiieHoB Ar—C=CH u apunankmraneruieHoB Ar—C=C—Alk.
[pucoenunenne HCI x penunanermieny B ykcycHol kucnote npu 25°C
MIPUBOIUT K 00pa3oBaHUIo -xjopctupona (92%) u amerodenona (8%)
B cooTHomeHuu 12 : 1. Jlo6aBku TeTpaMeTHIaMMOHMUXJIOpUIA MpakK-
TUYECKU HE BJIUSIOT HA COOTHOLICHUE IIPOLYKTOB U HE CIOCOOCTBYIOT
YBEJIMYEHUIO BBIXOJIAa POYKTA MPUCOEAUMHEHNS XJIOPUCTOTO BOJIOpOA:

CeHs N H

/
C¢Hs;C=CH+ DCl —— /C:C
CH3COOH Cl \D

I'B coBpemenHOit XMMHHeCKO# THTEpaType Haps/ly ¢ TEPMHHAMH yuC- ¥ MPAHC-TIPHCOETUHEHHS
IIIPOKO UCIONIB3YIOTCS ABA APYTHX — CUH- U aHmMu-IpHcoequHeHns. [IpuMeHeHre STHX TePMUHOB
03BOJISIET M30€KATh ITyTAHMIIBI, €CIU MOHATUS CUH- W AHMU- OTHOCHTBH TOJIBKO K CTEPEOXUMHHU
HPHCOSIUHEHHS, A YUC- U MPAHC- — K CTPOCHUIO MPOTYKTOB IPHCOCIUHEHHS.
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Haubonee HamIsAHO CTEPEOXMMHIO U PErHOCEICKTUBHOCTD NPUCOCAN-
HEHUS TaJIOTCHOBOIOPO/IA K TPOHHOM CBS3H 10 Adg2-MeXaHU3MY MOKHO
NPOJEMOHCTPUPOBATh Ha npuMepe 1-penmnnponuna. [Ipu npucoenune-
Huu HCl k 1-¢enmnmponuHy B yKCycHOM Kuciote oopasyercs 70% mpo-
IyKTa yuc-ipucoeauHenus u 19% npoaykra mpanc-npucoenHeHNs:

CeHs, CHj
JC=C_ +
Cl H

(70%)

1 2 3
CsHs—C=C—CHj; 4 HC| SECO0H,

CeHs, ~ H
+ /CZC\
Cl CH;
(19%)

XapakTepHol 0COOCHHOCTBIO AdE2-MeXaHU3Ma B 3TOM CIIydae sSBJISIeTCS
aneKkTporiIbHAs aTaka MPOTOHA UCKIIOYUTENHHO MO aToMy yIieposa
C-2 ankuna. CormacHo SKCIIEPUMEHTATIbHBIM JaHHBIM, IPUCOCIUHCHUE
nporoHa mo C-2 mpoucxomuT B 300 pa3 ObICTpee KOHKYpPHPYIOIIETO
npucoenuuenus mpotona mo C-1, 4TO COOTBETCTBYET pa3IUYHUIO B
CTaOMIILHOCTH JIByX KapOOKaTHOHOB. DTO pa3idyhe COCTABISAET CyIIIe-
CTBCHHO BaXHYIO XapaKTepUCTHKY Adg2-mexanusma. s KOHKypHpY-
fotero mpucoenunenus HX k Alk'—C=C—Alk? no Adg3-mexaHu3my
COOTHOIIICHHE CKOPOCTEH paznnyacTcs He Oojiee yeM B 2-5 pa3.

Jns monoankunanetuaeHoB RC=CH u 0coOeHHO I JHUaIKHII-
AlEeTHJICHOB XapaKTepHO TPHCOETMHEHHE TaJOr€HOBOIOPOIOB B Cpe-
JaxX YMEpPEHHOH NONSAPHOCTH M COJbBATHUPYIOLICH CIIOCOOHOCTH IO
Adg3-mexaru3my. ['uapoxmopupoBaHre TeKCHHA-3 B YKCYCHOM KHCIIOTE
NPUBOAMT K IpeobnajaromemMy oOpazoBaHuto mparc-anaykra (40%) B
CMECH C HE3HAYUTEILHBIM KOJTHIEeCTBOM yuc-anaykra (7%) u Ooibmmm
KOJIMYEeCTBOM rekcaHoHa-3 (53%):

CH;CH, Cl
CH3CH,C=CCH,CH; 4 HCl SE0%H, Se=c! +
H CH,CHj3;
(40%)
CH;CH, N _CH,CH3
+ /C:C\ +CH3CH2CH2_C_CH2CH3.

cl H I

O

(7%) (53%)

®
B npucyrcreun (CH3)4NCI® monHocThio momasnsercst 0OpazoBaHue
MPOAYKTa yucC-PUCOEINHEHM, a OIS KeTOHAa MoHMXkaerca 10 3-4%
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u mpanc-npucoeannenne HX cTaHOBUTCS MPaKTUYECKU €AMHCTBEHHBIM
HaIpaBJICHUEM PEaKIIHH:

N(CH3);CI®
CH;CH,C=CCH,CH3 + HCl —
CH3COOH
CH;CH, N Y Cl
— /C =C N + CH3CH,CH,COCH,CHj3;.
H CH,CHj3;
(96-97%) (3-4%)

[HonoOueiii xe 3hdexT HabmomaeTcs W NpU NPUCOCIUHEHHH Tajio-
TEHOBOAOPOAOB K TepMuHaIbHBIM ankuHaM RC=CH. Takum o0Opa-
30M, MexaHu3Mbl Adg2 U Adg3 CWIBHO pa3IMYarOTCS KakK 1O CBOCH
CTEPEOCEICKTUBHOCTH, TaK M IO PETHOCEICKTUBHOCTH Uil HETEPMHU-
HAJBHBIX QJIKHMHOB. B MpakTHUeCKOM OTHOIICHHU 3TO O3HAYACT, 4TO
JUISL TIOJIABJICHUSI KOHKYPHPYIOUIMX IMPOIECCOB C Yy4acTHEM PaCTBOpPHU-
TeJs mpauc-IPUCOCIMHEHUE TaJI0reHOBOJAOPOaa BCerna ClieayeT Mpo-
BOJIMTh B MIPUCYTCTBHH COJICH — TaJIOICHUJIOB TETPAATKHIAMMOHUS HITH
JIUTHSL.

6.3.4.6. IPUCOEAVMHEHUE KHUCJIOT

[IpucoennHeHne K TPOWHOW CBSA3M OYCHb CHIIBHBIX KHCIOT ((hTOp-
cynsponoBoit FSO;H, tpudropmerancynsdokucnorst CF3SO3H) npen-
CTaBIIET MHTEPEC C YUCTO TEOPETHUECKOW TOYKH 3PEHHUs KakK Mpo-
CTelilliass MOJeNbHAs peakius MPUCOSAWHEHMS K allkuHaMm. AHHOHBI
STHX KHCJOT OTHOCSTCS K YHCIY Ype3BBIYAMHO CIIa0bIX HyKJeohu-
JIOB, Ul HUX ObUI Ja)Ke BBEICH CIELUAIBHBIA TEPMHH «HYKICO(DYI»
(FSOY, CF3SOY, ClO?). [TosTOMy AJIT 3TUX KHCJIOT HCKIIOYACTCS
Adg3-MexaHu3M NPUCOEANHEHHS U B Ka4eCTBE MHTEPMEAMATa JOJKCH
MOJTy4aThCs OTKPBHITHIM BUHHII-KATHOH, CBSA3aHHBIA B WOHHYIO Tapy C
Hykneopyrom F SO3e um CF3SOY, 4T0 XapakTepHO JUTi KIacCHIECKOTO
Adg2-mexanam3ma. JIeiCTBUTEBHO, MPUCOSANHEHHE HTOPCYTH(OHOBOM
KHUCJIOTBI WK TPUPTOPMETAHCYIb(POKUCIOTH K TEPMHUHAIBHBIM aJIKH-
HaM OyTaHy-1, rekcuny-1 u oktuHy-1 B mHepTHOM SO, CIF mpu —120°C
NPUBOAMT K 00pa30BaHMIO BO BCEX CIIydasXx cMecH Z- U E-u3oMepoB B
cootHoutenuu 80 : 20:

RC=CH+FSO;D —— /C:C\ * /C_C\
SO:CIF, ~120°C” £y, g0 D FO,SO H
Z-(80%) E-(20%)

R = CHj;, CHs, C4Hg, CgHys.
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OTO COOTHOLICHWE HE M3MEHSIETCSl BO BPEMEHH, YTO MCKIIIOYaeT KHUC-
JIOTHO-KATAIM3UPYEMYI0 H30MEPH3AIUI0 MPOIYKTOB MPUCOCAUHCHHS.
[TpeumymiecTBeHHOE 00pa30BaHUE NPOAYKTOB YU C-TIPUCOSANHEHNUS Ha-
XOIUTCS B COOTBETCTBUM C MEXaHH3MOM 3aXBaTa aHMOHHOTO HYKIICO-
¢dyra nperMyneCTBEHHO W3 KOHTAaKTHOM MOHHOH mapel. OOpa3oBaHHe
MOMHUMO Z-M30Mepa Takxke U E-u3omepa npojyKTa MpUCOeAMHEHHS, 110-
BUAMMOMY, O3HA4aeT, YTO MOMUMO KOHTAKTHOW MOHHOW Mapbl B Kaue-
CTBE MHTEPMEIMATA TIOTy4aeTCs TAKKE CONbBATHO-Pa3/IeIIeHHAs HOHHASI
napa BUHHJI-KaTHOHA 1 GropcyinbdoHaT-nona. ColbBaTHO-pa3aeiIcHHas
WOHHAsI Tapa MpH KOJUIATCe JaeT MPUMEPHO PaBHOE KOJNUYECTBO Z- W
E-n30MepoB mpoayKTa NpUCcOeTUHEHUSI.

B omimure OT 3TOr0 HETepPMUHANILHBIE ATKHUHBI MPHUCOCTUHSIOT
¢dTopcynbhoHOBYO B TPUPTOPMETAHCYIB(POKHUCIOTY ¢ 00pa30BaHUEM
MPUMEPHO PABHBIX KOJIMYECTB OOOMX TEOMETPUUCCKUX H30MEPOB:

CH;CH,C=CCH,CH; + FSOstH ———

SO,CIF, —120°C

CH;CH, _CH,CH;  CH5CH, H
SNc=c 4 Sc=c

/ /
FO,SO “H FO,SO “CH,CH;

(51%) (49%)

—

OTO mpoIe BCEro MOXKHO OOBSCHUTH HECTEPEOCEIICKTHBHOM HYKJIEO-
¢buapHON aTtakoit ¢hropcyabhoHAT-HOHOM OTKPHITOTO BHHIJI-KAaTHOHA B
COJIbBAaTHO-PA3JCICHHON MOHHOM mape. AHaJOTMYHBIM 00pa3oM TpH-
COCIMHECHHUE TPUPTOPYKCYCHOW KHUCIOTHI K TekcuHy-3 mpu —60°C B
pactBope TpU(TOPYKCYCHOM KUCIIOTHI AaeT ¢ 89%-HBIM BBIXOJIOM CMECh
PaBHBIX KOMHYECTB E- U Z-TeKCeH-3-ITPU(TOPAIICTaTOB.

Ta xe camasi 3aKOHOMEPHOCTh HAOMIONACTCS M JUIS IPYTUX CUMMET-
puuHbIX auaikuianerwieHoB RC=CR.

KapOoHOBBIE KHCIIOTBI TakXe CIIOCOOHBI HPUCOEAWHATHCS K ai-
KWHaM; 3Ta PEaKIys KaTalIu3HpPyeTCs CONSAMH PTYTH W TPOTEKAeT B
COOTBETCTBUHU € MPaBUIOM MapKOBHUKOBA!

/OCOCH3
RCH—=C —
CH3COOH \R

RC=CR + CH;COOH he00)te

CH3COOH; (CH;COO0),Hg RCH,—C(—OCOCH;),.
CH;COOH |

R
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B 3aBucuMOCTH OT YCIIOBHI 00pa3ytoTcs 1100 eHoaleTaTsl, JIM00 Mpo-
JyKThI IPUCOCTHHEHHUS JIBYX MOJIEH YKCYCHOM KHCIIOTHI — FTeMUHAJIBHBIE
IA(UPHL.

6.3.4.8. [IPUCOEJJMHEHUE I'AJIOTEHOB

[Ipucoennuenne OpoMa K pasIWYHBIM aJIKHHAM B 0OIIeM cirydae
OTMCHIBACTCS KMHETHYCCKUM YpPAaBHCHHEM, aHAJOTHIHBIM JJIS MPHUCO-
eIUHEeHHs OpoMa K aJKeHaM:

v = ky[ankun|[Bry] + ks [ankun] [Bro]? + kBr® [ankuu] [Bry] [Br],

T. €. OPOMUJ-NOH KaTalIU3UPyeT MPUCOCTUHEHUE MOJICKYIIIPHOTO OpoMa.
Ilpn HuU3KOI KOHLEHTpauuyu OpoMa 3TO ypaBHEHHE YIPOLIAETCS [0
0OBIYHOTO YPaBHEHHS CKOPOCTU BTOPOTO MOPSIKA!

v = ky[ankun] [Br].

JmankunzaMenieHHble aleTUIeHbl 00pa3yloT MOYTH HCKIIOYHTEIHHO
OPOAYKT aHmMU-TIPUCOEANHEHNST OpOoMa, MPOLYKThI CONPSKEHHOTO TpH-
COCIMHEeHHs alleTaT-MoHa He ObLTH OOHApYyXKeHBI. DTH JaHHBIE XOPO-
IO COIIAacyIOTCsl ¢ MPEAnojokeHHeM 00 00pa30BaHUM LHKIMYECKOTO
OpOMHpPEHHEBOTO MOHA KaK WHTEPMEHNaTa B PEAKIMH MPUCOSAMHEHUS
Opoma K HETCPMHUHAJILHBIM aJTKUHAM:

R\ _Br
RC=CR+Br; ——  C=C

CH;COOH g SR

R
/
RCECR + BI_2 AN = /C Br umm
HCCLCHFCL; —78°C B Br&
R Br
/
—+ e=cl
Br R

[Ipucoenuuenne Opoma K (hEHHUIAICTHICHY W 3aMEIICHHBIM (he-
HunauetmwienaM X—CgH4C=CH B yKCycHOW KHCJIOTE B OTCYTCTBHE
OpoMUII-MOHA POMCXOJUT HECTEPEOCEIEKTUBHO ¢ 00pa30BaHUEM IIPO-
IOYKTOB KaK mparc-, Tak U yuc-npucoeannenust. [lomumo E- u Z-mubpo-
MHJIOB [10JIy4aeTCsl U HEKOTOPOE KOJIMUECTBO IPOAYKTOB CONPSKEHHOTO
MPUCOEINHEHHs aleTar-uoHa — E- 1 Z-u3omepoB 1-areTokcu-2-0pom-
1-¢eHunmponerHa 1 NpogyKTa ero AajbHEHIIEro NpeBparieHus — Iuo-
pomaneropenona. JloGaBku OpoMuaa JIUTHS WINM TETPaaTKHIaAMMO-
HUSl IIOJHOCTBIO MOAABISIIOT 00pa3oBaHHE NPOAYKTOB CONIPSIKEHHO-
IO TPUCOECTUHEHUS M yuc-PUCOEeTUHEHUs Opoma K TPOWHOM CBS3M.
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Tpanc-npucoeAMHEHUS TaJOre€Ha K TPOMHOW CBSI3U CTAHOBUTCS B 3TOM
Cly4yae €JMHCTBEHHBIM HalPaBJICHUEM PEaKLIUU:

LiBr Br\ 7 H

X—C¢H4C=CH+Br, — C=C
CHiCOOH (¢ H, “Br

(>99%)

CXOI[HI:IC 3aKOHOMCPHOCTHU Ha6JIIOIlaIOTC}1 nu Mpu NpUCOCANHCHUN
XJI0opa K TpOWHOU cBs3U. /lManKuianeTHIeHbl — reKCHH-3 B OyTHH-2 B
NPUCYTCTBHHU XJIOPHIA TETPaAIKHIAMMOHHUS 00pa3ytoT £-AuXIOpHIbI B
pesynbTaTe mpaHc-TpUCOSIMHEHUS XJIopa:

_ NR; CI— CoHs N /Cl
C2H5C:CC2H5 + C12 _— /C:C\
CH3COOH Cl CZHS

B orcytcTBHe xitopua-noHa peo0agaroM HallpaBIeHHEM SBIISETCS
COMPSIKEHHOE MPHUCOENINHEHNE PAacTBOPUTENsS ¢ 00pa3oBaHUEM E-XJO-
peHosanerara:

CH; cl
CH;C=CCH; +Cl, %%, " Be=c{ +
cl CH;
20%
CH; _OAc  CHs _CH,
- cc=c+  oc=c( o+
cl CH:  Cl OAc
(65%) (5%)
CH;, CH;
+  c=c(

cl cl

(3%)

Jlo6aBkM coyieil M3MEHSIOT CTEPEOCENCKTUBHOCTh IPUCOEANHEHHUS
XJIopa ¥ K ()eHUITALETHIICHY B YKCYCHOM KHCIoTe. B oTcyTcTBHE conelt
oOpazyercst ciIokKHast cMech £- U Z-U30MEpHBIX TUXJIOPUIOB B COOTHO-
menun 55 : 45, a takke E- U Z-U30MEPOB MPOAYKTOB COMPSIKEHHOTO
npucoeauHenus. [lo6aBku XJOpHIa JIMTHS PE3KO YBEIMUYHMBAIOT JOJIIO
E-nuxnopuna, B To BpeMsl Kak BBEJICHHE alleTaTa JIUTHs CIIOCOOCTBYET
oOpa3oBaHuio E-u3oMepa XJjopeHoi-anerara. Bee 3ty nanHele onpene-
JICHHO YKa3bIBalOT Ha 0Opa3oBaHHE KaTHOHOWIHOTO WHTEPMEIHaTa B
CTaJINd, ONPENEISIONE CKOPOCTh NPUCOCAUHEHHS TajoreHa. Takum
MHTEPMEANATOM MOXKET OBITh JINOO OTKPBITHIH BHHWI-KATHOH, JHOO
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MOCTHKOBBIN TaJOUPEHHUEBbIN HOH. J[J1sl mpucoeauHenus xjiopa, Opoma
n cmemanabix ramoreHunoB (BrCl, ICI) B ykcycHoM kuciaore ObLT
MPEJUIOKEH JJOCTATOYHO CIOXKHBIM MEXaHU3M, KOTOPBIA B 000OIICHHOM
BUJIE TIPEJICTABJIEH Ha HUKENpUBeIeHHON cxeme. CorviacHO 3ToH cxeme,
npesnosiaraercs, 4yro moHoankuianeruieHsl AIkKC=CH u denunaie-
trneHsl X—C¢HyC=CH npucoequHsioT rajioreH 1mo Adg2-MexaHu3My
4yepe3 OTKPBITHIH BUHUI-KATHOH, CBSI3aHHBIA C TajJOTCHUA-UOHOM B
¢bopMe KOHTAaKTHOU (TecHOW) WOHHOH mmapel. CriapuBaHHE HOHOB B
KOHTAKTHOW MOHHOH mape (KOoJIarc HOHHOM Mapbl) IPOUCXOIUT CTPOTO
CTEPEOCENIEKTUBHO KaK CUH-TIPUCOCIUHEHUE, B PE3YJIbTaTe Yero moiy-
YaeTCs YuUc-IUXJIOpua. ATaka KOHTAaKTHOM HOHHOM Maphl BHEITHUM HYK-
neo(rIoM MM PacTBOPHUTEIEM MPOUCXOJUT C THUTLHOW CTOPOHBI, YTO
COOTBETCTBYET AHTHUIIPUCOECAUHEHUIO K TPOMHOU cBs3u. IIpeBpalueHue
KOHTAKTHOW MOHHOH mHapbl B COJbBAaTHO-PA3NEICHHYIO, INl€ KaTHOH U
AQHUOH pa3JesIeHbl MOJIEKYJIaMU PaCTBOPUTENS], IPUBOJUT K 3aMETHOMY
U3MEHECHHIO CTEPEOXUMUHU MpUcOoeauHeHHs. B coapBaTHO-pa3neneHHOM
MOHHOW mIape OTKPBITHI BUHUJI-KATHOH aTaKyeTCsl rajloreHUA-HOHOM
Kak ¢ (ppOHTa, TaK M C ThUla NMPUMEPHO C PABHON BEPOSTHOCTHIO.
DTO NPUBOJUT K MOTEPE CTEPEOCEIEKTUBHOCTH MPU CIIAPUBAHUU HOHOB
B COJIbBAaTHO-PA3/ICJICHHON MOHHOU nape. /st coabBaTHO-pa3IeIeHHON
MOHHOM Tapbl BO3pacTaeT BEPOSATHOCTh (PPOHTAIBHON aTakh CO CTOPO-
HBI MOJICKYJIBI PAaCTBOPHUTENS, YTO COOTBETCTBYET CUH-COTPSDKCHHOMY
MPUCOEIUHEHUIO.

BBenenne ragoreHuA-noHA TPUBOAUT K M3MEHEHHIO MEXaHHM3Ma OT
Adg2 no Adg3 n crepeocnieniupuIeCKOMY aHTUIIPUCOCTUHEHUIO 32 CUET
aTaKd «BHEIIHETO» TaJOTCHHUI-MOHA C THUIBHON CTOPOHBI KOHTAKTHOU
WJIA COJIbBATHO-PA3/ICJICHHON MOHHOM IMaphl.

st auankun- U quapuialeTUiICHOB MpeArnoiaraeTes oopa3oBaHue
B Ka4deCTBE HWHTEpPMEIHara IUKIMYECKOro Ci1ad0 CBSI3aHHOTO TaJloW-
PEHUEBOTO KAaTHOHA, KOTOPBIA PAaCKPBIBAETCS CTPOTO CTEPCOCEICKTUB-
HO IpU B3aUMOCHCTBUU C TaJOrCHHUJI-UOHOM WM MOJIEKYJIOH pac-
TBOpHUTENA ¢ oOpa3oBaHUEM NPOAYKTA mpauc-TipucoeaAnHeHus. s
XJIOPUPEHUEBOTO MOHA, MO-BUANMOMY, pealu3yroTcs 00a HampaBIeHUs
mpauc-NIpPUCOECANHEHUS KaK XJIOPUJI-, TAK U alleTaT-uoHa.

s Gosiee CHIBHO CBSI3aHHOI'O OPOMHMPEHHEBOTO W HOJAUPECHHE-
BOI'0O HMOHOB HX PACIICIUICHUE OCYIIECTBIIIETCS B PE3YJIbTaTe HYK-
neo(pUIbHON aTaku TOJIBKO TalIOTeHUJI-MOHA. BBeleHHe rajoreHua
TeTpaaIKUIaMMOHMS H3MCEHSET MEXaHW3M peakiuu ¢ Adg2 Ha Adg3
CO CcTepeocHeuPpUUeCKUM MpaHc-NPUCOSAMHEHUEM XJIopa, OpoMa U
XJIOPUCTOTO MOJa MO TPOMHOW CBSI3U. DTa peKOMEHIAIus J0KHA HC-
MOJIb30BATHCA B OPTaHUYECKOM CHHTE3€ ISl TIOMYUEHHUs BULIMHAIBHBIX
Mpauc-IAraloreHaaKeHoB.
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Mexanusm NpUCOENHHEHHS TraJioreHa K aJIKHHam

R1

Cl Cl Cl
N N
o g R g2
aHTH-BRAYKT o a CHH-af A yKT (rnashbin)
R®—(”  OTKPLITHI BAHAT-KATHON B (opme
Ng? KOHTAKTHOM MOHHOM napbl ¢ (1~
R'=t-Bu R'= Ar
R’=H,CHs,t-Bu | R%=H
ry— R'= Atk @ Cf/a
Rle=R™cl, | =0
R2=H g R
=R%E ALk OTKPLITHIA BUHWA-KaTHOH
1 B KOHTaKTHON
R=Ar ' e R woHHow nape ¢ Cl”
REAK AN
c=—cC L‘i(fH-aAD.)’!()T a(ﬂm-agp,yxr
e (1 ® TNaBHbIA 8 MeHblLeM
R'—%——}C< ) \CI/ KoAu4ecTse )
R cnabo ceA3aHHbIA 1_p2
OTKPLITHIH HeCUMMETPUYHbIA R=R=Ar g' U g
BUHWA-KaTHOH XNOpUpEHUeBbIA 1Ok Ne=¢"
@/
1l
R' /Cl CTepeoceneKTuaHo
N anTH-3,
HecTepeoceneKTUBHO : /C :C\ AT
CHH-aPBYKT 2
+ ct R
anTH-aARYKT anTH-agAYKT
. ° Hat® a1
cTepeoceneKTHBHLIA Hal A8 /
CHH-BUranorexus g2
OTKpLITLIN
® BMHIN- KATHOH
Hal Hal
®
R'—C=c¢ R'=Ar
g2 " o
RY=Ar R%= hay L
RZ= ALk \ 2 R'= ALk N
HecTepeocnelu— RC==CR" + Hal, f=C—R
uuecKoe R%=H
npucoeuHeHve

aNTH-BUranoresus

CUH-pUranoredng

cnao cBA3anHLIiA
LMKAMHECKAR HOH

AHTH-BUArANOreHNa U anTy-CONPSXKEeHHoe
npucoeanHeHue



6.3.4.r. TUJAPATAIIMA AJIKMHOB

Orta peakuust Obuta oTkpbiTa B 1881 1. M. I. KyuepoBbiM, KOTOpBII
MOJIYYHJI YKCYCHBIN alIbJETU]] B PE3YIbTATE KUCIOTHO-KaTAIU3UPYyEMOM
rugpaTanuu anetuiacHa. OH oOHapy K, YTO 3TO MpEBpalleHHEe Mpo-
HUCXOIUT B TIPUCYTCTBHUU COJICH PTYTH M SIBISETCS OOINEH peakmueil
aNKuHOB. Boja mpucoeauHsieTcs K alkuHaM ¢ 0oOpa3oBaHHMEM B Ka-
YECTBE MPOMEKYTOUHOIO MPOAYKTA €HOJA — HEHACBIICHHOIO CIUPTA,
COJIEPIKAILEr0 THIPOKCHIBHYIO TpYyIIy IPU ABOWHON CBA3U. EHOIBI
HECTAOWIIFHBl M HM30MEPH3YIOTCS B KapOOHWJIBHBIE COEIWHEHUS (CM.
1. 17). Ora n3oMepu3anus KaTaTu3upyeTcs KHCIOTOM:

]
R H
+. Ho+ /
RC=CH+HOH % | “c=c{ | "% R-C—CH;;
0 1HO H
CHOJI
R H
+. Ho2 e
RC=CR+H,0 5 | Sc=c | X5 R-C—CH:R.
10 THO R
0

C€HOJI

Karanmmupyemoe kucmoroit m wmonamu prytH (II) mpucoennnenue
BOJBI K TPOMHOW CBSI3M MpOTEKaeT 1o npaBumiry MapkoBHukosa. Cie-
JIOBAaTEJIbHO, THAPATALINS KAaK TEPMHHAJIBHOIO, TAK U HETEPMHUHAJIBHOTO
aJKMHa BCerna J0JHKHA MPUBOAMUTE K KETOHY, HallpUMED:

O\/OH Ho0;H®; He?* ~OH
C=CH C—CH;

(0]
(65-67%)
H+; Hg2+
H,O—CH3COOH

— CH3CH,CH,CCH,CH,CH,CHj;

CH;CH,CH,C=CCH,CH,CH5 + H,O

I
O
(89%)

Hg2+;H+
CsHsC=CCOOH + H,0 ———— C¢H5s—C—CH,COOH

|
O
(75%)
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[Tomumo coneit pTyTH TUAPATALUIO ATKUHOB KaTaTU3UPYIOT COJH 30J10-
ta (IIT), mequ (1), cepedpa u pytenus (I11I). Mexanusm peaknuu Kyueposa
JIOCTATOYHO CJIOXKEH M COACPKUT €Ile MHOTO HESICHBIX MOMEHTOB. B
YaCTHOCTH, HESICHA POJIb MOHOB PTYTH M 00pa30BaHMS BHHMJI-KaTHOHA B
KayeCTBE MPOMEKYTOUYHOM YaCTULBI. YCTAaHOBJIIEHO, OJIHAKO, YTO B 3TOM
peaKIuy HeT MpeipaBHOBECHOM CTaNY WIIH 00pa30BaHUS T-KOMILIEKCA
npoToHa u ankuHa. Meuensiii Tputuem denunanermieH C¢HsC=CT ne
noJiBepraercs oOMeHy B mporecce peakiun. OOHapyKeH CHIBLHO BbIpa-
JKCHHBIN KMHETUYECKHI U30TOMHBIN dPdekt pactBoputes. CKOpOCTh
ruapatanuu GermnanerwicHa B D,O B npucyrctBun D,SO4 B 2,5 pasa
HIXe 10 cpaBHEHUIO ¢ ruapatanueit B HyO—H,SO4. 910 onpenenenHo
YKa3blBa€T Ha TO, YTO MEPEHOC MPOTOHA K AJIKUHY SIBISIETCSI CTaAMEH,
omnpenenstonieil ckopocts. llocnenyromue uccieqoBanys, M0-BUIUMO-
My, TIO3BOJIAT COCTaBUTH OOJiee TOYHBIE W TIOJHBIC NPEACTABICHUS O
MEXaHHU3Me dTOW CBOCOOPA3HON peaKITiu.

6.3.4.n0. [IPUCOEJVUHEHUE CYJIbOEHI'AJIOTEHUJIOB 1
CEJIEHT'AJIOTEHHU OB

Hawnbonee mHTEpEeCHBIC, TIOJHBIE W TOCTOBEPHBIC MAaHHBIE 00 0CO-
OCHHOCTSIX MEXaHH3Ma BJIEKTPO(UIBHOTO MPUCOCTUHEHUS K AJIKHHAM
HOJy4eHbl TPH HCCICIOBAaHUU IPUCOCIMHEHHS II0 TPOHHOH CBS3H
cynb(enranorenuaoB. [Ipucoenunenue cynbHeHXIOPHIOB U CyIb(eH-
OpPOMHIOB K TEPMHHAIIBHBIM AJTKHHAM OCYIIECTBIISETCS UCKIIOYUTEIIEHO
KaK aHTHIPHCOEIUHEHUE U B O0IIEM cilydae MPUBOIAUT K 00pa30BaHHIO
CMECH JIBYX IPOIYKTOB: MapKOBHHKOBCKOTO M aHTHMapKOBHHKOBCKOTO
TUIA:

R!C=CH +R?SCl —

WX cooTHOIICHHE B TIEPBYIO OYEpe/b 3aBUCHT OT CTPYKTYphI aJIKHHa-
U TPUPOJIBI pacTBOpUTENs. Tak, HaNpuUMep, B peakiuu MPUCOCIMHCHUS
2,4-muHATPOOCH30ICYIbQEHXIOpHIA K (EHUIANCTIIICHY IOTy9aeTCs
TOJILKO MPOAYKT MAPKOBHUKOBCKOTO TIPUCOCIUHEHUS:

CeHs.SAr
CeHsC=CH + ArSCl ———— Sc=C
CH,Clp;25°C Cl \H
(100%)

[Ipu nepexone kK HETEPMUHAILHOMY aJIKHHY, HAIPUMEp MPH 3aMeHe
TEPMHUHAJILHOIO aToMa BOJOpOAa B ()EHWIALETHUIICHE HA METUJIbHYIO
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IpyIiLy, IPOUCXOAUT YBEIMYEHUE CKOPOCTH MPH IOJHOM COXPaHEHUH
anTunpucoenuHeHus rpynmsl SAr u Cl:

CeHs_ SAr CHs

erenery= S SN P2 S SN

CHxCL;25°C (] CH; ArS CH;
(94%) (6%)

AHAJIOTHYHOE YCKOpPEHHE HAONIIaeTCs W JUIS MPUCOCAMHEHUS
ArSCI k rekcuHy-2 TT0 CpaBHEHHIO ¢ TeKCHHOM- 1. Takoe pasznmudue moJ-
HOCTBIO ITPOTUBOIIOJIOKHO TOMY, KOTOPOE HAOONACTCS JUIsl KUCIOTHO-
KaTaJIM3UPyEeMOU THIIpaTallii aJIKMHOB, IJI¢ B KAYECTBE MHTEPMEIHaTa
MperoaaraeTcst 00pa3oBaHNe BHHUJI-KATHOHA.

Tpu maBHBIE OCOOCHHOCTH TIPUCOCIUHCHHS CYIb()EHIaJIOTCHH-
JIOB: a) CTepeOoCTIeIU(PUICCKOE aHTHIIPUCOCAUHEHNE, 0) BTOPO KH-
HETUYCCKUN TOPSIAOK pPEakiud, B) PE3KOE YCKOpPEHHE MpH Tepe-
XO/le OT TEePMHHAJBHBIX K HETEPMHUHAIBHBIM aJKWHAM HaXOIUTCS B
COOTBETCTBHM C MEXAaHMU3MOM, BKIIFOYAIOIIUM IUKIMYECKAN KaTHOH-
eI wHTepMenuar (Moxaena, [lImun, 1968). B manpHeiimiem Momene
yaaJIoCh 3a()MKCUPOBATh TOT IUKIMYSCKUN KaTHOHHBIA WHTEPMEIHUAT,
MONYYUBIINK Ha3BaHUE MUUPEHUEB020 UOHA, CHAYalla C TIOMOIIBIO
SIMP- criekTpocKonuu B XKHIKOH JByokucH cepbl ipu —80°C, a 3aTem
BBIJIEJIMTH €T0 WHIMBHUAYaIbHO, C HEHYKJICO(DMIbHBIM IPOTHBOMOHOM:

cl

CeHsC=CCH; + ArSCl1

©  xvpkun S0, CHs  CHs
= - = —Q—Qq—
CH3C=CCHz + (CH3S),SCH, —a0°C C\e/c + CHy—S—S—CH;
© S sbetd
StClg CHs 6

crabuned B pactBope
50, npu -80°C

(CH3)3C\ C(CH5)

_ @ oKuakKuit SO, / 3
(CHs)sCC=CC(CH3); + (CH3S),SCH; — 300 CSF .
SbCLS LA
CHsz
cTabunen npu +20°C
; (CHy)5C C(CH3)
MWuaKkmi SO 3/3-\ / 3)3
(CH3),CC=CC(CHs); + CHySCL ——or 2 @f @
S—CH;
CH,CL, | CHySCL /
0°c °
1 C(CH3)
3
/
/TN
(CH3),C SCH5

ctabunen npn +20°C
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CTpyKTypa THUPEHUEBOTO HOHA ObliIa J0Ka3aHa PEeHTICHOCTPYKTYPHBIM
AHAJIM30M COJIM C aHUOHOM BF4@. TuupeHueBblil HOH JIETKO pacKphIBAET-
Csl IPH aTake TaJOreHUI-MOHOM ¢ 00pa30BaHHEM KOHEYHOTO MPOAYKTa
AQHTHUIPUCOCTIMHEHNS.

[MompoOHOe n3yueHue (akTOpOB, BIUSIONIMX HA CTAOMIBLHOCTH Ka-
THOHOUJHOTO WHTEpMENnaTa, IMO3BOJIMIO YCTAaHOBHTH, YTO OCHOBHOE
BIIMSIHUE HA €r0 CTPYKTYPY OKa3bIBaeT CTPOCHHME MCXOAHOTO alKuHa. B
peakuyy katnona RS® ¢ 1-gpennmmpornurom PhC=CCH; u 1-penunoy-
tuHoM PhC=CCH,CHj; o0pasyeTcs nuIb OTKPBITHI BUHUI-KaTHOH, HO
mpem-0y T eHUIAICTIIICH TaeT CTAOWIBHBIN THHPEHUEBBIN HOH. J{is
anykra usonponundenunaneruiena ¢ karuonoM CH3;S® npu —40°C
yaaJioch 3apUKCHPOBaTh paBHOBECHE MEKIY HUKIUIECKON M OTKPBITON
dbopmMamm KaTUOHa:

JCH_ CeHs _ypoc  JCH_
CH3 C\@/C CH3 /C:C*CgHs
S\ —70ec CH;S
CH3

Hyxneopuneneiii arent (C1°, Br® u ap.) npucoeauusercs mparc-
crepeocnenuPpuuHO K THHPSHUEBOMY HOHY B pe3yJbTaTe araku B
TUIOCKOCTH IMKJIA CO CTOPOHBI, TIPOTUBOIOIOKHON aTOMy cepbl. ATaka
XJIOpUJ-MOHA Ha (PEHUII3aMEIICHHBIM aToM yIIepoja MPHU MPHCOEIU-
HEHHHU 110 MapKOBHHUKOBY BO3MOKHA TOJIBKO TOTIA, KOTIIA THUPCHUEBBIN
TPEXUWICHHBIH UK 1 OCH30JIBHOE KOJIBIIO PACIIOI0KEHBI OPTOTOHAIBHO:

Kornma sTi mUKIIBI CONpPSDKEHBI, MOIXO0J] XJIOPHI-HOHA CTEPHYECKU 3a-
TPYHEH aTOMOM BOZOPOZA B OpmoO-TIOJIOKEHUH OEH30JIBHOTO KOJIbLIA.
D10 comacyercs ¢ 0ojiee HU3KOH CTAaOMIBHOCTHIO (DEHHMII3aMEIICHHbIX
TUHUPCHUCBLIX MOHOB IO CPABHCHUIO C AJIKWJI3aMCIICHHBIMU.

Hns monoankunaneruiienoB RC=CH cooTHomieHne nmpoyKToB aH-
TUIIPUCOEAUHEHNU 110 MapKOBHUKOBY U IIPOTUB IpaBuia MapKOBHUKO-

502



Ba OYCHb CHJIBHO 3aBHCUT OT CTEPUUECKUX (PAKTOPOB 3aMECTHUTENSI MPH
TPOMHOM CBSI3U:

S CeHa=Clon
— CHCL,CHCL
RC=CH + n-Cl-CeH,SC1 #_2_. c/:\c _

/F N

Rl \H

et
R SCHamCln CeHy=Clon
cl \H M /C:<

R ct

ﬂpMCOe,ﬂ,MHeHMe no aHTU-MapKOBHUKOBCKOE
MapKOBHMKOBy npucoenHeHue
R=CH,  (27%) (73%)
R=(CHs),CH (10%) (90%)
R=(CHz)C  (0%) (100%)

PackpbiTHe THHPEHUEBOTO MOHA B pE3yJbTaTe HYKICO(UIBHON aTaku
XJIOPUA-UOHA TOJDKHO OMPEISIATHCS MPOCTPAHCTBCHHBIMU TPEOOBaHH-
SIMH QJIKMJIbHOTO 3amectutes. O0beM 3aMeCTHTE sl YBEIUYUBACTCS B
PALY: STHII<HU30MPONUI<mpeni- OYTUI, B 3TOM XK€ PATYy YMEHBIIACTCS
KOJIMYECTBO MPOAYKTa MpHUCOSAUHEHUs Mo MapKoBHHUKOBY. Pa3BuBas
TpencTaBieHuss 00 00pa30BaHUU THHPEHHUEBOTO MOHA B KAaueCTBE WH-
TepMeauara MpHU MPUCOCAUMHEHUU CYIb()EHTAIOTeHUIOB K TPOHHOU
cBs13u, MojieHa BBICKA3aJl MPEIITOIOKEHNE O TOM, YTO B PCAKIIMH JIH-
ankwianetwieHoB ¢ RSCl TunpeHreBoMy MOHY MPEIIeCTBYET JAPYroi
WHTEpMeInaT — KOBaJIGHTHBIN cynbdypan. Torma obmas cxema peakiinu
npucoeaunenus RSCI k quankunareTuaeHaM MOXET ObITh MPEJICTaBIIe-
Ha CIIEAYIOMUM 00pa3oM:

R R R R CI R
RC=CR+ArSCl= “Co—C = “co=C - o]
EN sTc” R SAr
Ar Cl \
Ar

HemHorouncnenHnple JaHHBIE 10 MPHUCOSAWHEHUIO CEJIEHTaOTeHH-
OB K alKMHAM NPAKTHUYECKH HHUYEM HE OTIMYAIOTCS OT JaHHBIX
M0 TIPUCOETUHEHHIO cynb(eHramoreanoB. [Ipucoeannenne OeH30-
CEeJICHXJIOpHJA K aJKUHAM OIHCBHIBAETCS KMHETHUYECKUM YpaBHEHHEM
BTOPOTO TOPSIIKA, TIEPBOMY T10 Ka)KJIOMy PEareHTy, M MIPUBOAUT K CMECH
JIByX MPOIYyKTOB MPUCOCINHEHNS — KaK MO MpaBuily MapKOBHUKOBA, TaK
u ipotuB Hero. [Ipucoeauaenne GeH30ICeNeHXIOpHUIa K TPOHHON CBSI3U
HNPOMCXOJUT CTPOTO CTEPeOCHeMPUIHO KaK mpanc-PUCOEANHEHHE.
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Bce 3T0 HaxomuTcs B COOTBETCTBHH C Z[ByXCTaZ[I/IP'IHbIM MEXaHHU3MOM
C Yy4aCTUEM MOCTHUKOBOI'O CCICHUPECHUCBOT'O NOHA:

CoHs
o
RC=CH + CgHsSeCl—+ Se. ——
EXAN
C==C
R H
a. H CHsSe,  H
— c=c Jc=c,
R SeCgHs R Cl

6.3.4.e. TIPUCOEAMHEHUE COJIEN ALTMJINSA

AJKMHBI allWIMPYIOTCS KOMIUIEKCcOM anmiranoreHugos ¢ AlCl; B
XJIODUCTOM METHJIEHE ¢ 00pa3oBaHHEM [3-XJIOPBUHUIKETOHOB, HAXOs-
IIUX IPUMEHEHNE B OpraHuueckoM cuntese. [Ipucoennnenme nporekaer
HecTepeocnenn(puiHo ¢ 00pa30BaHUEM Yuc- U MPAHC-aATYKTOB:

2
RI R R X
JC=C__ + = C=C
C X CL R?
7N
~o S0

O
R'C=CR2 +RC” AlCh
\X CH,Cly, —40°C

R R

DIEeKTPOHOMOHOPHBIE 3aMECTUTEIN B PaJHUKaJIC aIlMIraJoreHUua CIIo-
COOCTBYIOT MpAHC-TIPUCOCMHCHUIO, 3JICKTPOHOAKIEITOPHBIC — YUC-
MIPUCOCTUHEHUIO:

CH;C=CCHj 4 n-CH;0—CgH,COC] — 21
CH,Cl,, —40° O
Y
CH; T
— /C:C\ C6H4OCH3—n
Cl CH;
(100%)
CH;C=CCH; 4 n-0,N—C¢H,COC] — 25
CH»Cly, —40°
CH3 /COC4H4 —NOQ—I’I CH3 /CH3
N >C:C\ T >C:C\ 0
Cl CH; Cl c’
C6H4 —NOz—I’l

(37%)
(63%)

CH; _CH;
Se=c

CHClL, —40° COCHCl,

(100%)

CH;C=CCH; + Cl,CHCOC] — ¢t
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6.3.5. PEAKIIMH PAJUKAJBHOI'O NPUCOEJUHEHUSI
K TPOMHOM CBSI3U

JIisi aJIKHHOB XapaKTEpPHBI T€ K€ CaMble PEAKIUH PaJuKaIbHOTO
MPHUCOCAMHEHUS, YTO W Il ankeHoB. [lepekucu, a3o0ucn300yTHPO-
HuTpui (CHj); —C—N=N—C(CHj),uiu Y®-00mydyeHne HHUIUUPYIOT

CN CN
MIPUCOCTUHEHNE K TPOWHOH CBS3M OpPOMECTOTO BOJOPOAA, THOJOB,

TpUXJIOpOpOMMETaHa, TPUPTOPUOAMETaHA, TPUAIKUICHIAHOB M psaa
JIDYTUX PEAareHTOB C MOAXONAIIEH dHeprueit cpsizu X—Y 10 LEeMHOMY
panvKalbHOMY MEXaHH3MYy, aHAJOIHYHOMY MEXaHU3MY pPaJuKaIbHOIO
TIPUCOCTUHEHUS K JTBOWHOMN CBSI3W aJIKCHOB (T71. 5).

hv unmn

Hnuyuuposanue : XY —X-+Y-.

TIEPEKUCH
0]
Pocm yenu: a)X-+RC=CH—  C=C

- H Y
C=C_ +X-Y—
R X R X

CBoOogHOpaguKadbHOE  MPUCOCAUHEHHUE K  TPOMHOU  CBS3H
MPOUCXOAUT  CTEPEOCENEKTUBHO KaK  aHTUIPHCOEIWHEHHWE, TaK
Kak Oapeep mpaHCc— yuc-WHBEPCHHM  JUJIsl  BHUHWIBHOTO  paju-
© /H
C=C_ cootBercTBYeT 17-23 KKaJI/MOJb, YTO OOBIYHO IIpe-

/
R X

BOCXOJIUT HHEPTUI0 aKTHUBALIMU CYMMApHOTO Ipoliecca NPUCOECINHEHUS
pearenta X—Y K TpPOMHOW CBA3M IO PaJAMKAIBHOMY MEXaHU3MY.
PeruocenekTuBHOCTh paauKkalibHOro mnpucoeauHeHus HBr u tuonoB
K TPOIHOH CBS3M COOTBETCTBYET aHTHMAPKOBHUKOBCKOMY NPUCOEMHE-
Huto. HekoTopble TUMMYHBIE NMPUMEPBI PAAUKAIBHOIO PUCOECINHEHUS
K aJKHWHaM IMPEACTABIICHBI CIECIYOIIMMHI YPABHEHUSIMHU PEAKLUU:

Kajia

_ hv H\ /H
CH;C=CH+HBr —— C:C\ + CH3CHBrCH,Br

780 /
8¢ CH, Br (30%)
(70%) amctslit yuc-u3zoMeEp

. CHi _H

CH;C=CBr+HBr ——  >C=C_
—78°C Br Br

(75%)

505



I

H H
Vid= HM. /
HC=C—COH + C¢HsCH,SH A2220, Se=c(
—10°C C¢HsCH,S COOH
(74%)

C = C6H5 /SCH2CH3
CeHsC=CH + CH;CH,SH ™ =22 " Se—c
H H

(68%)
(CH5CO0), H\CZC/Br

CH; (CH2)5CECH + BrCCl, o N
ClsC (

CH,)sCHs
(80%)

(PhCOO), H\ s

/
CF; “CH;
(86%)

[TockonmbKy MOHOAUIYKTHI TIPUCOETMHEHHS THOJIOB K alKWHaM-1
JIETKO MOTYT OBITH MPEBPAIIEHbI KUCIOTHBIM THIPOIH30M B aJIbJIeT /I,
3Ta peakius, MO CYIIECTBY, MPEACTaBISCT COOOM H3SIIHBIA CIIOCOO
AHTUMapKOBHUKOBCKOTO TIPUCOETUHEHHS BOABI K TEPMHUHAIBHBIM all-
KHMHaM C O6paSOBaHI/I€M AJIbACTUA0B B Ka4€CTBC KOHCUHBIX MPOAYKTOB
JIBYXCTQJIMMTHOTO Tpolecca:

CH3;C=CH + CF;l

H H

N / H,O,H* Hg**
oc=C S
R! SR2

AN
CHTHOJ

R!C=CH + R?SH — R!CH,CHO.

AHAJIOTUYHO TIPOJAYKT MPHCOCTUHEHUS] OPOMTPUXJIOPMETaHa K Tep-
MHUHAJIBHBIM aJIKUHaM IOCJIC TUApoJmr3a OacT E—I/I3OMCpI:I TOMOJIOI'OB
B-OpOMaKpPUIIOBBIX KHCTIOT:

CH3 (CH,)sC=CH + BrCCly (20,
H Br Br -
{ s
N o i Sc=c(
che (CHz)sCH; ™% CH3(CHy)s COOH

B 3aBuCHMOCTH OT SKCIIEPUMEHTAIBHBIX YCIOBUMU, T. €. COOTHOLICHUS
peareHToB, TeMIIepaTypbl U Ccrioco0a MHUIMAPOBAHUS PEaKIUd, MOTYT
MOJIy4YaThCsl AJIYKThl IPUCOSAUHEHUSI OPOMHUCTOTO BOJIOPOJIA U THOJIOB
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K amkuHaMm coctaBa 1 : 1 m 2 : 1. AIAyKTBHl TPUCOCAUMHEHUS IBYX
Mosiei HBr m THOJIOB HE MpEACTAaBISIIOT KaKOTO-THOO HWHTEpeca s
OPTraHUYECKOI0 CHHTE3a B OTIMYKE OT MPOAYKTOB NMPUCOCAMHECHUS K
AJKUHAM OJJHOTO MOJISl THX PEareHTOB KaK CTePEOCEIeKTHBHOTO METOIA
MOJIy4eHUs (PYHKIIMOHAILHBIX MPOU3BOHBIX AJIKCHOB.

HHTEpecHO COMOCTaBUTh PEaKIMOHHYIO CIIOCOOHOCTH aTOMOB BOJIO-
poa MpHU aJUTUIFHOM U MPONApTHILHOM aTOMax yIjiepoja Mo OTHOIIe-
HUIO K paJuKalbHOMY OpOMHPOBaHUIO Mo jaericTBueM N-OpoMmcyKmun-
Humyjaa. Ilpu 6pomupoBannmu rexceH-1-uHa-5 N-OpOMCYKIMHUMUIOM
obpasyetcst 95% mponaprmIbHOTO U TOIBKO 5% auiiILHOTO OPOMHIOB!

NBS
CCl;, 80°C

— CH,=CH—-CH,CH—-C=CH + BrCH,—CH=CH—-CH,—-C=CH.

CH,=CHCH,CH,C=CH

Br
(95%) (5%)

D710 yKasbiBaeT Ha 0Ooyiee BBICOKYIO PEAaKIUOHHYIO CHOCOOHOCTH
METHJICHOBOM I'PYIIIbI IPXU TPOHHOM CBSA3U B OTHOIIEHUHU PaAUKaIbHOIO
OpoMHpOBaHUS.

6.3.6. HYKVIEO®WJIBbHOE INPUCOEJJUHEHHUE

sp-I'mOpunr30BaHHBIN aTOM yIviepona B alKWHaxX oOnagaer Oosee
BBICOKOI 3J1€KTPOOTPHIIATENEHOCTBIO 110 CPABHEHMIO C Sp>-THOPHIHBIM
YIIEpoJOM B alikeHax. [l09TOMy JUIsl anKWHOB, B OTJIMYHE OT HE
coaeprkalux (QyHKIHOHAIBHBIX TPYIIIT AJIKEHOB, XapaKTCPHBI  PEaAKIIUH
NPUCOCMHEHHUST HEKOTOPBIX HYKJICO(DUIBHBIX areHTOB. AICTHJICH B
JKECTKUX YCJIOBHUAX PCArupycCeT C aJIKOTroJidTaMU HICJIOYHBIX METAJIJIOB B
CIIUPTOBOM cpejie. DTy PeakIunIo, TO-BHIMMOMY, CIIEIyeT pAaCCMATPUBATh
KaK HyKJIeo(QUIbHOE PUCOCIUHEHIE K TPOWHOM CBSI3H aJIKOTOJIAT-HOHA
¢ 00pa3oBaHUEM OUCHb PEAKITHOHHOCTIOCOOHOTO aTKOKCHBUHUII-AHUOHA,
KOTOPBI MTHOBEHHO IIPOTOHUPYETCS CIIUPTOM U JIaeT BUHUIIOBBIH 3(hup:

200°C ROH

HC=CH + RO® 22, [RoCH=CH] %% ROCH=CH, + RO®.

CHHUIBbHAS KHCJIOTA TAaK)Ke MPUCOETUHSETCS K aleTHIeHY B MpH-
CYTCTBHM COJICH OIHOBAJCHTHOW MeIM C OOpa30BaHUEM AaKPUIIOHMT-
puna. KiroueBold cramueil 3Toil peakuuu sIBIsIeTCS HYKICO(QHIBHOE
MIPUCOCIMHEHNE MHAHUI-HOHA K TpoWHOU cBs3u; poib Cu,Cl, wim
npyroit conu meau (1) He sicHa. B HeganekoM NpomuioM TakuM CIIoco00M

507



B MPOMBIIUICHHOCTH MMOJYYald aKPWIOHUTPHWI, OAMH W3 BaKHEHIIMX
MOJTYTIPOAYKTOB OPTaHUIECKOTO CHHTE3a:

HC=CH + HCN % CH,=CHCN.

B macrosmee BpeMs €ro MOJHOCTHIO BBITECHHI OoOJiee NEIIeBbIH |
Oe3omacHbIli crOCOO OKUCIUTEIHHOTO aMMOHOJIM3a MPOMUiIeHa (CM.
1. 28). VI3 apyrux HyKICO(PIIBHBIX aréHTOB OTMETHM TPHCOCTNHECHUE
THOJISAT-UOHOB K TPOMHOM CBSI3U aJIKUHOB. JIJ1s1 TEpMUHANIBHBIX U HETEP-
MUHAJBHBIX aJIKUHOB MPOUCXOAUT MPAHC-TIPUCOCTUHECHUE THOJIOB, Ka-

TaIU3UPYyEMOE OCHOBAHHUSIMH:
H\ s

CH;C=CCH; +RSH ——— C=C
CH3CH,OH, NaOH CH; N SR

H
/
CH;3(CH,)sC=CH+RSH —— Sc=C

/
C,HsOH, NaOH CH3 (CH2)5 \SR

CH3

H

6.3.7. AUETUJIEH-AJUVIEHOBASI IIEPETPYNIIIMPOBKA
N MUT'PALIMSA TPOUHOU CBA3U

Karanmsupyemasi CHIBHBIMH OCHOBAaHUSMH IE€PETPYyNIHPOBKA all-
KMHOB B aJUICHbl U MWIpalUss TPOWHON CBA3M B YIVIEPOJHOM Lenu
on1a oTkphiTa A. E. ®@aBopckuM B 1888 1. O momyyan OytuH-1 merua-
pOrajoreHupoBaHueM 2,2-TuxjaopOyTaHa MO JEHCTBHEM CIUPTOBOTO
pactBopa KOH B ammyne mpu 170°C. Heoxumanao BMecTo OyTrHa-1
Obu1 osyueH OyTuH-2. OH He JaBajl MEJHBIX U CepeOpSIHBIX COJICH MpH
00paboTKe aMMHAYHBIM PacTBOPOM Tuapokcuaa meau (1) nim cepedbpa —
TUIMYHBIE Ka4eCTBEHHbIC peakuuu Uit ainkuHa-1. [lomydeHHBIH UM
YINIEBOAOPOJ HPHU BCTpsAXUBaHUU C 85%-i CEpHOM KUCIOTOM IpeBpa-
IIAJICSl B TEKCAMETHIIOCH30JI. DTO JI0Ka3biBajo (cM. pasa. 3.9) crpoeHue
OytnHa-2 (mumermnarernieH). OAHAKO TPH JIETHIPOTAJIOTEHHPOBA-
HUM 2,2-nuxsiopOyTaHa cnupToBoi menousto npu 120°C momywaercst
OyTuH-1, KOTOpBI TNPH HATrPEBAaHHUH CO CIHUPTOBOW INEIOYBIO IPHU
170-180°C B ammyne nzoMepusyercsi B OyTuH-2:

CH, CH CH;
acato g o
‘ compt, 120°C | cnmprt, 170°C H‘
T ]
CH3 CH3 CH3

DaBopckuil MPEAnoNokKuI, YTO eperpyniupoBKa OytuHa-1 B OyTHH-2
JOJKHA BKJIFOYATh CTaJUI0 00Opa30BaHMsS ajUIEHA B Ka4€CTBE IIPOMEXKY-
TOYHOTO coeAMHEeHus. [l A0Ka3aTesbCTBA ITOTO MPEANOIOKEHHUS OH
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M3YYHIT U30MEPHU3ALII0 M30TPONUIALETHIICH], U KOTOPOro 00pa3oBa-
HUE aKWHa-2 HEBO3MOXKHO. M30-TiponuaneTniieH Ipyu HarpeBaHuu co
cupToBbIM pactBopoM KOH npu 170°C nelicTBUTENEHO H30MEPUBYET-
cs B 3-MeTuiOyTaaneH-1,2, omHako mpem-0yTHIAICTIIICH HE U3MCHSICT-
Cia B 3THUX YCJIOBHAX. I[J'I}I ApUII3aMCIICHHBIX TCPMUHAJIBHBIX AJIKUHOB C
pK, HIDKe IBaJIIaTH aleTHIICH-aJUICHOBAs IIepEeTrpyIUPOBKA UIET OYCHb
JIETKO W MHOTAA OCYLIECTBISIETCS yXKE MPH XpoMmarorpapupoBaHUH Ha
OCHOBHOM OKHCH aJIOMMHUS IPU KOMHATHOW TeMIlepaType:

CH3

|
CH;—CH—-C= CHTCH}, C—=C=CH,,
| CIHPT, °© (98%)

CH3

(C6Hs),CH—C=C—CgHs 2220 (€ H),C=C=CHC4Hs.
(83%)

I/I30Mepmaum{ TCPMUHAJIBHBIX aJIKWHOB B aJUICHBI U JJaJICC B HETEP-
MUHAJbHBIE aJKWHBI OTHOCHTCS K YHCIY KIACCHYECKHX IPOTOTPOII-
HBIX TIEPErpyNIUPOBOK, BKIFOYAIOMINX HECKOJIBKO ITOCIIEI0BATEIbHBIX
CTaauil OTHICTUICHUS U TMEPEHOCA MPOTOHA. AHHOHBI, BO3HUKAIOIINE
B pe3ysbTare EeNPOTOHUPOBAHMS TEPMHUHAIBHOTO alKHHA W aJlIeHA,
NPEACTABIISIOT COO0H THTMYHBIC ME30MEPHBIE AHUOHBI, Y KOTOPBIX 3apsij
nenokanuzoBad Mexay C-1 u C-3 atomamu yrepoja. [IporonupoBanue
9TUX ME30MCPHBLIX aHMOHOB CIIMPTOM IMPUBOJUT K O6p330BaHI/IIO aJIKH-
HOB WJIM aJIJICHA:

o
rec—cmen 0L BN oy Tl RC=(C=CH, =—=

i 210" Cafts0, £°
[S]
C,Hs0, t° Q\, I C,Hs0H
C 5 o

———= RC=(=

CaHs0H CoH 50 t°

RC==CCHz .

Bce cramum mpoTOTpONMHON TEeperpynnupoBKA OOpaTUMbI, W IO-
JIO)KEHUE PABHOBECHUSl IPHU JIAHHOM TeMIEeparype ONpeAeisercs Tep-
MOJMHAMHUYECKOH CTaOMJIBHOCTBIO YYAacTBYIOIIMX B HEM H30MEPOB.
AJTKWHBI ¢ HEKOHIICBOW TPOWHOMN CBS3BIO CTAOMIBHEE TEPMUHATHHBIX
AJKUHOB (1. 5) 1 anseHoB. [ToaToMy B paBHOBECHBIX YCIOBHAX B CMECH
npeodiaiaeT HeTePMUHAIBHBIN aKIH, HallpAMep:

KOH
CH;CH,;CH,C=CH &—/—=

—
(1,5%) ciupt, 175°C, 34
KOH
S CH3CH,—CH=C=CH,; &—————= CH;3;CH,C=C—CHjs.
(3,5%) crmpt, 175°C, 34 (95%)
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OO0parHast u30MepHu3alys HETSPMUHAIBHOTO B TEPMOJAMHAMUYESCKU Me-
Hee CTaOWIBHBIN TEPMUHAIBHBIA aJTKHH OYEHb JIETKO OCYIIECTBIIACTCS
moJl AelicTBHeM MoHoKanueBou comu 1,3-muamunomnpomnana (KAPA) B
pactBope 1,3-1uaMuHONpOIIaHa WK JIMTUEBOM coyu 1,2-1rMaMuHOATaHa
B pactBope 1,2-nnamunostana npu 20°C B Teuenue 2—-30 MUHYT:

€]
K®NH(CH, )3NH; (KAPA)

CH; (CH2)5CEC(CH2)5CH3
NHz (CH2)3NH2 5 ZOOC, 5 MuH

_ S @ H0 _
—)CHg(CHz)“C:CK %CHg(CHz)“C :CH;
(89%)

=l
LlEB NHCHZ CHZ NHZ

CH; (CH2)3CEC(CH2)5CH3
NH,CH,CH,;NH3;20°C, 30 Mmun
—s CH3(CH,)sC=CLi ‘2% CH;(CH, )oC =CH;
(85%)

Li@I%HCH2CH2NH2
HOCH,—C=C (CH2)5CH3
NH,CH,;CH,;NH,
—+ LiOCH, (CH, )sC=CLi 2% HOCH,(CH, )¢C =CH.
(87%)

Conu IMaMUHOB MONYYaroTCsi MpH 00paboTke MX TUAPUIOM Ka-
WS WA H-OyTHUTATAEM. JIBIDKYIIEH CHIION W30MEpH3aITuH SBIISICTCS
oOpa3oBaHHe KaJlMEBOW MJIM JIMTHEBON COJIM TEPMHHAIBHOTO aJKHU-
Ha, HepacTBOpuMOW B 1,3-nmuamuHomnponade wid 1,2-InaMUHOITaHE.
BaxHoil B mpenapaTHBHOM OTHOIIEHHMH OCOOEHHOCTBHIO M30MEpH3aLUU
IOJT ICUCTBHEM COJIM AMMHA SIBJISIETCS MOJHOE OTCYTCTBUE AJIJICHOB B
MPOAYKTaX peakluu.

6.3.8. STUHWINPOBAHUE KAPBOHUJIbHBIX COEJIUHEHUIA

B 1900 . A. E. ®aBopckuii yCTaHOBHII, YTO MOHOAHUOH alleTHIICHA
MIPUCOEUHSACTCS K KapOOHWIBHOHM TPYIIIe KETOHOB C 0Opa3oBaHUEM
aleTHJICHOBBIX CIUPTOB. B opurnaansHOM MeTone daBopckoro ameru-
JIeH MTPUCOSANHACTCS K KapOOHMIIBHOM TPYTIe B MPUCYTCTBUHU TBEPJIOTO
MOPOIIKOOOPA3HOTO I'MJIPOKCUIA KaJUsl, CYCIICHAMPOBAHHOTO B 3upe:

R' 51 s R! R' ~C=CH
>C=0+HC=CH =%,  “c-ok ™ ¢
RZ abc¢. adup RZ | RZ N OH
C=CH
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B nacTosee Bpemst noiay4ueHe HaTpUEBOI COJIM alleTUIIEHA U €€ TIPUCO-
€IMHEHNE K KapOOHMIIBHOM IPyIIIE ajlbACIH0B U KETOHOB IPOBOIUTCS
B pactBope B kuakoM ammuake mwim B JAMCO. Hwxke npuseneHbl
HEKOTOpbIE TUIIMYHBIC NPUMEPHI UCIOIb30BaHUA peakuuu PaBopcKoro
JUIsL CHHTE3a BTOPUYHBIX M TPETHYHBIX CITUPTOB alleTUIEHOBOTO Psijia:

kK NHz <:>_O
_—
—38°C

HC=CH + NaNHj; HC=CNa

skuakuii NHz—adup; —33°C

O—Na
/ NH,4Cl /
%
<:> C= CHHzOO° <:> C=CH

(85%)

o° o°
/ o/ HC=CH
CH,S S LN CH,—S =,
JIMCO; 70°C N JIMCO—TT'®
CH,4 CH,Na
JIUMCHITHATPUI
,0
CH,C H\ _OH
—HC=CNa——+  3C
JIMCO-TI® -y NC=CH
(78%)

OTUHUIMPOBAHUE IIMPOKO IPUMEHSETCS B CHHTE3€ OMOJIOTHUECKU
AKTUBHBIX COEIMHEHUH, HanpuMep 17-0-3THHUIIICTPA N0 — CTEPOUI-
HOTO MEPOPAIBHOIO 3CTPOreHa, IMHUPOKO HCIOIb3yEMOTO B MEIHUIIUHE
JUTS TIPEAYIIPEXKACHUST OEpEMEHHOCTH:

0 OH
Hs¢ HC==CH ; KNH, HaG 1 e
SKUAKAA NHz-3pup =
iH iH
HO HO (90%)

3CTPOH
17-0¢-3TUHUA 3cTpasuon—
PONIMUKYNAPHBIA MOPMOH

B 1925 1. B. Penme pa3paboTan MpOMBIUICHHBIH CIIOCOO TpH-
COCIMHEHHs aleTHIeHa K (OopMalbAeruay, OCHOBAaHHBIM Ha pEaKLIUH
®asopckoro. Ilpu BwicokoM maBieHUH (~100 aTM) B TPHCYTCTBHH
aleTUIICHU1a METU IPOMCXOUT MPUCOCANHEHHE alleTHiIeHa K popmaib-
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JIeTuay ¢ oOpa3oBaHMEM JBYX BaXKHBIX MPOAYKTOB — IIPONAPTUIOBOIO
criapTa u OyTuH-2-auona-1,4:
Cu—C=C—-Cu

HCHO + HC=CH +HCHO T) HC=CCH,OH~+

+HOCH,C=CCH,OH.

bytun-2-guon-1,4 panee ciayKujl HCXOJHBIM BELIECTBOM ISl IIPOMBIII-
JIEHHOTO TIOJTyYeHHsI OyTaareHa-1,3 ¢ MOMOIIBI0 CIIeMyIOIICH MocIeno-
BaTEIbHOCTH IPEBPALICHUI:

HOCH,C=CCH,0H 2™, HoCH,CH,CH,CH,OH ITOIZZSIZZ

— CH,=CH—-CH=CH; + 2H,O0.

B macrosmee Bpems OyrtamweH-1,3 MONMy4aroT B TPOMBIIUICHHOCTH
HCKJIFOUUTENIBHO JIeTHIpUpoBaHneM OyTaHa (. 28).

6.3.9. HUKJIOOJIUTI'OMEPU3ALIUA AJIKUHOB

OHUM M3 XapaKTePHBIX CBOWCTB QJIKMHOB SIBISETCS IHMKJIOOJIHUIO-
MepH3anus ¢ 00pa30BaHUEM apOMATHYECKUX COCTUHEHUN W TPOU3BOI-
HBIX IMKJIOOKTAaTeTpacHa B MPUCYTCTBUU TOMOTCHHBIX KOMILIEKCHBIX
MeTaJIOPraHNIeCKUX KaTanu3aTopos. L{ukimoonuromepusanys aTkHHOB
B HICCTHYICHHBIC apOMAaTHYCCKUE COCIUHEHHSI — IIPOLECC IK30TEPMHU-
YeCKWi, HO B OTCYTCTBHE KaTaJM3aTOpOB dTa peaklus, KaKk 3TO HU
VAMBUTENFHO, HIET TOJIBLKO MpH Temmeparype Boime 700°C. Anernnex
B O3THX YCJIOBHSIX C HEOOJBITUM BBIXOIOM 00pa3yeT CMOIO00pa3HyIo
CMECh YIVICBOIOPOJIOB, COJCPIKAIIY O OSH30J1, Ha()TaIMH, TOJIYOJ U BbIC-
1IMe KOHJCHCHPOBaHHBbIC apoMaTuueckue yrieBomoponasl (M. beptio,
1860). OmHako B TPHCYTCTBHHA KOMIUICKCOB TIEPEXOIHBIX METAJUIOB
[UKI00JIMTOMEPHU3AIUS AJTKUHOB OCYIIECTBISICTCS B MATKUX YCIIOBHSIX,
mipu 20-100°C.

B 3aBucuMoCTH OT HPUPOJIBI KaTaau3aTopa IIaBHBIMH MPOAYKTAMHU
OKa3bIBAIOTCS JINOO TPUMEPHI — IIPOU3BOIHBIC OCH307a, JIMOO TeTpa-
Mepbl — MPOU3BOAHBIC IUKIOOKTaTeTpaeHa-1,3,5,7. Kommiekcs! HynbBa-
nerrroro Hukelst Ni[(CgHs )3P],(CO),, a Taxske kobanbTa, pomus U 1mai-
aagusi: CpCo(CO),; CpRh(CO),; PdCl,(C¢HsCN),, e Cp=CsHs —
UKJIOTIEHTaINEHIII, KaTATM3UPYIOT TPUMEPHU3AIINIO AIKHHOB B apoMa-
TUYECKUE mpou3BoHbIe OcH30ma (B. Pemnre, 1948):

(CO)2Ni[P(CHs)s]2 @

60-70°C; 15 arm. (80%)

3HC=CH
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Jn3aMenieHHbIe alleTUIICHBI B 9TUX K€ YCIOBUSIX JAI0T CUMMETPUYHBIC
reKkca3aMeIlleHHbIC MPOW3BOMHEIC OCH30JIa, B TO BpeMs KaK MOHO3a-
MEIICHHBIC AJIKUHBI 00pa3yrT cMech 1,2,4- u 1,3,5-Tpu3aMenieHHbIX
TIPOU3BOIHBIX OCH30JIA:

R
RC=CH (CO)2Ni[P(CeHs)s3)2 @R N
70°C; 6enson
R R R
CHOH CH,OH
HC=CCH,OH (CO)2Ni[P(CeHs)s3)a CH,OH N
70-80°C; 6en3on
CH,OH HOCH, = CH,OH

r 1
1(95%)

Cummetpuunsie 1,3,5-Tpru3aMenieHHbIe TPOU3BOIHBIE OCH30J1a HAPSIY
¢ 1,2,4-uzomepamu 06pas3yroTcsa U Ipy HUKIOTPUMEPU3ALUH ATKHHOB- |
Ha katanusaropax [{urepa—Harra (u30-C4Hg)3Al—TiCly. Takum cro-
co00M ynasnioch M3 mpem-OyTUialleTWIeHa NOayYuTs 1,3,5-Tpu-mpem-
OyTtmibeH3om, a u3 BuHWIanermwieHa 1,3,5- u 1,2,4-TpuBUHUIOCH30T:

, (CH3)3C C(CH3);
(u30-C4Ho )3 Al TiCly

3(CH3)3CCECH
20°C

C(CH3)s
CH,
I CH=CH,
3CH,CH—C=CH (uxo-c4ngO):?1Tic14 CH N ©/CHCH2

CH,=CH =~ CH=CH, CH=CH,

HuxnoTpumepusamusi amkMHOB MPOTEKAeT ¢ 00pa30BaHUEM METal-
JAIMKIIOTICHTAIeHa B Ka4yeCTBE MPOMEXYTOYHOTO coenuHeHwus. Jleii-
CTBUTEIILHO, TPHU B3aUMOJICHCTBUM OWC-(IUOCH3MIH/ICH )IIaJUIAHsT C
JTUMETHIIOBBIM 3(HUPOM alleTHIICHNKApOOHOBOM KHCIIOTHI OBLT BHIJICICH
MaJuIaIMAIUKIOTICHTAAUCH:

L,Pd° + 2CH;00CC=CCOOCH; —

CH;00C_  COOCH; _ H;COOC_, COOCH;
CH;00C  COOCH; H;COOC  COOCH;

9(hUp MEIUTUTOBOIl KHCIOThI

[Ipu B3aMMOACHCTBUHN C TUMETHIOBBIM d(hUPOM aleTHICHIUKapOo-
HOBOM KHCJIOTBI 3TOT KOMILIEKC IMPEBPALIACTCS B TEKCAMETHIIOBBIN 3(Up
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MEJUIUTOBOM KHUCTOTHL. Ha 3TOM OCHOBaHUM U HUKIOTPUMEPU3ALNU
AJTKUHOB OblITa MPEIOKEeHA CIIeAyIomas o0Ias cxeMa MpeBpaIIeHNN:

R R . R R!
2RC==CR P RC=CR' ={_p

LM ——— LM — M |
\/__\ —/~R

L R R R | R

m R'c=cRr’
R1
R1 R R R R!
—_— M+

R’ R R R

IIepBoHauanbHO U3 JBYX MOJIEH alIKMHA U KOMILIEKCA [IEPEXOJHOIO
MeTaJljla TOIy4aeTcs METaJUIONMKIONEeHTaAueH. BHepeHne TpeTbero
MOJIsI aJIkKiHA TPUBOAUT K OOpa30BaHHUIO METAJUIOLUKIOTENTaTpUeHa,
KOTOPBII Aajiee MOABEPracTCs BOCCTAHOBUTEIBHOMY 2IMMHHHAPOBAHUIO,
B pe3yJbTaTe Yero Mojy4aroTcsl apoOMaTHYECKOe COEMHEHHE U HCXOJI-
HBIH KOMIUIEKC MEepeXoJHOoro Meramia. Jpyrod MexaHu3Mm peaausyercs
B TOM ciydae, koraa ajnkud R'C=CR! nmpossiser cpoiicTa Xoporuero
nueHodwma. B3anMmoaecTBe METaUIONUKIONCHTaAueHA, Kak 1,3-1m-
€Ha, ¥ allKuHa, KaK JTueHoduia, no peakuun dunbca—Anpaepa (1. 7)
C MOCJIENYIOIUM OTIICIJICHHEM TaKKe MPUBOJUT K IIECTHYICHHOMY
apoOMaTHYECKOMY COETUHEHMIO.

Ba)KHBIM B CHHTETHYECKOM OTHOIICHWH PACIIUPEHUEM TPUMEPU3A-
[IUU AJIKUHOB CTajla COOJIMTOMEPHU3ALUs O, (0-IUMHOB C aJIKWHAMMU:

R

C==CH
4 (€0),Co(CsHs)
= —_——
(CHZ)”\ + RC=(R 905 CH,)7
C=CH R
R=Si(CHj),
n=12,3

OTa UUKIN3aIUs] KaTalu3upyeTcss KOMMEPYECKH JOCTYIMHBIM IHKIIO-
nentaauenkobansrankapooruom (CO),Co(CsHs). YToObI MOTHOCTHIO
MOJIABUTh KOHKYPHPYIOIIHNE TPUMEPH3ANNI0 aJKHHA W OJHUTOMEpPH-
3ammio o,-TuuHa, B KadecTtBe anknHa RC=CR wucmonp3yror Owmc-
(tpumeruncuimn)anerunen (CH;);SiC=CSi(CHj3);. Tocne coomuro-
MepH3aly TPUMETHUIICHIMIbHAS TPYIINA JETKO YAAISETCS KUCIOTHBIM
THJIPOJIU30M.

I[uknoreTpamepusaiius aleTuiieHa B IUKJI00KTareTpaeH-1,3,5,7 ocy-
HICCTBIISICTCSI B MPHCYTCTBUM KOMIUIEKCOB JBYXBAJCHTHOTO HUKEJIS.
Bnepseie 910 npeBpaiienune yjaaiock ocymectBuTh B. Penme B 1943 1,
UCIOJIb3Ysl B KAYECTBE KaTajau3aTopa IuaHu] Hukels. boiee ynoOHbIMU
KaTaJIn3aTopaMy MUKIOTETPaMepPHU3aIH AJTKHHOB OKa3aJINCh OKTaMIpH-
YeCKHe KOMIUICKCHI JBYyXBaneHTHOTO Hukest Ni(AcAc), u HUKenneBas
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COJIb CAJUIIMIOBOTO albJACTHUA. TUNUYHBIMU YCIOBUSMU TOTYyUCHUS
HUKJIOOKTareTpaeHa-1,3,5,7 u3 aneruiieHa siBJseTcsl HarpeBaHue B pac-
tBope TI'®D unu auokcana npu 8§0-120°C u narinenun 10-25 atm.

' Ni(AcAc),
f— —_—m e
A= 50 n0°C,

10-25aTt™m (70%)

BbIxonbl TpOU3BOJHBIX LUKIOOKTaTETpacHa cHuxkarores 10 20-40% nis
MOHO3aMEIICHHBIX AaleTUICHOB, a IH3aMelleHHbIe HE IOBEPraroTCs
LIUKIU3AUH B 9TUX YCIOBHIX.

B 3axmrouennn 3TOTO paszena yrmoMsHEM O TPHUMEPHU3AIUH MOHO-
U AMaIKWIaneTuieHoB B npucytctBun 80-90% cepHoii kucioTsl. Me-
THJIANIETHIICH B OTUX YCIIOBUSAX JaeT ME3UTHIICH, a TUMETHUIIAeTHICH —
rekcaMeTHI0CH30JI ¢ He3HAYMTEIbHBIM BBIXOJOM. B HacTosiiee Bpemst
00e 3TH peaKIiH MPEACTABISIOT TOIHFKO HCTOPUIECKHII HHTEPEC.

6.3.10. IPUCOEJUHEHUE KAPBEHOB

[Mogo6Ho oneduHam, aTKUHBI TAKKE MPUCOCIUHSIOT KapOeHBI ¢ 00-
pazoBaHUEM TPOW3BOAHBIX MHKIONpoIeHa. JuxiopkapbeH mpucoeau-
usercs k auankunanerwieHam RC=CR, nuapunanerunenam ArC=CAr
u apunankuiarneTmwieHaM ArC=CR. OnHako (heHUIANETIICH U TEPMH-
HaJbHBIC AJIKUHBI HE PEarupyloT C IuraiokapoeHoMm. B Tex cmyuasx,
KOTZa AWXJIOPKApOCH TEHEPUPYETCS B BOMHOHN cpelec B MPHCYTCTBHH
CWJIBHOTO OCHOBaHHS, 00pa3yoNUecs AUXJIOPIUKIONPOIICHBI HAIEIO
TUAPOJIU3YIOTCS IO COOTBETCTBYIONIUX ITUKIIOMPOTICHOHOB. CyMMapHBIiA
BBIXOJl MPOAYKTOB MPUCOCAUHCHUS TUXIOpKapOeHa K TPOMHOU CBSI3U
HEBBICOK M M3MEHSETC B auana3oHe oT 5 1o 15%:

® e
(CoHs)sNCH,CHsCT

3 CHs),C C(CHs) .
50%-# NaOH; H,0 ( 33~ /33 H,0
CH3),C—C=C—C(CH),+ 2 — 2
(CH3)5C—C=C~C(CH3), +CHCL, THe, (=c e
Nt
(CH3),C ,C(CHs)
H,0; oH® TN
B \C/
8 (65%)
C.H C.H C;H CH
37 37 7 37
€4H,C=CC H, + CCLCOON M Ny ¢o + Nacl — 2% \c—c/
A A TN T AN
c
1]
e/ Nt 0 (5%)
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50%-51(NaOH ~H,0);
(CgHip)sNCH3CT ;
c=¢ +CHeyy 2B 3 S
CHCl, C
(15%)

I'enepanust nuxinopkapOeHa B HEHTpasbHBIX YCJIOBUSAX MPH TEpMHUYE-
ckom pasnokennn CgHsHgCCl; mo3BomsieT m30ekars 00pa3oBaHUS
LUKJIOMPONEHOHOB M JAPYTMX MOOOYHBIX MPOAYKTOB, HO BBIXOJBI JH-
XJIOPIUKIIOTIPOTICHOB M B 3TOM CJIy4ae HEBBICOKU:

(CHy);C_ C(CHy)s
(CH3);C—~C=C~C(CHj); +C¢HsHgCCl; —» C==—C
TOJLYOJI C
c’ al

(14%)

[MKJIONPONEHOH NPHU MPOTOHUPOBAHMM JAET KATUOH LIMKJIONPOIECHU-
TUst, 00JaJaroIIMA apOMATHUYESCKUMU CBOMCTBAMY U IMPUHAIUICKAIITHI K
KJIaccy apoMaTH4eCcKUX coelnHeHu (1. 12):

CHsC=CCgHs + CHBr;3 + (CH3);CO®K® —

HsCe CeHs HsC CeHs HsCe CeHs
—>C\cwc 9, Cxc\—7c R chc
pLe C bup C” Br’
B’ Br [ |
(0] OH

AJNKUHBI 3HAYUTEIIBHO MEHEE PEaKIMOHHOCIIOCOOHBI 110 OTHOILCHUIO K
IuraiokapOoeHaM 1o cpaBHEHUIO ¢ oneduHamu. Eciom B cydcTpaTe mme-
€TCA U ,I[BOI\/'IHaSI u TpOI\/'IHaSI CBA3U, TO C BBICOKHMM BBIXOAOM IOJy4HacTCA
MIPOAYKT TPUCOCTUHEHHUS TUTATIOKapOeHa K TBOWHON CBS3H, a TPOHHAs
CBSI3b IIPU 3TOM HE 3aTParuBacTCs:

Cl Cl

N~
/C\
CH; —C=C—C=CH; + :CCl, — CH3C=C—C——CH,

CH3 CH3
(60%)
Qc a o
CHEG—C=t—t=t, e, ——— A—CEC
b, L, s o 1
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Jlu3aMerieHHbIe aleTHICHBI B3aUMOJICHCTBYIOT C KapOeHOUAaMH, 00-
Pa3yIOLMIMMHECS ITPU Pa3IoKEHUHU ANA30yKCYCHOTO 3(hupa B IPUCYTCTBUU
cozneir meau (II) ¢ oOpazoBaHneM TPOM3BOAHBIX d()UpPa LUKIOMPOIICH-
KapOOHOBOM KHCIIOTHI:

C3H, C3Hy
— CuSO0. /
C3H,C==CC,H, + N,CHCOOC,H =57 C‘ . Ne—¢
H" C00C,Hs
(90%)

Haubonee spdexkTHBHBIMU KaTaau3aTopamMH MPHUCOSTUHEHUSI KapOeHOB
K TPOWHOW CBSI3M SBISIOTCS KapOokcwiaTsl pomus. C WX MOMOIIBIO B
pEaKIuIo yaaeTcs BBECTH HE TOJIBKO TUAIKHJIALETHIICHBI, HO TaKKe U
TEpPMHUHAJIHHBIE AJIKHHBI:

RC==CH
Ro=cH + COOC.H Rhy(OAc)y N/
= N,CHCOOCHs e N S
. co0C,Hs
(68-84%)

TakuMm 00pa3zom, npucoearHEHHE KapOOITOKCHKapOeHa K TPOWHOH CBSI-
31 MOKHO pacCMaTpUBATh KaK OOIMIMI METOX MOTyYeHHs MPONU3BOIAHBIX
LUKJIOTIPOIICHA.
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YIeBoaopo/ibl, conepKallirie ABe ABOWHBIE CBSI3H, HA3bIBAIOTCS all-
Kagu€HaMu, COACPpKaIUue Tpu ,HBOI\/’IHI:IG CBA3U, — AJIKATPUCHAMU U T. A.
OTH COETWHEHHS YacTO YIPOIIEHHO HAa3BIBAIOT OUEHAMU, MPUEHAMU.
YrieBogopoasl, coaepKaiue O0oIbIIoe YUCIO JBOWHBIX CBS3EH, COOT-
BETCTBEHHO Ha3bIBAIOT nonuenamu. COCTUHEHUS, COIAEpKalUe IBOMU-
HYI0 U TPOMHYIO CBSI3U, YIPOIICHHO HA3bIBAIOT eHUHAMU U T. [1.

Cpenu TUEHOB CIEAYET pa3indaTh TPU PA3INYHBIX KJlacca: KyMyau-
posanHvle, COnpsadjiCeHHble U u3oauposantsvle nueHsl. KymynrnpoBaHHbsie
IueHbl, wid 1,2-TUeHBI, COAEpXkaT [BE ABOWHBIC CBS3H y OIHOTO
aroma ymiepoja. IIpocreiimuit u3 1,2-nueHoB, nponajueH-1,2, HOCUT
TPUBUAJILHOC HA3BaAHUC AJ/l/IeH, TIO3TOMY KyMYJIHUPOBAHHLIC JUCHBI 4aCTO
Ha3bIBAIOT AJJICHAMU:

CH2:C:CH2.

aJlJICH
K conpspkeHHBIM TeHaM OTHOCAT 1,3-mueHbl, HampuMep OyTaJaneH-
1,3, rekcaguen-1,3 u 1. 1. 1,3,5-Tpuensl npeacTapisiioT co0oil rpymiry
COIPSKEHHBIX TPUEHOB, 1,3,5,7-TeTpacHbl — CONPsIKEHHBIE TETPACHBI, a
CONpsDKEHHBIE MOJaueHbl — 310 1,3,5,7.9.. .-nonuensl. Ecou aBe aBoii-
HBIE CBS3HM pas3elieHbl OAHON WM OONBIIUM YHCIOM METHUIICHOBBIX
TPYII, TaKUe IUEHBI OTHOCATCA K KJIACCYy W30JUPOBAHHBIX TUCHOB.
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Tak, mampumep, 1,4-muensl, 1,5-AMeHBI U Ap. TPEACTABISAIOT COOOMH
W30JIMPOBaHHbIC TUEHBL. [[Be NBOMHBIE CBA3U B M30JIMPOBAHHBIX AUEHAX
HE BJIMSIIOT JIPYT Ha JPyTa, ¥ UX PEaKIMOHHAs CIIOCOOHOCTh MJICHTHYHA
PEaKIMOHHON CITOCOOHOCTH HM30JUPOBAHHON TBOWHOW CBSI3M AJKEHOB.
KymynupoBaHHBIE TUEHBI COCTABIISIOT 0COOBIH Ki1acc TMEHOB CO CBOUMHU
CHenu(pUIEeCKUMHA CBOWCTBAMH, OMMCAHHWIO KOTOPHIX Oy/leT MOCBSIIEH
3aKJIIOYUTEIBHBIN pa3/esn 3Toi miaBsl. Hanbonee BaxXHbIM 1 MHTEpECHBIN
KJIACC IMEHOB COCTABIISIOT CONPSDKEHHBIE 1,3-AMEHbI, KOTOPbIE PACCMOT-
PEHBI HUXKE.

7.1. CTPOEHME 1,3-BYTAJIUEHA

Ha cxeMe npuBeeHBI IJIMHBI YIIEPOI-YITIEPOAHBIX CBs3Cii B OyTa-
nuene-1,3:

Jlerko 3aMeTHTh, UTO mIHHa cBsa3eit C _Cﬂ u C3—Cy4 Onu3Ka K JJIMHE
yIIIepoA-yrepoHo cBsa3u B atuiere (1,33 A), a anuna cBa3u C, —Cs B
OyTanneHe 3HaYNTEIbHO KOpOode JUTHHBI OOBIYHOW OIMHAPHOH yTIIepoI-
yrmeponHoit cBsisu B drane (1,54 10\). JlnurensHOE BpeMsl YKOpOUCHHUE
C,—C; cBs3u B Oyraamene-1,3 mo cpaBHeHutro ¢ C—C-cBsi3pl0 B
STaHe pacCMaTPUBAIOCH KaK OJTHO3HAYHOE U PEIIAIOIIee T0Ka3aTeIhCTBO
COMpSKEHUs JIBYX JIBOMHBIX cBsizel OyTamuena. Ha camom pgene 3ToT
apryMeHT HecocTosATeseH. Bee aTombl yrieposa B OyTanueHe HaXoasaTCs
B sp’-THOPHMIHOM COCTOSIHMM M IleHTpaibHas o-cBasb C;—C; B GyTa-
nueHe o06pa3oBaHa MEPEKPHIBAHUEM JIBYX Sp°-THOPHIHBIX OpOHTAINEH.
Yoiepon-yriepoaHas o-cBs3b B 3TaHe 00pa3oBaHa EPEeKPbIBAHUEM IBYX
Sp>-ruOPUIHBIX OpOHTANEH, M OHA JOJKHA OBITH JUTMHHEE, YeM G-CBA3b
Cyp—Cyp. B 1aln. 7.1 npuBeeHbl JIMHBL YIIIEPO-YIIIEPOIHBIX G-CBsl-
3€i IS aTOMOB YTIIEpO/Ia Pa3IUIHOTO THITA THOpUaM3aIy. 13 naHHbIX,
NpeACTaBICHHBIX B Ta0. 7.1, claeayeT, 4To JUIMHA G-CBS3U 3aKOHOMEPHO
YMEHBIITAETCS TIPH TIEPEXOfe OT sp° K sp-THOPHIM30BAHHOMY aToOMy
yIaepoJa U 9TH AaHHbIE caMU 1o ceOe He MOTYT pacCMaTpPUBATHCS Kak
CepbE3HBIN ApIYMEHT B TOJIb3Y KOHIICTIIINN CONPSDKEHHS ABYX JBOWHBIX,
JIByX TPOMHBIX WM ABOWHON M TpOHHOU cBszell. Hepenko B xauecTse
JIOBOJIa B TIONIB3Y COIPSDKEHHUS JBYX IBOWHBIX CBs3el B OyTaauneHe
BBIIBUTAIOT JAaHHBIC [0 TEIUIOTEe THApUpOBaHus OyTraaueHa-1,3 mo
Oyrana. Termora runpupoBanus OyTaareHa COCTABIACT 57 KKaJl/MOIb.

CH,=CH—-CH=CH, + 2H; — n-C4H¢ + AH Kkali/MoJIb,
AH = 57,1 kkaja/Mob.
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Ta6numa 7.1
JIIMHBI YIJIepoa-yIJIEPOAHBIX O-CBf3eil B 3aBHCHMOCTH
OT THUNIA THOPUAN3ALNH

6-CBs3b B coenuuennd | Tun rubpummsamin | JiuHa cesisu, A
H;C* CH; sp* —sp® 1,54
CH,=CH*CHj; sp* — sp® 1,50
CH,=CH--CH=CH, sp? —sp? 1,47
HC=C - CH; sp—sp’ 1,46
HC=C - CH=CH; sp — sp* 1,43
HC=C T C=CH sp —sp 1,37

TemoTa ruApUPOBAaHUS MOHO3aMEILEHHBIX aJIKEHOB C OJHOM alKUIbHOU
rpynmnoi mpu ABoiHO# cBsizu coctasisier 30,3 Kkan/mMonb (CM. T 5).
Torma mns OyramueHa-1,3 TeruioTa THAPUPOBAHUS MOJDKHA ObIIa OBITH
60,6 KKaJI/MOJIb B TPEIIOIOKEHUU O HAJIUYUHM JIBYX HE3aBUCHUMBIX
NMBOMHBIX CBsi3ed. PaszHuiry B 3,5 KKaj1/MoJb 4acTO HA3BIBAIOT SHEPIHEH
COIIPSDKEHNUS WIIN DHEPTUeH Jienokanu3anuu B Oyraguene-1,3. M. Jlptoap
TI0Ka3aJl HECOCTOATENBHOCTD 1 3TOT0 10Boja. 6-CBs3b Cypp —C 2 B OyTa-
AueHe Kopoue, 4eM 6-CBsi3b Cypn —Cg» B IPOITMIICHE UITH JIPYTOM AIIKEHE.
C yMEeHbIIEHHEM JITHHBI CBSI3U MMPOYHOCTH €€ BO3PACTAET, YTO JIOJHKHO
HEIMOCPEICTBEHHO OTPAXKAThCSl HA MOHMKEHUU TETUIOTHI TUAPUPOBAHUS
Oyramuena. TakuMm 00pa3oM, MOHO3aMEIICHHBIA TPH JBOWHOHN CBSI3U
aJIKEH SIBJISIETCS HEKOPPEKTHOM MOAEIBIO TSl CPAaBHEHUS CTA0MIBHOCTH
peanpHOTO OyTaaWeHa-1,3 W IBYX HW30JUPOBAHHBIX JABOWHBIX CBS3CH.
PeanbHBIM J0KA3aTEIBLCTBOM COTPSIKCHUS JIBYX JIBOWHBIX CBsi3cil B Oy-
TamueHe-1,3 CIyXUT pacCMOTPEHHUE T-MOJEKYISIPHBIX OpOUTaIeH (CM.
1. 2) ¥ IaHHBIX YJIBTPApHUONIETOBBIX CIEKTPOB 1,3-I1EHOB U MOJIMEHOB.

7.2. QJIEKTPOHHBIE CIIEKTPbI

CaMbIM BECKHM apryMEHTOM B IOJIb3y compsbkeHus B 1,3-nuenax
U COMPSIKCHHBIX TIOJIHEHAX SIBISIOTCS JaHHbIe YD-CHEKTPOB JJIsl 3TUX
coenuHenuii. Korna Mosexyna moniomaet sHepruio poToHa cBeTa, OTUH
anektpoH mepexoautr ¢ B3MO nma HCMO. [Ins stuneHa u Japyrux
AJIKEHOB ATO O3HAUYaeT Tepexo]] IEKTPOHA CO CBS3BIBAIOIIEH m-opOnTa-
JIM Ha Pa3phIXJISIONIYIO 7T*-OpOUTaNb, YTO COOTBETCTBYET MOIIOLICHUIO
B obmactu 171 HM mpum 7m—r*-mepexome 37eKTpoHA. JJTHHHOBOIHO-
Bas mosnoca nomtomeHus npu 217 uM 1,3-OyragveHa Wiu JIpyrux
1,3-1M€HOB COOTBETCTBYET IMEPEXOy 3JEKTPOHA CO CBS3bIBAIONICH 1)
Ha pas3phIXJIAIONyI0 73-opOuTans (cM. 1. 2 u puc. 7.1). CmemuieHue
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MaKCHUMyMa MOTIJIOIICHUS] B IJIMHHOBOJIHOBYIO OOJACTh yKa3bIBAaCT Ha
cOmmKeHHe SHepreTudeckux yposHei opouraneit BSMO m, u HCMO 73
1,3-0yraauena o cpasHenutro ¢ B3MO u HCMO opOutansmu TriIeHa
(puc. 7.1).

DTO OTpakaeT «conpsdicenue» IBYX NBOUHBIX CBs3ell B 1,3-auenHax.
JI1st conpspKEHHBIX TPUCHOB, TETPACHOB U IPYTUX IOJUEHOB IO MEpe
pOCTAa IENU COMPSKEHUS MTPOUCXOAUT 3aKOHOMEPHOE U TIOCIIEIOBATEIb-
HOE CHIDKCHHE DHEPTUH, HEOOXOIUMOM TSI BO3OYKICHUS 3JIEKTPOHA C
B3MO na HCMO 7#-31ekTpoHHO# cucteMsl (Tadm. 7.2). Makcumym mo-
TJIOIECHUS B SJICKTPOHHOM CIIEKTPE COTPSIKEHHBIX ITOJTMEHOB CMEIIACTCS
B JUIMHHOBOJIHOBYIO 00NacTh ¢ 268 HM mnst mpanc-1,3,5-rekcaTrpuena
1o 310 um s mpanc-2,4,6,8-nekarerpacHa u 447 HM Juisl f-KapOTHHA,
uMeromero 11 compspkeHHBIX ABOMHBIX cBsized. OTcrofa cleayerT, YTo
IUTSL TIOJIMEHOB, CONIEp)KAIIUX OoJee CEeMH COMPSHKCHHBIX JIBOWHBIX
cBsi3eit, pasHocTh sHepruil Mmexay B3MO u HCMO nocratouHo majia u
OHHM TIOTVIOLIAKOT YXKE B BUAMMOM 001aCTH CIIEKTpPa, T. €. 3T COCAMHCHUS
okparreHsl (1. 2). Takum oOpa3om, qaHHbIe YD-CIIEKTPOCKOHH yOeau-
TEIBHO CBUACTEIBCTBYIOT O TOM, YTO 1,3-THEHBI, KaK U CONPSKCHHBIC
TTOJINCHBI, HETB3sI pacCMaTPHUBATh IIPOCTO KaK COBOKYITHOCTB JBYX HITH
GompIiiero yucia MBOMHBIX CBs3eil. COMPSHKECHHBIM JUEH WX TMOJHUCH
TIpeIcTaBisieT co00it 0coObIiH XpoModop ¢ COOCTBEHHBIMH TIEPEXOIaMHU.
B oTnuune oT HUX AUEHBI C U30JIUPOBAHHBIMU ABOMHBIMU CBSI3SIMHU IO-
IOMIAIOT MPH JUTMHAX BoJIH Hike 180 HM. Tak, MakcUMyM MOTJIONIEHUS
1,4-nenTaauena HaxoauTcs npu 178 HM, T. €. B TOH ke 00IacTH, 4TO U
JUTSL TIPOCTBIX aJIKEHOB.

Ar\ 7[;
—— 72, (HCMO)
=
= . —_— — 7(HcMo)
g 2 e
™ [n S
: 5
\S [-1]
2 T,(B3MO)
— s, (B3MO)
CH,=CH,
y1‘7
CHz=CH—CH=CH,

Puc. 7.1. OTHOCHUTEeNBHBIE SHEPTUH 7-MOJCKYISIPHBIX OpOWTanei Ui STHIEHAa U
1,3-6yraguena

521



CIIeKTPaxX HeHACBIIECHHBIX YIJIEBOAOPOI0B

TabGnuma 7.2
IonoxxeHne MaKCHMYMOB NOIIOLIEHUS (Anax) M MOJISIDHASI DIKCTHHKIUA (€) B YD-

Coenunenne Crpoenue Amax, HM Emax
DrrieH CH,=CH, 171 15350
CH;3CHa, N H
mpanc-2-I'ekcen C=C N 184 10000
H CH,CHj;
Iuknorexcen @ 182 7600
1-Oktun CH;(CH,)sC=CH 185 2000
1,3-byraauen CH,=CH—-CH=CH, 217 21000
CH3; N H
mpanc-1,3-Ilentanuen /C:C\ 223 23000
H CH=CH;
1-Byren-3-un CH,=CH—-C=CH 228 7 800
1,4-ITentanguen CH,;=CHCH,CH=CH, 178 —
1,3-1luxitoneHTa e H D 239 3400
mpanc-l'ekcarpuen-1,3,5 7N\ 268 36000
mpanc-Oxrarerpaen-1,3,5,7 7 N/ \ 310 42700

1,3-bytamueH MOXKET HaXOAUTHCS B (opMe ABYX IUIaHAPHBIX KOH-
dopmarmii, 0003HaUaEMbIX S-yuc U S-mpawc.

H H
£y = 3,9 kKan/Monb
H / \ H = > H
H

H
S-ymuc

R srpanc
AH® = -2,8 Kkan/Monb

OTH KOHPOPMAIIMHU JIETKO MEPEXOIT APYT B JAPYyra, U NpU KOMHATHOM
TEeMIepaType B PaBHOBECHUH HaxoAuTcs npumepHo 1% S-yuc m 99%
S-mpanc-popMel. OTH KOH(pOpPMAIUH, 0O0pa3yIoOIUecss B pe3ysIbTaTe
BpalieHus: BOKpyr ¢opmanbHo npoctoit cszu C(2)—C(3) (S o3nauaeT
single), HE clemMyeT MyTaTh C yuc- U mpanc-GopMaMi TEOMETPUICCKHUX
M30MEPOB MPH IBOWHOH CBsI3U. 3 nByX KoH(popmamii S-mpanc-popma
Oosiee cTabHMITbHA, TOCKOJIBKY B HEW HET OTTAIIKUBAHUS aTOMOB BOJIOPO/Ia
mpu C(1) u C(4).

7.3. METOIbI ITOJYYEHUA CONIPSKEHHbBIX TUEHOB

IIpocreiimue AUEHBI IUPOKO UCIIONIB3YIOTCS B KAYeCTBE MOHOMEPOB
B NPOU3BOACTBE CHHTETHUECKOTO Kaydyka. byranumen-1,3, uzonpeH u
xJjloporpeH (2-xiopOyTanuen-1,3) HOIMMEPU3YIOTCS U CONOIUMEPH-
3yIOTCSI CO MHOTUMH JPYTUMH MOHOMEpamH (CTHPOJI, aKpUIOHUTPUI
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U 71p.), 00pasysl paa BaKHBIX dacToMepoB. byraauen-1,3 B HacTosee
BpEeMs IOJy4aeTCss B IMPOMBIIUIEHHOCTH HCKIIIOUUTEIbHO KaTaJIUTHU-
YeCKMM JETHIPUPOBaHHEM OyTaH-OyTeHOBOH (pakiuu, MOTy4eHHOH
npu kpekuHre Heru. KatannzaropoM AeruapupoBaHus CIIy>KUT OKCHJL
xpoma (III), nanecennsiii Ha Al,O3. M3omnpeH mony4aroT aHaJIOTHYHO
OyTamuieHy W3 TICHTaH-TICHTCHOBON (hpaKIMu HEPTIHOTO KpPEKHHTA.
XJIOponpeH paHee MOJIydyald MPUCOCIMHEHUEM XJIOPOBOIOPOAA K BU-
HWIALETWIECHY, KOTOPBI B CBOIO OYepeldb MOydalu IUMepHu3auueit
aneTuieHa B mpucyTcTBuu xnopuaa menu (I) B pactBope Xxiopuia
AMMOHHS.

HC=CH + HC=CH SNl

CH,=CH—C=CH,

H,0;5° BUHUJIALICTUIICH
CH,=CH—C=CH + HCl -2, CH,=CH—C=CH,.
H»0;50°C |
Cl

XJIOPOTIPEH

B HacTosiee Bpemsi 3TOT crioco0 BBITECHEH Oo0Jiee JCIIEBbIM METOIOM,
CBIPBEM JIJIsI KOTOPOT'O CIIYKUT OyTaaueH. ITojayueHue XJI0pOIpeHa us3
OyTajiMeHa OIUCHIBACTCS CIICAYIOIICH IOCIIE0BATEIILHOCThIO MIPEeBpa-
IICHUMH:

CH,~CH—CH=CH, + Cl, “*°, CH,CICH=CH—CH,Cl+

+ CH,CICHCICH=CH,,

CH,CICH=CHCH,Cl 2221, cH, =CH—CHCI—CH,CI,

CH,=CH—-CHCI-CH,Cl+ NaOH ——
H,0;100°C

— CH,=CH—-C=CH, + NaCl + H,0.

Cl

ByTanuen pacxomyercs Ha MPOU3BOJICTBO CUHTETUYECKOTO OyTasue-
HOBOTO Kay4yka W OyTaIueH-aKpPIIOHUTPIIIBHOTO Kaydyka. XJIOPOIPEH
SIBIIIETCSI MOHOMEPOM JIJIST TIPOU3BOCTBA XJIOPOTIPEHOBOTO (HEOTIPEHO-
BOT0) Kayuyka. M3 u30mpeHa mojyqarT KaydyK, OJIM3KHIA 10 CTPOSHUIO
K TIPUPOTHOMY Kaydyky. [lpyroii crapelii crioco0 IOJYYICHHS COTPS-
JKEHHBIX JIMEHOB 3aKII0YaeTCsl B KOHICHCAIIMU JBYX MOJEH KeToHa
MW aJIBJIETH/Ia C JUKAITHNCBOW WMJIM TUHATPUEBOM COJIBIO alleTHIICHA TI0
®daBopckomy—Peririe ¢ mocieayOMMM THIPUPOBAHUEM AIIETUICHOBOTO
crapta 110 1,4-amkaHauosia U JeTHApaTalie ¢ ToMOIIbio GhochopHOi
KHCIIOTHI (CM. T1I. 6).

CoBpeMeHHbBIE METOIbI IMONy4YeHHUs 1,3-TUEeHOB OCHOBAaHBI Ha CO-
BEPIICHHO WHBIX NPHUHIMIAX W HATIATHO OTPAXAIOT T€ TMEPEMEHBI,
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KOTOpBIE MPOU30ILIN B OPraHNYECKOM CUHTE3€ 3a nociennue 15-20 ner.
OnuH w3 o0muMX METONOB CHHTe3a 1,3-TMEHOB OCHOBAaH Ha CTEpEo-
CEJIEKTUBHOM BOCCTAHOBJIEHHUHU 1,3-IMHUHOB, KOTOpBIE CTajM BIIOJIHE
JIOCTYITHBIM KJIACCOM COEIMHEHHUH Tociie pa3padOTKA METOAa OKHCIH-
TeJIbHON KOHJIEHCAIMM aJKUHOB-1 1o [nasepy—OmmHTOHY (CM. TI. 6).
Boccranosnenue 1,3-nmumHOB Ha Kartanm3arope Jlmammapa Pd/CaCO;
MIPUBOJUT K HEYJIOBIETBOPUTEIBHBIM PE3YJIbTAaTaM, TOCKOJIBKY ITPH 3TOM
nonyyaercs cmech 40-50% Z,7Z-1,3-nuena, 20% uUCXOAHOrO JUHUHA U
30-40% moHoeHa. bosiee Haie)KHbIE PE3YNIBTATHI JA€T BOCCTAHOBIIEHUE
1,3-numHOB Hanm KaTanm3aTopoM P—2—Ni g0 Z,Z-1,3-mueHoB BBICOKOU

CTCIICHU CTGpCOXI/IMH‘IGCKOP'I YHUCTOTHI: H

T p] P-2-Ni RS ]
=L—L=
RC=C—C=CR" + 2H, ——>C2H50H; 20°C ~ R
H
Z,7-1,3-ameH

Z,7Z-1,3-Jluensl 00pa3yroTcs Takxke MPH THAPOOOPUPOBAHUHN COIIPSI-
KCHHBIX IHHHOB IHIUKIOTEKCHIIOOPAHOM WIIM JHCHAMHIOOpPAHOM C
MOCJEIYIONIUM [IPOTONU30M YKCycHOM Kuciotoil B TT'®. DtoT Meron
OBLT WCIIONTE30BaH, HAIIPUMED, TPU CHHTE3€ IMOJIOBOTO (epoMOHa IIIe-
KOTIpsi/ia. y

1.(CgH,,),BH;Tr® e
=C—(C= — —_—
CyHgC=C—C=C—CH,)—CH,OH 2.CH;CO0H 4y | (CH,) CH,0H

H

E E-1,3-JlueHbl MOdy4arOT JBYXCTAJUWHBIM CHUHTE30M M3 aJKUHOB.
ATKMHBI JIETKO TPUCOCAWHSIOT B OUYEHb MATKHUX YCIOBUAX JHH30-
oyrunamomuauiruapun (JIMBAJI-H) ¢ o0pa3oBanmeM BHHMIIAJIAHA.
[Ipucoenunenne JANBAJI-H x TpoilHOW CBSI3U MPOUCXOAUT CTPOTO
crepeocnennPpuIeckn Kak CyH-TIPUCOESTNHEHNE aHATOTHYHO TTPHCOEIN-
HEHUIO THIPUIOB Oopa (cM. pasz. 6.3.1). Jlumepusalivsi BAHIIAIAHOB C
nomonisio xjaopuna meau (1) mpuBogut k E,E-1,3-mueny.

R!'C=CR? + [(CH;3),CH—CH,],—AIH

tonyon (0°—(—20°C))

R2
Rl\ /R2 CuyCl /\\/‘\\/R1
- C=C =2 Rl |
H Al—[CH,—CH(CHj3),], T™®~20°¢ R2
E E-1,3-nuen

DTOT METO, €CTECTBEHHO, ITO3BOJISICT MOIy4aTh TOIBKO CHUMMETPUYIHBIC
nueHbl. CxomHblii oOmmui meron cuHTe3a £, E-1,3-IJUeHOB OCHOBaH
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Ha CJIBauBaHUM (JIUMEpH3alliK) BUHIJIOOPAHOB C IMOMOIIBI0 OpoMuIa
e (I):

(CH;)sC N H 1) Cu;ONa; 0°C (CH;)sC N H
o=, Je=c_ H
H BSiaz 2) CupBrz-S(CH3),; 0°C H /C:C\
H C(CHy)s

Sia = (CH3)2CH*CH*

CH;

Ora peakuust UAET ¢ MOJIHBIM COXPAaHEHHEM KOH(UIypaluy NpH JBOI-
HOH cBsA3U. BUHMWIOOpaHBI SBISIOTCA OJIM3KUMU CTPYKTYPHBIMH aHaJIO-
raMyd BHHWJIAJAHOB U JIETKO 3aMEHSIOT MX B peaju3aluu TpeOyeMoro
IPEBPALICHUS.

Merozpl cHUHTE3a COIPSKEHHBIX AWEHOB, pa3pa0OTaHHBIE B II0-
CJIEAHUE TOIbl, OCHOBaHbI HAa IpoOLEccax TaK HAa3bIBAEMOIO KpOCC-
couemanusi BAHWITAJIOTEHUI0B ¢ BUHWJIBHBIMU METaJNIOOPTaHUYECKH-
MH COEIMHEHUSMH B MPUCYTCTBUU KOMILJIEKCOB MEPEXOAHBIX METAJIOB
nauiaaus wiM Hukens (o1 27). Jlydmme pes3ynbsrarsl AaeT MCIONb30-
BaHHME KOMIUIEKCOB Mayutaiaus u HUKes. Kpocc-coueranne oObeauHseT
rpyIIy pa3HOOOpa3HBIX PEAKIUH, B KOTOPBIX CO3aeTCsl HOBAs YIIEPO/I-
yIIeposiHasl CBA3b B HECUMMETPUYHON WIIM CUMMETPUYHON MOJIEKYJIe.
BuHUIOpOMUABI MM BUHWIMOAHU/IBI PEarHpYIOT C BHHUJIBHBIMH JIUTHIA-
WIN Marauiiopranndeckumu coeguHeHusimu npu 0-20°C ¢ obpaszosa-
HueMm 1,3-nuenoB (Beixox nopsiaka 70-90%). CoueraHue mpoOUCXOAUT
CTEpPeO- U PETHOCEICKTUBHO, U KOH(PHUIYpalusi KOHEUHOTO JHeHa 3aja-
eTcst KOH(pUrypanruei NCXOAHOTO BUHWITAIIOTCHUAA U METaJIOOpPraHu-
4eCKOI'0 COEIMHEHMUS:

1 . 4 H R
R o _H Ll\ B R PAP(Cels)sls o1 | |
G T TN, T e T RVAA
R? Br R’ H R ‘3 "
R

Hawnnydmme pe3ynbraTsl JOCTUTAIOTCS TIPH UCTIOIB30BAHNWU B Kade-
CTBE METAJUIOPTaHWYECKUX COENWHEHWH BUHHMIIBHBIX aJTIOMHHUHOpTa-
HUYECKUX COCTUHEHHH. TpaHc-akeHWIbHBIE TIPOU3BOIHBIC AFOMUHUS
noyyarorcst mpu npucoenuneHun JJMBAJI-H k TpoitHo# cBsi3u aJIkuHA.
Kpocc-coueranne BHHMIIANaHAa ¢ BUHWITAJIOTEHHJIOM B TPUCYTCTBUU
Pd[P(C¢Hs);3]s mmm kaxoro-mmbo apyroro ¢ochuHOBOTO KOMILIEKCA
mayuTagns Wik HUKeIsA (1. 27) MpOTeKaeT CTPOTro CTepeocHeruduIHO
¢ obpazoBanueM E,E- win E,Z-1,3-1ueHa, B 3aBUCHMOCTH OT KOH(HUTY-
panyu UCXOAHOTO raJioreHuaa:

R! H
JBATH, 5 o=

R'C=CH
S /
Tosyol, 0 H \AI(C4H9—L{30)2
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R! H R? Br
Se=c’ + e=c ARG,
H AI(C4H9—L{30)2 H H
Z-BUHHIOPOMHUL
R! H
— >C= C< R
H oC=C,
H H
E,Z-1,3-nuen
1
R\\i H BR\AV/H Pd[P(CeHs)s)4
Jc=c, + o=
H AI(C4H9-L{30)2 H 1{2
R! H
- cc=c/  _H
H Jc=c,
H R?
E,E-1,3-nuen

Takum oOpa3oM MOXXHO TOJydYaTh KaK CHMMETpPUYHBIC, TaK U
HecumMmerpuunble E,E- u E.Z-1,3-1ueHbl cO CTPOro ONpeesIeHHON
KOH(Urypaunei npu ABOMHBIX CBS3SX.

Eme oauH coBpeMEHHBIM METOJl CTEpPEOCENEKTUBHOIO CHHTE3a
1,3-1MeHOB OCHOBAaH Ha OKWCJIEHWH BUHWJIKYTPATOB (O KyIlpaTax CM.
B 1. 19). BuHMIKYIIpaThl IOMyYarOTCs M3 BUHIIBHBIX JINTHHOPTaHUYC-
cknx coequnennii 1 Cu,Br, mim Cuply:

: R
N o~ /Br C4HoLi R\ . /Ll CuyBry; 0; ‘
/C_C\ ol /C_C\ . O>H\//\//\
H H 0w —78°C g Tro;—20°C | H
R

VYnoOHBIM B IpeHnapaTUBHOM OTHOILCHMH CIIOCOOOM CHHTE3a CHM-
METPUYHBIX JIUEHOB SIBJIETCSA CABAMBAHNWE BUHWIBHBIX MPOU3BOIHBIX
PTYTH C IOMOIIBIO TETPAXJIOpHa/UIafaTa JUTHS B CHIBHOOCHOBHOM U
nossipHoM pactBopurene [ MOTA npu 0°C. E,E-Uzomeps! 1,3-a1ueHoB
3TUM METOJOM IOJy4YaroT C BBIXOAOM, OJIM3KMM K KOJIMYECTBEHHOMY.
HcxonHple BUHWIBHBIE COEMHEHUS PTYTH JIETKOJOCTYIIHBI:

R\ /H Li>PdCl4(LiCl4-PdCl,) R\ /H
/C:C\ — /C:C\ H
H HgBr TM®TA;0—10°C H /C:C\
H R
E,E-13-nuen
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7.4. XUMMUYECKHUE CBOMCTBA CONPSIZKEHHBIX JAUEHOB
7.4.1. PEAKIIMH SJIEKTPO®NJIBHOI'O NIPUCOEAUHEHUSA

l"anorensl, rajoOreHOBOAOPOIBI U HEKOTOPBIC JAPYTUE IEKTPOPHUIIb-
HBIC PEarcHTHl B PEAKIMH C CONPSDKCHHBIMHA JUCHAMH O00pa3yroT, Kak
MPaBUJIO, CMECh JBYX NpoaykroB 1,2- u 1,4-mpucoennHeHus, T. e.
MPUCOETUHEHUS K OJHOM JIBOMHOM CBSI3U M O KOHLIEBBIM YIJIEPOJHBIM
aToMaM CONPSDKEHHON CUCTEMBI:

CH,=CH—-CH=CH; + HBr - CH3;CH—CH=CH, +

|
Br

3-6pom-1-0yTen
(npoxykT 1,2-pucoeanHeHus )

+ CH,BrCH=CH—CHj3;
1-6pom-2-0yTeH
(nponyxkt 1,4-npucoeauHeHus)

Br Br

CH,=CH—-CH=CH; + Br, - CH,—CH—CH=CH, +

3,4-nubpom-1-0yreH
(nponyxkT 1,2-npUcoeMHEHNS)

+ CH,Br—CH=CH—CH,Br.
1,4-nubpom-1-6yTeH
(npoayxr 1,4-npucoeauHeHus)

O6pazoBanue NpOAYKTOB 1,2-mpHcoenMHEHUs, IO CYLIECTBY, aHa-
JIOTMYHO PEAKUUSAM SJICKTPO(UIBHOTO MPUCOCIUHEHUs 110 JBOHHOI
CBSI3M OOBIYHBIX aJIkeHOB. O0pa3zoBaHKe MPOAYKTOB 1,4-IprcoeTIMHEHUS
C MepEeMeIIEeHUEM JIBOMHON CBSI3M TPeOyeT CIeUaJbHOI0 OOBsCHEHUS.
[pu npucoeaunennn H' wuimu kakoil-mubo apyroit snekTpopuibHON
YaCTHUIIbI K CONPSKEHHOMY AMEHY 00pa3yeTcs ajlIMIbHbII KapOOKaTHOH,
B KOTOPOM TIIOJIOKUTEJIBHBIM 3apsj IeJIOKaJNu30BaH MeEXIy aToMaMu
yroiepona C(1) u C(3), 4To NPUBOAUT K CTAOMIIU3AIUMN AJUTUI-KaTHOHA
10 CPABHEHUIO C AJIKWIBHBIMU KapOOKaTHOHAMMU:

+

—(amegeme
|

c=C—C=C" + H \C '/
=C—C= —
R /rlil ~

Ct )
0 O™

ANTHIIBHBI KapOOKaTHOH, OOpa3yIONTUiicss B pe3ysIbTaTe IPHCO-
eIMHEeHHsl MpoToHa K 1,3-OyTajgueHy, pajee MPUCOCAMHSET OpOMHI-
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o k C(1) u C(3) aromy ymiepona ¢ 00pa3oBaHHEM COOTBETCTBCHHO
nponykroB 1,4- u 1,2-nmpucoeauHeHns:

8+ 8+
CHECH—CH=CH, + H ==——= CH,CH=CH=CH,
Br® Bro
E|3r
CHs~CH—CH=CH, CHz-CH=CH—CH,Br
NPOAYKT 1,2-npuUcoeluHeHus NPOLYKT 1,4-npucoesnHenus

AHanoruuHeiM 00pa3oM MOXHO OOBSCHUTH M TPUCOCIUHEHHE Opoma
WJIH XJIOpa K COMPSKCHHBIM JINCHAM:

8+ 8+
CH{-‘CH—CH=CH2 + B[‘z —_— B[‘CHF CH“CH=CH2
Bpe BI'e
CH,BrCHBr-CH=CH, BrCH;—CH=CHCH,Br
NpOAYKT 1,2-“PMCO€,&WH@HM§I ﬂpO,ﬂ,yKT 1,4—I'IPMC09}JMH9HMS|

CootHomienue npoaykros 1,2- u 1,4-mpucoequHEHUs] rajJoreHOBO-
JIOPOZIOB M TAJIOTEHOB K COIPSKEHHBIM JTHEHAM OYEeHb CHIIBHO 3aBHCHUT
oT TeMmIieparypsl. Tak, HalmpuMmep, COOTHOIIEHHE NPOAYKTOB 1,2- u
1,4-mpucoenuaenus HBr k 1,3-0OyTamueHy MOITHOCTHIO U3MEHSETCS TPH
u3MeHeHun temneparypsl ot —80° 1o +40°C:

CH,=CH—-CH=CH; + HBr —
— CH3;—CH—-CH=CH; + CH;CH=CH—CH,Br

Br
IIpu —80°:  80% 20%
[pu 0°: 70% 30%
IIpu +40°: 20% 80%

Honst mponykra 1,4-ipucoeiiHeHUs] BO3pacTaeT MPU YBEIUYECHUU
TEMIIEPaTypbl. AHAJIOTUYHAS 3aKOHOMEPHOCTh HAOIIOmAeTCs W TpU
npucoeauHeHn: Opoma K 1,3-OyTtanueny:

CH,=CH—CH=CH, + Br, ——
nim CCly
— CH,—CH—CH=CH; + CH,BrCH=CHCH,Br

b
ITpu —80°:  80% 20%
IIpu —15° 54% 46%
ITpu +40°:  20% 80%
ITpu +60°:  10% 90%
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W3menenue cooTHomeHus NpoaykTos 1,2- u 1,4-npucoennHeHus K
COTIPSKEHHBIM JME€HaM B 3aBUCHMOCTH OT TEMIIEpaTyphl caMo 1o cede
HE CIIY)KUT J0Ka3aTelbCTBOM OOPAaTHMOCTH pPEaKHH MPUCOCIUHCHUSI.
ANMIBEHEIA KapOOKaTHOH, obpasylomuiics npyu npucoeauHeHnn HT
wm Brt x 1,3-nueny, mpucoenuHseT najnee aHMOH Br~ mo aromy
C(1) mwm C(3) ammmuIbHOW CHUCTEMBI C PA3IMYHON CKOpOCThIO. [lpm
0osiee HU3KUX TeMIleparypax NpoAyKT 1,2-mpucoeanHeHus odbpasyercs
OBICTpee, MOCKOJIBKY B ATOM CiIy4ae OpOMUI-MOH MPHUCOCIMHSIETCS KO
BTOPUYHOMY aTOMY yIJIepofa ajuIUI-KaTHOHA.

OpnHako ecinw cMmech mpomykToB 1,2- u 1,4-mpucoenuHenust Opo-
MHUCTOTO Bomopoaa k 1,3-Oyramueny npu —80°C narpets no +40°C,
COOTHOIIEHWE M30MEPHBIX AITHIIBHBIX OPOMHUIIOB M3MEHSIETCS U COOT-
BETCTBYET COOTHOIIEHHUIO NMpoaykToB 1,2- u 1,4-npucoeaunenus HBr
oyragueny mpu +40°C:

CH,=CH—-CH=CH,HBr —
Br
—% CH3 CH-CH=CH,+ CH;CH=CH—CH,Br

(80%) (20%)
— Br

=225, CH3 CH—CH=CH,+ CH;CH=CH~ CH,Br

(20%) (80%)

AHaJIOTHYHBIM 00pa3oM CMeCb H30MEPHBIX AMOPOMHIOB COCTaBa
~ 1 : 1, momy4yeHHas npu npucoequHeHun Opoma x 1,3-Oytanueny B
rexcane mpu —15°C, mpu HarpeBanuu 10 +60°C M3MEHSIET COCTaB U
conepxut 90% E-usomepa— npoaykra 1,4-nprucoeauHeHus:

BrCH,CH=CH—-CH,Br BrCH,CH=CH—-CH;,Br
(46%) (90%)
+ LN +
BrCH,—CH—CH=CH, BrCH,—CH—CH=CH,
|
Br Br
(54%) (10%)

Takoil xapakTep U3MEHEHUsI U30MEPHOTO cOCTaBa MPOAYKTOB 1,2- u
1,4-mpucoequHEHUsI, HECOMHEHHO, CBUICTEIBCTBYET 00 0oOparuMoctu
peakmuu 3IeKTPO(PUILHOTO PUCOCSTUHEHUS K COMPSHKCHHBIM JHCHAM.
Pacnipenenenue npoaykToB B 00paTHMOM, PaBHOBECHOM TIpoliecce 3a-
BHCHT OT BHEIIHHUX YCJIOBUH (HampuMep, TeMIIepaTypsl) IS KaXKI0To
KOHKPETHOTO ciydas. l[IpakTuuecku, OAHAKO, TPYAHO, a HHOTAA U
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JHeprug

>

Koopdunata peaxyuu

Puc. 7.2. Duepretnueckas aumarpaMma [Uii TEPMOJMHAMHYECKH KOHTPOIHPYEMOTO
nporecca B A= C

BOOOIIE HEBO3MOXKHO JOCTHYb COCTOSIHHS PaBHOBECHSI M COOTHOIIIC-
HUE MPOAYKTOB PEAKLMHU YacCTO OTBEYAET HEPABHOBECHBIM YCIIOBUSM.
PaccmoTpum B KadecTBe mpuMmepa CUTYallHIO, KOorjga M3 BemecTBa A
B pe3yibTaTe IBYX MapajulelbHBIX, KOHKYPUPYIOIINX, HO 00paTHMBIX
peaxiuii 00pa3yroTcs mpoayKThl B u C, mpuyeMm BeliecTBo B oOpa3syercs
¢ Oonbliel CKOPOCThIO, ueM BemiecTBo C, MOCKOIbKY AGZ; < AG’Cé.
Ho B tepmommHammdeckoM oTtHomeHun C craOmibHee B, Tak Kak
AG¢ > AGjy. IlogoOHas cuTyanust BCTPEUaeTcsl BO MHOTUX PEalbHBIX
OpraHUYECKUX PEakUUsX U, B YACTHOCTH, B PEAKLUU KOHKYPUPYIOLIErO
1,2- m 1,4-ipucoemuHeHus 3ICKTPOHIEHBIX areHTOB K COTPSHKCHHBIM
IueHaM. DHepreTUIecKas quarpaMma Jijisl TaKoro Mpoliecca MpuBeAcHa
Ha puc. 7.2.

[Tockonbky C crabunbHee B u, cinenosarensHo, AGE > AGy, C Oyaer
MpeoOIaIaoIM TPOIYKTOM, KOTJIa paBHOBEcHE TOCTUTHYTO. [Ipu aTom
He uMmeeT 3HadyeHus, 4yto C oOpasyeTcs Me[uieHHee, yeM B, Tak kak
Bech mporecc ooparuM. [loaTomy B 00paTUMBIX peakiusax MpH JOCTH-
JKEHUH PaBHOBECHS BCeria npeodiiajiaeT TepMOJIMHAMUUSCKH Hanbosee
CTAaOMIIBHBIN MPOAYKT. DTH PEAKIMH TOAYUHSIOTCS TaK HA3bIBAEMOMY
TEPMOJUHAMUYECCKOMY KOHTPOJIIO.

B ToM ciydae, xorma obpazoBanue B u C w3 A TPOUCXOTUT B
pesynbraTe HeoOpaTHMBIX MPOIECCOB TpH AG3‘C6 > AG¢, [JIABHBIM
MPOAYKTOM peakiuu OyneT BemiectBo B. [Ipu 3ToM He MMeeT HUKa-
Koro 3HadeHus, 4ro C craOuibHee B, TOCKOIBKY ITH BEIIECTBa HE
NpeBpallaroTces ApYT B Apyra B HeoOpaTuMoM nponecce. CooTHOLICHHE
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CH“2:CH—CH=CH2
+H®
[N
=
[
@
b
m™
]
“Br® g+ §+ |*Br
CH,CH~CH=CH_ = CH;~CH=CH ==CH, &= CH,CH=CH~CH,Br
3 s 2 1) 3 o
—Br ' -Br
Br I
|
|
!
L —>
1,.2-npucoedurenue 1.4 -npucoedurenue

Puc. 7.3. DHepreTnueckas AuarpaMma JUIss IPHCOEIUHEHUS] OPOMHCTOTO BOAOpOAa K
1,3-0yragueny

MPOAYKTOB B [BYX IapajuIeNbHbBIX, KOHKYPHPYIOIINX HEOOpaTHMBIX
Mpoleccax LEeTUKOM ONpeNiesieTcst COOTHOIIEHHEM KOHCTAHT CKOpocTel
Kg/Kc. D10T Ciyuaii COOTBETCTBYET TaK Ha3bIBACMOMY KUHEMUYECKOMY
KOHMPOIIO.

[Ipu HU3KOM Temmepatype Hmxe —80°C npucoennaenne HBr u Br, x
1,3-OyTagueny nmoguuHseTCsi KHHETUYECKOMY KOHTPOIIIO ¢ 00pa3oBaHu-
eM npoaykroB 1,2- u 1,4-npucoenruenus B cootrHomenuu 4 : 1. Onnako
npu +40°C mpouecc oOpaTuM W peakuusl MOTUUHICTCS MepMOOUHA-
MUYECKOMY KOHmMpOoat0. B 3THX yCIOBHAX MPOUCXOIUT HOHHU3AIIHS CBSA3H
yIIepoa—OpoM B 000MX aJUTMIIBHBIX OpoMuaax ¢ 00pa3oBaHUEM HOHHON
mapbl o0MIero uis 00OWX AJITHIIBHBIX OPOMHUIIOB aJUTHIIBHOTO KaTHOHA
u OpoMHII-aHHOHA. AJUIMJI-KAaTHOH Jajiee MPHCOETUHSIET OPOMUJI-HOH
mu6o B monoxenwe C(1), mibo B momoxkenue C(3). CooTHOIICHHE
npoayktoB 1,2- u 1,4-npucoenunenust 1 : 4 COOTBETCTBYeT paBHO-
BECHOMY COCTOSIHHIO, Trme TpeoOmamaer Ooyiee CTAOMIBHBIA TPOTYKT
1,4-nmpucoenuaeHus (B ocHOBHOM FE-m3omep). I[lpomykt 1,4-mpuco-
€MHEHUs TajloreHa WM TaJIoTeHOBOJIOpOJa K COMNPSIKEHHOMY IHEHY
crabunpHee TpoaykTa 1,2-mprcoenHEHUs], MTOCKOIBKY B Pe3yibTare
1,4-iprcoeIMHEHUS MOTYYaeTCsl CUMMETPUYHBIA TU3aMEIICHHBIN Py
JIBOWHOM CBSA3W ajIKeH, a Nnpu 1,2-mpucoeMHEHNH — MOHO3aMEIlIEeHHBIN
ajkeH. Jlu3ameleHHbIE NPU JIBOMHOI CBA3M ajlKeHbl cTaOMIIbHEE MO-
HO3aMeIIeHHBIX (1. 5). DnekTpoduiabHOe MpHCOeINHEHHE TaJOTeHOB
U TaJOTEHOBOJOPOAOB K CONPSKEHHBIM JHEHAaM MpeJCTaBiseT coOoit
MIPEBOCXOMHBIN KIIACCHYECKU TpUMep OOIIero SBICHUS IPOTHUBOIIO-
JIOKHOCTH KMHETUYECKOTO M TEPMOJUHAMHYECKOTO KOHTPOJIS PEAKIIHH.
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Ha puc. 7.3 npencraBieHa sHepreTudeckas auarpamma Julsl peaknuu
MIPUCOCTUHEHUST OpPOMHUCTOTO Bojopoaa k 1,3-OyranueHy.

B 3akitoueHue cieayer caenarb OJHO BakHOE 3amedaHue. [Ipuse-
JICHHBIE 3[€Ch MIPUMEPHI ICHO MOKA3BIBAIOT, YTO MPEICKa3aHUS OTHOCH-
TEJIbHO CKOPOCTHU PEaKINH, C/IeIaHHbIe TOJbKO HA OCHOBAaHUHU CTaOWIIb-
HOCTH IIPOLYKTOB, HEPEAKO IPUBOAAT K OMIMOOYHBIM BBIBOAAM, €CIIH
peaknusi okaspiBaeTcsl oOpaTuMoil. OmHaKo 1Jis psiaa TepMOAWHAMUYE-
CKH KOHTPOJIMPYEMbIX PEaKLil HAaOII0NaI0TCsl UHbIE 3aKOHOMEPHOCTH,
yeMm i npucoenuHeHus k 1,3-muenaM. JloctatouHo pacmpocTpaHeHa
IOpyras cuTyalus, Korga Oosee CTaOMIIbHBIM HMPOOYKT M 0Opasyercs
ObICcTpee, YeM TepMOAMHAMUYECKH MEHee YCTOWYHMBBIA MPOMYKT. DTOT
CIIy4ail COOTBETCTBYET MOJIOKEHUIO, KOTIa KHHETHYECKUH M TePMOAH-
HaMHUYECKUM KOHTPOJIb JEHCTBYIOT COIIACOBAHHO.

OpnHako Ianexko He Bce AIEKTPO(UIbHBIE areHThl IPUCOCIUHSIIOTCS
B 1,4-nonoxeHne K CONpPSDKEHHBIM AWeHaM. JlIi HEKOTOPBIX U3 HHUX
TUNHYHBI peakuuu 1,2-npucoenunenus. CyabQeHUITalIoreHuapl U ce-
JICHWITAJIOTCHU B PETHOCEIEKTUBHO 00pa3yloT MpOxyKThl 1,2-mpuco-
€MHEHUS:

CH,=CH—CH=CH, + C¢H;5SClI
CHCls;20°C

— CGHss*CHz(:H *CH:CHz.
‘ (98%)

Cl

AHaJOrMYHO 3MOKcUAMpoBaHUE 1,3-IMEHOB € MOMOUIbIO MEPKHUCIOT
HPUBOAUT K OKCHPAaHaM, IIPUYEM STIOKCHIUPOBAHUIO B IIEPBYIO OUYEpEb
noaBepraercsi HanboJjiee 3aMelIeHHast JBOHHAS CBS3b:

COzH COOH
C“a _CHCL; 60 60°C CHs
e +
CH3 Cl CH3 Cl
(77-83%)
H3C CHs CosH HsC CHy COOH
O@ @ Coe; 5°C :
+ - +
HO Ho
0

(78%)

[Ipucoennuenne nuxiaopkapbeHa x 1,3-mueHaM mpoTeKaeT MCKITIo-
YUTENBHO Kak [2-+1]-unknonpucoeannenue. [Ipu aToM Bo3MOKHO 00pa-
30BaHME MPOAYKTOB MIPUCOEANHEHHS TUXIOpKapOeHa KaK 10 OJJHOH, TaK
U 110 00eUM JIBOWHBIM CBSI3sIM JMieHa. B M30bITKE JMeHa rnpeodiagaer
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MOHOAJIyKT; IS TOYYCHUS AUAATYKTa, HATPOTUB, TPeOyeTcst H30BITOK
peareHra:

L
o o a
(CHs)sNCH,CeHeCL =
20H=CH—CH=CH, + CHCL,+ NaOH ———————— =+
H,0
o ct
(42%) €t (6%) C1
o
NaOH; (C,Hs ) +NCH,C gHsC® c
CH=CH-CH=CH, +2CHCL +
H,0— CHCL,
of ot Ccll
(13%) (38%)

Huknuyeckue AUEHBI JETKO 00pa3yroT MPOAYKThl MPHCOCTUHEHUS Kap-
OeHa 110 00EUM JIBOMHBIM CBSI3SIM:

@
(CoHs) NCH,CgHsC1°
+ 2CHCL; + NaOH 3726Ts 7%
— TpaHc-n3ome
H,0 —CHCL, (97%) 1p P

Cl
Cl

Ct
Cl

st tuapunoB Oopa TakKe XapakTepHo 1,2-pucoennHeHne K CO-
NpsDKEHHBIM TueHaM. byraaueH-1,3 mocinenoBaTenbHO MPUCOEAMHSET
nBe mojekyasl BH; ¢ oOpazoBanuem 1,2-terpamerunenaubopana. [lpu
HarpeBaHHH €ro C eIlle OJHIM MOoJIeM OyTaaneHa noiydaercs 1,6-mubo-
PalMKIIOIEKaH:

_ _ BHz~Tr® o BH3—TT®
CH;CH—CH—CHzT’ (i‘H2 CH2 CH=CH, o
BH,
CH—CH CH;—CH
2 2 2 2
AN N
—— CH=~CH>CH CH, == CH, CH, iCHC_HCHz_.CHz/ LT,
é tlaH \B/ " B/ Ny gl
H, 2 H/ .H/ \H /"'.H/ AN
CH) CH,
< /
CHy—CH,

[IpocTpaHcTBEHHO 3aTpyIHEHHBIH ANCHAMUIOOpaH PErHoCeIeKTHBHO
MIPUCOEANHACTCS K CONPSKEHHBIM JIH€HaM TaKuM 00pa3oM, 4To TpyIna
BR, mnpucoenuHsercs K KOHIIEBOMY aromy ymiepoga. IIpu wucmoib-
30BaHUM OJIHOTO SKBHBAJICHTA JMCUAMHIIOOpaHa 00pa3yercss MOHOAJ-
IYKT, peakmus C y49acTHEeM JBYX DKBHBAJICHTOB OOpaHa MPUBOAHUT K
nuaanykty. OKUCIeHHEe MOHOAAIYKTa MICIOYHBIM PACTBOPOM MEPEKUCH
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BOAOpOAa AacT HGH&CLIH.[CHHLIIZ aJTAJIOBBIN CIIUPT, AUAAAYKT B TCX KC
YCIOBUSX okucisiercs A0 1,4-auona:

CH,=CH—CH=CH, + 2Sia,BH E) (‘:Hz_CHZ_CHz_CHz —

BSia, BSia,
008, HO—CH,—CH,—CH,—CH, —OH.
H0 (90%)

7.4.2. [442]-UMKJIOINNPUCOEJUHEHUE (PEAKIIUA JUNJIbCA—AJIBJEPA)

B 1928 r. nmemenxue yuensie O. [luibc u K. Anbaep OTKpbUIH
HauOoJiee BaXKHYK) B CHHTCTHYECKOM OTHOIICHUHU TPYIMIy peakiui
LUKJIOIPHUCOCIUHEHUS K CONPSIKEHHBIM TUEHAM, KOTOPast BIOCIEICTBUN
nojlyymsia Ha3zBaHue peakuuu Junbca—Anbaepa. B mpocreiiinem Buze
dTa PeaKIus MPEICTaBIsAeT co0oi 1,4-mprcoeTMHEHNE COCTMHCHHUH C
JIBOMHOM CBSI3bI0 K COMNPSDKEHHOMY JIMEHY C 00pa3oBaHHEM IPOU3BOJI-
HOTO LMKJIOT€KCEHA, HAllpUMeED:

CH H O CH 0]
Y i’ 7 o H o g
uc” ~e-cl HC” e-cl
| + | 00— |0
HC /C_C/ tonyoin; 100°C; 54 HC /C_C/
ScH, H o Scuy H O Yo

ITonp3ysch coBpeMEeHHOH TepMUHONIOrHeH, peakiuo JAunsca—Anbaepa
CIIeJlyeT OTHECTH K mpolueccam [4 + 2]-IUKIONPUCOETUMHEHUS, TaK KaK
B HEll MPUHUMAIOT y4yacTue 47-3JIeKTpOHHas cUcTeMa JIeHa U 2-3JekK-
TPOHHAS CHCTEMa BTOPOTO pEareHTra. JTOT BTOPOH pearcHT OOBITHO
Ha3bIBarOT aueHoduiioM. [TponykT [4-+2 |-LHUKIONPUCOCTUHEHUS, CIICTYS
3TOM TEPMUHOJIOTMH, HA3bIBAIOT aI/lyKToM. B peakiuu J{unbca—Aube-
pa pBYyTCs JIBE 7-CBSI3U B MCXOOHBIX pearcHTax U OJHOBPEMEHHO 00pa-
3yIOTCS JIB€ HOBbIE O-CBsI3U U | 7-CBs3b B ajuykre. [IockonbKy o-cBsi3u
Oosiee cTaOMIIBHBI, YEM TT-CBSI3H, PEAKIUHU [4+-2]-IIUKIONPUCOETUHEHHUS,
KaK MPaBHWJIO, dK30TEPMUYHBI, XOTS MHOTHE W3 HUX OOpaTHUMBI. DTO
03HAYaeT, 4TO MpPH BBICOKOM TemmepaType aiIyKT paclagaeTcs Ha
HCXOJIHbIE peareHThbl. DTOT MPOLECC MHOINA Ha3bIBAIOT «PETPOIUEHO-
BBIM pacnazom». Hambonee peakMOHHOCTIOCOOHBIMH AWEHO(QUIAMH
apisitorcs ankeHsl CH, =CH—X, y KoTOpBIX 1BOIHASI CBSI3b COMpPshKEHA

0
¢ anekrponoakuentopuoil rpynmnoit X=COOH; COOR; CHO; C—R;
NO,; CN u gp. [TomruMo alKeHOB, K aKTUBHBIM TUEHO(IIAM CIIEAYST
OTHECTH COCAUHECHHUS C TPOMHOHN YITICPOA-yIIEPOIHON CBA3BIO, 1-OCH30-
XUHOH, TBOWHYIO CBSI3b JIBYX aTOMOB a30Ta B a30IMKapOOHOBOM 3ddupe
ROOC—N=N—-COOR, nurposorpynny B HUTPO30COEIUHEHUIX U AP.
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B peaxkuun [Aunsca—Aunbpaepa NpUHUMAIOT y4acTHe KaK alluKINYeCcKHe,
TaK ¥ LUKJINYecKue 1,3-IMeHbl, OIHAKO IUEH IOJDKEH ObITh CIIOCO-
OcH NMPHUHATH LHUCOMIHYIO S-yuc-koH(opMmauuio. [IHMeHBI, y KOTOPBIX
JBOMHBIEC CBSI3M 3aKpEIUICHBbI B S-mpanc-KOHPOPMALUY, KaK, HallpuMep,
[IPUBE/ICHHBIE HIKE JUEHBI, HE BCTYIAIOT B 9Ty PEAKIUIO:

H
dj \= C(CHy),
O o’

Hawnyumue ycnosus st peakiuu Jlunbca—Albiepa cO3/1at0TCs B TOM
cilydae, KorJa JIeKTPOHHAs TUIOTHOCTh B JMEHE BBILIC YeM B AUCHODH-
Jie, HO B PsiJie CIIy4aeB JIETKO pean3yeTcsl U BapHaHT «C 0OpalieHHbIMU
3NIEKTPOHHBIMU TPEOOBaHUSIMU», TI€ AUEH COJEPKUT EKTPOHOAKIIETI-
TOpHBIE 3aMECTUTENN, a AMEHO(II — AIEKTPOHOJOHOPHKIE. PaccMoT-
pHUM Terephb CTEPEOXUMHIO peaknu [4 + 2]-IuKIoNpUCOeAUHEHUS.

7.4.2.a. CTEPEOXUMUA PEAKIIUN JUJIbCA—AJIBJIEPA

Peakuus Jlunbca—Anbnepa crepeocrnenuduyna. Bee umeronuecs
JTaHHBIC YKa3bIBAIOT HA TO, YTO OHA SIBJIAETCS CUHXPOHHOU U MPOTEKAeT
MOJIHOCTBIO CTEPEOCeNU(PUIHO KaK yuC-TIPUCOCTUHCHHE K JBOMHOM
cBsa3u. Jlpyrumu cioBaMu, KOHQUTYpallMu JvWeHa W aneHodwia co-
XpaHSAIOTCA TIPH 00pa3oBaHUM aJUIyKTa. DTO HAINISIHO BHIHO Ha JIBYX
npuMepax npucoenuHenus K 1,3-OyTajveHy JIMMETHUIIOBBIX 3(upoB
MaJICHHOBOW M (hyMapOBOU KHCIIOT:

H

Ho _COOCH, g
= 7 50°c COOCH;
+ R
CO0CH;
H COOCH3 (680/0) H
He___C00CH; L
> o7 200°C COOCH;
s T ! i
- N
cj00c” A (959 COOCH

Eciu  nuenoduiiom ObUI  mpaHc-3aMENICHHBIA — alKeH, MPAHC-
KOH(UTYpanus 3aMecTHTeNell CcoXpaHsSeTcss M B alAyKTe. OTH JKe
paccyKIeHHs CIPaBeIUIMBBI U JUIS YuC-KOH(DUTYpAllUU 3aMeCTUTENeH
B nueHodwmie. Peaknusa [{unsca—Anbaepa MpUBOAUT K 0Opa30BaHUIO
OUITMKINYECKOH CHCTEMBI, €CJIM HCIONb3YeTCS LUKINYCCKUA HEH.
B ostom cimywae peakmus uueT ocobeHHO Jerko. l[ukiomeHTtaaneH
pearupyer ¢ MaJleHHOBBIM AHTHAPHIOM WIH C 3(QUPOM aKpUIOBON
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KUCJIOTBI yX€ TpM KOMHATHOM Temmeparype, o0pasys alayKTbl ¢
BBIXOJZIOM, OJIN3KUM K KOJIMYECTBEHHOMY:

0.0 0
N\
\C/\C//
c”o
N CH3C00C,H¢
0 — > H +
@ + [/ 25°C W
Cy o g
0 . ¢=0 H
N \
//C—O
(99%) O (1%)
311,40—M30Mep 3IK30-nU30mMep

I_[I/IKJ'IOHCHTHI[I/ICH HaCTOJIBKO peaKHI/IOHHOCHOCO6CH, YTO IpHU CTOAHUHN

AUMEPU3YCTCA B NULUKIIONICHTAIUCH

O+ O

Ota peaknus oOpaTuMa, W TIPH HATPEBaHUH IUIIUKIIONICHTAANCH pa3Jia-
raetcs ¢ 00pa3oBaHUEM MOHOMEpa — IUKIIOTIeHTaueHa. Peakuus J{uib-
ca—Aubaepa ¢ yyacTHeM UKIIONEHTaANEeHa UITH IPYTOT0 IIUKINYECKOTO
JIUCHA TO3BOJSIET CHOPMYIUPOBATH €Ie OJHO BAXHOE 3MIIUPHUUYECKOC
CTEPEOXMMHUYECKOE ITPABUIIO, U3BECTHOE KakK NpaBuiio Albjiepa. B kune-
TUYECKU KOHTPOJIUPYEMBIX IPOLECcCaXx MPEUMYIIECTBEHHO 00pa3yercs
H30MEp C IHIO-TIOJIoXKEHUEM 3aMecTtutenst X B auenoduine CH,=CHX.
TepMuH «OHI0» TOAPA3YyMEBACT MPAHC-PACTIONOKCHUE 3aMECTHTEIS
X W METWJICHOBOTO MOCTHKAa B OWITMKIWYecKoi cumcteme. [IpucraBka
«3K30» 0003HAYACT UX YUC-PACTIOIOKCHUE!

E> CH COOCH g é
+ 3
CO0CH,

(24%) \
3ﬁ,aa— LOOCH IK30-

IIpenmMy1iecTBO 3TOTO CTEpUYECKH OoIee 3aTPYJHEHHOTO criocoda mpu-
COCIMHEHHS TUCHO(HIA K TUCHY SIBIISETCS PE3yIbTaTOM KOMOMHAIIUH
TUTIOSIPHOTO M BaH-JI€P-BaallbCOBOTO MPUTSHKCHUS H, MO-BUIIMOMY,
OpOUTATBHBIX B3aUMOICHCTBUIN 3aMeCTUTEISI X U THEHOBOW CHCTEMBEL.

7.4.2.6. OBJIACTb ITPUMEHEHNA PEAKLIUN

Peakmus [lunbca—Aunbaepa sBIsSETCS OXHON W3 Hamboyiee OOIIMX
U BaXHBIX PEAKIMIl COBPEMEHHOIO OpraHMYecKoro cuHre3a. Ee wuc-
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KIIIOYUTEIBHO BBICOKAsi PETHO- U CTEPEOCEICKTUBHOCTD, OOJIBIION ac-
COPTHUMEHT JAMEHOB M 0COOEHHO AMEHO(UIIOB JeNaeT ee He3aMeHUMON
B CHHTE3€ CaMbIX Pa3HOOOPa3HBIX KapOOIMKINYECKUX, TeTEPOLHKIIU-
YeCKUX W TIPUPOMHBIX coeauHeHuil. B T1abn. 7.3 coOpaHBl HEKOTOPHIC
Ba)KHBIC M TUITHUYHEBIC IPUMEPHI peakiuu Junbsca—Ampaepa ¢ yaacTueM
pa3inuyuHBIX aueHoB W jaueHodmioB. CieayeT 0co00 OTMETHTh, YTO
MHOTHE TOJIMIUKINYECKHE apoOMaTHYEeCKHE COEIUHEHMs, TaKhe Kak
aHTpareH, HaTaleH W JpYyrHe, CIyXaT IHEHOBOM KOMIIOHEHTOW B
peaKiuu ¢ pa3nnyHbIMU aueHopunamu. [lpusenennsie B Tabn. 7.3 npu-
Mephl MOKA3bIBAIOT MOMCTHHE HEUCUEPHAEMBbIE BO3MOXHOCTH PEaKUUU
Junsca—Anbpaepa B opraHUueckoM cuHTe3e. Eciam Kk 3ToMy 100aBUTH
€€ BBICOKYIO PErHO- U CTEPEOCENEKTUBHOCTD, TO HEYIUBUTEIBHO, UTO U
B HACTOsILlee BpeMs 3Ta peaklHs OCTAETCS JTYUIIMM «KOHCTPYKTOPOM»
JUTSL TIOCTPOSHUSI MOHOIMKITMYECKHX, OWUITUKIMYECKAX U 00Jee CIO0XK-
HBIX [UKJIMYECKUX CUCTEM. 3a OTKpBITHE [4 + 2]-IIUKIONPUCOEAMHEHUS
O. unscy u K. Anpnepy B 1950 . Obuia mpucyxaena HoOenesckas
npemusi. B 9Toil IaBe HaMEpPEHHO HE PACCMATPUBAETCS MEXaHU3M
peakuun J{unbca—Anbrepa. MexaHusM 3Toi peakiuu, Kak U JAPYrHx
COTJIaCOBAaHHBIX PEAKITNH ITUKIIONIPUCOEANHEHUS, TOAPOOHO 00CyKTaeT-
csl B 1. 25, EJTMKOM MOCBSIIIEHHON TaK Ha3bIBAEMBIM NepUYUKAULECKUM
Dpearyusim.

7.4.3. NOJJUMEPU3ALUA CONMPAKEHHBIX TMEHOB

[Mommmepwn3amust 1,3-mUeHOB JOCTAaTOYHO TMOAPOOHO paccMaTpHBa-
€TCsl BO BCEX yUeOHMKAx 10 OPraHMYECKOW XMMUH, TPEAHA3HAYCHHBIX
JUTST TIEpBOHAYAIIFHOTO M3Y4YEHHsI €€ OCHOBHBIX IoyiokeHuil. bomee
MOJPOOHBIC CBEICHUS O IOJUMEPU3AINU JUCHOB, €€ MEXaHH3ME U
CTPYKType 00pa3yonuxcs MoJINMepOB MPUBEACHBI B MOHOTpadHUAX IO
BBICOKOMOJICKYJISIPHBIM COCMHCHUsIM. [lo3TOMYy B 3TOM pasjieie Mbl
OTPaHUYMMCS HM3JIO)KEHHEM OCHOBHBIX CBEJCHH, KaCalOIUXCS ITOU
crieru(ruecKoi MPOoOIeMbl XUMHH BRICOKOMOJICKYIISIPHBIX COSIMHECHUH.

OcCHOBHOE pasznu4re MeXIy MOJUMEpH3aIieil JUeHOB M TIOIHMe-
puzarueil ankeHoB (TII. 28) 3aKIIIOYaeTcss B TOM, YTO B IEPBOM CIIydae
oOpasyeTcsi mojuMep ¢ OOJIBIIMM YHCIOM H30JIMPOBAHHBIX JIBOHHBIX
CBsI3€iA, @ BO BTOPOM ITOJIMMEP MPEJCTABISAET OO0, MO CyIIEeCTBy, ail-
kaH. [TonuMmepusanus TUEHOB OCYIIECTBISICTCS KaK 10 HOHHOMY, TaK U
0 paguKaIbHOMY MeXxaHu3My. [[0100HO peakiusam mprcoeTnHeH s, pa-
MUKalbHAS TTOMMEPU3aIlis TUCHOB UIeT U B 1,2- u B 1,4-1ON0OKEHUSX,
X0Ts 1,4-pucoeHEeHNEe OTIEIbHBIX MOHOMEPOB APYT K JIPYTy Bcerna
npeobnanaet. [losmmepu3anusi 3aMEIICHHBIX JHUEHOB 3aKJIHOYacTCs B
MIPUCOEIMHEHUH TI0 THITy «TOJIOBa K XBOCTY». PajukaibHas mommume-
pU3aIusl MHUIMUPYETCS CaMbIM Pa3HOOOpa3HbIM 00pa3oM: nepcyibda-

537



Tabnuma 7.3

CuHTeTHYeCKHEe BO3MOKHOCTH peakuuu Jniabca—Aabaepa

0
—_— e r— — =0 0 CHs ¢z
1. CHE=C—C=CH, + cH=cH—cZ 100°C :@/\H
CHis Chs (90%)
CHy
c=0
2 ~ ~H | \0
—_—
S / 3qup; 25°C
H / Qup; (100%)
CHy
COOCH
3, @i 3 S , (68%)
=
€00cHs COOCH3
0
- 90°C
4. Co -+ CcH,00c—C=C—C00CH, ——— & %%coocw3
X ? ’ 84 C00CH;
0y
. - (77%)
N\ N
5. NC)c=c(cN
- (v g=cle, PO e
0
z 0
c z
6 ( —+ ( 0-CHyCH; 160°C . O/C‘OCHZCHS
' X 15y (94%/
CH3 (I:OOCHg, H\ CH3
=z 100°C . COOCH3
7. >
¢ 3 > C00CH;
COOCH3 H™ CH;  (100%)
HOH
8. ( @ 6enson; 10° C; Cm 6eH30n 30°C; Q:jg
48"1 3He,ﬂ, 700/°
80 90%
9. ) C6H5N_O—> . .
o \‘|‘ Gy AN~ Cebls (66%)
o s
N CO0C,Hy
10. HsC,00C—N=N—C00CH, ———»
N + ’ A= cooc Hs
CHz X3 (94%)
o cl
cl
1. )i}< ﬁ% _tooc %
cl
o o ct

aﬂbAPMH MHCEKTMLLM,H,
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TOM KaJlusl, IEPEKUCHI0 OCH30MIIa, mpem-0y TUITHAPOTIEPOKCUIIOM HITH
peaktusom ®entona (Fe’t u H,0,).

3apooicoenue yenu:

2+

Fe?* + ROOH ———Fe3" 4+ HO® + RO

Pazeumue yenu:

ROCH;—CH-£CH=CH, + CHE=CH-CI=CH > ROCH;- CH=CH- CH 1 CHy~ CH=CH—EH,———>
CH=CH—CH=CH, . o

2L, ROCH;~CH=CH~CH 4 CHy CH=CH=CH-Cli = CHeCHECH, ———s
n CH=CH~-CH=CH,

= ! - —— P I —— vl ——
RO=CHy~ CH=CH—CHzCHz= CH=CH-CHy+-CH-CH-+CH,
I
— CH—+CHy— CH=CH—CH— -+ - CH=CH,
CH4CH—CH=CH—CHz— - -

CHghCHz= CH=CH—CH;= - + -

[Ipu papvkanbHOW TOJIMMEpPU3AIUU OyTaJMeHA OTACIbHBIC 3BCHbBS
Xa0TUYHO coeAuHsitorcss U B 1,4- u B 1,2-nosiokeHus, B pe3ylib-
TaTe 4ero IMoJlydaeTcsl He JHMHEHHas, a pa3BeTBICHHAsS MaKpOMOJe-
KyJa ¢ OOKOBBIMH MEIMSAMH. OTO CHIJIBHO YXYIIIAeT MEXaHH4YEeCKHe
CBOMCTBa M MPOYHOCTH TAKOTO CHUHTETHYECKOro Kaydyka. B mpompbimi-
JIEHHOCTH DPaJMKaIbHON TONMMEpH3AIH MOBEPratoT caM OyTajveH,
a Taxxke xuopomnpeH. ITomuMepusanuro npoBOAAT B BOJHOW HMYIb-
CHU B TPHCYTCTBHH Pa3IMIHBIX AMYIBraTopoB mpu —+5°... + 50°C
C TOCHeAyIoUled Koaryisiueill MoluMepa HaCBIIIEHHBIM pPacTBOPOM
MOBapEeHHOW coiu. [[ns ynydineHus MeXaHWYeCKUX CBONCTB CHHTE-
TUYECKOTO KaydyKa MPUMEHSIOT COBMECTHYIO TOJHMMEpH3aIfio OyTa-
muena (76%) u crupona (24%) wnm OyTaaueHa ¢ aKpHUIOHUTPUIOM
(Tax Ha3bpIBaeMble OyTaJMEH-CTHPOIBHBIA W OyTaaueH-HUTPUIHHBIN
Kay4qyKH):

K,S,0g ; 50°C; 8at™m
Hy0

nCHF=CH—CH=CH, + m CGHSCH=CHz

| | 1 ! 1 !
-*-"—CHZ—CH—CH—CHZTCHZ—CH=CH—CHETCH—CHE:'CHZ—CH=CH-CH#CHECH=CH-CH2T(|3H~CH2T'-'

Ces CeHs

AHnoHHas noiauMepusanus 1,3-1ueHoB peannsyeTcs B IpUCYTCTBUU
ToHKOM3MeNpueHHoro HaTpust win kammst (C. B. Jlebenes, 1930) npu
60-80°C. [lomy4yeHHBIE CHHTETHUYECKUE KayUyKH TaKKe UMEIOT CHIIbHO
Pa3BETBICHHYIO CTPYKTYPY, IPEISTCTBYIOLIYIO IHPOKOMY IPUMECHEHHUIO
3THX TIOJIUMEPOB.
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Kayuyk, momoOHBII MO cBOicTBaM HaTypajJbHOMY KaydykKy, ObLI
MOJIy4eH NMPH KOOPAWHAIMOHHOW NMOJMMEpPU3alliy H30IIPEHA Ha Kara-
mu3atopax Llummepa—Harra. Ilpupoasslii kayuyk nmpeacTaBiseT coboit
yuc-nonuusonpeH. IlonuMepusanys H30IpeHa B IPUCYTCTBUH KaTallH-
3atopa Llurnepa—HaTra xapakrepusyercsi He TOJIBKO pernocnennpuye-
ckuM 1,4-nipucoeqMHEHNEM U30IIPEHA, HO U SABJSIETCS cTepeocnenudu-
YECKUM IIPOLECCOM:

CH3 A%“ZHQZf ”,_c CH-CH CH.—*
| TiCly \ fo A N
nCH,=C-CH=CH, ——F—=" =C C=C
2 2 770-100°C / N TN
s Hj CHy H

yuc- HOHMM3OHPGH

KoopaunanmonHast moiauMepHu3ais U30MpeHa MO3BOJIMIIA PEIINTh
OJIHY M3 BaXHEHIIUX TNPOOIEM OPraHUYECKOW XUMHUH — IOIYYCHUE
CHHTETHYECKOTO KaydyKa, KOTOPBIH TI0 CBOEH CTPYKTYpE U CTEPEOXUMHUN
COOTBETCTBYET MpHUponHoMy obOpasity. [Jo cux mop Kaydyk — eJHHCTBCH-
Hasi THTaHTCKas TPUPOAHAs MOJIEKyJia, KOTOPYIO YIAJIOCh IOIYyYUTh
MCKYCCTBEHHO. biaroiapsi 3ToMy ObLJIO HaJTaKEHO KPyIMHOMACIITaOHOE
MIPOU3BOJICTBO CHHTETUYECKOTO Kaydyka. CpeaHsisi MOJIeKy IsipHas Macca
HATypaJbHOTO KayyyKa JOCTUTAET TPEX MIJJTHOHOB, YTO COOTBETCTBYET
cTerneHu rmoymmMepusanuu oonee geM 25 000 H30TPEHOBBIX MOHOMEPOB.
OnHako CHHTETUYECKUN yuC-TIOTUU3OMPECHOBBIN KayuyyK HE BBITCCHUI
MIPOM3BOJICTBO OyTaIUEHCTUPOIHHOTO, OyTa MeHaKPUIOHUTPUIHLHOTO 1
XJIOPOTIPEHOBOTO KayuyKa PaAUKaIbHOU MOJUMEPU3ANHNEH B IMYIbCHH
(pamuKamTbHO-IMYIECHOHHON MoMMepu3arueit). Kaxkpiii u3 3TuX CHH-
TETUYECKUX KAyuYyKOB HMEET CBOM JKCIUTyaTAI[MOHHBIC ITOCTOMHCTBA
U HEJOoCTaTku. B HacTosiiee BpemMs MUPOBOE TOIOBOE MPOU3BOACTBO
KaydyKa TpEeBbIAI0 7 MIH T, U3 KOTOpBIX Oomee 70% cocTaBisioT
pa3IUYHBIC COPTA CHHTETHUECKOTO KaydyyKa.

7.4.4. TMKJOOJUTOMEPHU3ALIMS 1,3-TUEHOB
W COBMECTHAS LIUKJIOOJTUTOMEPH3ALIMS TUEHOB
C AJTKEHAMM U AJTKUHAMM

MertamrokoMIieKCHBIE KaTanu3aTopsl llurmepa—HatTa, kak ObLTO
OTMEYEHO B MPEeAbLAYIIEM pa3zeiie, BbI3BIBAIOT JUHEHHYIO MOIUMEpPH-
3alI0 COMPSDKEHHBIX IHEHOB. lcmonb30BaHME IPYrHX TOMOTEHHBIX
KaTaJu3aTOpOB HAa OCHOBE KOMIIJIEKCOB IE€PEXOAHBIX METAJJIOB MO03-
BOJISIET M3MEHUTH HAIIPABIIEHUE PEAKIMH B CTOPOHY ITUKIOOIUTOME-
puzauuu. HanGomnee >QQeKTUBHBIME KaTaau3aTopaMH LUKIOJUMEPH-
3alMd W TUKIOTpUMepHu3anuu 1,3-OyTragueHa okaszaianch pa3iHdHbIC
KOMIUIEKChl HYJIbBAJIEHTHOTO HMKENs. B 3aBUCMMOCTH OT HpUPOJBI
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JIUTAHJO0B B KOMIUICKCAX HHKEJNs B PE3yJbTare IHKJIOOJIUIOMEpH3a-
mnu 1,3-OyTaameHa MOTyT OBITh MOJMYYEHBI IMUKJIOAOoAeKarpueH-1,5,9;
yuc, yuc-nuKIookTaauer-1,5; 1,2-1MBUHUINKUKIOOYTaH, BUHUIIUKIO-
TeKCeH. B OTCyTCTBHE ITOHOPHBIX JIMTAHJOB, TaKUX Kak (OCHUHBI
win (pocuThI, KOMIICKCHl HYIBBAaJCHTHOTO HHUKeEIs — Ouc-(IIMKIOO0K-
tagues-1,5)uukens-Ni(COD), u Ni(n-CH,—CH=CH,), kaTanu3upyor
onuromepusanuio 1,3-0ytreHa ¢ oOpa3oBaHHEM CMECH TPEX TeOMEeTpH-
YeCKHX M30MEepoB Iukiomonekarpuena-1,5,9 (I Bunke, 1957):

rmme S e

(85%) (6,4 %) 8,6%)
TRaKC-, TPAHC, TOGHC-  TPaKC-, TPAHC-, HUC- rpaﬁc yuc-, yuc-

KonmmuectBo  mpanc,mpanc,mpanc-uzoMepa  LHUKIOJOAEKATpHE-
Ha-1,5,9 Bozpactaetr 10 95-97% B OPUCYTCTBUM CMELIAHHOIO
KaTajains3aTropa, COCTOALICTO M3 alCTHUJIAllCTOHATa HHUKEId WU AUDTHUII-
aIOMUHHANAXIIOpUa. [leTanbHbIe CBeleHWs O MeXaHU3Me IUKIOTPH-
Mepu3anuu OyTaJleHa OIpE/C/ICHHO YKa3blBAlOT Ha 00Opa3oBaHue
B KayecTBe HHTEpMeIuara KOMIUIEKCa HYJIbBaJCHTHOTO HUKENS C
JABCHAAUATUYJICHHBIM ITUKJIOM, B KOTOPOM HHKECJIb CBA3aH C KpaﬁHHMH
T-aJUTHIIBHBIMU TPYTIIIAMU:

3 NF +NT ———

[Tocnemyromee TpHCOCTUHEHUE K 3TOMY HMHTEpMeAwary OyTamneHa
MPUBOAUT K 00pa30BaHUIO IMKIOAoAeKaTpueHa-1,5,9 u perenepauun
WHTEepMeiMaTa. Bo3MOKHBIN KaTAJIMTUYECKUI IIUKII TTIOKa3aH Ha IIpUBe-
JNICHHOM HIDKE cXeMe:
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[lepBoHauanbHO, MO-BUAMMOMY, 00pa3yeTcsi KOMIUIEKC ABYX MOJEKYJ
oyramuena ¢ mukenem(0). CoderaHwe ABYX ITUCHOBBIX 3BCHBEB IIPH-
BOIUT K O6paSOBaHI/IIO JAW-7T-aJIJIMJIBHOI'O KOMIIJIEKCA HUKEIA, KOTOprI\/'I
KOOPJMHHUPYET TPEThIO MOJIEKYyNy OyTagueHa W [aeT IpHUBEICHHBIN
BBIIIIE HHTEPMEIUAT; MOCJICAHUNI MOXKET ObITh TP HU3KOU TeMIIepaType
—90°C BBIIEICH UHANBUAYATLHO. V3 3TOTO HHTEpMEaHATa IMOTyIacTCs
KOHEYHBIM MPOIYKT LUKIIOA0AEKaTpUeH-1,5,9 u perenepupyercs HCXo/-
HBIM KaTaau3aTtop — HUKeh (0).

Hpyroii  u3omep — mpanc, mpanc,yuc-iuknonoaexarpues-1,5,9, mno
(dbopMe HAIMMOMUHAIONTUH MaJBTHUUCKHA KPECT, MOIYYaeTCs WHIANBUIY-
aJBHO MIPU LUKIOTPUMEpU3aluK OyTaJreHa Ha CMELIaHHOM KaTasn3a-
tope, coctositieM u3 (C,Hs),AIC] u TiCly:

Z  ANZ (g mel; Tiay,
~ 40°C; 14

S -MUL‘-/ S-Tpanc~
Tpanc; TpaKc yuc-

Korjna omHO M3 KOOPAMHAIMOHHBIX MECT Y HHKEJS 3aHSITO TaKUM JIU-
rasaoM, kak Gocun wiu hocdUT, BMECTO TPUMEPHU3AINH ITPOUCXOTUT
nuKIoauMepu3aiust Oyraauena. [Ipu 3ToM B 3aBUCUMOCTH OT TIPUPOJIBI
JIUTaH/Ia TIOTYYarTCs Pa3IUYHbIC MPOJAYKThL. B MpUCyTCTBUM B KaueCcTBe
nmurannga y aroma Hukens B Ni(COD), tpuc-(oudennmmi-2)docdura 06-
pasyercsi ¢ CyMMapHbIM BbIX0OJI0M 85% cMech 1,2-IMBUHUIIMKIO0y TaHa
U yuc, yuc-uKIOOKTaaneHa-1,5 B coornomennu 2 : 3:

. . PO S
O + o Mi(coD); P—fo—cytiz Cels)3 +

50°C; 8 asoTe, 5y X

B 6omee xectkux yenoBusx mpu 80—-100°C 1,2-muBHHUIITUKIOOYTaH
H30MEPU3YeTCA B YUC,YUC-IIMKIOOKTAAUCH-1,5, KOTOPBI CTaHOBUTCSA
€MHCTBEHHBIM MPOAYKTOM pEaKIWu. B 3THX yCIIOBUSAX OH MOIy4aeTcs
u3 OyTtaaueHa ¢ BeixogoM 96%. Luc,yuc-iyukinookraaueH-1,5 noiayyaer-
Cs B HACTOSIIEE BpeMs B IMTPOMBINIICHHOM MacinTade. 3amMena docdura
Ha QOC(UH B KAYSCTBE JIMraH/a B KATATUTHYCCKONW CUCTEME IPUBOIUT
K 3aMETHOMY U3MEHEHHIO B COCTaBe MPOIAYKTOB JHMEpPHU3aIuN OyTaau-
ena. Komruieke Ni(COD), ¢ tpunukiorekcuiapocGuHoM KaTalu3upyer
JTUMEpPHU3aNnio B 4-BUHWILUKIOTEKCEH W IIUKIOOKTA HCH:

L ni(con),; Plunkno-Ceh)s y )
/\// -+ \\/\ 53.4 61)47 (W —f—O

C; bexson; 34

(40%) {(41%)



Onuromepu3zaius 1,3-AHEHOB MOJTHOCTHIO TOAABISIETCS B IPUCYTCTBUU
aJKEHOB WJIM aJIKWHOB. B 3TOM ciydae MMeEeT MECTO COBMECTHas
OIIUTOMEpH3alvs JWEeHAa W allkeHa WIM AWeHa W ankuHa. bombimoe
MIPAKTHICCKOE 3HAYCHHE UMEET COBMECTHAS OJUTOMEpH3aIlis OyTamiu-
eHa c¢ stwieHoM Ha Ni(COD),, npuBoasmas K oOpa30oBaHUIO yuc-,
mpaHc-1MKIoaekaaueHa-1,5 u gexkarpuena-1,4,9:

” +\ Ni(coD), ‘ = =
= 20°C; 20at™ + /
)

A (80% (20%)

Taxum crmocoOOM MOXXHO BBECTH BHHIJIBHYIO TPYMITY U B OWITUKIIHYE-
cKyto cuctemy [2,2,1]-renranuena-2,5:

N Ni(COD), ; (C,Hg),ALCL

[Ipu onuromepuszanuu OyTagueHa ¢ STHUJICHOM B NPUCYTCTBHU KaTajH-
3atopoB Llumiepa—Harrta nomyyaercss BUHMILMKIOOYTaH COBMECTHO €
mparc-rekcagueHom-1,4:

N >___< (C4Hg)3A1;TiC1i'\—_\_\ n -
A\

CoBMecTHasI olMTroMepHu3anus OyTaareHa ¢ HETCPMHHAIBHBIMU alTKH-
HaMU{ TMPUBOAUT K MOTYYESHUIO MPOU3BOIHBIX YUC, YUC, MPAHC-TTUKIOAC-
Karpuena-1,4,7:

N '
q&»//_}_) Ni(cop), ; P(CeHs)s;

Tonyon; 20°C i
\/\

[{uKIT0aKUHBI B OTHUX JK€ YCIOBHSIX MAIOT ¢ OyTamueHOM OWITHK-
JTUYECKUE aIAyKThl, KOTOPbIE NpPHU THAPUPOBAHUU C TOCIETYIOIIUM
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030HOJIM30M IIPEBpalIatOTCA B HUKIINYCCKUEC NUKECTOHDI:

(CHy)yo
Ni(coD),; 40°C
"l + A7 o CGH) Pd/C

—ﬂmm

Cawm areTmiieH o0pa3yer ¢ OyTaaueHOM S-BHHHIIITUKIOTEKCATACH:
Ni(COD),; P(C4Hq)5: 25°C
NN+ 2He=cH ki et - ©/\

Taxum 00pazoM, OIMTOMEPHU3AIUs CONPSHKEHHBIX AMEHOB WM UX COB-
MECTHAsl OJMIrOMEpH3alus C ajJKeHaMH WM aJKUHAMHU OTKPBIBAIOT
HIMPOKHE U Pa3HOOOpa3HbIe BOZMOXKHOCTH UIsl CHHTE3a IUKIHMYECKUX
COCIMHEHUM C BOCHMH-, ACCSATH- U ABCHAALATUWICHHBIMU LHUKIAMH.
OHu 00pa3yloT TPYIITy COEAWHEHWI CO CPEeJHHM pa3MepoM IIHKIIA,
MOJIYYCHHE KOTOPBIX C IMOMOIIBI0 KJIACCHYECKUX METOJOB OpraHUYe-
CKOTO CHHTE3a PEIKO MPUBOTUT K XOPOIIMM pe3ynbraraMm (Ti. 24).
[IpumeHeHne METAIIOKOMILIEKCHOTO KaTaau3a 1aeT HOBOEC OPUTHHAIIb-
HOE pelIeHne 3Toi cnenuduaeckord mpodIeMbl OPraHNIECKON XUMUH.
OrnurcaHHbIC BBINIE METOABl HAIUINA MPOMBINIICHHOE MPUMEHEHUE IS
TIONTyYEeHUS TIeJIOTO Psifa KITFOYEBBIX PEareHTOB.

7.5. KYMYJIMPOBAHHBIE JTUEHBI (AJIJIEHBI)

1,2-JIueHsbl comepKaT CUCTEMY TaK HA3BIBAEMBIX KYM)IUPOBAHHBIX
0eotinblx cesazell. TIpocTedmuii U3 HUX — MPOITaIieH — UMEET TPUBH-
aJbHOE Ha3BaHue ayvieH. [103ToMy KyMyJlupOBaHHBIC JUEHBI OOBIUYHO
HA3bIBAIOT aJJICHAMH. AJIJIEH MMEET CIIeIyollee CTPOSHHE:

H
sl sp s
o= ﬁﬂ/

H/ 1314

H

B annene o6a kpaifHUIX aToMa yIiepoa HaXOAATCs B Sp°-THIAPUIHOM
COCTOSIHMHM H, CJI€JIOBATENbHO, TPUTOHAJIbHBI. LleHTpanbHbIil aToM yrie-
pona sp-rTHOpHIN30BaH, W JIBE METHJIEHOBBIE TPYIIIHI MIPH HEM PacIio-
JIOKEHBI JTMHEHHO OpYT K Apyry. J{Be HernOpuan3oBaHHbIE p-opOUTAIN
[EHTPAIHLHOTO YIIIEPOHOTO aToMa 00pa3yIoT JIBE T-CBS3H B Pe3yJbTare
NEPEKPhIBAHUSL C p-OpOHMTAISIMM OOOMX KpalHHX aToOMOB YIVIEpOJa.
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[TockonbKy I1Be p-opOMTAIM LEHTPAIBLHOIO YIIEpoda OPTOTOHAIBHBI,
JIBE TT-CBSI3U PACIIOJIOKEHBI TAKKE OPTOTOHAIBHO APYT K JIPYry:

N3 storo crnenyert, uro 3amectutenn npu aromax C(1) m C(3) pacmo-
JlaratoTCd BO B3aUMMHO IMCPICHAUKYIISPHBIX IJIOCKOCTIX. HCHTaI[I/ICH-
2,3-(1,3-muMeTnnaiieH) He UMeeT TUIOCKOCTH U IICHTPa CUMMETPHUH, HO
HUMEEeT XHUPaJIbHYI0 OCh U, CJIE0BATENIbHO, XUpaseH (CM III. 8):

CHs Ho|| e CHy
Ne—c—c” Ne—e=c”
AN
W \CH3 CH3/ H
(5)-1,3-aumeTunannen (R)-1,3-aumeTunannex

XWpalbHBIMU SBJISIOTCS TaKkKe APYTUE M-, TPU- U TETpa3aMeIlCHHBIC
aJyIeHbl 00mel GpopMyIbl

1 1 R’

R' H R
\C_ e
o=

o c=¢
/ g

R1
N
2/ 2 \ 2

/R
C=C\
R H

H R

KOTOPBIC MOTYT OBITH pa3aciICHbl HA ONITUYCCKUEC U30MCPhI:

Bnepsrie Ha 3Ty BO3MOXKHOCTh YKa3aJl OCHOBOIIOJIOXKHHUK CTEPEOXH-
muu S1. I. Baat-I'odd B 1874 1., HECMOTpS HA TO YTO B TO BPEMSI aJIJICHBI
BooOmie He ObuM m3BecTHBI. llpenckazanue Bant-Todda ynmamocsh
ocymiecTBUTh B 1935 1., xorma HezaBucumo Apyr ot apyra 3. Konep
u [, Mujuic noay4uiiv ONTHYECKUA aKTUBHBIC TU(DESHUIT-IH-0-Ha T -
neH u 3¢up 1,3-mudennn-1-o-aadrunamieH-3-kapOOHOBOH KUCIOTHI ¢
[JIMKOJIEBOM KUCJIOTOM:

CeHs Liolts CeHs LeHs
N 0 N P
C=C=(C " /C:C =C
o-CyoHy CeHs 0=c{_ Coftrt
0-CH,COOH
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Judenun-nu-a-nadrunaaieH ObUT NOITYyYeH B pe3yJIbTaTe CTepeoceseK-
THBHOMW JIETU/IPATALNH PALIEMHYECKOTO AJTHIIOBOTO CITUPTA C MTOMOIIBIO
xupanbHoil D-kampop-10-cyabpoHOBOM KHCIOTHI:

o-CyoH C,oH500 -
ENG _ /197 D-kampop-10-cybeporvcoTa “C‘OQ /CSH5
/C\—CH——C\ > /C=C=C
¢{H OH CeHs Hs i

a§”= 351°C (B uMKOreKcaHe)

O0a 3THX aJuIeHa He parieMHu3yroTcs mpu HarpeBanun 10 160°C u oTHO-
CATCA K YHUCITY COCI[I/IHCHI/II\/'I, OPOABIAIOMINX XUPAJIBbHOCTb B OTCYTCTBHUC
ACMMETPUYECKOTO aTOMa YIIIepo/ia U3-3a HATUYHS XUPAJIbHOM OcH (CM.
1. 8). B HacTosimee BpeMs M3BECTHBI AECITKH XHPAJIbHBIX aJJICHOB,
COZIepIKaIUX pa3invHbie HYHKIUOHATBHBIC TPYIIIIHL.

7.5.1. IOJTYYEHHUE AJVIEHOB

IIepBblil u€H rOMOJIOTHUYECKOTO Psifa allIEHOB — PONAaJAUEH — I0-
JIy4aeTcsl IpU OTLIETUIEHUH IByX aTOMOB XJIOpa OT 2,3-OUXJIO0PIpPOIEeHA
C IIOMOILBIO [IUHKA:

CHZ C— CH2C1+ZH CH2 C= CHZ
| CH3COOC4Hy; 80°C

Cl (98%)

Beixon annena BospactaeT 10 98%, eciiv B KauecTBE PacTBOPUTENS B
3TOH peakLUuy BMECTO CIIMPTa UCIONb3yeTcs OyTrinaneTar. [loimydeHHbIi
TaKUM CHOCOOOM aJIJIEH XpoMarorpauueckd 4HUCT M HE COHNEPIKUT
KaKMX-TH00 mpHUMecel MOJMMEPHBIX MPOAYKTOB M TaJOr€HIIPOU3BOJI-
HBIX. [lOMTHOCTBIO JAECHTEPUPOBAHHBIN aJUIEH MOXKET OBITh IMOJYYEH B
pe3ynbTaTe ClIenyromen MocIeq0BaTeIbHOCTH TPEBPaIlCHUN:

Cl
CDgCéD3 PCl3 —— CD;CCl,CDs + CD3C=CD;,
| Cl,|SbCls
b (eoc%) b Cchoof:jHQ; o CD2CICCLED,Cl

XuMus aJuleHoB OypHO pa3BHBaJIaCh B TEUEHUE TOCIEAHNX TPUALIATH
meT. 3a 3TO BpeMs ObUIO pa3pabOTaHO HECKOIBKO OOIIMX METOAOB
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CHUHTE3a KYMYJIMPOBAHHBIX JUCHOB. O,Z[I/IH 13 HUX OCHOBAH Ha ACTUAPO-
TaJIOTCHUPOBAHUU YUC-BUHUIITAJIOTCHUAOB 10 ,I[eflCTBPICM AJIKOT'OJIAT-
HOHAa WX APpYyroro CUJIbHOI0 OCHOBAaHUSA:

H Br

Ne—c - CH30Na; 80°C

/
CH;CH,CH, \CH2CH2CH , CH;OH—DMCO(1:4)

— CH3CH,CH,CH=C=CHCH,CH3;.
(85%)

yuc-4-bpomokten-4 moxeepraercs E2-snmuMuHEpoBaHUIO (1. 10)
¢ 00pa3oBaHHMEM HCKIIOUUTEIBHO OKTaaueHa-3,4 ¢ BbIxomoM 85%.
CooTHomIeHNEe JBYX KOHKYPHPYIOIIUX TIPOLECCOB CUH- W aHMU-
snumunnpoBanusi HBr coctasmsier 1 : 1500, T. e. peanusyeTcst TOIBKO
anmu->mumMuHIpoBanne. COOTBETCTBEHHO U3 mparc-4-OpoMOKTeHa-4 B
pe3ynbTaTe aHmu-3TAMUHUPOBAHUS MIOJIYYaCTCsl TOJIbKO OJMH aJIKUH —
OKTUH-4:

H _ CH,CH,CH;

N
C=C_ —
CH;CH,CH, Br CH30H— JIMCO(1:4)

CH;ONa; 80°C

— CH3;CH,CH,—C=CCH,CH,CHj;.
(78%)

[TonoOubIM ke o0pa3oM MNpH ACTHAPOTaJIOreHUPOBAHHM Z-U30Mepa
2-0poM- 1 -n-aurpodennmnponeHa mon neficrsuem KF B IMCO o6pa-
3yeTcsl aJlIeH U u3 E-u30Mepa — alKuH.

I’l—OzN_CéH4\ /CH3 KF
C=C ——— n-O,N—C¢Hs —CH=C=CHjy;
H Npp  AMCO;100°C (93%)
Z-n3oMep
n-OzN_C6H4\ /BI' KF
/C:C\ —— > n-O,N—C¢H;—C=C—CHj;.
H CH3 JIMCO; 100°C (94%)
E-m3omep

JlerunporaioreHUpoBaHUe MPEACTABISIET COO0H MPEBOCXOIHBIN Me-
TOJ| CHHTE3a TeTpaapUIaJICHOB, HAIPUMED:

2)Bry; CHCl3;0°C

(C6H5)2CH*CH:C(C6H5)2
2) KOH; C,HsOH; 80°C

— (C6H5)2C:C:C(C6H5)2.
(68%)
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Ucxonnsie 1,1,3,3-reTpaapuiinporneHsl NoIy4aroT PpU B3aUMOAECHCTBUU
JidapuirajiorenMerana ¢ 1,1-n1uapunsTuieHom:
Ar,CHBr+ Ar,C=CH; —— = Ar,CH—CH=CAr,.
CH3COOH; 110°C (60-70%)

AJBTEpHATUBHBIA METOJ/I CHHTE3a AJIJICHOB 3aKJII0YaeTCs B AETHIPO-
OpOMHUPOBaHUM T€MUHAJIBHBIX AUOPOMIMKIONPONAHOB O] ICHCTBUEM
TAaKOTO CWJIBHEHIIIEro ocHOBaHMs, Kak MeTwumatuid (B. depunr, 1958).
I'emyuHanbHBIE TUOPOMIIPOM3BOIHBIE IMKIONPONAHA MOIYy4aloT B pe-

3yJbTare TMPUCOCAWHEHUST TUOpOMKapOeHa K JBOWHON CBSI3M ajKeHa
(tm. 5):

CH H
CH H ° 8 \3 /
\sc-—c/ + CHBr (CH3)5C—0K W _C\CH o, CHatd
o ==
\ * {cH,) C—oH (CHo) P13 S g CHiCH=C=CHGHg
H (CH2)3CH3 3 (88%)
Br Br

Ortot MeToa PPEKTUBCH JIJIsl CHHTE3a KaK aJIJICHOB C OTKPBITON IETbIO,
TaKk W IUKINYCCKUAX aJUICHOB, COACPIKAIHMX NIEBATH W 0OoJiee aTroMOB
yImieponaa B LIUKIIE:

Br

‘CBry Br  CHsLi
CH —_— C=CH2
agpup; -60 C (79%)
Br 3‘1”110) ~60°C (81%)

(CHa)p
(CHa ), CH cH
_CHi i
><[ B oo, 60T | i
PP, CH CH

n>4 \(CH2)/7

I'emMuHATBHBIC TUXIIOPIUKIIONPOIIAHEI TaKKe B3aUMOICHCTBYIOT C Oy-
TUJUTUTUEM, HO BBIXOJIbI aJUICHOB 3/ICCh rOpa3/io HUXKE, YeM C TUOpPOM-
MIPOU3BOHBIMH.

Jlerunparanuio ayuTHIOBBIX CITHMPTOB HENB3s pacCcMaTpPUBATL B Ka-
4ecTBe OOIIEro METoja CHUHTE3a aJJICHOB, TaK KaK MPOIYKTaMU ITOU
peakmuu sBIsIeTCS cMech 1,3- u 1,2-1MeHoB, TIe 00BITHO TIpeodiagacT
COIPSKEHHBIN JTUEH:

R'CH=CH-CH—CH,R? Ak 1w,
‘ (COOH),; t°

OH
— R!CH=C=CH—-CH,R? + R'"CH=CH—CH=CHR? + H,0.
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OpHAKO TOT METOJI BIOJHE IIPUTOJEH JUIsl TIOJTYUYCHHsI TeTpaapuiaie-
HOB TPH JAETHAPATAINU TPETUYHBIX AJTHIIOBBIX CIIHUPTOB, COMEPIKAIINX
YeThIpe apuiibHbIC IPyMIbl. VIMEHHO TakuM CHOCOOOM ObLI IMOJyuYeH
TIEPBBIA ONTHYECKH AaKTUBHBIN aurteH — 1,3-mudenni-1,3-au(a-aad-
tr)aiieH (1935 r).

AJIIEHOBBIE YIIIEBOJOPOABI MOTYT OBITH TOJYYEHBI TEPMHUUYECKUM
paciineruieHueM [3-JIaKTOHOB OyTEHOBBIX KHUCIIOT (AMMEpPOB KETEHOB).
D10t crrocod smumuaupoBanms CO, 1aeT 0COOSHHO XOPOIITHE Pe3yIbTa-
ThI IPU CUHTE3€ TETPaANKWIAIIICHOB. Tak, HanpuMep, TeTpaMeTUIaIlICH
o0pasyeTcs ¢ MPEBOCXOTHBIM BBIXOJOM B pe3yabTaTe MHPOIU3a JUMepa
mumetuikerena npu 450°C B armocdepe azora:

(CHy),=C—0 PUGPIC®OR, (1), C=C=C(CH;), + COs.

| (94%)
(CH3)2C*C:O

AHaJOrMYHO W3 JPYroro AuMepa KeTeHa IOoJy4yaeTcsl ajllleH C JIByMs
aJlaMaHTWJIBHBIMU IPyIIIAMU:

0—C=0 .

| 250-280°C, C

C B TOKe a3oTa + €0,
S

(95%)

Jlo cux mop paccMaTpHBalCh METONBI MOJYYEHHs aJIEHOB, OC-
HOBaHHbBIC Ha PCAKUHUAX DJJIMMHUHUPOBAHUA TaJIOICHA, TaJIOTCHOBOLO-
poma, Bombl, CO,. Jlpyrue crmocoObl CHHTE3a alJICHOB OCHOBAaHBI HA
NPOTOTPOITHON aleTHIICH-aJUICHOBOM M30MEpHU3alliy, HYKICOPHILHOM
3aMEIeHUH TaJoTeHa WM CyIb()OHATHON TPYMIBI, a TaKKe peaKiuu
Burtura.

[IpoToTpornHas aneTnuiIeH-aIeHOBas MeperpymnimupoBka (CM. TiI. 6)
B TIPUHLUIIC HEIPUTOAHA [JId IIOJYYCHUSA aJUICHOB C MNCPBUYHBIMU
AJKWIBHBIMHA 3aMECTUTEIISIMHU, TaK KaK JOJs TaKuX aJJICHOB B PaBHO-
BECHOW CMECH alIKMHOB U aJIJICHa COCTAaBISACT BEIMUHUHY Topsanka 3-5%,
HarpuMep:

KOH; C,H; OH; 175°C

CH;CH,CH,C=CH
(1,5%)

KOH; C,HsOH; 175°C

= CH3 CH2CH:C: CH2
(3,5%)

= CH3CH,C=C—CH; AH° =~ —4 KKxan/MoJIb.
(95%)
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AleTHIIeH-aJIJIEHOBasl MeperpynniupoBKa CTAHOBUTCS TOJE3HBIM CHH-
TETUYECKHUM METOJIOM TOJBKO /ISl apui3aMelIeHHBIX aJlJICHOB, CO-
Jiep)KalluX TPU apuibHBIE TPYMIIBI IIPU KOHIIEBBIX aTOMax YIIIEpoaa
KyMYJIMPOBAaHHOM CUCTEMBI JIBOMHBIX CBSI3EH:

Al O3 (ocHoBHas)

C6H5CEC*CH(C6H5)Z C6H5CH:C:C(C6H5)2.

(83%)

B sToM cirydae n3oMepu3aIyio yaaeTcst OCyIeCTBUTh Jake IPH XpoMa-
TorpaupoBaHNU HA OCHOBHOM OKHCHU aJTFOMUHUSL.

OnvH W3 caMbIX PaclpoCTPaHEHHBIX METOMOB TOIYYCHHS aJUICHOB
3aKIIIOYaeTCs B 3aMENICHWH TaJOoreHa WU CyIb(OHATHOW TPYIIITHI
IpU O-yIIEPOJHOM aTOME AaJKHHA, COMPOBOKIAIOIMIMMCS AlCTUIICH-
aJUICHOBOH TieperpymmupoBkoid. Hanbomee 4acTo I ATOW IENH WC-
MOJIB3YIOT IIMHK—MEIHYI0 napy. B atom ciywae u3 oboux cyOcTpa-
TOB — aIleTUJICHOBOTO ¥ aJUIEHOBOTO XJIOPHAOB — 00pa3yeTcsi cMech
ajuleHa W alkuHa-1 B coorHomenuu or 30 : 1 mo 100 : 1, nHa-
npuMep:

C3;H;CH—C=CH + C3H;,CH=C=CHCI

Cl

Zn(Cu)|C,HsOH, 80° C

C;H7CH,; —C=CH+ C;H,CH=C=CH;,
(3%) (97%)

[Ipenmonaraercs, 4To B Ka4eCcTBE MHTEPMEIHATa B 3TOM peakiuu 00-
pasyeTcsi IUHKOPTaHUYECKOE COCMHEHNE, KOTOPOE Jajee MOIBEePraeTCs
MPOTONIH3Y N0 AEUCTBUEM CIHPTA.

K sTtomy cmocoby momydeHus anjaeHOB MPHUMBIKACT APYTroMl Me-
TOJl, OCHOBaHHBII Ha KPOCC-COYETAaHWH MPONAPTHITAIOTEHUIOB C
MarHMHOPraHMYeCKUMU WINW JIUTUHOPTAHUYCCKUMH COCAMHCHUSIMHU.
OTO TUNHMYHAS peakius OUMOJEKYISIPHOTO HYKICO(PHIBHOTO 3aMellie-
HUSA Sy2, COMPOBOXKIAIOMIASCS AlCTUICH-aJUICHOBOM MeperpynmupoB-
KOM:

HC £ CH > RCH==C ==CH, + RCH;— C =CH+ MgBr,

N
RJr‘lflg Br
Br
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IIpomykTamu 3TOH peakuUd OKa3bIBACTCA CMECh allieHa W alKMHA
B COM3MEPHMBIX KOJIMYeCTBaxXx. THIHYHOE pacmpeselieHHe MPOIyKTOB
MOJKET OBbITh BBIPXKEHO CIIEAYIOIIUM IIPUMEPOM:

(CH3)2C‘*CEC*CH3 + CHsMgBr ———
2(HUp; ©

Cl

— (CH3),C=C=C(CHj3), 4 (CH;3);C—C=C—CH; +MgBrCl.
(63%) (24%)

CooTHOIIEHHE ajUleHa W ajJKHHA pellaroiuM o0pa3oM 3aBUCHT OT
coliep)KaHUs B peakTuBe | pUHBbSpa MUKPOIIPUMECEN COJIeH MepeXOHBIX
METaJIOB: JKeye3a, KoOabTa, HUKeNs Wi Meau. Maraniiopranndeckie
U JINTUHOPTaHUYECKHE COEJUHEHHUS, MOJyY€HHBIE M3 O4YE€Hb YHUCTOrO
MarHusi WIHA JIATUS, HE COAEpXKAlMX NpHUMecel 3THUX TepeXOIHBIX
METAJUIOB, THPU B3aUMOACHCTBUU C MPOMAPTUITAIOTCHUIAMHU AIOT
cMecu oboux ymieBofoponoB. C Ipyroil CTOPOHBI, TPU KOHACHCAITUU
nponapruiranorennioB ¢ RMgX B mpucyrcrBun FeCly mmun CoCly
MOJTy4YaIOTCs PEUMYIIECTBEHHO aJJICHBI.

Haubonee addextuBnblil cnocod momydyenus 1,3-InankuiaiieHoB,
1,1,3-tpuankunaninenoB u 1,1,3,3-rerpaajikuiaiyieHOB 3aKJl0o4aeTcs B
KPOCC-COYETAHUU TPOIMAPTUIXJIOPHIIOB, MPOMAPTUICYIb()OHATOB MU
MIPOITAPTHIIANIETATOB ¢ AMANKIIKyTparamu npu —20... — 60°C:

Cl_-C=C—CH, CHs
+ o8 e
[(#-Cahtg) Cu] L s C=CCyHg#
2 3cpup, -60°C

(75%)
Vi
l:><o~<:~c+¢3 o o
+  [CHy) ]l ———= D:c:cncr«
2 agpup; -60°C 3
C=CH PHp (75%)

DTa peaknus JIeKHUT B OCHOBE COBPEMEHHBIX METOJOB CHHTE3a OIITH-
YECKU aKTUBHBIX aJUICHOB. B OIHOM W3 HUX alleTUJICHOBBIC CIIUPTHI
MIPEBpAIalOT B AUacTepeoMepHbie kapObamarsl (3dupsl N-3aMereHHO
kapOamuHoBoii kuciaotel RNHCOOH). Jlanee nuactepeomepHbie kapOa-
MaThl pa3AesIoT ¢ TOMOIIBIO )KUIKOCTHOW XpoMaTorpaduu Ha HHTUBH-
JlyalbHbIe KOMIIOHEHTHI. ONTHYECKU aKTHBHBIC aJUICHBI MIOJIYYaroT pU

551



B3aUMOJECHCTBUN MHAMBUAYAIbHOIO JUACTEPEOMEpa ¢ JAUAIKHIIKYIIpa-
ToM JtutHsl B 3dupe wiu TI'D:

7
RCH—C=CH + o-Cpofts— CH N=C= Omocc Hz~ CIH —NH—C—0~— CH (=CH—>

107
OH CH CHs R
onTU4eCKu aKTMBHbIM napa AwuacTepeomepos
n3ouuaHar
R H
(S} p
[Rycu] Li® \C ; C,/’
—O“ ==
aqup;-20°C H/ g

ONTU4ECKM aKTMBHBIN
anneH

Jpyroil nyTh CUHTE3a ONTHYECKU AKTUBHBIX AJUICHOB 3aKIKYACTCS
BO B3aHMMOJEHCTBUU TO3WJIATOB WJIM ME3WJIATOB ONTHYECKH AKTUBHBIX
ALETUICHOBBIX CIIUPTOB C JIUTUNAUAIKWIKYIpATaAMU:

0-S0gH,

iN - H. H
)/ . ~N s
c +  [RCuLi ———7> c=C=C
Tre;-20°C
2 Se=ch R g
S-gpopma R-cpopma

HyxkneoguinbpHoe 3aMellieHle rajoreHa B ajuICHUITAIOTSHUIAX O]
JIEHCTBHEM THAKIIIKYIPATOB TaK)Ke IPUBOIUT K 0OPA30BAHMIO AJIJICHOB
0e3 mpuMecH aleTUICHOBBIX YIIEBOAOPOIOB:

CH, _H sope  CHs _H
P Se=c=c{
CH;CH, Br T®—=39°C CH;CH, CH;

(87%)

IIpucoenvHeHne aNKUIUIMTUEBBIX COCIAMHEHUNW K TPOHMHOM CBs3U
1,3-€HUHOB CIIYXKUT IOJIE3HBIM B CUHTETHYECKOM OTHOLICHUH METOAO0M
CHHTe32a aJuIeHOB. UTOOBI HCKITFOYUTH 00pa30BaHHE H30MEPHBIX MPOIYK-
TOB, PEAKIINIO CICIYET MPOBOIUTE MPHU TeMIteparype ke —30°C:

NN 1)acpup; -50°C

CH—CEC CH CH + CH, 5CH, Li W CH3CH:C:CHCH2CH2CH3 + LiOH .

(72%)

Terpa3ameleHHbIe aJIEHBI MOTYT OBITH TMOJYYEHBI C TTOMOIIBIO
peakiuu Buttura (cm. 1. 16) npu B3aumoneiictBuu winnos ¢pocdopa
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1 IN3aMCIICHHbBIX KCTCHOB:

S &
(C6H5)2C:C:O+ (CH3)ZC7P(C6H5)3 spup; 0°C

s (CgHs),C=C—0° 1307,

| e
(CH;3),C—P(C¢Hs)s3

— (C6H5)2C:C:C(CH3)2 + (C6H5)3PO.
(64%)

7.5.2. CBOMCTBA KYMVYJINPOBAHHBIX JTUEHOB

KymynupoBaHHbBIE THUEHBI OTHOCATCS K YUCIY COETMHEHHH, oOIa-
JAIOIINX BBICOKOW PEaKIHOHHOH CHOCOOHOCTBIO IO OTHOLICHHIO K
peareHTaM caMoOW pa3IM4HOM Npupoiabl. Bricokas cTteneHb HEHachI-
IIEHHOCTH 1,2-TMEHOB MPOSBIAETCS MPEXK/IE BCETO B UX CKIOHHOCTH K
JTUMEpHU3allii ¥ YYaCTHIO B PA3JIMYHOTO PO/ MPOoIeccax MUKI000pa3o-
BaHUs. J{J1s1 anyieHOB XapaKTEpHbI peakluu IPHUCOEeTUHEHHS pa3IMUHbIX
ANMEKTPOMUIBHBIX peareHToB. OTIUYUTETHPHON 0COOCHHOCTHIO aJUICHOB
SBJISICTCSL M30MEPU3alUA UX B aJIKMHBI MM CONpsDKEHHBIE ueHBl. Bee
3TO OTpenessieT YPe3BBIYAHO MUPOKUN CHEKTP XMMHYECKUX CBOHCTB
aieHoB. B aToM pasmene OymyT paccMOTpeHBI HamOosee BayKHBIE W3
CBOMCTB KyMYJIHPOBAHHBIX AUEHOB.

7.5.2.a. TUAPUPOBAHUE U OKHUCJIEHUE

Karanurnyeckoe ruipupoBaHue KyMyJIUPOBAaHHBIX AUEHOB JI0 HACHI-
HICHHBIX YTJIEBOIOPONOB JETKO OCYIICCTBIISICTCS HaJ IJIATHMHOMW, Ma-
JaJiieM WU HUKEJIEeM, OTHAKO TeTpaapHIIaJUICHbl BOCCTAHABIUBAIOTCS
TOJIKO B OYCHB KECTKUX yCIOBUSAX:

RCH=C=CH, + 2H, —*  RCH,CH,CHj.
C,HsOH

B HekoTOpbIX ciiydasx ynaercs IPOBECTH MapUualbHOE I'MIPUPOBAHUE
OITHOM TBOWHOM CBs3M AWcHA. Tak, HapuMep, THAPUPOBAHKE OyTaIHCH-
2,3-0BOW KHCJIOTBI HaJI MTAJUIaJIeM, HAHECCHHBIM Ha KapOOHAT KallbIIus,
MPUBOIUT K 00pa30BaHUIO YUC-KPOTOHOBOM KHCIIOTHI, YTO COOTBETCTBY-
€T CUH-TIPUCOEAMHEHNIO BOIOPO/IA 10 HAMMEHEE 3aMELIEHHON JTBOMHOMN
CBA3U:
H H
Pd/CaCO;s \C:C/

CH,=C=CHCOOH + H, P .
CHsOH — Cq, COOH
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[TogoOHBIM e 00pa3oM MPOUCXOAUT KaTaIMTHYECKOE TMAPUPOBAHUE
LUKJINYECKUX aJUIEHOB JI0 YU C-IIUKIIOAJIKCHOB:

CH
Pd/BasS0, —

(CHg), C+H, CH,CH0H | (CHa)

CH n=12+20 \CH

CH
|

B oTanume oT KaTalIMTHYECKOTO THAPUPOBAHUSA BOCCTAHOBJICHHUEC
AJIJICHOB paCTBOPOM HATPUS B )KUJIKOM aMMHUAKE HECTCPCOCCIICKTUBHO U
3aTparkBacT NIABHLIM 00pa3oM HanboJIee 3aMENIEHHYIO IBOMHYIO CBSI3b
eHa:

(CH;3),C=C=CHCHj e
skunk. NHz; —78°C
— (CH3)2CH_CH:CHCH3 -+ (CH3)2C:CHCH2CH3.
(48%) mpanc- (34% )yuc- (18%)

AJieHbl HEe BOCCTAHABJIMBAIOTCS AJTFOMOTHMAPUIOM JIUTHS WIH LUHK—
MEIHOM Mapoii, U TO 0O0CTOSITEIHCTBO IKUPOKO UCTIONB3YETCS B CHHTE3E
aJUJICHOB U3 JNIEHWJITAIIOTEHU/I0B, KETOHOB U APYTHX (YHKIMOHAIBHBIX
MIPOU3BOJIHBIX.

KymynupoBaHHbIe TME€HBI YpE3BbIYANHO JIETKO OKUCIISIOTCS O AeH-
CTBHEM TEX K€ PEareHTOB, YTO U aJKeHbI. BONHBIN pacTBOp mepMaHra-
HaTa KaJIus B HEUTPaTbHOM M CITab00CHOBHOM Cpejie, a TAKXKEe PacTBOP
KMnO,4 B yKCYCHOH KHUCJIOTE MM MUPHANHE BBI3BIBAIOT paclleIeHne
aJJIEHOB 10 KapOOHMIILHBIX COCAMHEHUH:

R/ R/ !
R,C=C=CRY *™"% [RIC—C=CR}] » >C=0+ >C=0+CO,.
2 ‘ | R/ R/ /

OH OH

DTOT METO WHOT/IA UCITONIB3YIOT TS JOKa3aTeIbCTBA CTPOCHHS aJlJIcHA.

O30H TaKkKe pPacHICIUISCT ajUICHbI 10 KapOOHMWIBHBIX COCJIUHEHUI
n CO,, W 3TOT MPOCTCHIINHA TECT MOXKET OBITh HCIOJIL30BAH IS
OIIpEJEIIEHUS KyMYJIEHOB:

O O

V V

R'C. +R"CT 4O,
2) (CeHs)3P S “H

) 03; CHzclz; —78°C

R/CH=C=CHR”" -

7.5.2.6. DJIEKTPOOUIIBHOE IMPUCOEJAVHEHME K AJIJIEHAM

Tlpucoeounenue 2anoeeno8000po0os

OnexTpodrIbHAS YacTHIIA MOKET MPUCOCTUHATHCS KaK K KOHIIEBO-
My, TaK U K IICHTPaJIbHOMY aToMy yriepofa ajuieHa. B mepBom ciyuae
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NpU NPUCOCIMHEHUH IPOTOHA B KadyecTBE MHTEpMEAMaTa o0pasyercs
BUHWJIBHBIH KapOokaTHOH (TI. 6), Y KOTOPOTO ITOJIOKUTEIBHBIA 3aps
JIOKAJIM30BaH Ha IIEHTPAJILHOM aToMe YIJIepo/a, a OCTaBIIasICsl T-CBSI3b
HE MPUHUMAET y4yacTusi B CTaOMJIM3alnd KapOOKaTHOHA, TaK Kak ee
P-IEKTPOHBI OPTOTOHAJIBHBI p-OpOUTANN, HECYLIeH MOJIOKUTEIbHBIN
3apsi; .

CH,=C=CH, + H® = CH; C=CH,.

BHUHUJI-KaTHOH

Artaka ajieHa POTOHOM I10 LIEHTPAILHOMY aTOMY yriieposa popMaabHO
IIPUBOAMT K AJJIMIIBHOMY KaTHOHY:

[S5)
CH,=C=CH, + H® = CH,=CH-CH,.

OnHaKo TOT NEPBUYHBIA KapOOKAaTHOH TOJIBKO MO YHCTO (hOpMabHBIM
MpU3HAKaM MOXKHO OTHECTH K aJUTHIIBHBIM KapOOKaTHOHAM, MOCKOJIBKY
ero Imycras p-opOWTaib TakkKe OpPTOrOHaJbHA SJIEKTPOHAM T-CBS3H.
CoracHo TaHHBIM KBaHTOBOXUMHYECKHX pacdeToB ab initio m peakiuu
B ra30BOH (aze, STOT MEPBUYHBIN, «aJTMILHBINY, KAPOOKATHOH MEHee
CTa0WICH, YeM BTOPWYHBINM, BUHWILHBIA, KaTHOH. [loaTomy mpuco-
emunenne HCL, HBr u HI x camomy amieHy OpOHMCXOOUT CTPOTO
pernocnenndpuyHO C 00pa30BaHWEM TPOJYKTOB, y KOTOPBHIX TaJOTeH
HaXOJUTCS Y LIEHTPAJIBHOTO aToMa yIiieposa:

CH,=C=CH, + HX — CH;—C=CH, % CH;CX,CH.

X

CootBercTBeHHO mpu mpucoenuaennn DCl k amreny neWtepuii B
MMpoAYKTax p€akKuuu HaXOAUTCS TOJILKO B METHUJILHOM T pynre:

CH,=C=CH, 4 DCI — CH,D—C=CH, 2% CH,DCCI,CH,D.

Cl

DTO comtacyeTcsi ¢ MeXaHH3MOM, BKIIOYAIONINM 0Opa3oBaHWE BUHMII-
KaTHOHA B Ka4eCTBE MHTEPMEIUaTa.

1,2-byramuen u 2,3-earamueH pearupyoT ¢ HCl cooTBeTcTBEeHHO
B 200 u 4000 pa3 ObicTpee, 4yeM C TPOMAAMEHOM, YTO COBEPLICHHO
OTIpe/IeTICHHO YKa3bIBaeT Ha AIEKTPOQMIBHBIN XapakTep MPUCOCIIHE-
HUSI TAJIOTEHOBOAOPO/A K a/JIeHaM B OTCYTCTBUE OOTydCHHUSI.
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IIpu HanuuMy B KyMyJIUPOBaHHOM JUEHE OQHON apUIIBHON WIIH JBYX
AJKWIBHBIX TPYII PErHOCEIEKTHBHOCTh NPUCOCIUHEHUS TaJlOreHOBO-
JI0poJia MOJHOCTBIO U3MEHSIETCS, HAIIPUMeED:

C¢Hs;—CH=C=CH, + HCl —— C4¢HsCH=CH—CH,Cl,
CH3;COOH
(CH3)2C:C:CH2 +HBr — (CH3)2C:CH*CH2BI'.
CH3;COOH

B srom ciyyae mpoTOH aTakyeT LEHTpajbHbIN Sp-TUAPUIU30BAHHBIN
aToM yriiepojia ajuieHa ¢ 00pa3oBaHUEM ajuIMIbHOTO KapOokaruona. [1o-
CJIEIOBATEIEHOCTh JAIBHEHIINX MPEBPALICHH, TO-BUANMOMY, MOXKET
OBITH OMMCAaHA CICAYIOMINUM 00Pa30M:

(&)
(CH3),C=C=CH, + H® 2 (CH;),C CH=CH, 2

HMOHM3ALIUS

— (CHg)zC_CH:CHQ

Br
@
Br®
— (CH3)2C —CH— CHZ — (CH3)2C:CH—CH2B1‘.
annng—xeamou
r

B amnmmi-xatnone, BO3HUKAIOUIEM TPW MPOTOHWPOBAHUH aJUICHA 10
LIEHTPAIBHOMY aTOMY yTIepoia, M-AIEKTPOHBI TBOMHOM CBSI3U OPTOTO-
HaJbHBI IyCTOH p-OpOWTaIM W HE MPHUHUMAIOT Y4acTHsA B JEJIOKAIIN-
3alUK TOJOKUTEIBHOrO 3apsaa. [1o3ToMy ramoreHUA-uOH, BEPOSITHO,
MIPUCOEANHACTCS TI0 MyCTOM p-opOuTaim ¢ 0Opa3oBaHUEM TPETHYHOTO
AJUTMIIBHOTO TaJIOTEHUAA. DTOT aJUTHITAIIOTEHH]T Jlajlee MOHU3UPYEeTCs
no Syl-mexanusmy (1. 9), B pesyiapTare 4ero mojydaeTcs IIOCKUI
AJUTNII-KaTHOH, KOTOPBIA MPHCOEAWHSET TallOTeHHI-MOH K HanMeHee
3aMEIIEHHOMY KOHIICBOMY aTOMY YTIIEpoAa aJUTHIbHON cucTeMbl. [[Bu-
KyIIeHd CHJION TakoW W30MEpH3aIliy MOJDKHA OBITH 0ojiee BBICOKAs
TepMOJUHAMUYECKAsI CTA0MIBHOCTh MEPBUYHOIO AJUTUITAJIOTCHUAA TI0
CPaBHEHHUIO C TPETUYHBIM aJUTHIITAIOTCHHUIOM.

Takoit MeXaHU3M MPUCOCIUHCHUS MTOATBEPKIAETCS TeM, uTo 1,3-1u-
MetwiaiieH, 1,1-qumerunannes u 1,1,3,3-rerpamMeTrnanieH NpoOTOHU-
pyetcs B cynepkucioii cpene FSO3H—SbFs npu —78°C uckiarounrtens-
HO TI0 IIEHTPAILHOMY Sp-THOPHUIHOMY aTOMy yIJIepoja:

(CH3)2C:C:C(CH3)2 +FSOs;H >
SOCIF—SbFs; —78°C
b
® Bpamienue Ha 90° ~—
— (CH3)2C*CH:C(CH3)2 (CH3)2C ¥4CH#C(CH3)2.
FSOY

FSOY
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Hpucoe@uﬂeﬂue 2All0ceHo6

[IpomnaaueH Jerko NPUCOSIUHSICT OIHY MOJIEKYTy OpoMa iU XJiopa
B O4YEHb MATKUX YCIOBUSAX C OOpa3oBaHHEM 2,3-IHUTaIOTEHIPOIICHA.
[Ipucoenunenre BTOPOM MOJNEKYIbl TaJOT€HA IPOUCXOIUT HAMHOTO
MeJIJIEHHEEe, YeM TepBOM, U MPUBOAUT K 1,2,2,3-TeTparajioreHnponany:

Brz ; KBI‘O}

BrCH,CBr,CH,Br.
CH;COOH

CH,=C=CH, 4 Br, —2_ BrCH,—C=CH,
CH3COOH ‘

Br

Jns peaknuu mpucoenuHEHUs xyopa, Opoma, a takke CIBr m ICl k
aJIJICHaM NPCAJIOKEH MCXaHU3M, BKJ'[IOLIB.IOI_LII/II‘/II 06pa3OBaHI/IC BHUHHWJIBHO-
rO WK aJUTMIBHOTO KapOOKATHOHA C MOCIEIYIONMM MPUCOCIHHECHHEM
rajioreHui-uoHa. J[ys camoro ajieHa HauboJiee BEpOsSTHO 00pa3oBaHUE
BUHHIIBHOTO KapOOKaTHOHA!

&)
CH,=C=CH, + Br, = BrCH,—C=CH, > BrCH,—C=CH,.

Br®

Br

B 3amemennbix amnenax (1-amkmn, 1,1-muankun- u 1,3-auankunanie-
Hax) JMEKTPO(QHUIBLHON aTake MOIBEpPraeTcsl MEHTPATBHBIN Sp-THOPUI-
HBII aTOM yIIepoja, a TaJOreHUJ-AaHUOH Jajee MPUCOCIUHSICTCS K
KOHIIEBOMY yIJIEpO/ly KapOOKaTHOHA:

Br
5
(CH3)2C*C*CH2 +Br2 m) (CH3)2C_C*CH2 —
Br®
]|31‘
Br® ( CH3)2C* C= CH2 HMOHM3ALIUS ; MEJVICHHO

—30°C | CH,Cly; +20°C
Br

l|3r " Br

1OMCTPY (CHy),C=C—CH,Br.

— | (CH3),C==C ==CH, | Br® 2%

JubpoMuz, moiaydaromuiics B pe3yibraTe IPUCOEAMHEHHS Opoma K
3-metunOyranueny-1,2, npu Hu3Koii Temneparype (—30°C) sBusiercs
TPETUYHBIM AJUIMJIBHBIM OPOMMIOM, KOTOPBI NPH HarpeBaHUU 0
+20°C naneno wuzomepusyercsi B 1,2-nubpom-3-meTunOyren-2. Orta
M30Mepu3alysl [0JDKHA COIPOBOXKIATHCS MOHM3ALMEH MCXOTHOIO ajl-
aunopomMua U 00pa3oBaHHWEM AITHIBHOTO KapOOKaTHOHA, KOTOPBIA
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MPHUCOEAUHSACT OPOMUJI-UOH K HaWMEHEe 3aMCIICHHOMY KOHIIEBOMY
aTOMY yIlIepo/ia aJUTHIIEHOM CUCTEMBI. DTOT TUOPOMUJT XapaKTepU3yeTcs
0oJiee BHICOKOUM TEPMOJMHAMUYECKON CTAOUIBHOCTBIO.

Ipucoedunenue cynvghenzanocenidos

[pucoenunenue cyibdenranorennsos RS —CI°~ k kymynupo-
BaHHBIM JIMEHAM OCYILIECTBIAETCS TaKUM 00pasoM, 4rto rpymma RST
BCETla NPUCOCANHSETCS K LEHTPAILHOMY Sp-THOPUIHOMY YIIEpPOAdy, a
rajored —k aromy C(1) mimu C(3) kymynena:

R
/ | o SR
Me [ JIEHHO AN ct
CH2=C=CH2 + RSCL— Z—CleC—CH GoicTpo ClCH*C CH,

B kadecTBe MHTEpMeEUaTa B 3TOH pEaKlUH, MO-BUIUMOMY, 00pa3yercs
MOCTHKOBBI TPEXWICHHBIN AMHUCYIb(OHUEBBIN (THUPECHUEBBIN) HOH, B
KOTOpPOM 3apsj ACJIOKaJIM30BaH MCKAY BCEMU TpEMsA aTOMaMUu IUK-
Ja. DTOT UMK paculervisieTcss B pesysibrare Sy2-aTakd TalloreHujl-
HOHA IO KOHIIEBOMY aroMy yriepoia. Takum oOpa3oM, MEXaHU3M
npucoenunenus RSCI x amneHy momoOeH MeXaHW3MY MPUCOCIUHEHUS
CyNb(QEHXJIOPH/IA U TAJIOTCHA K aJKeHaM.

K HECHMMMETpHUYHBIM ajuieHaM CyIb()EeHXIIOPUIBI MTPUCOEAUHSIIOTCS
MIPEUMYIIECTBEHHO 0 HAanOoJIee 3aMEeIEeHHON TBOWHOMN CBS3M:

CH;CH,CH=C=CH, + C¢H5SCl1
CHCl3;20°C

S—CeHs

— CH3CH,CH—-C~=CH, + CH3CH,CH =C—CH,Cl

Cl SCeHs
(68%) (32%)

OnHako peruoceneKTUBHOCTh MPUCOCAMHECHHS CTAHOBUTCS MHOM, eclu
aJUIeH COAEPIKUT apHIIBHYIO WIIH SIIEKTPOHOAKIIEITOPHYIO TPYIIITUPOBKY:

NO,

CHLCL
_ \ e
CeHCH=C=CH, + 0N — 5 Cl s
6 272 @ 5=t CHco0n; 20, /ST
C"s (ge%s) ° N0
CHE=C==CHCO0CHg + CftgSBr ————>BrCH;—C==CHCO0CHg
z S-CgHs
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Tuopoxcumepxypuposanue

[Ipucoeaunenue amerara prytd K 1,2-mueHy mo cBoel pervoce-
JIEKTUBHOCTHU MOAOOHO T'MAPOralOTeHUPOBAHUIO aJUICHOB. DIEKTPpOoduI
(Hg(OAc))™ arakyer koHIEBOIM atom yriepojga NpornaaueHa ¢ obpa-
30BaHHUEM IPOAYKTa CONPSHKEHHOI'O NPUCOCIUHEHUSI METHIIAT-MOHA W3
METHJIOBOTO CITUpTA!

CH,=C= CH2+Hg(OAC)2 —— > AcO— Hg CH,C=CH, Hg(OAc)>

CH30H;20°C | CH;OH
OCH3

OCH;
— AcO—Hg—CH,C—CH,—HgOAc.
OCH;

B otimnume ot aToro anexrpoduibHas araka 1,1-auMernnaniena (3-me-
tunoyTaauena-1,2) u npyrux R,C=C=CH, ocyImecTBIsIeTCS HCKITIOTH-
TEJIBbHO IO IIEHTPaIbHOMY aTOMY yIlIepoja:

HgOAc

(CHg)zC:C:CHz +Hg(OAC)2 W (CH3)2C‘*C:CH2

OCH3

B peakuun anerara pTyTH ¢ METHJIAJICHOM M JPYTMMH MOHOAJIKHII-
MPOU3BOJIHBIMU BBIAENICHBI 002 MPOAYKTa MpUCOETUHEHH. MeXxaHu3M
OKCUMEPKYpPUPOBAaHUS aJUICHOB BKJIIOYAET 00pa30BaHUE MOCTHKOBOIO
MEpPKYPHUHHMEBOTO MOHA (CM. IM1. 5) M MOCIIEAYIOIIEe €T0 PacKphITHE MPU
JICUCTBUU CIIUPTA:

CHs H ~OAc HgOAc

8 )9 CH30H |
(CH3),C=C=CH,+Hg(0Ac), === /c\c =CH —>(cH3)cI C=CH, + CH5C00H

CHz A8 0CH;

HononuutensHas MHQOpMaLUs O MEXaHU3ME DBIEKTPO(UIBHOTO
HNPUCOEIUHEHUS K aJJICHAM MOXET OBbITh MOJIy4€Ha IPU U3yUCHUHU CTe-
PEOXUMHH NPUCOCAMHEHHS alleTaTa PTyTH, TaJOTeHOB U JPYTUX dIIEK-
TPOQWIBHBIX areHTOB K XMpaJbHBIM ajuleHaM. Bce 3iexkrpoduiibHbe
areHThl MPUCOSANHAIOTCS K XUpaidbHbIM 1,3-auMermnaieny (2,3-neH-
TaaueHy) u 1,2-IMKIOHOHAANEHY CTPOTO PEruocrneu(uIHo U cTepeo-
cnennduuno. Dnektpopun ET arakyeT MCKIIOUMTENBHO LEHTPAIbHBINA
aToM yruepoja ajieHa, a npucoeauHenue pearenta EST —N°~ mpouc-
XOIUT CTepeocnen(PUIHO KaKk aHTUITPUCOEUHEHHE. DIEKTPOQUITbHBIN
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areHT aTaKyeT MUKINYCCKUN allsIeH U aluKIndeckuil 1,3-auMeTunaniexn
MPEUMYILECTBEHHO C TOW CTOPOHBI, KaK 3TO MOKa3aHO HUXKE:

EQ E
> CHy_ ) CHs
’ AN e
ymnc-appyKT +—— C=C=C C=C=C_—— rpanc-abBayKT.
H Y

BsaumopeiictBue auerara pryt ¢ (R)-popmoii 1,3-mumernnanineHa B
MeTaHOJIe MPUBOAUT K OOpPA30BAHHUIO CMECH MPAHC- U YUC-I30MEPOB
3-aneTokCuMepKyp-4-MeTOKCUIIeHTeHa-2 B cooTHomeHun 83 : 17%,
KOTOpBIE 3aTeM OBLIN MPEBPAIICHBI B MEPKYPXJIOPHIBI PH 00paboTKe
XJopuaoM Harpus. M3 3Toil cMecu KpucTaiu3anueil ObUT BBIICIICH
YUCTBIA mpauc-u3omep:

CHa~, == -CHy
H/ SSH
2|5
(l)Ac
CH
CHa _C/gg\c,/CH3 + {C__COACC -CHs
/ - ) J/ 8
H 0AC &, " H \H
= 0Ac
5
CH HgOAc CH _~O0CHs
o . A 3\ \—CH3
H N A
H#7” ~™~0CH; H HgOAc
Tpanc-wsomep (83%) yuc-waomep(17%)
=
2
2 oy
CH3\C_C _HgeL CH< s
/ TN _-CHs + C=—=C H
H c v “\HgCl
H*” “\0CHz

Kondurypauus mpanc-uzomepa pTyTbOPraHUueCKOro CoeTMHEeHus Oblia
YCTaHOBJICHA TPEBPALICHUEM €ro B IPOCTOH 3(Hp yXkKe H3BECTHON
KOH(UTypauuu:

¢y ol CH H H

\3c=c CHy _NaBHy | <C:C/ CH, o, Pt A
= s o A= 3 —2L s CHCH,CH— ‘o
H :C H L | H
0 M | > OCH;

OCH3
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Takum o0Opa3zoM, ajgkokcuMepkypupoBanue (R)-1,3-auMeTnnaiieHa
MpOTeKaeT KaK aHTH-NPHUCOENWHEHHE 1O JBOWHOW CBS3M ailjieHa |
COmIacyeTcsi Co CTPYKTYpOH MOCTHKOBOTO MEPKYPHHHEBOTO MOHA Kak
WHTEepMeraTa 3TOH peakiny.

Bpomuposanue (R)-1,3-numernnamiesa o6pomom B CCly Taxoke npu-
BOIIUT K CMECH Mpanc-yuc-u3oMepoB 3-0pomM-4-0poM-2-TICHTCHOB TOTHO
B TakoM ke cooTHouieHuu (83 u 17%), Kak U MpU aleTOKCUMEp-
KypHUpOBaHWH, T. €. TIPUCOECTUHEHHE OpoMa TaKKe aHTHCTEPEOCIeIH-
budHO:

CH
s CHs
Se=c=c
H \H
|
[+o N I'S)
© E;r CHy
CH Br CH ¢
3 3
Se=c/ Ne—c
N + /
H c H Br
>,
Br
TpaKc-M3oMep Ymc-usomep

7.5.2.8. PEAKIIMM PAJJMKAJIBHOT'O ITPUCOEJJMHEHUA K AJIJIEHAM

JUtd KyMynUpOBaHHBIX TUEHOB XapaKTepHBI PEakiMi HE TOJBKO
BHCKTpO(bI/IH])HOI‘O MMPUCOCANHCHNS, HO U PAAUKAJIbHOI'O IPUCOCIUHCHU A
1o JBOMHOM cBs3u. K JBOMHON CBSI3M ajlieHa 10 PaJUKaJIbHOMY
MeXaHu3My npucoenuHsitorcs te xe peareHtsl (HBr, H,S, RSH, CCly,
CBry, CF3l u nmp.), xoTOophle pearupyroT ¢ aJKeHaMH 110 paguKaIbHO-
My MeEXaHM3MYy. PermoceseKTUBHOCTb pPaJUKaIbHOIO MPUCOCIUHEHUS
K aJJieHaM TO00HA PETHOCENEeKTHBHOCTH PeaKIui IEeKTPO(UIHLHOTO
MMpUCOCANHCHUS. BonpmmHcTBO U3 NEPCUNCIICHHBIX BBIIIC PEArcHTOB
MIPUCOENHAIOTCS K MPOIANEeHy TaKUM 00pazoM, YTO pajuKail — WHHU-
[IAATOP LIEMHU aTaKyeT KOHIIEBOK aToOM YIJIEpOaa JAUCHA:

CH,=C=CH, + CCL;Br 2% cc13CH2—(|: —CH, (88%)
Br
CH,=C=CH, + CF;1 2% CF;CH,~C=CH, (96%)
I
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CH,=C=CH, + C4HsSH ™% C4HsS— CH,—CH =CH, +
(80%)

+CH3*C:CH2 (20%)

SCeHs

PanuxansHoe npucoenunenue HBr k nmponajgueHy He oTIMYaeTcs pe-
THOCEJIEKTUBHOCTBIO, U B 9TOM ciiydae o0pas3yrorcs o0a CTPYKTYPHBIX
u30Mepa B COOTHOMICHUH ~ 1 : 1.

CH,=C=CH, + HBr — " BrCH,—~CH=CH,+
nenTan; —78°C (48%)

+CH3_C:CH2 (52%)

Br

,Z[J'I?[ 3aMCIICHHBIX aJIJICHOB IMPOUCXOIUT IMOJIHOC U3MECHECHUEC PETHO-
CCJICKTUBHOCTHU PAUKAJIILHOTO NPUCOCANHCHU A, HAIIPUMEP:

(CH;3),C=C=CH, + C,HsSH 2% (CH3)2C:(|I—CH3
SC,Hs
(89%)

(CH3)2C:C:CHCH3 + (CH3)3SI’IH — (CH3)2C:C*CH2CH3.

SH(CH3)3

Takum 06pa3om, 3aMECTHTENN B MOJICKYJIE alJIeHa OKa3bIBAIOT CXO-
’Kee BIMSHUE Ha PErHOCENeKTHMBHOCTb KaK 3JIEKTPO(QMIBHOIO, TaK U
PaauKaIbHOIO MPUCOENAUHEHNUS 110 JBOMHOU CBS3H.

7.5.2.r. HUKJIOIIPUCOEAMHEHUE K AJIJIEHAM

CBoeoOpasue 3J1eKTPOHHOIO M HPOCTPAHCTBEHHOIO CTPOCHMS Ky-
MYJIMPOBAHHBIX TUEHOB TPOSBIAETCS HE TOJBKO B pEaKIUsAX dIeK-
TPOGWIBHOIO U PAAMKAJIBHOTO IPUCOEAWHEHHS, HO U B PEAKLHIX
UKJIONIPHCOETUHEHUS. DTH PEaKLUKN B COOTBETCTBUH C OOIICPUHSATOM
TepMHUHONOTHEH (11, 25) MOKHO MOJPa3NENUTh Ha Tporecchl [ + 1],
(7% 4+ %] u [7? + 0°]-uuknonpucoeuHEHNUS.

K nporueccam [r%+7]-UKIONPUCOETMHEHUS CIIETYET TIPEkK/IE BCETO
OTHECTH PEAKLHI0 TEPMHUUYECKON LHUKIOAMMEpU3aLMK ajuieHoB. Ilpu
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JUMEpH3alluu MponajaueHa obpasyercs cmech 1,2- u 1,3-aumernieH-
UKJI00yTaHa, COOTHOLLIEHNE KOTOPBIX 3aBUCUT OT TEMIIEPATYpbI:

CH, CH,
_ ¢
2H=C=CH, —s 4+
CH, CH,
t=110°C (100%) (0%)
=170°C (65%) (36%)

JlumMepuzanusi 3aMeIeHHbBIX aJUICEHOB, KaK MPaBWIIO, TIPUBOIUT K 00pa-
30BaHUIO JBYX HW30MEPHBIX MPOM3BOIHBIX 1,2-TUMETHICHIMKIOOyTaHa
0e3 mpumecH 1,3-TUMeTHIICHITUKI00yTaHa, HallpIMep:

_cl
c cl c “cooc p
C_‘C_C/ L Cl 25
tTTN e cl
Cl CO0C,Hg cl o7
(100%) ~C00C,Hg
C.H a CeMs CHCL CeHs CHCL
6''S o
2 >C:C=C/ —80°C__, C4fis +  CeHs
7 N CeHsz H CgH
CeMs H C.He CHeL cL e
(45%) (55%) CeHs

AHaQJIOTUYHBIM 00pa3oM MPOMCXOAUT JTUMEPH3alrs LUKIHYECKHX
1,2-mmenos:

C

PernocenexTuBHOCTH 00pa3oBaHust ABYX 1,2-THMMETHICHINKIOOYTaHOB,
ompezensieMas KaKk OTHOIICHWE MPOAYKTOB TUMEpPH3alUU IO THITY
«TOJIOBA K TOJOBE» M «TOJI0OBAa K XBOCTY», 3aBHCHUT OT HPHUPONBI 3a-
MECTUTENIEH B UCXOAHOM ajllIeHe. BBeleHHE aJIKMIIBHBIX 3aMECTUTENEH
U aTOMOB TrajoreHa CIOCOOCTBYET TUMEPH3AIMU IO THUIYy «TOJOBa K
TOJIOBe». BBeneHne apuibHBIX TPYI ONAronpUsATCTBYET MPUCOETUHE-
HUIO JBYX MOJIEKYJ aJjUIeHa MO THUIIY «TOJIOBA K XBOCTY». AJIICHBI
MOTYT BCTyIaTh B PEAKIUIo [2 + 2 |-UHUKIONPUCOCIUHEHUS C AJIKEHAMH,
CONIEPIKAIUMU DIICKTPOHOAKIICITOPHBIE 3aMeCcTUTENH. B aToM ciyuae
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IMPOAYKTOM pCaKI MU SIBJISIFOTCS MCTI/IJICHLII/IK.HOGYT&HI:I:

M,
CH=C=CH, + CHz=CH-—CN ——
N=C7 (60%) o,
CHs=C=CH, + CH=CH—C00CH; ——>
CH;000” (59,

[Ipu B3aumojeiicTBUU ajuieHA ¢ MEPPTOPITUICHOM IMOIY4AETCS HE
TONBKO METHJICHITUKIOOYTaH, HO TakXe W MPOAYKT €ro MOBTOPHOTO
[2 4 2]-uuknonpucoeuHCHUSI.

F
s F
CF=CFk, F
CHz=C=CH, +CF,=CF,— .

F F F

F F

Sl
(30%) F F

(12%)

Hns  peakuuu aumepusaliMu 4 Apyrux peakuui [2 + 2]-
OUKIIOMIPUCOCAUHCHHUA C Y4YaCTUCM aJIJICHOB IMPCAJIOKEH MCXAaHU3M,
B KOTOpPOM 0€3 CTpOTHX J0Ka3aTelIbCTB IpemjaraeTcs oOpa3oBaHue
OMpaaMKaIbHBIX UHTEPMEIUATOB!

Ty
L

AlneHbl  NpUHMMAIOT — ydacThe B peakmusax [2 + 4]-
HUKIIOTIPUCOCANHCHUSA HI/IH]:CB.—AIH:I[epa, rac OHH BBIIIOJIHAIOT
pons muenodwna. Tak, Hampumep, NMpH B3aMMOIEHCTBUH ajllieHa C
[UKJIONCHTAJIUEHOM MM TeKCaXJIOPIMKIONCHTAIUCHOM 00pa3yoTCs
METHIIEHHOPOOPHEHBI:

CHE=C==CH + O —w0%
2 CH,

N\

N

(48%)
. O
oo o

[+]

CHe=c=cH, + 10 ¢
a cl CH,

a

ca a L (76%)
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AI[I[yKTaMI/I AJUJVICHOB C AlIUKIIMYCCKHUMU JTUCHAMU ABJIAIOTCS IIPOU3BOI-
HBIC MCTHUJICHIIUKIIOTCKCCHA!

CHs CHs
e _ _ 200°C CH,
CH5=C==CH, + (CH;) C=CH—CH=C(CH;), ————s
(37%)
CHy “CH,

[Ipucoenunenne kapOEHOB K JBOMHON CBSI3M ajJIKeHA SBISIETCS CO-
IJIAaCOBaHHBIM TporieccoM [2 + 1]-mukmonpucoenuuenus (cM. 1. 25).
CornacHo knaccupukanmu Bynsopna u [odmana, B3ammoneiicTBue
CHHIJICTHOU (OPMBI KapOCHOB C TBOWHON YIIEPOA-YIIICPOTHON CBSA3HIO
¢ 00pa3zoBaHUEM LUKJIONPONAHOB OTHOCUTCS K TPYIIE XEJIETPOIHBIX
HPOLIECCOB, B KOTOPBIX CHHXPOHHO O0pa3ylOTCsl IBE O-CBSI3H C OIHUM
aToMOM yniiepona kapoena. [lpu B3anmonelicTBiM KapOEHOB ¢ KyMYyJIH-
POBAaHHBIMH JTMEHAMH TOIYYarOTCsd METHUJICHIHKIIONPOIAHbI, KOTOpBIE
CHOCOOHBI MPUCOESTMHUTH MO JABOMHOMN CBsI3M ele onHy dactuiy :CH;
nmn :CX, ¢ oOpazoBaHueM criupo[2,2 |-ICHTaHOB.

CH, / \
CH,L,=C-‘—'CH2~+--CH2 —— CH,
Kapben

MeTuAeHLyK Ionponan cupo(2,2] - nenTan

[IpocTeimmii CHHTICTHBIN KapOeH — METHIICH — PEarupyeT ¢ aJICHOM C
oOpa3oBanueM MeTtuieHuukionpomnana ¢ 60-70%-m Beixonom. ITpume-
HeHue apyroro pearenra — kapoeronna ICH,Znl, xoTopsrit momydaercs
[IPY B3aUMOJIEUCTBUU MOJUCTOIO METUJIEHA U IMHK—MEIHOM Napbl, 103-
BOJISIET TIEPEHUTH HEIOCPEACTBEHHO OT aJIJIEHOB K CIUPO[2,2 ]-lIeHTaHaM

C OYEHb BBICOKUM BBIXOIOM:
H-CyHg H-C4Hg /\

e R CH
H-CyHgCH=C=CH, + Zn(Cu) + CH,I, P 36°C \/ 2 4
(2%) (98%)

CHs

H.\ c=C= cu) + P—
( 3)2(3 C CH2+Zn( uw) CHZI2 2qup; 36°C i
3

(100%)
HckiroueHue cOCTaBIISIIOT JIMIID TCTpaaJIKWJIAJIJICHbI, I/I€ OCHOBHBLIM

MIPOAYKTOM PEAKIUHM OKa3bIBAIOTCS MPOU3BOIHBIE METHIICHIMKIONPO-
NaHa — pe3yJbTaT MPUCOETUHEHNS TOJIBKO OJHOTO KapOeHa K JIBOMHOM

565



cBsi3u. KapOeH nepBoHadaabHO IPUCOSAMHSIETCS 110 HanboJiee 3aMelIeH-
HOM JIBOMHOM CBA3MW aJllIeHa, HAIIpUMeEp:

(cH) c=C=cH + R=N=cH-cooc o o
32 2 T 2 Toryon; 90°C - CH, + €
3 CHy
C00C,Hg C00C,Hs
(96%) (4%)

[Ipucoennuenne muxiopkapOeHa U THOpoMKapOeHa K aJuIeHaM Tak-
)K€ TIPOUCXOUT 0 HauboJiee 3aMEIICHHOM IBOMHOM CBSI3U:

Br Br

(CHs) coK
+ CBr, - — (f3
CHBE, — CgHyq;~10°C CHCH,
CH
P (78%)

(CH3),C=C=CHCHg

Haunyuimme pe3ynpraTsl Uiss OPUCOCAMHEHHS AWTAIOKapOeHOB K
KyMyJeHaMm gocturarorcs B nByxdasnoit cucreme CHCl; (nmu CHBr3) —
BOJIHBIM PacTBOpP TMAPOKCUAA HATPHsl B IPUCYTCTBUU YETBEPTHUUHBIX
colled aMMOHHMsSI KaK KaTajln3aTopoB MexdasHoro mepeHoca. B atux
YCIIOBUAX YAACTCA I[O6I/ITI:C$1 MMPpUCOCANHCHU KaK OHOTO, TaK MHOTJAa U
JIBYX JMTAJIOTeHKapOEeHOB K MOJIEKYJIe aJlIeHa:

6 & 0-20°C Celts
C,H,C=C=CH,+CHC1,+(CH,) ,CO ~K —— = CH,
CeHia
cl” ‘el
L cl
@ e CH
(C,Hs)NCH,CgHs C1 3 o
(CH,) ,C=C=C (CH,) ,+CHC1,+NaOH > 3
(CHCLz-H,0); 40°C  cHj
CH,
o,
cl o (90%)

7.5.3. BBICHIME KYMYJIEHBI

[IpomykTsl MpHUCOSAMHECHHS AUXJIOPKapOeHa W O0COOCHHO JHOPOM-
Kap6eHa K aJllIcHaM MOryT 6I>ITL HCIIOJIBb30BaHbl AJ4 CHHTE3a BBICIINX
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KymyieHoB — 1,2,3-tpuenoB u 1,2,3,4-TeTpacHOB — JETUIPOTaIOrCHU-
pOBaHHUEM TTOJ NEHCTBHEM METHJUTHTHS:

CH

cen, 2CHsb
—_— =C=(C=
H 3 Tre: -60°C CH3CH=C=C CHCHy
Br Br
Br Br
CHz CH, ACHsLE o
CHLCH=(=C=(C==CHCH
H Xy e 60 : :
Br Br

[Ipumensist mocae0BaTENbHO NMPUCOSTUHEHUE THOpOMKapOeHa K KyMy-
JUPOBaHHBIM TPHUEHAM M TETPacHAM U PEaKIHI0 00pa3yIONIUXCs aayK-
TOB ¢ METUJUIUTUEM, YAAIOCH MOIYYUTh PSAJ KyMYJIEHOB, COAEPKALINX
00JIBIIIOE YNCIO KyMYJIMPOBAaHHBIX JIBOMHBIX CBSI3EH.

IIpu KyMynupoBaHHOH CUCTEME JBOMHBIX CBA3EH B 3aBUCUMOCTH OT
yycia TaKMX CBSI3eM MONEPEMEHHO Peaju3yeTcsl WIM IeOMEeTpUYecKas
Z E-n3zomepust (n— HEUYETHOE 4YMCIIO0), WM XHUPaJIbHOCTh aJIJIEHOBOTO
trna (n —deTHoe uncio). B mepBom cimydae 3amecturenu X U Y Ha
obonx KOHIaX KyMYJICHa HaXOAATCs B O,[[HOfI MJIOCKOCTHU; BO BTOPOM
cinydae napbl 3amectuteniel X u Y pacrosiaralorcsi B epreH IuKyIsp-
HBIX TNIOCKOCTAX, KaK B aJIJICHC, T. €. BOSHUKACT XHUpaJibHAaA OChb:

X X
Y "y

ITo Mepe pocra yucna KyMyJIUPOBAaHHBIX JBOMHBIX CBSI3€M yMEHbIIa-
ercsa Oapwep Z,E- wmm R, S-m3omepusanuu. Tak, nmpu X = CgHs—
u Y = (CH;);C— ouramenus msomepmsanuu AH7 yMeHbIIaeTcs C
62,15 xxan/momns ipu n = 1 mo 45,1 xkan/mMonb (n = 2), 26,3 KKaja/MoIb
(n=23), 25,1 xxkair/monb (n =4) n 19,1 kxan/mons (n =95).
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