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IMPEIAHCJIOBHE

B nocneiHHe robl HA CTHIKE XHMHH KOMILIEKCHbIX CO€IMHEHWH W
XHMIIH BBLICOKOMOJIEKYJISIPHBIX COEAHHEHHH PA3BHJOCH HOBOE Hamnpas-
J1€HHE — XHMHR MakpPoMOJeKyasipHbiXx MerajsoxenatoB. M xors ca-
MH METAMJIOKOMIIEKCHl ¢ MAKPOMOJIEKYJISIPHBIMH X€JaTUPYIOLLHMH JIH-
raH1aMi HauyaaH HCCJAeLOBATbCA CPaBHHTENbHO HELABHO, yXKe 10-
CTHTHVTHI 3HAUWTeJNbHbIE YCMeXH B HX MPAKTHYEeCKOM HCI0Jb30BaHHH
IS KOHLEHTPUPOBAHHWS, pasfleleHdst W aHalu3a pacTBOpPOB Me-
TaJJ0B.

Heo6X0AHMOCTb YCKOPEHHOTO pPa3BHTHA JAAaHHOrO HAnpaBJeHHs
NMOATBEPKAAETCS GLICTPLIM YBeJHUEHHeM yHcJa My6aHKauui, nocas-
ULeHHbIX M3YUYEHHIO MPHPOAHbIX H CHHTETHYECKHX MaKpOMOJIeKyJsp-
HbIX METAJ/JIOXeNaTOB W TPHMEHEHHIO WX TIPH JIETHPOBAHHH MOJUMEPOB,
CO3JJAHHH HOBLIX MAaTepHaJIOB H JIEKAPCTBEHHBLIX CPeACTB.

O606uledre 3Tux pabor B [lipeasaraeMod BHHMAHHIO YHTa-
TeJlel KHWTe CBOEBPEMEHHO W Heo6X0AMMO A48 CliendaJsHCcToB,
paboralouiux B 06JaCTH XHMHH MOJHMEpPOB, KOOPAHHALHOHHOH XH-
MHH, KaTa/Ju3a M APYruX CMexXHbIXx o6jactell. B Hell cpaBHuTeNbHO
Mnoapo6HO paccMOTPeHLl BOMPOCHl KJAaCCH(PUKALHKU, THIBLL, CBOHCTBA
M CTPOEHHE XeJaTHPYIOULHUX [OJHJIHTaHA0B H MaKpOMOJIEKYJsSPHBIX
MeTaJJoxenator. [losuMepHas cneundHka HX NPOABJASETCS B 0OCO-
6eHHOCTAAX CTPOCHMSA, BO BJMAHHH MAaKpoLeNnW Ha MpeBpalleHHs B
XeJaTHbIX y3J1aX, HA HX YCTOHYHBOCTbD.

Kpome cBefeHHH © CHHTETHUECKMX [MOJHMepax, BKJOUAIOUIHX
pa3/iHuHbIM 00pa30M CKOHCTPYHPOBAHHLIE XeJaTHPYIOLLHe [IeHTPbI
(MeTOAaMH MNOJNMMEPAHAJOTHUYHBIX NpeBpalleHnil, NOJHMEPH3ALHH,
COMOJIMMEPH3AIIHH  WJIH  TIOJIMKOHJCHCAUHH  (PYHKUHIO — HECYLHX
MOHOMEPOB) B KHHTY BKJIOUEHb! OCHOBHble CBEJEHHA O XeJaTHbIX
KOMIIVIEKCAX MeTa/JIoB ¢ GHOMAKPOJHTaHAAMH, HEeOPraHHUeCKHMH U
CMeIAHHbBIMU rioiuMepaMu. Yuratenn BnepBbie HalaeT 31ech 06-
CyXKeHHe C eNHHBLIX TMO3HUMH peakuuh XxeaaroobpaszoBanusi co
CTOJb PA3HLIMH MAKPOJHTaHJaMHu.

Oco6blii HHTepec NpecTaB/sIOT CHCTEMATH3UPOBAHHBIE B MOHO-
rpaduu AaHHble MO [PHMEHEHHIO MAKPOMOJEKYJAPHLIX XeJaToB Kak
AJIE CO3laHWA TMOJIMMEPHBLIX MaTepHasoB ¢ OCOObIMH CBOHCTBaMH,
TdK K B KadecTse KaTa/Ju3aTOPOB Pa3JjiMuHbiX npoueccoB. Pasywme-
€TCsA, B OAHOH MOHOTpadHuW BCE 3TH BOMPOCH MOTYT GbIThb OCBeLlEHbI
JHUIb B CaMOM obulem BWAe. 3Ta KHMIa, HECOMHEHHO, OKaKeTcCsl
NOJIE3HOH KaK HAayuHbIM, TAK H HHKEHepPHO-TEXHHUECKHM paboTHHKaM
H TMOMOXET WM O3HaKOMHTLCS C COBPEMEHHLIM COCTOSTHHEM H
NpobG/ieMaMu  3TOH  yBJjeKaTeJNbHOH 06JaCTH  XMMHUECKOH HaYKH.

Axapemux AH YCCP K. 5. flyusupckuii
Kues, uions 1990 r.



OT ABTOPOB

[Tpo6aeMbl XHMHH MaKPOMOJEKYJIADHBIX MeTa/loxenatoB (MMX) s
nocadeAHHE TOAbl [PHBJEKAIOT MPHUCTAJbHOE BHHMAHHE HCCNel0Ba-
teqell. ATo 0OBACHAETCA, MPeXK1€e BCEro, NPaKTHYECKOH 3HAUHMOCTbIO
TAKHX COELHHEHHH, KOTOpble HAWNK WIHPOKOE [IPHMEHEHHe B CaMblX
Pa3NHYHBIX 06JACTSAX HAyKH H  TexHukd. JKecrkas Qukcanus
HOHOB METa/IOB MOJHMEpPHBIMH JUTAHJLAaMH METOAOM XejaTtoobpa-
30BaHMA TPHBOAHT K YJYYUIEHHIO MHOTHX CBOHCTB MO/MMMEPHbIX
MaTepHaJOB U BO3HHKHOBEHHIO HOBbIX BaXXHbIX CBOHCTB.

OnHako obwupHble cBegeHuss 0 MMX 1o Hacrosiiero BpeMeHu He
06001IeHbl M HEe CHCTEMATH3HPOBAHDBI, MHOTHE TeopeTHUYeCKHe BOIl-
pocht xuMHH MMX Bce elle OCTaOTC HELOCTATOYHO Pa3pabora-
HeIMH. Bce 310 0fycnoBiHBaeT HeoOXOAHUMOCTh 0OOOLLUEHHSA 1OCTH-
KEHHI B 3TOH 006,1aCTH, YTO SABJASIETCS [€/bI0 HACTOALEH MoOHOrpa-
¢buu. KHura BK/IOYaeT BCe BOMPOCH, OTHOCALIHecH K XxHMuH MMX,
TaKde KaK KJaacCH(UKAIHA, HOMEHKIATYPd, METOAbl [OJYUEHHS,
CTPOEHHE M NpPaKTHYECKoe npuMeHenue MMX.

B KHHTY BKJIOU€HBl pe3yJbTaThl HCCJAEA0BAHUM aBTOPOB U HX
Kosser. Mpl GsiarogapHbl MHOTOYHCJIEHHBIM COBETCKHMM H 3apybex-
HbIM KOJIJIEraM, KOTODbi€ YKPEelW/H HAlly YBEDEHHOCTb B HEOOXOIH-
MoCTH Hanucanus stoit Kuurk: K. b. Hyumupckomy, C. J1. [laseidosodl,
B. /1. Konsiaosoi, 3. ®. Batinwreiiny, A. /. laprosckomy, A. I1. Du-
aunnosy (CCCP), M. Kaneko, E. Tcyxuda, T. llono, K. Takemoro,
X. Eeasa, H. Kypumypa, T. Takewwura, C. Koudo (Hnonus),
A. Buncron, [I. C. Hekepc, I'. P. Horokam, H. Oxkanoro, Ax. lurc,
Y. Kappaep, Y. IHurrmen, Hw. Cuud (CUIA), A. Bapwasckuti
(Uspaunw), . C. [leppuneron (BenuxkoGpurauus), P. Tuccu
(benvrusi)y, P. bapbyccu, Hx. Bpaka, ©. A. Borruno, b. Mucnuca
(Uranus), I'. Maneke (3ananuwiit bepauu), @. [pemedin, A. [e-
paranu, M. Mopceasrer (Ppanuus), /. Bepas, B. Casodnu,
K. Texeaep (®PI), @. lilsey, E. Kaararosa (HCOP), 1. Mur,
I HYaara (Tonnauaus), K. Mobepe (lilBeuusn), b. 1. Crozap
(Unauna), Aw. Ponr (Wcnanusa), K. H. Cumuonecky (Pymbinus).

BrnosiHe BO3MOXHO, UTO MHOTHE HCCJel0BaTesNH BIepBbe BCTpe-
TATCA HA 3THX CTPaAHHUax Y MNOHMYT, 4yTO paboTalT Hal OOLWHMH
BOMPOCAMH  XeslaTo00pa3oBaHHA METANIOB ¢ TMOJUMEPHBIMH  JIH-
raHaaMH.

ABTOPH HAZEIOTCS, YTO KHHIA OKAMeTCsl MoJe3Hol aJst cHelHa-
JIMCTOB CaMOro wHpoKoro npoduias v 6yaer cnoco6erBoBath Hosee
OLICTPOMY PA3BHTHIO 3TOH BajkHejiuiell 06JsacTy HAYKH. .
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BBEJIEHHE

MaKpOMOJIEKYJISIPHBIC  MCTAJIJI0XE1aThi — 3TO  BbICOKOMOJIEKYJIADHbIE
COCUMHOHNA, COMCPKANLHC MCTANIOXeNATHbe IHKAbl, XapaKTepHbIM
HPHIHAKOM, TO3BOSHOULMM JIOCTATOMHO HAAEKHO HACHTHHILMPOBATD
3TOT KJACC XHMHYECKHX COEJHHEHWH, AIBJISIeTCH HaJlMuHe NOJUMEDPHOH
erH M MEeTaJI0XeJNaTHBIX LMK/A0B. bBiaronaps noaMmMepHOH wenu
MMX BO MHOPMX cayudasix BeayT ce0fi Kak OObtKHOBEHHbIE BBICOKO-
MOJIEKYJISIDHbIE COEJMHEHWS; C HaJuuMeM merTasjsa B [0JHMEPHOH
Henn CBA3aHbl MHorue cBoHcTBA MMX, xapakrepuble /151 J3HHOTO
vona metaana. OHAKO TaKOe COYeTaHHe IPHBHOCHT H CBOH CcliettHPu-
yeckHe OCOGEHHOCTH, Takue Kak OHOUUAHAS U KAaTajHTHYeCKas akK-
THBHOCTb H T. 1.

Hauano uccnenoBanud B obaacty MMX npuxoaurcst Ha NepHon
BTOPOH MHPOBOH BOWHBbI M Olpe/lensyoch, B MepBYIO oudepenb, 3ala-
4yamu MPaKTHUECKOTO Xapakrepa. Tak, B 3TH rojbl 10 3aKa3y BOEHHO-
Bo3ayuiHbix cu1 CIIA 6bina pa3sepHyTa nporpamMma MoHCKa MOJIH-
mepoB, yctoHuuBbix a0 600 °C [1]. DT1o, KOHEUHO XK€, CrocobCTBO-
BAMO DA3BHTHIO HccieaoBaHUW B oGnacth MMX, xors pelenue
3TOM 347844 TaK K He Obi0 Toraa HalaeHo. IlepBbie mybaukauuu no
pedyJibraTaM paboThl B paMKax 3TOH MNporpamMmbl NOSBUAHCbL B
KoHue 50-x — nauane 60-x romos [2, 3]. IlpumepHO Ha 3TOT Xe
MEPHO/L MPHXOAHMTCA Hauaslo HCCael0oBaHUW B obJgacrtu xenaroolpa-
3YIOUIHX CMOJ H KOMIIJIEKCOB METAJJIOB Ha WMX OCHOBE, 4TO ObLJIO
CBA33HO C pelleHHeM pAAa 3444y AHAJUTHUYECKOTO MaaHa (KOoH-
LEHTPUpOBAHUE U pa3jeneHue mertaqnos) [4]. Hazo ormeTuTh, 4to
U B JaJibHEH[lleM NePHOLbI HHTEHCHBHbBIX HCCAea0BaHui XxHumuu MMX
onpefensiCh 3alpocamMi TeX UJAH WHbIX OTpaciedl NPoMblILIIEHHOCTH.
Tak, Hauaso 70-X rogoB 0O3HAMEHOBANOCh PE3KHM YBeJIHYEHHEM
HCCeIOBAHHH KatanuTuueckux cBoicTB MMX B cambix pa3znoobpas-
HbIX XHMHUYECKUX peaKuusix [5, 6]. B Hauasne 80-x ronoB Hayasuce
OOIIHPHBIE HCCAEA0BAHUA (POTOXHMHUYECKHX pPEAKUMH W aKKyMmy-
JIMPOBAHHUA COJHEYHOH IHEpTHH ¢ ydyactuem MMX [7].

K HacrosiuiemMy BpemeHu Osarofapsi yCHAHWAM CHEUHAJHCTOB
CaMblX pA3HbIX HANDPABJEHUH (NOJHMEpPHAS XHMHS, KOOPAMHALMUOH-
Haa, OHOHeOpraHWyecKas, aHaJdUTHUeCKasi, (OTOXUMHS, KAaTaau3
H T. 1.) B 3TOH 06/1aCTH XHMHH LOCTHTHYTbl 3H3UYHTE/bHbIE VCIIEXH.
Tak, CHHTE3HPOBAHO CpPaBHUTENBHO Goabiuoe yucao MMX, conepxa-
ILUX NpakKTHYecKH Jobble metasabi [lepHoanueCKOW CHCTEMbBI, MO-
Jyuy€Hbl KOJIHYECTBEHHblE XaDAKTEPHUCTUKF TPOUECCOB Xenatoobpaso-
BAHHA C Y4aCcTHEM [MOJHMEPHBbIX Jura 10B, BbISIBJEHb OCHOBHbI®
CTPYKTYpHble OCOGEHHOCTH WX cTpoeHuss MMX cayxar yaoGHbiMu
00beKTaMH JIA UCCJe]0BAHUA PALA TEOPETHUECKHX BOMIPOCOB MHO-
FHX pa3fenoB XUMHH: PEAKUHOHHOH CIOCOGHOCTH MAaKpOMO.JIEKY.I,
CTEPEOXHMHH KOOPAMHAUHOHHBIX COEAHHEHHH, KOHKYPEHTHOH Koop-
AHHAUHH, H36HPATENbHOCTH AHAJHTHUECKHX PEAaTeHTOB, CO31aHUsA NO-
MHGYHKIHOHA/IbHBIX KaTalH3aTopoB H T. A. Kpome Toro, 3TH coenu-
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HEHHSI MOXHO paccMaTpHBaTh B KayecTBe MOJle/ied BeLLEeCTB, yda-
CTBYIOLIHX B HEKOTOPbIX GHOXHMHUECKHX Mpolieccax. .

Ceftyac y»xXe€ TPYAHO IMpPeACTaBHTh obsiacTb MpaxKTHUYECKOH 1es-
TeNbHOCTH 4eJoBeka, riae Obl He HCIOJNb30BANHCH MMX. HUx npu-
MEHSIOT B MeauUHHEe H (ApMaKOJNOrHd — BBeACHHE B ODraHH3M He-
06XOMMMBIX METaJI0B (HalpHMep, Keje3a NpH Kesle301edHUHTHON
aHemMuu), @ TaKKe BbIBEJEHHE H3 OPraHu3Ma BPEIHBIX METAMI0B,
B YACTHOCTH PANHOAKTHUBHbLIX; B aTOMHOH MPOMBIILJIEHHOCTH H THADO-
MeTanJyprud — KOHUEHTPHpOBAHHE H pa3,f16JIEHUHe pPE€AKHX MeTa.-
JIOB U PaJHOAKTHBHbIX H30TONOB; B XMMHYECKOH NPOMbIUJIEHHOCTH
M KaTasiu3e — Co3/]dHHe BbICOKO3(PEKTHBHbIX HMMOCH/IH30BAHHbIX
KaTaJsu3aTopoB H T. 1.

HecmoTpt Ha TO, 4TO ClelHaJU3HPOBAHHBLIX CHMIIO3HYMOB H
KoHdepeHuuit no xumud MMX He NpoBOAHIOCH, 3TH BOMPOCHL J0-
BOJIbHO 4ACTO PACCMAaTPHBAIOTCA HA KOH(epeHUHAX, MOCBALIEHHBIX
caMbiM pa3/jHuHbiM 001acTaM XHMHH. CJllelyeT TakzKe OTMETHTb, UTO
OT/Je/bHblE pazfenbl XHMHH MMX B OoJbiued HJIH MeHbiUeH CTelleHH
o6o6uiennl B pane MoHorpaduil M 0630pHbLIX CTaTeid. B uyacrHocTw,
paccCMOTPeHbl KOMILJIEKChI METaNJOB Ha OCHOBE XenaTtoo0pa3syloillHx
cmoa [8—12], karanus ¢ yuactuem MMX [5, 6, 13—17], noaunme-
PU3aLHS METANIOXENATHBIX MOHOMEPOB Kak crocob nogydyesus MMX
{18, 19], ucnosbzoBaunue MMX B ruagpomerannyprun [20, 21], crpoe-
nue MMX [5, 15, 22—27], KOOpAHHALHOHHbIE MONUMeEpPbl |28—34].

Lleab 3TO#i KHHIH — paccMOTpeTb THIIb,, METO[Abl MHOJYYEHHS H
CTPYKTYDY XeJaTHPYIOIUHX MAaKpPOJHTaHAOB, KJACCH(PUKALHIO, CHHTE3
H crpoerne MMX, ocoGeHHOCTH xenarooOpa3oBaHHUst € Y4acTHEM
NOJNMMEPHbLIX JHTaHA0B H, HaKOHel, obJacTH MNPHMeHeHHS TaKHX
coegHHeHui. K coxanenuio, aauresnbHoe BpeMa nox MMX noHuma.iu
TOJNLKO MeTasnoxelaThi HA OCHOBE CHHTETHUYECKHX IOJIHMEPOB.
OaHako B COOTBETCTBHH € onpeaesenreM K MMX oTHOCATCSE KOMILIEK-
Cbi MeTassloB ¢ OHONOJHMEPHBIMH JIHTAHIAMH, NOCKOJAbKY ©00.1b-
wancerso M3 Hux ([HK, PHK, Guononumepsr nnasmbl kpoBH, dep-
MEHTbl H T. 1.} SIBJSIOTCH METaJNJOXENATHbHIMH BbICOKOMOJEKY. -
HBIMH COeNHHEHHAMH. IDTO onpepensier Gosbioe 3Hadeune MMX B
KH3HEEATENbHOCTH OPraHU3MOB, IICCKOJIbKY MeTaJlfbl, HAalPHMED,
Yy4acTBYIOT B CBSA3bIBAHHH HYK/JIEHHOBHIX KHCJAOT € [POTEHHAMH.
Moc/ennee oxasbBaeT CyLIECTBEHHOE BJHAHHE HA HX YCTOHUHBOCTD
K leHaTypaliuM, Ha 1ipoTekanue GeJIKOBOTO CHHTE3a M HA COXPAHEHHEe
Hac/leIcCTBEHHOH HH(OpMauuH. B cBA3KM ¢ 3THM 6biiH npoBeleHH
OOLIUPHbIE HCCNENOBAHUA [0 H3YYEHHIO KOMILTeKCOOOpasoBatus
METa/lJI0B ¢ GHOIOJIHMEDHBIMH JIHFAlJAMH H CO3JAHHIO HX CHHTETH-
YECKHX MojeJsieH.

CPpaBHHTE/IbHO HEJABHO HAUANOCH MCCIEA0BAHKE META/IOXCNATOB
Ha OCHOBE HEOPraHHYeCKHX HOCHTeNeH, KOTopoe pa3BHBaJOCh B
ABYX HalPABACHUAX: MOAH(DHKALMA MHHEPAJBbHBIX HOCHTEJNEH
HEJBI0 CO3JAHHSI HA WX 1OBEPXHOCTH XeJaTHPYIOUIMX (GParMeHTOB,
iai?)xl“:lr:mﬂ;);)'::H(l)dCeHle;eTammx'eﬂaTo'B, H CHHTE3 XeJaTHPYIOLLHX
oBNACH Xt MMX e C‘MeUJdHF{bL\ HOCHTeNneH. Oxnako B 3TOH

AOCTHIHYTLI TOJbKO NepBble yCHEXH.
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Pa3yMeeTcs, 4TO B OAHONH MOHOrpacuH OCBETHTL BCE 3TH BOMpO-
chl OUCHb TPYIHO, UHCJAO TOABKO OpPHrHHadbHbIX nNyOaHKalMil 1o
xuMiiH MMX 1ocTHraeT HecKoabKiIX Thicsiu, [ToIToMy Mbl BBesIH OJHO
orpaHHuCHHe, KOTOpoe CBoAMTCs K caeayloniemy. Hasectho [35],
yro MMX JeasTCsi Ha ABa HPHHUMIHAABHO OTJAHUYHBIX KJacca.
[lepBblil H3 HIX COJCPKUT MCTANJ B OCHOBHOH LeMH, B 3TOM caydae
ylajJeHHC MeTalsia HPHBOLHT K Da3pyUIEHHID [OJHMEPHOR UefH.
Takue COeAMHEHHA TOJYUHAH HA3BAHHE KOOPIAHHALHOHHBIX TOJHMe-
POB, OHH LOCTATOMHO 10ApOGHO OCBellleHbl B JuTepatype [28—34]
W MO3TOMY 31ech He paccMaTtpHBaloTcs. Bropoit knace MMX, koro-
poMy COBCTBEHHO H MOCBSILEHA HACTOALLAS KHAra, COJEPXKHT Me-
Tana B OOKOBOH UEIKH, B 3TOM CJydae OH CPaBHHTENbHO JErKo
yAaNseTCa MKW 3aMeHSIeTCs Apyrum 06e3 pa3pyuwieHHs OCHOBHOH
LLEITH MAKPOMOJICKYJIbi.

TepMHH «MaKpPOMOJIEKYJSIPHbIC MeTaJlJ0XeaaTbl» BO3HHK HA CTbl-
Ke XMMHH HH3KOMOJEKYJAPHBIX MeTa/IOXeJaToOB U NOJHMEpOB,
103TOMY 4aCTO CHEUHAJHCTBl OJHOH O6GJACTH HEAOCTATOUHO 3HAKO-
Mbl C METOAaMHU W TepMHHAMH, UCNOAb3YeMBIMH B CMeXHOH 06.1aCTH.
B ¢BA3H ¢ 3THM MBl noJaranu Leaecoo6pasHblM BBECTH [J1aBY,
MOCBAUICHHYIO OCHOBAM XHMHH HU3KOMOJEKYJIAPHbIX MeTas/ioxena-
TOB, KoTOpas B 0oJjblied crefneHH npeaHasHauyeHa AJS HCCJeJ10Ba-
Tesiell B 06/1aCTH XHMHH BbICOKOMOJZKYAADHBIX COGAHHEHHH H CIYIKHUT
OCHOBOH [/l DAacCMOTPEHUst OCOOEHHOCTeH CBOHCTB H CTPOEHHA
MMX. Kpome toro, B 1. 2 npu o6CyKaeHHH XeNaTUPYIOLLHX JUraH-
0B 3HAUUTEJIbHOE BHHMaHWe Y/e/JeHO BONPOCaM noBeleHUsT NOJH-
MEPOB B PacTBOpPE W TBepAOH (pa3de, 4TO AOJAKHO {IOMOUYb CNELHa-
JUCTaM B 06/aCTH KOODAHHALMOHHOH XHMHH MMO3HAKOMHTLCH CO
cliellHaJbHbIMH TEPMHHAMH XHMHH NOJHMEpPOB.



Trasa |

OCHOBHBIE NMOJO)KEHHSA TEOPHH
HU3KOMOJIEKYJAPHbIX METAJIJIOXEJIATOB

MeTtanjoxenataMyd Ha3blBAIOTCA KOMIIEKCHbIE COEAMHEHHS, OTIHYH-
TeNbHBIMH PH3HAKAMH KOTODbIX SIBJAAIOTCA HalHuHe OLHOTO MM He-
CKOJIbKHX MeTaNJOLHUKJAOB H MOBLILIEHHAA YyCTOHUMBOCTb MO CpaBHe-
HHIO C HexeJaTHbIMH aHajoraMu. Takue KomilJiekKcbl 06Gpa3syjorcs
JUraHlaMH, ColepXKalluMud ABa W Oojee NOHODHbIX LEHTPOB, KOTO-
pble 10 CTEPHYECKHM BO3MOXHOCTSAM CiOCOGHBl KOODPAHHUPOBATH
OJHH HOH MeTanda. B KauecTse npuMepa MOXKHO NPHBECTH 3THJEH-
JHAMHH (en), KOTOpbId COJEpXXHT JBAa JAOHODHBIX aTOMa asora H
BBICTyNaeT KaK GuAeHTaTHbl® JIMraHi no OTHOUIEHHIO KO MHOTUM
metaanam. to noseledune en 6blio o6HapykeHo B 1893 r. Bepuepom
B Kommaekce [Pt (en)g] Clo (1.1), rae atoMbl asoTa KaXiao#i Mo-
AEKYJbl en 3aHKMAIOT ABe NO3HILHK B KOOPAHHaLHOHHONH cdepe atoma
NJaTHHBL K OKpyXKenue ero nonodHo xommiaekey [Pt {NH;) 4} Cle (1.2).
B 06Goux cayyasx KoopauHauuotuoe uucao (KY)** naatuubr paBHo
YyeTbipem.

NH, H,N Hj3N NH3
P8 e [Nt
s (1.1) Pt Cla (1.2)
A AP
NHs HoN HaN NH,

[Ipu B3aumopeiicteun xsaopuaa nnatiHel (II) ¢ en o6Gpasyercs
reTepoKoOJbLO, COAeprKailee HOH MeTaana. IJToT npolecc 3aMblKka-
HHA MeTaNIOUHKAA NOJAYUMHI HAa3BaHHe XxenaTtoo6pa30BaHud, a JIMFaH-
abl, nonobHble en, CTajdH HA3blBATb XEJA4THDYIOLLHMU JIHTAHIaMH.
CnoBo «xenar» Oblio gnepsble npeatoxeno B 1920 r. Mopranom
H JIpio M MPOHCXOIHT OT FPeYecKkoro CJoBa YNAY — KJelIHA paka.
Xenaroo6pa3oBaHHe H3MeHdeT (4aCTo 3HAUHTEJbHO) XHMHUYECKHe
H (u3uyeckHe CBOHCTBA MCXOAHBIX pEareHTOB H HrpaeT GOJAbLLIYIO
POJIb KAK B XHMHH, TAK U B OHOJIOTHH.

Kpome HefiTpasbhbix MoJekya, noaoGHbIX en, MHOrHe XejaTH-
PYOUIHE JHFaHAbl PYHKIHOHKPYIOT NYTeM OTPbIBA OQHOrO WaH Gosee
MTPOTOHOB Al TOJyYEHHA AHHOHOB, KOTOPble 3aTEM KOOPAHHHPYIOT-
Csi ¢ aToMoM mertadana. Hanpumep, rauuuH otaaer cBoil npoToH Kap-
boKCHAbHOM Tpynnbl U 06pa3yer Mmertannoxenat (1.3) 3a cuer asor-
HOFO H OIHOTO W3 KUCJAOPOAHBIX ATOMOB. JIpyruM, Xopollio H3BeCTHLIM
XEJATHPYIOUIHM JHFaHAOM ABASIeTCA LliaBedeBad Kucaora. Ona wmo-

*

{Iemamombno HA3LIBAIOT WHCAO KOOPAHHAUHOHHLIX MECT, KOTOPOe 3aHHMAaeT
Aalibln UTanA Yy uenTpasbuoro atoMa (ot aar. dentatus  pMeloHui 3y0nl,
3ybuarniii).

*% .
HHeno  loHopuuX  atoMon, HAXOAALIMXCH B HCONOCPEACTBEHHOM KOHTIKTY

¢ HEHTPALHBLIM 4TOMOM (HOHOM) MeTadna.
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KT OTNdBAaTb JBa IPOTOHA W 34Te€M KOOPAHHHPOBATbLCH Kak OHaeH-
tTaTHil okcanat-uoH (1.4).

2—.
NH, 0 0 0 0 o 0
>Cu< T (1.3) j: \/Cu< I (1.4)
0 0" N 0 0 0 0

B xenaTHpyOWHX JHraHaax B KaudecTBe JIOHOPOB BbICTYNawoOT
sqeMenThl riasHbix foarpynn ustoi (N, P, As, Sb) u wecroi
(O. S, Se, Te) rpynn [lepuoauueckoit cucrembl. JoHopHble arombl
BXOASAT B COCTAB KHCJAOTHBIX HJAH OCHOBHbIX TPV XeJaTHPYIOULHX
auraiios. KdcnoTHble rpynnbl coaepskart fpoToH H B3aHMOLCHCTRY-
0T ¢ HOHOM MeTaJaJsa rnocsae ero orulennenus. Haubonee THRHUHBIMH
KHCJAOTHBIMH  rpynnamu  sisasitorest  kKapbokcuabHas (—COOH),
cviabdoHHabHas (—SOs;H), docharnas [—OPO (OH).], enoapuas
uau denoabHas (—OH), oxkcumuas (=N—OH), tHoabHas uHau
THodenoabHaa (—SH) u 1. 4. K oCHOBHbIM OTHOCATCH rpynibl,
KOTOpble COjeprKaT aToM co CBOBGOAHOH 3JEKTPOHHON napol W cro-
COOHbl KOOPAMHHPOBATb HOH MeTaasaa. BaxkHelllHe H3 HHX aMHHO-
rpynna (—NHj), umunorpynna (=NH), Tperuunblii auukaHueckui
HJIH TreTepolHKIAHUeCKHH a3or (—N==), kapbonuabHasa (=0),
spupnas (—O—), okcumuas (=N—OH), cnuprosas (—OH),
THo3¢HupHaa (—S—), 3ameuiennas dochunnana (—PR.), 3ameuien-
Has apcHHHas (—AsRo) u 1. L.

1.1. ACTOPUA METAJIJIOXEJIATOB

Bnepsbie Merannoxenar Oboin noayded B 1885 r. u3BeCTHBIM XHMH-
KoM-opranikom HubHHCKHM 1o peakuuH Keae3Horo Kynopoca c
a-HUTP030-f-HadToaoM. OoHaKo ONMUCaTb CTPOEGHHE 3TOrO COCLHHe-
HHA OH HE CMOT, f0O3TOMY C MOJHbIM OCHOBAHUEM MOXKHO BECTH OT-
CYET HCTOPHH HH3KOMOJEKYJSAPHbIX Merasanoxeqaaros (HMX) ¢ knac-
cHueckod paboto Bepuepa, ony6.ukosanuoit 8 1893 r. B srtoit pa-
G6ore OH CoOOWHA O CTPYKTYpe 3THACHAHAMHHOBOIO KOMIJIEKCA
naatuusl (1.1), obpatus BHHMAHHE HaA TO, UTO BCe ueThipe CBA3M
lIATHHb! SIBJAAOTCH KONJAHAPHBIMH, T. €. MeTaJ HMeeT MJ0CKO-
KBajlpaTHyi KoopixHauuwo. B Toi ke pabore Bepuep ob6cyaun
cTpyktypy coeldrnenHuss  [Co (en)q Clo] Cl, xotopoe Hoprencen
(1890 r.) nmoayuun B aByx H3oMmepHbix (opmax. Bepuep noaaran,
UTO 3TH H30Mepbl ObliM yuc- W Tpanc-PopMaMH OKTa3APpHUCCKON
KOHpHUTypallHH KOoMiliekca, T. €. OH CYHTan en XeJaTHpYoIHM
JIHTAHAOM. A

[llaBenesan kucaora 6blaa, BEPOATHO, CACAYIOULHM COEAHHEHHEM
rnocjae en, HCIIOJAb30BAHHBIM B KauyeCTsBe XeJNaTHPYOULEro Juranjia.
Bepuep u Buanoc (1899 r.) onucaau coenunnenue [Co (en). Cy04] ClI,
KOTOpoe OHH noJayuuan obpabortkoit yuc-[Co (en). Clo] Cl okca-
natoM HaTpus. OHHM flonaradd, YTO OKCANaTHasd TPynna 3aHHMaer
ABA yuC-NOJOXKEHHSA, paHee 3aHsiTblXx aTOMaMH XJopa.
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B 190! r. Bepaep onucan coelhHenne HOBOTO THIA, KOTOpOe
6biio noayueHo 06paGOTKOM KaJdnHTeTpaxsopriaTuiara (I} aue-
tuaaneroHoM (acacH). Pe3yabraTtoM 3amelleduss uHeTbipeX HOHOB
X10pa BO BHyTpeHHell KOOPIAHHAUHOHHOH chepe KOMIJEKCA AByMs
acac-HoHaMHK Obll KOMTLIEKC, He HeCylLlHH 3JeKTPHYECKOro 3apaia.
B 5TOM COENHHEHHH AUETHNAUETOH HAXOAMTCH B eHOJbHOH (opMme,
NOSTOMY MOXHO MOJararTh, YTO XeaarooGpa3oBaHue CTaGHIH3HPyer
eHoNbHYWO (GOpMY XeJaTHPYOLUiero JHraHia. BepHep npennoxun
dopmyay sToro Metaanoxeaara (1.5), B KOTOpOM CBS3at NMAaTHHY
C KayKAblM A4cac-MOHOM OJHO# rnaBHOH W ONHOH NOGOYHOH Ba-

JEHTHOCTAMH!

HaC CHjy
\_—_O /0 \
N 1.5
/Pt\ (1.5)

A

H3C CHz

Heckoabko set cnycta Jled (1904 r.) u bBpyau u Popuapa
(1904 r.) u3yuyuau coenHHeHHe, o6pa3sywilleecd TMPH B3aUMOJEH-
CTBHH HOHA MeJH C TAHUKHHOM. [Jaa Hero OHM IMPEMIOXKHIH CTPYK-
Typy (1.3), B KOTOpO#H ueTbIpe MOJIEKYJ/bl BOAbl FHAPATHPOBAHHOrO
HOHA MeJH 3aMellieHbl ABYMSl FJIHLMHAT-HOHAMH ¢ 00pa3oBaHHeM
HeTPANbHOTO KOMTMIeKca. TakoMy Tuny coenuHeduit Jleit paa Ha-
3BaHHe «BHYTPEHHAR KOMMJeKCHas COJby.

3atewm nocaenosanau pabotol Uyraera no 1MOKCHMATHLIM KOMIJIEK-
cam (1906 r.), Han6osee THNHUYHBIM NPEACTABHTENEM KOTOPbIX ABJS-
eTc  OGUCAMMETHAIIHOKCHMAT HHKels — COe/lMHeHHe, Halllejllee
LIHPOKOE MpHMEHEHHe B aHANHTHYECKOH XHMHH.

B nanbpHeHlleM 4YHCAO MOJEKyJs, CNOCOOHbIX K XesnraToo6pa3oBa-
HHIO, POCJO TaK GHICTPO, UTO B HACTOsIliee BPEMS HET BO3MOXKHOCTH
OfHCaTh BCe MoJyyeHHble coeanHedun. [loatoMy Tonbko naubGonee
HHTepeCHble NpHMepbl 6yAyT NpHBeAeHbl B NMOCAeAYIOUIMX pa3jenax.

1.2. KIACCH®HKALUA METAJNJOXEJIATOB

Cpean HMX MOXKHO BbIAENUTb NATL THIIOB COeAMHEHHH: MOJNIEKYIAP-
Hble MeTasJoXeNaTbl, BHYTPHKOMIIEKCHBIE COefAUHEeHHS, MaKPOLMK-
JIHYECKHE KOMILIeKChl, METaMJI0XeJNaTbl ¢ -CBA3SAMH M 110JIHAlePHbIE
MeTaJ10XeNnarhl.

K Monekynsipublm MeTansioxenaTaM OTHOCATCA KOMIIEKCHBIE
COCAHHEHHA, B KOTOPbIX HOH MeTas/la CBA3aH C AOHOPHBIMH aTOMAaMH
XENAaTUPYIOULero JIMraHaa TOJMbKO KOOPAHHAUHOHIBIMK CBAIAMHU. la-
KHE KOMIMEeKCbl 06pa3yloTCA C ydyacTHEM JIMTaHAOB ¢ 3aBeAOMbIM
METa/JIOL HKJI006pa3yIoiHM PACTONOMKE HHEM AOHOPHBIX UCHTPOB HJH
KOH(POPMALHOHHO-HEXKECTKHX JIHTAHAOB, HMEIOLLHX aBa u Oonee
JIOHOPHBIX piedTpa. HanGosee peTanbho H3YUYeHHBIMH MOJIEKYJAPHD!-
MH METajjoXe/laTaMH ABAAIOTCA KOMIJIEKCH MeTaanos ¢ en, 2.2/-
auitepuaraom (Dipy), 1,10-desanrpoannom (Phen) u 1. a. [lph-
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vepbl NoA06HBIX MeTaNN0XeNaToB f10APOGHO ONHCaHbl B JHTEpary-
pe |36--39].

[Ton BHYTPHKOMIWIEKCHBIMIT COEAHHCIINAMY [IOHHUMAIOTCS MeTas-
JNOXeNaThl, B KOTODbIX 1O KpaHHeH Mepe OJMH JHTaHL CBA3aH C
HHOHOM MeTal1a KaK HOHHOH, Tak MU KOOPDAHHAUHOHHOA CBA3AMH.
Takue coenuneHHsi MOryT OblTb HEHTPAJbHbIMH, KATHOHHBIMH WM
AHHONHLIMH, @ TaKXe COoAepXaTbh NOMHMO XelaTHPYILHMX MOHO-
GVHKILHOHAbNbBIEe JHraHAbl. YHCI0 BHYTPHKOMMNEKCHBIX COELHHE-
HHH, H3BECTHDLIX K HACTOSILLIEMY BPEMEHH, O4eHb BENHKO, NO3TOMY Mbl
vkaxem Haubosee pacnpocTpaHeHHbie. Tak, AeTajbHO HCCaelOBaHbI
BHVTPHKOMMNIEKCHbIE COeIHHeHHS ¢ P-auketoHamu [40, 41], Komnaek-
coHamn [42—44], amuHokucaoTamH [45—48], o-ruapokcrHasome-
THHAMH H eHaMuHokeToHaMH [49—Db2], ruapasodamu [b3], 8-ruapo-
KCHXHHONHHOM [54], dopmazanamu [55—57] u T. 4.

MaKpoHHK/IHYUECKHE KOMIJIEKChl 06pa3yioT NPeUMYLIEeCTBEHHO Xe-
AaTAPYIOIME JHTaHAbI, JOHODHbIE LEeHTPbl KoTopbiX obecnedyuBaloT
CBA3bIBAHHE HOHA MeTaaja ¢ 06pa3soBaHHEM HeCKOJbKHX MeTad-
Jounk10B. Kaacciyeckumu fAurangamMu a8 noJydyeHHs] MAaKDOUHKJIIH-
YECKHX KOMIJAEKCOB ABJIAIOTCA Noppupuubl [H8—61], drasounanu-
bl [59] u poacrBenible uM JAuraHaHble cHetembl {61]. YcunenHo
H3YUaOTCH MAaKPOUHKJIAHYECKHE KOMIJIEKCh, 06pa30BaHHble UHKJIHYeC-
KHMH HNOJH3(HDAMH, HX a30TUCTbIMH, (HOCHOPHLIMH, CEePHHCTbIMH
anaaoramu [62-—--64].

MeranaoxenaTtol € n-CBA3AMH o6pasyorcs G- M NOJHOAEHTAT-
HbIMH JIHFAQHLaMH, COAEPKAUIMMH 1BAa HeHacCblUleHHbIX (parmeHTa
tuna C=C, C=X (X=N, P, As, O, §), C=X (X=C, N) aubo
YKasaHHbI{ pparMexHt ¥ pyHKUHoHanbHYO rpynny [65, 66]. K nep-
BbIM H3 HHMX OTHOCATCHA, HanpuMep, OHMCITHJAEHOBbIE MPOH3BOJHLIE
merantoB (1.6), a Ko BTOpPbBIM — NHUPHAMHITHJICHOBbIE KOMILJeK-

col (1.7):
7 X
> Mx,  (1.6) I (1.7)
xZ . =

’3
XaM =~

TMoauanepHole MeTannoxenartsl cofiepXaT ABa H GoJiee HOHOB Me-
TaNANMOB, TIDHYEM MO KpalHeH Mepe OJAHH AOJXKEH BXOAHTb B COCTAB
MeTanjaounKkna. Takue KomieKcbt jJeTalbHO 06GCYXKieHbl B paGortax
[67-—69].

1.3. KOOPAHWHAUHOHHDBIE YHCHAA H CTEPEOXUMHY METAAJOXEJATOB

B HMX Bcrpeuarorcs camble paszuble KU, onnako HanGoJsee yacTo
KY paBuo 4 u 6. Coeantenust ¢ K4 4 uMeior B 1pocTpaicTBe TeTpasil-
pHYeCKYo (cummerpua T4) HAM NIOCKOKBAAPaTHYIO (MJaHAaDHYIO)
KoHburypaunto (Dy,). Terpasapuueckas KoHpUrypauus obbluHa Aas
KOODIAHHAUKOHHBIX COEJHHEHHH HEenepexoAdnblX 3JEeMEHTOB, YCTOHUH-
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BOCTb KOTOPbIX MOXKeT OblTb 4acTHUHP ©0bfcHeHa HMCMO/b30BaHHeM
KOBaJeHTHbIX Sp°-THBpUAHBIX OpbuTaselt aToMa MeTala. Kpowme Toro,
NpH TeTPasipHUECKOM PACHOJONKEHHH JHFaHIOB BO3HHKAKOT HaH-
MEHbUIHE CTEePHUECKHE H 3JIeKTPOCTaTHYeCKHe HANPFXKeHUs 1o
CPABHEHHIO CO BCEMH JPYFHMH Cnoco6aMH pacnosioKeHHs JHMaHAOB,
po3moxubiMH 1pu KU 4. Tak, MHorue OucXesnaTHble KOMILIEKCb
Be2™ u Hg® ' nmeior TeTpasipHUeCcKoe CTPOEHHE:

Ph COOH — CH2O; 2=

—0 0
N/ N N

Be Hg
\ O/ \O__ S/ \S

HoocC Ph L_HOHQC

B cayuae nepexofHblX MeTasJOB BblOOp MeXay TeTpasjpHuec-
"KOH H NJOCKOKBAJPATHOH KOH(PUTypauusiMH onpenensieTcst psiaoMm
¢pakropon. MHorna terpasgpuveckue KOMMIeKCol o0pa3yooTcs noja
BJAHSIHHEM OObEeMUCTLIX 3aMecTureselt, Kak, Hanpumep, 6uc (N-Tper-
GyTuacanuuuaansiumuiaro) meab (I1) (1.8) [70] u 6uc (nunupa-
Jounmerasaro) xeneso (II) (1.9) [71]:

H3C
Tpet -C4Hg (HaCsC . C(CHy),
\ —0
0 N= 1.8
L D
5 :
= %
\

(H3C)3C C(CH3)3

Tper -C4Hg

B orcyrcTBHE cTepHueCKHX npensTcTBHE
JIOBOJIBHO 4aCTO NPOHCXOAMT accouuanus Guc-
XeJaToB ¢ 06pa30BaHHEM OKTa’1PHUYeCKOro OK-
PYXKeHHsT MeTaala, Kak, Hanpumep, B
[Ni (acac)e]s (puc. 1.1) [72].

[lnockokBaapaTHast KOODIMHAanHA Xapak-
TepHa JIHLb JJA HEKOTODbIX OnpefeseHHbIX
COCTOSIHHA OKHC/EeHHA MerannoB. OBbIYHO 3Ty
CTPYKTYPY uMeT Kommaekcsl Pt*F, Pd*t,
Agt, Au** Rh*,Irt, ouna BCTPEUaeTCs TakKe
B KoMmmiekcax Ni*t wu Cut; B apyrux
Caydasax oHa f[pakTHYeCKH He HabamopaeTcs.

Puc. 1.1, Crpykrypa TpuUMepa  alleruadieronara  Hie
Keas (1)
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CaeaveT OTMeTHTb, 4To A1 Hekotophix HMX ¢ KY 4 ycranos-
JEHO H3MEHCHIE CTPYKTYPbl KOMIWICKCOB IIPH flepexojle H3 TBepLOoro
cocTossHust B pactBop. HauGonee aneransible HcclefoBaHUsA B 3TOM
naane Ooian nposepelibl ana 6uc (caauuunansauMuiiaton) (1.10)
H 6rc {eHamnuokeronaros) (1.11) mean (I1), vukeas (I1) u koGaib-
ta (I1) [73]. B pacTBOpax 3THX MeTan/l0XenaToB yCTaHaBJHBAETCA
PABHOBECHE MEXAY TeTPA3APHUYECKoH H [lJlOCKOKBaﬂpaTHqﬁ KOH(pH-
rypauusimMit, f0JM0KEHHE KOTOPOro ofpenensieTcs NpHPOAOH palHKa-
na R, pactsopurens u temneparypo#.

i B

[TprMepbl NAOCKOKBAAPATHBIX CTPYKTYP NAIOT TAKKE MAKPOLUHK-
JHYECKHe Auranasl. Tak, Bce MetanaodranouHaHuHbl H30CTPYKTYPHbI
(M>*t =Be, Mn, Fe, Co, Ni, Cu, Pt) ¢ ucxoansiM npoToHHpoBak-
HbIM OCHOBaHHEM (npOCTpaHCTBEHHaH rpynna P 2,/a). B 3tom cay-
Yyae NJOCKOE KoJbL0, CojepXKallee MHPPoJAbHbIE AAPA, «BbIHYKAGET»
HOH MeTajJla KOOPAHHHPOBATbCA B MJIOCKOKBAAPATHOM HJH [OUYTH
MJOCKOKBAAPaTHOM OKPYJKEHHH, TIPHUEM A0MKHO HAGAI0AATLCH COOT-
BETCTBHE pPa3MepoB HoJOCTH MAKPOUHKJIOB pa3MepaM HoHA Meral-
Jda dav ero coegdHenHa MX, (Tun «3amok — kidou») (puc. 1.2).

18-kpayH-6 K+

/N

. 0 0
12-kpayH-4 Li+ < 2,6-3,24 > 2,664

Q«—0

(oo ) o Co\_/o)

21-kpayH-7 Rb+

15-kpayH-5 Na+ //\o/\[

CLA gy S f\

1,7-2,2A 0+
’ )
o J \ P

Puc. 1.2. TeomeTpHueckHe COOTBETCTBUA IIpH O6Pa30BaHUH KOMILICKCOB LLEJIOYHBIX
MeTaJMI0B C KpayH-3@Hpamu
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B Tex e CjyyasX, KOPAa pasmep NO0JI0CTH MaKpOUHK/AA CIAHLIKOM
MaJ A8 BKJIOYEHHA HoHa MeTasja, HabJawofaercd obpasoBanue
KBajpaTHO-THPAMHAAJAbHBIX KOMIJEKCOB (1.12) [74] unu coHABH-

yeBbIX cTpykTyp (1.13) [63]:

N(4) N(3)

KpayH-KoNbUo

@ fnongcTL
N(1) N(2)

(1.12) (1.13)

Jlns TeTpasapHYecKUX KOMMJIEKCOB B MPHHLHKIE BO3MOXHBI TOJb-
KO ONTHYeCKHE H HeBO3MOXHBI reoMeTpHueckHe H30Mepbol. B 10 xe
BpeMsl [Jifl IJIOCKOKBAAPATHBIX CTPYKTYDP BO3MOXKHA reoMeTpPHYecKas
W HeBO3MOXHa ofnTuueckasi uloMepus. Mckaouende u3 storo fipa-
BWJia npelAcTasiser coefnHenue (1.14), koropoe Munac u Ksubenn
B 1935 r. pa3neiHanH Ha ONTHYeCKHe H3oMepbl H Takkm o0Opa3om
YCTAHOB{JIH, YTO OHO HMEeT MJOCKOKBajJpaTHOe, a He TEeTPa3ipH-
yecKoe CTPOeHHE.

_ _—2F
Ph
H-~ Ny # 1.14
Ph PLARN CHg (.14)
HoN™~ N
e NHz  Hy “CH,
L _

B 3Toii Moseky/ie acCHMETpHs CBOHCTBEHHA He aTOMYy MeTaJla HJH
JUTAHAY caMOMy fI0 cefe, a pacnoJ/IOKEHHIO XeJaTHBIX KoJjell.

OGpa3soBatde GojblunHCTBa koMiLIekcoB ¢ KU 5 ompenensercs
NPOCTPAHCTBEHHBIM CTpoeHHeM Jauranaos, Hanpumep {Co [(CHj)e—
—trien] Brj* (1.15), rae trien — tpustuaenterpamus N (CHoCHo—
—NHz)3. O6bluHO TakHe KOMMeKcHl MOMHO PaccMaTPHBATBL Kak
obpasylouliecs W3 yacTHU ¢ Gonee BHICOKHM HIH 60jee nuskum KU
OyTem oTmtennieHus (1.15) uan poGaBaenus aurauga (1.16).

~+
i N\N H,0
\ ~CHs NH
Br\l/ -, \2¢/0H2
/CO\ /CIJ\
N N // N 0

/A /N N

_H3C CH3 CH3j CH;_:,J o}

(1.15) (1.16)
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Oas KU 5 Bo3aMoXiibl 1Ba N0BOJILHO TNPABHJbIBIX FEOMeTPHYEC-
KHX PACMOJOXKEHHUS NHTaHLOB: TpHIOHadbhas Oultupamuna (Di,) n
kBaapatuas nupamuaa (Cy). OOGbIYHO TeOMETPHIO TPUIOHAJNbHOH
GUIMPAMHbI MMEIOT KOMIIEKCHE METAMIOB B HH3KHX BaJIeHTHDIX
COCTOSIHHAX, B TO BpeMSl KaK KBaApaTHO-NHpaMuiaJjibHOe PAacClofo-
dKeHHe XapaKkTepHo /LIS KOMIWICKCOB METa/loB 11PaBOU  CTOPOHbI
nepexoaHoro psna, Hanpumep Ni‘t, Co’t, Zn**, Cu**. Komnsekcol
MeJin OBbIUHO CojlepKaT HaMmHoro GoJgee AJAHHHYIO (GoJjee ciaalyio)
CBA3b, HAHPABJCHHYIO K BepliMHe NUpaMubl.

ChenyeT OTMETHTb, YTO FEOMETPHS TPHUIOHAJIbHOH GHITUPAMHUAbL H
KBAAPATHON NMHpaMUIbl He CHJbHO OTJHUYAIOTCA OAHA OT APYTOH, H
HEeOOXOMMbBI JIHUIb He3HAUHTE/IbHbIe H3MEHeHHs YIJIOB AJiA fepexoaa
OHOR KOH(MHIYPALKH B ApPYIYIO.

Koopaunnauvonhoe yucsao 6, HeCOMHEHHO, HaHbosaee yacTo BCTpe-
yaetcs B KOMMJIekcax MetamnoB. Kak npasugo, npu KU 6 komniekcol
MMeloT OKTasapuueckylo koupurypauuio (Ox) (1.17), Ho B psaAne
cIvyaeB ¢ HEKOTOPbIMH JIMFaHAaMHU oGHapyXKeHbl U APYrHe BO3MOX-
Hble KOHDUIYDAUHH, TaKHe KaK TpHroHaabHas npuama (Dix) (1.18):

ARN |
mv (1.17) (1.18)
NV

Psajg metannoB o6paszyer KOMIJEKCH ¢ i(IEHCKA>KEHHOH HJH OUYeHb
MaJO HCKa>KeHHOH OKTa3ApHYeCKOH cHMMerpHeil. K HUM oTHOCHATCH
kommaekcol Zn°t, Cr?t. Co’t W BbICOKOCTIHHOBBIE KOMIJEKCHI
Mn?*, KOTopble HMEIOT CHMMETPHIO OUeHb 6JM3KYI0 K O, KoMnaekch
psila ADY'HX HOHOB MeTaatoB, Hanpumep Cu®t, Ni?t u Co*t,
TaKXKe HMEIOT OKTA3ApPHYECKYIO reOMEeTPHI0 CO MHOTHMH JIHTAHAAMH,
OJIHAKO YacTo OHa CHJAbHO HCKaxeHa. OO6bluHo Habalopaercs ABa
THNA HCKAaXXeHHH — TpuroHajbHoe W TeTparoHajbHoe. B TpuroHasb-
HO MCKa’KeHHOH MOJIEKYJ/Ie OKTA3Ap PacCTSAHYT MW CXKAT BAOJb OJLHOH
H3 ero oceit Tperbero MopsaAKa (Or—Dsx); TETPArOHaNbHOE HCKAXKEHHE
MPOHCXOAHT B pe3yJbTaTe AHAMOTHUHOTO DACTAXKEHHS WJH CHKATHA
BAOJIb OCH 4eTBepTOoro AopAAKa (Op—Day).

T,T\T \

f
Y BN Y 5 A\ '/A\
Wi 1 N/

OueBuiHO, 4TO B MNpejesie TeTParoHajibHOE HCKAKeHHE MPUBOAHT
K TOMY, UTO HCKa)KeHHasl MOJIeKYJ1a TOJHOCTbIO TePAET ABA JMraHaa,
HaXOAALLKXCA B TPAHC-NOMKOKEHUH 1 NpHoGpeTaer KY 4 u reoMerprio
naockoro kBaapara. OKTasApHUECKHEe KOMILIEKCH MOFYT 1iPOSIBJASTD
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KaK reoMeTpHYeCKYio, TaK H ONTHYECKY0 H30OMEpHIO.

Mertanisl nepBoro nepexofHoro psiga peiako umetor KY Gonbue
IeCTH, HO HEeKOTOpble TnpuMepbl H3BecTHbl. Tak, KOMMIekc
[FedATA (H:0)]~ ¢ KU 7 umeer CTpPYKTYypy MNeHTAarOHaabHOI
ounupamuabl ([.19). Bonee Bbicokne KU uMeror MeTannel BTOpOro
M TPeTHEro TepexO/HOr0 PSAO0B, a TaKXKe JAHTAHOH/Ibl H AKTHHOM/IbI,

Oast KH 7 u3ageCTHb! TPH reOMETPHYECKHX PAaCNoJIOKeHHSA: NeHTa-
ronanbHasi 6unupamuga (Dsp) (1.19), osmHowanousasi TPHTOHAJb-
Hasa npuama (Co) (1.20) 1 TpHroHanbHasd Npu3Ma C TeTpParoHaJ/ibHbIM
ocsosanueMm (C) (1.21):

— u —_2-

(1.19) (1.20)

L —
O, 0 0
N\ s
\C:IQ?FC’/

Fe

N4
ph//&/_\?/c\%

C
~
Ph \ph

(1.21)

M3 Heckonbkux nabnopaeMbix kondurypauuit ¢ K4 8 naubonee
oObluHbl KBaapaTHad antunpuaMa (Di,) (1.22) wu monekasup (Day)
(1.23); oHu nosyualoTcsd B pe3ynbTaTe COOTBETCTBYIOUIETO HCKaXKe-
HHs KyOa:

(1.22) (1.23)

Hurepecubiii cayuait npeacrasasier [Zr (C204)4]* ™, B KOoTOpOM
HaJHuHe MNATHUJeHHBIX OKCAJaTHBIX XeJaTHbIX KoJdell HPHBOAHT K
06pa30BaHHIO J10/l€KAa3JPHUECKO! KOHOMHTypauuH, B TO BpeMmsi Kak
[Th (acac)s] u [Zr (acac)4], comepxauite GonblIHe ILECTHUJIEHHBIE
XeJNaTHble LUHKJbI, HMEIOT CTPYKTYPY aHTHIPH3MBI.

B xauectse npumepa Merannoxenatos ¢ KU >>6 M0oxKHO npuBecTH
UHKJIHUeCKHe NMOMH3GPHDPbl H HX aHasord [62, 63]. [TomuMo oTMeuen-
HbIX BBILI2 JIBYX THIOB KOODAHHAUHK HOHOB METAaJ/JIOB ¢ MaKpPOLHKA-
MH 1Jsl HHX BO3MOXHO e€lle OJIHO HamnpaBJ/ieHHE B3aHMO/eHCTBHA,
CBA3QHHOE C pAcKpbiTHEM HCXOAHOTO uukaa [77]. [lpu sToMm o6pa3y-
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JOTCA TPH NPOAYKTa peaKlHH KOMIJeKcooOpa3oBaHUA: C KpayH-
3HpaMH, HX PACKPbITBIMH H TTOJIHMEPHbIMH (POpPMaMH, COOTHOUIEHHE
MEXKIY KOTOPbIMH 3aBHCUT OT [MPHPOAbI pearupylollux BellecTs.

1.4. H3OMEPHSA METAJIJIOXEJIATOB

SIB/ieHHe H30MEpHH (CYlIeCTBOBAHHE COeJHHEHWH, WMEIOIHX OAHH
W TOT e COCTAaB, HO Pa3JIHUHOEe CTPOEeHHe) OoueHb IIHPOKO pacnpo-
crpaHero B xumun HMX. Paanuuator aBe rpynnel H3oMepoB: auacre-
PEOH30Mepbl C PA3JIMUHBIM PacnoJOXKEHHEM aTOMOB B NPOCTPAHCTBE,
HE CBSI3aHHBIM © ONTHYECKOH AKTHMBHOCTBIO, H ONTHUECKHE H3OMEpBDI,
CBfi3aHHble C NPOSBJAEHUEM ONTHYECKOH AKTHBHOCTH KOMIIEKCAMMU.
Kpome Toro, cywecrByloT KOHQOPMALHOHHbIE (B 3TOM CJyyae Komn-
JEKCbl CPABHHUTE/NbHO JIErKO NepeXoAST H3 0/HOH KoHdOpPMaLHK B ApY-
rYI0) W CHHHOBble M30Mepbl (UEHTpPaJbHbIH aTOM B JABYX H30Mepax
OTJIHUAETCH CUHHOBBIM cOCTOsiHHEM ). OO6bIUHO Mepexolbl KOMIJIEKCOB
U3 OJHOH CNHHOBOH (OPMbI B PYTYIO COMPOBOXKAIOTCA TaKXKe H3Me-
HEHHEM TeOMEeTPHUECKOTO OKPYXKEeHHSI LIeHTPaJibHOTO aToMa.
Huacrepeor3oMepbl moapa3fegsiioT Ha FEOMETPHUECKHE H CTPYK-
TypHble H3oMepbl. ['eomeTrpHyeckass H3oMepUsi HabJOLAETCSA TIPU KO-
OpP/HHALHHA TOJHAEHTATHBIX W MAaKPOLUMKJIHUEeCKHX JiuraHnos. B
KayecTBe MPHMEpa MOXHO MNpPHUBECTH TPU H3OMepa KOMILIeKCa

[Co (trien) TauP™t, rne Tan — rauuus:

2+

-

[Ipn koopamnauuu nByx Mogekysa 1, 2-nponusnengnamuHa (pn)
No BepLIMHAM IJIOCKOTO KBajlpara MOryT o6pa3oBbiBaThCsl [Ba reo-
MeTpHUYeCKUX H3oMepa yuc- (1.24) u rparnc-dopm (1.25) B 3aBucH-
MOCTH OT OpPHEHTALUHH MEeTHJbLHOH TPylNbl B UPOUHJIECHAHAMHHOBbIX
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¢parmeHTax:

— 2+ = 2+
H3C H CHs
NH, HaN CHs NHz HoN
ot Pt
NH2  NH Hyc” HoN  HeN
- - - -

(1.24) (1.25)

FeoMeTPUUECKHE H30MEPBI MOTYT MOABUTHCA TAKIKE H3-32 Pa3IHy-
Holl npocTpaHcTBEHHON OpHeHTalHH npoToHa NH-rpynmet B MojekyJe

nuamnempuamnﬂa (dien), KoopAHHHDOBAHHOTO B  KOMILIEKCE
[Co (dien) (en) Cl]*T: -

CrpyKTypHas H30MepHs BO3HHKaeT B HeCKOJbKHX ciyuasx. Haubo-
Jlee npocTod U3 HUX — am@Puduiug, T. e. HAJHUYHE PaA3JHYHBIX CIO-
co60B KoOpAMHAlUMH amOGUAeHTHBIX JuraHaos*. B kadecTBe npumepa
MoXXHo npuBecTd komnaekc meau (II) ¢ N-auetuncasvuunamuaom,
B KOTOPOM M3 ABYX BO3MOXHbIX UEHTpoB XejarupoBahus (1.26)
H (1.27) B KomnaekcooOpa3osaHUM yyacTByeT AHalLHJAMHHOBBIH

¢pparment (1.26) [75]: CH3
04

NH
OH ) 0=
\o ¥
u
/ \
O—\‘< — 0 0
N Cu N HN
o o —0
HaQ (1.27)
(1.26).

Bropo#l cayuaii cTpyKTypHo# H30MEpHH — KOMIMJIEKCH C H30Mep-
HbIMH sHraHnami. HanprnMep, ans Kommniekea naatiHbl ¢ pn o6pasy-

*
B nacrosuiee Bpems Gouee O6UIENPU3HAHHBIM  SABJSETCH TCPMIE S KOHKY-
petiTHaa KoopauHauus» [76].
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¢ios UM THUYJIEHHBIA XeJaTHbld uuka (1.28) ¥ B KOMuJIeKce uMmeeTcs
cB06O/lHa® METHJbHAR I'pyNIa, a ¢ |,3-nporuieHiHaMHHOM — LIeCTH-

yJeHHbIH UMK (1.29), BKIOUAIOWHA TpH MeTHJEHOBbIE TIpynnbl:
F "2+ — 32+
H3C
3 t % Hth( CNHg H2Ni>
NH2 NH NH2 HaoN
(1.28) (1.29)

OnTtHueckas H30MepHs 3aKII0YACTCA B HECOBMECTHMOCTH MOJIEKY-
Jibl C €€ 3ePKaJbHbiM n306pax<eHHeM Ontnyeckasi H30MepHs MOXeT
6biTb BbI3BaHa o KpakiHe#l Mepe 1ByMa 3¢pdeKTaMnu: KOHDUTYpALHOH-
HbIM (pa3/IMuHOe pacnoJoXKeHHe JHUTaHIHbIX Tpynn) W BULHHAJbHBLIM
(acHMMeTpHs JHraHl0B HJH HX [JOHOPHBIX aTOMOB, DposiBAsiIOLIAsICS
PH KOOPAHHALUHWH HX LEHTPaJbHbIM aTOMOM).

KondurypaunoHubie 3 dekTsl OGHap;l}KEHbI BepHepom B HauaJje
XX BeKa npH u3yuyeHuH kommiexkcos Co°" ¢ en. [Ise dopmbl 310TO
KOMINJIEKCa 10 pa3HOMY /eHCTBYIOT Ha NOJSIPH30BAHHLIA cBer: npa-
poBpawatounii A (1.30) u nesospawawownit A (1.31).

B +z H2N 1%
LN
HaN o NH2
C"/.,L'Jo'R :
+y H NT NH, +x
L -7 H2N ]

-+ + =~ =+
Xy Xz yz

(1.30)

Mpocrefiwei unaocrpaunell nposBieHns BUUHHAJNLHOTO 3ddekTa
CAYXKAT KOMNJleKcbl MerasioB ¢ D- W L-amuHokucioramu. Ecau
BO BHYTPEHHEH KOOPAMHAUUOHHOH cepe HaXOAATCA HECKOJbKO ONTH- -
YECKH AKTHBHbIX CO€AHHEHUH, HMEIOUIHX aCHMMETPHYECKHE aTOMbl —
XApaJbHbie LEHTPbl, TO DOSIBJAAiETCH ONTHYECKAs H30MepHsA, npHueM
H3 pacTBOpa OObIUHO BbIIEJASIOTCS JIHO0 paueMHYeCcKHe cMecH d- W (-
H3omMepoB, MHO0 Me30(OpMBbl.

KondopmayronHyio uzoMeprio yaobHee BCEro paccMoTperb Ha
TpUMEpe [ATHYJEHHBIX M LIECTHUYIEHHBbIX MeTaJJOUuHKJIOB. YroJa
D—M-—D (D — noHopHbli aToM) B GOJbILKHHCTBE CllyydeB (OKTas31p
M naockuit kBaapart) pased 90°. 3aech BO3MOXKHbI TPH KOHpopMa-
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unn: & (1.32), A (1.33) n «3acjaoHeHHas» (1.34):

c(2) / ‘

ot 0(2)”

D(2)
\oNo? N/
M\ C(2) M\
/ D(1) / D(1)

\

C(1)
(1.32) (1.33) (1.34)

B koudopmaunu (1.32) cesase D (1) C (1) HanpasneHa Bsepx
no oTHoweHuo K Maockocth DMD, a cBasze D (2) C (2) — BHu3
Mo OTHOLIEHHIO K ToH Xe njockocTH. B kondopmauun (1.33), Haobo-
pot, csasb D (1) C (1) wanpapnena BHu3, a cBsasb D (2) C (2) —
Bepx. B dopme (1.34) o6e 3TH cBsA3W HaNpaB/eHbl BBepX (Wju
cooTBeTCTBEHHO BHH3). ONHAKO L0 CHX NOp «3aCJOHEHHYIO» KoHpop-
Mauuio HabmoaaTh He yaajocb [45]. Ilpu TeTpasapuueckoM pacno-
JIOXKEHHH I0HOPHBIX aTtoMoB yroj DMD npu6aaxaetca k 109° u nartu-
YieHHbIH 1IHKJA oKa3blBaeTcsi 6oJee HAMpsAKEHHbIM H TPaKTHUECKH
MJIOCKHM.

HlecTHuseHHBbIH MeTaJ0XeaT Xapakrtepusyercsi 60JbIIHM pas-
HooOpasueM KoHdopmauukh, a HMEHHO KOH(OpMaLUAMHU <«Kpecaas
(1.35), «BaHHbI» (1.36) ¥ Ha6opoM Mo-pa3HOMY CKOUIEHHBIX Kpece/»
(1.37):

C(3)
, C(2)
D(2)
\ / \ N D(2) SC(1)
/M—-D(1) C(2)—C(3) /M<
N D(1)
(1.35) ¢ (1.36)
D(2) ,C(1)
\M/ >< \0(3)
/ \0(1) C(2)/

(1.37)

B koxdopmaunn (1.35) naockoctu MD, u CCC kak 6bl npH-
noanuMatoTest Han miockoceteio C (1) D (1) D (2) C (2). B xondop-
Manuu (1.36) mrockocta MDy u C (1) C (3) C (2) upumepro napa-
Jejbhbl, & cBsizn D (1) C (1) u D (2) C (2) opHeHTHpOBaHbl BHH3
10 OTHOMWEHHIO K MIocKoCTH M Dy, 1. e. naockocty MDD u CCC opHeH-
THPOBAHbI B PA3HbIX HANPABJIECHHAX MO OTHOLUECHHIO K IJIOCKOCTH
C(HDmub()C (2). B cayuae «cxkommennoro kpecaa» (1.37)
e D (1) C (1) u D (2) C (2) uMeor pasJjiHutiple HallpaBJICHHSA.

PH HAJMHYHH Tpex u 60Jbluero uncaa JOHOPHBIX ATOMOB B JIHT&H-
A€ H COOTBETCTBYIOULEM HUX PACIIONOMKEHHH 1IOSBJSIeTCH BO3MOXHOCTD
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06pa30BaHus 110THXeNATHOTO KOMIJIEKca ¢ AByMs, TpeMsi 1 GO/IbILHM
yucaoM UHKJI0B. ONMH U3 JOHOPHBIX ATOMOB [pH 3TOM BXOIHT OJHO-
BPEMCHHO B COCTaB 110 KpaiHeW Mepe [BYX XeJaTHBIX LHK/IOB, 4TO
HPHBOAUT K PAIJHYHOH B3aUMHOH OPHEHTALMH COCEJAHHX LHK/IOB, B
YACTHOCTH K COYETaHHIO KoHpopMauuih ASA uau 66A u T. A

-

1.5. OBIUHE NPEACTABJEHHUA O XHMHUYECKOH CBA3H
B METAJIJIOXEJIATAX

HaubGosiee npocras 4 BMecTe ¢ TeM ajJekBarHas MofeJb o6pa3o-
BaHHSl XHMHUYECKOH CBA3H B MeTaJ/ljloxeJatax [L0JKHa OCHOBBIBATHLCH
Ha TEOPHH JOHOPHO-AKLENTOPHOr0 B3aUMO/eiCTBHS JOHOPHBIX aTOMOB
JIUraH/jla ¢ YoHoM Metasna. Tem He MeHee NpH OOGCYXACHHH 3HEPTHH
0o6pa3oBaHHA MeTaJjuloxesata HEOOXOAHMO YUYHTbiBATb HOH-HOHHOE H
HOH-HIOJbHOE B3aWMO/EHCTBHA, OCOOEHHO //IsT KOMILJIEKCOB LIeJoy-
HBIX M LIeJOYHO-3eMe bHbIX MeTasnoB [78]. Tlpupoay cua, obyciaos-
JAMBAIOUIMX [OHOPHO-AKIENTOPHYIO CBAI3b, NpaBHJbHEe ONHCHIBATHL C
MOMOULbID TEOPHH MOJIEKYJsipHBIX opOuTaned. OLHAKO BBHAY CJOXK-
HOCTH CTPYKTYpPbl MOJIeKYJ MeTaJ/JloXeJaToOB NpsiMble pacueTbl He
BCeraa BO3MOXKHBI HJH TPeOYIOT NMPH UX NPOBELEHHH 3HAUHTEJbHBIX
JonyuleHuid. [TosTomMy A5 06bsiICHEHHS MHOTHX CBOHCTB MeTasoxena-
TOB 11eJ1eCO006pa3Ho HCNoJb30BaTh TEOpeTHUYECKHe NMOCTPOeHHs:, OCHO-
BaHHble Ha VIIPoLleHHOH ¢H3HUYeCKOH MoAenu CTPYKTYpbl. K Hum,
B 4aCTHOCTH, OTHOCATCH TeOpHH KpHcraaauueckoro noas (TKII) u
noast auravaoB (TILJI).

big
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/
€g P
7 .
/ dzz,dxz_yz\\
/
/ \ ng
t2 / \
/ N —
\\ / \\_—_—\ // dxy
dxy.dyz. dxz ™ d / 1ODq dlz N //
-~ N\ b2 X
€ - \ —— N
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dz2, Gxz-y? \ , .
\ t2g rd AN 31g
\ 7 \
N € S
T —— ~ - EQ dzz
dXV: d)’l- dx: Oxz, dy2 -
dxll dyz
Td ' oh Cav Dan

Puc. 1.3. Paculennenune d-opbutaieit B 10AAX pa3NMUHON CHMMETDUH

B coorBerctBHUM ¢ ocHoBHbIMH mosoxenusimu TKIT npu nepetoce
HOHa H3 C(PepHYeCKOro noJis B NMOJH C HU3LWEH cCUMMeTpHel oblias
HEeprus MoBbilIAeTCs, H NATb BbIPOXKAEHHBIX d-opbuTaJlei paciienas-
IOTCAl HA HECKOJIbKO BBIPOXKAEHHbIX IPynn d-opOuTaned ¢ pa3anyHol
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sHeprueit. Tak, IpH pacno/oXKeHHH OTPHLATebHO 3aPsiKeHHBIX JIHTaH-
AOB (HMJIM JMTAHLOB — AHIOJbHLIX MOJIEKYJ) 110 BepUIHHAM OKTa’apa
d-ypoBeHb paculenjifieTcs Ha /B4 HOBbIX YPOBHS CHMMETPHH €, H ly,
OTJIHUaOLIMXCA APyl oT apyra Ha BeiuuuHy 10Dg (puc. 1.3).

Op6urann e, cuMmeTpud (d._ ., d,.) HampasJeHbl BIOJb oceil
KOOPAHHAT, H 3J@KTPOHbI, HAXOAsIHeCsT Ha 3THX OPOHTAISAX, WCIIbi-
THIBAIOT HaHGoJIblee OTTaJKHBAaHWE OT JHraunoB. Opb6utain i,
(dyyy dyzy dy.) HApaBJIEHB! BIOJIb OHCCEKTPHC KOOPAHHATHBIX [LJIOCKO-
CTeH W 3/€eKTPOHbI HA HHUX - HCNBLITHIBAIOT MeHbllee OTTaJKHBaHHe
OT JIKTAH/0B, YeM Ha ey-OpOGHTansax. MMeHHo MosToMy paccrosiHue
MeX1y 3HeprerudecKUMH YPOBHSIMH €y W [, ([lapaMeTp paculeneHus
10Dg) 3naunrenbro. OHo onpejensiercss NPUPOAOH JHraHa,

[Tpu nanbHefiieM MOHHXKEHHH CHMMETDHHM [0 TeTParoHa/bHOH
“{rerparoHanbHas 6unupamMuia H KBaApaT) 3HEPTETHUECKHH ypoBeHb
eg (cM. pdc. 1.3) pacuiensisieTcss Ha ABa HEBbIPOXKIEGHHbIX NOLYPOBHS
byg (d,._,-opbutane) H ai; (d.-op6utanb). Hx mnonoxenne onpe-
NessieTcsl CHJOH MoJIAA JIMFaHA0B, HAaXOMSILLIUXCA HA OCAX KOOPAMHAT
X,y n z. B ciyuae BHITAHYTOH TeTparoHaibHoM GUIIHPAMUIbL, THPAMH-
Abl ¥ KBajaparta opbutajb d.._ . (cuMMmeTpHs bs) oKa3biBaercs pac-
MoJIoXKeHHOH HaHGoJjiee BLICOKO, a opburaib d,. (CHMMeTpHS a;) —
HUXKE, HHOrLa 1aXe HUXe OPOUTAJH dyy. YPOBEHbB f,, B CBOIO ouepeib,
paculen/isercs Ha 1Ba NOAYPOBHS: byg U €5, OTHOCHTEJbHOE PAacnolo-
KeHHEe KOTOPBIX 3aBHCHUT OT CHJIbI [10J18 JIUFaHA0B, HaXOAAUIHUXCA Ha
OCSIX KOOPIMHAT X W Y W UepHeHAUKYJASAPHOH K HHUM ocH 2. /IBaxk1u
BbIDOXKIE€HHBIH HHXKHHH YDOBEHb €5 UMW e (d.. u d,.) paciuenisiercs
Ha ABa MOAYPOBHA bigz U a2y B N0Je POMGHUECKOH CHMMeTpHH (Do)

*
7 ———— l1u
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- \

*
-7 s \ \ 21
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Puc. [4. Cxema WMOJMCKYASPILIX OPOGHTANCE B OKTASAPHUCCKOM  KOMILICRCE MDY
00pazEBM TOALKO (-CBA3EH
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To e caMoe HPOHCXOJNT 1P AeHCTBHH 1oaeH eule 6oJiee HU3KOH
CHMMETPHIL,

THJI upuBoAHT K TeM e BbIBOJaM OTHOCHTENbLHO YHCJIA H pacno-
JOXREHHS FHEPTeTHUECKUX VpoBHeH d-op6UTadiel, HO €e TeOPeTHYECKHE
HPEeAHOCHIIKH COBEPUICHIO HHLIE, MOCKOJbKY OHa OCHOBLIBAeTCs Ha
MeTole MOJEKYJsipHblX opOutaed. d-Op6uTa/H nepexoldHblX MeTa.J-
JIOB B3aUMO/ECHCTBYKOT ¢ OpOHTAVIAMH JIMTAHAOB 110 O- MJAH N-THUY,
UTO NPHBOAHT K NOABJIEHHIO CBA3LIBAIOUIHX, HECBR3bIBAIOUIUX H AHTH-
CBA3BIBAIOULIHX MOJIEKYJsApHbIX opOutaned (puc. 1.4).

[lpn B3auMoieiicTBHKM NO G-TUNY op6HTaMH, H306pa)keHHble Ha
puc. 1.3, MOXKHO paccMartpuBaTh KaK HECBA3LIBAKOUIME (HU3LWIHE
Op6HTAAH) W/IH AHTHCBA3bIBAIOULHE (BbICIUHE 110 3HEpTHH opbuTaJn).
CBfi3blBawLLIHe OpOUTAJM JIOKAJAM30BaHbl NPEHMYULECTBEHHO Ha J0-
HODHDBIX aTOMaX JIMTAH/AA H paCCMATPHBAIOTCH NPH aHAJIU3E CIEKTPaJlb-
HbIX [0JIOC NEepeHoca 3apsua.

ITpn Hanuuuu ‘HeCKOABKUX d-3J€KTPOHOB HEOOXOMHMO VYUHTH-
BATb MX B3aWMHOE OTTAJKHBAaHWE, ¥ o0was KapTHHA pacllenyeHus
TepMOB B 110JSIX Ppa3J/HYHOH CHMMETPUH CTanoBUTcs euwe OoJee
C10XHOH. JTOT Bonpoc 6yneT noJpo6HO PACCMOTPEH B NMOCJELYIOULHX
rjiaBax.

Hast KauecTBEHHOro onucadHua Muorux csoiicte HMX nogesnod
OKa3aJjlaCb KOHLENIHSA EeCTKHX H MATKHX KHCJIOT H OCHOBAHUK
(KXMKO), npeasoxennas I[lupconom [79]. CorsnacHo 3TOH KoH1en-
LLHH, COCIAMHEHHSA CJelyeT paccMaTpHBaTb KaK MOJIEKyJspHble
KOMILIEKCbl KHCJIOT W OCHOBaHui JlbloWca, a XHMHYecKHe peakiluu
B GOJIbLIHHCTBE CBOEM TPAKTOBATh KAK KHCJAOTHO-OCHOBHOE B3aHMO-
de#crue. llkana JKMKO nossosisier KiacCH(pHUHPOBATH KHCJOTHI
H OCHOBaHHSI Ha <«KECTKHE», «MATKUE» H «NPpOMEXKYTOYHBIE»
(raba. 1.1). «Msarkoe» ocHoBaHHe — 3TO JOHOP, BAJIEHTHBLIE JEKTPO-
Hbl KOTOPOTO JIEFKO MNOJASAPH3YIOTCHA; «KECTKOE» OCHOBAHHE — 3TO
ILOHOPHBIA aTOM HHU3KOH nosasipuayemoctd. «Kecrkasi» Kucjaora —
aKLEeNnTop MaJjoro pa3mepa C BbLICOKHM NOJOXUTENbHbIM 33psiA0OM H
c1ab0# NONAPH3YEMOCTDIO; «MATKaA» KUCJI0Ta — akientop 60/buioro
pasMepa € MaJblM NOJOXHUTENbHBIM 3apsaioM U fogaee Jerko# noss-
pusyemoctbio. Konuenuua JXKMKO ycranas/iuBaer, uYTO KecTKue

TABJIMLA |.|. Kaaccugpukarusi ocrogaruii u xucaot no flupcony

XKecrkue [TpomencyTouHble Msrkne

OcHoBanud

H,0, OH—, F~, CH;COO~, CsHsN, CeHsNH., I7, CN—, CO, CgHg
C]_, CH3;0H, NH;«), CH3NH4 Br—

Kucnorhn
H*, Li*, Nat, K+, Be’™, Fel*t, Co*t, Ni*t, Cu'*, Ag*, Hg™,
Mg?t+ Ca’*, Mn*t, APt Cu?*, Zn** Ru**,  Pd**, Pi2t,
La*t, Cr*t, Co*t, Fe’t, Os*t, Rh*T, Hg*+, Au*t, Rt'T

Ti*+, vO2+, U0t
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KHCJOTbI NPeANOYTHTENbHO CBA3LIBAIOTCS € KECTKHMH OCHOBAHHSIMM,
a MSArKHe — ¢ MACKHMH OCHOBAHHSIMH; KHCJIOTHO-OCHOBHOE B3AaHMO-
IefiCTBUHe ¢ Y4acTHeM NPOMEXYTOUHBIX KHCJIOT M OCHOBaHHH Tpebyer
cnennanbHoro paccmorpentst. Konnenunsa XXMKO He siBasietcsi Konu-
yeCTBEHHOH, OHa 3HaeT HeMaJlo HcKJOUYeHHHA. TeM He MeHee OHA OKa-
3a/71acb N0Je3HOM KaK [IPH KaueCTReHHOH olLeHKe cTaGHJIbHOCTH MoJie-
KYJSIDHBIX KOMIJIEKCOB, TaK H NPH OODBSICHEHHH PSila APYTHX XHMHye-
cKUX peakuuil. Beliy npeanoxennl pasdauunble KPUTEPHH OTHeCeHHUs
KHCJIOT U OCHOBAHHH K «XKECTKHM>» U «MSACKHM», BbIIBJICHbl HEKOTOPbIE
«npelncKa3aTelbHble» Bo3MOXHOCTH KoHuenuud KMKO. Hdetanbuei
aHaau3 npumenenuss koHuenuun JKMKO B KOOpAHHALHOHHOA XHMHH
nposeseH B MoHorpacduu [76].

1.6. YCTORYHBOCTb METAJIJIOXEJIATOB

XenaToo6pa3oBaHHe SABJASIETCSE UACTHbIM CJyyaeM KoMilekcoobpaso-
BaHHs, 103TOMY pPaBHOBeCHe, yCTaHaB/AHBaloOllleecs B pacTBOpe, Colep-
KallleM JIUTaHA U HOH MeTaJsl/1a, MOXHO ONUCAThb B TeX Xe TepMHHAX,
yTo W KoMmnJekcoo6paszosauwue BooOGuwe. Korna surann sisasiercs
He3apsKeHHOH yacTHlEeH, KoMIleKcooOpa3oBaHie NpoOTeKaeT CTyNneH-
4yaTo NnyTeM IMO0C/Je/l0BaTe/bHOI0 3aMelleHHsl MOoJeKyJl BObl THApa-
THpOBAHHOTro HoHa MeTaJJna:

K,
M (HgO)f’L-*'—L =M (HQO),\:_(LH++H’ZO
K2
M (H;0) (L"" +L =M (H:0)—2L5" + H:0

Hns 6unentatHoro aurauaa (L—L) nBe mosexkyabl Boabl 3aMe-
HIAOTCH Ha KaXX[0H CTa]lHH:

M (H:0)i" 4+ (L—L) = M (H:0),_» (L—L)"* 4 2H.0

Hnst peakuuii MexXny rupaTHpPOBAHHBIM HOHOM MeTaJla H JiH-
raH/10M CTyleHYaTble KOHCTAHTbl paBHOBecHsl Oy1yT onpeaensiTbCs
clelyouluM obpasom:

_a(MLja(H0) _a(MLp)a(Hy0)

"Tama) 7 a(MLa(L)

(@ — aKTHBHOCTb, KOOpAHHHPOBaHHbIE MOJNEKYJbl BOAbl H 3apsijibt
ANIA KpaTKOCTH onyuleHol). B pas6asnenHbix pacrBopax a (H.O)
OCTAeTCH TPAKTHYECKH NOCTOSIHHOH M TAKUM 06Pa30oM MOXKHO olpeje-

JUTb  APYTYIO NOCTOsIHHY©O K| — TepMOAHHAMAYECKYIO KOHCTaHTY
YCTOHYHBOCTH (WM oOpa30oBaHHAA) KoMiekca ML:
Ki _ aML) (MU (M)
3(H;0) " a(Mja(L)  [MIIL] y(Mp (L)
3necb B KBaApaTHBIX CKOGKAX Aailbl KOHUEHTPAIMH, a y — KOIpPH-

HHEHThl aKTHBHOCTH. K| siBasieTcs TEPMOANUAMHYECKON [MOCTOAHHOH
W HE 3aBHUCHT OT HOHHOH CHJbl PacTBOpA.

Ipyrasi noctosirHas K§ — KOHUEHTpaiHOHHAR KOHCTAHTA ycTOH-

KI:
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GHROCTH MOXCT GbITb ONpefe/ena ¢ MOMOIIbI0 KOHUEHTPAIHH NpH-
CYTCTBVIOHLHN BCILLCCTB:

KV = [ML] / ([M] |L]).

OHa H3MEHAeTCHA B 3aBHCHMOCTH OT MOHHOH cuabl pactBopa. C Bo3-
pacTaHHeM pa3baBieHHsl KOIPOHIHEHTH AKTHBHOCTH TPHGJIHIKAIOTCH
K elMHHIle u, TaKum obpa3oM, K{ — K|. KoHueHTpauHoHHbE KOH-
CTAHTBl YCTOHUYHBOCTH ABJAIOTCHA YIOOHBIMH [JISi ONHCAHHUS CHCTEM,
B KOTOPbIX KO3(M@HIHEHTb aKTHBHOCTH pearupylowuX uacTHI[ He-
H3BECTHLl (4TO W Habopaetrcss B OoJibLIMHCTBE ciyuyaeB). Ecau
KOHLEHTPAlLlHOHHAA KOHCTAHTA YCTOHYHBOCTH M3MepeHa B LIHPOKOM
HHTEPBAJIC HOHHOH CHJIbI, TO €€ 3KCTPanoasiuell Ha 6ecKoHedHoe pas-

HaBJeHHe MOXKHO NOJY4YHTb BeluuuHy K{. OnHaKo B peasbHbIX CHCTe-
MaX MoJb3yIOTCHi B OCHOBHOM KOHII€HTPALLHOHHOH KOHCTAHTOH YCTOF-
YHBOCTH, KoTOpasl jajee Oyaer o603Ha4aThCs NMPOCTO KaK KOHCTAHTA
ycrounpoctd. Hapsay co crynenyarthiMu KOHCTAHTAMH YCTOHYHBOCTH
HCOOIb3YETCH NMOHATHE O6ULEH KOHCTAHTBbl YCTOHUKWBOCTH f,, KOTOpas
CBA3dHA CO CTYUEHYATbIMH KOHCTAHTaMK OPOCTHIM COOTHOLUEHUEM:
B,= K K:Ks... . Hanbonee pacnpoctpaHenHblii MeTol onpeie/eHus
KOHCTAHTbt ycTOHUHBoCTH — pH-nmoTenunoMerpuueckoe THTpoBaHHe,
Mpyd KOTOPOM IPOBOASIT THTPOBAHHE JIMFAHIOB B TNPHCYTCTBUH H B
OTCYTCTBHH HOHOB MeTtassa. B Takom ciayuyae HaGawpaeTcss KOHKY-
PeHILUSt MEXY TPOTOHOM ¥ HOHOM MeTaJla 3a ob/alatue JUraHIoM.
[Tpu pH-morenunoMerpuueckoM THTPOBAHHH TTPOUCXOLAT, O KpalHeH
mepe, [Ba npoiecca:

Ht+L = LH": HT +MLY == LHT + M+
Koncraunty yc‘roﬁwsocm BBIYHCJARIOT C HCTOJb30BAHHEM OJHOH H3
ABYX Qopmya: ¢pyHKuHH ob6pa3oBanus bbeppyma
H=(CL—~[L]) / Cn

H.1H (pyHKLLHH 3aKOMIIVIEKCOBAHHOCTH

d=Cly / [M].

3iecb C! W Cjy — ofiKe KOHIEHTPallHH JHraHia H MeTaJja, a
[L] u [M] — ux paBHOBeCHble KOHLEHTPalHH. ITH QYHKIHA CBA3A-
Hbl C KOHCTAHTAMH YCTOHUHBOCTH CJEAYIOUIHMH COOTHOLIEHHSAMH:

_KyfL1+ 2K,[L]2 + 3K3[LPE + ...
"= + Kq[L) +Kp[L]2 + K3[LPB +...0
D =1 +K1[L]+K2[L]2 +K3[L]3 +ien .

Herajbnoe onucanue MeTOJAHK MPOBELEHHA SKCIIEPHMEHTOB NIPHBO-
IUTCA B pajfe crelualbHbIX pyKosoacTB [80—82]. 3aech xe orMe-
THM, 4TO no KoHcTaHTam ycroihuusocTH HMX HakonseH 3HadnTenb-
HbIAl 3KCTepUMEHTAbHBIA MaTepHaJl, NO3BOJRIOWHH AeJ1aTh ACCTATOU -
HO rJjy6okHe o6o6ulamouiHe BbIBOIbIL. Tak, uMewUlHecH [AaHHble
(Tabua. 1.2) cBuaeTeNbCTBYIOT O TOM, HTO MeTaJJOXE]aThl 6oJiee
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TABJIMLUA 1.2. 3nauenus K, daa azorcodepacawjux aucandos [83]

Jlwraua
Hon Meranna [ r \
NH; NH, NH, NH, NH NH, | NH, 'NH NH NH,
Mn?t — 500 10* 10°
Fe?*t — 2.10* 1,7-10° 108
Co** 100 8-10° 2-10° 10"
Ni?t 500 4.10 G- l‘O“J 1o
Cu?t 12-10° 5.10' 10'° 102¢
Zn*t 200 8-10° 10° 10'2

YCTOHYUBLI, YeM HX HeLHKJHYeCKHe aHaJoTH. XapakTepHod ocobeH-
HocTbio HMX sB.sleTcsi CHMI>KEHHE 3HAa4YeHHUH CTyMeH4YaTblX KOHCTaHT
ycroduuBoctd (puc. 1.9). K uHTepecHelM BbiBOAAM MIPHBOAUT COMO-
CTaBJieHHe KOHCTAHT yCTOMYHMBOCTH XeJIaTOB MeTaJ/lJIOB C OJHUM H TeM
e JsiraHjaoM, HanpuMep en (puc. 1.6). OkasbiBaercsi, 4TO He3aBH-
CHMO OT MPHPOABI AOHOPHOH TPYMNb YCTOHYHUBOCTb KOMIIJIEKCOB

gk 1985
\1\Q
15
7 -
10
5¢ 5

o
o Sc TiL V Cr Mn Fe Co Ni Cu Zn

Puc. 1.6. O6mine KOHCTAHTBl YCTOHYHBOC-
TH KOMIJIEKCOB JBYXBaJeHTHbIX MeTaJ//ioB
nepBoOro nepexoiHoro psajga c en 86

U.' —m—
T |
N N

-
8 =~
s\

Puc. 1.5. 3naueHnn KoHcraHT ycroiuuBocTH lg K komnaekcos uuhka (I1) ¢ xena-
tupyouinMn auraigamu HSCH,COOH (/), en (2), NH.CH.COOH (3), HOOC -
—-COOH (4) npu 298 K [84, 85]

H3MeHseTcAa B onpeaeseHHOM pPfAAYy, MNOJAyuMBIUUM Ha3BaHue psja
HpeuHra — Yuabsimca. Tak, AJds1 OKTa’ApUUYECKHX KOMILJIEKCOB THUNA
MDs ycTOHUMBOCTb U3MeHsieTcsl B psiay [87].

Ti*t < V't > Cr*t > Mn’t < Fe't < Co’t < Ni*t <
< Cu*t = Zn®*

Ti't < V¥t < Cr*t > Mn*t > Felt <« Co®t < Ni't > Ga*t
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1.7. XETATHbIA H MAKPOILHKIIHYECKHNA 3D OEKThI

Xenathblii  3¢dekt  (XI) — 370  BLIUrpLIL  CBOGOAHOH 3HEPruw
(8AG ) NPH NPHCOCIAHHEHHH K HOHY MeTaala GUAeHTATHOro Jidraiaa
(AG ) MO CPABHEHHID C IIPHCOCAHHEHHEM K HEMY ABYX MOHOJEHTAT-
HbIX JIMraHaoB (AGn) € TeMI Xe ROHOPHbIMM atomamu [36]:

SAG oy =AG oy — AGm.

Brnepsoie TepMHH «xesnaTHbIH 3d@eKkT» Owl npeptoxed B 1952 r.
UlsapueH6axom |88].

B coorsetcrBuH ¢ Bbipaxendem AG=AH —TAS pasanuaior
sHTanblnulinyilo AH u sutpomuiinyio AS cocrasaswoude X3. B
HacTosiulee Bpemsi obulenpu3Hato {36, 76, 80, 89, 90], uto ocHOBHOM
BKJAal B X3 BHOCHT 3HTPOMHIHAA COCTaBJAsAIOILAES, B TO BpeMfA Kak
BAHAHHE 3HTAMbNHHHON cocrtaBAsoulell He3HAUHTE/IbHO.

X3 6oviee BbIpaXKeH ANY KOMIVIEKCOB HepeXxOAHblX MeTaJJoB, ueM
HenepexoaHblX. B cayuae nocjeaHux ero Be/lMYHHA MOYTH MOJHOCTLIC
onpefesieTCA SHTPONHAHON cocTaBadoUled, a MJg KOMIVIEKCOB fiepe-
XOJIHBIX METa/ /OB B HEKOTOPBIX CAYd4asX CKA3biBaeTcsi U H3MEHeHue
SHTANBNHH. XD yMEHbLIACTCA B DALY MepexXoAHblX MeTaslJloB ANl HX
voHos caeaviowndm obpasom [36]: Cu>Ni>Co>Zn>Cd, uyr0
noireBepxxjlaercsd 3HayeHuaMH, Hanpumep AG= —18,0;, —13.2;
—13,0; —6,3; —5,0 k/[)/M01b COOTBETCTBEHHO AJA Cheaylolned
peakunu [91]:

[M (NHj3); (H20).]*t +en == [M (en) (H20).]*" +2NH;

Houpl mMeau, Hukessd W kobajdbTa MUMeElOT BaKaHTHble d-opbUTaJH
H 0O6pa3yT A0CTAaTOYHO IPOYHbIE 0-CBA3H MeTallll — as3oT, B AaHHOM
clyyae 3HTanbNHA oTpuuaTesbHa. UTo »Ke KacaeTCd MOHOB LIHHKA H
KaaM¥s, d-NOAYpOBEeHb KOTOPBIX 3aMOJIHEH, IHTAJbIHA [OJIOXKHTE/b-
Ha WAM OJH3Ka K HYyJI0, H XeaaTHblH 3pdexkt obycnossed, Kak H B
cllyyae HeflepexXOAHbIX HOHOB METAJJ0B, IHTPOMHHHOA COCTABIAAIL-
wed. Jlnsa noHumatnus npupoabl XD He0OX0AHMO pacCMOTPeTh OTAR/b-
HO BKJdAbl HTPONUNAHOTO M SHTAJNBIMAHOrO 4/€HOB B HabJ/lOAdEeMble
H3MEHeHHA CBOOOAHOH 3Hepruu KOMMIEeKcooOpa3oBaHHS.

YuuTpIiBaf, yTo peakinusa xenatoobpaszoBaHusa MPOTEKAST B paCTBO-
pe, MOXHO 3anucartb

ASY

Mi+L, == (ML),

Toma 3TOT Npouecc MOXHO p836HTb Ha HEeCKOJIBKO rufloOTeTHYECKHX
3JEMEHTApPHBIX [POLEeCCOB

ASY ASS
AS! ASH

M4 L = ML ML = (ML),

W NPeACTABUTH H3MEHEHHe 3HTPOMHH BCero fpouecca CAeRYIOUHM
obpa3zom:
AS!=AS§+ AS;+ASI+ASE=AS s+ AS,
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rae AS! — surponus peakuWH B pacrtsope (ofmpenessieTcs skcne
PUMEHTaJNbBHO) ; ASY — IHTpONHA peaKUHH B ra3oBod dase (paccuu-
TeiBaeTca Teopetndeckh); AS ;. — HTPOMKA COMbBATALHNH, KOoTOpas
onpeaessieTcA Kak PasHOCTb MEKAY SHTPOMHEH B pACTBOPE u razoBod

(pase.

Kak 6bio nokazawo B pabore [92]. AS? onpepeasiercs
KaK CymMMa H3MeHeHHH IHTPONHH MepeHoca AS,.,, BHYTpeHHero Bpa-
wenust AS,, .., cummerpuu AS,,, H30MEDHH AS, .o KONE6aHus
AS,, u Bpawenus AS . 10o3TOMY AS, mMoxeT ObITb BbIuHCJIeHa [

CAEAYIEMY YPABHEHHIO:
AAS[IJ = ASCDJ][-,B + AS"ep + A‘SBH, Bp + ASCHM + A“SH30M + ASKO.’] + A‘Sap

Meroabl pacueTa 3HTPOMHH XelaTooOpa3’oBaHHs H OTAEAbHBIX
BKJ1a 0B oapo6Ho 06¢yx natoTest B pabotax [37, 92]. 3nech Mbi oTMe-
THM pe3yJ/ibTaThl, MoaydeHHble [66] npH pacuere OTAE/bHBIX BKAAIOB
(taba. 1.3) B 3HTpONUIO XesaTooOpa3oBaHHA CJAeAYOWEeH peakuHH:

-_

= [M (en)s (Ho0)6-24]38 +
Ha, o

[M (NH;CHa)2n (H2O)6—u]%F +nen,

CymMa 3THX BK1aaoB Aaet olliee H3MEHEHHEe SHTPOMHH, KOTOpOe yI10B-
JIeTBOPHTE/IbHO COTJacyeTC € 3KCIEPHMEHTAJbHBIMH  JaHHBIMH.
SxcnepuMenTasbhble [91] (uHcauTeNb) M pacCUHTaHHble (3HaMmeHa-
Tesib)  3HAUEHHA  H3MEHEHHS  SHTPONHH  XeyaToo6pa3oBaHus
(Ix/mosb) B BogHoM pacteope npH 298 K npusedeHbl Huxe:

Cd (NH.CH3)3t 4en = Cd (en)?* 4+ 2NH,CH; 29/29
Cd (NH.CH3)it 4+en = Cd (en)3t +4NH,CH; 80/ =59

Kak BHAHO W3 AaHHbIX Tabu. 1.3, MOJNOXKHTENbHBIMH SIBJIAIOTCS
BKJIabl MepeHoCa, BHYTpeHHero BpallleHud, H30MEPHH H CHMMETDHH.
Bkaan nepenoca onpeaensercs Tem, uTto [pH peakuHH xeaatoobpaso-
BaHHsi YHCJIO 4aCTHU yMeHbUIAeTCst TOJMbKO HA OAHY 10 CPABHEHHIO C

TABJIMUA 1.3. Oyenka skaados (xc/monv) paszausnvix paxkropos
8 3HTpOnuo xeaaroobpaszoeanus
OAR OKTAIOPUMECKUX KOMNACKCOB 6 BOOHOM pacreope npu 298 K

Daktop t‘g:g::r{:)lio Brnaa ua O6uNd BRAAA
Anrans KOMILTeRC A
CosbBaTauus —83.8 0 —83.8
[Tepenoc 142,9 0 1429
BuyTtpeHee ppauwenue 60,3 0 60.3
Cumsmerpus 59 10.9 6.8
HM3omepust 0 5.4 5,4
KoneGanus —59 5.9 0
Bpaenus — 469 _“‘r;:‘ — 1123

n yacTtvllamMH B

(

PEAKUHAX ¢ MOHO(
N — YHCJI0 AOHOPHbIX
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MONOMKHTENLHBIM H BKJAAL 3HTPONHH BpalilleHHs (MeHbulee H3MEeHeHHe
yHeaa BPallaoLIMXCH 4acTHIL).

OTpHUATENLHBIMH B 3HTPOIIHH Xenatoobpasosanus OynyT BKIAb
COMbBATAIHH, TdK Kak HECKOAbKO MOHOACHTATHBIX JIHIFaHAOB
CONBBATHPOBAHBI CHJIbHEE, UeM OLHH XeRaTHPYIOLWHH JHraHa, 1 orpa-
HHYEHHA BHYT, "HEro BPAlIeHHs H KOJeOAHHS B XenaTHPYIOLLHX
AMTAHAAX TpH KOmnjekcoobpa3oBanHH. MoXHO monarath, 4to COJib-
BaTallHOHHbIH (PAKTOP B OpraHHUeCKHX pacCTBOpHTENAX Oyler MeHee
CYlLeCTBEHHbIM, UeM B BOAHbIX pactBopax. [losromy u3ameHeHHe
SHTPONHH B OPraHH4YeCKoOM pacTBopHTene OyaeT Ooablue, 4veM
B BOAHOM pacTBOpe.

Boabluoe BavsiHHe Ha X2 okasblBaeT pasMep MeTajUlOLHKJA.
B coorBercTBuH ¢ npasuaom Yyraesa Hanbonee cTabUADHBIMH SBJIS-
IOTCH [ATH- W lIeCTHUNeHHble UHKAb. [IpH yMeHbUICHHH pa3mepoB
LHKJIa BO3HHKAIOT HAMpSKEHHs!, MPUBOAsILIHE K CHHXKEHHIO YCTOH-
UUBOCTH KOMIlrekca. B 10 Xe BpeMs ¢ yBeJHueHHeM pa3sMepoB LHKJA
YyMEHbILIAeTCH BEPOSATHOCTb 3aMblKAHHS METAJIOLHKJIA.

[Ipn yBeaHueHHH uHCAa HHKIOB X3 3HAUHTEIbHO BO3pacraer
[36]. Onst xapakrepHCTHKH [MOJHLHKIMYECKHX KOMILIEKCOB BBEACHO
MOHATHe «M[OJMXeRaTHbH 3(QeKT», KOTOpoe olpeaensieTcss Kak
BBIMIPbIL CBOGOAHOH aHepruu (OAG ..) pH 06pa30BaHHH MOJHXeNaT-
Horo kommnekca (AG,,,,) 0 CpaBHEHHIO ¢ 06pa30BaHHeM KOMIlJleKca
MeTanna ¢ MOHOPYHKUHOHANBbHBIME JIMTAHAAMH C TEMH K€ J1OHOPHBIMH
atoMaMu (AGR):

OAG e =A0 e —AG

Eute 60nee ycrofuusble KOMILIEKCH 06pa3yioTCs IPH B3aHMOLEHCT-
BHY HOHOB MCTAJLJIOB C MAKPOIUHKJIHUCCKMMH JIUraHaaMHu. DT1oT 3¢-
QEKT NONYYHN HA3BAHHE «MAKPOUHKIHYECKOro» [93] W nposiBasiercs
KakK B 3HTPOMHHHOM, TaK U B SHTAJBLIHAHOM uneHax [94—96]. BHaua-
Ne OH OfpeAessiiCA KaK BBIMIPBILL 3HEPrUH [0 CPABHECHHIO ¢ OTKPbI-
TOLENOUHBIMH Juranaamu [93, 97]. Onnako 6oJiee fnpeanouTHTE b-
HO [POBOAHTH CpaBHeHHe CBOOGOAHBIX 3Hepruil 06pa3oBaHHS MaKpo-
LIHKJIHYeCKOro KOMIJIeKCa H KOMILJIEKCa MeTaJsia ¢ MOHODYHKLIHOHAb-
HbIMH Jivranaamu [36]. Hanbosee BaKubiM hakTopom, IPHBOASILLHM
K MaKPOUHKIUUECKOMY 3DPEKTY, ABAAETCSH 3aBHCHMOCTb KOMILIEKCO-
0o6pa30BaHHA OT CONbBATALHMOHHOrO BKJaaa [94—96].

laasa 2
XEJIATUPYHOIUIHE MAKPOJIUTAHbI

BonbuinkeTBo H3BecTHBIX K HacToOsiieMy BpeMend MMX nosnyueo
B3aHUMO/leACTBHEM HOHOB METAJIOB C XeJATHPYIOLIMMH MaKpOJHraH-
aamu (XMJT). T1o3TOMYy KOHCTPYHPOBAaHHE JHMFaHAOB [Ipe/CcTaBisier
oGO0 BaXKHYIO, @ B HEKOTOPBIX CYYasiX i PEIAoUIyO 33134y ¢ TOYKH
3peHus kak nmonyvyeduss MMX, Tak u ero nanbHeiwero npaxTHUECKOro

31132 33



ucnoab3oBanusa. [load xeaaTupyolMMH MakpoJaHraHaiaMH Mbl MOHH-
MaeM BbICOKOMOJIEKYJsipHble coeAHHeHHA (opraHvueckKoH, 3J€MEHTO-
OpraHHuecKod HAH HeopraHHueckKo# MpPUPOAbI) € MOJHAEHTATHBLIMH
GYHKUHOHAADHBIMH TPYMMaMH, cNOCOGHBIMH 06Da30BLIBATL MPH B3aH-
moZeicreuu ¢ MX, Mmetaanouuxka. B rakom urmpokom nonumanuun XMJI
[0 HACTOSAUero BpeMeHH B JHTepaType He paccMaTPHBAINHCh, TO3TOMY
orcyTcTByeT eauHas kiaaccudukauus XMJI. Tlo-suaumomy, takas
kaaccHpuKayua A0/KHA YUYHTbIBATH CAeAYIOLLHEe MOMEHTBI: NpUpOdy
u mMetod nogrotroBkd XMJI (cuHTeTHUecKHe, HeopraHwueckHe u GHO-
MOJMMEPDbI); METOd H YHCHO CTAAHH (PYyHKLHOHAJAU3AUHK (nojaumepu-
3auus, MOMMKOHAECHCAUHA H MOJHMEepaHAJOrHuHble MpeBpaleHHsa);
(H3HUecKHe XapaKTepHCTHKH rnoJjumepa [roMo(co)nosuMepbl, CLIH-
Thl€, MPUBHTbIC NMOJAUMEDPDBI H Tein]; CTPYKTYPHYIO OPFraHH3aUHIO MOJH-
Mepa (MOJEKYASPHbBIH, HAAMOJEKYJAAPHbIA U TOMOJOrHUECKHH ypos-
HH); XapaKTePHCTHKY XeNaTHPYIOUIHX ¢dparMedToB (CTPYKTypa, THM,
KOHUEHTpauHs, MpHpoaa AOHOPHbIX aTOMOB H T. 1.).

Cienyer OTMETHTb, 4to M0 opMaJdbHbIM MpH3HAKAM J106oe
B3aUMOAEHCTBHE B CHCTeMe COeAHHEHHe MeTastla — MOJHMEPHbIH JIH-
radjg MOXKHO paccMaTpuBaTh KakK peakuHvio XejaatooGpasoBaHud
(MHOTOTOUEYHOE CBA3bIBaHHe MeTajja ¢ OIHHM [OJUMEpOM).
Tak, [D0BOJIBHO 4acTo MoJAMAeHTaTHasg uMMoOOHAH3auHsA MeTaaJa
Habjwonaercss B cayvyae MoaHMepoB ¢ MOHOPYHKUHOHANLHLIMH TpYyII-
MaMu, HalipuMep MOJAHBHHHAMHPUIHHOB, MOAHKHCIAOT, TOAHBHHUAOBOTO
cnvpta v T. A. [5]. [1puuem B Takux cHcTeMax 0oQHOBPEMEHHO HabJIo-
AAIOTCA KAaK MOHOAeHTaTHOe, TakK M OGHaeHTaTHOe BHYTPHMOJIEKY.IAD-
HOE M MeXMOJIeKyJsipHOoe CBA3biBaHHe MeTasjJa:

Mxn M

T \
Lo L L*)Mxﬂ
’I\./L LA =k

Onunako B Hacrosiule# pa6ote MakKpoJAHTraHibl ¢ MOHOGYHKUMOHA.Ib-
HbIMH TpYI1aMH pacCMaTpHBaTbCA He GYIYT.

2.1. CHHTETHYECKHE NOJIUMEPbDI

MakpoMosieky/isipHble  OpraHHueckHe H 3JIeMeHTOOPraHH4ecKHe Co-
e1UMHEeHHd, cOolepXKalllie XenaTHPyolLHe GparMeHTsl, NPeacTasBIfioT
co6oil Haubonee MHorouuciennyio rpynny XMJI. B oranuse ot MmA1
Ha Heopranvyeckod ochose (cM. pa3a. 2.3) ouu o6aanaior pHLLOM
IIPEUM Y eCTB!

Ha/MuHe OGOJIbLIOFO uHcia (yHKUHOHAJAbHBIX (XeJaTHPYIOUHX)
Fpynf 1 CPABHMTEIbHASA JETKOCTb WX MOAH(PHKAIHH;

LWHPOKHHA HNTEPBAJL YAEHALILIX MOBEPXHOCTEH W paimepon 1op;

_KOHTPOJMpyeMasi PacTBOPHMOCTb M Ha6YX4eMOCTb B DEaKIlHOH-
HO¥ cpene;

peryaupyemMasn MoJIBHXHOCTb CErMEHTOB LU (M COOTBETCTBEHHO
XeMaTHPYIOULHX (DPAarMeHTOB)
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HH3KAasl THTPOCKOTHUHOCTb H YCTOHUMBOCTb B IUHPOKOM HHTEp-
Baje pH;

cnabas gu3Hueckast aacopbUHOHHAS CNOCOGHOCTD;

BO3MOXXHOCTb BBeAEHHSA XeJaTHPYIOWHX Tpynrn Ha CTadHH 10ay-
yeHHs! U NPOTHO3HPOBAHHS HX paclpeaeseHHs.

Meroan noayuenns. [das nonyueruss XMJI Ha ocHOBe CHHTeTHuUe-
CKHX TOJHMEPOB HCIONL3YIOT TPH OCHOBHBIX MOAXOAA:

NONUMEPH3aLHS, COMOJHMEPH3aUHsA H NPUBHBOYHAS MOJHMEpH3a-
IH MOHOMEPOB C XeJaTHPYIIHMH DparMeHTaMH,

MOVIMKOHAEHCAUHA COOTBCTCTBYIOLIMX COeiHHEeHHHE, HpHBOAsILLAS
k XMJI,

MOVIKMEPaHaNOrHUHbe NMPeBPaLCHHst PYHKUHOHAAbHBIX TPynn no-
JUMEPOB AJs1 CO3/aHHS XeJATHPYIOUIHX (parMeHToB.

[TonnMepH3auHoHHbIe CriocOobbl MO3BOISIOT HOJYUATh B MSATKHX yC-
JIOBHSIX XeJAaTHPYIOIHE MAKDOJUTAH[bl, KOTOpble HE COAepXxar fo-
60UHLIX QYHKUHOHAAbLHLIX rpynna. Kak npasuao, aast cHHTe3da XMJI
HCHOJAB3YIOT CBOGOJHOPANHKAIbHYIO MOJHMEPH3ALHIO XeIATHPYIOWHX
MOHOMepoB. sl 10JyueHHst npOCTPAHCTBEHHO CUIHTHIX NOJMHMEpOB
MOJUMEePH3AUHIO HPOBOAAT B NPHCYTCTBHH AHBHHHJIbHBIX COegHHe-
HUH, Hanpumep AuBHHUAOcH3osa ([ABb), N,N’-MetuseH6HcakpHa-
amuaa (MBA) u 1. a. OnHaKO accOPTHMEHT MOHOMEPOB, MPHTOAHLIX
s npsiMoro cuHtesa XMJI, kpafiHe orpauunued. [lostoMy moayue-
uie XMJI noauMepusauueii, conoanMepusanredl U HPUBHBOYHONR HO-
JHMepH3auHeld XeaaTHPYOLIHMX MOHOMEPOB NPHMEHSIIOT CPABHHTEbHO
PeaKO, uTO O06DBACHAETCH, B MEPBYIO ouepelb, CAOXHOCTHIO CHHTE3a
TAKHX MOHOMEPOB. DTO OCOGEHHO HATVIIAHO BUAHO Ha npHMepe HOAY-
ueHHst psifa nOpOHPHHOB, COAEPXKALUKUX BHHUAbHBE rpyand. Tak,
MOHOAKPHUIAMHAOPHUATPHPEHHATNOPDHH  noayUYeH TPeXCcTaaHHHLIM
CHHTE30M M3 MHPPOJIA U cMecH 6eH3albaeruaa ¢ A-HUTpoGeH3anbaerd-
A0M, 06LIH# ero Bbixoa coctaBun ~29% [31]. TerpaMerakpuaaMuno-
beHuanopdHH cHHTe3HpoBaH ¢ BblXogoM Bcero 5% [31]. [Tlpoto-
MOpGHPHH-1X-cTHPUAAMHUA HOJNYUeH H3 AOPOrOCTOSIIEr0 AHMETHI0-
Boro sdupa nporonopdupuHa-IX ¢ Buixonom 459% [98].

Peakuus nosHkoHaeHcaudH OCHOBAHA Ha crOCOBHOCTH (DEHOJOB,
aMHHOB H JApyriuX COeAHHEHHH B3aHMONECHCTBOBATbL C AJbACTHAAMM,
KeTOHAMH H WX MPOH3BOJHLIMH B APHCYTCTBHH LLENOYHBIX HIH KHCJOT-
HbiX KaTaJau3atopoB ¢ o6pa3oBaHieM noadMepoB. B 3aBucHMocTH OT
CTPOCHUA M COOTHOUIEHHSA HCXOAHBIX KOMIOHEHTOB, Yy4yacCTBYIOULHX
B KOHAEHCALUHH, MOTYT ObITb MOJIydeHbl NOJHMEpbl JHHEHHOro, pas-
BeTBJICHHOTO H npocTpaHcTBeHHoro crpoeHust [99]. OaHako o6bluHO
PpH CHHTe3e o6pa3yeTcs cMech MPOAYKTOB KOoHAeHcauHu. KpoMe Toro,
3TOT €rtoco6 noayueHHss XMJT nMeeT HeloCTATKH — Heomnpee1eHHOC T
CTPYKTYpH [0Jy4aeMbiX NMOJAHMEepOB, HeAOCTaTOYHAS BOCTPOH3BOAHU-
MOCTb IIPOAYKTOB CHHTe3a, MaJjas eMmkocTb XMJI W orpaHHueHHas
BO3MOXXHOCTh H3MEHEHHUS! IpHpoabl PYHKUHOHAJILHLIX TPy N B npouec-
ce cuHTesa [12, 100, 101]. BeposaTHo, no 3TuM NpHYHUHAM METO[ HOJIH-
KOHIEHCAUMH TakXKe MaJjoe pacupocTpaHed aaa noayuyexus XMJL
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TABJIMLIA 2.1. Ocrosnote Tunse XMJI Ha OCHOBE CUMTETUHECKUX NOAUMEPOS U MeTOObL UX NOAYHEeHUs:

M
XenaTHpyoulHi ¢pparmenrs [Toaumep-ocioBa u;;;-ﬂ Hcxonnnie pearentol XapakrepHcTHKH XMJ1** CenKa
venun*
JlHranib MOJNEKYJNSIPHBX MeTaJJoOXenaToB
_ Fomononumep Tl 5-Buunna-6,6"-1umMetna-2,2 - AunHpHAHI [n]=0,45 a/r {102}
— \ 4-Buuua-4’-mertun-2,2’ - AHIHPH AR [n]=0,47 a/r; {103—105]
\ N/ N / 6-Bruun-2,2/-qunupuaun M. = 31000 [103—105]
[Monnkonaencar MK  4,4’-Buc (n-popmuiacrupua)-2, " (106]
2/-AMNHPHAHI + aUeToH
2,2'-Ounnpraun-4,4’-11kapOoOHOBas KHC- =017 a/r; [107. 108
n07a+2,6-THAMHHONMHPHAHH N ’ ’ ’
XMCC MTAIT XMCC + 4-0KcHITHAEH-2,2’ - IUTHPHAHI M, = ‘00000
XMCC + Na(OCH,CH,),OH, NaH, 5- [X®]=22% [109)
) METHI-5'-XJI0pMETHIN-2,2/ - THMHPHAHA (110]
rnc AIl TIC-Li ‘. _
n 12,2 aumHpRa M, = 4400; IR
CH - [X®] =23% nav. CHIA
‘T / 2 \N / Monu-1-Buuun-2-I1AIN OcHosa+4 N N-61c (2-nmupugnamera) 41“1"::3“
N CHa-N N 6pOMMETHIHMHAA30/1 aMHH [
| \II/ \ 72D\ rnc MAIT NC—SO0,Cl+5-amuuo-1,10-penantpo-
N ‘CHa _ THH [115}
M, = 200000;
/ N MAK MIATT OcuoBa + 5-amuno-1,10-denantporun 8 [XP| <2% [116}
=N N= npucyrersun JLK
7\
=N XMCC MAIT Ocnosa + anuon 2,2'-gAHNHpHAHAMETAHA

(117]
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N

CCIBbB

Comononnmep

XMCC

j§iclzl

CCIBB

ITATT OcHoBa + N-rHAPOKCHMETHANHPA30

1l

AN

MAT

TATI

N-[1,3-Bxc (2-nHpHAHIHMHHO) H3OHHAO-

JAHHMETaKpHIaMHA]

OcHOBa ~+ 2- (2/-THPUAKN ) HMHA30J1

OcHtoBa + 2-QopMHATHPHANH

OcHoBa — Li 4 nupuio- [2,3-b}nnpasnu

(118]

(119]

[[at. CIHA
4202944}

M, = 30000-—40000 {120}

[XP] =0,75 mmonb/r  [121]
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[1podoascenue raba. 2.1

Mero;
XeaaTupyounit hparMenT [Mosumep-ocHosa no;[yrl Hexonnbie peareiTnl XapaxtepacTuky XMJI¥* Contika
wenus*
H H
|
ChHa TTonukongencar MK  N,N-Iuajiun-2-metTajiaMHHONUPHAMH + {101}
penon 4 popmajibrerun
()
¥z
T
NH
N/\[N 121 [TAIT OcHoBa -+ uHanypxJIOpuL, [122]
N \NJ\NH flonukonpencar [MTK  Llnanypxnopun - THOMOueBHHA {122}
~ " ~
)
XMmcc [TAIT OcHosa -+ N-(2’’-nupuauimerun)-2,2'- . [123]
N\ CHy-NH AHaMHHOAH(EHHN
J
Y-NH_NH, I MAIl Ochosa-+en Sya=100 w’/r; [124—128]
|X®} =0,70— 2,30
. MMOJIb/T
. [TXMC [TAI1 OcuoBa-}-en
T-NR(CHz)3NH, nc MAM [1C — CHzOH +n-CICOOCeHNO2 + [129]

4+ NH3(CH,)nNH, [130]



6€

NH— ENH’j:NHZ

N/(CHz)aNHz

\(CHz)aNHz

L-NH-CS=NHCH;z

PPh,

Ct-co-BX
XMCC

MMXMC
MMA-co-JIBb

XMCC
Cononumep BB u

TIHUHARIMETaKpH -
Jlara

XMCC

v

MMXMC

ATl
[TAI

[ATI
IMAIl

TATIT
AT

ATl

MATI

[TAT1

Ocuosa + RNHCH,CH2CN, B:Hs

OcHosa 4 dien
OcHoBa +trien -

Ocuosa + {ripn
OcHoBa dien (irien)
OcHosa +trien
OcHoBa - trien (tripn)

XMCC +ripn
OcHoBa + {rien

OcuoBa+Nal, NH (CH:CH;CN),, BHs _

OcuoBa +NH (CH2;CH2CN)2, BsHs

OcHoBa + S=C—N—CH,

OcHosa -+Ph;PCH,C(OK)HCH:PPh,

M,=1-10"—1-10° [131]

[X®] =6,62 mmonb/r [132]

[X®P] =6,94 mmonn/r [132,

[X®] =0,94—1,07

MMOJIb/T;

Vpop =067 —0,99 [134]

em?®/r;

Sy =9¢ —323 M2 /r;

Tiop=21,0—66,5 nu

[X®] =7,24 mmonb/r [132]
[129]
[135]

Viop =0,229— 0,884 [136]

cM®/r;

S,,=05—-21.4 m2/r;

iop=23,1 — 3800 um

(XD]=1,42 mmonb/r [137]

Voop =0.167 — 1,244
em®/r; )
Syp=0,35—4,77 m?/r. [138]
Tnop=91—2900 Hm {139,

) [139,
M, =1-10"—1.10° [131]

M = 30000 -— 40000 [120]

[141]

133]

140]

140
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Tpodoamcenue raba. 2.1.

Meton
Xenarupyowmnii pparmens Hoaumep-ocnosa noJy- Mexoanbe pearesri XapakTepHeTHkn XMJ1** Cennka
: veHus*
}-PPh(CHjy),PPh, I1C MAIT TC—Br+ KPhP (CH»),PPh; (142}
CH,PPhy
B={
/:\\ .315 Monuauauerunen  TTATT Ocnosa + LiPPh, (143, 144}
n
PRaPCH2  Ch pph,
-CH - CH-
I ] 111, NMBX MpIT OcHoBa + yuc-Phy PCH=CHPPh, [145]
PPhz PPhy
- PhyPCH,CH;
\(—CON(CHQCHZPPhg)g XMCC [TATT QCHOM COX+ (Ph;PCH2CHy). (146]
NH.CI~
H
0 [1C MMATT [1C — 4,5-6uc [ (To3unaokcn) MeTia| - [147]
. /H PPhy 1,3 nuokconan+ LiPPh,
C\ PPhy rnc [ATT T1C—4,5-6uc [ (To3unokcu) metun] -1,3- [148]
0, avokconau + NaPPh,
!
H
(IZO—N-RZ—N—CO
1 3
?HZR R (|:H2 [Tonukonaexcar MK  ITepBuunblie MOHOAMUHBI+ GHCAKDPHI- [149, 150}
CH, ?Hz aMmuabl
! Ré-N

1
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(EO-?IJ-R’—flv-('JO [Tonukounencar
CHzR R" CHy
CH, CHy
U el
)
?
R™"-N
}
OH Tomonosumep
-
== 0
Conoaumep
Conoaumep

MK  Buc (BTOpHUHBIE aMHHBI) 4 GHCAKPHJI-
aMHAbl

JluraHabo BHYTPHKOMIOJEKCHB X COeAHHEHHU

(151}

[152—154]
[155]
[155]
[156]

[Mar. CIIA
3362935}
{157,

nat CIJA
4588792}
[158]

{154, 159,
160}

[160]
{160]
[161]
[155]

[156]
[156]

[162]

[162]

I'TT  Mertakpu/ouaneToH M,=5000 u 15000
MertakpuauianeTiaaueTod
AkpuausauetTHaaneTox
n-BunuunGeH3041a0ETOH [n}=0,157 u 1,26 a/r;
Bbixon 80—98%
BunuanepgropalkatodnanetoheHon
JuKeTeHbl
Buuun6ensunanerunanetod
CIln  MeTtakphiounaueroH 4-
a) Cr _
6) BIlp M,=12000— 15000,
B) AH [XP] =43—80%
I') 3THJCHIJIMKOJIbAKpHIaAT
Clln  MeTaKpH/H/IaLeTHIATIETOH WM AKPUJIUI-
auernnaneton + Cr (MMA)
n-Buuua6enszounaneTon +
a) AAwm XP]=71%
M|/mg=0,58
6) MaJjieMHOBBIH daHruapua [XD|=44%, mi/me=
=2,18; [n|=0,107 r/a
3-BunusiGensunauerusianeron 4
a) Cr+u3oupen Ma=1-10"—1.10%
X®) =53 u 7,09
6) Ct+ 6yraguen /[‘71":'1_104_1‘10/;).
[X®]=3,7% (moan.) -
3~aJ1JlHJlaueTHJIaILeTOH+H30npeH M,=1-10"—1.105

[XP] =0,7% (moa.)

[162]
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[1podoaxcenue Taba. 2.1.

Meto
Xenatupyouwnii ppaimenr [Toaumep-ocuona no.'xy-!x HMexoanne pearentul XapakrepucTukn XMJT** Cewinika
4YeHHs™
Moankouaencar MK Jumeruarepedranar 4 GucauernibHble [163]
IPOH3BO/HbIE
Jiuspupot kKap6ouosbix (aHKapGoHOBbIX) [n|==0,055— 0,334 [164— 166}
KUCAOT + AHOJIbE
osiu-3-3T0KCH- [AIT Ocunosa 4 HCI (167}
-2,4-neHTa MeHoaT
rc MAI MC—~COCHs+
a) meruabeH3oat ) [168]
6) stuanepdropnponuonar B npucyrcereud M, =30000; (Xd}= [169]
CH3;ONa =9,6; 19 u 63% (Mo.1.)
MBC [MAIl Okucnenne [BC ) {170}
Ockucienne [IBC NaOC! wau H.0, M,=3000, 108000 » [171}]
125000; TosimuHa me-
nok 0,03; 0,06 u 0,12 mm
TBC [TAIT OcHoBa + Kuakuil B-auKeToH [MMat. SAnoxuu
55-94904]}
OcHoBa + 3(Hpbl KHCAOT {172}
MNBC (uau TIBC+ ITAIl OcHoBa+ aukered [173]
+119)
IMIMBK [TAIT Ocunosa+ (CH3CO),0, BF; {174}
[13-np-ITIMBK TTAIT Ocunosa +3tuadopmuar + Na {175]
XMCC [TAIT OcHoBa +acacH [XP)=13% (mon.) [176—178]
NxXmc [MAIT Octosa+ acac—Na [X®]—=22% (mon.);
p=1047 r/em*T.=
=100 °C; T, = [178]
=237,5°C;
[(XP)=32% (mon.)  [162]
OcHosa + CH; (COOC.H5)» [MMar. CHIA
2613200,
nat. Huaun
150033}
lMonusuunn6ensua- TNATl OcHosa +acac—Na [X‘DJ =1,8,7,6;77u [162]

XJAOPUA

10,5% (mon.)
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OH
0 ?H
CH
0 (| 2)n
! 0
(CH 1| ]
| 0 0
OH

Co
@COOH

MXMC-co-u3onpes T1AIl Ochosa+acac—Na XD} =0,8% (mon.); ({162}

Tepnoaumep:
atunen  (50%) +
nponujed (44,5%)
+5-3THAMIEH-
-2-HopGopHeH

(5:5%)

I3

MNonukowaeHcar

rc

[X®] =03-05 (179
MMOJIb /T

M,=1-10%

XD} =14% (mon.) [180]
wam 1,4-107° moan/r  [18])

[MAT1 OcHosa +BHs, H;0,, TsCl, acac?™ M, =40000

[IpI1  OcHoBa + MOHOMeTHAMeTAKPHAOBHIIL {182}
3(up ITHAEHTAUKOIS

MK  Juxkap6oHoBble KHCAOTH + CYKUHHHAAHON [183])

[TATl OcHoBa+ ¢raneBuil auruapua M, =30000; [184]
. [X®] =2,0% (moan.)



Ilpodoaxenue rtaba. 2.1.

Meron
Neatupyomuit pparment Moaumep-ocnosa noay Hexoanpie pearentul XapaKkTepHeTHRH XMJT** Cenaka
yenua®
Tomononumep I'lT  2,4-Jiuruapokcu-4’-sununGensoderon [185)
OH [Monukouaencart MK Canuuunossiii anbaerun—+
—o0 a) 1,2-nquxnopstan [186]
6) auerasbierun [187]
Pesauerodpenon +
a) ¢popmManbaerun Buixon 90%; [n]=12,3 {188, 189]
/05 T hasg =593 K;
Cll=135 M,=
=2200— 2500
6) auerajblerii {190}
2-T'ugpokcuauerodeHon + 1,2-nuxiaopartan [191—193]
B-Pesopuunanbnerua + oypdypo {194}
- OH Mosnukongencar MK  Caauunsaosas kuciaora+
- a) dopmanbaerun {195
6) aueranbierun [ 196}
COOH 8) dopmasibaerua + MoYEBHHA [197]
r) 1,2-quxnoparan - [198]
3-Kap6okcu-4-ruapokcuaueropeson 4+ M, =1020— 1200;
~+ dopmanbaerun [n]=0,042 —0,051 a/r; [199}
— 2 Q,
Gopmanberna -+ [XP}=3340 u 50%
4) 4-aMUHOCAJIHLUI0BAsT KHCA0Ta {200}
6) n-6poMcanuuHIOBas KHCNO0Ta {201}
B) n-XJOPCaNMUMNOBAS KHC/I0TA {202}
PesopunjioBasi KuCinoTa 4 aleTaibierus {191, 196}
3-Tunpokcu-2-vadroiitasn kucaora + aue- [187}
TadbAerHa
[omonoaumep I'TT  [lpoussonusie 5-MeTakpusoniamusoca- |n]=0,05; 0,10 u 0,21 |203]
JULUINOBOH KHCJIOTHI a/r
N-AKpHJIOUI-4-aMHHOCAIMLUA0BAS KHC- M,=213-10% [204, 205}
JgoTa =021 a/r
Conoaumep Cla Tlpoussonnsie 5-metakpujounamupoca- [n|=0,11; 0,21 u {203]
JHUMN0BOH KUCAOTH + AAM 0,25 a/r
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OH

\/ OH

HOOC

HOOC

:u—z“ _|
==

NHCH, ~

o

COOH

NHCO ~

0

COOH

CCABb

IToaukoHnexHcar

[TonnnarpueBas

CoJb  BHHHACYAb(O-

HaTa

[Tonukoxaencar

CCIBb

4- AMUHOMETUACTH-

poJ-co-JIBB

MNosucanuwuunouna-
ITHIEH

Cononumep

MXMC

FoMononumep

IMAH
MK

MAI
ITATI

MK

ITAT1
MAI

MAn

Clla

ATl

m

OchoBa -+ Kartexon [XP} =0,34 u 0,55
MMOJIb /T
[Tupokarexut + Gopmanbaern

[Tuporanson + popmansaeru

OcHoBa -+ NMPOKaTexuH (nuporannon)

OcHoBa + |,2- puruapokcu-4,5-1uMeTuI-

6eH30nCYAbDHOXNOPHIL

PezaueropeHoHOKcUM + hopmanbaeruny
B-Pesopuunanbaokcum + pypdypoa M, =1177—2426;

[XP] =50%
OcHoBa 4 canHUUNANbIOKCHM
OcHoBa -+
a) 2-popmun-4-xjopmertundenon 4 [XP) =26 u 2,17
NH:OH MMOJb/ T
6) 2-auetun-4-xnopmeruadeson + [X®] =2,10 MMoab/T
NH.OH
Ocuosa + NH,OH
BB+

a) |-BUHMAUMHNA301KAPGOHOBBIE KHCAOTDI
6) 2-crupuauMunas’onkapGoHoBble KHC-
JNOTbI

OcuoBa 4 aHTpPaHHI0BaA KHCAOTA

o-N-Akpunoun (merakpunousn) aMuHoGeH-
30#Han Kucaora

(206, 207|
(187, 208}
(208}

[Mar. ®PT

2910519
[209]

(210, 211]
[212]

[213)
[137)
[137]
[214])

[215]
[215]

[216—218]

{219, 220]



Mpodoanenue taba. 2.1

Meton
Xenatupywlini pparment lMosumep-ocHoBa u(my-‘ Hcexonnue pearentu XapakTepucTikn XMJT** Cemnxa
YEHHA
CONH~ - Cononumep CIlan  N-(3’-Bunuiadennd)-2,5- 1iMeTOKCH-4- [221)
OH mernibensamui + ABb (4-BIl)
~CO-NH-NH-CO-NH~  Tlonukougencar [MK  Jiuruapasuab OHKapGOHOBBIX KHCJIOT - [222, 223]

JIAN30IlHaHaThi

0
Z
}_C\NHNH MMA-co-JIBb ITAIT OcHoBa -+ ruapasunruapar Vn0p=0,l46—lv089 [224]
’ em’/r; S, =05—214
M’/ ryop=22,5—3800
M

114

COOH H

\ /N 2u [TAIT OcHosa + 2,6-nukonuuaukap6oHOBas [225] .
KHC/10Ta

COOH

COOH .
<——/§N CCIBbB TAIT Ocuosa+ (CH3CO)20, HNO3, H;0, XD} =20% [226, 227}
\ .

FCO-NH—NH—CO—CH:CH—COOH Monuxonpencar MK TIrapasuabl KHCJIOT + H30LHAHATH [228]

OH
/N TMonmkonnencar K  TIlpousBonnbie GeH3oKcasosa W OGEH3HMH- [229, 230] )
X nasoJsia -+ repedTanxaopui



J: 1 -
.,.o-c/@\(iﬂxﬁc e

Il ] | |

o] o]

nHS nHS
F-PPho=CH=CO-Ph

OH

Wi

Ly

o
=N

\R

TTosukoHaeHcat

®ochuHHpOBaHHDIN
CCOBB

Tomononumep
Cononumep

[MonukoH neHCaT

CCIBB

XMCC

4- AMHHOMETHJIIIONU -
ctupod-co-ABB

Il
TuaponusoBanubiit
ITBIlp

19U

Cononvmep AH u
GyTaauena
1]

IBA

TIK

MATf

B3
CIln

ITAf

MMAN
ITAT1

A1l
[TAIl

[TATI
ITAf1
[{AIT
MAT

Hsodpranamun 4 u30hTanonnxiopua

OcHosa + BrCH,;COPh 4+ KOH

5-BUHHJ-8-THAPOKCH XHHOJIHH
7-Annua-8-ruApOKCHXHHOMHH +

a) MaJsieHHOBbIH aHTHAPHI

6) MaJjleHHUMH I
5-Bunusibensuokcuxuionus + IBb
8-I'uapokcuxuHONHH +

a) aueTtaJbaerui

6) 1,2-nuxJopItaH

B) ¢opMasbierui—-nojuaMHHbl

r) pe3opuuH -+ popMalbierda

5-AMUHO-8-THAPOKCUXHHOJMHIH -+ TUMETHJI-

TepedTanar

OcHoBa + 5-XJIOPMeTHI-8- T APOKCUXHHO-

JHH
OcioBa + 8-THAPOKCHXHHOJIUH
OchoBa + 8-rHAPOKCUXMNOJIUH

OcHoBa + 8-rHAPOKCU XHHONIUH

OcHOBa + 5-aMHHO-8-THAPOKCHXHHOJHH

+ ALK

OcHoBa + 5-xJ0opMeTui (cyibdo) -8-rua-

POKCHXHMHOJUH

OcHoBa -+ BocCTaHOB/EHHE, CAJIHHLHIIOBbIH

ajibaerun

OcHoBa + el + caJMIIHJIOBLIA alibJerda

OtHoBa + NPOM3BO/IbIE CAJHUHIOBOrO

aJibgerdaa

M, =6200+100

[XP] =1,07 mmonb/T
{X®]=1,49 u 0,8
MMOJIb/T

[X®] =0,70—2,30
Mmoiib/r; S, = 100 M?/r
[n]=0,27—10,74 a/r

[231]

[232]

(233]
(234]

[235]
[187]

[236—238)

[239]
{240]
[241]

[242.

[137]
(137}

[244,
{120

[120]
[Mar.
(127,
(246

243]

245]

CHIA
128}

2634253]
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Mpodoancenue raba. 2.1.

. MeTton
XeaaTHpyowHnit dparmenr MNonumep-ocuosa nony- Hcxoauuie pearedta Xapakrepuctuku XMJI** Cenlnka
HeHHa®
OH HO [Noaukouaeucat K 5,5:-MeTHJlell(Cleb(bOH)ﬁPlCCaJlHU.M.'lO- {n]=0,08—0,18 a/r {2, 247 —256]
8biii asibaeru -+ AHaMHHbI
—N N=— MXMC [MATT TMXMC—CHyCH(CHNH3) 2+ canuuu- Bbixon 80—1009%; (2567, 258}
\N_./ JIOBbIH anabjerus [XP} =0,45—1,17
R MMOJb /T
NOH HON TMXMC + 6uc(3,3'-caJHLHIHAEC HUMHHO- [258]
= N MPOIINJI) aMUH
S — XMCC MAIT XMCC-—N (CH,CH,;NH;) » + canuumio- [140]
N\ /N Bbili asbaerun
R [XMC MAIT  nXMG-CHaCH(CHaNHa), + H3CG-GCHg (257]
—0 HON O
\ MXMC [TAT1 OcuoBa+acacH, neppuunblie amuubl 257}
NH [13-np-INIMBK [TATT OcuoBa +3Tu/ihopmHaT, NepBHUHbBIE [175]
\R aMUHbI
AH-co-1Bb [TAIT Ocnosa +NH.OH [?59, 260]
MAH [1A [gﬁl]
~C=NOH Cononumep AH, [MAIl Ocuosa +NH.OH [262]
! BB wu ajikunakpu-
NH, fnata  (aJKuiMera-
Kpunata, BIT)
Fgmononumep Tl N-lu(sTH/aueraT) MeTakpuiaMuL [gg%gl 34C]mA
4-Bunnn6ensunamun-N,N’-nuykcycHas (263)
~N KucJora
(CH,COOHY, ConoJsiimep Clla  4-Bunuabensunamud-N,N’-1uykeycHast [264, 265]
Kucaora +
a) naTpuHicTUpHICyibdoHaT {XP] =0,118 u
0,493% (mou1.)
6) BIllp [X®}=0,093 u

0,2469% (moa.)



Il

6¥

}-NH—('JH—COOH

OH HO

(0
)

CH,-COOH

N ()
W,

IMoaukonpencar

[Noaurauufinnime-
TaKpuJar,

MM IHJIMEeTaKpH-
JNaT-co-3TUJ (6yTHI)
aKkpusar

XMCC

CCIIBb
§IS%]

rJ1
CCOABb-np-TTAH

Cononnmep

CCIIBb

Tlonukongeucar

MK

MAI

MAT1

ATl
ITAT1

MAIl
Al

Cla

MAI
MK

N- (o-T'uapoKcu6eH3n ) UMHHOAHYKCYC-
Hasi KUCJoTa + heHos + popManibaeru
Pe3opitnH, M-peHnieHanaMHHOIHHHTPH-
JIOTETPAyKCYCHAA KHCJOTA - (popMallbie-

rua
TpuaMuu 4 n-penunenguamMut -+ unan-  Boixog 63—85%;
rugpua 3ATA [X®P} ~50%

AOTA+2,2-6uc [472”,3’-3n0KcHunpo- Beixon 78—95%;
NUAOKCH) henun] nponan 4+ uuanruapua  [XP} =~ 50%
S0TA

OcuioBa+3ATA Beixon 37—79%

OcHoBa -+ TPHITH/IAMHH -

+NH(CH2COONa),

OcHOBa + aMMHaK ~+ XJIOpYKCYCHas KHc-

J0Ta

OcnoBa-—NH; + xn0pykcycHas Kuciaora _

Oc110Ba + XJOpyKCycHasi Kuca0Ta M, =30000 — 40000,
{X®P] =25--35%

CJT4+34TA

OcHoBa + LiAlH,, xnopykceycnas kuciora [XP] =0,26—0,60

MMOJIb/ T

BB 4 N-Bunun6ensunacnaparuionas
KHCJ0Ta

OchoBa + GenausacnaparsHoBasi KHC/I0Ta
1,4-[IMTHPOKCHAHTP aXHHOHK + IHAMHHBI

{266, 267}
1268, 269]

[270]
[271}

[272, 273]

[274]
[275)
[12, 276—280]
[120)
281, 282]

(283]

[12]

[284]
[285]
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T1podoancenue Taba. 2.1

Meton
XeadTHpywIHit pparmenT Ionnmep-vcnosa no.'ly»‘ Hcexonnble pearentsl XapaktepHcTHKH XMJI** Cemnka
HEeHUR
NH Moauxongencar  [1K  3,3’-[uamuno-4,4’-nubopmusianden - (286]
2 CyNb(OH -+ AHaMHHb
=N
\R
[omononumep I'lT  MoHomepbi, conpepXauide rpynnbl THA- 287, 288]
LC=X POKCAMOBOH KHCJOTH
,_ MAH IMAIT Ocuxosa + NH:OH [289]
RN-OH [MIMMA MAIT Ocuoa + NH,OH [XPj=80% [290—292]
CCIABB ITATT OcHoBa 4 METHATMAPOKCAMOBast KHCJIOTA - {293]
Conoaumep AH u  TIAIT Ochosa + NH,OH Viop =007—092 em’/r; 1294, 295)
IBB Syi—2,3—124,0 M*/r;
Thop=12—228 um
NH-C=0
('JH-NOH IMonukonpeHcar MK 1,6-(Jlurunpoxcuamuno)rexcai + ce6a-  |=0,48 a/r (296}
- LHJXJA0OPHA
\'C‘:H‘CHQ CCIBB TTAIT OcHOBbI -+ aMHIbl KACJOT [296]
OH NH, I MAI TJT14+ NH; [297]
M3u [TAI1 Ocuosa +CS, 298
ENHCS; Tlom (2,3-snutio-  [TAIT Ockosa + KSH [[299]’
nponuiMerakpu- :
Jaar)-co-IBb
7 N nw—
— CCIBB [TAT1 OcHoBa - 8-aMHHOXHHONHH {300, 30t}

Wa
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JIHH

CCABb TMAT OcHoBa + H-XJA0pMETHII-B-MEPKATTOXHHD- 302}
' Ocuosa — NH; -+ 8-MepkanToxHHONHH [303]

Jlurauagms MaKPpOUHKAHUYECKHX KOMNJAEKCOS

Fomonoanmep [TT  AKpHAOHJ (METAKPHAOHN ) OKCHMETHI- [304]
KpayH-3>(pHpbl
4’-BununGenannokcumerua-18-xpayu-6 [305})

Cononumep Clln 4’-BunniGensunoxcumersa-18-kpayn-6 4+ [XP] =40—809% [305]

“ + Ct(BIIp) (mo0.1.)

XMCC | [TAIT XMCC 4 npoussoaunie 18-kpayu-6 [306—312]

IBC [TAIT TIBC 4 dopmuiakpayH-3pupbl [313]

Fomononumep I BununGeusoxpayh-3gHpb [n]=0,107—0,41 n/r [314—323]
BensokpayHakpunatel (MeTakpunate) M,=30000 4 100000 [324—327]
AKpuitounamuHO6eH30KpayH-3pHpbl [328, 329])
MeTakpHaaMHAOKpayH-3QHpPbI {n]=0,1—02 a/r [330, 331}

Conosumep - CIla  BunuaGensokpayu-3dupst +Cr (BII, [2(¢}=2»50% (mon.); [332, 333}
MMA, sTunenokcul, suuuabensoraumsi) M, = 35000 — 45000

Tomononumep LT 1,2-Buc [2= (2,3-3110KCHNPONIOKCH) TOKCH] [334]
6eH3on

[Monukouaencar [TK  Benaokpayu-3¢Hpbl - MOYeBHHa [335]

XMCC [MTAIT XMCC 4 4’-ruapokcumetruaGenszokpayi- [X®| =07 moab/r [336]
3(hHUpbI

XMCC 44’-(N-metunamuto) metunben- [XP| =0.7 moan/r [337]
30KpayH-3HpbI
XMCC +4’-{(10-runpoxkcngenni)oxkcu]  [XP] =07 moas/r: {338]

MeTua)6en3o-15-kpayn-5 Boixoa 85— 1009%
. XMCC 4 kaTexuH + w-3tuaesrankois-  [XP| =0,93--1,42 [339— 341}
\ AUTaA0reHu bl MMOJTb/T
XMCC + 4'-xsopcyabponunbenso- 18- [X®]=0,6 u 0,7 [342]
Kpayn-6 MMOJb/T
[1C TTAT1 TIC 4 6ensokpayu-3hupbi [343—345]
[RIE)% NMATT TI2U + n-untpodennnbenso-15-kpayh- {346]

54’-kap6okcHaarT
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ITpodonscenue Taba. 2.1,

Meroa

XenaTHpYWULHE BparMenT [fonumep-ocHosa noay- Hcxonusie pearedtn Xapakrepuctuku XMJI** Ceblika
uvenun*
Monurauunguame- TIATI OchoBa + GeH30KpayH-3¢puphl ¢ [347)
Takpuaart .
[MMAK TTAT1 TIMAK +- xnopmeTunGen3okpayH-a¢pups [327]
™\ /\ ToMonoaumep It BununaubensoxpayH-3Qupoi [314—320]
° 0 0 Conosiumep Clln  Bumunanbensoxpayn-spupsi + Ct (BTI, {332]
@[ . MMA, sruneHokcun) .
o o 0 TToNuKoOHAeHCAT TIK  duamunonpousBoaHbie aubensokpayu- [n|=0,9—1,1 a/r [348—352,
\_E/ \a_/ 3(PUPOB + XNOPAKTHAPHUAL! (AHTHUAPHbI) nar. CHIA
n KHCJIOT 3956156)
[n6ensokpayu-3cuphi [353—359]
+ popManbaerun
Hu6enso-18-kpayn-6+ napapopm [360, 361}
Ju6enso-18-kpayn-6 4 dopmanbaerun + [(362]
- MypaBbHHasi KHCJOTA
HuxnopmeTunanbenso-18-kpays-6 4 [363]
+ 3MUXNOPrUaApHH
Jn6en3okpayH-3(upbl 4 IHH30UHAHATDI [TTaT. SInoHuu
52—109593]
Jn6en3oKpayH-3¢u pbi 4 xJopatb (rayra- [TlaT. CIOA
poBasi KMCAOTA) 3824215}
Ju6en3o-18-kpayH-6-1uxap6oHoBasi Kuc- [Tlat. SAnouun
Pl N0Ta + A4oa _ 49-68585)
0O o TosnkoHaeHcar MK  duasakpayn-3Qupbi + guxaopaHruapuas M, = 1500 — 15000 {364—368)
NUKap6OHOBLIX KUCAOT (SMHUXJAOPTUAPHH,
HN NH NUSMOKCUOKTAH) .
_:X Huasakpayn-aupsi 4 auu3ouuaHnar [362]
K—O 0—/> ¢ XMCC TATT XMCC + nuasakpayH-3¢upbl [309—3%[.
343—
\Sc/ MAA NATM TIAA + qHasakpayn-3dbupsi (opmansae- (369, 3]7J]

ruj)
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Fomonoaumep

F'omonoaumep
Cononumep
[Tonuxkougencar

XMCC

[MXMC

IXMC

rmn

N
ClIla
K

AT

[TATI

A

4’-Axpunoun (MeTaKpuIou ) aMHAOGEH- M,=2300 u 2700

30THAKpayH-3¢uUp

Bunuaxpunranabl

Bunuakpunrauam +Cr (BIlp)

Kpunraua + dopmansaerun 4 denon

(MypaBbuHasi KHC0TA) _
Kpunrana -+ a43n0KCHOKTaH M, =3800
XMCC + kpunTaHap

MXMC 4 makpouukanueckuit  6uc-1,3-
AUKETOH

[TXMC + makpouukaudeckuit Tpuc-1,3-
NUKETOH

1371 373

(374]
(374, 375)
(343—345]

(376}
(306, 377—
379

(380

(381]
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XenaTHpywluHil GparMenT [Toanmep-ocHosa n((;;;)-n Hcexoanwe pearenThl XapakrepucTuku XMJI** Cennxa
HeHHH™
Y CCIBB ITAT] CC/IBB 4 MaKpouuka [382]
<:__'-N HN} TMonukouaencar T1K  Tlponuuans -+ au (TeTpa) aMHHb {383, 384]
\ NH N=
/
INosukouaeucar [TK  Makpouuki 4 aHrHAPHAbl KHCJOT [385, 386]
Q Maxkpounkn 4 AHH30LHaHATH [387]
HN
Con 1
\_NH  N=
[MoaukoHaeuncar IIK  Maxkpouukn + tepedTaJOHNXNOPHA {388]
N N
7 \Ny—q/ \
(CHz)n) XMCC IMATT XMCC + mMakpousKka [389]
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NH Nm
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NH  NH
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N~—R-—N
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N—R —N

XMcCC

XMCC .

IMoaukoHaeHcart

Tomononumep

Cornosinmep

AN

TAI

MK

rn

CIln

XMCC + ausTunosbiii  3dup ManoHoBoH
KUCJIOTH! 4 TeTpaa3ayuaexan 4 LiAIH;

XMCC + maKpouHKI

TeTpanrp Wbl + JHAMHHbI

(390}

[391)

[392—399)

Me30aKpHIOHNOKCHMETHAOKTasTHATIOpdHH M, = 2000, M,=1600; [400]

MouoakpunamugodeHuaTpudenunnop-
tduun {rerpamerakpunamuaonopdu,
TeTpa (n-cTupha) nopduu}
[Mpotonopdupuu-1X-ctupunamun

n-BununGensunosbie 3¢HPL  Xnopodui-
JNMHOB (XN0pPHHOB, NpoTonopdupuna-1X)
Humep xnopoguana (nportonoppuprHa-
-IX

AxpunonjiokcHpeHRATpUDEeHHATIOpdUH
Cr+4

a) rerpaMerakpusamunoderiuniopdui
6) uporonoppupui-IX-cTupuaamun
MouoakpusiaMu oteHuNTPUDeHUATIOP-
i+

a) Cr

y=13l

M,=8000— 10000
[XP}=0,1% (moa.)

{401—403]
{401, 402,
404]

[405]

1406}

(407, 408)
{403—405]

[X®P] =0,045% (Mon.) [403—405]}

XD} =0,19 1 0,89%
(mMoi.)

[403—405}
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Mero;
Xenatupywoiuuit gparsent Floaumep-ociona Ilt’;;;')j Hexopvie peareyri XapakrepacTury XM J1** Cenanka
HYCHHS
6) naypuameTakpuaar [X®] =0,13% (mon.) [403—405]
Bunnanopgupunbi + Ct (BHA) [X®] =0,01—0,1% {98, 99, 409,
(mMoua.) 410}
Conosinmep CIlan Tetpa (n-Buinn6Gen3nnosnie s3¢upbl), [Xo}=2—4% [408]

auMepsl npotonoppupuna-1X + a-metua-

cTuposr B npucyterBun BF;-

n-BHHANGEH3UNOBLIH CAOKHBIH S(DHD (X®P} =5—10% (411]
- npotonopgpupuna-IX 4+ a-MeruacTupon B

npucyteTBuH BF;

INonukonaencar K Mertundeodopbus-a(mesonopdupun-1X- ) (409, 410}
nuasug) + 4-6eH3un-2,5- LIHOKCOOKC030- ’
NULOH :
Cononumep XMCt TIATl Ocnosa - xaopus-a (nporonoppupus-1X, [X®]=1—4% {407, 411}
u BIlp ABYXfiAEpPHBIA XJA0podHAT)
Cononumep Cr, TTAT1 OcioBa + nop¢pupHH {412}
aMHHOCTHpONA H
ITHAEHIAHKONA
7 CCIBb [TATT OcnoBa + nopdupHH [Xd] =2—6% [413, 414])
_ s TTATT OcuoBa+ metundeodpopbun-a (mesonop- [XP] =0,01—1% [409—410]
¢upun-1X-gnasun)
N Q N MMonu-2-rugpoxeu- TIATT Ochosa -+ Me3onop¢pupun-I1X . (415}
N STHAMETaKpHIaT :
NH HA AN Conoaumep Ct u TIATI OchoBa + Terpa (n-amutiotenun)nopoun [X®] =5% (moa.) [416]
— XMCr B NPUCYTCTBHH TPUITHAAMUHA
Monuxonnencat MK 1,2,4,5-Terpaunanobex3on [417—424)
N N N Nuanrugpun Genson-1,2,4,5-terpakap6o- [417, 418,
HOBOH KHCJOTbI 425]
1,2,4,5-Terpaunanobenson + 1 ,2-gu- R {426]
"yuanobenson
Terpaunanoben3o-18-kpayu-6 Buixon 13—15% (427}
Merannonosumep  TTAIT OcuoBa +HCI [428—430]
* TTl — romonosumepusauusn, Clla — conoaumepusauna, 1M — uuxaonosumepuaaiis 11K nionukounencauns, [TAIl — nosumepanasorudnne npeBpalueHus,

fipll — npuBoBouMan nosumepusauusn. ** (XD| — KOHUEHTPAUMH XeAaTHPYIOWHX parMentos, M — MosiekyaSpHan Macca, fuop — PaRHYC nop, VrlOp ~— 06beM nop.
Syn — YAe/bHan naowianb NOBEPXHOCTH, Y — MOJIeKY/ApHO-MaCCOBOe pacnpeﬂeﬂeﬂﬂe.



[loniMepaHalOrHiHble  MpeBpalleHHa  NpeacTaBAdI0T COoBOH
HanboaCEe IHPOKO HCNOAb3yeMbld MeToa cuHTe3a XMJL. Ou ocHoBak
Ha XMMHUYECKMX B3aUMOICHCTBHAX DEAKUMOHHOCTIOCOOHBIX (YHKIHO-
HAJbHBIX TPYMI. COACPXKAUIHXCA B MOJHMEDHOH MaTpHUE WJIH Npel-
BAPHTEJILHO BBEIEHHbIX B MOJNHMEP, C MOHOMEPHBIMH OpPTraHHYeCKHMH
COoeMHEeHHAMH B HaNpaBJCHHH CO31aHHA XeNAaTHPYIOWMX (pparMet-
TOB. JTH pPEAKLHH TPHBOAAT K H3MEHEHHI0 XMMMUYECKOro COCTaBa
NOAHMEPa H He 3aTParHBaloOT ero ocHoBy. MeTon nojumepanaoruu-
HbIX MPEBPALLCHHH 1a€T BO3MOXXHOCTb M0JYHaTh pa3HoobpasHbie XeJsa-
THPYIOULHE MAKPOJIMIaHIbl HA OCHOBE JMIOGbIX MOJMMEpPHBIX MaTpHLL
OnHako ONHHM H3 HauboJiee CyuleCTBEHHbIX HELOCTATKOB 3TOr0 Me-
Tolla ABAAETCA TPOTEKAHHE pa3NHUHbLIX MOOOUHBIX TMPOLECCOB.

B Ta6a. 2.1. npusenenbt Han6o/Jee THIHUHbIE NpPeACTABHTEIH
XMJ] Ha oCHOBE CHHTETHUECKHX MOJHMEPOB H METOALI HX TOJYYEHHA.
Anantn3 HMEIOIIMXCA AAHHbIX CBHAETEJbLCTBYET O TOM, UTO TEXHHKA
noayuenus takux XMJI Xopowo pasBura ¥ NPOL0O/IKAEET COBEpPLIEH-
cTBoBaTbcA. B HacTosuee BpeMa Bo3MOXHO co3laHHe J0O6bLIX Xxeaa-
THPYIOLIHX (PArMEHTOB.

PH3HKO-XHMHYECKHEe CBOHCTBA M cTpoeHHe. M3yueHne PpHIHKO-XH-
MHUECKHX CBOHCTB M NpOCTpaHCcTBeHHoro ctpoenuss XMJI npencrasas-
eT co00H OJMH M3 HauboJiee NEePCNeKTHBHbIX MOAXOAOB K pellieHHIo
npo6/aeMbl KOHCTPYHPOBAHHA W HamnpasjeHHoro cuHresa MMX ¢
3apaHee 3aJaHHbIMH cBoHCTBaMu. OAHAKO MOJMMEpPHbLIH JHFaHd B
OTJIHYHE OT HH3KOMOJIEKYJAPHOrO XapakTepH3yercda pALOM 0CO6eH-
HOCTEH, 3aTPYAHAKLWIHX HCCAefoBaHHe ero (U3HKO-XMMHUECKHX Xa-
PaKTePHCTHK. IJTHM, BHAHMO, 06DbACHAETTCS HEAOCTATOYHAA H3YUeH-
HocTb MHorux XMJl Ha ocHOBe CHHTeTHUECKHX noaumepos. as
HHUX HEOOXONMMO YUHTLIBATb TPH YPOBHAI CTPYKTYPHOH OpraHH3auuu
[431]: MoeKy/ApHBIH, OTPaXKaloWHil XUMHUYECKOE CTPOCHHE 3BEHbLEB
noJHMepa, HX pacrnpejesnesue B LleNH U CTEPEOXHMHUECKYIO CTPYKTYPY
CaMHX ueneH; HAAMONEKYJIAPHbIH, YUHTHIBAIOLHA MEXMOJIEKYAAPHbIE
B3aUMOJICHCTBHA, CTeNeHb YNOPALOUYECHHOCTH H YIIAaKOBKH MaKpoMoJie-
KyJ; TONOJOTHYEeCKHH, XapPaKTepH3YIOUIHH CBA3aHHOCTb 3JIEMEHTOB
CTPYKTYpPbl  MOJHMEpPOB  {MOJEKYJSIPHO-MAcCoOBO€ pacipejeselue,
napamMeTpbl TPEXMEPHOH CTPYKTYpbl M T. A.). B onpegeneHHbix yc-
JIOBHAX BJWAHHEM TOTO HJH HHOTO YPOBHSI MOXHO TpeHebpeub, uUTO
MO3BOJISIET JeTafbHO HCCAe10BaTh KaXIAblH YPOBEHb OpTaHH3alHH
moauvepa. [lockosbKy peakuuu xenaroobpazoBaHHs MpOTEKAOT B
pacTBope, Lesecoofpa3Ho HayaTb pacCMOTPEHHe CHHTeTHUeCKHX XMJI
C Bonpoca O MoBeaeHHH NoJHMepa B pacTBope.

[Tosedenue aunetinozo noaumepa e pacrgope. [lpouecch pacrBo-
PEHHS MOJHMEPOB B Pa3/IHYHbIX PacTBOPHTENSIX OTIHUYAIOTCA OT MPO-
LECCOB PACTBOPEHUS HU3KOMOJIEKYAAPHBLIX BEWECTB H MPOTEKAIOT B 1Be
craguu [432]. Bo-nepBbix, AudPy3usa MoJeKya pacTBOpHTens B No-
JTUMEPHYIO CTPYKTYPY BbI3biBAeT IOCTENEHHOE pa3spyLlieHHe MEeXMOo-
JeKYIApHbIX cBA3ed. [IpH 3TOM BKJKUYEHHE MOJEKYJ] PacTBOPHTENA
B CeTKy TBepJAOro mnoJHMepa MPHBOIAHT K HaOGYyXaHHIO moJaxMepa.
KOTOpBI# npuHKMaeT dopmy reas. Bo-BTopbiX, lanbHeruiee 106aB-
IEHHE PacTBOPHTE/A Bbi3biBaeT MOJHLIA pacnaj BCeX OCTaBLIMXCHA
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. MEXXMOJIEKYJIAPHBbIX CBA3EH H B pe3yJbTaTe KaXKAasd MOJEKyJa IoJiy-
Mepa OKa3biBaeTcs OKPYXKEHHOH Cl10eM MOJIEKYJ pacTBOpUTeNsA. Takan
KapTHHA HaGJ/I0flaeTCA TONbKO B pa36aBleHHbIX PACTBOPaX JHHEHHBIX
nosumepos [~2% (mac.)]. B 3TOM cilyuae MOXHO He YUHTHIBaThb
BTOPOH H TPeTHH YyPOBHH NPOCTPAHCTBEHHOW OPraHH3aUHH NoJHMe-
poB, a paccMaTpHBaTb TOJbKO MOJEKYJsAPHbIA YPOBEHb.

Ouenb BaXXHbIM 1Js npoueccoB XxejaTtoobpa3oBaHHUA sABJAETCH
BOMPOC 0 KOH(opMauun makpomosiekya B pactsope. Korna nonumep
pacTBOpAETCA B XOPOLIO COBMECTHMOM (<«XOpPOLUEM») pacTBOpHUTE e,
OH MOXeT npHHUMaTb caMble pa3Hoo6pa3Hble KoHdopMauuu 6ja-
ropaps CBOGOAHOMY BpailleHHIO BOKPYF MHOTHX MPOCTbIX CBfI3el B
MOJIMMEPHOHN UenH, nmpHuem He BCe H3 3TUX KOHPOPMaUHH ABIAIOTCH
AOCTYMHBLIMH A4 XejaTooOpa3oBanua. Takum o6pa3om, pacTBopeHHas
MoJiHMe pHasA MOJIeKYyJsa He HMeeT OJHOH cTaTHUeCKOH popMbl, a MOXeT
HernpepbiBHO H3MEHATb KOH(pOPMALHIO, T. €. C NOMOUIbI (HU3HKO-
XHMHYECKHX METOJO0B Mbl MOXEM [MOJYUYHTb TOJbKO YCPEAHEHHYIO
dbopMy Mogekyabl. JIHHEHHaa NOJHMepHAsA ueNb OObLIYHO HMEeT KOH-
dopMalHIO CTATUCTHYECKOTO KAY6Ka, T. . WHPOKHH Habop KoHdopMma-
UMH, HA OJHA M3 KOTOPBLIX He ABJAETCA NpeanoyYTUTe bHOH. B 3aBucH-
MOCTH OT TEPMOJHHAMHKH B3aUMOAEHCTBHA NMOJHMEP — PaCTBOPHTEIb
KAy60K MOXeT OblTb MJOTHO CXKAaTbiM HJH O4YeHb pbixabiM. CTporo
FOBOpPSA, CTAaTHCTHYECKHH KJAy6OK #ABJsAETCA CTPYKTYpPOH, KoTopas
NOJI)KHa MOJYUATbCA, €CAH KaXA0e MOHOMEPHOE 3BEHO MOXKET HaXo-
JUTbCA MOL PA3JUUYHBIMH Yr1aMH K COCEJHEMY.

CoBeplieHHO CTAaTHCTHUECKAs CTPYKTYpa He MOXKeT CYLIeCTBOBaTh,
MOCKOJbKY CBA3b He sIBJASETCA NoJHOCTbIO TH6KOH. OnHako cyile-
CTBYET TEHAEHILIHA paccMaTpuUBaTb MAaKPOMOJIEKYJY Kak CTaTHCTHYe-
CKHH KJYOOK, €CJIH OHA ABJSIETCA CPABHUTENbHO HOKOH U €CJIH OTCYT-
CTBYIOT CHJbl MPUTSAXKEHHA HJAH OTTAJKHBAHHA MEXJIy COCeIHHMH
3BeHbAMU. B 3TOM ciyyae nabJonaercd 3HauuTelbHOE H3MEHeHHe
XapaKTepPHCTHYeCKOH BA3KOCTH [1| B 3aBUCHMOCTH OT NPUPO/bl PacTBO-
puTeJNsi, UTO HHOTLA HCNOJbL3YIOT KAaK NnokasaTeib FHOGKOCTH MakKpo-
MoJieKyJibl. Kpome TOro, 3kcnoweHta o B ypaBHeHMH Mapka —
XyBuHKa [n]=KM* B ciayuae ru6xkux Makpomoaekysa 6Gau3ka K 0,8
[433].

Haanuue B nosnmepHo#l uend nojspHblX 3aMecTHTesell (a TaKo-
BbIMH fIBJIAAIIOTCA BCe XejaTHpylouiHe ¢parMeHTbl) NPUBOLHT K pas-
JUYHbIM THNaM B3aHMONCHCTBHH W BO3HHKHOBEHHIO CTEPHYECKHX
NpenaTCTBUH AJA cBO6OAHOrO BpPauleHUA (M3-3a FPOMO3JKOCTH TAaKHX
¢parmenToB). [lo3ToMy TaKHe MoJHMEpPbl He ABJAKTCA [OJHOCTHIO
rH6KMMH. BiHaHue 3aTPynHeHHOro cBOGOJHOrO BpaileHHA BOKPYT
CBAI3H KaK pe3yJbTaT CTEPHUYECKHUX NpPenaTCTBHH onpenejdeTcd Kak

o=( < Rt >/ M/ (< R > M\

raie o — KOHQOpMalUHOHHBLIA napamerp, (<R3>/M)—— KBagpart
pacCTOAHHA MEeXAY KOHUAMH MOJHUMEPHOH uHend B HEeBO3MVIIEHHOM
cocTosinuH;, (<<R*> /M) — cpeanuil KBaapaT pacCTOAHHS MEXAY
KOHUaMH, BbIUHCJEHHbIH B NMpPEeANoJ0XeHHH O CBO6OIHOM BpalleHHH
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TABJIMUA 2.2. Kongopmayuonnsili napamerp o 048 xeaarupyiouseeo

Maxpoau2anoQ U e20 MoMOhyNKYUONaALNELY ANON0208

Moaumep ({RE /M2, A ((R?) o/ MM, A a Cculaka
(2.2) 0,788 0,289 2,73 [434]
(2.3) 0,787 0,273 2,88 [435]
(2.4) 0,670 0,310 2,16 [436]
(2.1) 0,660 0,223 2,96 [219]

3BeHbeB LeMNH; BeJHUHHa (<< RE>> /M) BbluHCAsIeTCS 1O yPaBHEHHIO
K=®,( < R > /M)*"?

B KOTOPoM K — 10CTOsIHHAasA B ypaBHeHHH Mapka — XyBuHka; @y —
yHHBepcaJibHast KoHcTaHnTta Puopu, pasras 2,87-10%' moab~!'; napa-
metp (<<R*>_ /M) onpenensierca u3 ypapuenusi [433]

(< R?* > ., /M)'*=3,08/M,,

rae My — mosieky/nsipHast Macca MOHOMEDHOro 3BeHa.

B ta6a. 2.2 npeacraBneHnl pe3ysbTaThl pacyera KOH(pOpMalHOH-
HOro napameTtpa ¢ AJs XeJaTHPylollero nojumMepa — MoJau-o-N-akpH-
JIOH1aMHHOGEH30HHOM KHCAO0Thl (2.1) M ero MOHO(QYHKUHOHAJbHbIX
aHajoroB — noau- N-usonponunakpuaamupa (2.2), noau-N-rper-
6yTuiaakpuaamuaa (2.3) u noau-N N-auMerunakpuiamuaa (2.4).

'+ ~CHy-CH~ ~CHy-Ch~
co (610)
flﬂH ‘ rlme’
. (2.2) R=H, R"=un30-C3H;
COOH (2.3) R=H, R'=tper-C4Hg

(2.4) R=R'=CHj
(2.1)

Beanunna o aas xejaatupylollero MakpoJiMraHia COOTBETCTBYET
cpedHed ruOKoCcTH avHedHbIX ueneil [437]. Kpome Toro, odHa GoJblie
0 MOHO(YHKUHOHAJbHBIX MOJHMepOB. IJTO CBHIETENbCTBYET O TOM,
4YTO XeJaTHPYIOIUHHA MaKpOJHranj siBjasiercss OoJiee XKECTKHM H3-3a
GoJiblied MPOMO3AKOCTH XeJaTHpylollero ¢pparmMexra.

H, nakoHeu, cJjeayeT OTMETHTb, YTO CYylUeCTByeT OrpaHHYeHHbIH
KJacc JIMHeAHOUeNHbIX MOJIeKyJ, KOTOpble CNOCOOHbI MPUHHMATH
B pacTBope onpeneseHHyio koHpopmauuio. Hanpumep, popMmy BbITS-
HYTOH CMMPaJdH MOTYT NPHUHHUMAaTb B pPAacTBOpPe HEKOTOpbIE MPOTEHHHI,
HYKJIEHHOBBIE KHCJOTbl H HX CHHTETHUeCKHe aHaJiord (cm. pasi. 2.3).

Pasrosecue uonusayuu noaussekTpoautos. Ha N10HOpHbIX aTomax
XeJqaTupyloillero (parMeHra MNOJHMEpPHOH LenH JOKaJH30BaH OTPH-
LHareqbHbid 3apal, nostoMy XMJI MOXHO paccMaTpuBaTh Kak MOJH-
MEKTPOIuThl. KX OTIHUHTeNbHBIMH OCOGEHHOCTAMH  ABJAIOTCH
HaJliuyKhe MOJHMEPHON Uenud M 3JeKTpocTaThueckux 3apsanos. [losto-
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MY OHH NMOKa3bIBalOT CXOACTBO C PaCTBOPAMH KAaK HEMOHHbLIX NOJUMe-
pOB, TaKk W HH3KOMOJEKYJAAPHbIX 3JeKTpoautoB. lloBeneHne noJiu-
JIEKTPOJIMTOB  ABJAETCA  pe3yjbTaTOM B3aHUMOILCHCTBHH  MeXay
3JIeKTPOCTATHUECKHMH 3apsilaMH H HEHOHHBIMH TpPyNnaMH, KoTopble
MOXKET colepXKarb nosauMepHas uenb. Koraa nonusnekTpoautT HU3Ko#
cTeneHH HOHW3alUKH PACTBOPAETCA B MMOJAAPHOM PacTBOPHTENE, HANIPH-
~ Mep Boje, OH MNpPHHHMaeT KOH(MOPMALHOHHYIO CTPYKTYpY MOA0OGHO
HEHOHHOMY MOJHMEepYy, NPUPOAA KOTOpPOH oMnpejpensercds B3auMoael-
CTBHEM MOJIHMEPHOH LeNH C pacTBOPHUTENEM.

ITpH KHCIOTHO-OCHOBHOM THTPOBAHHH YMCJO 3JEKTPOCTATHUECKHX
3apsil0oB AOJXKHO BO3pPAacTaTb, MO3TOMY MAKPOHOH HauHHaeT (6bICTpo
WJIH MELJIEHHO) BBLITATHBATbCA M MPH BLICOKOH TJIOTHOCTH 3apAl0B
JocTHraer HUTenoao6Hol crpykrypbl [438]. Ilpu 3TOM p0oJXKHbBI TpU-
HHMAaTbCA BO BHHMaHHe ABa MomeHta. [lepBbli — 3TO BO3pacraHue
CHJl OTTaJKHBAHUA MEX1Yy OJHHAKOBO 3apAKEeHHbIMH I'pyNnaMH, BTO-
poH — Bo3pacCTaHHe CPOIACTBA 3apAXKEHHbIX MAaKpOMOJEKY] K MOJfAp-
HoMy pactBopHTeo. OQHAaKo NpH pacCMOTPEHHH 3TOTO mpotecca
C TEPMOJAHHAMHYECKOH TOUYKH 3PEHHA HEBO3MOXXHO OXapaKTepH30BaThb
KaXXAVI0O 3apAXeHHYIO Tpynny rmoc/jeloBaTe bHbIMH KOHCTAaHTaMH
HOHHW3auuh. KoOHCTaHTy aHcCOuHaUHK NpH Kaxkaom 3Hauyeiun pH
MOXXHO OMpPeJesHTb C MOMOLLbI0O XOPOLIO H3BECTHOrO MOAHPHUHPO-
BaHHOro ypapHeHua ['enpepcona — [accennbaxa:

pKe=pH—nigla/(l —a)]

(@ — cTeneHb AMCCOUHAUMH KHCAOTHBIX rpynmn). Has 60JbLIHHCTBA
MoJH3JEeKTPOJIUTOB HabjalofaetTca usMeHeHwe pK B 3aBUCHMOCTH OT
pH, B TO BpeMsi Kak B HHU3KOMOJEKyJAPHLIX 3JeKrposaurax pK He
sapucut ot pH. Tak, nonnakpuaounauerod umeer pK B 3aBHCHMOCTH
OT CTEMNeHH AHUCCOLHALMHK OT D A0 7, @ 1/1A €ro HU3KOMOJEKYJIAPHOTO
aHajora — aueruiauerona — pK=11,87 B 3TuXx ycaosuax [174].
JT1o aBAsETCA CACACTBHEM KoonepaTHBHbIX 3¢ heKTOB, KOTOpbie 06YycC-
JOBJeHbl NBYMA NpuuuHaMu: pH-3aBHCHMOCTBIO 3/€KTPOHHOH MJOT-
HOCTH Ha HOHU30BaHHOU rpymnmne 6jarogapd HHAYKTHBHbIM 3ddekram
COCENHHUX 3BEHbEB; KOHPOPMALMOHHBIMH H3MEHEHHSIMH B 3aBUCHMOCTH
or pH.

Koonepartushble 3¢pdekrsl MOryT G6biTb 3HAUHTENbHO CHHIXKEHbI
MyTeM BBELEHHS XKECTKUX (pparMeHTOB B MOJHMEPHYIO MAaTpHUY, KOTO-
pble pa3feffloT XeJaTHpylollHe (pparMeHTbl M CHHXKAKT THOKOCTDL
nonumepa {439]. Hanpumep, sapucumocts IgK, —a (K, — KOHCTaH-
Ta NPOTOHHPOBAHUA) AJA NOJHAMHIOAMHHA (iS) npeacraeiseT CO-
60# NpAMYIO JIMHHKIO, apanenbHyio ocH o (puc. 2.1). Ipyrumu cjo-
BAMH, TakoH mnoJinMep Beaer ce6d MoA0OHO HH3KOMOJIEKYJIAPHOMY
aHanory (2.6), T. €. B 3TOM cJlyyae PaBHOBECHEe «KOHCTAHT» ABASACTCH
peajibHO#H nocTosiHHoH B 1wMpokoM HHTepsase pH. Tak xe BenyT cebs
MHOTHe NoJuaMHI0aMHHBl, NpegcrapiedHble B Taba. 2.3. MoXHO BH-

~CHyCHy-CO-N N-CO-CHyCHy-N(CH3)~  (2.5)
O;JN-CO-CHgCHz—N(CH;;)—CHgCHz-CO-N 0 (2.6)
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AeTb, UTO B CJyyae NOJHMEPOB UYHC/IO KOHCTAHT NMPOTOHHPOBAHUS
pPaBHO YuCJay alMpaTHYECKUX aTOMOB a30Ta, NPHCYTCTBYIOWHX B MO-
HOME@PHOM 3BeHe. KOHCTaHTH OCHOBHOCTH NOJMMEPOB COOTBETCTBYIOT
HX MOJZeJAM, IDHYEM NOCJIeAHHE, KaK NPaBHAO, TOALKO HEMHOTO BhiUIe.
B npoTHBONO/I0KHOCTD U3MEHEHHIO IHTA/ILNHH H3MeHeHHe CBOBONHOM
3HEPrHH B CAyyae Mojaumepa HHxKe OJarofapst SHTPONHHHOMY uJieHy
(cm. taba. 2.3). Oas 3THX NOJIHMEDOB HU3MEHEHHE SHTAAbMHH, Tak
Ke KAK H KOHCTAHTbl NPOTOHHPOBAHUSA, HE 3aBHUCHT OT .

Tayromeprote pasnosecusn 6 xerarupyowux makposuzandax.
Bonpockl Tayromepuu MaxkpoNMraHaoB 40 HAcTOALIEr0 BpeMEHH
CPaBHHUTE/IbHO Mano u3ydyeHn. Hanbosee nerasbHOMy HCCIe0BaHHUIO
MOABEPIAHCH NOJH-f-AHKETOHbl, B pacTBOpax KOTOPBIX CYIIECTBYET
KeTO-eHO/MIbHOe paBHOBecCHe: :

K,
—CO—CH,—CO— = —C (OH)=CH-—-CO—

KauyecTBeHHYI0 OLEHKY NONIOXKEHHHA KeTO-eHOJLHOH TayTomepHu
MOXHO 1aTb Ha ocHoBaHuW AaHubix MK cnektpockonuu, nockogbky
Kaxaast popma umeeT CBOH XapaKTEPHUCTHYECKHUE MOJAOCH! NMOTAOLLE-
HHg. B uacrHoCTH, 4N KeTOQOPMBI XapakTepHO MOroUleHHe [pH
~ 1700 cv™' rpynn C=O0, a a1s eHoaa — B obaactu |600—
16560 cm~' Gnaronaps MOrMOWIEHHIO COMPSKEHHDIX rpynn C==0 wu
C=C, a rakxe B obaactu 3100—3600 cm~', cooTBeTcTByIOUICE Ba-
JAeHTHbIM KosieBanusim OH-rpynnel. Caeayer Tak:ke OTMeTHTE, YTO BO-
APOCHI KETO-EHONbHOM TAYTOMEPHH 15T HU3KOMOJIEKYASPHBIX aHA10T0B
xopowo u3yyennbl [440, 441] u ABAAIOTCH OPHEHTHPOM NPH H3yYEHUH
NOJMMAUTaHn0B. ¥YKe B CPABHUTENbHO PAHHHUX HCCAELOBAHHAX ObLIO
nokasato [153], 4to B nonumeraxkpouaauerone (2.7) npeobaanan-
eH SIBJISETCS €HOMbHAsA hopMa. DTO Gbil10 NOATBEPKAEHO M B NOCJe-
aywownx padorax {442]. OnHako KOJMYECTBEHHble NAHHBIE, Kacao-
liHecsi NOJIOXKEeHHS] TayTOMEDHOTrO paBHOBecHsi, ¢ mnomoubiw MK
CMTIEKTPOCKONHH He MOryT GbITh NOJydYeHbl. '

Hannbte MK cnexkrpockonunu cornacyiores ¢ peayabTaTamu uece-
poaHuit merogom ITMP cnekrtpockonuu, cornacHo KoTopmm K. nasa
NMONUMETAKPOUIAILETOHE H NMOJIHBHHUNaueToaueTaTa (2.8) cocTaBaAsOT
npu 299 K 32,3 u 0,033 coorsercrBenno {443]. Has cpasuenus
MOXHO OTMETHTb, YTO B HU3KOMOJIEKYJSIPHbIX aHAJ0rax 3THX COEMIH-
HeHHI [nuBastounauetone (2.9) w aleToykcycHom stupe (2.10)]
K, coorserctBerHo pasua 5,0 u 0.062. Takum 0o6pa3oM, noaHmera-
KPOHalleTOH B OT/IHYHE OT MOJAHBHHUAALETOAUETATA eHOJIH3HPOBAH
SHAYHTENbHO CHIIbHEe CBOETrO0 HU3KOMOJEKYASIpHOro aHanora. O6 sToMm
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¥e CBHIETENbCTBYIOT H H3MEHEHHSI HTa/IbIIMK U SHTPOMHUHM [IpH Mepe-
xoge ot moaumepa [AH=—20,1 gdx/monb nu AS= 37,7 Hx/
/(moaib-K) ] k monomepy [AH = —9.2 k[l /moib, AS = —18,0 Lx/

/(moab-K)|.
TABJIMLIA 2.3. KoHcTauTol npoTOHUPOBAPUA 1 TepMOOUHAMULECKUE PYHKYUY

NPOTOHUPOBAHUA NOAUAMUOOAMUHOS U UX HUSKOMOAEKYAAPHOIX MOODered
8 0,/ M NaCl npu 298 K [439]

AG, AH, |AS. Ox/
Coennnenne Peaxuns Kop | xllx/ [ D/ [ (mop-
MOJ L MOAbL K)

~CH,CHp-CO-N N-GO-CH,CHp-N(CH3)~  L+H* 779 4450 3461 33,10
jN—

~ ~\

0 N-CO-CHyCH,-N(CH3)-CHaCHp-CO-N OL+4H*t 8,066 46,09 3524 36,45

. ~—

~CHyCHp=CO-N_ N-CO=(CHaCHa-N=)2~ L+Ht 809 4622 3080 5154
CH;

— ~— LH*4+ 454 2594 2552 1926
g N-CO-(-CH CHa-N-)p-CHzCHz-CO-N_ 0 +H++

CHj L4+H*t 8248 47,14 30,76 54,89
—_—
- _co- —CO=(=CHoeN=)a~ LHt 4,80 2744 2535 7.12
CH20H2 CO-N N-CO-(-CH, l;l )3 +H;+_
CH3 L+HT 808 46,17 2895 57.82

~— Ui +
Q__N-CO-(GHzCHp-N-)3-CHzCHp-CO-N_ 0 LHT+ 6,94 3964 37,71 6,70

—— +
CH3 LH3T+ 1,89 1081 9,26 587
+
L+H* 8,25 47.14 26,52 69,14

LH*+ 744 4253 3897 11,73
+
LHZY + 256 14,62 12,15 7,12

B Tabn. 2.4 npeacraBnieHbl pe3ysibTaTbl HCCACHLOBAHHN KeTO-eHOJb-
HOH TayTOMepHH B Pa3JIMUHbIX PACTBOPHTENsIX MeTOLOM GPOMOMETPH-
YeCcKOro THTPOBAHus psaxa nonumepon (2.11—2.14)
CeHsO—CO—(CHy) 7— [-—CO—CH (COC;Hs)—(CH;)s—] —CO—OC,Hs (2.11)
C2Hs0—CO—(CHz) 10— [—CO—CH (COCyHs)— (CH3z)s—]—CO—OC,Hs  (2.12)

~ 0—CO—CHyr—CO—CsHs—CO—CHy—CO—O0O— (CHy) s ~ (2.13)

~ 0—CO--CH (COCH;3)—CO—CsH~—~CO—CH (COCH3)—CO—0—(CHzs)s ~
(2.14)

H HX HH3KOMOJIEKY/ISIDHBIX @HAJIOr0B: 3TUJIOBOTO 3(iipa BajepuaBaJe-
puanoBoi xucnoThl (2.15), Tepedranuannaueroanerara (2.16) u Te-
pedbranuianauerara (2.17) [442|. Auaau3 3THX HaHHbIX CBHJETeJb-
CTBYeT O TOM, 4TO NOJIH- B-KeTO3(H Dbl CHOMU3HPOBAHbB B 3HAUH FEJIBHO
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TABJIMUA 2.4. Koncrantot-Tayromepro2o pasHogecust noau-p-kero3gupos
H UX HUSKOMOACKYAAPHBIX Modeaeli 8 pasaudnstx pacreopureasnx [442]

[Toaw- | Moaw- | Mo- TMoau- | Mo- | lMoau- [ Mo- | Tloau- { Mo-
Pac Nb mep Mep Acat Mep Aesb mep AcAb | Mmep nenab
aetnopTe: (‘.2‘3[1) (2.12) 1 (2.05) | (2.8) | (2.10) {1 (2.13) | (2.17)y [(2.14)*] (2.16)

CH;COOH 0.05 0,07 0,06 0.22 0,62
CH;OH 0.03 0,01 0.07 0,04
(CH3):CO 0.06 0,07 0,08 0.18
CHCl3 i 0,02 0,07 0,09 0,85
CoHsOH 0,02 0,02 0,13
CHsCOOC.Hs 0,05 007 0,05 0,15 032 030 0,99
CeHs 0,03 0,05 0,03 0,22 1,76
(C2Hs) 0 0,04 005 0,04 0,43 023 072

Cly 0,03 005 0,54 _ 4,95

* B roayose K_=0,62.

MeHblUeH CTelleHH, YeM HX HU3KOMOJeKyJasipHble aHasord. Kpowme
Toro, Habmwoaaercst cnabas 3aBUCUMOCTb K, OT NOJASIPHOCTH pacTBo-
putens. Takoe moBefedHe nosaH-B-keT03pupos obbsickeHo [442]
CTEPUYECKHMH TMPENMATCTBUSAMH, 3aTPYAHSIOWMMH [pPOLECC eHOoJHU-
3a1LHH.

Ocobennocru Tpexmepuoix noausucandos. B otauume or pac-
CMOTDEHHbIX Bbllle JIHHEHHBIX TOMO- H COMOJHMEpPOB /ISt Tpexmep-
Hboix XMJI (clunTele, npuBUTHle MOJHMEpBI H Fesii) HeoBX0aHMO VUUTHI-
BaTb BCe TPH YPOBHH WX CTPYKTYDHOH OpraHM3auMH, MOCKOJbKY OHH
OKa3blBAIOT. 3HAYHTE/NbHOE BJIMSIHME Ha MpPOLecc xeaaToobpa3oBaHHS.
Ilpu 3TOM BaxKHOe 3HAUEHHE HMeIOT TaKMe XapAKTEPHCTHKH MOJHMe-
POB, Kak CTeleHb MX CIUMBAHUA, XUMHUECKAsl MPHPOAA U MAOTHOCTD
CLIIHBOK, MOPHCTOCTDb, ILIOWLAAL MOBEPXHOCTH W T. A. CaaboCiliuTbie
MOJUMEPBl BO MHOTHX Cly4asix BeayT cebst mogo6HO pacTBOPHMBIM
aHajoraM, B TO BpeMs Kak cHiabHOCWHTHE XMJI (yHKuHOHHPYIOT
JUWb B TOHKOM [MpUIOBEPXHOCTHOM cJoe. ITOCKONBbKY Taxue Mmo.u-
JMUTAHABl UCMOJB3YIOTCA B HabyXuwlieM COCTOSIHHM, TO CYLIECTBEeHHOe
BIHsIHHE Ha npouecc xesqaToobpa3oBaHMsl OKasbiBaeT TakKe MOJ-
BHXXHOCTb CErMEHTOB NoJMMepHbIX Uenefl. Kak npaeuao, 3nagurenn-
HbiH BKJIAA B KHHETHKY KOMILIEKCOOGpa3oBaHusa TPeXMepHbIMH
XMJ1 BHOCHT BHEIUHSIST M BHYTpeHHSNS anpdysns MX,.

B nonnmepHmx reasix Heo6XomMMo yuuTbiBATH jBa YPOBHS npo-
CTPAHCTBEHHOH Opranu3aumn [444]: uvacTuup nosipHOro noJjumepa
B MaTpHLUE 3JacToMepa W MX AOMEHHYIO CTpYKTypy. Taxue XMJI ne
PaCTBOPSIIOTCS B peakUHMOHHOW cpeae, HO MpoHHUAEMbl AJist MOJIEKY.i
MX, u pacrsopurens.

H, HakoHew, npomekyTouHoe Mo/0KeHUe MEXIY JIHHEeHHbIMH
M clnTeiMu XMJT 3aHuMaor nonumepsl ¢ MPUBUTHIM (PYHKUHOHAIbHBbIM
MOKPOBOM (paCTBOPUMBI XelaTHPYIOWHI MAKPOJIHraHA Ha HepacTBo-
PUMOH foinMepHON moanoxkke) [5]. B srom ciydae BbiHECeHHe
XeJTaTHPYIOWHX QPArMeHTOB HA OBEPXHOCTD MoJIMMepa 3HAYHTENbHO
CHHXaeT AUddy3uOHHbe OrpaHuyeHHss Mpoleccos xetaToobpa3oBa-
AHA, a8 NONBHMHOCTb MPHUBMTBIX Lelefl yMeHbliaeT PoJb npocTpaH-
CTBEHHDIX 3aTpyNHEHWH NpH xenaTuposauuu MX,.
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2.9. IPHPOAHBIE NOJIHMEPDI

B nocnegHde rofbl Bce Gosbuiee BHAMAHHE YACHTIOT H3/yempy
xenaToo6pasylOlLHX CBOHCTE NPUPOAHBIX NMOTHMEPOB H HX MPou3s ;.
HbIX.
CnegyeT OTMETHTb, YTO MPOBOAHMbBIE peaklHH MONH(PHKALMK npy.
POAHBIX MOJIMMEPOB C LeJbio y/iyulIeHHsT HX XelaTHPYIOWHX CBoficTs
He 3aTpParHBalOT OCHOBBI MOJIWMEDPHOTO HOCHTES, NO3TOMY MPu pac-
CMOTPEHHH CTPOEHHS ITHX MAKPOJHTaHI0B OCHOBHOE BHHMaHHe Gyier
yAeseHO HemocpeACTBeHHO MPHPOIHBIM MOTHMEpaM. Huke paccmorpe-
Hbl HauboJee WHPOKO HCIONb3yeMble MaKDOJHIaHIbL [e110:103a,
kpaxmal, JeKCTpPaHbl, XHTHH, XHTO3aH, aJbrHHOBbIe KHCJIOTbI, MeKTH-

Hbl U T. 1.

2.2.1. Moaucaxapuapl

[leanonosa gpasiercd Haubosiee pPacnpOCTPAHEHHBIM IPUDOAHBIM
MONHMEPOM, KOTOPbIHl COCTABAACT OCHOBY KJETOUHDBIX CTEHOK BHICLIMX
pacteHuit. JloctarouHas MexaHuyeckast IPOYHOCTb, XOPOIIHEe PEO.TOTH-
yeCKHe CBOHCTBA, BO3MOXKHOCTb IIPHMEHEHHS B BHIE BOJOKOH, QH/bT-
poB, MemO6paH, NOPOUWIKOB HJM TKAaHbIX MaTepHaoOB pacilupser
obnactd NPUMEHEHHS Ue/JI0J03bl KaK XejaTHPYuero Makposau-
rasga. OHa sABAfAeTCA CPaBHHTEAbHO KECTKOUEMNHbIM MOJUMEpPOM, ee
MaKpPOMOJeKyJIbl 06/1a1a0T BbICOKOH CTeleHbi0 aCHMMETPHH BCJIeICT-
BHE UMKJIHYECKOH CTPYKTYPbl 3JieMEHTApHOro 3BeHA, HAJNuHs CH.ib-
Honoastpubix OH-rpynn M X HHTEHCHBHOTO MeXMOJIeKYJAPHOIO
B3aHMONCHCTBAA. B NPUPOLHBIX BOJIOKHAX JHHE HHbIE MaKPOMOJEKY.Ibl
LEJTIONI03b! OPHEHTHPOBAHBI NTapaJiesbHO APYr APYTY 3a CueT MHOro-
UHCJACHHBIX BOLOPOAHBIX CBfAze#, o6pa3ysa 0o6aacTH ¢ KPHCTalIHUe-
CKOH CTPYKTypo#t. CTeneHb KPHCTAMIHYHOCTH 1EJ1I0103bl MOXKeT 10-
crurath 70%). llepBuuHbili aneMeHT HagMoMeKyJsIpHOH CTPYKTYpH
UeNNI0N03b! — MyYKH (CBA3KH), AMaMeTp KOTOPbIX CocTaB.a1seT 2—
5 HM, a AfuHa — okosio 60 um [445]. Tlyukn yk/aaAbBalOTCH B
napaJienbHbie 1pyr Apyry MUKpODUODPHJ/b], B KOTOPbIX MEXAy Tyy-
KaMH HMeITCA MUKPOKAUAAEpbl. MUKpohDUOpUAb y10KeHbl C10AMH
C H3IMEHSIIOLLEeHCs OpPHEeHTalLMeH KaXa0ro nocdenyouero cjaos. CToTb
CAOXKHAF CTPYKTYPa UEIION03b JeiaeT ee MexaHHYeCKH MPOUHOM,
HO JIETKO MPOHHLAEMO# JASl OCYLIeCTBeHHsT peaklHil MOIH(pHKALHL.
O6pasyomnecs XMJ1 oranuawres JAYUWHMH (DH3HKO- XHMIYECKHMH
XaPAKTEPHCTHKAMH: MOBbILEeHHOR FH!lpO(bHJIbHOCTbK), 6oaee pasB}lTOﬁ
MOBEPXHOCTHIO, YCTORUHBOCTBIO NPH NOBBIERHHX (373—413 K) TeM:
neparypax u 1. g.

XMHYecKHe CBOHCTBA UeJWTIONIO3bl ONpeJesiSIOTCA Ha/AHuHEM B
f(()al_){KﬂOM SNEMEHTAPHOM 3BeHe OJHOH NepPBHYHOH H ABYyX BTOpHUHBIX
aﬂe&repﬂinn, a TaKXe aueTajbHbIX (rAOKO3HAHLIX) CB3eH Mt‘)l\’fl)"

APHLIMH 3BEHbSIMU. Bbicokasi peakiHonHa CHOCOGHOCTD Ue
MONO3bL  1103BOARET  OCYIMECTRAATL MHOFOMHC/EHHBE  XHMHUECKHE
MPEBPALLCHHS C UEBIO MONyUeHHS Ha ee OCHOBE caMbix Painoo6pas:
HoX XMJT (cxema 2.1) [446-—474]. Cuenyer oTMeTHTb, uTO Camd
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geaaoaoza 06iafaeT CpaBHHTENIbHO HEBBICOKHMH XeNaTHPYIOWUME
coiictBamil [47D5], B TO Bpemsi KakK MaKpOJMraHabi Ha ee OCHOBe
oTHocATCesl K uneay Hauboaee sddextusubix XMJI [476].

B nocaennune rofbl B KauectBe npupoasHbix XMJI cranu vcnonb3o-
BaTb W JApYyrHe 10JHCAXapu/bl, TakHe KakK KpaxmaJ, JEeKCTPaHbi
u 1. . Opnako pa3paboTaHHble K HacTOAWEMY BpPEMEHH MeTO.b
MoAH(MHKALHH 3THX TIOJIMMEpPOB KpaiiHe orpaHudeHnl [477—489].

lJupokoe pacnpoCTpaHeHHe B KaueCTBe OCHOBb JJisi CO3[aHHs
XMJ1 nonyuyu/H XHTHH H ero 1e3aueTHiupoBaHHOe MPOM3BOAHOE —
xutosaH [490, 491]. PopmaibHO XHTHH MOXeT paccMaTPUBATLCHA
KaK MPOU3BOAHOE 1e/10103bl, TAe C-2-THAPOKCH/bHbIE IPYIHMbL 110/~
HOCTbIO 3amelleHbl aueramuporpynnamu. Cxema 2.11 waawocrpupyer
Hau6o/iee HHTepecHble HANpaBJaeHUs MOAH(PHKAUHKY XHTHHA M XHTO3a-
Ha [490—507].

JletajibHOMY HCCHeJ0BaHHIO Oblid  MOABEPrHYTH  aJbrHHOBbLIE
KHCJAOTHI, HpeacTas/sioulde co6oli nonncaxapuabl Boaopociei, KOTO-
pble COCTOSIT U3 OCTAaTKOB [D-MaHHypoHOBOH kucjorbl [490]. O6biu-
HO aJ/IbTHHOBbie KHCJAOTH HCNOJbL3YIOT B KauecTBe HarpHeBOH COJiH
(afdbrdHa), KoTophiil pacTtBopsiercss B Boge. PacnpocrpaHeHHBIMH
nofucaxapHiHbIMH MaKpoxeaaTHPYIOUIUMH JuraHlaMu sBISIOTCA KakK
HH3KO-, TaK H BbICOKOMETOKCHJHPOBaHHble HeKTHHbI {HAaTUBHbLIE UHT-
pycoBbii, 16JIOUHBIH, CBEKJOBHUHBIH) .

2.2.2. I'ymycoBbie KHCJAOTHI

MHrepecnbimu npupoaHbiMu XMJT aBasioTcss rymuHoBbie U (yJibBO-
KHCJIOTB — BaXKHeliHe OpraHu4ecKHe NpoaAyuneHTbl GHOTeOKOMMIeK-
ca, npeacrasisiollte cob6oi cMecb OAHOTHIHO NOCTPOEHHBIX MAKPOMO-
Jekya nepemeHnoro cocraBa [508—>511]. Dro Haunbonee pacnpocrpa-
HeHHble NMPHPOAHble KOMMIekcoofpa3yuide BeulecTsa, ofpee/isio-
LLIHe MHIPAUKIO H 3aKpenseHHe HOHOB MeTaJaJIOB B MO4BaX.

2.2.3. beak4 ¥ noavnenTHabl

Benku u noaunenTHAb SABASIOTCA BbICOKOMOJIEKYJASIPHBIMH COEJlHHe-
HUSIMH, COCTOSAILLIIMH H3 aMHHOKHCJOT, COeIMHeHHbIX aMHIHOH CBAI3bIO0.
Onu nmeor obutyto dopmyny

NH,CHRCO— [—NHCHRCO—],—NHCHRCOOH,

rae R — atom Bojpopona, ankuabHBIH, apUIbHBIH MW reTepolHK/IH-
ueckHd pazadkasa. [loaunnenTuabl oTndvawTest 0T 6E1KOB 3HAUNHTEb-
HO §oJiee MPOCTBIM COCTABOM M CTPOEHHEM H, KaK [1PaBHaO, MeHb-
Lied MoJieKysipHOH Maccoll. Bmecre ¢ TeM cledyeT oOTMeTHTb, YTO psa
npocreétinnx 6eqKOB C YCTAHOBAEHHOH CTPYKTYPO#l MPUHATO paccmar-
PHBATb COBMECTHO C CHHTETHUCCKHUMH MNOJHMENTHIAaMH.

B 3aBucumocTd oT cocTaBa nosunenTHAL NO1PA3ALNAIOT HA FOMO-
MOIHANCNTHAbLI, HJM [10;1-ot-@aMHHOKHCIOTE  (06pa30BaHHble OCTaT-
KaMH OQHO# o-aMHMHOKUCJAOTBH), H reTepOnOJIHMNeNTHAbl, @ KOTOPbIX
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pasJHyHbIe o-aMHHOKHCJOTHbIE OCTATKH MOTYT paclpelefsiThCs cratu-
CTHYECKH, peryJsipHo Hiu GJIOKaMH.

[Ipu paccMOTpEHHH CTPYKTYpbl 6€KOB H MOJHMENTHAOB C TOyKy
3peHHsA HuX xeJaTupylowed cnocobHOCTH yﬂoﬁljo MONb30BATHCH fIpes-
CTaBJEHHEM O HAJHUWH B HHX pa3HblX YDOBHEHW CTPYKTYPHOH Oprauu-
3alHH: MepPBHYHOMN, BTOPHUHOH, TDETHUHOH H HETBEDTHYHOH CTPYKTYP.

[TepBHuHON CTPYKTYPOH Ha3HIBAIOT MOJHNENTHAHYIO Hellb ¢ HHKCH-
POBAaHHOH B HeH MOCAeJ0BATENbHOCTBIO DPACHOJIOKEHHS OCTaTKoR
AMHHOKHCJIOT, Cl0Ja Ke OTHOCHAT KOBAJIEHTHble CBSI3H MEeXAY OTieip-
HbIMH Y4acTKaMH OJHOH MOJIHMENTHAHOH LEMH, HAMPHMED AHCYAbdUA-
Hble Mexay ocraTkaMu UHcTerHa. CTPYKTYpHbIH 0OCTOB 6esKoB —
nmosiHNenTHAHasi (HAK NenTHAHASA) uellb, obpasyloiasics B pesyabrare
B3aHMOJEHCTBHA a-aMUHHbIX H 0-KapOOKCHJABHBIX T[pYIN aMHHO-
kucaor. [las onvcanus KOHPOpMauHH MOJHMNENTHAHON UeNH Oesxos
PHHATO HCIO0JIb30BaTh Yr/bl BpalleHHsl BOKpPYT CBsi3ed OCTOBA lienH
~ NH—C,HR—C’O ~. ¥rnom ¢ 0603HayaloT yros Bpaile€HuHs Bo-
kpyr cesisu N—C,, yraom W — sokpyr ceaszu C,—C’. [lepsuynasn
CTPYKTypa [MOJiHIleNTHAA ONpefe/isieT XapaKrep BceX ero BpICIIKX
CTPYKTYD.

BropuuHo#i cTpyKTypoH Ha3blBalOT peryjasipHyl0 KoHHrypauHio
Y4aCTKOB MOJIHIIENTUAHOH LeMH, MOAYYaloilylocst B pe3yJibTarte ompe-
JEJIEHHOro pacliofioXKeHHA OCTATKOB aMHHOKHCAOT APYr OTHOCHTEJb-
Ho Apyra. O6HapyxeHbl H CpPaBHUTEJAbHO XOpPOILIO H3YUeHH JBa
THMA BTOPHYHBIX CTPYKTYp: CBepHYTas B COHpaJp MNOJAUTENTHAHAA
uenb (@-COHpaJ/db) U pacTAHYTble MapaJjJyelbHO PacrosioXkKeHHble yya-
CTKH UelH (MJIOCKHe cKjadyaTbhle CIOH HJAH B-CTPYKTypa).

[Tox TpeTHYHOH CTPYKTYpoO#l NOHHMAIOT XapaKTep pacloiOXKeHHs
MOJHMNeNTHAHBIX nened B rnobynax OenkoB. B crabGuianzauuu crpyk-
TYpbl Ge/iKOB pellaloiuee 3HayeHHe HMeeT KoolepaTHBHOe AEeHCTBHE
psifa cBsi3ed, YCJAOBHO Ha3BaHHbIX BTOPHYHBIMH (B OTJHUHE OT
«MEepBHYHOH» MENTHAHOH CBSA3H); K TAKHM CBA3AM OTHOCHAT BOJIO-
pO/iHble, coJieBble, BaH-Aep-BaaabCoBbl, AHCYNbDOUAHBIE, rHApoPpobHOe
B3aHMOLeHCTBHe, MOMepeyHble CBSI3H MEXAY PasJHUHbBIMU yYacCTKaMH
uenu 3a cyeT KOOPAHHAUHMOHHO-CBA3AHHBIX MeTaJjloB.

3HaHHA TOHKHX JeTajiei TPEeTHYHOH CTPYKTypbl OrpaHHyeHHl
JIHIIb HECKOJIbKHMH MpHMepaMu (MHOIIOOHH, JH30UHUM, XHMOTPHIICHH,
pubOHyKJiea3a, KapOOKCHOeNnTHpasa, nanauH, cyOTHAH3HH, HHCY/HH
H AD.), ANsE KOTOpbIX MeTOJaMH PEHTreHOBCKOH Kpgm’ramorpatj)uu

onpejeseHbl CTPYKTYpbl ¢ paspeuleHHeM mopsiaka 2 A.

HMurepecnast ocobeHHOCTb TPETHYHOH CTPYKTYphl GeiKOB — KOH-
(opManHOHRasA rOMOreHHOCTh, T. €. OAHOTHNHOCTb MPOCTPaHCTBEHHOH
CTPYKTYpbI BCEX MOJEKYJ JAaHHOro 6eJiKa.

HersepTHuHas CTpYKTypa OTHOCHTCA K MakpomoJekyjam, B
COCTaB KOTOPbIX BXOAHT HECKOJbKO MOJHMNENTHAHbIX uerned (cyObelH-
HHL). Deiikn ¢ yeTBepTHUHOM CTPYKTYpOHl LWHPOKO pacmpoCTpaHe-
Hbl, H, MO-BHAHMOMY, 3TOT YpPOBeHb MOpPGOJOrHUecKOH OpraHH3auHH
THIIHYEH JUIST MHOTHX GenKkos ¢ MojeKyasipHoi Maccoft > 50000.
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2.2.4. HyxkaeHHOBbIE KHCJOTHI

CyIHECTBYCT 6ONBLIHOC UHCI0 NOJAHHYKACOTHAOB HIH HYKJACHHOBbLIX
KHCJIOT, KOTOPLIC V0610 PAa3Ae/uTh Ha JIBa THia: pubonyKaennoBole
kucaotsl (PHK) #  nesoxcupubonykientnoBuie  kKuciorer  (HK).
OHH COCTOSIT H3 UCTBLIPEX, PEKE HFATH, NHOBTOPSIOUIMXCH MOHOMEPHDbIX

0]
i l Puc. 2.3, CxemaTHuecKkoe H30-

HO O O6paxenue cTpykTypsl JIHK
| [P — docdar, C — caxap
oPO (ne3okcupubosa), A — aze-
6 HuH, T — TamuH, T — ryanus,
/ LI — unT03HH]
o. CHj
HO lO
OTO
—0 Puc. 2.2. llepsuunas crpyktypa PHK
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3BeHbEB — HYKJIEOTHIOB, CBA3aHHBIX MEXIY coboi docdoansduphp-
mu ceassimu —PO(OH)—O—, Kak 3To MOKa3aHo Ha pHc. 2.2 nas
PHK. B orsinune ot PHK B JIHK neT 2-ruapokCH/IbHOH IpYNel, noka-
sanHOf Ha pHc. 2.2, a ypauHa 3aMelleH THMHHOM. YpesBbluaiiho
BaXKHa MOCJENOBAaTEbHOCTb HYK/AEOTHI0B, TaK KaK OHa onpene/ser
reHeTHYeckiil kon JIHK. Pa3nble HYKJAGOTHAb! OTJAHYAOTCS APYr OT
Apyra MpHpOLO{l MypHHOBOrO MM MHPHMHUAMHOBOrO OCHOBAHMSI.
PHK npencrasisieT coGoit MosinMep, COCTORIUIHA M3 €NHHCTBEHHOH
uutH, a JIHK cocTouT u3 AByX MepelieTeHHbIX CMUpaJjeH, NpHyem
reTepoOUHKIHYECKHE OCHOBAHHA O[HOW LeMH CBA3aHbl BOLOPOLHOM
CBSA3bI0 C OCHOBAHHUAIMHU APYroH uemnu, o6pasys CTPYKTYpY, H3BECTHYIO
KakK «IBOHHas crdpatb» (pHc. 2.3). XenatooGpasoBaHue ¢ TAKUMH
XMJI upotekaer Becbma cBoeofpasHo (cMm. ni. 6).

2.3. HEOPTAHHYECKHE U CMELIAHHBIE NOJTHMEPLI

B kauecrBe 0CHOBbI 145 co3ganust XMJI HCMONBb3YIOT TaKXe pa3Ho-
o6pa3Hble HEOPraHUUeCKHe MOoJMMepbl H, B MEpPBYIO Ouyepelb, OKCHU[
KpeMHHAl (KpeMHe3eM). IDTO CBSI3aHO ¢ HanuyueM [LUPOKOro accopTu-
MeHTa KpeMHe3eMOB C pa3/HYHbIMH 3HAUEHURAMH YyaedbHOU MoBepx-
HOCTH W pa3MepoM [OD, AeTaJibHOH H3YYEHHOCTbIO ero MOBepXHOCTH,
FTHAPOJNIUTHUYECKOH H TepMHYECKOH CTOWKOCTbIO, HepacTBOPUMOCTLIO
uT. A [512].

Metoapl cuutesa XMJI Ha ocHOBe KpeMHe3eMa MOXKHO pa3jlesHdThb
Ha aBe Goabuwide rpynnel. K nmepBoH U3 HHX OTHOCHTCS MOAH(QUUHMPO-
BaHHe MOBEPXHOCTH TOTOBOTO KpeMHeseMa, KO BTOPOH — THAPOJIUTH-
yecKasl MOJHKOHAEHCAUHST KPEMHHHOPraHHYECKUX COedHHEHHH.

ChenyeT OTMETHTb, 4TO NPU MOAH(DUKALHH MOBEPXHOCTH KpeMHe3e-
' Ma OCHOBHbIE €ro XapakKTePUCTHKU B GOJibUIMHCTBE CaAydaeB HE H3Me-
HAIOTCS. XHMHUeCcKoe MOAH(HIUPOBAHUE KPEMHE3EMA OPTaHHUECKHMH
COEIHHeHHSIMH C [[€JIbI0 CO3AaHUS XeaaTHPYIOWUX ¢pparMeHToB MPOBO-
AT 110 THAPOKCUJIbHBIM TPYMNaM noBepxHOCTU. Takue rpynnut UMEIOT- .
Csl U Ha MOBEPXHOCTH APYruX OKCH/IOB, YTO MO3BOJIAET MCIMOJb30BaTh
ux anst cuutesa XMJI. Ognako omHMM M3 cyllecTBeHHBIX HeAOCTaT-
KOB, CAePKHBAIOWHX IIHPOKOE MPUMEHEHHEe OKCHIHBIX HOCHTEJIEH,
IBNSIETCA HU3Kad CNocoOHOCTh K MOAMPUKAUKWM [MOBEPXHOCTHBIX
FHAPOKCHJBHBIX Tpynn. KpoMe Toro, yacTb rUAPOKCHJILHBIX TPyl He
MpHHUMaeT y4acTHA B peakUHsiX MOAUGHUKALUH, IO3TOMY OYeHb YacTo
B JOMOJIHEHHEe K BBEIEHHIO XeJaTUPYoWHX $parMeHTOB MOBEPXHOCTD
BrociaencTBHH o06pabaTbiBalOT KPeMHHHOPraHHYECKHMH COEAHHEHHSA-
MH, HallpUMep reKcaMeTrwaauMcusasanoM. llpouecc cosganusa xenaTH-
pyloulero ¢dparmMeHTa Ha MOBEPXHOCTH KpemHe3eMa, Kak MNpPaBHJO,
ABAACTCA MHOrOCTaJAMHHBIM H BKJIOYAET €ro npelBapuTeNbHYIO
06paboTKy pasHoOOpa3HbLIMH KPeMHUMOPraHUueCcKUMH COe1HHEHHAMH,
B YaCTHOCTH y-aMuUHOmponuJcuaanom [513, 514]. OcroBHble yanpas-
JeHHR MoaudHKaUUH KpeMHedema npeiactassiennl na cxeme 2.]11
[515--551]. AwanoruuyHeiMm 06pa3oM HUPOBOIHTCS MOAHMDHKAUHS M
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IPVIHY OKCHJIHBIX HOCHTENEil.
Cxema 2.HI

N (?HzcﬂzNH)nH S S™Na
NH

7

.
q\\ 4

HOL/«\///////Q/

i0,

.
=

HON=CH
ot o
Z, N\NOH
247 4 /%% //% Z
N\ OH ?H2 (CHZCOOH)Q N/
COOH OH

WnTepecHblMH HeOpraHHYeCKHMH XeJaTHPYIOILHMH NOJWJIKWTAHLA-
MH SIBASIOTCA noJuasiomasnl (2.18) u nogucunasan (2.19), sakpen-
JIeHHble Ha MOBEPXHOCTH KpeMHe3eMa, KOTOpble NoNy4aKT, HalpuMep,

no c/aedyloluM peakuusim [552, 553]:

S$i0; + AICI; + NHz — —;,\I-NH- (2.18)
HN-

Si0; + SiCly + NHq — - Sii—NH- (2.19)
HN-

[IpuMepHO yeTBepTh BeKa Ha3ad Hauya/JHCb UCC/IENAOBaHHA TaKOro
HEOPraHuyeckoro noaumepa, Kak noanauxjopgocdasen (2.20), B Ko-
TOPOM peaklHOHHOCNOCOGHbIE aTOMbl XJOpa Jerko 3amelllaloTcs
OpraHHYecKMMH peareHTamu ¢ o6pa3oBaHHeM XeaaTHpymwuux dpar-
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menToB (2.21) [554—563]:

Cl IIR
|

~N=P-= -N=f-
Cl R

(2.20) (2.21)
R, R’ =NHCHz, NHCH,CO0C,Hs, NHCHRCOOCH;

B nocsaeanne rofibl pa3paGoTaHbl HOCHTEJH CMELIAHHOTrO THNA, B
KOTOpBIX MoJMMepHasi LeNb 3aKpenjeHa Ha [OBEPXHOCTH MHHepa.lb-
Horo Hocuteast (puc. 2.4). TexHuKa MNoJydeHHs] TaKHX HOCHTeseH
neTaJbHO onucaHa B paBote [5]. M3 nanbo/iee uuTepecHbiX HanpasJe-
HUil OTMETHM MOJHMepH3alHUI0O XelaTHPYIOUIHX MOHOMEPOB C HUCMOJb-
30BaHHeM NPHUBUTBHIX K [TOBEPXHOCTH KPeMHe3eMa Henpeie/bHbIX COe-
auHenuit. Takum o6pa3om, Hanpumep, Obla COMOJHMEPH30BaH MOHO-
mep, cogepxauui rpynny —COOCH;—CHOHCH;, ¢ Buuuacuaa-
HOM, NpeJBapHTeJbHO 3aKpeneHHbIM Ha MOBePXHOCTH KpeMHe3eMa
[564]. JoBoabHO 4acTo BHAYa/e 3aKPelyifioT MOHO(DYHKIHOHAJ bHBIH

Puc. 2.4. HocHTeap CcMelWaHHOTO
 THNA, NPeACTaBJAWHA CcoboH Mak-
posuMraij C XxeJaTHpPYIOWHMH par-
MEHTaMH, 3aKpenJeHHb# Ha Hemo-

puctoél cepe SiO»

no/siuMep Ha MOBEPXHOCTH HEOPraHHYeCKOro HOCHTe s, a MOTOM ero
MOAKGHUUMPYIOT C Le/bl0 CO34aHUS XeJaTHPYIOUIHX (parMeHTOB.
Tak, B pabote [565] onucaHo nosydeHne XeJaTHPYIOILEro MaKpO.TH-
raija Ha MOOBEPXHOCTH MOPHPOJHOrO LeosJHTa 06paGoTKOH MOHO-
(PYHKUHOHAIBHOrO MOJHMEpPa TPHITHACHTeTPAMUHOM.

Taasa 3
METObl MOJIYYEHUA MMX

B cospemenHo#t cunTetuuecko#l xumum MMNX HHPOKO HCNOAb3YIOT
obuine METOAMKM M NPHHUMIIB CHHTE3a KOMIUIEKCHBIX COeLHHeHHIl
[566—569] . Cxema 3.1 HIVHIOCTPUHPYeET pa3dpaboTaHHbie K HACTORILCMY
BpeMeHH MeTOAb nosyyeHnss MMX. Kak i B cilyuae HHIKOMOAEKVAAD-
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HBIX MeTanaoxeaatos, 6o/buHcTBO MMX nonyuyeHo nyrtem Henocpea-
CTBCHHOTO  B3aHMOJACTICTRHA HOHOB META/MIOB € XeJAaTHPYOULHMH
MaKpOJHranaamu. Bmecre ¢ TeM B nocjefHde rojbl CTajlH HHTEHCHB-
HO PA3BHBAThCA H JAPYTHE MeTO/LI cHuTeda MMX, B yactHocTy NOAH-
MCPH3ALHA MeTaN0Xe1aTIbIX MOHOMCPOB, 3aKpenseHune cHopMHpoO-
BaHHbIX METAJLIOXEJaToB 1k NOJHMepax W T. /.

Cxema 3.1

METOAbI CHUHTE3A MMX

CHHTEZbLI HA OCHOBE XENATUPYRIWWX NONUMEPAHATNOT NYHBIE . .
MAKPOMIT AHAOB NPEBPAWEHWA METOLbI "CBOPKI" MMX
¥ ! \
i R3aMMOAEWCTIBWE HOH mMEeTanna — 1. Nonumepusauun merannoxe-

1. 3akpenneHue meTanno-
NATHLIX MOHOMEPOB

.NonuKkorpeHCauun

X€NATHPYIOUMA MAKPONUIaH]
. OBbmen MeTannos

X€natos Ha nonu-

[N

~ MEPAX YEPE3 NUraH
3. 06men Aurangpoe P P A 3. 3aKkpennenne merannoxena-
HyNbBANEHTHLIX 2. Npespawetue koopau- T0B Ha NoNvmMmepax vyepe
4. CuRTE3 R3 HYNb HaLMOHHbIX NOAMMEPOB Tain pax yepes
MeTannce mMe
8 MMX .
5. MeTO4 BO3KUKAKUNKX PEATEHTOB 4. MexaHOXMMHUYECKUN CUHTES

3.1. CHHTE3bl HA OCHOBE XEJIATHPYIOULIHX MAKPOJIUTAH1 OB

3.1.1. BzanmopeiicTBHe HOH MeTanna — XeAATHPYIOLLHH
MaKpOJHTaHj

B 3aBHCHMOCTH OT MpUpOABbl MOJHMEPA-OCHOBBI peakUHH Xenartoob-
pPa30BAaHHA OCYLIECTBJAIOT B TOMOreHHOH (pacTBOpHMble JHHeHHble
roMO- H COMNOJXAMEDPDI) HJH FeTeporeHHOH (CLUHTHIe, NPHBHTHIE 10JH-
Mepbl M re/d) ¢asax. YdyeT MOJHMEpPHOH OPHPOABLl Xe1aTHpyloLero
Juradna tpedyer GoJsiee TILATENbHOTO, Y€M B Cyyade HH3KOMONEKYAsIp-
HbIX Mera.uloxe1aTtoBs, nojabopa pacTBopurese, KoHTpoas pH-cpeab
4 crelHPHYeCKHX YCNOBHH IPOBeAeHHsA CliHTe3a. JIHraH HbIe CHCTeMBlI,
HCIIO/1b30BaHHble AndA chiHresa MMX, npeacrasjenb B taba. 2.1.

Buibop coennHeHuss MeTaana onpefensieTca panoM tpeboBaHui.
[lepBoe K3 HHX — QOCTYMHOCTBL TOTO HJH WHOTO COeAHHEHHs MeTaJlla.
Kak yxe ormeuasocb, MMX noaydyeHbl NOYTH CO BCEMH MeTaaNNaMu
[lepuoaryecko# cuctemnl. [liss MHOTHX MeTaJJIOB H3BECTHO 6oJblIoe
YKCJI0 COJNed, a IJ/sl HeKOTOPbIX HOHOB MeTaJJiOB YCTOHUHBBIMY fBJIs-
IOTCAl TOJAbKO HECKOJIbKO coenlHeHHit (Hanpumep VCly) npermyutect-
BeHHO B HWHepTHOH cpeae. [lo3atomy ucxoasaT, npexkiae Bcero, H3
Go.lee yCTOHYKBBIX M JOCTYNHbIX codeil, Bropoe TtpeGoBanne —
PacTBOPHMOCTb CoeliHeHHsl MeTanaa. To BaXKHO B C1yyae pacTBOpH-
MbIX MaKpOJHMTaHAOB, MOCKOJbKY BO MHOTHX Cay4dsX >XeJaTesbHO,
YTOOBI JHTAHA W COJb METaana pacTBOPSANHCH B OJHOM H TOM Xe
pactBophTtene. Ins HepaCTBOPHMbBIX MOJHMEPOB 3TO YCJ0OBHEe CBA3AHO
C BO3MOAHOCTbIO HAOYyXaHHs JINTAHAA B TOM PACTBOpPHTEJE, B KOTOPOM
pacTBopsieTcsi conb MetaJdna. Hakonewu, Boifop coad Meranna olpe-
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neJseTc THIOM MOJydaeMoro Meranjoxeqarta. Tak, AJs noayuenus
MOJIEKYJ/ISIPHBIX METa/lN0oXeNaToB HCMOJb3YIT Te COEIHHEHH: MeTan-
JIOB, Ha OCHOBE KOTOPbIX XOTAT MONYUYHTb MeTadJoKomnaekc. Haubo-
Jee 4yacTo HCMoJb3YyIOT ranorexuinl merassios [102, 108, 117 124,
570—576] (uTo OGBSICHAETCA HX CPABHHTEJbHOH NOCTYMHOCTBHIO W
YCTOHUMBOCTBIO), a TakKxke cyJjbdaTel 4 HuTpatbl [l121, 577, 578].

B cayuae BHYTPUKOMIIEKCHBIX CO€LHHEHHH BbIGOD CONH HMeeT
MPUHIHMNKAJbHOE 3HAayeHHe: OT Hero 3aBHCHT He Toabko pH cpeawi,
KOHTPOJIb KOTOPOH BaXX€H NPH CHHTE3aX KOMMJAEKCOB, HO H BO3MOX-
HOCTb Pa3/JMYHBIX OCJAOXHeHHH B npollecce cuHte3a. Haubosbuiee
YHCJIO MCCAeLOBaHHA BBINONHEHO C alleTaTaMH MeTaJlIOB, IOCKOJLKY
OHH CO3/1ai0T BeCbMa 6aToNPUATHbIE YCAOBHA ANA CHHTE3a KOMIJIEK-
COB ¢ pa3HOOGpa3HbIMH OPTAHHUECKHMH COEAHHEHHAMH, COAepXKalliu-
MH B xenaTHblx H-uukjgax pa3aunuubie retepoatombl [567, 568,
579] . Tak, npy HCNoOJb30BaHKHH B PeaKLHH XenaToo6pa3oBatus C MoJu-
MepoM, colepXKauiiM B-IHKEToH, cyabdaTa, HUTpaTa ¥ alueTara Melx B
oAMHaKoBbIX ycaoBusx (299 K, 20 u) cTeneHb KOOpAMHAIMU COCTAB-
asier 18,9; 20,5; 94,4% [163].

[Tpupona pactBopuTe/f HIpaet 3HAUHTEAbHO GOJBILYIO POJIb B CHH-
TeTHUeCcKOH XuMud MMX, uem B cityyae HMX, uto o6bAcHATCSA NOJIK-
MEPHOH NMpHPONOH XenaTupykoulero Juranna. Kak ussectHo, nosumep
pacTBOPHM XV2Ke, YeM eTO HU3KOMOJIEKYJIsipHBIH aHaJIor, H 3Ta pa3Hu-
la B pPaCTBOPHMOCTH YBeJHUYHBAETCH C BO3pacTaHHeM MOJIEKYJAPHOM
Maccel monumepa. [lostoMy oueHb TpyaHo nogo6paTb pacTBOPHUTEMb,
MPUTOAHBIA AJ151 paCTBOPEHUA KaK MAKPOJUTaHia, Tak K ColH MeTaJsa.
B ciyuae pacTBOpMMBIX MOJUMEpPOB HCXOAAT u3 pacTtBopa XMJI B
OpraguvyecKkoM pacTBopuTese (IHOKCaH, aueToH [24], staxoa [212],
IM®PA [24, 250, 257, 580—585], TT® [2, 3,117, 156, 169, 578]) uiu
B CMeLUIaHHbIX cpedax (Hanpumep, Boga — JIM®PA [197]). [1pouecc
CHHTe3a BKJIO4aeT CMEelIeHHe HWCXOJHBIX PeareHTOB C MOCJaeAYIOUHM
BblJ€JIeHHEM MaKpPOKOMIJIEKCA C MOMOULbK CeJIeKTHBHOIO pPacTBOpPH-
Teqid. Bo MHOrMX cCiyyasix oCaaoK MakpoKOMIIeKCa MOXKHO MoJy-
YHTb yXe Ha cTaauu cuHTeda [2, 156, 212, 231, 250, 583]. Ecau He
ylaercsi nogo6path cneurduyeckue No OTHOUIEHHIO K 060UM peareH-
TaM pacTBOpHTe/H, To MMX noayualoT Ha rpaunuile pasjesa a3 ABYX
HeCMellinBa W uxcs xuakocTed. Tak, HanpHMep, MoJyyanH KOMIJIEKC
menu (I1) ¢ mosumepom, coleprawum rpynnsl THAPOKCAMOBOHR KHC/0-
Tbl, TYyTeM B3aKMOJAEHCTBHA pacTBOpa JHFaHga B IIHKJOTeKCaHe
W BOAHOTO pacTBopa auerarta medn [290]. [dasa cpaBHeHHs TakHe Xe
KOMILIEKCBl Noayya/li B TOMOTeHHOW cpejle, HUCTNOJIb3yss B KauyecTBe
pactBopuTeast JIM®PA. PesysbraTel npoBeaeHHbIX HCC/edOBaHKE 110
Ka3blBaIOT Aaxe GOJIbLIYIO MPeAnoYTHTeAbHOCTh MeéXpa3Horo MeToaa
Mo CPABHEHHIO C TOMOTeHHbIM (Tabua. 3.1). lja HepacTBOPHMbBIX NOJH-
JHTaHAOB HauboJiee XxapaKTepHbIH MeTOJ -— peakuus B CYCIEH3IH,
HMEIOULH CBOM NIpeHMyIecTBa H HeJocTaTKi. B sToMm cayuae naubonee
BaXXHO NOA06GpaTh pacTBOPUTENh, B KOTOPOM HabyXxaeT MaKpPOJHUTaHA.

* e P 4
CreneHb  koopaHbaitit () - MOJLIOE COOTHOWEHHE HONA  MCTALAE  HAR
MX, ¥ OYHKUHOHANBULIX rpyln B (ase HOJHMEPA.
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TABNMHILA 3.1, Xeaaroobpasosanue medu (1) ¢ noausmepanu,

COOPPWAUNMIL CPYNNBL CHIPOKCUMOBOLL Kucaoret (8pemn — 50 1)
PUranlilOMRAA CHCTCMa Temueparypa, K (',()m'p»(a“l/uw MCAH, Crenens, K((;\%OPHHHHIHIH.

U )

['oMorennan 293 3,62 36
['oMorennan 323 4,96 49
Mexdasuasn 293 5,94 59
Mexdasnan 313 7,05 70
Mexpaznan 333 10,08 100

Ecan nosiumep ne nabyxaeT B JlaHHOM pacTBOpHTe]e, TO peakuUud
xenaTtoobpasoBanust W60 He npotekaer [227], au6o nporekaeT ¢
OueHb HeOOJbINM MPOIEHTOM CBSA3bIBaHHMS Meraana [192].

[Tokasana [586] Bo3amoxHOCTb TBepiaodasnoro cuHtesa MMX
nyTeM pacTHpaHus B aratoBod crynke XMJI (conoanmep 3tHiaeH/1H-
MeTakpuiara u 2,3-3n0KCHIpOonUAMeTakpuiata, MOAHGHLHPOBAHHbIH
canuuunugesumuiom) v (NHy) . [ReOCls] .

pH cpeabl WMeer npuHuMNHaibHOE 3HAayeHHMEe B CHHTETHYECKOH
xumu MMX| Ttak Kak OT Hero 3aBHCAT THI M COCTaB 06Pa3YIOIIHUXCS
KOMII/IeKCOB MeTaqnoB. Tak, nokasaHo, 4to B 3aBdcimocTH or pH cpe-
abl HoHbl Menu (I1) ofpasyior ¢ nosuaMHi0aMHHAMH HeCKOJAbKO
THNOB KoMmiekcos [587]: Cul?* Cu (OH) L+, Cu (OH):L.

[lpx npoBenenuu peakuuu xenaroo6pa3oBaHHs, 0OCOGEHHO B BOJLE,
Heo6xo4uMo, yTo6bl pH peaknHOHHONH cMeCH He NpeBbilIaJ] 3HAYEHHS,
MpH KOTOPOM 06pasyroTcs TMAPOKCH/B MeTalnoB. Oco6eHHO BaXKHO
3nayenve pH cpeabl Npu nonyyeHHd BHYTPHKOMIJIEKCHBIX CO€jHHe-
HHH — GOJIbLIMHCTBO M3 HHMX MOJYy4aloT B caaGoKHCaAbIX, Helrpadb-
HbIX HJH CilaboleouHbIX cpejax. Kpome Toro, nockodbKy yauie Bcero
MMX dBasiioTcss TPYJHOPAcCTBOPHMBIMH COEJHHEHUSIMH B GOJIbIIHH-
CTBE OpraHHYeCcKuX pacTBoputesedt, To Mnpobiema KoHrpoas pH
CTaHOBHTCA elle Gosee BakHOW. Ha puc. 3.1 npuBeseHbl peHTreHOB-
CKHe JaudparTtorpammbl Kommiaekcos meau (I1) ¢ noau-o-usopraso-
HAM30( TaJaMHJIOKCHMOM, KOTOPble MOTYT HCMOJb30BaThCsl KakK XOpo-

7
............. 9 p
—_—
| , | | , [ I ] :
5 75 25 35 ¢ 2, epad

Puc. 3.1. PentreHoBcKkHe LM(PaAKTOrpaMMbt II0JH-0-H30(TANOHIH30(TAIaMHIOKCHMA
(1} ¥ ero xoMniekca ¢ woHavu Mean (2), 3 — undpakrorpamma Toro ke Komilaekca,
CojlepXKallero B KauecTBe MPUMECH THIPOKCHI MeaH
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Puc. 3.2. TepvorpaBWmeTpuueckHe KpHBble COEJHHEHHH, [pe/CTaBNeHHbIX Ha
puc. 3.1 (m — macca ocrarka)

Puc. 3.3. BausHue temmepaTypnl (LHpbl y KpHBbIX) Ha [OMMIOWEHHE YpaHa rno-
J'™MepaMH, CoepKaluluMH rpynnbl aMHHOKCHMA

IIHe MHIHKATOpbl HAJHWUYHs [NPHMECH THADOKCHAOB B KOMILIEKCE,
MOCKOJIbKY Aa)Ke MaJjeHbKHe KOJHYeCTBA MPHUMECEH 3HAUHTENbHO
H3MEHRIOT AHppaKTorpaMmbl. Pa3inuns NPOABJAIOTCHA TaKXKe Ha Tep-
MOTPAaBHMETPHUECKHX KPHBBIX OoJxmepoB (pHc. 3.2) [231].
[ToBblilenye TeMOepaTypbl, KAK OTMe4aJoCb MHOTHMH aBTOPaMy,
cnoco6eTsyeT GoabliieMy Bbixoay Kommiaekca (puc. 3.3). O6 stom xe
CBHIETE/bCTBYIOT JaHHbIe, NpliBefeHHble B Tabu. 3.1. B To xe Bpems
TeMnepaTypHbli ¢dakTop TpebyeT XKECTKOTO KOHTPOJs, OCOGEHHO ¢
yueToM TOTO, UTO MHOTHE OpPraHHvecKHe NOJHMepbl fBJAAITCA KpaliHe
HEeyCTOHUHBBIMH NpPH NOBbILIEHHBLIX TeMlepaTtypax. KoopauHupywiine
pactBopuTeadd, Takue kKak JM®PA, JIMCO, aumerniaueramun,
N-MeTHINHPPONHAOH H T. A., ob6pa3yoT ¢ MX, KoMnJaekchbl, KOTophle
PH MOBBILIEHHH TeMMepaTypbl KATAJH3UPYIOT AECTPYKLHIO NOJHMEP-
HOro Jaxranaa. Tak, HeKOTOpble KOMIJIEKCH MeAH C MOJH-0-u3odpTa-
NOUN(PTATAMHAOKCHMOM TOKa3bIBAIOT Norjoulerne npui 2215 cm ™!
(Veen), CBHAETENBCTBYWOUIEE O A€CTPYKIMH nojumepHol uenu [231]:

}C/N-OH

< = LC=N + NH,0H
NH,

Kpome Toro, Heo6X0AKHMO YUHTHIBATD TAKXKE, UTO NOBLIILIEHHE TEM-
nepatypbl MOXET MPHBOJAHTb K pacnany KoMIlJekca, K [0JyYeHHIO
KOMIIJIEKCOB C HEOKH JaHHbIM KAUeCTBEHHBIM K KOJIHYeCTBeHHbIM cOCTa-
BOM, o6Jieryatb npoTekanue MoOGOUHBLIX [POLEcCOoB, 0COGeHHO BbINa-
JeHHe THAPOKCHIOB.

CooTHOIIEHHE peareHTOB NPHHIKNHAJBHO CKAa3biBAETCA HA COCTa-
Be 06pa3yloluxcs KOMIeKcoB. B 3ToM nposiBasieTcsi cyliecTBeHHOe
oTaHuyne MMX 0T Hu3KOMOJIEKYJSIPHBIX aHAJ0roB, A/ KOTOPbIX B
GONbUIKHCTBE ClyyaeB XapakTepHo o6pa3zoBaHHe KOMILIEKCOB TOJAbKO
OJHOTO COCT@BA HE3ABUCHMO OT COOTHOUICHHS HCXOAHBIX PeAreHTOB.
B xumni MMX, 0aHaKo, COOTHOLIEHHE PeaTreHTOB OKA3bIBACT 3HAUH-
T€JbHOE BJAHAHHE HA MHOTHE XAapPaAKTEePHCTHKH KOMIJIEKCOB (COCTas,
pPacTBOPHMOCTb H T. A.).
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Puc. 3.4. 3aBHCHMOCTb CBa3biBaHHa HOoHOB Ni’T oxuciaeHHol menxoii [IBC ot
BpeMeHy i TOMULHHbLI MIeHKK (UK(pbl Y KPHBBIX)

Puc. 3.5. POTOINEKTPOHHLIE CneKTpbl auerata nannaiua (1) (/) H KoMIIeKcos,
TONVYEHHBIX B3aHMOAEHCTBMEM aleTaTa naalaiua u noamMmepa ¢ Dipy rpynnamu
B TeueHue 5 (2) u 24 u (3)

[To BpeMeHt MetodsKu cinTe3a MMX oueHb passsrces, Hahbosee
YyacTo MPOAOJKHTENbHOCTh CHHTe3a cocTasdsieT or 1 [124, H88] no
24 4 {102, 156, 589, 590] (B peakux cayyasx Goabuwe [242, 570,
571]). Kak npapH./0, yBeJHuyeHHe BpEMEHH pPEAKLUHH [PHBOAHT K
MOBLIIUEHHIO CTeneHH KoopahHaluk. Tak, cBA3bIBaHHE HOHOB HHKens
(11} naenxoit [1BC, okuc/ieHHOHR /10 MO/LHeHO-KeTOHa, 3aBUCHT OT Bpe-
MeHH peaKlHH H TOJULHHBbI MJaeHKH (pHc. 3.4) [171]. Ongnako cie-
Jver YYUTBIBATh, UTO yBeJHUEHHE BPeMEeHH MOXKET MPHUBOJHTb K BOC-
CTAHOB.IEHHIO MepexojHoro Meradana (puc. 3.5) [575].

3.1.2. O6men Meranaos

[TomriMo HenocpejcTBeHHOro B3anmoseiictBri MX, ¢ xenarkpyouum
noaknakrangom MMX noayyamot takxke nyrem ofmeHa MeTaJoB.
JTOT MeTo 3aK/wuaercs B cMeltuBanui MX, ¢ noJuMepHbIMH Xenart-
HbIMH COeJIHHEHHSIMH, TJaBHBIM 06pa3oM uleJOYHHX H 1lleJOYyHOo3e-
MeJ1bHbIX MeTa/J0B. BHauasje [071y4YalOT COOTBETCTBYIOllee Meral-
JHYecKoe NPOHM3BOJAHOE, a 3arem Yxe rposoaar cuates MMX. B ka-
yectBe npliMepa NpHBELEM CXeMY CHHTe3a KoMmmJjekca Hukeas (1)
¢ npoaykrom B3akimogeiicraus [139-np-TIMBK # o-amunogenona [591]:

1) NaOH
O~ NNaOH —CH~ ‘
%o CH~ 2 Nitcracoon, FCHa-CH
Hac—% HaC-%
N N
ok,
OH
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Puc. 3.6. Crnexktpn EDAX watpuesoit conu naeuxku IIBC, oxucnennoit o eHoa-
KeToHa Ao (/) u nocae peakuuu ¢ NiCly (2)

Takue peakuuu NpoTexarT J1erko, ObICTPO, PH HU3KHX TeMmrepa-
TYpax # AQIOT YKCTbIE NPOAYKTHI C [OJHBIM 3aMelilleiHeM KOOpAHHa-
LHOHHBIX MecT Ha mnoaumepe (puc. 3.6). Kax nokasano B pa6ore
[592] na npumepe nosumepubix ocHoBauuit Lludda, nanbosee npen-
NOYTHTEbHBIMU ABJAOTCA COJMH Kajuda. Cjeayer yyuTbiBaTh, 4TO
MOJIHMepHbIE COEAMHEHHSA ILIEAOUYHBIX U LIEJ0YHO3EMEbHbIX MeTaJ10B
0 CpaBHEHHIO C MEPEXOAHbIMH MeTa/JlaMH SIBJSIOTCA MeHee yCTOH-
UMBBIMH K THADOJIM3Y, NO3TOMY NpPH HX MOJYUYeHHH JIyyllle HCI0Jb30-
BaTb OJHMH W3 CIeAYIOULHX TpeX MOAXOAOB:

1) Ge3BoaHble COM METAJIOB (XJOPHABI, HHTpPATbl, aleTaTh H
T. 4.}, pacTBopumble B cnuptax u JM®PA, caenyer nobasasth cpasy
B TBE€DAOM COCTOSIHHH;

2) GesBoaHbie COJM META/JIOB, HE PACTBODHMbIE B CHOMpTAX H
JM®DA, BHauase Hajgo pacTBOpHThL B NoaxoasiueM abCcoJITHOM
anpoOTOHHOM PaCTBOPHUTEJE H NOJNYUeHHBIH pacTBop aobaButb Kk XMJI;

3) cosb MeTasia, COAepPKallyI0 KPHCTANIM3AUUOHRYIO BOLY, BHA-
yaJjie HajQo cMewaTb ¢ aueratom Hatpus (1 Moab Ha Moap BOAH)
W 3atem R0GaBUTbL Cpa3y e B TBEPAOM COCTOSHHH.

Metoa o6Mena merasyioB no3BoJsieT MOAYYaTh He TOJbKO H3BECT-
Hole MMX Gosiee yao6HbIM 1IyTeM H B YHCTOM COCTOSIHHH, HO M Te
METAJIJIOKOMIIEKCH, KOTOPbIE HEBO3MOXHO CHHTE3HPOBATL ApYTHMH
cnocobamu. Tax, nosyuensl KoMmiaekcsl Mn*t u V3+ ¢ noaumeprbimMu
ocHoBaHusiMH lllupoda (creneub KoopaAHHALKK B 3TOM CJyuae NOCTH-
raer 89—95%) [592—593], kotopbie APYrHMH METOZAMH NOJIYUHTD HE
yaajnocs [254].

BoamoxeH u Opyrol BapHaHT, KOTAa MeTa/l/IHUecKoe [POH3BOL-
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Hoe o6pasyeTcsi B [polUecce CHHTe3a MakpoJHraHga, Hanpumep
[594):

HCOOC Hs, CH;0Na

4 CHp-CH~ > 3-CHp-CH~ —>
{CaHs)20
/C:O —0
HaC ‘ \ QONat
NI(CH,CO0),
— a"CHz"CH“‘
— O
\ >Ni/2
0

[TockoabKy Anf NOAY4YeHHS BHYTPHKOMIMIEKCHBIX COEAKHeHHH B
GoabIIKHCTBE CJAyuaeB HeoOXoAkMma HeHTpaausauus obpasymolledcd
B pe3ysibTaTe peakllhd KHCAOTH (a 3T0 KpaliHe He)XejdaTeslbHo C
TOUKH 3peHHs obpasoBaHusd rEApoKcHaa MeTanna), To meToq obmeHa
MeTaJJioB MfpeAcTaBdasieTcss BecbMa 3¢ (deKTHBHbIM Aad MOJYYeHUH
MMX imeHHo 3Toro tuna. Ilostomy MeTon ofmeHa MeTa/JoB CTaJ
OCHOBHbBIM, HalplMep, MPH NMOJYUYEHHH KOMIJIEKCOB C [OJHMepaMH,
cofepKalluMH TPYINbi HMUHHOYKCYCHOHR KucaoTel [595].

3.1.3. O6MeH JuraHaos

Hpyrum HHTepecHbIM cnoco6oM nosaydeHiiss MMX 13 XenaTHpVIOUIHX
MaKpOJIHiraHaoB fABJAETCH METO] JHraHaHoro o6MeHa, OCHOBAHHbIN Ha
BbITeCHEHHH HH3KOMOJIEKYJAPHOro XeJdaTHpylowero JHraHia M3
KOOPAHHAUHOHHOTO y3J/1a KOMIJIeKCa XesJaTHPYIOULHM hparMesTom ro-
anMmepa. Tak, No mexauusmy aurangsoro o6MeHa noayuyeH KOMMIEKC
Hikedasi(I1) ¢ npoaykrom ssaumodedcrsus [139-np-ITMBK u rugpa-
3lAa CHJAHUWAOBON KHcaoTel [596]:

Ni(acac), .
a-CHz-(IZH~ —_— %—CHZ—C')H~
N-NH N =
l Niy
Co 2 \O

HO

MOXKHO OTMETHTb TaKXKe peakunio 3THJau€roauerarta ajJlOMHHLEA C
conoJqinMepoM BHHUJAUETATa H aJanjgaueroauertara, nNpoTeKawllylo
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nyTem o6MeHa xejaathpywouikx sgupos [597]:

~CH2-(I3H-CH2-(I:H~

Ct) 0 HaC
H3C-CO ==0 0
+ / )Ai/a —
=0 =0
H3C HsC20
"'CHz-(l:H-CHz-?H“"
0 0
H3C-CO A\
0
—> 1 | CHy
H3C oY o0
Pryieg \
0 0=
a® ! OCyH
] / 0 255
-CO
H3C (‘: 0
Q |

| .
~CHy=CH-CHp-CH~

Tako#t metoa nossosser noayuars MMX, kotopbie 'He 06pa3yioTcs
nytem B3aumogeicrtslis MX, ¢ XMJI. Tak, kommiekcer Mn*t ¢
noJiiMepHbIMH ocHoBaHuAMH [lludda He moryr 6bITh monyUyeHbl myTeM
HCMOJb30BaHKA auerara HJk FMApaTHPOBaHHOrO apgerara meTaJna, a
TOJNbKO C AaLETHJALETOHATOM MapraHua, T. €. MeroaoM obmeHa k-
raiaos [247].

Caenyer OTMeTHTb BJIHSiHLHE CTeneHd CHIHBAHHA MO/JHMepPHOro
JHUTaHga Ha npouecc JkxraHasoro o6meHa. B yacTHOCTH, CKOpPOCTDb
B3alWMOAEHCTBUA auernsauerodara Baxaauaa VO (acac), ¢ XMCC,
MOAKHGBHILHPOBAHHBIM FPyHNaMyi Karexosaa, HaMHOrO MeHbille B cavyae
nojuMepa co crenenbio cuiuBaHus 209, uem co creneHblO CUIMBaHHA
2% AW pasMosOTOrO noJuMmMepa co crteneHb ciidpaHua 20%
(puc. 3.7) [598]. CooTHolleHHe HaAuaJbHbIX CKOPOCTEll MOTJAOLULEeHHS

[Veg), rroste/2

Puc. 3.7. CRopocTb HOTJIOUWECHHSE BaHa-
JAHJI-HOHOB H3 pacTBOpa MNOJHMEPOM, CO-
JepXKaluM rpylnb Kartexoaa, co CTe-
neHblo cumMBadua 29 (/). pasmoaotoro
Cco cTenenbio ctnBanua 209 (2) wu o
CTCHCHBIO cunBadus 2% (3)

QU8

004
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IIOHOB BaHafWJa H3 pacTBopa AJs MOJHMEPOB CO CTeNeHbio CUIH-
BaHua 2 u 209% cocraBaser =~3.9. HMurepecHbiM npejicras/seTcH
H3yueHHe BJIMSIHHA OCHOBAHHA (Hanpumep, TPHITHAAMMHA) HA CKO-
poCThb JHranfHoro oomena. JloGasneHHe OCHOBaHHA B JAaHHOM Clyuae
NMPHBOAHT K NOBBLILICHHIO CKOPOCTH oOMeHa B 1,47 pa3a, 4TO, BO3MOX-
HO, CBSI3aHO C OTLLENJCHHEeM NPOTOHA OCHOBAHHEM OT XeJaTHPYIOULIETro
¢parMenra ¢ o6pa3soBaHHEM COOTBETCTBYIOLIEro aHHOHA.

3.1.4. CuHTe3 W3 HYJIbBAJEHTHBIX METaJIOB

K coxaneunio, B xumiu MMX He mosyuna pacrnpocTpaHeHHS HHTeH-
CHBHO Pa3BHBaeMbiH B XHMHH HH3KOMOJEKYJSIPDHBIX MeTaJ/0XeJaToB
METO/ CHHTEe3a KOMIIEKCOB M3 HyJbBaJieHTHbIX MeTaqasioB [599, 600],
XOTE H HMEKOTCH OT/e/JbHble YAauHble TOMbLITKH ero NPHMEHEHHSA
[154]. DTtoT MeTOoA no3BoOJAET COBMeLLATbh CTAaAHH cHHTe3da MX, H
ero CBA3bIBAHHSA C NOJHMEPHBIM XeJaTUPYIOIIHM JUrauaoM. OcHoBHas
TPYAHOCTb MPH 3TOM 3aK/JOUaeTcss B OTAeJeHHH noJdydyaemoro MMX
OT HernpopeardipoBaBIllero MeTaJJa.

3.1.5. MeToa BO3HHKAIOWIHX PEeareHToB

MeToa BO3HHKAIOUIMX PeareHTOB OCHOBAH HAa XHMHUECKHX PeaklHaX,
NPOTEKAalUIHX B KOOPAHHALHOHHOH cdepe HOHA MeTad A, PHYEM OJHH
H3 PEareHToB SIBAAICTCH NOJUMepHbIM®. B KauecTBe npuMepa MOXHO
NPHBECTH Caedyloulylo peakuuwoo [602]:

24y
~CHj-CH~ © o+ OH + Co(CH3C00), ——
343 K
CHO
OH
CZN:I/CN
HoN "SCN

NC CN

Metoa BO3HHKAWILHX peareHTOB 0COOEHHO 5O PeKTHBEH B TeX
cayuasnx, korga MMX HeBO3MOXHO NOJYYHTL OBLIYHBIM CrOCOBOM
uepe3 obpasoBanne XMJI ¢ nocneaywolinM BBegeHHeM HOHA MeTaJsLia.

*
B xumuu HMX ucnonbsyiotes TakKe TepMHHB «peakuuH Ha MaTpHLax>y,
«TeMNAATHBLIA cHHTe3» [601] u 1. .
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Tak, XMCC, MoanpuuupoBaHHbIA acac-rpynnaMH, He pearupyer c
en ¢ 06pa3oBaHHEM COOTBETCTBYIOLIEr0 eHAMHHOKeTOHA. PacTBopuMbiii
[MTXMC, MoanpHuHpOBaHHbIil acac-rpynmamMd, B3aHMOAEACTBYeT ¢ e,
0[HAKO cTelleHb 3aMellleHHsT aTOMOB KHCJI0pO/a a30TOM COCTABJSIET
Bcero 7% . B 1o e BpeMsi MEeTOA BO3HHKAIOIWHX PEareHTOB MO3BOJSET
[IOBOJIBHO JIEFKO NOJy4aTbh HHKeneBbld xenat [178]:

en,NiZ+*
~CHy-CH~ —_——— H3C CH,

CHa

H,;C CHs

|

0O O

[TockosbKy 06pa3oBaHHA CeTYaTOd CTPYKTYpbl He HabJ0OAaa0Ch, TO,
IO-BUAUMOMY, [aHHASA peaxklHsl npoTekaeT BRYTPHMOJEKYJIAPHO.

3.2. MOJIHMEPAHAJIOTHYHLIE NPEBPALLLEHUS

3.2.1. 3akpenjeHve MeTaNJOXEJATOB Ha MOJHMEPax uepe3 JAUTaH[

B meTone monuMMepaHaJOrH4YHbIX NpeBpallleHHH Haubosee 4acTo HC-
noab3yercs 3akpennenue HMX Ha nonumepe uepe3 wiurana nytem
B3aMMO/IeHCTBHSA PeakiHOHHOCNOCOGHbIX nepudepuitubix rpyan HMX ¢
(bYHKUHOHANBHBIMH rpynnamMu noauMepa. Hauwe BCero B KauyecTse
Takux mnepHdepHUHBIX TPYNN BBICTYNawT KapOOKCHJbHbIE, CYyabdo-
rpynnbl UK X HATPHeBbie NpoH3BoaHble. Takod MeTon cuHtesa MMX
SBJANETCSt OAHUM W3 HauGogee PaCHPOCTPAHEHHBIX METOL0B HMMOOH-
au3dauuu noppupuios (M-Ilp) u dranounaunsos (M-P1) nepexoa-
HeIX MeTaqaqoB. Hanpumep, mo peaxunun Ppuaens — Kpadrca Ter-
pakapbokcudranonnaduup Co® 7, Ni? 7, Fe® ", Cu®™ 6buin koBajeHt-
HO 3akpenJeHbl Ha conoanmepax Cr v 4-BIT nan 2-BIT [603], npoayk-
ol (3.1) comepxkanau 1,8—10,99% wmeranna. BsaumogedcTBrem XJop-
cyJbpHHHpOBaHHbIX ¢prasounannnos ¢ CCIABD nosyuyenbl KOMAJIEKCH
Ni*T, Co*t, VO**, Fe*t, Mn’* tuna (3.2) u (3.3) [604].

~CHy-CH~ ~CHy~CH~ ~CHg~CH~
co S0, hllH
| SO,
M-ov M-o1 ]
M-o7
(3.1) (3.2) (3.3)
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Puc. S8, BRagMbie CnexTpul pacTnopon
NOAHMEPHOTO PTaoUHatnHa HiKean (co- 01+ 1
pepranne asenben Ni— @1 0,042 Mmonn/
/r} (1) W €ro HHIKOMOACKYASPHOTO ana- 2
aora (2) 8w JIMCO (konnenrpauus
iy . ! |
0.010 MMoab /1, X — noraonwenne)
600 700 A, HM

_Bopopactropumble MMX Jsierko o6pa3yloTcsi N0 peakiuu [TXMC
(M,==1700) ¢ TeTpakap6okcu@ranoinnanuiamu nukeas (1) u me-
au (I1) [605]. Conepxanne M-®1 pparMeHTOB B TAKHX NOJUMEpPAX
(3.4) cocrasasier 0,017—0,042 mmonb/r nonumepa. Tak ke Kak H
HM3KOMOJIEKY A PHbIH aHaJgor, nosuMepHbid M-OT nokaspiBaeT Be no-
JIOCHI TIORIOLLEHUs B BHAHMOMN o6iacTi (puc. 3.8), COOTBETCTBYIOILHE
a1uMepHO#l H MonoMmepHOH ¢dopmaM. OJHAKO COOTHOLIEHHWE MEXIy
MOHOMEPHOH H JIMMepHOH# (popMaMHu Bbillie A5 TOJHMEpA, HeM s
Hu3KoMoJeKyasiproro M-®T. D70 noKa3biBaeT, 4TO TPOMO3AKOCTb
MOJHMePHOIl LenH NPENATCTBYET arperaunu 3seHbes M-Or. Auasnoruu-
Hble pe3y/bTaThl ObIIH MOJyd4eHbl W B psfe apyrux pacdor [606].
[IXMC ¢ 6oaee BLICOKOH MoaeKyaapHoil maccod (nopsinka 14000—
17000) .nerko pearupyeT ¢ TeTpakHc(4-rHaApOKcUdeHOKCH) dTas0-
uHaHuHoOM uUHHKa(ll) B TpPUCYTCTBUH MeETOKCHAa HaTpus, [paBad
noaumep (3.5) ¢ coaepxanuem 3BeHpeB Zn-®dt 0,031 mmoab/r
[3,499% (mac.)]. B srom ciyuae pearupyer 429 XJOPMETHJBHBIX

rpynn [607].

~ CHy-CH~ ~ CHp=CH~
& o
0 0
CO
M-dT
(3.4) M = Cu2+, Ni2+ ‘l)
ZnoT
(3.5)

Ha amunupoBaunom [1C wnu [TAAM (C aHHJIWHOBBIMH 3aMeCTH-
TeAIMH) Obl1 HMMOGHAW30BaH TeTpaaMHHodTasounauun Co’t mpu
MOCPeACTBE [AHXJOPAHTUAPHAA LHAHYPOBOH KHCJOTHI [KOMILIEKCHI

(3.6) u (3.7)] [608}. TerpakapGokcudrasouuanud Co’* KOHIEH-
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cupoBanu ¢ [IBA ¢ nomoliblo uukaorekcuikapoauumusa B Tr
- [kommekc (3.8)] [609]. [last 3aKpenJieHHs 3TOro XKe MeTaLloXesnaTa
6bl1 cenuadibio noayded Makponopuctoll CCIABDB Boicoko#t cTenenu
cutnBaHus ¢ npuBuThiM [IBA [610]. B nannoM caydyae nabaionaercs
/1Ba THNA CBA3bIBaHHA: 06pa30BaHue NeNTUAHBIX CBA3eH Mexny [1BA u
cucTeMol (PTaJOLMaHHHOBBLIX KOJIEIL H KOOD/JNHAIIMOHHOE CBSA3bIBaHHe
Co®** ¢ rpynnamun NHo.

~CHy-CH=+++=CHy-CH~
T, | |
I NH NH,
NH ,
Cco
CH
B \
NH Codr

4 ¥

S

H ci— N (3.8)
\ N
Coor NH
\
(3.6) Codt
(3.7)

Has ummobuausauun M-T1p kap6okcuabhble rpynnbl Me3onopdu-
puHa-1X u me3oremMuna-IX npeBpauanu B u3ouasaTHble U NPOBOINIH
B3aUMOIeHCTBHE CO CLIWTBIMW HOJUMepaMH, CofepKalliuMH THAP-
OKCWJIbHBIE TPYNMbl, TAKWUMHU KaK MOJAW-2-THAPOKCHITHAMETAKpHIAT
WK ceafieke (¢ rHAPOKCHIIPOTIHIIbHBIMH FPYNamMu), B MUPHAHHE TPH
KOMHATHOH TemmepaType [611]:

CHQ-CHQ-NH-CZO
HO=(CHy),
(v —
CHZ-CHz-NH-C=O
HO=(CHy),

CHy-CHy-NH-CO-0-(CHy),
~ .

CHZ-CHZ-NH-CO‘O‘(CHz)n

Boicokomonekyaspubie T19 w 111 ¢ npuBureiM XMCT (cTeneHb
npuBWBKM  15--3004) BaaumoneiicTeylor ¢ Co* ' -upoTonopupH-
HOM-IX B JIM®A B npucyTeThun TpuITHAAMMHA ¢ OBpa30BAHHEM
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SPHPHOIR CBHII, 1IPHUEM PCATHPYET YCTBEPTb XJAOPMETHJ/bHbBIX [PYIHI
[komnaieke (3.9)] [612]. Mg*T-Xnopoduai-b nenocpeacrsento mpH-
COEHHACTCS UCPE3 CBOW POPMHIALHYIO I'Pylly K aMHHOrpylne co-
noJaHMeEpPa, COACIKANICTO N-AMHHOCTHPOJ, ¢ 06pa30BAHHEM 430MeTH-
nooit ceasn  |411]. Fe**-'*.Terpakucjo- (ankuramupopenu) |-
nopdupitbl Gbliin pHcoeHHenbl [613] k amunorpynnam TpoiiHoro
6J0K-COIONNMEPA: HONHITHICHTIHKOIL — CONOJHMEP H-aMHHOCTHPO-
Na M CTHPOJIA — MNOJH3THJACHIAHKOAbL. ['eMm, comepxawuii 1-(3-amu-
HOIPOIIH) KMHAA304 (61 KHee OCHOBAHHe), a8 TaKXKe THCTHAHH (ne-
pHdepHiiHoe OCHOBaHHE), B3aHMOAEHACTBOBAJ C MOJH-1-aMHHOCTHPO-
JoM, o0pa3dvsa UOP(QHPHHOBLIH NOJHMep NpPH HeOONbLIOH CTeneHH
pratouenns (0,19) |komniaekc (3.10)] [614].

“'CHQ-CH" ~CH~CH2—-..-CH—CH2~

CH, CH,
I I
i I
co (lzo
l N

Cons Q—CHQ-CH2~1‘I\JH

H
(3.9) Co  (3.10)

N=
L_\:/\N-(CHQ):.;-NH-CO— Fe-ﬂp

[lokaszana BO3MOXHOCTb 3aKpenJeHHss KOMIJIeKCOB KobaJbTa (11)
¢ terpa(n-KapboKcHMeTH ) nopdHHOM, (TAJOLHAHHHOM H TMPOTONOp-
¢upunom Ha noeepxHoctu [I9 ¢ npusuteim [IXMC [615]. Takoi
noaxox oco6eHHo yao0eH AJis CO31aHHSA BbICOKO3¢p@EeKTHBHBIX KaTa-
JH3aTOPOB H3OMEPH3alIHH KBaJpHLUHKJIAHa B HOpOOpHaaHeH (CM.
ra. 8).

[To peakunun Ppupens — Kpadrca ¢parmentol M-O1 ObliH 3a-
KpenyieHel Ha NoJiH (y-6eH3na- L-riaytamare) [616]:

~ NH-({:H-CO""

]
CO-0-CHy —@—CO —1 M-OT

B T1abn. 3.2 nokasaHo coaepaHue MeTas1o(dTaJoOUHAHHHOBDIX
rpynn B nojumepe. HenpopearnpoBaBuine HH3KOMOJEKYJfApPHbIE Me-
TaJJi0xenaTbl MOTYT ObiTb OT/e/€Hbl OT PeAKLLHOHHOH CMeCH 3KCTpakK-
IHeH XJ10podOpPMOM C MocJ/eaylolUM neHTpudyrupoBatiiem. YUncreie
MMX or roay6oro no 3efenoro 1BeTa nojJyuedbl TyTeM MHOFOKpAT-
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TABJIWLIA 3.2. Codepxcanue 38enves M-Pr,
3aKpenieHnblx Ha noau- (y-bensua-L-eayramure)

cn Coaepxa- CH Coaepwa-

M N 1 Hite 3Ben- M CXO/HOTO s Hie 38CHb-

ir;:j::;::;: e ;{,B (ﬁ;ﬁ’} lvl!lo.vn’nvw[:)a 7 09/: ?:uﬁT;
Fedt 1600 3eaenniit 0,9 Nij2t 1600 3eqenbii 2.8
Fed+ 1600 > 0.6 Niz+ 1600 » 14
Fe’t 240 » 0,4 Nizt 240 » 0,7
Feif 240 » 02 Ni#t 240 » 0.5
Co’* 1600 Fony6on 1.0 Cu?t 1600 Toay6oi 1.3
Co®* 1600 » 0.2 Cu2+ 1600 » 0,7
Co:"' 240 » 1,2 Cu?t 240 » 09
Co*t 240 » 0,2 Cu**t 240 0,3

HOrO nepeoca>kJeHHsT METaHOJOM H3 pacTBopa B xJopodopme. ITOT
MeTOo/i No3BoJiseT noJyuatb MMX ¢ NOCTOIHHBIM cOflepXKaHHeM MeTall-
J0XeJaTHbIX 3BeHbeB. OHH PacTBOPHMBL B XJ0PO(OPMe, METHJEHX.10-
puiae, MeTHJeHBpOMHEIe, IHOKCAaHe, AHXJOPYKCYCHOH KucaoTe, [IM®PA
u T. 4. [lonEMephl, coaepxaiune 6onee 3% (Mo.a.) MeTals0XeNaTHBIX
3BeHbeB, NOJIyueHbl MpH YBeJHYEHHH coaepKaHusa vcxoaHoro M-Pr B
cMecH. OQHAKO B 3TOM cJydyae HOJy4alOTCA HePacTBOPHMbIE ' pa3-
BETBJEHHbIe H CLIHTbie OAPOAYKTH. MHTEpecHO OTMEeTHTb, YTO 3axKpen-
JAenne ¢parmeHToB M-OPT npakTHUecKH He cKa3biBaeTcsi Ha KOHGOP-
MaLHH NMOJUMEPHOH LenH (pHc. 3.9), coaepXaHue o-cnupaJy cocTaB-
Jaser =~ 90%.

[8]-1073 2pad-cm¥mors
]

Puc. 3.9. K[ cnektpbl noju-y-6ensua-L-riyTamara
6ea (/) W co cBa3aHHBIM (TajJOUHAHHHOM HH-
Keas (2)

—4 j L |
220 240 280 AHM

[lOBOJIbHO JIerKO MpOTeKaeT HMMOGH/IH3ALUS alleTHJaueTOHaTOB
meraasnoB Ha XMCC. Hanpumep, Ni(acac)y n Fe(acac); Obuin,
sakpenyienbi Ha XMCC B npucyrersun Kl [617):

AMOA, 363-373 K
CH,Cl + M(acac), >
18 v
=0
N
M/n
! <:> —'Co/
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Peakiiti KO HCAIWH ¢ YUACTHEM aTOMOB KHCJIOpPOAa KOOPAHHA-
noRHoro vaaa HMX nenoanszoBana s CBsisbiBaUHA cadHuW/Iafe
nukesia, Kobaapra n Mmapradua c¢ IIBA (A. c¢. CCCP 285236)
HJAH CONOJAHMCPOB BHHH/IAMHHA H Bnp [618] COI!.C]))KHHHE MeTaNNA
B Taknx MMX Koacbiercs B npepenax 2—39%, uto cooTBeTcTRYET
npucoepuncinio HMX Kk 10—15% (mou.) amunorpynn. Ananoruunbiii
NOAXOA UPHMEHCH MR Caellyloieid peakpun [602]:

~ CHy-CH~ + O _ o= —_—
Co

OH
C=N_ _~CN
HzNjECN
—>  ~CHy~CH~

o D

__/
NC’ ‘CN

Huoraa ana 3axkpenyienus HMX Ha noaumepax ucAosnb3yiOT HOH-
HVIO CBA3b MeXAy ¢YHKUHOHAJbHOH Tpynfioil NoJuMepa H nepH-
GepuiiHolt rpynno#t Metasnoxenata. Takum o6pa3om, Hanpumep, Gbuid
3aKperlIeHbl KOMMJexKcbl xJopuaa maatHubi(ll) ¢ 3amewienubiMH
o-¢penuseravamunamu Ha [1BIIp (M =9000, 36000, 140000, 325000)
[[Tar. CLIA 4405757; 619]:

{ =0 NHg of
l NH, Gl
[-HC-CHa-]

Z = -OH, ~COOH, -S03H
n=100-150

Kak u ciegoBano oXHAaTb, PacCTBOPHMOCTb TaKHX KOMILIEKCOB B
BOJ€ 3HAUHTEJNbHO CHHXKAETCA C MOBbIIIEHHEM MOJIEKYJSPHOH MacChl
no.inmepa.

Becbma spdextuBHO MCNOJB3OBAHHE NOJHMEPOB, COLEPIKALLHX
YeTBEPTHUYHBIE aTOMbI a30Ta B ocHOBHOH [620. 621] u GoKoBo#H Hensix
[622], ans cBsiabiBanus KoGaabt (11)-pTanounanuuTeTpacyibdouara,
ABAAOWErocs 3¢pPeKTHBHBIM KAaTaJIH3aTOPOM OKHCIIEHHS THOJMOB (CM.
r1. 8). Ha CCJIBB, comepxkaliiem CyJb@OHATHbIE TPyMubl, Ob
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3aKperJieR JMIHUPHIHAbHBIA kommiexc Hpuaua(I11) [623]:

\—O"Sos‘K“‘ + [Ir(Dipy)a(Hp0)3+ ——=
- — l_@'soi[lr(DipY)s(Hzo)]3++K+

U, HakoHel, cjeiyeT OTMETHTb B3aHMOAEHCTBHE TPHUC(2,2'-aunu-
puaua)pytenus (I1) ¢ nonu-n-ctupoacynbdonatom [624}, npoucxoas-
liiee 3a cueT BHeiHec(EPHbIX KOOMepaTHBHBIX NMPOLECCOB ¢ 06pa3o-
BaHHEM CTPYKTYD:

5388

3.2.2, TipeBpauleHne KoopAHHAUMHOHHBIX Noaumepos B MMX

MeTon npeBpalueHHst KOOPAHHALMOHHBIX NoauMepoB B MMX 3aximo-
YyaeTcs B NpeaBapUTEJbHOM MOJYUYCHHH KOOPAHHAILHOHHOTO MoJHMepa
C nocieaywownm nepesoaom ero B MMX. OH 6bi1 npumeHeH /A
NMoJIyyeHHsi KOMIJIEKCOB METaJI0B ¢ nosiHocHoBauusamu Lndda [625]:

=P HoO 1=0
l HzN-R—NHz
HO- O\ /O —0H ————————
=07 T 0=
H->O
— - n
— —
O=|= —1 =0
— — —_—
HO O\M/o OH
=Ny
] NS
- N
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OCHOBIBIC HOJOCTATKH 3T0I0 Cloco6a CROAATCH K HEOGXO0HMOCTH
NPORCACHHA PCAKIHH B CYyCNCH3IHH (BBHAY HCPACTBOPHMOCTH KOOP-
AHHAILHOHHOTO 1IOJRMEPA B OPraHHUYECKHX PACTBOPHTENNAX) H BO3-
MOMKHOM TTPOTEKHHI psjia 106041BIX PeaKkitnil.

3.3. METOAbLI CBOPKH

3.3.1. Toaumepusauns

[oaumepu3anns H CONONHMEPH3ALHA METANIOXeTaTHbIX MOHOMEPOB
(MXM) ABAACTCA YHHKAIbHBIM METOI0OM CHHTE3a MeTaJLIoN0JHMEPOB,
y KOTOpPbIX [PAKTHUECKH BCe XeJaTHpPyIoliHe (parMeHTbl CBA3aHbI
¢ metaaiom [18, 19]. K uacrosuemy Bpemenu B obaacTH cuHTe3a
MXM nOCTHTHYTbI NepBbie YCIIEXH H HAMETHJHCb OCHOBHbIe Hanpas-
JeHHs faNbHeHlnx Heenenosauui [18, 19]. B 1o xe Bpemsa pabotbl
MO H3VUEHHIO KHHETHKH MOJHMMEPH33UHH TAKHX CHCTEM H CBOHCTB
obpasyiowdxcs MMX ctanu NpoBOAHTBCA JHUIbL B MOC/eaHHE TFOMbI.
Tak, BnepBble pajHKaJbHAS TOJHMEpPH3AaUHA AHMETHJOBOro 3dHpa
reMuHa Obina ocyulectsiena B 1977 r. [626]. [Tokazana [627] Bos-
MoxHOCTb noauMepusauud 4-Bll, kommiekcuno-ceBAszauHoro ¢ Ru’t
(kommiekcoB  yuc- [Ru(Dipy)2(4-BIT)X]**, n=1, X=CIl; n=2,
X=CO uau 4-BII), ognako cBolcTBa NOJMyyaeMblX NOJHMEPOB OTHCA-
Hbl HetocTaTouHo. [Tosu-n-akpuaonnokcdenuarpudernnnopdruprHa-
ol 3p6ua([Il} u Banaanna(ll) noayueHbl pagukanbHOR MONHMepH-
3aiHeH COOTBETCTBYIOIMX MOHOMEPOB, MpHYEeM JaHHble 3JeMEeHTHOro
anasiusa nokasbiBalot 1009% -e 3aMenieHHe KOOPAHHALHMOHHBIX MeCT
HOHOM MeTasia. B To ke Bpems OOLIUHBIM MyTeM TONBKO MOJOBHHA
XeJATHPYIOLLHX (PPArMeHTOB NOJHMMEpHOro JIMraHaa CBA3bIBA€T HOHbI
mMeraajgoB [628]. HMurepecHo oTMeTHTb, YTO B OTJIHUHE OT HCXOIHOrO
XeJaTHOTO MOHOMepa BaHaau/Ja co c1abbiM 0o6MeHHbIM B3aUMOLEHCT-
BHEM aHTH(peppOMarHuTHOro THna (BenHuynHa () B ypaBHeHun Kiopu —
Beficca cocraBasier —25 K) nosnydeHHbIH Ha ero ocHoBe IOJHMep
noKasbiBaeT CHJbHOe aHTHeppoMarHuTHOe B3aMmoaeiicTBHe (6=
= —170 K). D710 cBHaeTeJbCTBYeT 0O TOM, 4TO MOJHMEpHble UENH
HPPAT BAXKHYIO POJb B OCYLLECTBJIEHHH MarHHTHOrO B3aHMOAEHCTBHS.

CaaunuaaibauMHuHoBble xenatol mend (I1) tuna (3.11) — (3.13)
ObLTH 3aMOJHMEPH30BAHbl B MPHCYTCTBHH a300HCH300YTHPOHHTPHIA
(AUBH) npu cootHowennn AUBH:MXM =0,12:1 [629]. CkopocTb
noiumepuzanun MMX okaszanacb HAMHOMO HHXKE CKOPOCTH HOJHMEpH-
3aLUHH COOTBETCTBYIOUIHX CAJIMUHIAAbAHMHHOB (taba. 3.3). B 1o Xke

R
\
O\ /N——
,Cu
—N \O
\R

R = 4-CHy=CH=-CgHy- (3.11); 4-CHp=C(CHz)~C00-CeHa- (3.12);
CHy=C(CHa)COOCH,-CHz-(3.13)
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TABJIULIA 3.3. Cropocte noaumepudayuuw MXM runa (3.11—3.13)
U COOTEETCTEYIOWIL CQAUYUAANLOUMUROE

Monowmep ‘53?1':,1/10; Wy 105, ¢! Mouomep \:8?‘1#/.’:0’: Wy, 10°, ¢
(3.11) 0,23 2,10 CJIdrana 9,26 18,89
JiMraua 2,59 5,28 (3.13) 0,0079 0,07:8
(3.12) 1,95 17,73 Jluraun 0,34 0,69

BpeMs B psifie IPyrux padoT Booblle HCKIoYaeTCss BO3MOXKHOCTb TOMO-
noaumepH3aunu Meib(ll)-xenatneix MoHomepoB. Hanpumep, okasa-
JHCh Ge3ycrnellHbIMH MONbITKH 3aM0JMMEPH30BaTh METAaKPOHJIALETO-
nat meiu (I1) B IpHCYTCTBHH CaMbIX Pa3JHYHBIX HHHUHATOPOB [630].
Hu3kast 3pHeKTHBHOCTb HX TOMOIIOJHMEDH3AaLHH MOXET ObiTh Cjef-
CTBHEM BHYTPHMOJEKYJAPHOro oOpbiBa LEMNH N0 CXeme

+
"‘CHg-CH — "“CHZ-CH

L n+ L\ -
3:L>M !—_—L/ M=t

Dousee neTanbHO H3ydeH MeXaHH3M 3JeKTPOXHMHUECKOH BoCCTaHo-
BUTEJbHO# MNOJUMEPH3allHH NEepXJopaTHbIX H rekcadTopdocdaTHbix
CMEILaHHO-JIUTaHIHbIX XeJaTHbIX MoHOMepoB pyTenus (11), ocmus (1)
u xkene3a (1) [631—636]. Takne KoMmAJeKCH cofiepKaJH xelaTHPYIO-
wHi ¢parMeut Dipy, Phen, tpunupuaun (TPy) u MOHOQYHKIHO-
HaJibHblii MoHomep 4-BI1, 6uc(4-nupuaunn)stunen, rpanc-4-cTuisba-
3041, N-(4-nUpuaHa)aKpuaaMHL H T. A. [lepBbiM aKTOM 3JEKTpO-
XHMHYECKOH MOJHMepH3aUHH sABAAeTCA o6pa3oBaHHe paJiHKaJ/-aHHO-
Ha, HanpHUMep MO CXeme

[Ru (Dipy)s {L)2]*T+e = [Ru (Dipy) (Dipy™) (L)o} T +e =
= [Ru (Dipy ™), (L))"

L -~ MoHO(YHKUHOHA/IbHBIH MOHOMEP.

[ToanmepHsauus HHAYUHPYETCH OAHO3JEKTPOHHBIM BOCCTAHOBJE-
HHEM, OCHOBAHHBIM HA BHYTPHMOJIEKYJAPHOM OKHCJIHTEJNbHO-BOCCTA-
HOBHTE/ILHOM PAaBHOBECHH, BKJ/IOYAWOUIEM TepMOLHHAMHYECKH MeHee
NpeAnoUuTHTENbHbIA H30Mep, B KOTOPOM 3JIEKTPOH JIOKAJH30BaH Ha L:

[Ru (Dipy) (Dipy ™) (L)} * = [Ru (Dipy) (Dipy") (L) (L)}~

JKCNepHMEHTANbHO TaKyld MOJHMEPH3alHI0 [POBOAAT MNyTEM
MHOTOKPATHOrO UHKJIHYECKOrO H3MEeHeHHs HoTeHuHaJa 3J1eKTpoaa
(N1aTHHOBOTO, CTEKJOYIrJAepOaAHOrO U T. A.) BOAH3H 3HaueHHd, COOT-
BETCTBYIOWIEr0 BOCCTAHOBJICHHIO JIMTahja, NPH 3TOM MNOBEPXHOCTb
3JIEKTPO/la MOKPbiBA€TCH POBHOK IJIEHKOH HoJHMepa. AHAJOTHYHBIM
ob6pa3om nosiumepu3yioT MXM, B KOTOPbIX BHHHJIbHAS TpyMa cBsi3aHa
C XeJaTHPYIOIHMM BpAarMeHTOM, Hailpumep KoMmiekebl Zn*t, Ru*™t,
Ir'™ ¢ 4-BHHHA-4'-MeTHA-2,2’- nunupuiHIOoM [637 —640]. B stom cay-
yae 3 PEKTHBHOCTL I1EHKOOOPA30BaHHSA (YHCJIO MOJIEH MOJYyYEeHHOTO
fojiHMepa Ha Mousib HCXOgHOro MXM) 3HauyuTeJIbHO NOBbILAETCA.
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Ha npumepe KOMINVICKCOB KOGaahTa, XKeneza u PyTeHHS ¢ Pa3jHy-
HBMH BHHWIAbHBIMH UPOH3BOAUbIME TPy H3yucua 3aBHCHMOCTL CKO-
POCTH MOJHMEPH3aUHH OT UHCAA BUHHABHBX rpynn B MXM u ux
NOJOKEHHA OTHOCHTEALHO KOOPJIHHHPOBAIIBIX aTOMOB a3ota [641].
B 4acTHOCTH JI0KA3aHO, UTO YBCJHYCHHE YHCAA BHHWJBHBIX TPyilil
B KOMOJIEKCE NPHBOAHT K 3HAYHTE/bHOMY TOBBILIEHHIO CKOPOCTH
HO.THMOPH3ALHH, KAK 3T0 coobulajoch W B apyrux paborax [18].
Kpome TOrO, BBEICHHE BHHWILHONH rPyIibl B o-MOJOXKEHHE THPH/IH-
HOBOTO KOJbLA TO OTHOUICHHIO K KOOPAHMHUPOBAHHOMY aTOMYy asoTta
NpensTCTBYET npoueccy noiumepusaunn MXM:

MX, CH=CHy

CiienyeT OTMETHTDL, YTO dHAJOTHUHbIE METANNONOUMEPHbIE TOKDbI-
THA MOXHO NOJNYYHTb H JPYrHM cnocoboM: HaHeceHWeM pacTBopa
MXM Ha noBepXHOCTh 3JeKTpoaa ¢ nocjeaylowed TepMHUeCcKo#
noJIMMepH3alHed MeTaaoMoHoMepa. DMdEKTHBHOCTb TAKOro NoAX04a
nokasaHa Ha npHmepe toayodqacyabpoHatHod (Tos) conn 5,5 -6uc-
[ (3-aKpusiona -1-nponokcH ) KapGoHnua] - 2,2’ - aunupuanipyredus (11)
[642—645] :

2+

HoC=HC-COHyCH,CO-C C-0OCH»CH>0OC-CH=C 5
2 i r2CHCO-E—\ N\ /Y 2CH20C Ha| Tos3
0] ¥ 0
Ru

CoBmecTHas nosumepHsauuss MXM ¢ TpaaHUHOHHBIMH MOHOMepA-
MH siBJsteTcsl GoJsiee pacrnpoCTpaHeHHOH, yeM HX roMONOJHMEpH3alitsl.
Cono.umepsl, cojeprKaliiie B CBOEM COCTaBe KOMILIeKCHO-CBA3aHHbIe
coeMHeHus pelKodeMenbHbiX Metannos (Eu’™, Tb®*), 6blan nonyye-
Hbi conosiumepHsauHedl ¢ MMA B Giaoke Hax meraHose MXM tHna
(3.14) — (3.19) [646]. MHTepecHo OTMeTHTb, UTO NpHPOJA JHraHia
L oKa3biBaer 3HauMTeIbHOE BJAHSIHHE Ha HHTEHCHBHOCTb (huryopecueH-
LHH TOJYYEHHbIX CONOTHMEpPOB. B YacTHOCTH, /151 KOMIUIEKCOB 3pOHS
YCTAHOBJEH CJEAYIOIUHA NopsifoK HHTEHcUBHOCTH: (3.16)>(3.14)>
(3.15), a nis Komnaekcon esponust: (3.19) > (3.18) > (3.17). Kpome

CH=CH2

M= Tb3+,L = Dipy (3.14), Phen (3.15), Tpy (3.16);

M= Eud* L = Dipy (3.17), 1-pypun-4-1pudTOpaUETHNAUETOR (3.18),
AnbensounmertaH (3.19)
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TOTO, HHTEHCHBHOCTb (JIYOPECUEHIHH CONOJHMEPOB 3HAYHTEBHO Bbl-
e pJIyopecieHIHH CMECH HCXOHBIX MOHOMEPOB, UTO CBH1ETeNbCTBYeT
O TYLWEHHH ¢JayopecueHuHH JBOHHOH CBSAI3bIO, TPHCYTCTBYIOLLEH
B MXM.

PajgukanbHast cononumepusanust co Ct, MMA, 4-BI1 ocymecrsae-
Ha Takxke B ciayyae komniexkcos 4-BIl ¢ coenMHenusMH pyreHus:
yuc- [Ru (Dipy)2(4-BIT)Cl] ClO4, usc-Ru(Dipy)2(4-BIT) o] (C1O4)..
Oka3anoch, YTO COMOJIHMEpbl Ha OCHoBe KomIlekcos Ru**, coaep-
Kalwux onHy mosekyay 4-Bll, pactBopumbl B AHXJOpMETaHE H MeTa-
HoJle, B TO Bpemsi KaK npoAyYKT conosaumepHsauuH [Ru (Dipy)s2X
X (4-BIT) 2] (C1O4)2  (comonomep 4-BlIl, ucxoanoe coorHoweHHe
[4-BIT]: [MXM] =20) HepacTBOpHM B OPraHHUECKHX pACTBOPHTENSX
BBH/Y CLUMBAHHSA NoJumepHbIX uened yepe3 atombl Ru [627; 3asBka

®PT 1937925]
(Dipy)zRf“-:—-ND—l

N\
I

~

OnHako BiaHsHHe MX, 3HauHTeJbHO ocjlabeBaeT npH YBEJHYEHHH
cootHoweHHs [4-Bl1]: [MXM] no 200, B pesysabrate uero obGpasyercs
pPAaCTBOPHMBIA TIPOAYKT.

Meron nosumepuzauun MXM nossoaser nojayyate MMX, otsinuy-
Hble MO CTPOEHHIO OT TeX cOeqMHEeHHH, KoTopble 06pa3yioTcs IpH
B3aumoaeiictBun MX, ¢ XMJI ([637}. Hanpumep, cononumepusa-
uust 4-BIl ¢ komniekcom pyTeHHsT HA OCHOBE 4-BHHHJ-4'-METHJI-
2,2 -1MNUpUINIA HE COMPOBOXKAAETCA MHUrpauded rpynnHpOBKH
[Ru (Dipy)2]**:

N ~ ~

N N

N\[
Ru2+

B To Xe Bpems 3Ta rpynnHpoBKa CBSA3bIBAETCS 4Yepe3 NUPHAWHOBLIE
aTomMbl asota B ciaydae cononumepa 4-BIl W 4-BHHUA-4'-meTHI-
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2,27- IHNHPHAHAAE!

— + Ru(Dipy),Clp ———

K coxanenuio, B 6onblinHcTBe pabot no conoiumepudannn MXM
He paCCMAaTpHBAIOTCH KHHETHUECKHE ACMeKThl ConoMMepH3aund. Tak-
e 6e3 JeTanu3alHyd MEXaHH3Ma onucaHa conoaumepusauns MXM —
eBponui [2- (4’-BUHUAGeH30UN ) -6eH30aT] - aH (2-6eH3ounben30aTa) co
Cr ¢ obpa3oBaunem npoaykra (3.20):

~CH2-CH- -CH2 -CH~

5E o

c=0

~
c-0 7 - c—@
(o]
(3.20) 1,

XapakrepHo, uUTO 3TOT METAMIONOJIHMEp omuqaenﬂ Bblcoxoﬁ HH-
TEHCHBHOCTBLIO QAIYOPECLeHLHH, KOTOPas NPONOPLUHOHANbLHA COAePKa-
HHIO MeTanana, B OTJIHUHE OT KOMMJIEKCOB, MOJYUEHHLX B3aHMOJeH-
creuem EuCl; ¢ MakposuraHjaaMmi, cojaepxauuMi 2-kapbokcuben-

I

50
1
Puc. 3.10. 3aBUCHMOCTL HHTEHCHBHOCTH thayopecten-
LHH OT conepmamm Eu s komniekcax (3.20) (i), 2
(3.21) (2) u (3.22) (3
) ) (3) g A

7 2 Eu%mac.)
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souabHbie  (3.21) wHaM  2-kapOokcHHadToudbHble (3.22) rpynnbi
(puc. 3.10) [184]. AunanoruynbiM o6pasoM G6bil CONONHMEPH30BaAH
¢ MMA u monomep Eu’t ¢ I-(n-BuHuadenun)-3-dennn-1,3-npo-
naLauoHom [646].

PanukasnbHast cononumepusauua MXM (komnaeke Co*t ¢ N N’-
6uc [4’- (n-BUHHIGEH3HIOKCH) caJHUHNAIbAeTHA] - 1,2- 1THAMUHO K-
norekcatom) co Cr v IIBB npuBoauaa x o6GpasoBaHHO mpoaykra’
TPOHHOH CONOJIHMEPH3AlHUH, B KOTOPDOM Ha 0JHO 3BeHo MXM npu-
xoaugoce 20 3Bedbe Ct u JIBB [647].

B oTaHuHe ot 3THX paboT KauecTBEHHOrO XapakTepa eTafibHo
npoaHanu3upoBaHa [648] cononumepusauusa co Ct, AH, MMA uau
AK (moHomep M) mertajanoxenaTHblX MOHOMEPOB (MoHoMep M,),
NpeacTaBJsOUMX coboll Komnaekebl Cu’™ ¢ NuppoawIMeTHAeHHMH-
Hoctuposiom ([TMC) tuna (3.23) uan Co®t ¢ nupponunmernien-
umuHonponedom ([THMI1) tuna (3.24):

HyC=CH HyC=CH
CHa
|
5N\ HC’I \00/3
HC P Cu/2 . N/
N ~
x
(3.23) (3.24)

Kak Buaso u3 puc. 3.11, MosbHada pons moHomepa M, B o6pasyio-
IIMXCS conoJdiiMepax Bblitle agasa MXM, uem nis ero «Ge3meranib-
Horo» aHagnora. PeakKuHoHHAs Cnoco0HOCTL COMOHOMEpa Bo3pacrtaer
B pe3yJsibTaTe BBEeJ€HHA B Hero metanana (taba. 3.4), 4To sBJsdeTCH

061

041

gar

] | 1 | 1 ] | ]
0~ 3z 04 06 08 M, 0 02 Gk 06 08 M

Puc. 3.11. Jlnarpammm cocTapoB: @ — npu conojumepusaunns AH ¢ IIHIT (/) »
(3.24) (2), 6 — npu cononumepndauun Cr ¢ MTHUC(1) u (3.23) (2)
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TABJTHILA 3.4. Conoaumepusanuonnasn aktusnocte MXM

M, M. r . ro

AH MUl 2,30 0,40
AH (3.24) 0.86 8,60
Cr MUC 0,50 1,80
Cr (3.23) 0.45 6,90

CPAaBHHTEJIBHO PEAKHM C/ydaeM B MOJHMEPH3alHH H CONONIHMEpPH3allii
MeTaJsIcoaepkautix MoHomepoB [18]. Kpome Toro, B cononumeps-
3alHH YYACTBYET JIHUIb OAHA WJIH OB TPYNNbl H3 TPeX, KOOPAHHHPO-
BaHHbiX ¢ Co®t (0AHA KpaTHasi CBA3b COXPAHAETCA H B CONOJIHMEpE).
B cayuae xenata Cu®™ B npouecce vyuactyior o6e BHHHJBHBIE
rpynnu. OfHako HHHUHHpoBaHHe MXM tuna (3.23) nporekaer ciox-
Hbim nyTeM. [lepBHUHBIH pagHkan cHaua/a aTakyer BUHHJIBHYIO Tpyn-
Mmy MoHoMepa, a 3areM CBOOOAHbIH 3JICKTPOH MEpPeHOCHTC W3 BH-
HWJIBHOM TPYNIbl HA NEHTPAJIbHBIH HOH MeTaslia. DTOMY crnocobeTByeT
HaJIHUHe Lenu conpsxkenHa (648], npuuem B cayuae QJHHHOH KonJa-
HAPHOH 7-3JIEKTPOHHOH CHCTEMB POCT UENH NPOTEKAeT TOJNbKO Noc/e
noaHoro BoccTaHossenus Cu®’t go Cu't. [lpu stom npoucxomut
B-31HMHHUPOBAHHE NMPOTOHA OT BHHWJIBHOH TPYNnb H €ro NPHCOeIH-
HEHME K aTOMYy a30Ta NHPPOJBHOIO KOJbLA:

CH2:CH CH2:CH

Tako#t MexaHu3M HHHUHHPOBAHHSA NOATBEPXKAACTCSH Pe3V/IbTATAMH
HCC/I€JOBAHHSA B3aAHMOAEHCTBHA AudeHunnukpuaruapasuga (JIEII)
C KOMMNJIeKCaM# MEJH, COTJIdCHO KOTOPHIM CKOPOCTb B3aHMOLEHCTRHS
CO CTaGHJbHBIM PalMKaJOM BHILE B CJydae KOMIJIEKCOB C conps-
AKCHHBIMH JIMTAHQaMH, YeM C HeCONpsaXEeHHbIMH (pHc. 3.12).

3HAUHTENbHO MEHEE H3YUeHHOH ABJACTCH  CONOJHMEPH3alMs
Makpouukanueckux MXM. Tak, 6e3ycneniHbiMH 0KA3aMHCh NOMBITKH
conoinmepusopatrb remud ¢ Bllp # BHA [649]. ComonoMepn aad
ITHX LeJiel KAACCHPHUMPOBAHBI MO 3HAUEHHIO napamerpa Q (pe3o-
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[A®nr]-10* mons/n
10

0,8

Puc. 3.12. 3aBHCHMOCTb CKOPOCTH pefoKc-
peakund APIII ¢ pasnnuHHMH coeanHe-

puame Cu®t ([Cu?t ] =1-10"* wmonb/a;
06 TT®, 308 K)
I —CuCly: 2—Cu ([THUIT}2: 3— Cu (TTHC),
U’l*a 1 2 & MUH

HaHCHas CTaOHIH34alHs MOHOMEpA B Xole coloIiMepH3auuH). MoHo-
Mepbl ¢ BbicokHM 3HauenHeM Q (Cr, MMA, AAwm, nm-conpsikeHHble
MOHOMEPbI) COMOJMHMEPH3YIOTCS C TeMHHOM H ero A1HMETHJOBbIM 3¢H-
pOM, TIPHYEM B XOle COMONHMEPH3AUHH Fe’* Boccranasaupaercs
no Fe?* [649, 650]. Cogepxanue remHua B conoanmepe co Cr B
OCHOBHOM cCoTJlacyeTcsl ¢ COCTaBOM cMeCH MoHomepoB (taba. 3.5). C
yBenHyeHueM otHoweHHs [MXM]:[Cr] yMmeHbwaloress Bbixoa, MoJe-
KyJsIpDHASl Macca H BSI3KOCTb MOJHMepa, UTO CBSI3AHO € BJHSIHHEM
MeTaanonoppHpHHA Ha nepefauy uend (KodPQPHUHEHT nepeaaud
uend C;=23).

B To Xe Bpems conoJHMepH3allHs C YUYACTHEM HECONPSKEeHHbIX
MOHOMEPOB (C HH3KHM 3HaueHHeM () He NPOHCXOIHT BCJAEACTBHE
NPHCOEHHEHHS] palMKala K TFeMHHYy ¢ 06pa3soBaHHEM CTaGHIbHbIX
anaykroB. MHTepecHo, 4TO HeconpsiXKeHHble MOHOMEDbl MOTYT ObiTb
COMONIHMEPH30BAHBL C TEMHHOM B MPHCYTCTBHH CONDSIKEHHBIX Kak
TpeTbero COMoHOMEpa, HanpHMep ¢ 06pa3oBaHHeM TPOHHOIO COMOJH-
mepa remuH — BHUA — Cr [626, 649, 650]. Onxcana conoaumepu-
3auus remuna ¢ BIIp non neitcreHeM y-oOayuenns *°Co uad c
2-rUApOKCHITHAMETaKpUaaToM B GydepHom pactBope (Na,COs; —
NaHCO;, pH=10) [651]. MXM, noayyeHHblH B3aHMOAEHCTBHEM
TeTpa-n-aMHHONOP(pHPHHATA aleTara MapraHiua ¢ XJAOPaHTHAPHAOM
AKPHJOBOH KHCJOTHI, Jerko cornoaumepusyercsi ¢ MMA uan 4-BII

TABJIMLIA 3.5. PaduxkaisHas conosumepudayus CTupoaad ¢ eeMuHoM™*
[650] u eeo Qumerunrosoim Ipupom™* [649]

Conepxande nopduprua,
% (mon.) B (n]- 10®
Tun nopdupuna M, 107 alr '
b Bu
,' M:H((:)‘:dicp}:)a B nodimepe HOJIHM:;:: %
— 0 0 12,3

JlumeTtunoBuift 3pup 0,025 0,1 8,3

reMHHa 0,05 0,12 59

0,i25 0,31 3,0
Temun 0,49 0,53 75,6 9,96
1,95 1,94 60,7 8,66
3,44 3,31 41,7 7.65

* ConoanMepusauns s macce ¢ AUBH, 333 K.
** Conoanmepusaunn s nupuaude ¢ AUBH, 358 K.
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¢ 06pA30BaHHEM PACTBOPHMBIX MeTaJqsonoaumMepos [652]. Terpa (n-
BHHUA) OeH3unosbie 3bUpL ABysaepHoro Mgt -xaopoduaia conosu-
MEPH3YIOTCA TI0 KATHOHHOMY Mexauuamy (s¢upart BF;) ¢ a-merun-
ctupoioM [411]. B pe3yabrare conosiumMepu3aluu BHHHITOPOHPH-
HoBLIX Monomepos Co’t, Fe’t w Ni*t, umeowux opuy WJau ase
60KOBLIC BHHWJbHLIE rpyanbl, ¢ AAM W MDBA npoucxomut dop-
MHpPOBaHHE TPEXMEDHOH CTPYKTYpbl ¢ OLHOBPEMEHHOH HMMOOH.IM3a-
LHell MeTaJIOMOHOMepa B o6beMme noaumepHoro reqas [653]. Tla-
pamMeTphl TAKOH CETUATOR CTPYKTYPHL JIETKO PEryJHPYIOTCS COOTHOLIE-
HHEM MOHOMEpOB. - ‘

[Tpumepom conoiinMepH3auuun MeTa I0¢TAIOUHAHHHOBBIX MOHO-
MEPOB MOXKeT CJYXHTbL conosiuMepusauus 9-suunaxkapbasona ¢ Ter-
PAKHC [2- (MEeTaKPHIOHJAOKCH } 3THN ] KOGadsibTdTasounaHiHTeTpakapo-
oKcHJaaTOM [654].

Conosumepu3dauusi paanvyublx MXM npyr ¢ apyrom aBasiercs
OJHHM H3 NEepPCnexKTHBHbIX HANPABJAEGHHA B CHHTE3e pa3HOMeTaslb-
HBIX {reTepomeTananyeckux) MMX, oatako cBenenus B 370il 06.1acCTH
Kpafine orpaHuyennl. Hanpumep, ofincana 3aekTpoXHMHUecKash Cono-
JHMEepH3aLHNS [Ir (4-BuHWI-4’-MeTna-2,2’-qunupuana) (LHO)]
(rae LOJ — 1,5-uuknooktagued) ¢ [Ru (4-BuHua-4'-metnn-2,2’- nu-
nupuana);|°t Ha naaTMHOBOM 3sieKTpoje NpH noTteHuMansax ot —0,5

no 1,15 B [640]. Hurepecho oTMeTurTb, UYTO pYTEHHEBHIH Xesar

B 3THX YCJOBHAIX HE MOJHMEPHU3YETCH M COMNOJHMEDPH3AUHS MHHLHMH-
pyeTCsl aHWOH-PafHKaJaMH H3 KOMIWIEKCA WDHIHSA.

Hannbix 0 npUBHBOUYHOH noanmepu3aunn MXM kpaiine wmado.
OcHoBHble KMHETHUECKHe 33KOHOMEPHOCTH NPHBWHBOUHOH MOJHMEpH-
3aUHH noAo6Hbl TeM, KOTOpble YCTAHOBJEHbl /ST METaMI0COxepKa-
IWHX MOHOMepoB |18]. Tak, aKTHBHOCTL aAKPHJIATOB MEPeXOgHbLIX
metassioB [655, 656] u ux xomnaekcos ¢ Dipy u Phen [657] B
NPHBHBOUYHOH NosiMMepu3auru Bo3pacraeT B pany Cr<INi<CCo. Ha-
anyne B MK crnextpax MeTa/mionosiMMepoB MOJOCH MOMIOULEHHS
npu =~ 1640 c¢cM™' noxkasmBaeT NPHUCYTCTBHE HEKOTOPOrO YHC/IA He-

P-10% mame MXM/2

P10% MonsMXM/2
O

10
151
o 05+
051

| i I 4 1 [ 1 I
0 1 Z Za 0 % & C10% mans/n

Puc. 3.13. KuHernueckas KpHuBasi BBIXOA2 NPHBHTHIX [OJHMEpPOB KOMILIeKca MaJ-
aaaua (I1) ¢ edHamuuokeroHom Ha [13 [srnaauerar, [MXM]=0.04 moan/a; D=
=200 xIx/kr, I=1 dx/(kr-u)]

Puc. 3.14. KoHueHTpauoHHast 3aBHCHMOCTb BBIXOJA HPHBHTHIX [10JHMEPOB KOMILIEKCA
nanananus (I11) ¢ agwkerodom Ha [TI3  [srunauerar, 1| u, D=200 «k[lx/«r,
I=1 JIx/(kr-u)]
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3a0JIAMEPU30BAHHBIX BUHWIBHBIX rpynn MXM. Bepositho, B npusy-
BOYHOH nosumepusaunu MXM, coaepxalinux 1B€ HIH TPU BUHHJ/IbHbe
rpynubl, HEKOTOPblE U3 rpynn He ywacTByloT. Ha npumepe xenartumyx
mMoHoMepoB namnianua(il) ¢ AUKeTOHOBBIMH W EHAMHHOKETOHOBBIMY
JAUTAHI4MH MOKA3aHo, YyTo NPUBHBOYHASR MOJUMEDPU3ALUA TpaKTHye-
CKW 3akaHuyuBaercs B TeueHde | u (puc. 3.13) [658, 659]. B nanuowm
caydae Habslofaercs JHHeHHAas 3aBHCUMOCTD MEXAY CKOPOCTBIO mo-
JqumepusauMH M KoHuentpauueit MXM 8 pacrsope (puc. 3.14),

3.3.2. TloavkoHzeHcaUUn

OnnuM M3 HauboJee PacnpocTpaHeHHbX MOAX0A0B B MeTode c6OpKH
ARJAAETCH NoJUKoHAeHcaunda. Hanpumep, B3aumonedcrTBueM jJHkeTo-
HOB W auHaMmuHoB npu 393 K B npucyrceruu CoCly, NiCly nau CuCl,
nosaydyaior [660] BbicokomosekynspHbie ocHoBanusa lludda ¢ nonamu
MeTaJslJIoB B BUle Makpoxesnartos. B3aumojeficteue aueratos Mn?t,
Co®™, Nit, Cu?*t, Zn’T ¢ 1,4-IHrMPOKCHAHTPAXHHOHOM W K-
amuHamu NH: (CH2),NH, (n=2,6) B pactBope ¢ nocieaywowmum
yAaJeHUeM pacTBOpPUTENS W HarpepaHueM n0poaykros go 463 K
.npuBoAUT Kk MMX [285]. AnanoruyupiM 06pa3oM NpoTeKkaer peakuus
4,4’-MeTHICHAHCANHUWJIOBOTO a/ibAernia (Zwm 2,5-auruapokcurepe-
drananbaernaa), nHamuia u auetraros Ni*T waun Co’* [602]:

HO CHy OH NC, CN
I]/ \@ . >:__< + M(CH3C00), -
OHC CHO  HoN NHg
~CHg
— O\ M/O

NC CN

MMX tuna (3.25) nosyueHn MeXdaszHoll KOHJEHCALHEH KOMII-
Jekcop meramioB ¢ N,N’-6uc(2,4-auruapoxcubeHsodeHoH ) STHIeH-
AMAMHHOM W XJIOPNPOHM3BOIHBIX OPTraHHYECKUX KHUCAOT [661]:

HO

(3.25)

IIMMeTUITIHOKCHMATHBIN KOMIJIEKC KOBaJIbTa Ha [OJHMePHOM HO-
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cutesie (3.26) MoXKeT ObuiTh NMOJAyYeH, HAnNpUMep, o peakuuu [662]
~CH2-CH~

~

-

/OH.l“(j\
N N CHa
HICNZ ™S o 7 (3.26)
H3C \N( ‘\/N/ cha
3 0~ +<HO
3nect JHy — AMMETHATAHOKCHM.

Metounbt CGOPKH HCNOAB3YIOTCA H A4S NOJAYUYEHHS XeJaTHbIX MeTas-
JOOPraHHYECKUX COeJHHEHNHI HA TIOJIMMEpHBLIX HOCcHTeasaX. Tak, KoMI-
JEKC, BKAUaWHA rpanc-61c-cBa3n Pd — C, o6pasyerca [663] npy
p3aumonedcTBu K,PdCl; ¢ npou3BoaHbiMy 2,6-nupuanHnponadoara
B npHcyrcTBUH T14BI1 uau cononanmepa Cr u 4-BIl no cxeme

“‘CH2"CH“’
N ‘e
KoPdCly + /“\/]\ + N4BN —> @
HCR, HCR, Rp-C —Pd—C-R;

I

H»C N\ CH»
\TIC;T/

MMX 6bljiH monyueHbl NMpH ABYX pasjHYHbIX TeMnepatypax: 298 n
360 K. Oxka3sanoch, uto MMX Ha ocuope [14BIl, nosyueHHblie npu
298 K, uMeloT apKo-XKe/iThlil LBeT H XOpoUlo pacTBOPHAIOTCA B 3TaHOJe,
a nosigmep, nosyueHubit npu 360 K, 661 TeMHO-KeJNTbIM H HE3HAUH-
TeJbHO pacTBopsafca B 3taHone. B To xe Bpemsa nannanuesblid
xenat Ha ocHope comoinmepa Ct W 4-BlIl nmerko pacrropanca kak
B 3TaHoJje, TaK W B xXJopodopme He3aBHCMMO OT Temneparypb
nonyuenusi. CreneHb KOOpAHHALHH, onpelefeHHass H3 JaHHBIX 3Jje-
'MEHTHOro aHaiu3a W IMP crnektpoB, BO BcexX c¢/ydasix cocTaBasfa
B cpendeM 259%.

Metod nOJIMKOHAEHCALHH ¢ y4yacTHeM CcHOPMHPOBAHHBIX MeTaJ-
JOX€AaTOB MOXHO NPOHJJIIOCTPHPOBATDL CJeAVIOUIeH HHTePECHOl cXe-
MOH npeBpauleHni, BKAYALWE! KOHAEGHCAUHI0 Kommiekca Pd*t ¢

7* 99



ToJsIyoJiAHH3o uHaHaToM [104]:

NCO
NH; NH»
Pd(CH;C00), CH
> 'l 3
| _ - l {nan PdClg) NCO
_———
N N Tro —>

NH-CONH
N /’
—— HCO"'

de2

AnasiornuHelM o6pa3om noaydeHsl MMX, cojep:kawue 3peHbs au-
Oenso-18-kpayHa-6, komnnekcHo-cBszaHHble ¢ Co(CH3COO), [578].

Meroa noJIHKOHAGHCAUMH WHPOKO HCMOJB3YETCH MJIS NOJYy4eHHS
NOJIMMEPHbIX MeTassodTalouHaHHHOB. [leTalbHblH aHAJH3 HCROJbL-
3yeMblX peareHToB, OCHOBHBIX NPHEMOB, CBOHCTB H CTPYKTYPHL NoJy-
YaeMblX MeTaJJJIonoJHMEPOB npoBeAeH B psale ob3opos [31, 417,
418, 664]. MeHee H3ydyeHHBIM SIBJISIeTCA CHHTE3 NOJHMEPOB MeTaslo-
nopdHpHHOB NO peakuHH NoJHKoHaeHcauHu. Tak, omHcaHa camo-
KoH/leHcauHa Me3o-teTpaMerHianoppydputara Hukead (1), npuuem Bl
XxoA moJnuMepa cocrtasaser 219 [665]. Peakuus storo M-Ilp c
aJipJerHAaMH HJIH aueTtajsiMH NPHBOJAHUT K METAJJ0NoJHMepPY € BhIXO-
aom meHee 309 [665]. ILas apyrux M-Tlp nosyuyeHbl TOJNbKO AHMEPH
H Tpumephbl [666].

3.3.3. 3akpenjeHue MeTaNN0XeJATOB HA MOJUMeEpax uepe3 MeTasl

DbdexkTHBHBIA NyTh NosydyeHHst MMX — B3auMojelcTBHe HOJHMEPOB
HJIH COIIOJIHMEPOB €O C(OOPMHPOBAHHBIM X€/1aTOM NepPexoAHOro merad-
Ja, npoucxoadulee 6e3 pas3pylLIeHHs XeJaTHoro ysJja. Taxkoe 3akpen-
JIEHHE OCYILECTBJAAECTCA NYTEM KOOPAHHALHOHHOTO HJIH HOHHOTO CBS-
3bIBAHHS1 MeTaila ¢ QYHKUHOHAJbHBIMH (parMeHTaMH MOJHMEPHbIX
HocHTeseHd. KoopnHHAUHOHHAA CBA3b METAJIa ¢ MAKPOMOJIEKYJIAPHBIM
JIMFaHAOM DeaJsii3yercd B cjydde MNOJUMEPOB, COAEPKALUIHNX OCHOBHbLIE
rpynnbl € O-A0HOPHBIMH HJH f-aKuentopHuIMH cBolicTBamu. Koop-
AHHAUHOHHAA XHMMHSA TaKHX JIMTaHAoB 6JIM3KAa K XHMHH HH3KOMOJe-
KYJAPHBIX aKCHAJbHBIX JMTFaujaoB. Tak, npH HMMOOH/IH3aUHWH
Co(acac), ua [12BI1 [667] atombli a3ora 60KOBOH uenH Makpo-
MOJIEKY/Ibi KOOPAHHHDYIOTCA ¢ HH3KOMOJIEKYJAPHBIM KOMIJICKCOM H
Ha6/monaetrcad ObicTPBIA XMMHUECKHH 0OMeH MeXAy 3aKOMIIEKCOBAH-
HBIM W HE3aKOMIJIEKCOBAHHLIM COCTOAHHAMH Gokopoit uenu [[2BII
(puc. 3.15). Ha pacrBopumocTs M cTPYKTYpYy takux MMX Bausior
cTelleHb KOOPAHHALHMH B KOMIIeKCe, CTeneHb MNOJHMMEPH3aLUHH JIH-
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050
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f-|0 IT T
* 025

=1,  pacreopureanb C,H;OH — H:0,
353 K):
o { — [Co (acac)s {T14BI1) NO,};
T Z — [Co (en), M3HUCI} Cly;
3 — {Co (en): ([14BI1) Cl] Cl;;
4 -~ [Co (en): (KM4B1T) Cl} Cl; (R=CHs);
& — {Cr (en), ([14BI1) CI] Cly;
6 — [Co (en), (KI14B11) Cl} Cl,
(R=CH,CgHs)

H-4,H-5

a
/
Puc. 3.16. Kpusbie o6paszoBanus MMX
([xenat]) =0.,05 moaw/n, [xemar]:[L] ==
g
©
I

I l i 1 I i
0 g 8 7 & 58 mg.

Puc. 3.15. Bansinue nobasku Co (acac); Ha cnektp [IMP TI2BIT npu 100 MTu s
CDClsi

a — [[12BM] = 0,314 moas/a; 6 — [[12BIT} =0,314 mMoan/a, {Co (acac),] = 0,043 moas/a

raHfa, KOJHMYeCTBO M THI MPHCYTCTBYIOUIHX B DaCTBOpe [POTHBO-
HoHoB. B yactrocTH, xenat Co? 1 o6 beMuctsiil (nuametp okosio 10 }i),
NO3TOMYy INPH €ro KOOpAHHauUMu Jake ¢ obpasoBaHueM HanGojdee
nJA0THOH ynakoBkH Hekotopbie 3BeHbsi 114BIl ocraiorcs nekoopau-
HADOBAHHBIMHK 110 CTepHUECKUM npuumnam (3.27).

(3.27)

o (e D

BbluncedHas MakcumaJdbHas cTeneHdb koopauHauuu [14BIT coc-
Tapaser 0,63, uro O64M3KO K 3KCNepHMEHTAJbHBIM 3HAUYEHHAM
(puc. 3.16). [MonoGHbI KOMIIEKC HMEET »KECTKYIO CTep K HeoBpa3HyIo
CTPYKTYPY M TO3TOMYy NOABHXHOCTh XesnatoB Co’T 3HauuTesbHO
MEHbILe, 4eM y MOHOMEDHBIX aHaoroB [32]. YMeHbileHHe g-akTopa
B ciektpe IIIP xomnaekca yuc-[Cr (en). ([T4BIT) Cl] Cl; ¢ Bo3pac-
TaHHEM CTeNeHUu KOODPAHHAUWH YKa3biBaeT Ha CHUIXKEHHEe CHMMeT-
pui Cr®T-kommnekca (D) [15]. Takoe HapylueHHe aHH3OTPONHH
00ycnoBAeHO cTepHuecKUMHU npensaTcTeusiMu Kak [14BIT, Tak u 3akpen-
JeHHbIX XesaToB. OO6beMHCTbie XeJaTHPylOllHe JHTaHAbl M[pensiT-
CTBYIOT OOMEHHOMY B3aHMOAEHCTBHIO MeX 1y HoHaMH xpoma (I11), xora
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oHu KoopauHHpoBaHb BROAb uenu [14BIT 8 BBICOKOH KOHLeHTpaliun
[32] .. TemmepaTypa AHCCOUHAUHH KOODPAHHAUHOHHOH CBA3M BO3pacTa-
eT C yBelHueHWeM cTefleHn KoopAuHauuu (puc. 3.17) [668]. Ity
faHHble CBHIETeJbCTBYIOT O GoJiee MMPOYHOH CBA3H MeTaana ¢ noau-
MepOoM, ueM C HH3KOMOJEeKyAAPDHbIM JHFAHIAOM. )

73J,U.CJK
523 -
Puc.  3.17. H3MeHenne TeMnepaTypu
Py AMCCOUHAUMM KOOPAMHAUMOHHOR CBA3H
| mexay [T4BIT u Co’*-xeaaTom B 3a8u-
W73 CHMOCTH OT CTEMeHH KOOPAHHAUuM
1 | 1 ]
0 04 08 8

Kommiiekcoo6pasoBaHue aasa [14BI1 ¢ Menblell cTeneHblo nosnme-
pH3auHH npoTekaeT Jerue [669] u ckopocTh KOMILIeKcooGpa3oBa-
HHUS AJS YaCTHYHO KBATePHH3HPOBAHHOIO M0JiH-4-BHHHJIIHPUINHA
(KIM4BT1) menstetcs B paay R=H > CH;> CHsCsHs (cm. puc. 3.16),
uTo 06YCJAOBJIEHHO CTEPHUECKUMH MPENATCTBHAMH [10JHMEPHBIX JIHTaH-
aos [670]. [1o 3HaueHuto paccunTaHHOH KOHCTaHThl PABHOBECHA peak-
UHu JAUraHaHoro obmeHa NUPUAHHCOAeprKalllHe JHTraHAbl pacro.a-
raiotca B pan: Ct-co-4BIT (13—509 4BI1) > Py > Cr-c0-4BI1 (10%
4BT1) >TI4BI1 [668].

Ky

Ci-Co(DH),-DM®A + L Ct-Co(DH)o-L + DMoA  (3.1)

Ko

_[CL-Co(DH), L[ DM®A]
" [C1-Co(DH)y-DM®AT-[L]

3HaueHHA KOHCTaHTbl paBHOBECHSI PeaKuMH JIHTAHJAHOTO oOMeHa
(AM®A, 293+ 0,5 K) npuBeseHsl HuXe (COOTBeTCTBYlOLiee 3Haue-
Hue AAst MHpHAHHA paBHo 0,68.10° ;1/Modb):

Conepmanne ssersen 4Bl B Cr-co-4BI1 9.8 13 24 32 41 53 100
K-107°, a/monb 045 10 1.2 1,4 19 15 08

B T14BIT paccTostHne Mexay nupHAHHOBbIMH (hparMeHTaMH. TAKOE
HeGoablioe, YTO He Bce rpynmsl 4BI1 mMoryTt sblcTynaTh B KauecTBe
JIHTAHIO0B H3-3a CTePHUECKHX MNPeNsTCTBHH KOOPAHHHPOBAHHBIX KO-
Ganokcumos. Jlns conosinMepos, cofepxatix 13 -539 parved-
ToB 4BIl, B KOTOPBIX ¢TepHUECKHMH MPeNATCTBUAMH MeXKAy K0Baso-
KCHMaMH MOXHO npeHeOpeub, KOHCTaHTHl paBHOBecClist Godblie, HeM
A HU3KOMOJICKYAAPHBIX Jiurangos. O6 3TOM Ke CBHeTe.1bCTBYIOT
paccunTaHHble TEPMOAHHAMUYECKHE napaMeTpbl peaKUMH NHTaHAROTO
obmena (taba. 3.6).

AHaJlorHulbie BLBOAB bl 110AyYeHbl [671] # npu H3yueHHH
KOMI1JIeKco06pa3oBatust MeTHIAKBAKOOAJOKCHMA ¢ ITHPUAHHCOLEPKA-
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IMHMH JHFAHAAMH:

CH;Co (AH):H.O+4 L ::_-l- CH3Co(IH),L +H,0

[Ipy 3TOM KOHCTAHTHl 00pa3OBaHHA, HOJYYeHHble KHHETHYECKHM H
criekTPOPOTOMET PHUECKHM METOAAMH, XOPOLIO CORIACYIOTCH MeXIY
coboit (tabn. 3.7). B 3TOoM cayyae KoncraHta 06pa3sOBaHHA yMeHk-
waeTes B CIeayoweM pany: 4-3tumnupupud > 14BT1 > KI14BI1(25) >
— KI14BI1(61), rae uddpei B cko6Kax 0603HaYaIOT cTelleHb KBaTep-
HW3aUUH. JTOT TIOPAJOK corjacyeTcsi € MOBLIIIEHHEM CTEPHYECKHX
NPENATCTBUH h TJIOTHOCTH TNONOXHTEIbHOTO 3apsilia NOJUMePHOro
JIMFAHAA.

TABJIMUA 3.6. Tepmodunamuueckue napamerpot peaxyuu
AU2AHAHO20 0OMena*

Jurauna AF, kilx/Moab AH, wlx/moab AS, 3. e
4B —222 —8,0 12
Cr-co-4BIT** —29.3 —6,3 19

* Pacreoputeas IM®PA, 203+0,5 K.
** Copepxanue 3penbes 4BIl 32%.

TABJIMLIA 3.7. KoncTantel cKopocTu u Komnaekcoobpa3osanus
OAR peaKyuu MeTUAaK8AK0OAA0KCUMA ¢ NUPUCUHOBBIMU AUZAHOAMU

JTuraun
Koucranra

4-3THATHPHAHH (14 BI11 KI14BII(25) KI14Bl1(61)
K*, a/monn 35.10° 1,7-10° 53-10° 95
ki*, a/(Moab-c) 20 18 8.4 2,5
k_* 1/c 6,0.1073 99.1073 1,7-107¢ 1.8-107¢
k_** 1/c 5,3-10__3 1,0-1072 1,6-1072 2,6-10f2
K** n/Monb 3.3-10° 1,8-10° 49.10° 1.4-107

T=2;8%peneneno KHHeTHYeCKHM MeTOAeM B BoaHeM MeTavoae (3:7 o06.), u=40.00 moas/a, pH=8,0.

** Onpeseneno ciexTpooTOMETPHYECKHM METOAOM.

OrMmerum, yTo B GoJblUHHCTBe cayuaeB xeiat Co®t moHoak-
CHAJIbHO KOOPAHHHPOBAHLI, B CBA3H C 4eM OTCYTCTBYET MEXKMOJIEKY-
JApHoe cuiuBanue. Ecan ke MMX nonyuatoT MeTO4OM BO3HHKAWOULHX
peareHtos [672] W/ yCa10BHS CHHTe3a NOCTATOYHO XKeCTKHe [Q)73] , TO
nonHMepHblii anrana cluuBaercs Co-xenatamu. Xeaats Co’T kak
MOHO-, TaK H 1HAKCHAJbHO KOOPAHHHUPOBAHbI, B TO BPEMA K&K C HH3KO-
MOJleKyJ/isipHbIM aHagoroM (Py) o0OpasyioTcs JiHlb MOHO&KCHaJ/bHblE
anaykrel. O6pa3oBaHHe OHAKCHAAbHBIX KOMILIEKCOB Gojlee Npeanod-
THTe1bHO Giarojaps BbiMrpbilly SHTPONHH HJH NOJTHMEPHOMY XeJaT-

HOMY s¢pdekty (cM. pasn. 4.3).
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ky, Af(mons-c) k_y109 170

17 Puc. 3.18. 3aBucuMOCTb KOHCTAHT CKOpOCTefi
Z npamoil ki ¥ 06GpaTHO#l k_; peakuwui ot co-
— . nepxaund ¢parmentos 4BIT B cononumepe
15 B Oeuszoge (/) w JMODA (2, 3), [L]:
3 [Co] =10, [Co] =6,11-107*  moab/a,
293+0,56 K
Il 1 i 1 1)
0 40 80(4-811]%

BaxHasi posib OTBOAMTCA H lIpupode pactBoputess. Hanpuwmep,
B3aumoneiicreue B cucteme CoCl;(en)o-noau (N-BHHUA-2-MeTHAUMY-
aasoa) B cMecd HoO—C,HsOH ¢ nosbitennem cofepkaHus sranosa
or 0 no 10% (mac.) conposoxjaaercsi yMeHbUICHHEM TePMOAMHAMU-
yecknx napamerpos AF® ¢ 46,5 10 43,6 xAx/Moab, AH® — ¢ 97,2 1o
41,5 kIlx/moab, AS® — ¢ 39,3 mo 11,3 5. e. {674]. Pacrsopurtens
OKa3biBaeT CYLLeCTBeHHOe BJIHAHHE U HAa KOHCTaHTbl CKOPOCTeH N1psiMoi
k. v obGpaTHo# k_, peakuuu auraiHiHoro obmena (-puc. 3.18). Iro
o0bsAcHAETCA H3MeHeHHeM KOHPOpPMaUUH [OJUMEPHOro Jurasia
B 3aBHCUMOCTH OT IPUPOJbl PACTBOPHTEJA, [03TOMY CKOpPOCTb peak-
UHH JuraiaHoro obmeHa Ko6aJJOKCUMOB € MOJUMEPHbIMH JIMTAHIAMH,
TakuMu Kak Ct-co-4BI1, M0OXHO KOHTPOJMPOBATH M3MEHEHHEM KOH-
hopMaHu MaKpOJHraHAa.

Bsaumopeiictsue yuc-Ru(Dipy).Cl, ¢ T14BI1 B Meranose B Teue-
HHe 50—60 u npuBoAUT K 06pa3osaHuio kKommiekca [Ru(Dipy)qlo]Cly
(3.28), a npu noGaB/eHHH MHPHAHHA HA CTAfMH CHHTE3a — KOMILIeKca
[Ru(Dipy):LPy]Cly (3.29) [675]. D14 xoMmmjeKchl MMEIOT pas.iuy-
Hbie CBOHCTBA H CTPOEHHEe, HeCMOTPA Ha OAHOTHUITHYIO IIeCTHKOODAHHA-
LUOHHYIO CTPYKTYpy HOoHOoB Ru®t B 060uX coepunenusx. B uactaocTy,
Kommieke (3.28) ABJAsSeTCA BHYTPHMOJEKYJSADHBIM H PacTBOPHMbIM
B Bo/le, a Kommyieke (3.29) — HepacCTBOPHMBIM H3-3@ CHJIBHOIO MeX-

= ~
I = | P =
T 7 T 'N,
N N= N Py
( \Ru/ (3.28) \Ru/ (3.29)
N T\N N T ™\

N— N

MOJIEKYJAAPHOTrO B3auMoaecTBHA. KomMnaekcoobpa3oBaHue cONpoOBOXK-
Aaetcsi 6aTOXPOMHBIM CBUIOM Ha = 10 HM A, B YP ciiekTpe NOJH-
MEDHOr0 KOMILIeKca 3a cyeT cTepuueckHX 3(P(dexkToB 1OJNHMEPHOH
erH. AHAJOTHUHBIE 3aKOHOMEPHOCTH YCTAHOBJAEHB M B CHCTEMAX
[Ru(Dipy).]** — Cr-co-4BIl {570, 571].

HMutepecbiit spdext Gbia oTMeuen npH U3yueHHH B3IAHMOLEHCTBHRA
CuX"", rne X --3ITA" (3.30) wun N-(2-ruapOKCHITHN) ITHACH:
anamun-N, N’, N’-tpuanerar (3.31) ¢ KIT4BI1 ¢ o6pasoBatinem
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KOMILICKCOB CTPYRTYpHl (3.32) [671]:

~CH=-CHg= -+ - =CH=CHg~ - - - =CH-CHg~
z Z =
- L) g | (3.32)
0 N N N
\ l |
Nemegee- 0 CaHs
Cu
N—QI—""' —0
= \0 -

Koncrantel obpa3oBaHua [BoAubld MeraHod (l:1 06.), n=
=0,1 moas/n, pH=8,0, T=298 K| «kommaekcos (3.32) [uHcaH-
Tesb — IIPH HCMoMb30BanuH (3.30), 3namenarenb — (3.31)] npusese-
Hbl HHXE: :

Jurana 4-3THATHPHILHH [14BI1 KI14BI1(20) KI14BI1(23) KI14BI1(61)

K, a/monp  T2/70 60/48 123/ — — /870 240/110

3Ha4yeHHss 3THX KOHCTAHT [OBBIILAIOTCA C YBeJHUEHHeM CTelleHH
KBAaTePHHU3aLIHH, HECMOTPS Ha TO, YTO CTEPHYECKHE TNPEeNATCTBHSA
B 3TOM CJyyae N0JXKHel Bo3dpacratb. O4eBHIHO, 3TO 06YCAOBJEHO
3JIEKTpOCTaTHYeCKHM 3PEPEKTOM: JoKanbHasg KonueHtpauus CuX"~
AOJIKHA BO3PACTaTh C MOBLIIIEHHEM CTelleHH KBaTepHH3auHH 6arojia-
ps KYJOHOBCKOMY B3aHMOJEHCTBHIO MeX1y MToJHKaTHoHOM n CuX" ™.
[lpuyem nosbllleHHe 3apsijia HCXOAHOTO Xenara MeLH YBelndYHBaer
€ro CpOJCTBO K MOJHKATHOHY H COOTBETCTBEHHO B 3TOM Py MMOBbILIA-
I0TCS H KOHCTaHThl 00pa30oBaHHuA.

Haunbosee peranbHble uceegoBasus OblJIH TTpOBEAEHbl 10 3aKpell-
JEeHHI0 Ha NoJinMepax MeTasJjollopPHPHHOB H MeTalo(Tal0UHAHH-
HOB, XapaKTepPH3YIOLLHXCH APKO BbIPa>KEHHOH cnocoOHOCTHIO K 10110J1-
HHTEJIbHOH KOOPAHHALHH (3KCTPAKOOPAHHAILHH) [IJIOCKHM KOMILIEKCOM
JIHTaH10B, 3aMOJHAIOLLIHX [TATOE H 1LIeCToe KOOPJHHALHOHHBIE MECTa BO
BHYTpeHHeH KoopanHauHOoHHOH cdepe [59, 60]. O630p ucnoab3oBak-
HbIX /I 3THX UeJ/Jed MaKpOJHrana0B npuBejel B pa6orax [15, 31, 32].
3aece ke oTMeTuM HauboJiee HHTEPECHBIE [IPHMEDHI.

Kax npaBuo, B KOMIIEKCaX FTeMHHA YEThIPE MJaHAPHbIX KOOPAHHA-
LIHOHHBIX MecTa HoHa keJge3a (I1I) 3anarel nopPupHHOBBIMH aTOMaMH
a3ora, 1AToe (aKchajdbHoe) — aTOMOM a30Ta [TOJIHMEPHOTO JIHTaHAa,
a wecroe — uoHaMu Cl1~ uan OH ™. B cnyyae xe rema wecroe Koop-
AHHALHOHHOE MeCTO MOXKeT OblTb CBOOOAHBIM HJIH Xe CJ1a00 3aHATHIM
MoJiekyiamu pactsoputeia (JIM®PA, H.O) [676]. Haa KomnjeKcos
reMma ¢ conojuMepamu |-Bllp nartukoopilrHauHOHHOE COCTOsIHHE
XKeJle3a JoKa3ano cleunabHbIMH HCclejoBaHuamu [651, 667]. daa
conojiumepos BHMA 4ncio akcHaibHO KOOPAHHHPOBAHHBIX JINTAHAOB
cocraBisier ~2 u yOblBaeT C yMeHblIEHHeM cofepxanua 1-BHA
B comosnmepe (ra6i. 3.8). Habmoaaercs 6/1aronpHaTHbIA BKJIan
SHTpONHiiHoro ¢ akropa, CBA3aHHBIA € BBLICOKOH KaXYIIEHCA KXOH-
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TABJIMLIA 3.8. [Tapamerpsi xoMnaeKcoobpasosanus 2ema
¢ [IBHA v BHA-co-Bllp

Jlurann 3] K, 4/Moab AH, k1% /moan AS, 3 e
NBUA 1,6 1,6-10' — —
BUA-co-BIlp(50)* 1,3 3,t-10° — 16,8 7.3
BHA-co-BIlp(20)* 1,2 3.2-10° — —
BUA-co-BIIp(10)* 0,9 4,1-10 —22,6 3,1
1,3 48 —23,0 —10

1-DTUAHMHAA300

* Lludpu B ckobkax — conepxanue BHA B cononnmepe (8 % -

ueHTpauHeli (BYHKUMOHANbHBIX IPYNM B [OJMMEPHOH MaTpHue [651].
[TosToMy B GOJbUIWHCTBE C/yuaeB KoHCTaHTa oGpasoBanud MMX
B 10°>—10* pa3s GoJablule COOTBETCTBYIOIleH BedHUHHbI Il HU3KO-
MoJleKyaspHbix anajoros. OfHaKo CJefyeT OTMETHTb, YTO A KOM-
naekca Co’t-stuonopdpupuna ¢ IT14BIT nosyuenHoe 3HaueHue
K (8045 a/moab npu 298 K B JIM®PA) okaszaoCh MeHblIe COOTBET-
crBylomleit Beauuuubl (616430 n/Moab) A KOMILIEKCA C MHPHIH-
HoM. DT0, O4eBHAHO, OOGYC/JIOBAEHO CTEPHUECKHMHU MPENATCTBHAMH
Mp¥ KOOpAHHAlHW¥ FPOMO3LKOH K XKeCTKOCBA3aHHOH MOJeKy/bl M-Tlp
noinMepHuiM JAuraHfom [678]. BaxHoe 3HaueHue uMeeT TaKxke
ruapodo6Hoe B3aumopeictBe M-TIp ¢ MakposuraigoM. 1o Haraal-
HO OblJ10 MOKa3aHO Ha NpuMepe KOMIekcoo6pa3oBaHHa rema C BoJo-
pacTBOPHMBIMH MoJuMepaMu — nojustuienokeugom (I120), BC
MBIIp [679]. Okasanoch, 4T0 pPaBHOBECHE MeXAY MOHO- H AHMEDHOH
(opMaMH, MMelolleecs B BOLHOM pacTBope rema, MOJHOCTbIO CMe-
laeTcs B CTOPOHY MOHOMepHOH (DOPMbl MPH BbICOKOH KOHLIEHTPALHH
nosuMepHoro auranga. [1puuem atot 3¢deKT Bo3pacTaeT NpU VBEJH-
ueHun rugpopoGHocTH nosumepa B psidy [I1BITp >T130>1IBC, Ha

Z,%

g5

80 Puc. 3.19. Copepxanne BHCOKOCHH-

HOBOI'O KOMNJEKCE Tema!
! — Py — rewm; 2 — T14BI — rem, 3—
KI4BIl — rem; 4 -— K[4BM — rewsn; 3 —
I'y — rem, serpoennuit s TC

85

3}

40 J

(4]

201 )
i

a 4 & 8§  10YT03Kk™
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OCHOBAHHH 4ero Obl1 CHeJaH BbIBOA O HaJHUHH rHAPODOBHOIO
B3AHMOJENCTBHS reMa ¢ MOJHMEPOM.

Crabuausauus MerTasionopHHPHHOBONH CTPYKTYpbl MOXeT OHITb
TakXe cBaA3aHa [679] ¢ NOMOJHHTEbHOH KOoOpAHHALHeH noaumep-
HOrO OCHOBaHHMsl ¢ (DYHKUHOHAJBHBIMH IPYNIAMH reMHHa, Hanpumep
32 CyeT aKCHAJbHbIX H OCHOBHBIX JHTaHpoB. HecMorps Ha oaHorHia-
HOe CTPOEHHe KOMILIEKCOB reMa H reMHHa C pasJjHUHbIMH [TOJHMEp-
HbIMH JIMTAHJAMH, NPHPOAA MAKPOJHTaHla OKa3biBaeT 3HAUHTENbHOE
BAHAHHE HAa paBHOBECHe MEXAY BbLICIIMM H HH3UIHM CIIMHOBBIMH
cocTostHusiMH (pHuc. 3.19) [680]. 2ToT BHIBOL MOATBEPXKAAETCH TAKKe
TE€M, UTO CIIHHOBOE COCTOSIHHE TEMHHA HE MEHSIeTCS, €CJIH €ro KOMILJIeKC
¢ THPHAMHOM BBOAHTCSL B HecnocoOHBI K KoopadHHauuu [1C (cwm.
puc. 3.19.)

CTeneHb KOOpAHHAUHH MeTassoXxJopoduanuios (M=Co’T,
Fe*t, Ni**, Cu®*, Zn®") ¢ KI14BII tak:xe oKasanach paBHOIl eHHH-
e [681]. KoHcrauTa o6pasoBaHHA 3THX KOMILIEKCOB COCTABJSNA
~ 10> n/moab, T. e. 6ba Gosblie, ueM A HHU3KOMOJIEKYJSIPHbIX
AHaJIOroB ¥ MaJio 3aBUCe1a OT NpHpoAbl MeTadaaa. [1o Beell BHAMMOCTH,
CTabUIbHOCTD  KOMIJIEKCOB  MetaJqgoxjopodpuinnios ¢ KIT4BII
ONpEe/EJAeTCA 3JeKTPOCTATHYECKHM CBS3bIBAHHEM MeX1Y KapGOKCH-
nat-andoHom HMX W yerBepTHUHBIM KATHOHOM INHPHAMHHUS B UEMNH
KIT4BI1. Inst nesapsiennoro I1BIlp ero kommaexcooGpasoBaHHe
¢ xjaopoduaaniom MmeaH (I11) conposoxaaerca o6pasoBanuem Bojo-
PONHBIX CBsI3€H, NPHUBOASILIHX K Pe3KOMY TMOBbLIILEHHIO BSI3KOCTH
pactsopa [682].

KoopaHHauHoHHoe noiHMepHoe CBA3bIBAHHE MeTan10¢TaN0UHAHH-
HOB HCCJIEJIOBAHO C HMCMOJIb30BAHHEM TaKHX [1OJHMEpPHBIX JIMTaH/OB,
kax [1OK [683], [TAAM, MOgHDHUHPOBAHHBIH AHIIPONUAEHTPHAMHHOM
[683], TIBA [609, 683, 684] u np. B nanHoM ciyuae Takxe
HA6/I04aeTCA NATHKOOPAHHALIMOHHAA CTPYKTYpa o6pa3yioluxcs
MMX [609, 685]. Kpome Toro, xoMijiexcoo6pa3cBakHe ¢ HOJIHMEp-
HBIMH JIMTaHAMH NIPHBOJHT K 3HAYHUTENBHOMY CMELIEHHIO DaBHOBE-
CHsl MOHOMED = auMep B pactBopax M-®T B cTOpoHY MOHOMEpHO#H

Puc. 3.20. CrexTpbl morsoiieHus (X) B BH-
Aumoit 06JacTH KOMMJeKcos Terpacyabdho- O5F
¢ranounanuna ko6aasra (C = 2,5 MkMOab /1)
¢ MIBA; €=2,5 (a), 59 (6), 10,0 (s)

u 25,0 mmoab/a (2) ob—— L L
10 8 2
05
0 L | L | 1 | i ! L 1 1 l

8 18 14 18 Y10 Som™
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TABJINULLA 3.9. Pacuer morenod doau
uzoauposannsix moackys M-Pr, ceasannmx ¢ [1BA

0.10° P50 P.==1680 0-10° P,=50 P.= 1680
i 45,04 0,32 0,02 98,07 56,04

0,2 82,95 5,27 0,01 99,03 73,31

0,1 90,88 13,93

dopMbl, 0O ueM CBHJE€TeNbCTBYeT, HAMpUMEp, MOBbillieHHe HHTEHCHB-
HOCTH NWKA MOHOMepa NpH OJHOBPEMEHHOM CHHUXKEHHH HHTEHCHB-
HocTu nuka aumepa B YO cnektpe M-®1 (puc. 3.20) [686]. Ouesus-
HO, UTO [JUMep He MOXKEeT BO3HHKHYTb, €CJH B KaKioM KJyOke
mosiiMepa MPUCYTCTBYET TOJAbKO OAHA MoJekyla M-®t. Moabhyio
goa1o M-®t (x;), cBA3aHHOroO ¢ NMOJUMEPHbBIMH UENnAMH, KaxKiaa U3
KOTOPBIX cOAep>KUT k MoJjekysa M-Pr, MoxkHO paccuurarth [686]:

xi=k(1—p)p0)~'/(1 —p+p8)+",

rne p=1—1/P, (P, — cpeiHeuucJoBasa cTeNeHb MOJHMEDH3AIIHH).
Pacuer nokasbiBaer (raba. 3.9), uto B cayuyae noaumepa c Godee
HH3KOM MOJEKyJAsIpHOH MaccOH (Pn,==950) MNPOUEHT H30JHPOBAHHLIX
(k=1) ™moaexyns M-®r Becbma BeJHK, H NpH yBeJuueHHH O 3Ta
BeJHUHHA YMeHbllaeTcs MenJeHHo. B cayuae noaumepa c O6o.ee
BHICOKOW MoJekyasapuoid Maccoun (P.=1680) pnoas noauMepHbix
nened, coiepxauux TOJAbKO OAHY MoJexkyay M-®r, pocturaer BhI-
COKHX 3HaueHHH TOJIbKO MpH MaJjbix 6.

CaaspiBanue HMX c nosnumepamu pocturaercs Takmxe nytem o6-
pa30BaHHA KOBAJEHTHOH MeTana-yraepogHoil ceasu. Tak, B3aumMogeH-
crBHe Ct-co-XMCr ¢ ko6asokcuMOM B cMecH (eH3oJsa H IMHPHIHHA
npuBoAuT K MMX co cBasbio Co-C [687]. Koncranra ¢oTtopasiaoxke-
HHS TAKOrOo KOMIJeKca oKasaJjach B 4 pa3a MeHblle, ueM A1A GeH-
suakofansokcuma (tatba. 3.10). 1o o6bsicHsieTcs TeM, uto Auddy3us

TABJTULUA 3.10. Kowxcraurst ckopoctu GoTopazroncenus
AAKUAKODQ AOKCU OB

R Pactaoputeant Paiton 06AyUueHHA, WM k;a'“, c=!
Benszua Beuson Becob paiion 4,6-107°
Benaun IIMCO Beco paiion 1,0-107¢
Beusun IMCO > 350 1,1.10~*
Bensua IMCO > 450 i,t.107?
Benaua AMCO > 550 <l107?
ITonumep*** bBenzon Beewn paiton 1,1.107?
TonuMep**** IIMCO Becs paiton [,4-10°°
[Tonumep**** JIMCO > 350 1,0-10732
[Tonumep**** JIMCO > 450 0.9.107?
[Tonnumep**** JAMCO =550 10
hv

* R—Co{AH);LER- +Co(dH),l.| L==Py (8 6ensone) uan IMCO (B IMCO).

o= —d|R—Co(JIH) 1| / [R-~Co(JLH1) .| d! wamepuin npn 06ayucHuH BOALPPRMOBUA 1AM
no#t ¢ nockosunok dorouuTeHCHBOIOCTBIO.

*** Conepunit 8,1% (Mon.) KoBaNoOKCHMA.

sexd Cogepaanuit 2,1% (Mon ) ko6anokcrma.
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Knan/Mwan Ruyn/C, n/u

Puc. 3.21. VamenenHe OTHOCHTEJNLHOH Kol-
CTAHTHl CKOPOCTH (DOTOPAINONKEHHN H 1y, /C
MMX B 3aBHCHMOCTH OT COAEPKAHHA OCH-

aona B pacTBopHrTene i

1 | 1 1 g
0 20 40 100%

KOMIJIEKCOB JABYXBaJjeHTHOro xkobagbra, oOpasylouiuxca npd romo-
JUTHYECKOM (OTOPA3NOMKEHHH, NIPOTEKAeT MeHee JIerKo H3-3a CTepH-
yecKHX MPeniATCTBHHA noauMepHo#d uend. Kpome Toro, BO3HHKAKLlHe
aJKUJIbHbIE pajMKaJbl 33/1epXKHBAIOTCA TOJHMEPOM H, TaKUM 0Opa3om,
MOBBIIACTCH BEPOATHOCTb HX PeKOMOHHAUHMHU MO CPABHEHHIO C MOHO-
MepHbIMH aHasioraMi. Oanaxo nono0HbIH 3¢ dexT He Obli oOHapykeH
B JIMCO (cm. taba. 3.10), mockoabKY B 3TOM pacTBopuTese Ko0aokK-
CHMbI JIOKAJIM30BaHbl HA TMOBEPXHOCTH M0OJHMepa H He HCHLITHIBAIOT
CTepHYECKHX TNpensaTcTBUH nojauMepHOH uenH. B cMeuaHHbix
JAMCO — Gen30a pacTBOPHUTERAX OTHOIUCHHE Rpgsumep/Ruonovep YMEHD-
HiaeTcs ¢ MOBbillieHHeM coaepxauusa Oensosna B cMmecH (puc. 3.21).
Kak cienyer W3 BHcKo3HMerpHueckHX H3aMmepenHH Cr-co-XMCr, ua
KOTOPOM 3akpeljied KoOaJ0KCHM, C TTOBbILIEHHEM cojepxaHusa GeH3o-
J1a B PacTBOpHUTee NONHMepHad uelb pacrsrusaerca. Takum o6pa3oM,
yMeHbleHHe KOHCTAHTHI (OTOpPa3J0oXeHUus, CBA3AHHOIO C NOJHMEPOM
ko0as0KCUMa ¢ NMOBbiLIeHHeM cofepXaHua 0eH30Jia B pacTBOpUTede
00yCJIOBJIEHO, NMO-BUIHMOMY, pacTAXeHHeM NOJHMepPHOH ueny.

AHanornynpiM 0o0pa3oM B3aHMOJEHCTBYIOT HHU3KOMOJEKYJIPHbIE
N.O;-meTanioxenars, Takde kak Co(canen), ¢ [IXMC B TI'® npwu
193 K [688]. 3toT Ke nopxoia peanusyercs H B peakUHH XHHOJAHHO-
Boix (HQ) kommiekcos V°7 ¢ rHAPOKCHICOMEPKALIMMH TIOJTHMEDAMH,
B 4aCTHOCTH 2-THAPOKCHITUMeTaKpHaaT-co-MMA [689]:

LOH + VOQa0H- L0OVOQ; + H20

CornacHo sToi cxeMe =~ 2%, rHAPOKCHJAbHBIX IPyNil 3aMellalOTCH
Ha XejatHbie y3abl Ouc(8-xunonuiaokcosananus). [lpeamosnaraercs
LIECTHKOOPAHHALHOHHAA cTpyKTypa VT B Takux xenarax. Omucano
3aKpelieHHe MeTa/Io0PraHHYeCcKHX COeJMHEeHHH Ha 0JHUMepax nyrem
o6pa3oBanusa MeTaNa-noJumMepHoll cBsi3u [690]:

- Z

Cl ~Cl—Ni—e—N_ ,

t

N=

\ /
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3.3.4. MexaHOXHMHYECKHH CHHTE3

IlpeactaBasiioT HHTepec H peakKudH xel1aToobpa3oBaHHsA, NMPOTEKAl-
LiHe OJHOBPEMEHHO C CHHTe30M MaKDPOMOJEKYJIspPHbIX JHTaHAOB
[691—693]. 3ro Moxer O6biTb MPOAEMOHCTPUPOBAHO Ha [MpHMepe
MeXaHOXHMHUECKOTO aKTHBHPOBAHHUSA MOJHKOHAEHCAILHH MOJHITHICH-
Tepedraiara U en ¢ oBpaszoBanvem KoMmmiekcoB [693]:

~HyC~HyCO- c-@-c =N=CHa- CHg ~NH- c@c OCHy-CHy~

2
Taxum oGpa3om, OCHOBHBIM MpeHMYLLECTBOM MeTOAOB COOPKH AB-
JigeTcs MPOCTOTAa CHHTEe3a, BO3MOXKHOCTb HCIOJAb30BaHHsA 6oJjee j0-
CTYMHBIX peareHTOB H 3KOHOMHYHOCTb. B TO ’Ke BpeMs s HHUX Xapax-
TepHBl IpOTeKaHHe pa3HooOpa3Hbix NOOGOYHBIX PO LECCOB, HEOCTATOU-
Has BOCMPOH3BOAMMOCTD M TPYAHOCTb MOJYUEHHRA CTPYKTYPHO UHCTHIX
MeTaJioM0IHMEPOB.

3.4. CHHTE3 NOJIHALEPHDbIX METAJNJNIOXEJATHDBIX NOJTHMEPOB

Hia cuHTe3a noadsfepHeix MMX npuroaHsi Bce H3J0XKeHHble Bolilie
MeToAbl [oJlydeHHs MoHosjgepHbix MMX: cBs3biBaHHe HECKOJbKHX
MeTaJ//10B MOJHHYKJIEHPYIOLUIMMH MaKpOMOJIEKY/IAPHbIMH JHIaHAaMHy,
3aKpellsieHHe 3apaHee cOpMHUPOBAHHBIX, XOPOILIO OXapaKrepH3oBaH-
HbIX MOJHSANEPHBIX KOMIJIEKCOB HJH KJIacTepoB Ha [oJdUMepax H
c6opka noJuMeTa/JJIMUeCKHX UEHTPOB Ha [OJHUMEPHbIX HOCHTEJSX.
Opsnm u3 Haubojee pacOpocTpaHeHHBIX METOJOB MNOJYUeHHS
HH3KOMOJ/IEKYISAPHBIX  MOJHAAEpPHBIX  MeTa/JloXeJaToB  ABJAETCH
B3aumojeHcTBHe MX, ¢ MONHHYKJIEUDPYIOIIUMH JUraHgamMu [67—69].
[lepeHeceHne 3THX MpHEMOB B XHMHIO BbICOKOMOJEKYJIsApHBIX COeH-
HeHHH OCNOKHEHO TPYAHOCTSIMH CHHTe3a COOTBETCTBYIOLLHX MaKpOJIH-
raHaos. M3 HemHorouucieHHbix fOpUMepOB 3aciyXHBaeT BHUMaHHS
nonyueHue 6usfepHbix xenatos Co’t u Ni°™ na ochose I13-np-noun-
(carvunaounakpuaamuaa) (I3-np-IICAA) [175, 594]:

ZCHp-CH~  +M(CH3C00) ——:—ﬁ—CHQ ~CH~

J=o o

HN N
o o
>M/2
OH 0

Tak e KakK U B CJlyuae HH3KOMOJEKyJApHbIX aHaJjoro [75],
B 3THX cHcTeMax HabJwopaercd 0oOMEHHOe B3aHMOJeHCTBHE AaAHTH-
¢eppoMardHuTHOro THMA MEXAy MapaMarHdTHeIMH LEHTPAMH. Anauno-
rHudHoe oOMeHHOe B3aWMOAeHCTBHe OOHAPYXEHO H B KOMILIEKCe
Cu®* ¢ nonutetpadroparuncu-up-11CAA (IIT®I3-np-TICAA) [694].
OJLHAKO I/l HH3KOMOJIeKYJAPHbIX KOMIUIEKCOB M€ Oblno HOKAIAHO
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TABJIMILA 3.11. Xapakrepucruka ummobuA306aHHbIX
COTCPOMETAAAUMECKUX KOMIACKCOB € KOHTPOAUPYEMBIM PACHPEOCICH ieM
nepexodrnIy MeTasncs

Conepmaiine  cBs-
JaHHOIO MeTadana, (DUKT()[)
Hoanmepnuit nocwrete MX, M’X’, MMOJAb /T CeNeHTHR-
HOCTH
M j M
113-up-TIMBK {589 {mac.}}, Nif{acac), TiCl, 0,6 0,4 1,5
MOoIHGHUKPOBAHHMHA ruapa- Ni(acac). VCl, 0,6 0,5 1.2
3HAOM CAAHUHAOBON Kucaots  CoCl, Vvl 0,3 0.4 0,75
M3-np-IMTAK [8Y% (mac.)] TiCl, NiL* 0,6 0,8 0,75
TiCl, ColL 0,6 0.8 0,75
vCl, NiL 0,7 0,7 1,0
T13-np-noananminoswi cnupr VCl, CulL 0.4 0,25 1.6
[4% (mac.)] VCI, ColL 0.4 0,3 1,3
Vv_Cl, NiL 0.4 0,3 1,3
TiCl, CulL 0,17 0.15 ||
TiCl, CoL 0,20 0.16 1,25
TiCl, NiL 0,18 0,12 1,5

* Hol — a30METHHOBKIR JHTARA.

o6pa3oBaHHe MOHOSIIePHBLIX Xea1aToB 6e3 MeXKMOJEKYASIPHOTO O6MEH-
HOTO B3aumojeHcTBUA [75].

Metoabl nocTafuRHOTO BBeJeHHS COeIHHEHHH TIepeX0OHbIX MeTaJl-
JoB B noJjivocHoBaHusa udda nossogsioT noiyuatb rerepomera-
JIMUeCKHE KOMILIEKCbl ¢ KOHTPOJHPYEMbIM pacnpeieliekdeM Nepexof-
HbIX MeTa/soB (Taba. 3.11), wanpumep no cxeme [591, 695]

P . >’
ﬁ—CHz-C'W HO + Ni(acac), —> CHy-CH~  Ni/2 —»
}: ] 2\

CZN‘NH—CO C=N—N 0
H3C/ H3C/ ]
HO

TiCl, P
—_— CHz— CH—CHy — CH~
l l
Cl3T1<~L——-N C-CH3 H;C-C= N———;Tlcx3
| _o

_N\Nl/N_.

B oTiHuHe OT HH3KOMOJEKYJSPHBIX JHFAHAOB reTepoMeTaJlinde-
CKHe KOMILIEKChI MOKHO MOJIYYHTL MyTeM B3aHMOLEHCTBHS MOHOHY-
KJAEHPYIOUIEr0 MaKPOMOJIEeKYAAPHOTO JIHTAHA2 C HECKOJIbKHMH HOHAMHU
MeTasjioB. Tak, npH B3aHMOZEHCTBHH [OJHMEPHbIX OCHOBAaHHE

lndda
R
cH=N" “N=

=N =CH
OH HO
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rae R=—C(CH;)—CHo— (3.33); (—CHo—), (3.34); (—CHo—),
(3.35), ¢ pacTBOpPaMH COeJHHEHHH IBYX Da3JHUHbIX MeTailioB (Cy,
Zn, Fe, Ni, Pb) B IM®A nabmonaercsi cejeKTHBHOE CBS3hIBaHpe
HeKOTOPbIX H3 HHX [247]. IIpH 3KBHMOJILHOM COOTHOUIEHHH QYHKLHO-
HaJbHBIX Tpynnm nojuMepa H CTeXHOMETPHH B pacTBope (1;1;1)
aTOMHOe OTHOLLEeHHe MeTaJJoB ((PakTop CeNeKTHBHOCTH) 3aBHCHT oT
NPHPOIdbl XeJaTHPYIOULHX (GparMeHTOB MAKPOJHraHia H OT NPHPO
nap xaTHonoB (tabu. 3.12). Ilpu 3TOM ¢ yBe/qHueHHEM COAepXKauus
OJIHOTO H3 MeTaJlI0B B pacTBope (PaKTOp CeeKTHBHOCTH YMeHbLIaeTCs,
HanpuMmep, s cuctembl Cu—Zn Ha nonuMepe (3.33) npH Mo.bHOM
COOTHOIlIEHHH MeXXAy KaTHOHamu B pactsope l:1, 1:12 u 1:10 bakTop
CeJIeKTHBHOCTH cocTasJiseT 15, 9 u 5. BaxKHo, uTo aTOMHbIe COOTHOMLIe-
HHS MEXIY MeTa/lJlaMH Ha NTOBEDXHOCTH H B o0’beMe MaKpOKOMILiex-
coB pasiunuubl [696]. Tak, ¢akrop cesektuBrocTH 4451 Cu B cHcTeMe
Cu—Fe na nosepxuoctu paBed 12, a B ofbeme — juuip 2.

B oTtanune ot MoHosiAepHbIX cBA3blBaHHe OH- H NOJHSAEPHBIX
MeTaJlJIoXelaTOB [OJHMepaMH CpPABHHTEJbHO MaJo H3yueHo. W3
HauOoJlee HHTepeCHbIX MNPHMepOB CJjeldyeT OTMeTHTb 3aKpeleHue
[697] Gusaepubix* kommaexkcos Cu’t ¢ TIXMC

(3.38)

(3.36)
> CHQOO(CH2)3—-——CU‘CU
(3.37)
> {—-@—CHQNH(CHZ)g Cu-Cu

5 W

(3.39)
"HOO(CHj5)3|{Cu~Cu| (3.36)n NHo(CH»,)3|Cu-Cu} (3.37),
TN o
PN
rae |Cu-Cu|=CH;, 0] X
>Cu/
N—
—_—
N O - amuHokucnorta, X— C1~, OH™,
HJ/JIH C nonnmepaMn, COﬂ.ep)KaLllHMH OKCHpaHOBble rpynnbl:
(3.40)
(3.36)
5 3 &'OCHQ‘?H*CHQOO(CHQ):;- Cu-Cu
7N\ OH
FOCH;-CH-CH-H—
OH

(3.37) |
——— - 0CHy-CH-CHyNH(CHy)z- |Cu-Cu

(3.41)
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TABJIULIA 3.12. CeaekrusHOoCcTd CEAIBBAHUSL HOHOB
seraaros XMJI runa (3.33)—(3.35)

ATOMH()[‘ COOTUHOMICHHE M(‘)Kﬂ.y CRRIAHHKWMH MeTaJiJddaMH
lapa Katnonon ia noarMepax
(MM
13.33) l (3.34) l (3.35)
Ni:Pb 32:1 2:1 5:1
Cu:Pb 49:] 12:1 49:]
Co:Pb 32:1 8:1 24:]
Fe:Pb 5:1 2:1 7:1
Zn:Pb 2:1 19:1 32:1
Cu:Ni 14 — —
Cu:Zn 15:1% — —
Cu:Fe 3:1 — —
Ni:Zn 1:3 — —
Ni:Fe 6:1 — —

* KOMOACKC UHHKa pa3araeTcs.

BuauMble clleKTpbl HCXOAHBIX OHALEPHBIX KOMIJIEKCOB H NOJIyuYeH-
Hbix Ha Hx ocHoBe MMX xopowo cornacyiorcs mexnay coboi
(tadba. 3.13). B uacTtHoctH, B obsactd 600—830 um nab.opaworcs
TPH noJockl d-d-nepexoaoB H OJHAa M0J10ca NepeHoca 3apsaa Npu-
cytcTByeT npH 378—420 uM. D10 no3BoJseT NPenNnoNOKHTb BJH3KOe
NMPOCTPAHCTBEHHOE OKPYrKeHHe HOHOB Me/lH B HCXOHbIX H HOJIHMEpHbIX
xenatax. B 1o e BpeMA CjelyeT OTMeTHTb, UTO NOJIOCHI B CHEKTpax
MMX aBJAAIOTCA WIHPOKHMH H TJIOXO pa3pellieHHbIMH.

Hunepxnopat, N, N’-tpumeTn/ieH6HC (3-POpMHI-5-MeTHICANH LK -

albAMMHHAT) IHMenH Obl1 3akpensen Ha IIBA no caenyiomeit cxe-
me [698]:

~ — ~ HCIO
2 = N—
. \Cu/
(Cl04)s
(3.42)
— CH CH2 °°°°°°°
NH3CIO4 —N\ /N__
\ CHa
Cu
__N/
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TABJIMLIA 3.13. Budumbte cnekrpol 6uadepHblx KOMnaexcos medu
iU X NOAUMEPHBLX aKanoeos

Komnieke A, HM Kovnaeke X, HM
(3.36) 830 680 620 378  (3.37) 800 680 610 410
(3.38) 820 670 615 420  (3.39) 830 670 600 410
(3.40) 800 675 610 420  (3.41) 830 665 605 405

[TpoayKThl ¢ pa3/iHUHbLIM COLEpPKaHHEM OusnepHoix parmentos
BblAM MOJYyUeHbl BapbHPOBAHHEM KOJHYECTBA HCXOAHOFO KOMILIEKCa
B peakunonuolt cmecu. CojgepkaHue OHsLepHOTO xenarta (3.42)
B peaKUHOHHOH cMecH (MMOJb, YHCJHTEADb) H B NOJHMepe [%(MOJI.),
3naMenatedn| cocrasasao: 0,15/1,0; 0,75/5,5; 1,5/12,0; 2,0/18,0.
MK cnektpsl ofpa3oBaBuierocs rnojuMepa NoKas3blBaioT OrJOLLEHHe
C=N u C=C npu 1638 u 1571 cm ™' cOOTBETCTBEHHO, TaK ¥e KaK M
HCXOJHbIH KoMIseke. B To ke Bpema noJsoca ajbaeruHoOro noriouje-
Hust npu 1660 cm ™' Hcye3zaeT, UTO CBHOETENbCTBYET O POTeKaHHH
peaklUHH KOHJEHCALHH AaMHHOIpYNn T[OJIHMEepPa C aJberHAHbIMH
rpynnamu ucxoaHoro komniaekca. MMX pactsopsiiotcst B Boje, aleTo-
He H 3stanone. B IIIP cnexktpe OGusaepuworo MMX naGawoaaercs
cirian ¢ g==2,210, B TO BpeMs Kaxk aJs HH3KOMOJIEKYJSIPHOIO
aHaJjora XapakTepHa UIMpoKas JuHua Oaarogapsi CHAbHOMY OOMeH-
HOMY B3aHMOAeHCTBHIO aHTH(EPPOMArHHTHOIO THMA MeX/Iy HOHAMH
Cu®+ (puc. 3.22). Takum obpa3om, B Q1aHHOM cJaydae HabJi0xaeTCs
HCYe3HOBeHHE 0OMEHHOro B3aHMOAEHCTBHSA NpPH 3aKpelneHuu OHsiLep-
HOTrQ MeTaJjloxenaTta Ha [oJuMepe,

1
2
L Puc. 3.22. OI1P cnextpbl GuanepHoro
MMX (/) W ero uuzkoMoaekyasp-
Horo anaJjora (2)
J ]
024 028 032 HT

OnucaHo TaxkxKe 3aKpernsieHHe GH- M TpeXbsiLepHbIX KOMILIEKCOB
pyrenus  [(Dipy)s (H:0)RuORu (H0) (Dipy)s] (PFe)s,  [(Dipy):
(NO2) RuORu (NOy) (Dipy) 2] (PFs)s,  [(NH3)sRuORu (NH;)ORu
(NH;)5]1Cls ¢ ¢parmentamu RuPTORu*+tORu*+t u Ru‘tORu’t
O.Ru4+ HA XelaTHPyIOWKHX MakpoJiuraugax Amberlite IR-120B n
Diaion CR-10, comepxaiux wumunojpnaueratupie rpyuus (700}
B nannom ciyuae naiionaetcs coxpaHenHe HyKjeapHOCTH HCXOIHOTO
xenarta.

Metonbl c6opku noausiaepibix MMX 104YHUHAR Pa3BHTHE TOJNBKO
B MOCJEAHHE TOolbl, XOTHA B XMUMHH HHIKOMOJEKYJASAPHLIX KOMINIEKCOB
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OHH HaWJM 0CTAaTOYHO LIHpPOKOe pacnpocTpaHeuune [67—79]. Tax,
onucansl  [591, 699] MeTooHKH NO/NyuYeHUS TeTepoMeTa IHYeCKHX
KOMILeKCoB (cM. Taba. 3.11) 3a cuet peakuMOHHOCHOCOOHBIX BHElUHe-
chepHbiX (nepHPpepHAHBIX) TpyNIl JUFAHAOB WM NyTeM DPacKphLITHA
KOOPAHHAUMOHHOIO Y3J1a MOHOSUIEPHBIX MeTaJ/l0XeqaTon:

Ph
p) = 0., .0
é—CHg-CH'“ + [ M —_—
CH,OMX =SSN TN
2 ne1 \ /
— Z_CHE—?H_ . _CHz_?H.V

CHaOMX,_;  CHaOMX,_3

Gl Ci
M
CN/" \N—j

Takum o6pasoM, aHa/IH3 MMEIOLLHXCH AAHHBIX CBHAETE/NbCTBYET O
TOM, uTQ noausaepeble MMX npencrasisnior co6oil 0HH H3 HaWMelHee
H3YYEHHBIX KJ/aCcCOB MOJIHMEPHBLIX XeJlaTOB, MeTOAbl HX MNOJyYeHHH
TOJbKO HAYHHAIOT pa3BHBaTbcA. B 3TOM NuaHe NepPCNeKTHBHLIM
Mor Obl CTaTh MeTOX IOJHMepH3auHu noausgepublx MXM, pasButue
KOTOPOro CAepKHBaeTCAd TPYAHOCTAMH CHHTe3a TaKHX MeTaJslio-
MOHOMEPOB.

« [rasa 4
OBIUAS XAPAKTEPHUCTUKA MMX

4.1. KJACCH®PHUKAUHA H HOMEHKJATYPA

s MMX npumenuma T1a e KjaacCHOUKAUHSA, YTO H AJA HH3KOMO-
JAeKyJADHBIX MeTaggaoxenatoB (cM. pa3da. 1.2). Cpeau HHX MOXKHO
BblAE/IHTb KOMILJIEKCHl MOJIEKYJIIPHOIO, BHYTPHKOMILIEKCHOIO, MaKpo-
UHMKJIHUeCKOro H nosauagepHoro TunoB (cxema 4.1). Buytpu XKe aTux
THnoe MMX nogpasjgensiiorci no npHpode LOHOPHBIX aTOMOB
(0,0-, N,O-, N, N-, P, P-xeqatsl H T. 1.).

K MMX MoJleky/IipHOro THIIa OTHOCATCS COEJHHEHHSA, B KOTOPBIX
HOH MeTaJl/ia CBA3aH C JOHOPHBLIMH aromMaMu XejaTHpymollero dpar-
MEéHTa MaKpOMOJIEKYJIbl TOJILKO KOODAHHAUWHOHHBIMH CBA3AMH. Takue
KOMILJIeKChl 06pa3yloTcs ¢ yuacTHeM pparMeHTOB ¢ 3aBeJOMbIM MeTaJl-
JOUHKNI006pa3yIoLIMM paciosoXKeHHeM TOHOPHBIX LEHTPOB HJH KOH-
PopMaunoHHO-HeXKeCTKHX TPyNil, HMEILHX ABa H 6o/iee JOHOPHBIX
neHTpa. MMX BHYTPUKOMIIIEKCHOTO THIIA — 3TO COEJHHEHHS, B KOTO-
PbIX 0 KpalHeH Mepe OJMH XeJATHPYIOILHHR (pparMeHT IOJHMEPHOTO
JWranja CBA3aH C MOHOM MeTaJlla Kak o-, TaK U no-csidrio. MMX
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Cxema 4.

KNACCHUONKAUMA MMX

MO NEKY NAPHLIE BHY TPUKOMNIEKCHbIE MAKPOUMKNUYECKUE NONMALEPHBIE
METANNOXENATHI COEAUHEHWNA KOMNAEKCHI KOMRNEKCbi

- r~ - ~
fJ_.CHZ_CH,, ] Q—CHQ-CFM CH,-CH %—-CHZ*CH—-
Py )—
0 =0 ):0
—\ < X nis2 Ny Yooz
HN¥ PR \S; \ 0/

0 0

CH, Ycor2
0

MaKpOULHKJIHUYeCcKoro Tuna ofpa3yioT IpPeHMylleCTBeHHO IOJHMEpS
¢ MAKpOUHKJHYECKHMH TPYNNHPOBKaMH (nopupHHaMHu, .pTajsouna-
HMHAMH, KpayH-ahupaMu 4 T. A.). [letanbHomy paccmorpennio MMX
3THX TpeX THNOB nocssitleda ra. 5. M, HakoHen, B MMX noJsiusiaepHoro
THI1A OJIHH XeJaTHPYIOWHI hparMeHT MaK pOMOJIeKyJIbl CBS3aH C 1BYMSA
HiaH OoJjlee HOHAMH MeTaJJOB, NpHYyeM MO KpaHheHd Mepe OAMH HOH
MeTaJjJ/Ja JoJKeH ofpa3oBbiBaTh MeTaanouuka. Hceenepopanue
TAKHX COeJMHEHHH Haua/joCh JHIUb B NOCAeaHHe TOAbl H KOJHYECTBO
HX JOBOJIbHO OrpaHH4yeHo (cM. pa3n. 3.4).

Homenknatypa MMX ockoBaHa Ha HOMeHKJaType, pa3paboTaHHOH
AJsi KOMIIeKCHBIX coepuHenud [701], ¢ nobaBieHHeM K Ha3BaHHK
BellleCTBA NMPHCTABKH «moau». Tak, noaumepnl (4.1) u (4.2) Ha3swBa-
IOTCH COOTBETCTBEHHO NONH-1-BuHHAGeH30uaalleTonaT Meau (1) [156]
u noauanokcumar nasaaaua (I1y [702]. Oprako uaue Hcnosb3yeTcs

il i
O——N N—O
/ S
" \Pd .
=0 ‘ -
™a
Cu/2 2
\ 0"
H3C
(4.1) (4.2)

TPHBHAJbHAS HOMEHK/IATYpa, COracHo KoTopoil Hazsahne MMNX
CKTa/lbIBAETCA M3 HA3BAHMA [OJMMepPa W COCHHCHAA MeTaana.
Hanpumep, coepnnenus (4.3) u (4.4) Ha3bBAIOTCH COOTBETCTBEHHO
ROMILTEKC xaopuia sxesesa(I1) ¢ noaumepom na ocunope JUHUHPH:
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amametana [117] 1 xomnaeke meau(ll) ¢ npoaykToM KoHaeHcaluuH
n-FUAPOKCUOCH3OHHON KUCOTHI, MOueBHHB H ¢opmanbpieruda [197].

N7

7\ HO o7 Ny OH
_"'N\ \C? \C/
FeCly
— Ve l AN o ]
= N
W/ CHyNHCONH~
HO oM
(4.3) l (4.4)

4.2. TEPMOZHHAMHKA NMPOUECCA XEJIATOOBPA30OBAHHA
C YYACTHEM NOJHUMEPHbLIX JTHTAHOAOB

Il OLEHKH XesaTHPYOWed cnocoOHOCTH MaKpOJHMIaHIOB H Ipak-
THUECKOTO HCIO/b30BaHHA TAaKHX CHCTeM HeOOXOAHMbI KOJHYECTBEH-
Hble OWUEHKH IpouecCoB XenaToo0pa3oBaHHA (KOHCTaHT, ¢GYHKUUH
06pa3oBaHus U Ap.); A0 CHX MOP HX ualle BCero BHIUHC/ISIIOT JHILIb Ha
OCHOBe CBeleHHH O cpeiHeM cocTaBe ofpa3youuxcs MMX. Tlpu
pacCMOTPEHHH OCHOBHbLIX MEeTOJ0B aHaJ/J H3a KOJHUYECTBEeHHLIX napaMerT-
poB XenaTupoBaHus MX, HCnoO/b3yIOT B OCHOBHOM Te Ke TOAXOIbI,
YyTO W /IS ONMHCAaHHS peakuHH KOMMJIeKcooOpa3oBaHHUS ¢ yyacCTHeM
MOHOYHKUHOHAJbHBIX MaKpoJurauaos [5, 15, 24]. [1pu 3Tom BaxHO
YUHTBHIBATh ABa KpaHHHX cJyuyas: xesatooOpa3oBakue MX, ¢ pacTBo-
PUMBIMH H cuiuThiMH XMJI.

Brauase paccmMoTpum xesaToo6pa3oBaHue B pa3baB/eHHbIX pacT-
BOpax; B 9TOM CJlyuyae HCrOJIb3YIOT ABa MeTona. [lepBuiit 3akioyaeTcs
B PACCMOTPEHHH NOC/e10BaTe/JbHOrO NMPHCOEANHEHUsT HOHOB MeTanna
K XeJlaTHPYIOLIMM ¢ parMeHTaM rnoJauMepa. B ero ocHoBy 10J10keHO
NpeiCTaBJeHHe O HEe3aBHCHMOCTH Ka’kKAOTO MOCJ/EeAYIOUIero TMpH-
CO€IHHEHHS K UeNfAM, COAepXKallHM pas3JjHiHOe YHCJAO0 YyXKe TMpH-
COeHHEeHHbIX HOHOB MeTaJJa. [103TOMy KOHCTaHTa PaBHOBECHS HE
32aBHCHT OT MOJIeKY/ISIPHOM Macch! nosumepa. [list noc/enosarte/bHOrO
NPHCOeAHHEHHS LEHTPAJbHOH uyacTHueR ABJAETCS MaKpPOJHTraHi;
3TO MOXHO NpelcCTaBUTh cAeldylOuiHM o0pa3oM:

LM, +M§LM1

31ecb LM; — nosumepHas uenb, coiepaiias i NPHCOELHHEHHBIX
HoHOB M. Toraa crynendatble (K;) u obuiass (f,) KOHCTAHTH KOM-
njlekcoo6pasoBanust OyAyT ONPeNeNsThCs CAeLYIOUWHM 00pasom:

PR E
J el MLy
[LMi 41 M]

n=

i

[Lmi =1
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3apech (L] u [M] — paBHOBecHbié KOHUCHTpaLHH uerneit u MeTadada.
®yuxuusi 06pa3oBaHust B JaHHOM Clydade paBHa
- i=N )
I iki{My
i=
n=—"=N
1+ L K{M]i

i=1

MeToa HoC/IeI0BaTeNbHBIX PEAKIHA NpeacTas/isieT cO60i Moandu-
KanHio kiaaccHueckoro metona boeppyma, HauboJsee WHPOKO HCnouL-
3yeMbIM BapHaHTOM KOTOPOTrO sB/sIETCSt MOAH(DHUHPOBAHHBIN MeTox
[peropa. B ero ocHoBe /IeXXHT AOMYylIeHHe O PABHOMEDHOM H HE3ABHCH-
MOM pacrnpejeleHHH (PYHKUHOHAJIbHBIX PYMNI BO BCeM o6beMe CHCTe-
Mbl. [IpH 3TOM KOHUEeHTpauHH (PYHKLUHOHAJNbHBIX TPYI H KOMILIeKCa
OTHOCHAT K 061teMy 06beMy cHcTeMbl. OQHAKO B CBA3H C 0OCOGEHHOCTAMH
Xe1aToodpa30BaHHsl MAKPOJHTaHI0B (BbICOKAA JIOKA/IbHAS KOHIEHT-
palusi XeNaTHPYIOIUHX TPYNnm B KJAyOKke, H3MeHeHHe 3apsila H KOH-
opMauuu MaKpOMOJIEKyJ] B Xolde peaKuuH Xe1aToobpasoBanus,
yyacTHe B HeHl (YHKUHOHAJbHbBIX FPYNI, MPHHALIEXKAUWHX Pa3/IHYHbIM
LensiM, HeJOCTYMHOCTb YaCTH XeJaTHPYWOIUHX PparMeuTOB 151 CBA3HI-
BAaHHS) 3TOT MeTOi yalle Bcero HellpuMeHUM. [Jad yderta 3TuX ¢akro-
pOB NpH pacyeTe KOHCTAHT KOMILIeKco0Opa3oBaHHUS KOPPEKTHPYIOT
KOHLIEHTpauHIO 3BeHbeB, clOCOOHBIX cBA3bIBaTbeA ¢ MX,. Tak, 6bL10
npeanoxeno {703] oTHOCHTb KOHUEHTPAUHIO (hYHKUMOHAMbHBIX FpyNn
K obbeMy [OHMepa, OAHAKO NOCAeIHHH MOXeT MeHSATbCS MNpH
XenaToo6pa30BAHHH, UTO Bbi3blBaeT DAL KCMepHMeHTAJbHBIX TPYA-
Hocrei [704]. CuenyeT OTMeTHTb, uYTO HeCMOTPS Ha OueBHIHbIE
HeOCTATKY METOAa INocJeqoBaTe/ibHbIX PeaxkilHd, OH A0 HACTOSALLero
BpeMeHU LIMPOKO HCNOJb3YyeTcsl NpPH pacuyeTe KOHCTAHT paBHOBecHH
peakuuid Xenatoo6pa3oBaHHS C yuyacTHeEM IOJHMEpHBIX JHTAHIOB.

Bropo#i metox ockoBan Ha npuHuune PaopH 15 GeCKOHEHHO
GO/IbLIHX elel: peaKIHOHHAs cCMOCOBHOCTh XeNaTHPYIOILHX (pparMeH-
TOB He 3aBHCHT OT HX pacCMoJIOXKeHHs] B UelH HIH B HH3KOMOJEKYJsp-
HOM aHaJiore (IpH NPaBHJIbLHOM Bbi6ope KOMMNOHEHTOB MOJebHOI
peakuuH). B nanHoM cayuae ueHTpasbHOH uacTHuell SIBASIETCH HOH
MeTaslna. [1is1 ONHOUEHTPOBOrO CBsI3bIBAHHS 3, onpedesieTcs, KK H B
cllyuae HH3KOMOJIEKYJSAPHBIX coefHHEHHU:

Bn=[M]../([L]o—[L]) [M],

rie [M]., -— o61an KOHLEHTPALHA KOMIJEKCa: [L}o—|L] — kouuenTpauua He-
IPOPearkpoBaBIUKX 3REHbLEB LLEMH.

Muorna ans xapaktepuctuku npouecca Xea1aToo6pa3oBanist UC
O3 YIOT KOHCT@HTY 3aMelleHusi, ofpelensieMyl0 KaK KOHCTAHTY
PaBHOBeCHs CilelyOlleld peaKuHH:

ZHL Mt Y ML, oyt

B taba. 4.1 npumenenn s KayecTBe I[IPHMEpA XapaKTepRCTHRH
XeJ1aTO06Pa30BAHHH HOHOB HEPCXOIHBIX METANIOB ¢ NOJHMETAKPOHLL-
aueronom (IIMA), nonusunmaaueronnakeronom (IIBAK), auethi
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TABJHLLA 4.1, KOoHCTRHTO YCTORUUROCTY KOMAACKCOG METAAROG
¢ coeduHenuamMu B-drkapbonuishoeo runa

Cu Ni Co Mn
Jlurana PA.
lg Ky | g Ko | 1g h, g K2 | lg €, | gk | ig Ko | g K2
[IMA 144 —0,6 228 —114174 —11,717.1 —137 151
[BAK 59 4870 - = - = = =
HAA 64 —4880 —52 75 —54 73 —57 71
acacH 10,6 —27 184 —76 136 —85 126 —106 10,5

aleToHOM H noauausTHNauenanuatom ([1JA) [442]. Anaaus sThx
JaHHbIX IOKA3bIBAET, UTO X€JATHPYIOUIHE MAaKPOMOJIEKYJIbI, 38 HCKJIO-

yenem [IMA, o6pa3syioT MeHee YCTOHYHBbIE KOMILIEKCHI, YeM HX
HH3KOMOJEKYJISIDHble aHAJIOTH.

[Ipu H3yuyeHHH peakUHH XeaToobpa30oBaHHS C YuaCTHEM CIUHTHIX
XMJI HeoOXO0AHMO Yy4HTHIBATb Kak AHPQDY3HOHHBIe (0C0BEeHRO mnocJe
nepexofa CHCTEMbl 4epe3 TOUKYy CTeKJOBaHHS T.), TAK H TONOJIOrHYe-
ckMe (NPaKTHYECKH [MOJIHOe OTCYTCTBHE TpaHCASUHOHHOH muddy3uu
XeJaTHPYIOWHX ()parMeHTOB, MPHBHTHIX K OCTOBY MOJHMepa) Tpyl-
HOCTH. ¥Y2Ke B CPaBHHTeJIbHO paHHHX paboTtax [705] OblLio nokasawo,
ytQ JHMHTHpYIOLLEH CTaldHed B XeJNaTHPOBaHMM CLIHTHIMH XMJI sB-
asietcst AHGPY3Hs. ITO NPHBOAHT K TOMY, YTC B [epPBYIO ouepelb
peardpyioT NIOBEPXHOCTHbIe XeJlaTHPYIOULHe FPYINbL, A0CTYNHOCTL MX,
BHYTpb 6.10Ka orpanHueHa. Kpome Toro, 10B0oJ/bHO yacTo 06pasyiorcs
KOMIIIEKCbl MeKAY y3JaMH B CeTKe, YTO NPHBOAHT K HENOJHOMY
BOB/IEUEHHIO B NMpPOLECC XeaaTHPYIOUIHX ()parMeHTOB H 3aBHCHMOCTH
CTeNeHH KOOPAHHALMH OT YCJOBHH npoBeleHus peakuud. OQHAKO
npH HeGOMBIIHX CTerNeHAX KOOPAHHAUHH O KOHLEHTpalHel HeaKTHB-
HBIX H HeNpopeardpoBaBUIHX LEHTPOB MOXXHO mnpeHebpeub. B 3tom
Clyyae BO3MOXXHO nNpHMeHeHHe MOAH(HUHDPOBAHHOIO YpaBHeHHHA
JI3HrMIOpa I/15T OlleHKH KOHCTAHT ob6pa3oBaHHs B BHAe [706]

[M]/{M] o= 1/K+ 1/ max M1,

rae o, — KOHCTaHTa, XapakTepH3ylollad HpejelbHOC CBA3HMBAHHE (APEAEAbHYIO
ancopOuHio) MeTajia xeJdaTHPyiOUlUMH dparmeHTamu noaumepa (7. e [M]./[L]a).

B kauectBe npumepa Ha pHc. 4.1 npexacraBieHa H3oTepMa afl-
copGuun vonoB Hg?t maxposiuraniom ¢ rpynnamu katexosa. B stom
Clydae pacuer [707] npHBOAHT K CJAEAyIOWHM pe3y/bTaTaMm:
K=423 n/monb u f_. =0,86 mmoas/r. Axcopbuns Cu®™ nonumep-
HBIMH THTAHAaMH ¢ TPHBHTBIMH PYIIaMH HMHHOAHYKCYCHOH KHCJIOTEI
TaKKe NOAuHHSIeTCs ypaBHenHio JIsurmiopa (puc. 4.2) [273]. Ila-
PaMeTpol ypaBHeHHs1 JIHrMiopa, BbIYUHC/AEHHbIE H3 NPEACTABJEHHBIX
Ha puc. 4.2 3aBucumocTeit, ganbl B Tabi. 4.2. Beanunua [ .. yBe/n-
1MBaeTCsT ¢ noBbilUeHHeM CTeNEeHH IPHBHBKH [0 3HA4€HHHA ~ 0,3,
KOTOpoe npednosiaraer, 4To YHCJAO MecCT, CIOCOOHBIX K CBSI3bIBAHHIO
HOHOB Cu* ™, Bo3pacTaeT A0 =~ 3095 oT uucaa 6HC (KapOOKCHMETHI) -
aMHHOprHH. Beanuuna K Takxke yBEJHUHBAETCH ¢ I[10BbILIEHHEM
CTENeHH npusuBkH. DTH pe3y/bTaThl [OKA3bIBAKOT, UYTO CMOCOOHOCTh
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[Hg?2*):[Hgg]

Puc. 4.1. JIeHIMIOPOBCKAs 3aBHCHMOCTh
cBasbipanus woHoe Hg®t cuiuteim nosu-
MEpOM ¢ TPYNNaMK KaTexosaa

{ i
10 50 [Hg?t), mrone/n
JHTAHAHBIX TPYNI OPHBHTHIX lLlefled XeJaTHPOBATh HOHbI Cu’* Bo3-
pacTaer ¢ rnoBblllieHWeM cTeleHH npuBHBKH. O6pasoBaBLIHeCs KOMI-
JeKChl CTAaHOBSATCS Bosiee cTaGH/IbHBIMH, NO-BHAMMOMY, Gjaroiaps To-
My, 4To KaK T0abk0 Cu’' koopaHHHpYeTcsi K OQHOMY JIUMaHLy, Apyrue
JHraHIHble FPYNIObLl MOCYT KOODIHHHPOBaThcA K HeMy OoJee Jjerxo.

[Cu?* (L] (cud*l:{cuds]
10+
a
03+
oz 5
0,1
0 . ! o i
1 [cu*], mronsin 1 [Cu2*], mmone/in

Puc. 4.2. 3aBHCHMOCTb MeXJy KOJIHYECTBOM CBA3aHHbIX HOHOB Cu’t M HX KOHUEHTpalue
B pacTBope (@) K JEeHrMIOPOBCKAast 3aBMCHMOCTb (6); CTeneHb NPHBHBKH XeJlaTHDPYIOLLH
dparmedtor 24,4 (/), 31,8 (2) u 40,5% (3)

TABJIMLIA 4.2. [Tapamerpor xeaarupoaanusa uonod medu (11) nosumepanu
C ApUBUTHIMU SPYRAAMU UMUHOOGUYKCYCHOR KUCAOTO!

CreueHb APHBHBKK K-10', a/monn Fipns MMOAB/T
24,0 1,8 0.24
31,8 2,2 0,26
40,5 3.1 0,29

B 0 e BpeMst ancopbuust Cu** nosiumepoM, copepiatiim TaKoe Ke
UHCN0 OHC (KAPOOKCHMETHI) aMUIOTPY L, HEHOCPCACTBOHHO CBA3AH-
HBIX C OCHOBHOH UeMNblO, ONUCHIBAETCH ypaBHeHreM JIsurMmiopa ¢ napa-
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metpamu K=35.10" a/monb u |, ., =0,075 mmonb/r npu tex xe
yeaousix [708]. Takum o6pasom, xenatupyioulas cnoco6HOCTb NOJIH-
MEPOB  YJAYUYUIAeTCH 1IPH  BBEJE€HHH HPHBHTOH (€W B KayecTse
MOCTHKA.

4.3. XEJIATHbIH 3OPEKT B METAJIJIONOJUMEPHbBIX CHCTEMAX

[lo aHanoTHH C XesaTHbIM (cM. pa3d. 1.7) noJnMepHblt Xxenar-
Hoiit 3pdert (I1X3) MoXKHO OHpeaesHTb Kak BbIHIPLIL CBOGOAHOM
sheprid (8AG ) NpH NpHcoeaHHeHHH K HOHY MeTansa XeJlaTHPYIo-
wero Makposinraiaa (AG,,) no cpaBHEHHIO C MPHCOELHHEHHEM K HEMY
MOHOAEHTATHDBIX JILTAHAOB C TEMH K€ AOHOPHBIMH atoMaMu (AG,)*.

8AG 1= AG — AG .

Oanako B otanyne oT HMX KonuuecTBeHHbie napaMeTpsl npouecca
xe1aTo06Pa30BaHHA C yyacTHeM MaKpPOMOJEKYJAPHbIX JIHFAHAOB A0
HACTOSILLEr0 BPEMEHH HENOCTATOYHO H3YyuyeHbl. IJT0 OO6DBSCHSeTCs
He0OXOJHMOCTBIO yYeTa psila AONOJHHTeNbHbIX (akTopoB, o0ycioB-
JEHHBIX IIeMHOH cTpYKTYpo# aurauga. [lo-sBuaumomy, ana MMX peane-
coo6pa3Ho paccMaTpHBaTbh TPH  YPOBHA HX TNPOCTPAHCTBEHHOH
opratu3zalun [708a]: ’

JOKaJibHbIH YpOBeHb, KOTOPbIH OTpa)kaetr XHMHUYECKOe CTpoeHHe
J0KaJbHOTO XeNaTHOro y3ja (npupoaa meraJja-komniaekcoobpasosa-
Tessl, LOHOPHBIX aTOMOB, pa3Mepbl IIHKJd, €ro MNPOCTPAHCTBEHHOE
CTpPOEHHEe W T. 1.);

MOJIEKYJISIPHBIA YpOBeHb, 00YCAOBJEHHBIH XHMHUECKHM CTPOEHHEeM
NoJIWMepHOH nenu (A/nHa 1enHd, 3JeMeHTHBIA cocTaB MOBTOPSIOLIHXCH
3BeHbeB, GopMa, KoH(QOpPMAIIUSA UelTH H T. A.);

HaAMOJIeKYJISIpPHBIA YPOBEHDb, OTPaKalwUWHi XapakTep MeXMoNeKy-
JAAPHOTO B3aHMOJeACTBHA MAaKPOMOJIEKY/] H CTeNeHb WX B3aHMHOH
YIOpSA0UEeHHOCTH.

C yyetom Tpex ypoBHell npocTpaHCcTBeHHOH oprauu3aini MMX na-
MeHeHHe CBOOGOAHOH 3HEpPruH npH xejaroobpa3’oBaHHH C MakpoJu-
raHJamMH MOXXHO MpeACTaBHTh CJeAYIOUIHM o6pa3om (B npeanojoxe-
HHH O ee aAdHTHBHOCTH):

Aanz AG.’leK_*—AC"MCDJI_*—-AGH?HI‘

rae AG,,,, AG, .. AG,,; — H3MeHeHHe CBOGOJHOW 3HEPTHH JUIA JOKAJIbHOTO, Moje-
KYJISPHOTO H HAAMOJIEKYAPHOrO YPOBHEH COOTBETCTBEHHO.
Torpa ypaBhenne ansi [1XD 6yaer BHINIsAAeTb CAEOYIOUHM 006-
pasom:
6AGﬂx:AGﬂOK+AGMOH+AGIIHA_AG”"

Mockoabky pasnocts AG,,,— AG, npeacrasiser coboi Jokalb-
HbI xenatHbiil 3¢dexkt (0AG,,.,), TO

6AGHX= 6Aaneﬂ+AGMQ,’|+A6Haﬂ'

* [lauHoe onpenedeHHe CNPaBeIHBO TOJBKO MDY {PABHIbHOM BbIGOPE KOM-
TIOHEHTOB MOAENbHON PeaKiHH.

121



Takum o6pa3oM, no cpaBHeHHio ¢ xeqaTHeiM [1XD 6ynet BrawuaTh
JABa JONOJHUTEJNbHbIX UJieHa, OTPaXKaioLLHX MOJIeKYJSIPHbIH W Hal-
MOJIEKYJ/ISIPHBIH YPOBHH [POCTPAHCTBEHHOH opranu3aunn MMX,

B onpeneseHHbIX YCJAOBHSIX H3MeHeHHeM CBOOONHOH 3HEPruH A
TOTO WJW UHOTO YPOBHSI MOXHO 11peHebpeyb, UTO MO3BOJSIET AeTaJbHO
nMpoaHaJH3upPOBaTb OCHOBHble BKJAaibl B AU Ka)KA0ro YpOBHS.
BHauaJge paccMoTpuM pa3baBJiieHHbie PACTBOPbI TOJTHMEPOB, B KOTOPbIX
HX accolHaluHed MoXHO npeHe6peub. Toraa AG,,,—0 4 coorsercrt-
BEHHO :

6Aan =0AG jxeq+ AGMOJ]'

B ciiyyae 6ecCKOHeuHO AJHHHLIX ULelel (/—oo) W MaJbiX cTelleHeH
KoopauHauun (0—0) mnpouecc xenatoob6pa3oBaHHA He OKa3blBAeT
CYLLECTBEHHOr0 B.IMSIHUS HAa H3MeHeHHe GOpMbl M KOHGpOpMalKu
MakpomoJsekyabl, no3tomy AG, . —0 U cOOTBETCTBEHHO

MO
SAG, = bAG .

nx

Takum obpa3om, B cayuae pa3baBieHHbIX pacTBopoB npH 0—0
U [—0co XeJaTHPYIOUIHH MaKpoJuraui Beger cebs noalo00HO HH3KOMO-
JIEKYJASIPHOMY @HaJIoTy, 4TO MO3BOJSAET HCKJAIOUHTL H3 pacCMOTPEHHHA
MOJIEKYJ/ISIDHBIH U HAAMOJIEKYJISIPHbIH YPOBHH, @ pACCMATPHBATH TOJbKO
JIOKaJbHble XejaaTHble y3Jbl. [Ipy 3TOM 3HTPONKWHHAA W IHTAJbIUHHASA
cocrasasoiiide [1X3D 6yayT onpefessitbCsi B OCHOBHOM TeMH e
BKJAanamu, uto ¥ aas HMX. Tlpuuem nocko/bKy npupona meraJsaa-
KoMiJieKkcoo6pa3oBaTessi U LOHOPHLIX TPy B 0O0HX cjaydyasax OJHHa-
KOBa, TO 3HTaJblHA Xeaatoobpa3oBaHus OyaeT MaJjJo H3MEHSATbCH
npu nepexone ot HMX k MMX. Tak, nabawoaaiorcs 6/1M3KHe 3HaUEHHS

TABJIMUA 4.3. Tepmodunamuueckue gpynkyuu o6pa3osanus
Komnaexcos medu (1)

AS,
Jluraun K?I?Kv/ K_IIAHZ x/
/Moanb /moas | /(K -moab)
N\
~CON NCO-CH2CHz=-N-CHaCH»™~
N/ C|HZCOOH (4.5) 51,6— 30 72 —58*
47 3%
O NCO
-CHgCHZ-b'l-CHzCHZCON 0 (4.6) 57.0 30 90
CH,COOH
I\
~GN NCO-CHCHz-N-CHaCHy™ (4.7) 37.2— 16 71 —58**
— CHyCOOH 33,1%*
0 NCOCH,CH,-N-CH,CH,CON O |
2 z-l 2L (4.8) 34,5 17 58
(CH2)2,COOH

* Crenenb KoopauHaluuu 0=0,45—0,85.
** CreneHb KoopaHHauuu 0=0,18—0,88.
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AH npoueccoB xesmatoobpa3zoBauust HoHoB meau (Il) ¢ noaramupo-
dAMUHaMu THiAd (4.0) n (4.7) U WX HH3KOMOJIEKYViApHDbIMI aiianoramMu
Tula (4.6) u (4.8) (tab.a. 4.3) [709], 4yTo CBHAETEALCTBYCT O 6JAU3KOM
MPOCTPAHCTBEHHOM CTPOEHHH XeJaTHbIX Y3JI0B B 3THX COELHHEHHAX.
[Mostomy aas MMX, tak e kKak u pas HMX, xenaTublid sddexr
GyneT onpeneaThCs IHTPONHHHOH cocTaBasolled. Ha 3To yKasbiBaioT
OLHOTHIIHAA 3aBHCHMOCTb BeJuuHH AG H AS npoueccoB xeJaarto-
o6pa30BaHKis OT CTeeHH KoopAHHauuH (pHc. 4.3), a TakXKe 3aBUCH-
mocTb Aff ot O (cM. Taba. 4.3).

b

—AG, KAHC/MONIB ~AG, KOHC/MONE
—57
38f 2 o ]
1 149
36+ TN ]
1 —47
34 ]
J O B e e
Puc. 4.3. 3asucumocts AG n AS A4S A/(K-roms) AS, Ligs/(K-Moste)
MPOIECCOB  Xe1aToo6pa3oBaHHA  Me- 70k 7
au (I1) ¢ nonwamMugoamMuHaMd THUnNa 70
(4.5) (a) u (4.7) (6) or cremeHH
KOOPHHAIIHH 65+ 165
C
601 —~60
I NN NN NN N B B S

55
0 02 04 06 08 80 02 04 06 08 8

Tlon0XHTebHBIMH B HTPONHHHON COCTABJSIOLLEH XEJAaTHOMO 3(¢-
(eKTa ABAAIOTCA BKJaAbl lepeHoca, BpalleHHs, CHMMETPHH H H30Me-
pun (cM. pasa. 1.7). Ilo-Buaumomy, BKJaad nepesoca Oyder maJjo
naMmeHaTbcsa npu nepexone or HMX k MMX. Tlostomy 3sHTponus
xesatoo6pa3oBaHHa B 060HMX cayuyasax Oyner OJH3Ka, MOCKOJbKY
BKJajJ MepeHoca sBJAsieTCss OCHOBHbIM. Bpaiuenne OyneT BHOCHTH
onpene/eHHbld BKAa, TOCKOJ/AbKY HCXOMHbIH MaKpoJUraua u obpasyio-
wuics MMX  npeacrasasior co060H  HeBpaialolidecs YacTHUBL.
[pynosl CHMMETPHH [/1s1 HH3KO- H BbICOKOMOJIEKYJISIPHBIX COeAHHEHHH
CYLileCTBEHHO pa3/ii4Hbl, @ YHUCJIO BO3MOXKHBIX M30MEpPOB B cJjyuae
MOJMMEPHbIX XeJaTOB MOeT OblTb MeHbille, TI03TOMY BKJaaJ U30MeDHH
B laHHOM cJyuae cHuxaetcs. Tak, xenatsol ukensa (I1).¢ canuuunans-
AHMHHOBBIMH JIHTaHJAaMH CYLIECTBYIOT B ABYX H30MEpHHIX (popmax:
naaHapHoO# (3e/eHbld 11BeT) W TeTpasnpHueckod (KOpHYHEBbLIH UBET)
[710]. Ha nonanmepHO#H ocHOBe nosyuyeHa TOJNbKO MapaMarHHTHas
nceBaoTeTpasapHueckas popma. [128], npuuem naxe B Te€X yCJAOBHAX,
Korjga AJsi HU3KOMOJIEKYJ/ISIPHBIX CHCTeM MpeanouTHTeNbHO 06pa3oBa-
HHe JHamMarHuTHoro Wsomepa [711].

OTpuuaTe/ibHbIMH B 3HTPOMHHHOH COCTABJ/AIOLLEH XeJaTHOro 3¢-
deKra sBJAAITCS BKJAaabl KojgeOaHWsl, BHYTPEHHEro BpalieHWUs H
coabBaTtauuu (cMm. pasn. 1.7). Tlockoabky paccmatpuBaercss MOJIH-
MepHasi uefb, B KOTOPOH npennoJaraercsa cBo6ojHoe BpalleHHe Bcex
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y4aCTKOB HCXOJHOH W NpopeardpoBaBlieH wenu, To BKJIaibl KoJjeba-
HHS H BHYTPEHHEro BpalleHHsl 3HAYHTeNbHO CHHXKalTcs. Ec/in MOHo-
MepHBIH H MOJHMepHBIIl XeJaTHPYIOLLHEe JHTaHAb 00pa3yioT CTPYKTYp-
HO OJHHAKOBble XeJaTHble y3Jbl, TO BKJaJ coJibBaTaudu OyaeT npu-
MepHo ofuHakoB. OnHaKO, KaKk NPaBHJIO, TaKHe CJy4YaH peikH H
noJiHMepHast leNb OKa3biBaeT CYLLECTBEHHOe BJHsiHHE Ha CTpoOeHHe
JOKAaJ/bHOr0 XeJaTHOro Y3714, NPHUYeM BO3MOXHO MoJiyyeHHe Mo cpas-
Heuuio ¢ HMX kak MeHee, Tak W 6oJiee HCKaXKeHHbIX MPOCTPAHCTBEH-
HbIX CTPYKTYp. B KauecTBe npumepa MOXHO MPHUBeCTH xenaT meau (II)
¢ noauruapoxcudernuabetsokcasontepedralamMHuioM, KOTOPLIH HMeeT
MCKAa KeHHO TeTpas/pHueckoe CTPOEHHE, KaK H €ro HU3KOMOJIeKYJsp-
Hplft anaJgor. Oguako naa MMX xapakTepHo HecKOJbKo OoJibuiee
3HayeHHe A, u MeHbllee g, o cpaBHenuio ¢ HMX cornacHo naHueim
3T1P cnekTpockonuH, YTo yka3biBaeT Ha MeHbUIYIO BeJHUHHY AHI-
pajabHoro yraa [712]. B To ke Bpems B oT/iHuHe OT naockux HMX
xeqaaTel MeaH (II) ¢ nosuMepamu, cogepKalllHMH CaJHUHIAbIHMHH-
Hble TPYMMbl, HMEIOT HCKaXKEHHO TeTpasipHueckoe CTpoeHue [123].
B cooTBeTCTBHH ¢ M3MeEHEHHeM CTepeOXHMHH XeJaaTHOro ysJja Oyler
HablI01aTbCsl YBeqHUEeHHe WM YyMeHblIieHHe BKJaja CoJibBaTalluu.

Tak ke Kak ¥ xejqaTHbld 3¢ dexT, nosuxenatHolii Oyjler B 3HAYUU-
TeJbHOH CTeneHH 3aBHCeTb OT Pa3MepOB xesaTHOro uHkjaa. [Ipuuem
¥ anss MMX BbINoOJIHAETCS H3BEeCTHOE TNpaBHJa0 UWKA0B Yyraesa:
Haubonee cTaOUJIBHBIMH OKA3bIBAIOTCH NMATH- U LIECTHUJICHHDIE UHKJLI.
Biusinue pa3mepa uuK/ia Ha MeXaHH3M CBSI3bIBAHHS HOHOB MeTaJjlia
NOJIHMEpPAMH MOXHO MPOHAJIOCTDHPOBATbL HA NpHMeEpe KOMIJIEKCO-
obpasosanus TiCly ¢ conosumepamu cTHpoJa ¥ AHAJLIUIOBLIX 3HPOB
Auxkap6bonoBblXx kKucaor [713]. Ilpu n=1 uau 2 obpa3syercs cMmech
KOMNJIeKCOB ¢ yuc- (4.9) wau rpanc- (4.10) pacnosoxendeM kapbo-
HHJBHBIX Tpynm:

TiCly
/
(I? I
}CHz-o-c\ _—C~0-CHz-CH (4.9)
{CHg)p CHy
TiCl
A 4
0
CH-0~C~=(CH3)p~C~0-CHy~CH
9 CH,
TiCly

JlBe HepaBHOUEHHble KapOOHHJIbHbIE TPYIIMIbI CYIeCTBYIOT KaK B HC-
XO[IHOM Jiuranze, rak ¥ B MMX, ogHaKo npH 3TOM pasanune MeXn
Ave_ o yuc- w Tpanc-popm yeesnunsaercsi ¢ 10-—15 10 40--45 cm ™.
IDT0 CBULETEILCTBYET O 6OJiee KeCTKOH (GHKCAaHUH W3OMEPOB MPH
KomnJekcooGpasosatuu. Pasnenenne cioxunoaduphblx rpynunpoBoK
(n>>3) nenaer xenaToo6pa3oBaHHE HEBOIMOXKHDIM. OnHako, HOCKOJIb-
Ky nojJiuMepHas uenb onpenensier MPOCTPAHCTBCHHOE CTPOCHHE XOJAATH:
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PYIOLIETO Ppparmenra, a Hoh MeTaana BblOupaeT naubosiee npej-
HOUTHTEABHBIC KOUPOPMAILHE HA MAKPOMOJICKYJISIPUOH LI, TO BO3-
MOMHO OGPA30BARHC OTVIHUUBIX 0T HU3KOMOJEKYASAPHBIX aHaJoToB
METANIOUHKAOB. Tak, upv B3auMoaedcTBuH Houos mean(ll) ¢ Bu-
HHABHDLIMH ITOTHMEPAMH, COAEPKALHUMH aMHHOaNKHIaMHUAHble 3BeHbS
B GOKOBOIt uend, o0pa3yioTcsi ceMHuAeHHble XeJaTHbole LHKAL ¢
VHACTIEM B KOOPAHHAUMH C MeTaaJoM aMHHHOTrO aTtoma asoTa H
amuanoit rpynnet C=0 [714}:

Too
TN

y | Cul+
»C
“N\CHy~NH,

B Tto Xxe BpeMsa B Hu3lKoMoJlieKyasipHo# cucrteme meab (1) —
FIHUHATTHUHE 00pa3yioTea nartuuaeHHbie nukabl [715]. Takum o6pa-
30M, 3HaHue KOHGOpPMAlHK NOKAJIbHOTO XeJaTHpYIOLero gparMeHra
nospoJsieT npoexktupoBate MMX ¢ onpeneneHHniMu pasmepamu 00-
pa3VIOLIHXCA MeTaJlJI0LHKIIOB.

[TomuMo OOWMX MAAS HK3KO- H BHICOKOMOJEKYASIPHBIX MeTanafo-
Xe.TdTOB BKJIAJ0B B 3HTPOMHIO H IHTAJBNUI0 XeaaToo6pPa30BAHHSA
At MMX xapakrepeH paa cneumdHueckdx BKaaaoB. Tak, Heo6xo-
JAMMO YUMTHIBATbh BKJAajA, OTPa)kaloUIHH <«MNOACTPOHKY» JOKAJAbHOTO
xejlaTHpyloulero ¢parmenTa, NocKoJbKy B3aHMOAeHCTBHe HOHOB Me-
Ta.1a ¢ Xe1aTHPYIOILKHM MaKpOoJAUTraHAoM CONMpOBOXKAAeTCS He TOJAbKO
HermocpeiCTBeHHbIM XUMHUUYECKHM akToM (o6pa3soBaHue METaMIOUHK-
1da), HO U U3MEHEHHEeM <«JOKaNbHOH XECTKOCTH»* B MecTe peaklluw,
onpeaeiseMbiM H3MeHEeHHeM B3aHMO/EHCTBHA BaJ/eHTHO-HECBA3AHHbIX
aTOMOB UeNH. JHeprus TakoH «OACTPOHKH» [/ pacTBOPUMBIX
MaKpOJHIaHAOB 3HAUYKHTENbHO MEHblle HePruu XeaaTooOpa3oBaHHs,
nosToMy OOBIYHO CTPYKTYpa 00pa3ylouIHXcad KOOPAHHAUHOHHBIX LEeHT-
POB ofnpejejasieTcs NPUPOLOH MeTadna-KoMaeKcoob6pasoBateas. Tak,
npu B3aumogelicteuu cou xenesa (IH) ¢ T1C, cogepxkaluum rpynisl
acac, «MOACTPOKa» MOJAWMEPHON UeNMu MPOHCXOAHT Takum 00Gpa3zoMm,
4TO 6e3 3aMeTHHIX HanpsixkeHWH o0OpasyloTcsi OKTa’ApHUYECKHE CTPYK-
TYypol [178]:

———————
* Tlon «oKanbHOM AKecTKOCTbIO» B COOTBETCTBHH C ofipegesexnem [716] no-
AMaeTca conpoTusnenne u3rnGy oLHOPOAHOW APSAMONHHEHHOH HHTH.
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B To e BpemMs BO3MOXHO CYLLECTBEHHOE B.IUSHUE H3IMEHEHUS
«JIOKAJBbHOH MECTKOCTH» HA CTEpPeOXUMHIO 00pa3yiolHuXCs XeJaTHbiX
yajoB. M3pectHo [717], uTo AJuMHBI CBsized MeHee MOABHXKHBI, 4eM
BaJIEHTHBIE YIVIbl, [I03TOMY CJeayeT OXuaaThb 6oJee CUIbHOrO UCcKaXe-
HUA BajieHTHbIX yrioB B MMX no cpaBHeHWIO C aJduHaMu CBsi3ed.
Kposme toro, B MMX nosiBaserca BkJaa, 06ycaoBaAeHHbH s dexTom
COCelHMX TpYyNN, CBA3aHHBbIH C BJHSHWEM KakK NpopearupoBaBLIMX,
TaK M HETpopearupoBaBlUIuX 3BeHbEB Ha CBOOOAHYIO 3Hepruio o6paso-
BAHHA XeNaTHOro pparMeHTa u, cle10BaTeJbpHO, Ha CTPOeHHe . Xe1aTHO-
ro ysjaa. 310T 3pdexT 06bACHAETCS B OCHOBHOM CTepuueckumu dax-
TOPAMH ¥ TIPUBOAMT K OTTAJKHBAHUIO XeJATHBIX y3J10B, UX AedopMa-
UHH, 3aTPYAHSIET Nponece xeaatoo6pa3oBatusi ¢ yBeJIHUCHHEM CTETeHH
koopauHaluu. Tak, OKTasapuueckue Kommniexkcol xkeqae3da (II1) ¢ cono-
JuMmepamMyu ruapokcamoBoi kucaoTel (4.11)—(4.13) 6e3 3amerHoro
HarpsKenss obpasyiotest [718] aMiib B TOM ciyyae, Koria xejaaTH-
pyouide ¢pparMedTnl passedensl 11 atomamu. llpu £=9 (k& — yucno
aTOMOB MEX/AY TMAPOKCaMOBBIMH TPYNNUPOBKAMH) BO3HHKAIOT He-
OoJplLiKe HANPSKEHUs, a npu k=3 oOpa3oBaHHe NOAOOHBIX KOMIJIEK-
cOB BOOOIIE HEBO3MOXHO (puc. 4.4).

?Hs ?Hs
~CH2—(I3~ ~CH2-(‘3H~ ~CH2—(|3~

(‘)=0 C{3=O C|30

I?IH i\llH l‘;j-OH

CH, HyC-CH CHs

CHy co (4.13)

(iZO I}I-OH

N-OH CHs (4.12)

CHj3 (4.11)

CnepyeT OTMETHTB, YTO B AHCPEpPpPHOKCAMHHE (HHU3KOMOJAEKYJISAP-
HbIl JIMTAHO C BbICOKOH H30MpaTesibHOCTLIO K uonam Fe’™) ruapo-
KCaMoOBble I'pynnupoBKH pasiedeHbl 9 aromamu:

0
/N \ HN
O\ /0
O NH \\ II
0~ Fe -0
» ’re\\ \
) AN N
" CHy
4
NH3

Pacmosioxkennple psigoM B [IOMIMEPHON LM  XeJaTHpPyoULne
(dparMenTbl MNPENATCTBYIOT OOMEHHbIM B3aUMOAEHCTBUSM MEX 1V
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Puc. 4.4. Onpenenenne coctaba KoMmieKca xejesa (111} ¢ necheppuokcamutom (a)
H MOJHTHIPOKCaMOBBIMH  Kucaortamu (4.11) (6), (4.12) (8) u (4.13) (e)
(X — noraoiuexune)

HoHamMH Meraana. Hanpumep, yBesnHuenue uucaa CBA3aHHBIX HOHOB
meau (I1)  noauruppoxcudenunbensokcasontepedralaMuiom MpH-
BOJUT K YWHpeHHIO JAHHHK crnekTpa I[IP BcaeancTBHe MaruMTHOTO
AHNOJb- 1HNOJbHOTO B3aHMOIEeHCTBHA MeX1Yy NapaMarHHTHBIMH LEHT-
pamu (puc. 4.5), 0OyCAOBAEHHOIO YMeHblileHHEM PAaCCTOSHHA MEXKIY
Humu [712]. Oanako paxe T1pH HanbGosbilleM CBA3bIBAHHH HOHOB
mend (I1) nonumepoM He Habaogaercsd NOJAHOH CHHLJIETH3AUMH
CrieKTpa, YTO YKasbiBaeT HA OTCYTCTBHE CHJABHOTO OOMEHHOTO
B3aHMOeHCTBHA Mexay HoHaMH Meraana. HMssectno [719], uto
KoonepaTtHBHble 3¢ (eKThl HAYHUHAIOT MNPOSIBAATLCA HA pACCTOAHHH

6—9 A, cnenoBaTesbHO, MHHHMAJIbHOE PacCTOSIHHE MeXAY COCeIHHMH
HOHaMH Mead B TakKux MMX npesbluiaer 3TO 3HaueHHE B OTJHUKE,
HafnpHMep, oT KoMIieKkcoB MeaH (1) ¢ AHHEiHBIM NOJHITHACHUMHHOM,
B KOTOPOM OTCYTCTBYIOT CTepHYecKdhe MpPEMATCTBHA ANA OOMEHHBIX

AH1/2,/—'6'
a0
80t
Puc. 4.5. 3aBacumMocTb NOJYUHPHHBl HA NOAYBbi-
coTe AH,/Q ot conepKanus menn (II) B noau-
rappokcxpenuntensokcasonTtepedranamulle =
60}
50

i | 1 |
0 005 01 015 [Culfu]
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B3aHMOJEHCTBHI MeXAy uoHamu merasqaa [720]. B To ke Bpewms
pasbeJHHEHHE XeJaTHPYOLHX ¢GparMeHtos MPHBOAHT K Hebaaro-
NPHATHLIM JHTpONHiiHbIM daxTopam. B uacTHocTH, Habmionaercs
yMeHblUIeHHe KOHCTAHTbl YCTOHUHBOCTH NpH Nepexolde of HMX k MMX
Ha OCHOBE MUKOJHHOBOH KHCJIOTbI U €e MaKpOMOJIEKYJ/JSIPHOTO aHaJora
(como/iMMepa CTHPOJA U BUHUAMNHKOJHHOBOH KHcJOTH ) [226]. 3uaue:
HUA |gK 0Js KOMIIEKCOB METAJJIOB ¢ IIMKOJKHHOBOH KHCJIOTOH H ee
MOJHMEPHbBIM aHAJOrOM (LHOKCaH — BOLA) MNPHUBEIEHbI HHXKe

Cu*t Ni?+ Co?t Za?t M+
[TukoMnHOBaA KHcAOTA 12,80 12,70 12,50 12,72 9,50
MoaumepHbld ananor 9,88 9,56 8,28 8,44 8,44

Ecau xeaaTupylouldidi parmMeHT HaxoauTcs B OOKOBOH UeNH, TO -
BJHSIHHE OCHOBHON 1end OyJeT 3aBHCETb OT JJHHbI COeLHHHTENbHOIO
MOCTHKA W [PH ee yBeJHueHHH pasdanure Mexay [1X3 u X3 ucuyesaer.
Tak, ana MMX tuna (4.14), yxe HaudHas ¢ m=2, yCTOHYHBOCTb
' KOMNJeKCOB. [PAaKTHYeCKH olHHakoBa [721].

CH
}—(CHz)n—NH—W : (4.14)

O O
N/
Fe/3

Ha npouecc xeaatooOpa3oBaHus 3HAUKHTeNbHOE BJHSHHE OKa3bl-
BaeT W MNPHPOAA COELHHHUTEJbHOI'0 MOCTHKAa MeXAy XeJaTHPYIOLLHM
dbparmMedTomM K NoJgumepHod penbio. Tak, ¢asoBbiil [epeHOC HOHOB
mean (Il) w3 BoaHOH B opraHuyeckyio (xaopodopm, Toayo.a) ¢asy
pH KOMILIeKCOOOpa3oBaHHU ¢ THAPOPOOHBIM HU3KOMOJIEKYISAPHBIM
aurangoM (4.15) nporekaer oueHb Jerko. B To ke Bpemsi xenatupo-
BaHHe ero NoJHUMepHbiM aHagorom (4.16) sarpyaneno. OnHako 3aMena
KOPOTKOro ¥ THApodo6HOro MeTHJeHOBOro MocTHKa B (4.16) Ha
JUIHHHbIE THAPOQHIbHBIE 3THAEHIHAMHHOBbie (4.17) WAH MeTHJeH-

aMHHoBbie (4.18) 3BeHbA NpHAaeT 3HAYUTENbHYIO THAPODHILHOCTD U
[POCTPAHCTBEHHYIO MOABHXKHOCTb XeJJaTUPYIOLLHM ¢parmMeHtaMm Ajas

peoaofeHHst Kak TpyAHoCTe#d AH(pGy3uH HOHOB B OJMMEPHOH cpele,
TaK H CTEPHYECKOro HHruOUpoBaHHA MOJHMEP-CBA3AHHBIX JHIAHLOB

(137]. -

(4.15)R = CHy, R = CHj
R’ (4.16) R = CHyp, R =NC
(4.17) R = CHoNH, R =NC
(4.18) R = NHCH,CHaNH, R = NC
o
\H" \OH

Ecau xe NnoJuMeprHas uelb co3jaer HPetsTCTBHA OJ1d 06pa303a1-
HHA XeJaTHbBIX KOMILIEKCOB (KaK B ¢Jyuae {I0JUCTHPONA ¢ 3dKPLIVICH-
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HLIMH B HOJOXREHUY 4 OEH30JIbHOI0 KOJbLa rpynnaMu 2,2 -nunupuauna
{113]), To HAGMOAAETCA MOHOLCHTATHOE CBA3BIBAHHWE MeTa/na:

JIpyrdMH CJ0OBaMH, MaKpPOJHraHa N03BOJAET NPOCIEIUTh 38 CTaLWM-
HbiM MexaHu3Mom oOpasoBauua MMX| BbiaesnTh NpOMEXyTouHbIE
MpOAYKTH M CTAOHIM3UPOBATH HEYCTOHUMBBIE B CJydyae HH3KOMOJIE-
KY/IAPHBIX AHAJIOTOB KOMIJIEKCHI.

Taxkum o6pasom, Ha JokaJbHOM ypoBHe [1XD 6.1130K K XenatHoMy
MpH MPaBUJbHOM BbI6OPe KOMMOHEHTOB MOfe/bHOH peakuuu. OgHAKO
MPH 3TOM HEOOXOAMMO YUHTBIBATbL MOJWMEDHBIH XapakTep XenaT-
pylollero Jdrasia M oOYCJoBJieHHble 3THM BKJAAbl B 3SHTPONHIO
xejaToobpasoanua. Eciin paccmoTpers peakuuio

[CuX]T+Y™ = [Cu¥Y]T4X—,

rae Y- — noauamMupoamui, X~ — ero HU3KOMOJIEKYJAPHBLIN aHanor,
TO BKJaj NepeHoca 6yLeT paBeH HYJIO (He H3MeHAeTCA YHC/I0 YaCTHIE).
Torpa u3aMeHeHHe CBOGOAHOH SHEPrHH MOKeT ObITb PACCYHTAHO MO.
ypaBHEHHIO

AG= —2)303RTA(lgﬁn) = —AE).TI__ TSCT;
A(lg Bn) =1g Bicuy)+ — 12 Bjcux) +

rae A,, — 00oTepa 3/eKTPOCTATHYECKOH 3HEPrHH NPH MepeMeilelHH 3apaja KaTHOHa
OT OTpHLLATe/JBHOTO 3apAja Ha fAoJuMepe B OecKOHeuHOCTb; S, — CTATHCTHUECKHH
takrop.

HJIH pacyeTa H3MeHeHud SHTANbIIHHA H SHTPONHUH Npolecca JUrani-
HOoro obMeHa HCITOJIB3YKTCAH caeiyioluive YpaBHEHHUS!
AH=—A,, {1+ (T/33¢) (583¢/6T) B
AS= “_Aan [ (1 /Sstp) (‘583¢/5T) +SCT]

(rae e, — spdexTHBHAS. AUINEKTPHUECKAS NPOHHLAEMOCTD). Kak
W caefoBasio oxuaath, AH storo npouecca paBHo Hymaw [709], uTo

S

TABNMWUUA 4.4, Tepmodunamuseckue pyrriuu das peasyuu
Aucandnozo obmena

—AG IS, Sere G, rC,.. o,
Ale o Kﬂ”‘/"“o‘“b KH’K/CMrO-“b /(}él_::éﬂb’ A(lg ) wIx /mons | kILx /Moab y (K*rf:‘énb)
0,65 3,72 3,72 (2,5 —0,10 —059 —059 —20
0,45 2,55 255 8.6 —0,13 —075 —075 —25
0,31 1,76 1,76 5,9 —0,20 ~113  —1,13 =38
0,22 1,26 1,26 4.2 —040 —230 —230 —77
0,06 0,33 0.33 1.1 —049 —280 —280 —94
0,01 0,04 0,04 0.1 — 073 —4,18 —418 —140
—0,02 —0,3 —0,13 —04
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CBH/1€TEIbCTBYET 06 OJHOTHIHOM JIMAHAHOM OKDYXEHHH HOHOB
mean (11) 8 HMX 1 MMX. B To e Bpemsi 3HTpONHHHASA COCTaBASIO-
111asl YMEHbLIAETCsl OT MOJIOKHTEIbHBIX K OTPHUATE/NbHbIM 3HAYCHUSM
¢ yBeJuueHHeM CTelleHH npeBpalleHus (Tabua. 4.4). Ona pocturaer
HyJsi (T. e. cocTosinusi, koraa [1XD pasen X3), koria nojosuua
OTpHUATeMbHbIX 3aPAA0B Ha NOJAUMepe CRARaHa C HOHAMH mean (11),
WM, APYrMMH CJOBaMH, Koraa Habaiojaercss paBeHCTBO MOJIOKH-
TeJbHBIX W OTPHLATENLHBIX 3apsifoB Ha nonumepe. lanpHeldwee xe
nobGaBjieHHe HOHOB MEIH NPHBOAKT K CUTYyalHH C NPEUMYILECTBEHHbIM
YUCJIOM MOJNOXKHTEJbHBIX 3aPsA0B Ha NoJiMMepe, UTO Bbi3bIBaeT NpoTe-
KaHue o6paTHOH peaKuHHU.

Tlpyu yBeJuueHHH CTeleHH KOOPAHHAUHH M YMeHbLIEHUH JJIHHBI
NoMluMepHbIX 1efell Heo6X04MMO YyXe YUHTBIBATb MOJIEKYJ/ISAPHBIH
yposenb MMX, Nocko/bKy 3TH 3paMeTpbl OKa3biBAlOT 3HaUHTEIbHOE
BAUAIHHE Ha (GOPMY H KOHPOPMALMIO MaKPOMOJEKYJbl B pacrsope.
Tak, cpaBHUTEJbHO YacTo XxenaToobpa3oBaHue M03BoJsieT cTabUAN3H-
poBaThL HexapaKTepHble AJisf HCXOAHOTO HoJuMepa KOHpOpMepHbe H
TayTomepHbie Hopmbl. B yacTHOCTH, 3HaYHTeJIbHbIe H3MEHeHUS PopMbl
[12BI1 BbisBaensl [667] npu ero B3aumopedctsuu ¢ Col(acac)..
KoHthopmayHoHHbIE Nepexoibl 3aperucTpupoBaHbl [587] B auHefHbix
moJvaMuioaMiHax Npu xejaToo6pa3oBaHUH ¢ HoHamu wmenH ([I):
yuaCTHe B peaKUHfX aTOMOB a30Ta IJiaBHOH wenu ConpoBoxiaercs
KOH()OPMAUMOHHBIMH M[epexolaMH, BJHAOIUMMH Ha CBOACTBA BCeH
MaKpOMOJIEKYJbl, TAK KaK MeCTa CO€JHHEHHH pPa3JUudYHbIX MOHOMEp-
HbIX 3BeHbEB (lIeCTHYJIEHHbI® XeJlaTHble NHaUHU/NHIEepa3HHOBBIC UHK-
Jbl) SIBJAAIOTCH O4eHb xKecTKUMH (4.19).

O——___ —
Nu_n? T cult---—-- 0\\
N—C PR ) Ve
d CH,—CH ,— e N ?_N\ (4.19)
2" CH TN L N=CH,~CH,
3 CHy
Has kommiaexkcos noau-L-ausud  (I1JI) —rem u ITJT — remun
ycTaHoBJAeHO [722], 4TO Npu HU3KUX CTENeHsiX KOOpJAHHAUUH [0Js
cCoUpajbHOH CTPYKTYPBl M BSI3KOCTb PaCTBOPA He HU3MEHSATCH. JToT

[Qg- 1079 epad-cr/mons

Puc. 4.6, 3aBHCUMOCTbL SANHITHYHOCTH
HOAMTVTYTAMHIOBON  KHCJAOTH OT CTelleHH
~
KO()})JUHIHILIIH oo s t

~10 ] | 1
o 625 12,50 18,75 §-104
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pe3yJbTaT MNPHBOAHT K BBIBOAY, 4TO nosyueHHbin MMX sisasercs
BHYTPHMOJIEKYJISIPHBIM, @ CNHpaibHast CTPYKTypa HmeeT BHA (4.20).

NH, NH,
i . Fe ; Fe

NH, NH,
ks

Fe

(4.20) (4.21)

Ecnu cootnomenue [I1JI] : [rem] menbwe 10, To coaepKaHue cnu-
pPaTbHOH CTPYKTYPbl YMEeHbIIAeTCH, YTO CBH/ETeNbCTBYET O HaJHYHH
CTePHUECKUX 3aTpyAHEHHH [1s1 ee peaJiM3allMH H3-3@ KOODPAHHAUHUH
rpoMo3/ikux KoMmmnekcoB (4.21). Ilo6aBienue novos {Fe (2, 2/, 27,
2" -terpanupuana)]®T k pactBopam Na-nonu-L-rayTamaTta yBeauuH-
BaJIO ColdepxKaHHe «o-CnupaibHOH ¢dopMbl npH Tex 3HauveHusix pH,
Korfa oObluHO JoMuHHpoBal KAy6ok [723]. Tpu B3auMoneiicTsHu
noHos Meau (I1)° ¢ mnoan-N°-(3-ruapokcunponua)-L-riayTaMmuHom
(ITTA) a-cnupanbuasi kondbopmaius apesanupyet 1o 8=6,25.10"7
a NoBbilIeHHe 3TOro 3HaueHHUs! IPHBOAHT K H3MeHeHHIO KOHpOpMaLHH
uenu (puc. 4.6) [724].

T1pn nepexone ot paz6aBiieHHOTo K KOHIIEHTPHPOBAHHOMY PacTBO-
Py H Macce CyLLeCTBEHHO BO3pacTaeT MeXKMOJIeKYyJasipHOoe B3aNMOAeH-
CTBHE KaK HCXOHbIX NOJUMEpOB, TAK H METaJJIOXeNaTOB Ha HX OCHOBe.
JTO NPUBOAHT K HeOOXOAMMOCTH YUHTbIBATb TPETHH ypOBeHb MNpO-
CTPaHCTBeHHOH opraHu3dauuu MMX. Ha napameTpsl MexMmonekyJsip-
HOT0 B3aHMOJAEHCTBUSA BAHSIOT JOHOPHAA CrnocobHoCTb HyHKUHOHAb-
HBIX TPYAI, onpeessiiollas NPOYHOCTb KOMILIEKCA H MeXMOJeKyasip-
HOe B3aHMOAEHCTBHe, HX YAaJeHHOCTb OT OCHOBHOH LeMNH, Haluuue M
pa3Mepbl 3amecTuTeJed. JTH GaKTOPL NPHUBOAAT K TOMY, UTO 4acTo
noJIiMepHble KOMILIeKchl 06pasyioT HoJiee coBepliueHHble MOPHONOrH-
YeCKHe CTPYKTypbl, UeM HCXOAHble MakpoauraHabl. Tak, AeTalbHO
BbifiBNeHbl [242] cTpykTypHble uamenenust 8 CC/IBD npu ankunupo-
BaHUH €ro 5-XJopMeTHJ-8-THAPOKCHXHHONHHOM B HHTPOOeH30/1€ B MIPHU-
cyrcrBun AlCl; (puc. 4.7). Ha craguu npukpenseHus KOMIJeKca
K f0JIMMepy NPOHCXOAH/1a ero peopraHH3allisl — MHKpoceTuaTble ne-
PerpynnupoBKH H cKpyuHBaHHe noaumepa. CTPYKTypHble H3MeHeHHs
MOAYHHAOTCS cTepHueci UM TpeOGOBaHUAM MeTaJl1a-Komnaekcoobpaso-
BaTeNst (MUHHMaJibHble NOTEPH CBOOOAHOHW 3HEpPrHM), NPH 3TOM BO
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Puc. 4.7. ®opma nonuMmepa, obpasymwolile-
rocsi nipu Baaumopeiicteun CCIBDB u 5-
XJIOpMETHJI-8-THAPOKCHXHHOJIHHA B MpH-
cytetBHH AlCI; npH cMelIeHHH BCeX KOM-
NOHEHTOB B pacTBope (a) u mpu obpa-
6otke AICIl; cyxoro CCIBB, nponurtaH-
HOTO 5-XJOpMeTHJ-8-THAPOKCHXHHOJIHHOM
(6)

BCEX CJIy4asX CNOCOOHOCTb K CKPYYHMBAHHIO LUEMHbIX MOJIEKYJ 3aBHCHT
OT MKECTKOCTH leNH W MPHPOAH pacTBOpHTENsS. ITHMH (paKTOpamu
MOXKHO 0CJIabUTh HJIH, Ha060POT, YCHJIHUTE CKPYYHBAHHE WK pacTsaXKe-
HHE LIeMH.

[ToCcKoJIBKY CTpO€HHe KOMIJIEKCOB BO MHOrOM Ofpeae/sieTcsi
YCJIOBHSIMH HX [OJIYYEHHS, TO, 110-BHAHMOMY, 00pa3yioTcs T€PMOIH-
HaMHYeCKH HePaBHOBeCHbie MNPOAYKTH, AJA KOTOPbIX Heo6XoAHMO
YYHTHIBATb BpeMsl pejlakCallud H, CleN0BaTebHO, NHHAMHKY H3Me-
HEHHS] HYXKHBIX CBOHCTB. B )XecTKouenHeix rnoJsiuMepax BO3HHKAIOLLHE
MeXLieMHble CIIMBKH 3HAYMTEJbHO H3MEHSIIOT UX HAAMOJIEKYJSIPHYIO
OPraHM3alH{I0, YTO MPHBOAHT K <«OXKECTOUEHHIO» Lened H MOJJKHO
NPOABJSATLCHA B H3MEHEHHH pejlaKCallHOHHBIX 1ePeXOoN0B B LeNnsAX H HX
cerMeHTax. OueBHAHO, HauGOJbIlEe BJIHSIHHE UCNBITHIBAET o-peJiakca-
LUHs, CBI3aHHas ¢ MHKPOOPOYHOBCKHM ABHXKEHHEM IJIHHHBIX CerMeH-
ToB BOsu3u T, [Tlpu Maaesix cTeneHsXx 3amoJIHEHHS Makpo-
Juranjga obilee orpaHHyeHHe TNOABHKHOCTH L€Ned He3HAUYHUTEJbHO,
a no Mepe ee yBeJiHYeHHUs oOpa3yetcsi Bce Oovibilee U O6ogbilee 4yucio
CLUMBOK MeXJly COCeJHUMH LEeNsAMH, YTO NOJIXKHO NPUBECTH K BO3pacra-
Huio 7. P-Penakcanus npakTHYecKH He 3aBHCHUT OT COJepXKaHHUA
meTassa. [lpu uMkIH3auuM C MOBBILIEHHEM COAEPKAHHS MeTaJJa
T. nojxXHa 'Bo3pacTaTb BCJEACTBHE <«OXKECTOUYEHHSI» OTAEJIbHbIX
Y4aCTKOB U yYMEHbLUEHHSI MOABHXHOCTH BCEH LEIMNH.

[IpoBeneHHBIE HCCIEAOBAHUSA NMOKA3bIBAIOT, YTO OCHOBHBIE OTJIHYHA
B peakuusax MX, co ciuuutbiMi XMJI cBoasAAITCA K 6OJIbILIHM H3MEHEHHAM
CBOOOIHOH 3HEPTHH B rpouecce. 3To NPUBOAUT K TOMY, 4TO NOJHMep-
HBIH XapakKTep TaKuX JIMFAHAOB AOJKEH NPOABJATLCHA 06oJiee CHJEBHO,
ueM B pa36GaBjieHHbIX pacTBopax, H B 6oJjbllel Mepe AOJKHbBI OHITh
BhIpaXKeHHl MpHUCylllHe eMy ocob6eHHoCTH Xxesatoobpa3oBanus. Ecax
B CJiydyae JIMHEHHREIX [0JUMeDOB XeJlaTHPOBaHUe NpoTeKaeT ¢ 60JbLIHU-
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MH CKOPOCTSIMH, TO B CeTKaX OHH OGBLIUHO HAYT B AHGOY3HOHHOH
obaacty  (uddy3uas MX, x XenaTupyoulm @parmMeHtam uepes
rHAPOLAHHAMHYECKYIO TIeHKY, 06pa3oBaHue BHelIHeCEPHBIX KOMIIeK-
coB M HX TpaHcdopMmauHsi Bo BHyTpHchepHble u T. A.). [losTomy
gese/lcTBHe 6oJ1ee HH3KHX KOHLUEHTPAllH# peareHTOB B MeCTe pPeaKIHH
6pyTTO-COCTAB KOMIJIEKCOB MOXKeT ObiTb MHOH, YeM B pacTBOPHMbIX
noiuMepax. BbiHeceHHe peaKUHOHHBIX I[EHTPOB Ha MOBEPXHOCTDb
CLIMTOTO HOCHTES MPHBOJHT K yBeJHUEHHIO f.; ¢ yIJHHEHHEM LEeIH,
oTaensouell XeNaTHPYIULYIO Tpynny OoT NOBEPXHOCTH (Bo3pacTaHue
ru6Ko#H LenH), 3To pasnuune eule 6oJee yBeJHUHBAETCH, B Npenesb-
HOM CJyuae NPHOIHKASACH K HH3KOMOJIEKYISIDHBIM aHaJoraM.

CanenyeT OTMETHTb, UTO BAPbHPYS CTeNeHb KOOPAHHALHH, MOXKHO
HabmwaaTh 06paTHMbIH Nepexo/l MeX /Yy BHYTPH- H MeXXMOJIeKyJsApHbI-
MH MeTajnoxeiaTaMu. DT0 MOXKHO NPOAEMOHCTPHPOBATH cJelyollieH
cxeMoH KomnJekcoo6pasoBaHusi HoHoB XKede3a (I11) ¢ nonurnapoxca-
MOBLIMH KHcloTaMu (cxema 4.11) [725]. Ilpn BbICOKHX KOHLEHTpa-
HHAX NMOJUMepa THAPOKCAMOBbIE TPYNIbl U3 Pa3JHUYHBIX NOJHMEpPHBIX
nenei pacnosoeHol GaHXKe APYr K ApyTry, uYeM XejnaTHpYIOLLHe
¢parMeHTHl Ha OJQHOH W TOH Ke uend. DTO NOBbIIaeT BepOATHOCTDb
06pa30BaHUA MeXMOJEeKYNSPHbIX cBfA3ed (nyTb 1) 10 Tako# cTeneHw,
YTO CIIHBKH CTAHOBSTCH CylUECTBEHHOH 0COOGEHHOCTBIO npolecca H
HabmojaeTcst nosbliieHHe BfA3KOCTH (puc. 4.8). Ilpn nanbHedfimiem
pobasaedHd HoHoB xeje3a (IIl) cuintble xoMnnekcol cocrasa 3 : |
NpeBpallanTCcs B KOMILIeKcH coctaBa | : 1 (nyTs 2), npuuem Gaaro-
naps paspylieHHIO CIIHBOK KaXX/1blH HOH XeJe3a CBA3bIBAeTCH TOAbKO
C OAHO# rpynnofi rujppoxkcamMoBoit kucjaothl. Ilono6roe nosblumenue
BSI3KOCTH Os1aroiapsi MeXKMOJIeKy/AipHOMY CUIMBAHHIO 4epe3 XenaTo-
obpa3oBaHue MeTannoB Habawaanoch [332] npu nobaBieHUH COJieH
LeJJOUHBIX MeTaJJIOB K CTHPOJ-KpayH-3(HPHBIM conojuMepam.

[Ipn HU3KHX KOHUEHTpalUHUAX noauMepa cocejHHe THAPOKCAMOBble
FPynnbl HA TOH XKe LeNH pacnonoxkeHsl 6iHXKe, yeM rpylnbl H3 pa3auy-
HbIX TMOJHMepHbIX 1eneld, MO3TOMy BepPOATHOCTb CUIMBAHHS HH3Ka.
I1pH aTuX ycaoBHsIX KoMnnekc xene3a o6pa3yeTcss BHYTPHMOJEKY.IsIp-
HO (nyTb 3), BbI3BIBASI yMeHbllieHHe NpejelbHbIX pa3mepos Gecnops-
AOUHOro Kay0OKa nosuMepa H COOTBETCTBYIOlLEe yMeHblIeHHe BA3KOCTH

alr]

43

Puc. 4.8. 3aBMCHMOCTb H3MEHeHHsl Xa-

PaKTEPHCTHUECKOH BsSI3KOCTH TOJHMEpaE,

conepxautero 0,7499;, (mon.) runapokca- 02

MOBbIX  3BeHbeB  OT  COOTHOUIEHHA

[L]:[Fe] nps xoHuenTpaume nosuMepa

490 (1), 3,25(2), 1,0(3), 0,75(4) n g1
0,50 r/a (5)

[ I ! |
o 4 g8  [Ll:[Fes)



KOHLONTPUPOBAHHBIA
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L
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(cM. puc. 4.8). C noshilueHHEM cOnepKaHUS XeaaTHPYIOLHNX PparMmeH-
TOB H3MCHCHHE BA3KOCTH CTaHOBUTCH 6oJiee 3HAUHMTEJbHbIM, TaK Kak
BO3pacTaeT MJIOTHOCTb CLIMBOK (NPH BbICOKHX KOHUEHTPAUMSAX MOJU-
Mepa) U BHYTPHMOJIeKyJsipHOe KOMNekcoo6paszopaHue (NPH HH3KHX
KOHUeHTpauuax nonumepa). Crneayer OTMeTHTb, UTO MoJeKyasapHas
Macca NoJHMepa OKa3biBaeT Oosbliee BJIHSIHHe Ha H3MeHeHHe BS3-
KOCTH, YeM COAepXKaHHe XxeJaTHPYIOUIHX ¢parmeHToB [725].

Q6pa3syoluiKecs: NPH BbICOKHX KOHUEHTPAUMRX CUIMTHIE NOJHMEpPb
ABNAIOTCH KHHeTHUECKMMM MNPOLYKTaMHM, KOTOpbie BO BpeMeHH mnpe-
BpalllalOTCA B TepMOAHHaMHueCKu 6oJiee ycTOHUHMBbIE BHYTPHMOJEKY-
JAsipHble KOMNJeKCcol (nyTh ). baaronaps 06paTHMOCTH peaKUHH HOHa
xenesa (I11) ¢ ruapokcaMOBBIMH KHCAOTAMH B laHHOM cjiyyae HaGJi0-
JaeTcss XHMHyeckoe paBHoBecHe. [lOCKOJbKY XHMHueCKasti CBSI3b B
0GOHX C/yuasiX siBAsIeTCH ONHOH M TOH ke, To AH nOJIXKHO 6biTb PaBHO
HYJAI0, H, CIeA0BATeNbHO, NpeBpalieHHe 006yCJ0BAeHO SHTPONHAHLIMH
dakropamu. [lepexos MexMO/IeKyJNsIpHBIX X€JaTOB BO BHyTpHMO.Je-
KyJsipHble SIBAsieTCS peakUueH NepBOTrO MNOPSIAKAa M OMNHCbIBaeTCs
KoHcTauTaMH 5,21-107% ™! npu 303 K u 49,7-107 %" npu 333 K.
DHeprusi aKTUBaUMH 1 M3MeHeHHe 3HTPONHH cocTasuaH 63,3 kIlk/Monb
H + 1 3.e. COOTBETCTBEHHO.

[ns npoueccos 06pa3oBatHis MeXMOJeKyAsPHBIX METaAN0XeNaToB
HaHbonee BaXXKHbIMH SIBJSIOTCH CJAEAVIOLIHX ABa CBOHCTBA: KpHTHYe-
cKasi KOHUeHTpauus nosnMepa (C°) W TemnepaTypa nepexoga KHAX-
KocTh = reab (T.). C° npeacrasaserT co60il KOHUEHTPAUHIO, BILle
KOTOPOH MeXMoJeKyasipHble B3aHMOAEHCTBHA CTAHOBSATCS CYUIECTBEH-
HIMH (puc. 4.9) [726]. CaegyeT OTMETHTb, UTO KpHTHUYeCKasi KOH-
HeHTpalHsA NosHMepa o6paTHO NPONOPUHOHANbHA ero MOJEKYJASipHOH
macce [727]. Bulllle KpHTHUECKOH KOHUeHTpaUHH T, NpakTHUECKH He
3aBHCHT OT KOHUEHTpPAUHH H MOJEKYJAspHOH Macchl noJiuMepa
(pHc. 4.10) . 3aBucuMOCTb, NpeAcTaBieHHas Ha pHc. 4.10, onucbiBaeTca

COOTHOLUEeHHeM
AH?
AS® - RIn[(C - C%)/C0]’

Th=

MOJyYeHHbIM HMCXOASl M3 KJaCCHUeCKO# TeOpHH rejeo6pa3oBaHHs
[728] . Kpome Ttoro, 310 ypaBHeHHe nokasbiBaeT, uto I, siBasieTcs
raBHbIM 00pa3oM (yHKUHMeH TepMOAHHAMHUYECKHX CBOMHCTB, CBfl-

Puc. 4.9, CxemaThueckoe H306paxenue NONHMePa NPH €ro Pa3AHUMHBIX KOHUeHTpALHAX

135



3aHHBIX ¢ 006pa3oBaHHeM MeTaNM-NOJMMEPHbIX CBfAsell (1. e,
AHY n ASY).

Paccrosinie MeXay XenaTHpYIOLIHMH hparMeHTaMH NP1 06pa3osa-
HHH BHYTPH- (7.} H MeXMOJeKyJsipHBIX (r...) MeTaanoXendatop

Puc. 4.10. JlnarpamMa XHAKOCTb = reJb

Trenh

Y

Puc. 4.11. Cxemaruyeckoe H306paxeHHe 00pa3oBaHus BHYTPH-{ronn) H MEXMose-
KYJAAPHBIX (rp.,,) Xenaros

(puc. 4.11) MOXHO onpepenuTb NyTeM CTATHCTHUYECKOTO paccmoTpe-
HHsl B NpEANOJOKEHHH conpukacawmuxcs chep. Paccrosiuue r
JlaeTcsi ypaBHeHHEM

reap

rreﬂb:S/(Nx(p/?) 3,
le S — ANHHA CTOPOHBL AMKA H3 MAOTHO ynakoBanhelX coep, N,y — uncino
XeNaTHPYIOWHX GparMentoB Ha 1 cm®,
N,, onpenensieTcsi ypasHeHHeM

Ny =(C,/100M) X (4N,

rae Cp, — KOHHeHTpauus nouMepa B TOuke rejieoOpa3oBaHHs (r/a); M, — cpeaHss
MOJIEKYAApPHAsE Macca 3JeMEHTAPHOro 3BeHa: X« — MOABHAA (pakuus XeaaTupyio-
WX @pParMeHToB B nonumepe; N — uucno Asorampo.

Paccrostnue mexxny X® Ha opnolt nenu (ryens) ABASIETCS DYHKUHEH
MOJIbHOH (PaKUHM XelaTHPYOLIHX 3BeHbEB B nonumepe U pa3MeposB
NOJHMEPOB, Onpe/e/sieMbIX PacTBOPHTeNEM. [Ipeanonaras, uto nosu-
MED B pacTBope npeacTaBaseT co6oil  GecnopsAOYHBI  K1yBoK
(cM. pasi. 2.1), r ... MOXeT 6bITb BbluMcAEHA MO YpaBHeHHAM

— . 2 2
Fens = o, fo=C°°n[ s

FAe ro — KOpEHb KBaApaTHbll H3 pacCTOAHHA Mexcy cocepunmu XP; n — cpenuee
HHCJIO  XMMHYECKHX cBA3eil, pazaeasiiomwtux X®; [ — anuna ceasm (0,154 HM);
Co — XapakTepucTHUECKOE OTHOWEHHE, YuHTbIBalOWlee BO3pacTaHue B pasMe-
pe noiumepa B Mozenu Gecniopagounoro K1yGKa Kak pesyawrar 3¢dexToB OanxHe-
ACHCTBHRA; % — pakTOp paciuHperus, YUHTBIBAIOILHIA yBeauueHHe pasMepoB Oaarofapf
B3aUMOLeACTBHAM noiuMepa ¢ pacTBOpHTeMeM.

B kauecrge NPHMEepa MOXKHO NpHBECTH pe3yJbTaTbl pacyeToB

Tieny (YHCTHTEND, HM) W r.. (3HaMeHaTenb, HM) AJs CONOJIHMEPOB,

conepxKawux 0,259; 0,749 u |.809 ' x dpar-
MeHTOB [725]: H 1,80% (mon.) ruapokcamoBbiX ¢p

0,259 12,8/11,2
0,749 6,8/6,4
1,80 4,2/4,9
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AHan43 3THX JAaHHBIX CBHAETEALCTBYET O TOM, YTO THAPOKCaMOBbLIe
rpynnel noJWMepoB pearupyioT GecnopsiiodHo v o6pa3yioT GecKoHeu-
Hble CeTKH TOJIbKO TOrJa, KOrja BeposiTHOCTb MeXMOJeKYyJAsPHOro
cBSI3bIBAHHS MeTaJdsia npesbiiiaer 5094.

4.4 METOlbl HCCJIELOBAHHA MMX

B Hacrosiilee BpeMd AASf H3yUeHHs cTpoenuss MMX ucnonas3yiot
IMPOKHH Habop XHMHUYECKHX U (PHU3HKO-XHMHUEeCKHX MeTOJ0B HC-
cneposanus [10, 32, 729, 730]. HecomHeHHo, uTo Ha cTpoeHne MMX
okasbiBaeT 0oJblIoe BJHSIHHE 3HAaUHTENbHOE YHCIO (haKTOpPOB, NO3TO-
My, KaK oTMedanoch B pa3n. 4.3, uesecoo6pa3Ho ONKCHIBATL CTPOeHHE
MMX ¢ yuyetoM Tpex ypoBHe# WX NpOCTPAHCTBEHHO# OpraHW3alHH
(TOKaJbHbIH, MOJIEKYJASIpHbIH M HaAMOJeKyJsipHblil). MexXny 3THMH
YPOBHSIMH CyllleCTByeT TecHeHuiasi CBsi3b, NOITOMY pPsif METOLOB HC-
clleZOBaHHs NO3BOJsIeT ONpeleluTb AeTand cTpoedus MMX cpasy
Ha HeCKOJbKHX yPOBHSX.

[Ipexxne Bcero cjieiyeT OTMETHTb 3JIeMEHTHBIH aHaAu3, C MO-
MOUIbIO KOTOPOTO MOXKHO He TOJIbKO KOHTPOJHPOBATh CTeNeHb KOOPAH-
HallHH MeTa/lJla, HO H ONpeleNsiTb CTeXHOMETPHIO KoMisexkcoB. Kak
npaBHAO, aHAJK3 HA YIJepoA H BOJOPOL He HMeeT CMbIC/]a, YUHTbIBas
NOJIMMepPHbIH XapakTep HCXOLHBIX JINTAHAOB H NOJYyYeHHBIX Ha HX OCHO-
Be MMX. DnemeHTHbI# aHanu3 Ha a3or, ¢ocdop, cepy, ranoreHb Bo
MHOTHX CJlyuasix faeT LleHHYI0 HHPOpPMaUHIO 0 COCTaBe, a HHOTLA H O
crpoesun MMX. Opnako HauGoJsbliiee pacnpocTpaHeHHE NOAYUM
JIEMEHTHbIH aHa/M3 Ha MeTaJj, NpPH 3TOM BHadaje BbIAEAHAIOT
MeTajJl U3 NOJHUMepHOrO KOMMJeKca, a 3aTeM NPOBOASAT ero onpene-
JeHHe OObIUHBIMH MeTOLAaMH, H3 KOTOPbIX Hallle BCero HCNOJb3YIOT
aToMHO-abcopbuuonHblit [175, 594, 596]. Hpyrumu cnoBaMu, B 3TOM
¢lyuyae He pa3pyillalOT NOJHMEePHbIH JIMTaHA, H KOMIMJeKC MOoxKeT
ObiTb BHOBb NOJIyyeH B3aMMOAeHCTBHeM KoMnoHeHToB. [Hasi Bblgesne-
HHS CBSI3aHHbIX MeTannoB u3 MMX ucnoab3ylor cambie pasnuuible
metoabl. Tak, celeKTHBHYIO 3KCTpakuuio HoHoB Ni?t, Co®t, Mn’t,
Cu’* nposoasit HaTpueBoll coablo IATY [731]; pacTBopoM
NH3;—NH,CI [732] uau 3u. H,SO, [167] BbiMbiBaioT (B TedeHue 16 4)
cBsizannble B xenat HoHbl Ni’T uaun Cu’™; ans ynanenns Cu®™ u3
no/uTHOCeMHKap6a3uia HanGoslee NPHTOAHBIMH OKa3aJiHCb TenJble
BOAHble pacTBopbl |,4-6GeH30XHHOHA MJAH THAPOXHHOHa [733] u T. A
Hcnonbayiores takke pasnooGpasHble JeCTPYKTHBHbIE MeTOMbI, NPH-
BoAsilMe K nosiHomy paspyiuenHuio MMX (HanpuMep, nyTeM Kunsiue-
HHSl NOJIAMEPHBIX KOMNJAEKCoB B cMecu Kucaot [591]).

Kax u3BectHo, HanGosiee NpsIMBIMH METOLAMH ONpelesieHusl npo-
CTPAHCTBEHHOrO CTPOEHHS] XHMHUECKHX COeJHHEHHH fBJSIOTCS
AndpakuHOoHHble U 0COBEHHO METO/I PEHTIeHOCTPYKTYPHOTrO aHa/u3a.
OnHako npHMeHMMOCTb 3TOrO MeTOAa K HCCIeAOBAHHIO CTPOGHHS
MMX «paiiHe orpannueHa, MocKo/JbKy ero ofbeKTaMH MOTYT ObiTb
TOJbKO KpHUCTaAJHYeCKHe BellecTBa, a M0JyuyaTb MOHOKDHCTAJbI
MMX oyenb TPYAHO HM3-3a HX BbICOKOH MOJIEKYJsIPHOH MacCchl. He-
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noJfib30BaHHe MeTo/la PEeHTreHOBCKOH AHdpakUHH ObLIO MOKAa3aHOo Ha
npumepe kommjekca meau (ll) ¢ noan-o-usodranonnuzodranamus-
okcumoMm [231]. Jdudpakuuonusie kapTuabl MMX 1 HcxoaHoro nonu-
Mepa NPaKTHUECKH He OTJHUalOTCs APYr OT APYTa (cM. pre. 3.1), uto
CBHAETENbCTByeT O OJIM3KOH NPOCTPAHCTBEHHOH CTPYKType 3THX
coequHeHH#. JIpyTHMH cJ0BaMH, B JAaHHOM CJydae HOH MedH KOH-
KYPDHPYET C BOLOPOAHOW CBFA3bI0 MEXJy NOJHMEDHbIMH IlEensiMH.
Onnako, nocxkoibky HoH Menu(Il) wnmeeT Goabuinit obbem, uewm
BOJOPOJAHAN CBSA3b, TO HabJai0/laeTcsi yBeJHUEHHE MeXKINJIOCKOCTHbIX
paccTtosinuit [231]. '

KosnebaTesbHasi cnekrpockonus (HWHGpakKpacHas H KOMOHHAUHOH-
HOFO paccesiHnsl) sIBASIeTCH OAHHM H3 HauOoJsiee YAOOHBIX MeToLOB
MCc/1el0BaHKA BHYTPEHHEH KOOPAHHAUMOHHOH cdepbl KOMNJIEKCOB U
MeCcTa JOKaJH3aHH KOOPAMHALHOHHLIX CBsiwH. B kKosebatenbHom
CNeKTPe MOXKHO BbIJEJHTb XaPAaKTEPHCTHUCCKHE UACTOThl, KOTOpbie
CMeLLalTCs, 4acTo BecbMa 3HAa4yuTeJbHO, NMPH XeJaToobpa3oBaHHH.
Ha 3ToM ocHOBaHHK CYISIT O MeCTE JIOKAJH3aUHH KOOPAHHALHOHHOH
cesizh B MMX. Tak, B oTyiHuHe OT HCXOAHOH NOJ#-M-N-aKPHIOHIaMH-
HoGeH30MHO# KHcoThl, B MK cnekTpe Kotopo# Hab/o1aeTcst WKRpoKas
f0J10Ca CpeHeil HHTeHCHBHOCTH B 064acTH 3100—3400 cm ! 6aaroaa-
psg v(OH) u v(NH), B cnekTpax ee KOMMNJEKCOB ¢ MepeXoAHLIMH
MeTaJlJlaM# TNpPHCYTCTBYeT XOpOLUIO pa3pellleHHasl y3Kas noJoca
norJoweHns okoso 3300 cm™!, oTHocamasnca k v(NH). Kpowme Toro,
MK cnexTtp nosiuMepa XapakrepusyeTcs CHJAbHbIMH N0JIOCAMH NOTJIO0-
neHus Kap6ouuabHol (1690) n amuanon (1660 cm™') rpynn. Tlpu
KoMNJIeKcooOpa30oBaHHH nepBasi NoJjioca Hcuesaer, a BTopas cMelaeT-
csi 1o 1650—1670 cM™'. B 1o ke BpeMs B crnekTpax KOMIJIEKCOB
NOSIBJSIIOTCS ABe HOBble MoJjiockl npw 1600 u 1460 cm~' 6aaronaps
Vi (C=0) n v (C=0) kapGoxkcuabHoit rpynnbl. CHAbHasi noJjoca
norsiowenusi npu 1280 cm~' B cnexTpe JHranga, oTHocswasicst K
MJOCKOCTHbIM KoJleGaHHAM BOAOpoAHO-cBs3atHoi OH-rpynmnel, cme-
waetcst 10 & 1250 ¢M~ ' B cnekTpax KOMNEKCoB, BeposiTHO, 6Jlaroia-
Psl KOOpPAHHAUMH MeTalla uepe3 KapOoxcHabHblH Kucaopoa. Ha
OCHOBAHHH 3THX [JaHHBLIX KOMNJI€KCaM TNpHMHcaHa cChaedyloulasi
CTPyKTypa [734]:

|
A/
74 ~CH—CH,~

CJlenyer oTMeTHTb, uTO NPHMEHHMOCTb MeTola KojeGaTenpHOH
CNEKTPOCKONHH K HeedegoBaHHio MMX sBasieTcs orpaHuueHHOR ¢ yue-
TOM HX NOJAHGYHKIHOHANBHOIO XdapaKTepa.

JJst KOMIIJIeKCOB MeTasioB BecbMA HHTepPeCHOH NpeACTaBsAeTCH
AajlbHsAs HHpakpacHas o6sacTb, B KOTOPOH [1POSABJAAIOTCS BaJeHTHbIE
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Puc. 4.12. WK cuekTpn KOMIJACKCOB
mean (I1) ¢ mMeTHarnapokcaMonoH KHc-
JoTol (1) H HOJUTHAPOKCAMOBBIMH  KHU- 2

jotamu ¢ M,=640 (2} u 17 000 (3) W
k/\
I

1
600 500 YoM

KostleGaHus cBA3ed MeTana —Hradia. B kauecrse npuMepa Ha puc. 4.12
fipeACTaBJ/eHbl CNeKTpbl KoMnaekcoB MeaH(I1) ¢ MeTunruapokcamo-
BOH KHC0TON (4.22) u ee nosiMMepsbiMH aHanoramMu (4.23) U (4.24) B
nanbHeidt MK obnactu. B naHHom cayuyae nojoca noriaomeHHst npu
550 cm —' B UK cnektpe HMX oTHocHTCS K KONEBaHHAM Ve, o+ Voo .
JTa noJjioca CMellaeTcss B HH3KOYACTOTHYIO 06JaCTh C yBejHueHHeM
MoJsieKynsipHOii Maccel MMX. B 3ToM ke HanpaBieHHH cMenaeTcs

(CHa)ﬁ——hllH ﬁ_TH
O\ /O 0\ /0
o 0 o 0
| I 1 I
HN-——C(CHg) HN—C
AN
(4.22) (4.23) (M, = 600)

(4.24) (M, = 7000)

M nonoca npu 516 cm™' B crnexkTpe Kommnexkca (4.22), Kortopas

OTHOCHTCH K aedopMalMOHHBIM KOonebGaHHsIM Koablla W dparMedTa
O=C—C—. YyuTbiBasi, 4To NOPSAAOK HaCTOT BAJEHTHbIX KoJebGaHuil
M—O H HX CHJI0BBIX NOCTOSIHHBIX COOTBETCTBYET MOPSAAKY KOHCTAHT
YCTOHUHBOCTH KOMNJIEKCOB f3-IHKETOHOB, MOXHO nojaraTtbh, UTO CTa-
OH/IbHOCTb KOMTNJIEKCOB MeAH € NOJHTHAPOKCAMOBOH KHCIOTOH yMeHb-
lHaeTcsl ¢ NOBblIIEHHEM MOJeKynsipHO# Macchl [290].

JNeKTPOHHAsl CNEKTPOCKONHs (yJbTpaduoseToBasi, BHAMMAasA H
6auxHsia MK obaactu cnextpa) nHaubosiee 4acTo NPHMEHSIETCS NPH
HCCeJOBAHHH KOMIIIEKCOB lepeXoAHblX meTad108. Ilpn aToMm creayer
pas/iHyaTb TPH OCHOBHLIX THMA MNOJOC:

I) BHyTpHAHraHaHble MONOCHI, OTBEUAIOIHE NEPEHOCY 3JeKTPOHA
€ 3anoJiHeHHbIX opbuTanell JHrauaa Ha cBoOOAHbIE,

2) noJsiochl nepeHoca 3apsija, XapaKTepH3ylolllHecs] JOBOJbHO Bbl-
COKOW 3Heprueil H 3HAYUTENLHOH HHTEHCHBHOCTHIO;

3) d-d-nepexonbl, T. €. nepexoibl 3JeKTPOHOB Mexay d-opbura-
JA5IMH, 10KanM30BaHHbIMH Ha HEHTPANbHOM aToOMe MeTanana.
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Puc. 4.13. [duarpaMMbl 3HEpPreTHYECKHX YpoBHeH Tauna6e — Cyraso a1s d‘.-(a)
1 d®-uouos (6)

Jlas xapaxTepucTHKH MMX B OCHOBHOM HCMOJbL3YIOT TOJNOCH
nepeHoca 3apsiia (ONpeiedsis No HWM, HanpHMep, CTeXHOMETPHIO
KOMNnexta, Kak nokasaHo Ha puc. 4.4) u d-d-mepexoabl, Hernocpel-
CTBEHHO CBsi3aHHble C IPOCTPAHCTBEHHBIM H 3JeKTPOHHHIM CTPOEHHEM
Kxomnaekca. [1py nepexone ot ra3o06pa3Horo HOHa K KOOPAHHAUHKOH-
HOMY COeJHHEeHHIO UHCN0 SHepPreTHYECKHX ypoBHel (TepMOB), a COOT-
BeTCTBEHHO H cNeKTpaJibHbIX MOJOC, YBeauuuBaercs (cm. puc. 1.1).
Haubosee yno6Hbie 3HepreTHueckwe avarpamMMbl Obinl MpeloXKeHH
Tana6e u CyraHo W npeacTaBieHbl IS HeKOTOPbIX MNepPeXOIHBIX
MeTaan0B Ha pHe. 4.13. B HMX Ha ocH abCurcc OT0XKeHa Be/IHUHHA
Dq/B, a no ocu opaunat — E/B, roe Dg — napametp pacluenieHHs,

TABJIMUA 4.5. Saexrponnsie nepexods. u napamerpsl pacujenienur
komnaexcos vuxean (I1) ¢ npomvuusennoimu copbenramu,
codepicawumu epynnot UMUHOOUYKCYCHOL KUCAOTbI®

Mepexonw, oM~ Tlapametpn
Kowmnaeke I [RRIVA TN
Vi, Vo Vi ng.\ cg':l B
NiCl: —ES 466 (~70%) 9090 14700 25000 909 829 0,768 [10]
N;CIQ—EE 466 (~50%) 9200 15800 25000 920 8’0 0815 101
NP ES 466 (~25%) 9090 14700 25000 909 829 0.768 |10l
2~ Chelex-100 (50 —70%) 9500 15600 25300 950 830  0.768 |73l

NiCl; — Chelex-100 (0 5—30%) C 3 l"'iﬁl
. ¢ : 0 9500 15400 25500 950 830 0.768 [790
NGO~ Chelex-100(80—70%) 9440 15300 25400 945 825 0764 [130

12 —Chelex-100 (30~50%) 9500 15500 25600 950 840 0,778 (736

)
O6o3uauetun COpPGEHTOB CM.

H.
Tabst. 8.9, v cKO6KAX AaHA CTENCHb KoopAHHAUK
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E — sneprus tepma, B — napamerp Paka. Cieayer oTMeruThb. 4TO
napamerp Paka B koMmJekce oT/HUaercs oT napamerpa Paxka B raso-
00pa3HOM HOHe 0J1aroAapsi MeXX3J/IeKTPOHHOMY OTTa/JKHBAHHIO, 4 HX
OTHOWIEHHe [OJIYUHJO Ha3zBaHHe Hede0ayKCeTHUECKOro mapamer-
pa B:

B=BKOM11JI/BI‘33< 1.

Besawuuna f§ XxapakTepu3ayeT KOBAaJeHTHOCTb MeTa/i-JHTaHAHbIX
cBsizefi. B kauecTBe npuMepa npuMeHeHHs MeTOdA 3JIEKTPOHHOH
CIIeKTPOCKOITHH MOXKHO NPHUBECTH Pe3yabTAThl HCCIEN0BAHHSA KOMILJIEK-
cop Hukeas(Il) ¢ mnpombilieHHBIMH CcOpOEHTaMH, COLEepKalUIHMH
TPyMNIbl MMHHOAHYKCYCHOH KHCJOTBHL (Tabna. 4.5). B 3/1eKTPOHHBIX
cnektpax 3tux MMX HabaopalnTtcs TpH pa3pellieHHbIX MO CHHHY
d-d-nepexoza:

a7 Tog ()T T4l F) (va) 7 T P) (v3).

[leppas nosoca coorsercTsyerT napamerpy pacienyesua 10Dg,
a napamerp Paka mMoxkeT ObITb BEIUKC/IEH, HAllpHMep, [0 CJlelyIoluleMy
ypaBHeHH!O:

B = (V3+V2—30Dq)/15

Cornacno [735] paccmorpenue Benwuun Dg u B mnossosser
OTIpele/IuTh KOOPAMHAUMOHHEIA y3eal B OKTa3APHYECKHX KOMILIeKCax
Hukessi (I1). B uacrHocty, Bennunna Dg nas NiOg xpomodopa Haxo-
autcst B obaactd 850—900 cm™! M noBHWAeTCs NMpPH Nepexolde K
NiO4No xpomodopy. aHHble Ta6a. 4.5 mokasbiBalT, UTO KOOPAH-
HAaUHOHHBIK Vy3esl KOMIIJIeKCOB B JAaHHOM cJyuyae COOTBETCTBYeT
dopmyae NiO;No.

MarHeToXHMHS NPHMEHSIeTCS [TPH H3YUeHHH KOMIIeKCOB MeTaJlJioB,
MMeIoHIHX HeclapeHHbie 3jeKTpOHbl. MArHHTHHI MOMEHT C Y4eToM
TOJIbKO CMHHOBOTO B3aUMOAEHCTBUST ONnpelensieTcs no dopmysae

b= VSEFT)

(rne g —g-dakrop, S — cnuHOBOe uHCAO HaHHOro uoHa). OmHAaKo
peaJibHbie 3HAUeHHS MATHUTHEIX MOMEHTOB OT/JIHYAKTCA OT YHCTO
CHHHOBBIX Gaaronaps CNUH-opOUTanibHOMY B3aumoaeicTsuio. [1o Bean-
UHHe MATHHTHOTO MOMEHTAa MHOTAA MOMHO CYIHTh O NMPOCTPAHCTBEH-
HOM OKRDYMEHHH HOHA MeTajijia B KOMIUlekce. Tak, AJs OKTa’sapuue-
ckux KoMmuekcoB Co’" MarHMTHele MOMEHTH [OJiIKHBl HaXOQMThCS
B uHTepBase 4,70—520 M.b.,, a aas TeTpasApuYECKHX —
3,90—4,50 M.B. Has kommiekcos kobagbra{ll) ¢ T19-np-nonuen-
AMHHOKETOHAMH W, paBHo 4,15-—4,20 M.B., Ha ocHoBaHHH 4Yero 6bi1
chesnaH BbiBoA 00 HX TeTpasipHuyeckoM cTpoeHuu [175].

B orcyTcTBHE CMMH-CNHHOBBIX B3aHMMOAEHCTBHH MATrHMTHAS BOC-
NMPHUMYHBOCTD (y, NONUKHHAEeTC 3akoHy Kiopu:

xw=C/T

(C — koncranra Kiopu). Ilpu Haj/inuuu oOMeHHBIX B3aUMOAEHCTBHH
%w He MoauuHAeTcst 3aKoHY Kiopu, a onuceiBaercs 3akonom Kiopu —
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Beficca:
¥w=C/{(T—8)

(8 — koHcranta Beficca, K). Ecan B3aumoneicTBHe sBAsSieTCS aHTH-
¢deppomaruurHbiM, T0 8<C0, a ecaH (beppoMarHUTHBIM — 1O 08>0,
B kauecTBe npuMepa mMoxkKHO npuBectH Kommniaeke MeaH (1) c noau-N-
auerHagernapoaiauniom [737], umeowni npu 293 K MaruuTHbif
momeHT, paBubtil 1,3 M.B., uto cBHIETEIBCTBYET O HA/IHUHH OOMEHHbIX
B3aumMOAeHcTBHH aHTH(EPPOMArHuTHOro THMNa.

DJIeKTPOHHBIH NapaMarHHTHBIH Pe30HAHC HCIOAb3yeTcA AN MOoJy-
ueHust HHPOPMaLUHH O BaIEHTHOM COCTOSIHHH METaJjli1a, KOBaJeHTHOCTH
CBA3H MeTaJji — JIHTaH/, NPHPOAE JHraHA0B H CTePEOXHMHH OKpYyXKe-
HHS HOHa Meraata. Cnekrp I[P nossosiser onpeaeantb g-akrop,
‘KOHCTaHTbl cBEPXTOHKOH CTPYKTYpbI H MJ0WaAb o4 KPHBOH norJotuie-
uusi. Haubosiee nepcnekTHBHO venoab3oBanue naHHbix JIP cnekrpo-
ckonuu aast coeaunenuii Cu’t u Mo®t, a npu uuskux temnepary-
pax — A1s Kommaekcos Mn?t, Co?t u Fe?t.

B kauecrBe npuMepa ucnosb3oBaHust merona IIIP moxHO npu-
BECTH H3yueHHe KoMmniekca medH (I} ¢ cononumepom Mmerakpuaatr —
ITHJeHAHMeTaKpHIaT, mMOoAH(pHUHpPOBaHHbIM en {738]. Cnekrp 3TO-
ro KoMIieKca siB/sieTcsl THMHYHBIM AJISl TWIOCKOKBaApaTHBIX KOMIIEK-
coB Meax (I1) u MaeHTHUEH cnieKTpy HH3KOMOJIEKYASIPHOro KOMILIeKca
mens (II) (puc. 4.14). Ilosromy MMX MOxKHO onMcatb KaK KBaapart
HJIH TIOUTH KBaApaT ¢ KOOpAHHHDOBaHHBIMH aroMaMH a30oTra [AByX
STH/AEHAHAMHHOBBIX TPYINI MO OCAAM X H Y, a TaKxKe HUTPaT-HOHaMH
HJH MOJIEKYJaMH BOJbl, ciab0 KOOpAHHHDOBAHHbIMH BAOJb OCH 2.

a 6
— (
25mMT

>

15MT
tg=2

Puc. 4.14. Crextput TP komiiekca mean (11) ¢ noANMepoM, coaepxalium rpynnb
Cn (@), " ero HH3KOMOSeKYASpUOro ditadora (6)
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Cnektpbt ITIP nospossior nosyuutbh 1HpsiMoe [0OKA3aTeNbCTBO
XHMHUYECKOH CBSI3H MEXAY HOHOM ME€TaJ/aa H JHrangoMm. Tak, KoM-
eKe, oOpa3yIoIHHACS MeXAY UEMTION030H H AHFHAPOKCOITHIEHIHA -
maHoM menu (I1), paccmarpuBaacs Kak MexXmoaekyaspHbid. OnHako
H3VUEHHC B3aHMOIEHCTBHS NHTHAPOKCOITHIEH IHAMHHOBOTO KOMIlJIEK-
ca MeIH C 11eNTI0/10301 4 ee aHaqoramu Meronom IITP cnekrpockonuu
MOKa3ano, 4TO 3TO B3aHMOLEHCTBHE HMeeT XHMHYECKYIO TpHpONy.
310 006yCa0BaeHO GoJiee CHAbHLIM B3aUMOLeACTBHEM MenH ¢ 2,3-TUl-
POKCHJIbHbIMH TPYNNAMUA TMHPAHO3HUIHOTO KOJblla N0 CPpaBHEHHIO CO
ciabbiM aKkCHabHBIM B3aumoaeicTsuem [739]. '

$SlnepHbIi MATHHTHBIN PE3OHAHC MHTEHCHBHO NpPHMEHSETCH, 0CO-
6eHHO B TMOCJENHHE TOIbl, [PH H3YUYEHUH [AeTaJbHOH CTPYKTYPH
MMX. Haubonbliee pacnpocrpanesnue noayuua IMP Ha nporonax
(TIMP), pexe ucnoabayorca Metoas AMP '*C, *'P u 1. 1. Onnako
BO3MOXHOCTH 3TOr0 METOLA OrpaHHYEeHbl H3-3a HU3KOH pACTBOPH-
MOCTH MaKpOMOJIEKYJISPHBIX coelMHeHHH. B obuiem cayuae xesato-
o6paszoBaHHe MeETAaJ/I0B TPUBOAMT K CMEUleHHSIM, pacCUlenJeHHsAM
MAM ywHpeHHsaM nHKoB B cnexktpe AMP, kak 310, Hanpumep,
Habmionanoch B cayuae Kommaekca yuc-[Co (em). TIBI1-CI|Cls
B JIMCO-ds [669]. Ha ocHoBaHHH 3THX cCMmelleHHH MOXHO pac-
CYUTaTb TEPMOAMHAMHUYECKHE MapaMeTpbl npolecca XenaToobpasona-
Hus. Hanpumep, Koucraura o6pazosanns kKomniaekca Cof(acac),
¢ TI2BII 6u1a BblUMC/IEeHa MO ypaBHEHHIO

2 [Co(acac) ] /Awus,=1/KAwy + [TI2BI1] /Aoy

(rne Aw,,,, U Awy — HabJaOQaeMbll U BHYTPEHHHH NapaMarHUTHbie
CABUTH). JTa 3aBHCHMOCTb sIBASETCA JHHeHHOH (puc. 4.15) u npu-
BOAMT K BesuunHe K=1,2 Moab~' TpH KomHaTHo# Temneparype.

B nocieanue roasl NoKazaHa BO3MOXKHOCTb HCIOJb30BAHUS
TBepaodasioro AMP nna uccrenoBaHus MOJHUMEpPHBIX KOMIJIEKCOB
[740}. Cnenyer ormerutb takxe npumederue SIMP **Na u **Ca ana
onpeneneHusi CTAOUJIBHOCTH HX KOMIJIEKCOB ¢ GHOMOJUMEPHBIMU
Auranpamu. Tak, onpenessiin yeToHunsocTb komnaekcos Na* ¢ PHK
Mo H3MEHEeHHIO BpeMeHH pesakcauu# ¢ usmenendem pH cpennt [741].

ToHkast cTpyKTypa pEHTTEHOBCKHX CMEKTPOB MOMVIOLEHHST (CNeK-

o
S

AN
&)
[

Puc. 4.15. 3aBHCHMOCTb BeJIHUHHDI
2n [Co (acac)z] /Awyag, o7 [T12BI1] npu
KOMHaTHOH Temnepartype

27{CO0tacac)y] [awhagn., Mons/in-Tu)
&
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Puc. 4.16. Cnextpot KJI u JIOB noan-L-nusnua u ero kommuekca c measio (I1)

tpockonuss EXAFS) wucnosnb3yercs B OCHOBHOM AJsl ONpenesieHus:
MEXATOMHBIX PAacCTOAHUHA U Tuna koopAuHauuu. ONHAKO 3TOT MeTon
XapakTepHu3yeTCcsl HeKOTOPOH HEeOMpEeLeNEeHHOCTbIO B HHTEPNpeTaluuH
IKCMEPHUMEHTAJbHBIX NaHHbBIX, 4YTO TpebyeT TuUlaTeNLHOH TNpOBEpKU
Ha COeIHHEeHHRX C H3BeCTHOH cTpyKTypo# [742].

Meroan kpyrosoro (uupkyasipHoro) auxpousma (K1) #u auc-
nepcuu ontuueckoro BpaweHus (/1OB) mupoko npumensiior nas
ONpeLeJIeHHS! MHKDPOOKPYXEeHHUS [eHTPaJbHOro aroMa H 0COGEHHO
CTPYKTYpPHl ONUMEPHOro AuraHna. B Kauecrse npumepa Ha puc. 4.16
npusenedst cnekrTpol KJ1 u JIOB komnaekca meaun (11) ¢ nosu-L-au3u-
HOM [743], a MoJbHA 3JJIUNTHYHOCTL HEKOTOPBIX MaKCHMYMOB
B cnektpax KII npencrarnena 8 taba. 4.6. OTn naHHble CBUAETENb-

TABIHWUA 4.6. Moasnan saauntuunocts xomniexkcos medu (11)
¢ noau-L-ausunom npu pH 10,5

[6]-10~% (rpaa-cu?/moan) npu A (HM)
(3 Conepxanne
T. K cnupann*, %
222 255 290 320 510
0,10 240 —82 4,3 —2,2 18 —3,5 27
0,13 296 —53 - 37 —2.5 1,9 —3.,9 b7
0,13 296 —20 4,4 —2.3 1,6 —-3,7 6

* Bruucaeno u3 [0] npu 222 HM.

CTBYIOT O TOM, 4TO MOBLIIEHHE KOHUEHTPAaUHH MeAH NPHUBOAUT K
YMEHbUIICHHIO «-CMUPaNbHOH (QOpPMBl JHraHAa. Takas aCHMMeETpHs
3BEHBEB KOMIJIEKCA MeJH OObACHAeTCst KOOpAHHauueHd MNenTUAHBIX
aTOMOB a30Ta.

W3 npyrux MeTonos, HCTONb3yeMbiXx NPH udyueHun MMX, oTme-
THM TaKxXe DEHTreHOBCKYIo (DOTOINEKTPOHHYIO CHEKTPOCKONHIO
(P®3C), nosBoOASIOULYI0 A0CTaTOUHO HAJEXHO ONPeNeNHTh BaJIeHT-
HOCTb nepexofiHoro MeTaJua. Tak, B3aUMOAeiCTBHe aneTaTa naJjianans
¢ [19-np-nonuHaTpuesoit conblo akpuianeTanbieruia conpoOBoKAaeT-
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Puc. 4.17. P®3C cnextpbl auetata najna-

Aust (1) ¥ UpOAYKTA ero B3aHMOINEHCTBUA C

[13-np-noauHaTPHEBOR COJbIO  dKpH.IALET-
anbperunga (2)

1 ) b ] | !
F4ly 340 336 £,38

ca cmemedHnem nuka Pds, ¢ 343,9 no 340,8 3B B PPIC cnekrpe
(puc. 4.17), nokasbiBasg BOCCTAHOBJIEHHE MAJJAAUsA 10 HYJbBaJeHT-
HOTO COCTOSIHHA [744].

Hapsny ¢ onucaHHbIMH BbllI€ HCNOJb3YIOT Tak:xKe MeccOay3poB-
CKYIO CIIEeKTpocKonuio [266, 745, 747], TepMHueCKHe HCCJeIOBaAHHA
[746] u 1. 0. [Ipumenenue 3THX MeTOLOB GyIeT MNOKA3aHO MPH OOCYK-
JeHHH OT[eJIbHbIX MpeacraButesed MMX.

[aa8a 5
METAJNJIOXEJNATBI C CHHTETUYECKUMHU NOJITUMEPAMHU

[Ipo6.iemMa BAMAHUA NOJHUMEpPHOH MNPHPOAbl JHTaHAA Ha (PHU3IHKO-
XHMHYECKHE CBOHCTBA H CTPOEHHE MEeTAaJIJIOUHKJOB, CBA3aHHBIX C MO-
JUMEpPHOH LeMNblo, HAXOAUTCA B HACTOsllee BpeMsi B CTaJHH pas-
paboTKd. Ity npobseMy, a TakKe MHOMXEeCTBO [APYrux mnpobJem
xumMud MMX penecoo6pasnHo HccaenoBaTb, HaudHasw C OTAEJbHbIX
kjaaccoB MMX. B 3To#i raBse 6yayT pacCMOTpPEHbl OTA€JbHblE Tpef-
CTaBUTeNH pasjuuHblX THNOB MMX B COOTBETCTBHH C KJacCH(PHKa-
uved, npeasoxeHnoi B pasa. 4.1. [lpu sTom He craBuaach 3azaua
AaTbh HUCUEpPNbIBAIOLIKWN aHAJAW3 BCEro UMEIoNeroCsi 3KCnepuMeHTaJlb-
Horo martepuasja. OCHOBHOe BHHMaHWe OyJeT CKOHLUEHTPHPOBAHO HA
CXOACTBe ¥ PAa3JIMUHH HHU3KO- H BBICOKOMOJIEKYJSPHBIX METaJalo-
XeJs1aToB.

5.1. MOJIEKYJISIPHbIE METAJIJIOXEJIATDI

5.1.1. N, N-Xeaarn

TunuunbiMu npeacraBuresssmd MMX ¢ N, N-xenatupyoimumu Juras-
JaMH AIBJSIIOTCA KOMILJIEKCbl METaJJIOB C MOJHMEPAMH, COdepKalllUMH
nofivaMuHuble ‘¢parmentsl [748]. Has HHX B OOJIBIUHHCTBE Ciydaes
XapakTepHa Ta ke IpocTpaHcTBeHHas CTpyKTypa (0COOEHHO B pas-
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6aBJaeHHbIX pacTBopax™), uyTo W AJSE HH3KOMOJEKYJNADHBIX aHANOroB,
Tak, B cnektpe orpaxeHust kommiekca miatausl (I1) ¢ T'JI, moaudu-
LHPOBaHHLIM en, Habaopawrcst nodockl npu 275 u 240 um. Has
Huskomonexkyastpuoro [Pt(en).]Cl: xapakrepno mnorsoinenne mnpu
286 u 240 HMm, uto cBHaeTeqbcTBYeT O OGJH3KOM MPOCTPAHCTBEHHOM
CTPOEHHH 3THX coeauHeHui [749].

¥Yxe anagusupoBanuch (cm. pasfn. 4.4) DIIP cnextpbl aHasoruy-
HbIX KomriekcoB Meau (I1), koTopble COOTBETCTBYIOT HOHY Meau
B TUVIOCKOKBAJDAaTHOM OKDPYXXEHHH YETbIpeX aTOMOB a30Ta ABYX 3TH-
JEHAHAMUHOBBIX (pparMeHTOB. K aHAJOrHYHOMY BbIBOAY NMPHLLIH aB-
Topbl pa6orbi [750], uccaepnoBasmue kommiekesl Cu®*t ¢ CCHBB,
amuHHpoBaHHbIM en, dien H trien. OaHaKo B gaHHOM cayyae HA6JIO-
faiotcst HeGoablIne pa3nuuust peauund Ay ¥ g, a takxke a’® (mior-
HOCTb HECTIapeHHOr0 3JIEKTPOHA HA KOOPAHHHPYIOILEM HOHe) MeXay
HMX u MMX (raba. 5.1), cBUa€TEeIbCTBYIOUHE O HAJTMUHH HEKOTOPBIX
CTepHUYECKHX 3aTPYAHEHHH A1 06pa30BaAHHA TETPAKOOPAHHAUHOHHOTO

TABAWUA 5.1. [lapamerpe: cnexrpos 3[1P komnnexcos medu ¢ CCABB,
QMUHUPOBUHKLIM (TIEN, U €20 HUBKOMONEKYAAPHBLX anaaczos npu 77 K

Komnaexc A i +3, Tc g” -+ 0,005 g | +0,005 a®
MMX 180 2,214 2,050 0,79
MMX* 175,5 2,205 2,049 —
Cu—trien 184 2,235 — 0,81
Cu— (trien), 190 2,201 2,045 0,80

* Temneparypa 298 K.

kKommiekca Cu{N), 8 cayuae monumepa. CneayeT TakKe OTMETHTb,
4TO NpH collepKaHHU uOHOB Mean B MMX menee 0,05 MMoub/r CREKTP
II1P xopouro paspewieH U COOTBETCTBYET H30JHPOBAHHBIM MOHO-
SIIEPHbIM  KOMIIJIEKCaM OAMHAKOBOTO cocTaBa. [lpn mnoBbiuleHHH
KOHLeHTpauuu Mean cnekrp SI1P npeacraBasier co6ol cynepno3uiiMio
AHH30TPOMHOrO0 MYJbTHIVIETA OT H30JUPOBAHHBIX KOMILIEKCOB H
CHHIVIETHOM JIUHMH ¢ g-dakTopom =~ 2,08—2,10, aMmnauryaa KOTOPOH
BO3DACTAaeT ¢ yBeJHUEHHEM copep:KaHusa meau B MMX. D1oT cunraer
00yC/IOBJI€H, OUeBHAHO, CYILECTBOBAHUEM 0OJACTEeH ¢ OYeHb BHICOKOH
JIOKaJbHOH KOHIEHTPAalliell HOHOB Megn(ll), rae paccTosiHHUe MEeXAy

COCeIHHMH HOHamu He 6ojee 7—9 A, U MeXAy HUMH TPOHCXOIHT
CUJIbHOE CIOHH-OOMeHHoe B3aumoaedctBue. Ilo-Buaumomy, CoOCTaB
KOMIIJIEKCOB ME€IH B TakuX o6aactsaXx coorBeTcTByeT ¢GopMyJIam
Cu(N)s, Cu(N)o uau Cu(N),, 1. e. B Xozne xesnaroobpa3oBaHust BHA-
4aJIe MPOUCXOAUT O0pa3oBaHue KOOPAHUHAIWOHHO-HACHILEHHBIX H30-
JIMPOBAHHBLIX KOoMMIeKcoB Cu(N)4 B NMOBEPXHOCTHBIX C/I0%iX, & 3aTeM
KOOPAHHAUHOHHO-HEHACHILIEHHbIX B rJIYOHHE TPEXMEPHOro nojiHaMiHa.

H3yyeHnue KHHETHKH peaKuHil Xe1aTHPOBAHHSI HOHOB METAJIOB

* OTMETHM, 4TO XOpOWIeH MOAGABIO MAIA TAKHX CHCTEM ABARETCH HOJAHITH-
JEHHMHH, KOMIJIEKCo06paayicitiic CBOHCTBA KOTOporo onucansl B paGote [5].
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CUIHUTBIMH NOJMIHAMHHHBIMH JIHTaHAAMH [10KA3a/10 3HAYUTELHOE BJIHS-
HHe auddy3nH HA 3ITOT Tpouecc, npuueMm s uyacTHIL nosumepa
paaMepamu a0 0,1 MM JUMHTHpYyIOLIEH ABIAETCH BHELIHsS anbodysus,
a Ans qacTiy pasmepamu>=>0,1 MM — BHyTpenHss auddy3us B ray-
Ounuble caou [751). Tun CBA3LIBAHUS HOHA MeTausa TAKMMH JHCan-
Aamu  3asucur or pH pacrsopa. Hanpumep, B CcHabHOKHC/IBIX
pacteopax obpasyercss HoHHas cBs3b mexay [PdCl,]?~ u [,
Moar®HUHDOBAHHBIM en, a npH nosblwesud pH takoe coexprHenue
NepexoliuT B Merastoxenar [124]:

C—N l\ip{NHz

e
Ct \Cl

Has HMX yBenHueHHe dicia METANJIOUHKIOB PHBOLUT K 3HAYH-
TEJAbHOMY MOBBLILIEHHIO HX YCTOHUHBOCTH, UTO OTMEUAsOCh, HATpUMeEp,
18 KoMmIIekcos ¢ en, dien u trien (cM. pasa. 1.7). B 1o ke Bpems
Ha TO/MHMEPHOH OCHOBe OOHAapyXeH obpaTHbi psA YCTOHYMBOCTH
[96], 4TO cBR3aHO, QUEBHIHO, CO CTEPHUECKHM BJHSHHEM noaumep-
HOTO JIHraHpa AR 06pa30BaHHA NPeNNouTHTENbHOR KOHGMHrypauuu
MeraJJoxenara.

3akpenJsietHe HOHOB METAJJIOB Ha MOJHAMHHHbIX JHTAHAAX HHOTAA
MPUBOAHUT K H3MEHEHHIO CTENEHH OKHC/IEHHA METaJa, KaK 3TO ObLIo
YCTaHOB/IEHO MPH H3YYEeHUH XeJaTHPOBaHUA HOHOB KoGaawTa (II) IV,
MOaHQHUHPOBaHHLIM en [I126]. B panHom cayyae Habawogaercs
JacTH4YHOE okuC/Iedde kobaabta (I1) mo TpexsaneHTHOro cocroshus.

O6wHpHbie HCCTenoBaHHA ObLIH NposefeHbl ¢ TOJHMEPaMH, Co-
AepXKaliuMu 2,2"-AMNUPHAHJIBHYIO TpynnHposky. [Ipu 3ToM 6bl10 no-
K43aHO, YTO 3TH NOJHUMEPHI BeAYT Ce6f NoA0OGHO HH3KOMOJEKYJIipHOMY
anagory [106], B'4acTHOCTH 06,1a4a10T 6OJIBUIKM CPOACTBOM K HOHAM
MepexofHbIX MeTaJ/oB, MeéHee >DQeKTUBHbI B CBA3BIBAHHHM Henepe-
XOAHBIX MeTaJ /0B H He 0o6pa3yioT KOMIVIEKCOB ¢ HOHAMH HIEJTOYHBIX
metasasnos. Hanpumep, npH B3auMoAeCTBHH NO/IH-5-BHHUI-6,6"-AHMe-

IZQA/St J?/e

" Nyx/C Nou-4-meTHa-4'-BHHKA-2,2 - THNTHDH-
auna (I} u ero xommiekcos ¢ ZnCly npu
3Havenusix [Zn]:[L] =03 (2) u 0,6 (3)

) [
Puc. 5.1. Konuewrpauuounas sasucumocth 7461 )
\

018_ 2

04 08 L et
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THA-2,2/- AMNUpHAKAA ¢ XAopuAaMu kobasabra (1), memm(Il), wuy-
ka (I1) B srtanone npu 298 K QGopMHDPYIOTCH KOMIUIEKCHI COCTAaBa
1:1 co ceszamu M<N [102]. YsesnueHHe BS3KOCTH pPAacTBOPOB
MMX B JIM®A npu pas3basseHud (puc. 5.1) cBHOerenbcTByer
06 HX MOJH3JIeKTPOJUTHOM XapaKTepe. PacTBOPHMOCTb 3THX Coenu-
HEHHH YyKa3biBaeT HA OTCYTCTBHE MEXMOJEKYJISipHOTO CHIMBAHMS,
T. €. B LaHHOM cJyuae AUNUPHUIHIbHBIE TPYNNKEI BEAYT cebs Kak o6biy-
Hble XeJaTHpyloulHe JUranibl 8 G0KOBOH welu nojumepa. AHanoruy-
Hble pe3y/bTaThl ObWiM ToJdydenbl u Ais Kommiackcos VO**u Co?t
C MOJIMMOYEBHHAMH, BK/IOYAIOIUMHE JHIHDHAWILHYIO TPYINUPOBKY
[578].

Jasi pacrBopuMbix MMX cTpykTypa KoOpAHHALUHOHHOTO y3iia
COOTBETCTBYET HH3KOMOJEKYJAAPHBIM MOJJAM, KaK 3TO NMOKa3aHO Ha
puc. 5.2 naa xomniekcos Co*T [102]. 3axkpensenune Ru(Dipy)Cl,

X X

03

021

010\ _1
2

0 ol | PR R 1 .l i i
440 520 800 680 A, Hm 400 500 600 A, HM

Puc. 5.2. Buaumele crniektpsl (X — norsoinedne) xomngekca koGaawsta~(1l) c moan-
(4-MeTHa-4"-BUHWI-2,2’-aunupranaom) (/) #B ero HH3KOMOJAEKYJASDHOrO aHal0-
ra (2) :

Puc. 5.3. Buaumute cnektpu yuc-Ru (Dipy)z Cly (1), komunekca Ru** ¢ nonumepom,
conepxawum Dipy rpynns (2) u Ru (Dipy)s Cl (3)

Ha pacteopuMoM [IC ¢ rpynnmamu Dipy rnipuBoiHT (B OTCYTCTBHe
CTEePHUECKHUX 3aTPyAHeHHH) K TPHC(IMUMHPHIAHIbHLIM) KOMIJIEKCAM
(puc. 5.3) [112]:

N N
\ /
N—Ru—N Clz

4 N

EDipy-Pd(0COCH; )= -Dipy-Pdo
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Puc. 5.4. Buaumsle cuektpsl Ru (Dipy)s Cly
{1). xoMnaexca Ru®? ¢ noaumepom, cogep-
aawnm  Dipy rpynns, {1pn copepKaHuu
Ru 0.26% (2), 0,71%453) u Ru (Dipy). Cls 05
(

B To ke BpemMs B3aMMONeHCTBHE HOHOB MeETAa/J0B C PACTBOPHMBIMH
foJuMepaMu o6yCaOBAUBAET YMeHbIIeHHe THOKOCTH MOJMHMEPHbIX Le-
Mmefi C AOBbillleHHeM colep:kaHua Meraana. OcobGeHHo 3TOT 3ddeKkT
MPOABJSIETCA B CayUae NoJUMepOB, CONEP K alluX 3BeHbs Dipy B OCHOB-
HOW uenu [752]. ’

O/ CIIUTHIX NOJTHMEPOB B OTCYTCTBHE CTepUUYECKHUX TPEenATCTBUH
TaK>Xe XapaKTepHO o6pa3oBande TPUC (AUMHPHIUIbHBLIX) KOMIJIEKCOB
(puc. 5.4) [105]. OaHako B JaHHOM Cjayude BaxXHoe 3HAueHHe
MMeeT MPUPOAa aHMoHa HcxofHoro MX,. Tak, npd ucrnosb30BaHUH
Ru(Dipy)Cly 6bi nosyuen 6ucC (IMNHPUAHIBHBIA) KOMILIeKc 67aro-
naps cuabHo#l ¢BaA3H Ru—Cl B opraHHueCckHX pacTBOpHTe/ifAX, B TO
Bpemst Kak Ana Ru(Dipy)CO; xapaxkTepHo o6pa3oBaHtie TPHC (1HIIH-
puAHJsbHOro) xenara [109]. Hanuude cTepHYyeCcKHX IIPENATCTBHH,
Kak 370 oTmeuasioch B pasf. 4.3, ans I[1C ¢ 3akpenaennbiM no 4 mnodo-
xKeuuio Dipy 3aTpydHsieT npouecc XenaToo6pa3oBaHHsa. ITO NpH-
BOIMT K CHHXKEHHIO KOHCTAHT 06pa30BaHHs KOMILIEKCOB, B 4aCTHOCTH
lg K nas kommnaekca mend(1l) ¢ noau-6-sHHHA-2,2"- IHNUPHAKIIOM
paseH 5,5, a4 [is HHU3KOMOJEKYJsipHOTO KOMILIEKCAa 3Ta BeJHYyHHa
cocrasasier 6,33 [105]. B3aumoneiictsre HoHOB xedesa (11) ¢ Dipy
MPUBOAHT K pasHosecuto 1:1, 1:2 u |:3 xomnaekcos, a i
MOJIH-6-BHHUI-2,2’- IMNIUPHAH/IE XapaKTepHO 06pa3osanue Toabko | : 1
xenata [l105]. Takum o6pa3om, NOJHMepHbIA JHraHa TMO3BOJsET
CTabHIM3UPOBATH KOMIJIEKCHI OfpeleqeHHOro CoCTaBa.

CaenyeT 0co60 OTMeTUTb, UTO 3akpensiende MX, Ha NoJMMepPHbIX
Xendarax TNPHBOAMUT K 0O6Pa30BaHHIO OYeHb MPOYHbIX KOMIIEKCOB.
Tak, npH BOCCTAHOBJIEHHHM NePeXONHOTO MeTanad, 3aKperneHHOro
Ha TOJiMepe C JUINHPHAH/JIbHBIMH (parMeHTaMH, He MPOUCXOMUT

pacuenJeHds XeJaTHOro yaJa:
E‘Dlpde(OCOCH3)2% %—D[pv.PdO

2

B maxkpokomnaekce Pd® moxer 6biTb BHOBb OKHC/JEH [0 P4t
pa36asiennoli asorhoit kucaoroil aubo (NHs)2Ce(NOs)s 603 pas-
PylleHHn mMeTandounkaa [646]. [Tono6HbuiM 06pa3om NPOUCXO.INT BOC-
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cranosaenne u Rh** 1o Rh'* nox neficternem Hy [108]:
{—Dipy-Rh%i?—»S-D&py-RhH

B jaHHOM Cyuae BOCCTAHOBJEHHE NPOTeKaeT B [Be CTAmuM: pa
nepBoii 06pasyercs Rh'*, a Ha BTOpO# NPOHUCXOMMT ABTOKATANK-
tnueckoe pocctaHosnenne Rh** ¢ yuacruem Rh'* B coortsercrauy
C ypaBHEHHEM '

d[Rh'*] / dt=k[RR*T]?[RR'T].

Ummobuauzosanusii Rh'* ycrofiuns auuib B armocdepe Hs.

Bblllle yke oTMmeuanach (cM. pasfd. 3.1) BO3MOXHOCTBL BoccTa-
HOBAEHHA Na/Jlaui 10 HYJIbBAJEHTHOrO COCTOSIHUA JaXke B npouecce
ero 3akperjieissi Ha NOJHMepe C JKIHPHAKJIbHBIMH TPYIIAMH,

ConoctaBuTeNLHEA aHalNW3 NnapaMeTpoB paclllelNeHUsi HH3KO- U
BbICOKOMOJIEKYJIPHBIX KoMIJlekcos Hukeds (II), kobanbta (I1) u
xpoma (II1) ¢ Dipy u Phen nokasan (tabn. 5.2) ymeHbuieHHe Beu-
ydHel Dg W nosbillleHHe HedeloayKceTHUECKOTO napamerpa B rnpu
nepexone or HMX k MMX. Tlpu yuere [735] toro, uto Dg~1/a°
(@ — paccrosinse MeTasJl — JIMraHa), TaKoH MOPANOK H3MeHeHus: Dg
cBHIETe/IbCTBYET 00 yBeJHueHHH NJHHbl MeTalVI-JUraHIHbIX CBS3eH
B 3TOM pany [753].

Kak u cnenosaJslo oXXHaarthb, €CIH MoJiUMep He HabyXaer B HaHHOM
pacTBopHTeJe, TO peakuusa Xenatoo6pa30BaHUs NPAKTHUECKH He Npo-
Tekaer. JTo elne pa3 [MOATBEPAUIO HCCJel0BaHHE B3aUMOLEHCTBUA
COeNHHEHHH repexoaHblX MeTaslJioB ¢ NOJHUMepoM Ha ocHose 2,2'-1H-
nupuanimerada [117]. Hasa atoro nosnmepa cocras o6pa3yiolIHXxcs
MEeTaJIOXeNaToB TakXKe 3aBHCHT OT MpUpPOAbI MeTaajla M CBsidaH-
HbIX C HUM JIHFaHJOB.

Has TTAK, comepixaweft 3seHbs Phen, ycraHoB/eHo nocaeno-
Bate/lbHOEe 006pA30BaHHE KOMIJIEKCOB coctaBa l:] (uMeloliero Haw-
Gonbllylo KOHCTAHTY YCTOMUMBOCTH), a 3aTeM 1:2 npH yBeJHYEHHH

TABJIMLIA 5.2. 3aekTponnsie nepexodst u napameTpol pactyenienis
komnarekcos nukeasn (I1) ¢ Dipy (1) u Phen (2)
U UX 3AKPENAeHHOLX HA NOAuITUACHe anaao2o8 (3 u 4 cooreeTcréenno)®

Mepexoawm, cu™! Tlapamerpsl
Komnaexe
Vi ¥a YAsg—'E, Vi Dg, em™' | B, en™! p

- 11340 17680 13200 _ 1134 773 0,743
11340 7680 13200 97940

ED) 11640 18440 13150 — 1166 830 0,797
< 11660 18400 13150 29190

3 10280 16490 13020 27000 1028 837 0,804
{0280 16490 13030 26900

4 9900 16020 13210 27000 990 857 0,823
9900 16020 13210 26530

*
SKCﬂepHMeHTaJIbeIC 3HaYeHHUs npeacrtaBieHbl B yHCJOHTENE, A paccqmauﬂble -
B 3HaMeHareje,
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crenedn Koopanuaunu [116]. I1pu nepexone ot 1:1 Kk 1:2 xomnaekcam
Haémonae"rcn He3HAUHTE/bHOE yBesHuelne A, W 3aMeTHOE yMeHblle-
une a’ (ua 0,05), uTo ykasbiBaeT Ha Heﬁonbmue TeTpaspHUeCKHe
HCKAMEHHSt CTPYKTYPbl KOOPAMHAUHOHHOTO y3/a. JT0 0GbsiCHACTCH
CTEPHYECKHMH NPENATCTBHAMH NPH Pa3MCLLICHHHM YeTblPeX KOOPAMHH-
POBAHHBIX aTOMOB a30Ta B OAHON MJOCKOCTH. Tak e Kak H NnoJnMepbl
¢ rpynnamu Dipy, XMJI, sBkawuaouine Phen 3Benbs, ABaA0TCA
3 PeKTHBHBIMH KOMIIeKcoobpa3oBaTensamMn [115], npuuem u B aaH-
HOM cJyuyae BOCCTAHOBJIEHHC MEPEeXOAHOro MmertaJjJa nporekaer 6es
pa3pylleHus Meraanoumxaa [754].

[pn nepexome ot xomnaekcoB Dipy K komnaekcam TPy ycroi-
YHBOCTb METaJ/JIOXEJaTOB 3HAUMTE/NbHO noBbiniaetcs [641}, uro co-
OTBETCTBYET HU3KOMOJIEKYJSAPHBIM aHaaoram [38].

Ckopoctb peakuuu xenatupoBaHua meaH (I1) cwmteimu nosnume-
paMH, coaepKaulMMH TnMpa3ofbHble ¢parmentn, (5.1) u (5.2)

N N
; \——N——N LN—N
(5.1) (5.2)

OYeHb MaJjla H MaKCHUMaJbHasl cTelleHb KOOPAHHAUMH JOCTHraeTcs
yepe3 2 cytr. KHHeTuka 3TOH peaKUuH ONMMUCHIBAETCH CJ€AyIOULHM
COOTHOLLEHHEM:

In[Chax/(Cmax— C)] =kt

3aeck Cp .y — MAKCHMANBHAS KOHIEHTpalus MeTalla Ha nosiumepe.
Beanuunn C,, # & paBHbl 37 mr/r u 2,4-107% 4= paa noaumepa
(5.1) 39 mr/ru6-10" ' ana noanmepa (5.2) COOTBETCTBECHHO.
Takum obpasom, CKOpOCTb peakuHu woHoB meau (i) ¢ XMJI Ttuna
(5.2) Goabiue, yvem ¢ XMJI tuna (5.1). 1o, oueBHaAHO, 06YCAOBIEHO
6o/1ee NPEeANOUTHTEAbHOH KOH(pHTypauHeHd xenaTHpPYOWHUX dparmeH-
TOB noaumepa (5.2), yem noaumepa (b.1), nns CBA3LIBAHHA HOHOB
meau (I1). /lanHpie o cBA3biBaHHKM MeaH (Mr/a) nupasos-copeprka-
ILHMH TIOJIMMEpPaMH MpHBEeHB HHIKe:

[1poaon«HTeALHOCTL KOHTAKTA, Y i 2 4 8 16 24 48 96 168
[Toaumep (5.1) 2.2 3,6 5,5 6,3 1t 128 188 245 290
IToarmep (5.2) 5,7 9,5 126 172 268 31,8 372 — 37,8

5.1.2. N, O-Xeaartnl

Cpean MMX storo THnma Hauboaee JeTajlbHO HCCJAE]0BAHHBIMH
ABJIAIOTCA KOMIJIEKChl METaJjloB € noJHamHaoamuHamu (taba. 5.3),
coflepKalluMH JOHOPHBIE aTOMB! a30Ta H KHcaopoaa [151, 755—762}.

[onnamugoamuunl, npeacrasiertple B Ta6s1. 5.3, 06pa3yoT ¢ HOHAMH
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TABJIMUA 5.3. Koncranter ycrotivusoctu komnaexcos medu (11) ¢ noauamudoamunamu

U ux HU3KOMOAEKYAApHoMU modeaamu npu 298 K 8 0,1 M pacreope NaCl

Jluraua

Peakins

lg K

Ainax 10 7% em™' (e)

/\
~CHgCOf\{_/NCOCHQCHgf;JCHZCHzf\IICHg‘” (5.3)
CHj CHg3

) CH,CHoNCH,CHoNCH,CH 'COFO (5.4)
OUNCO 2C 2NCHZCHoNCHCHCON (5.
CHj CH3

™\
“'CHQEN\_/NCOCHgCHgf;lCH2CH2f;|CH2CH2f}]CH2"' (5.5)
CHg CHgj CH3

— Van
CHoCHoNCH,CHRCON - O (5.6)
O\_,NCOCH2CHQI}JCH2CH23|1 Ha 20 HaCHy -, (
CH3 CHj CH3

~ N NCOCHCHaNCHa~
CH2CO 20UR2 2

(CH2)2N(CHg)2 (5.7)
/\
Q NCOCHQCHQNCHQCHQCOQ (5.8)
(CH2),N(CH3)2

Cu?* 4 L—CuL?*
CuL?* 4+ OH™ =Cu (OH)L™*

Cu?t 4 Le=Cul?+

CulL?t* +0OH~=Cu (OH)L*

Cu®* + La=Cul??t
CulL?t 4+ OH  =Cu (OH)L*
CuL?* -20H~ «=Cu (OH),L

Cu’t 4 Le=Cul?+
CuL2* +OH™ =Cu (OH)L*
CuL?+ £ 20H~ «=Cu (OH),L

Cu*t 4 L=CulL?*
CuL?t 4-OH™ «=Cu (OH)L*

Cu’t 4 Le==Cul?t
Cul?* +OH - =Cu (DH)L*
Cul?t +20H ™ =Cu {OH),L

8,96
5,02

9,10
8,40

5,36
5,17
10,25

6,45
5,09
9,90

8,47
6,12

8,61
5,7
8,7

14,8 (174)

14,8 (176)

14,9 (169)

14,9 (169)

14,2 (1 5)

14,1 (125)



€81

‘*-COT\IICHQCHQI}JCOCHQCH2||\|CH2CH21’I\|CH2CH2"‘ (5.9)
Cl:Hz CI:HQ CH3 CHj
CHj CHs

~CONCHzCHzNCOCH, CHaNCHCHp~  (5.10)
9*“2 ('3H2 (/CHz)z
CHs CHj N(CHj3)»

—
~CHCON  NCOCH,CHzNCH,CHNGHy~  (5.11)
(PH2)2 (CH2),
N(CHg)2 N(CHj),

0 NCOCH,GHNCH,CHaNCHaCHoCON 0 (5.12)
2 2\ 2 2 \ 2 2 ) .
(/CH2)2 (CHg)z
N(CH3)2 N(CH3)2

o
~CH;CON _ NCOCHaCHaN(CHo)3NCHp~  (5.13)
CHy CHs

Cu?t 4 Le=Cul?*
Cul?* £ OH~+=Cu (OH)L*

Cu®* 4 Le=Cul?*
CuL?* 4+OH =Cu (OH)LT

Cu®t 4 LeCul?t

Cu*t 4 Le=Cul?*

Cu?*t 4 L:=Cul?*t
Cul?* 4+ OH 2=Cu (OH)L™*

Cul®* +20H™:=Cu (OH),L"

8,72
6,39

8,03
6,08

16,05

12,75

5,36
5,14
10,25

14,9 (240)

144 (1-5)



menu (1) u nukens (11) ycTodAunBbIe KOMILICKCHI B BOJHOM pacTBope.
B 1o Xe BpeMs TaKHE KOMIICKCHI HE o6pasyioT MOJHMEpH (5.14),
(5.16), (5.18), (5.19) c ONHUM aMHHHbLIM ATOMOM a30Ta B NOBTOPsi0-
nieMcsi 3BeHe WJH ABYMS aMHHHBIMH aTOMaMH a30Ta, CBA3AHHBIMK
B NHICDA3HHOBBIH UMK/, a TAKKE HX HH3KOMOJICKYJAPHbIE MOAesnH
(5.15), (5.17). OTH pe3yJbTaTbl HE ABJAOTCA HEOXHAAHHBIMH, No-
CKOJIbKY XOPOLIO H3BECTHO, YTO TPETHUHbIE MOHOAMHHbLI H N, N’-au-
3aMelleHHbIe MHIepHAHHb OObIYHO HE AAIOT YCTOMYHBBLIX KOMIIEKCOB

1 ™\
~ - ~CO~CHsCHo-N-CHo~ 5.14
CHaCO-N N-CO 2CHt 2 ( )

CHj

"\ N\

-C0O- Ho=-N-CH»CH,CO-N O 5.15
O\_JN COCHZCQI 2CH2 _ ( )

CHg
/
""CHQCO"NCN’CO“CHQCHTN\_/N’CHQ"" (5.16)
) OCH CH‘N,—\N—CH CH,CO Nr—\O (5.17
0 N-C 2CHN | 2 CHy \ A7)
~GO-N-GHCHzN— GCHyCHzN-CHaCHp™ (5.18)
CHy  CH O CHs
CHz CHj

§ ™\
~CO=N-CHpCH-N-CO-CHzCHz-N N-CHyCHz~  (5.19)

I N

?‘CI:H"’ CHz

i

LH; CHs

B BOAHOM pactpope. Kpome Toro, 3To CBHAeTe/NbCTBYET Takke 00
OTCYTCTBHH MEXMOJEKYJSAPHBIX KOMIJIEKCOB H TMO3BOJIAET paccMar-
PHBATb TOJNBKO JIOKA/bHbLIE XeJdaTHble y3/bl B CJydae MoJHaAMHI0aMH-
HOB, Il KOTOppIX Habuonaercsi o6pa3oBaHue KOMILJIEKCOB cocTaBa
I:1. Kak cnenyer u3 naHHbIx Taba. 5.3, KOHCTAHTHl YCTOMYMBOCTH
MOJE/NbHBLIX CHCTEM HECKOJbKO BhILIE, YeM B TOJHMEPHBIX, 32 HCKI-
YEHHEM KOMIligKca ¢ noanmepom (5.11), KOTOpHIH HMEET KOHCTAHTY
YCTOHYHBOCTH Bblllle, 4eM ero Moaesb (5.12), Ha TpH NOpsAKa.

Caenyer oTMeTHTb, YTO KOHCTAHTLI YCTOHYHBOCTH YBEJHYHBAIOT-
CAl ¢ TIOBBILIEHHEM HHCJIA ATOMOB a30Ta, NMPHCYTCTBYIOLIHX B MOHO-
MEDHOM 3BeHe, MpHYEeM NOBBLILICHHE COCTABJSET TPHMEpPHO 4YeThpe
nopsinka. HMcxfiouenne cocraBiasieT HH3KOMOJIEKYJSIPHOE COeNHHEHHEe
(5.12), B KOTOPOM TOJIbKO TPH M3 YeThHIpeX aTOMOB a30Ta NDHHH-
MalOT y4acTHE B KoMIeKcoo6pa3oBaHuu. BospacraHue pa3smepoB
XCJATHOrO WUHKJAA OT MATH N0 WECTH UPHBOAHT K CYLLeCTBEHHOMY
CHHXKCHHIO KQHCTAHT YCTOHYHBOCTH HJIM NaXe K HecrnocoOHOCTH Xe-
Aaruposate Menb(ll) ¢ o6pasoBanuem ycTOHUHBBIX KOMIICKCOB.
B 310M cayuae cHuKeHHE yCTOHUHBOCTH OGBACHAGTCA B OCHOBHOM
YMEHbUICHHEM SHTAJbIHH, TAK KAK CHHXEHHE KOH(OpMaLHOHHOH
CBOOONbBI B nojiHMepax 3HAYHTEALHO GOJblUE, YeM B HH3KOMOJEKY-
JIAPHBIX COEAHHEHHSIX.

Jlnranner, KOTOpble NOJKHBI 00pa3oBbIBaTh ceMHuJieHHble XeaaT-
Hele uukabl (5.20) n (5.21), He nawT YCTOHUHUBHIX KOMILIEKCOB.
Takum ofpasom, yannuenne anuatnueckoll uenu, cBs3HBAIOLLEH
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ATOMbBE a30Ta MOHOMECPHOTO 3BeHA, ¢HABHO CHHUXKAaeT KOMHHEKCOOﬁpa-
3y OULYo CHOCOOHOCTL NOAHAMUAOAMHHOB,

~CH?_CO-NCNco—CHQCH2~r;J—(CH2)4—r\[J—CH2~ (5.20)
M\ . CHs CHj
CH,CO NL_/N 0~CHy CHy N-CHp~  (5.21)
(/CHz)A
N(CHz )

YCTaHOBNEGHHBIE 3AKOHOMEPHOCTH HE 3aBHCAT OT TOro, SBJAAIOTCH
JH TOJHMEpbl «XKeCTKHMH», Kak, Hanpumep, (5.3), (5.5), (b.7),
HIAH «THOKHMH», Kak, Hanpumep, (5.9), (5.10); Toabko B cayyae «rub-
KHX» MOJHAMHAOAMHHOB KOHCTAHTbI YCTOHYHBOCTH HEMHOI'O MeHblile.
O6 3TOM K€ CBHIAETENbCTBYET HEGOAbLIOE cMellleHHe MaKCHMYMOB
NoJIOC NOTVIOILIEHHSA B 3ICKTPOHHBIX CNIEKTPAX B CTOPOHY HH3KKX YacCTOT
C OJHOBpPEMEHHbIM YMEHbLUCHHEM MOJbHBIX KO3(p(HUHEHTOB MOIIO-
meHus (cMm. taba. 5.3).

BuckosumerpHueckoe TUTpoBaHHe [575]), npoBeneHHOE Ha CHCTe-
max Cu’t — (5.3) u Cu®*t — (5.7), nokazano, 4T0 AIsi JAHHEHHOTO
noanMepa (5.3) BA3KOCTb MOHOTOHHO YMEHBIIAETCA C [JOBHIUEHHEM
pH (puc. 5.9). AHanu3 HaNOXKEHHA KPHBOH pacnpepeieHHs Ha 3a-

/Zgn/g
030 o-0—© ~700
4 o
&
80
- 3
60 &
070 RS
Puc. 5.5. 3aBHCcHMOCTb BA3KOCTH pacTBOPOB ~40 &
kommaekcos Cu’t — (5.3) (f) u Cu?t — ®
(5.7) (2) ot pH u kpueble pacmpeneieHus 20 Q
aas Kommiekca Cu?* — (5.3)
050 0

g 2 4 6 & 10pH

BHCHMOCTb BA3KoCTH oT pH nokaseiBaer, uto ymeHbiienue v,/C
NPOMCXOMHT N0 3aBepileHus oOpasoBanus kommuekca Cul u 3arem
5Ta BeJMUYHUHA OCTAeTCHd NPAKTHYECKH TMOCTOAHHOH, NOKa HE 3aKOH-
YHTCA JICNPOTOHHPOBAHHe JHTaHAa. Bropoi He60AbLWOH CKAuOK CO-
orBeTcTByer o6pa3oBannio HL:™ n oGbacHsercs KOH(OPMALHOHHBIM
nepexogom [151]. B To xe Bpems B caydyae pa3BefB/ACHHOTO MOJH-
Mepa (5.7) cooTBeTcTBYIOIAA 3aBHCHMOCTb HEe [lOKa3blBaeT pas-
JHYHBIX OTKJOHeHHH v,,/C BO BCeM HHTepBaje pH [757]. He3asu-
CHMOCTb Bsi3kocTdH 0T pH H creneHH kKoMIiekcopGpasoBaHHA AnA
nosumepa (5.7) sBaserca HeoObLIUHOH H, BepoATHO, oﬁyoc.noaneﬂa
TeM (akTOM, 4TO KOH()OPMAUHOHHHH Mepexo], CBA3AHHBIH C KOM-
M1eKcooGpa3oBaHHeM, 3aTparuBaeT TOAbKO OOKOBbIE 3aMECTHTERH H
He BJIHSET CyLeCTBEHHO HA XapaKTEPHCTHKH OCHOBHOH UeMH.
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Puc. 5.6. Ctpyktypa Komnaekcos mend (1) ¢ auHelAHbIMH (@) ¥ paspeTBieHHbIMH (0)
NnoJHaMHI0aMHHAMH

Komnnekent menn (I1) ¢ nMHeHHBIMH noaHamMuaoaMHHaMH GoJee
YCTOHYHBBI, YeM COOTBETCTBYIOULIHE KOMIJIEKCH C Pa3sBeTBJIEHHLIMH
rnosiHMepamMH, B OCHOBHOM OJsiarofaps 3HTajblOHHHOMY 3bhdekry.
3tor 3ddexr, oueBHAHO, 00yCAOBJeH BOBJedeHHEM KaPOOHHAbHBIX
rpynn B KOMIleKcooOpa3oBaHHe B cjaydae JHHeHHBIX [OJHMEDOB,
B TO BPeMf Kaxk B Da3BeTBJEHHBIX MoJHMMepax Takad KOOpIWHaUHA
3aTPyilHeHa H3-3a cTepUyecKHX TNpensatcTBUi (puc. 5.6) [657].
IHTponHiHLA 3hdeKT He OKa3biBaeT CHJALHOIO BJIMAHHA, TaK Kak
NOJBUKHOCTE aMHUAHOH rpynusl B Cul oyeHb HH3Ka no CTepUUEeCKHM
MPHUHHAM, NAXKe eCJH 3Ta rpynna He BKJOYeH2 B KoMIiekcoobpa-
30BaHHe.

AnektpoHHbie H 3I1P cnektpw komnnexcos Cul cornacyiorces
C HX TeTparoHaJ/IbHO HCKAXKeHHOH OKTasqpHuecKoi cTPyKTypol {761},
YTO AHAJOTHYHO HX HH3KOMOJIEKYJASADHBIM MOAEISM. ITO CBHAETEJb-
crByeT 06 OJHOTHIMHOCTH MPOCTPAHCTBEFHOI'O0 OKDYMXeHHsa meTasa
B 00€HX CHCTEMAX, T. €. pa3JjiiuHe B KOHCTAHTAX YCTOHYHBOCTH
MoXeT ObiTb O6BACHEHO TOJBLKO 3HTPONHUHBLIMH 3 QeKTaMu.

HccnenoBanne xenatoo6pasoBaHus HoHoB menu (II) c monume-
poM (5.22), B KOTOPOM aMHHHHe (parMeHTbl OCHOBHOH LenH pasje-
JgeHul rpynnoit SO, nokasaJso, 4to B 3aBUCHMOCTH oT pH ob6pasylores
aBa thna komnaekcos: Cul?t u Cu(OH),L[761].

“‘SOZ—CH2CH2‘—N(CH3)—CHQCHQ—N(CH3)—CH2 CHQ"‘ (522)

AHanu3 aaekTpoHHblx W IIIP cnekTpoB cBHieTenbcTByeT 00
00pa3oBaHUH LIECTHWICHHOTO XeJAaTHOTO HHKJAA C ydaCTHeM B KO-
OpAHHAUHHU aTOMa a3oTa u Kucaopoaa SO,-rpynmsi:

0—Cu2*  CHj
N4 KN/
7N\ N

CHj3



oo o -

Puc. 5.7. 3aBucumoctb g B, KOMILIeKcOB Q(%Qéo

meau (I1) ¢ noamamunoamusamu ot pH 19 \D.

18- N

50 &5 60 65 pH

Hansa kommiaekca Cu(OHsz)L koHcTaHTa yCTOHUMBOCTH yMeHbIUaeT-
cA ¢ nosbiieHueM pH (puc. 5.7), 4TO OOBACHEHO 3IHTPONHHHBIMH
s dexramu, nockoJAbky AH He 3aBucuT or pH.

HMHrepecHbiMH XenaToo6pa3yoilMMH JIHTAHAAMH SABJASIOTCA BH-
HHJIbHBIE MOJIHMEpBI, cojepXKalllie aMHHOaJKHJIAMHHbIE 3BeHbsl B
KauecTBe OOKOBbIX ueneil (5.23) [762]:

CO

I
f\llH (5.23)

<?H2)
NH,

7

Okasanocb, 4TO TOJBKO moJuMmep ¢ m=1 crnoco6eH 06pa3oBbLIBATH
KOMILIeKCchl ¢ HOHoM Meau (lI), kak 3to Habuwaansoch W B caydae
MOJHaMHA0AMHHOB, T. €. yBeJHUeHHe pa3MepOB XeJaTHOro UHKJA
NPUBOAUT K 3HAUHTEJbHOMY CHHXKEHHIO YCTOHUHBOCTH KOMILJIEKCOB
WJIH JaKe HecrnocoOHOCTH KOOPAMHHPOBATHL HOH merasmia. CrpoeHue
kommJjekca meau (I1) c monumepom (5.23) onpenensiercs pH pactBo-
pa: npu HU3KHX 3HadeHusx pH obpa3syoTcss KoMiekesl THa (9.24),
a MpH BBICOKHX — (D.25):

—0 C=0
]
HI\{/ \;lCu2+ _N
HoC
HQC\ /NH2 2| >CU2+
CH
2 H2C\NH2
(5.24) (5.25)

Takum o6pa3om, peub B JaHHOM cJdydyae HIET O KOHKYypeHTHOH
KOODJAHHALHH aTOMOB KHCJOpOJa M a30Ta, [pHYeM 3Ta KOOpAHHALHA
onpenensiercs pH pacrsopa.
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5.1.3. P, P-Xe.nan.n

Cpenu APYTHX MeTa/IOXEJNaTOB MOJIEKYJNSADHOTO THMNA OTMETHM KOM-
naekcbl Meranaos ¢ P,P-ponopubiMu auraupamu. Tak, P,P-koopau-
HAlLHA KOMIJeKca YHJIKHHCOHA YCTaHOBJIEHA [JS MOJH-m-(BEeHHJIeH-
uzobTanamuna (5.26), HecMoTpst HA HaJHyHe KAPOOHHJbLHBIX ATOMOB
kHcaopoaa [763]:

Cl_ PPhy

N/

PPz Php (5.26)
~N : N—-co.—©—co~

Hasa CCHABB, moauduuuposanHoro 1,2-6uc(audennadocdano) .
ITAHOM, NOKAa3aHO 06pa3oBaHHe MOHOSAEPHOro kKommiekca (5.27)
npu B3aumoneicteun ¢ RhH(CO) (PPhs)s [142], B To Bpemsa kax
HH3KOMOJIeKynapHbie adagaord 1,3-6uc (andennadochuro)nponan u

‘146nc(nu¢)euuﬂcpoc¢uuo)6y"rau o0pasyioT NHMEPHBIC KOMIJIEKChI
ponusi [764].

Ph _PPh (5.27)
N2
RhH(CO)PPhj

[pu B3aumopelicTBuH Toro ke makpoaurauaa ¢ Fe(CO)s obpa-
ayercsl cMech XeJartHbBIX (5.28) M MoJexyaspHbix (5.29) xommJjek-
cos [142, 765]:

f_@_pph PPh, (5.28) i—@—PPh PPh, (5.29)
. S b

Fe(CO)3 Fe(CC)s Fe(CO)y4

Ecau B kauecTBe HCXONHOTO COGJAHHEHHA MeTaJjl/la B3ATb KJacrep
Fe;(CO) 2, 10 Habmopgaerca ero MoHOMepH3auHA ¢ oOpa3oBaHHeM
KomnJaexcos (5.30) [766]:

l-@— PPhCH,CH,PPh,),[Fe(CO),l, (5.30)

x=1,2;n=3,4,y=1,2.

JIns1 noaumepos, coaepkKaiiiX onTHYECKH axkThHeHble 2,3-O-usonporny-
auper-2,3-puokcu-1,4-6uc (andennndocdruto) OyraHoBbie (I[I/IOCD)
CPYNMbl, TakkKe ycranosaena P,P-koopauHauus npH B3aHMoneHcT-
BUH ¢ MX, c ofpasoBatnuem Kommiekcos thma (5.31) u (5.32)
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(147, 148, 767, 768]:
~CHy—CH~ ~CH,—CH~

(5.31) (5.32)
0] 0 ) 0

H-..>-——<-muH He— - H
HoC  CHy Hch\ CH,

L Qf XY

PhoP
h
o o a >|\/ &

co PPhy

H, nakoueu, ormerum kommiekcel poaust ThHna (5.33) ¢ noau-
MepaMH, COAePXKALIHMH XHPaJlbHble MHPPOJHAHHDOCHHHOBLIE JH-
raHasl [769]:

~CHs—CH~

THz’q (5.33)
P .

5.2. BHYTPHKOMIUJIEKCHBIE COERHHEHHSA

D10 HaHGo/lee MHOrOYHCJAEHHAA TPYNNA MONAHMEPHbIX MeTaJ/oxea-
TOB, B KOTOPbIX HOH MeTaJsijla CBA3aH C Xe1aTHDPYIOIUHM (PparMeHTOM
Kak 0-, Tak H nv-cBA3AMH. He HMeA BO3MOXHOCTH AeTalibHO
ONHCATb NAaHHbLIH KJacc COEJHHEHHH, TepeuHcauM JHWb HanOoJee
CylleCTBeHHble THMb! XeJaTHbIX Y3J/10B, a TAKXe PAacCMOTPHM 0coleH-
HOCTH UX 06pa30BaHHA H CTPYKTYPY MOJyyaeMmblX MeTa/lIOKOMILJICK-
cos. Kax npasuJsio, 3TH MeTasiononriMepbl 06/1aAal0T CPABHHTEIBLHO
BbICOKOH TepMHUYECKOH W XHMHUeCcKo# ctoikocTbio. pyrasa nx ocobeu-
HOCTb — MOJIHOE HAacblllleHHe KOOPAHHALMOHHOH cdepbl MepexoiHoro
MeTaJJa, 3a HCKIIYeHHeM HEeKOTODbIX cjaydaeB, KoTopbie 6yayT npH-
BeICHBI HHUXKe,
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5.2.1. 0,0-Xeaatn

B ciyuae pacTBOPHMbIX MAKDOJHIAHA0B KOMILIEKCH MOJYYAIOT NyTeMm
HENnocpeacTBEHHOTO B3AUMOIEHCTBHA KOMIOHEHTOB B COOTBETCTBYIO-
mem pacTtBopuTene. Kak npasuso, of6pa3oBanHe HEPaCTBOPHMOro
[IPOAYKTa CBHAETENbCTBYET O MeXMOJCKYASiPHOM Xapaktepe obpa-
3youlerocst Komriiekca. Tak, B3aUMONeHCTBHe COeAMHEHHH MeH,
HHKeJas, KobanbTa, MapraHua, LHHKA, YPaHHIA C MOJAHMETAKPOHJ-
aleTOHOM NPHBOAMT K BbinajeHu© ocaakoB [152}, koTopble pacTBo-
PAIOTCSL B PeakilHOHHOU cpele npu cuHxkKenunu pH pacrBopa. Tloau-B-
AHKeTOHATHl TMOJyYeHHl H N0 peakuHH JHrawgHoro oOMeHa
c M (acac),, rae M=Co, VO, Rh(CO), Fe [178]. 10T ke npunuun
HCMO/Ib30BaH H NpH CBA3bIBaHHK saypatoB Cu’™, Fe*t u Cr+ ¢ no-
JHMepaMH, cofepxaulimu acac-rpynnupoBku [770}. Ckopoctb obme-
HA JAAyPHABHBIX TPYNN ymedblliaerca B psany Cu’t >Fe3t > Crd+,
MeTtoa obmena mertaslioB npumened {175] nas nosyuesHs Komniekca
Hukeasd (II) ¢ monnakpunounaueranbaersaiom, 3aKpelnaeHHbM HA M0-
' BEDXHOCTH MoJiH3THJAeHA. [Ipn KomnaekcooOpasoBakun Habawonaercs
CHHXeHHe YacCTOT BaJleHTHBIX KoJeOaHHH CONpSIMEHHBIX CBA3el
C=0 u C=C, urto cBHIeTeNbCTByeT O BbLIDABHHBAHHHM CBfi3ed B
KBAa3HAPOMATHYECKHX Meraaiouukaax. B 6GosblidHCTBE Ciyuaes
nabaionaerca 64M3KOe CMelleHHe ITHX YACTOT A HH3KO- H BbICOKO-
MOJIEKYASIPHBIX METadi0XeaToB, KaK 3TO0 OTMeyanoch, Hanpumep,
npH u3ydenun ceaspiBanua Cu’t u Cd*T ¢ 3-Bunuabens [f] ungason-
49-1HOHOM H TloJuMepom Ha ero ocHoBe [771]. B oranune ot
CLUMTLIX MOJIHMEPOB, 4151 KOTOPbIX XxapakTepHo 00pasoBsaHue KOMIJIEK-
cop cocrtapa l:1 uau 1:2, nas pacTBopHMbIX ToaumepoB Ge3 3a-
eTHBIX HaNpsKeHHR 06pa3yioTca KoMmiekch cocraBa 1:3 [178].

1 I
7
7 2
/ 5
| | !
\ 13 0 A g e 16
l Codepaarue Eu, Yo(mac.)

540 580 620 660 A Hm

Puc. 5.8. DMHCCHOHHBIE CIIEKTPH KoMILIekcoB esponus(l1l) ¢ nouu-n-OGenzorjale:
TuaCTHpPodoM (5.34) (/) n aubensousmeranom (2)

Puc. 5.9. 3aBHCHMOCTb WHTEHCHBHOCTH (uiyopeclleHuuu mpu 613 um OT conepHatii
esponusi B Kommaekcax ¢ XMJI twna (5.34) (/) u (5.35) (2)
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B To Xe BpemMs B 3MHCCHOHHOM cnekTpe (puc. 5.8) KoMmJjekca
esponus (I11) ¢ noau-n-6enzounnauveruncruponom (5.34) Hapsiay c
OCHOBHBIM NHKOM T1pH 613 um 6aaronaps nepexosy °Do— Fo (Kak
H B HH3KOMOJIEKYJSIPHOM aHaJ/ore — KOMILJIEKCe eBponusl ¢ AHGeH30-
HJIMETAHOM) TpOfiB/AsieTCS AOMNOJHHTENbHO NHK npu 580 HM, oTHoCH-
uLHics K 3anpeuieHHoMy nepexony *Do— Fo [168]. [TosiBnenne 3toro
nika 06yCIOBJAEHO CHHXKEHHEM CHMMETpHH BOKpYr HoHa Eut us-3a
CTepHYeCcKHX NPenATCTBUI 1)1 06Pa30BaHHA NOAHUHKIHYECKOTO KOMII-
Jexca. [1osbinieHHe CTeneHy KOOp/AHHAUHH B 1aHHOM CJy4yae NPHBOAHT
K o6pa3oBanHio Hapany c 1:3 emwe komnaekcos 1:2 u 1:1, nosromy HH-
TEHCHBHOCTb (/1yOPeCLLeHUHH OCTaeTCsl TIPaKTHYECKH MOCTOSIHHOM noc-
Je [JOCTHXEHHS MaKCHMyMa TMpH HH3KHX KoHueHTpauuax Eu’t
(puc. 5.9). [lpyrHMH CJI0OBaMH, MaKCHMaJlbHas HHTEHCHBHOCTb COOT-
BetcTByeT 1:3 Komnaekcy mexay Eu’™ u noaumepom. [Ipu sBenenuu
acac-rpynnHpoOBKH B OCHOBHYIO llenb (5.35) 06pa3oBaHue KOMNIEKCOB
coctaBa 1:3 eute GoJsiee 3aTPYAHSETCA H NO3TOMY OCHOBHBIM fIBJISETCA
B JIAHHOM CJyyae KOMIJIEKC 1:2, HMEIOIHH HH3KYI0 HHTEHCHBHOCTb
payopecueHuuu (cM. prc. 5.9).

(lJO NCOCHzco—-@—O—@—COCHch-@'\'

(5.35)

(5.34)

CpaBHeHHe KOHCTAHT YCTOHYHBOCTH KOMIJIEKCOB NEPeXoJ]HbiX Me-
TaAA0B C TNOJHMETAKPHJIOHIAUETOHOM H €ro HH3KOMOJeKYJSPHbIM
aHaJoroM — nuBajounauetroHom (ITA) cBuzetenbcTByer o Gosbuieil
YCTORYHBOCTH TNONHMepHBIX XenatoB (taba. 5.4) [152]. K wunre-
PECHbIM BbiBOJaM NPHBOJAUT CpaBHeHHE MMOC/eJ0BATENbHBIX KOHCTAHT
ycroduuBoctd ans MMX uw HMX. Tak, ans nuBanousaineToHa H

TABJIMUA 5.4. Koxcranter o6pasosanus merarsoxenaros ¢ fIMA u [14

MMA 1A

M2+
18 Kpaem lg Bn g Kpapy lg i
U0, —57 23,1 —4.8 22,2
Cu —6.1 22,8 —5,0 22,0
Ni —1ii4 17,4 —1L0 15,9
Zn — 113 17,5 — 11,2 15,8
Co — 11,7 17,1 —112 15,8
7 15,1 — 13,5 13,5

Mn — 13,
11-1132 161



mMeTakpoHuaaleroHa oTHoueHHe K :K» paBHO 1,08 1 1,12 cooTser-
CTBEHHO (/I KOMMJIEKCOB MeaH). TakKdHe 3HaYeHHS XapaKTepHbl
A HH3KOMOJVIEKYJISIpDHBIX XeJaTOB H CBHAETEJbCTBYIOT 006 yMeHb-
LIeHHH TMOC/AEe]0BaTelbHbIX KOHCTAHT YCTOHYHBOCTH (cM. pHC. 1.5).
B 1o e BpemMs aJ8 TOJHMeTakpOHJAalleTOHAa aHa/JOrH4yHoe OTHO-
mlenue paBuo 0,84, T. e. KOHCTAHTHl YCTOHUHBOCTH YBeJHYHBAIOTCH
CO CTeNeHbl0 CBsA3biBaHHA B OTJHYHE OT HH3KOMOJIEKYJIAPHBIX JH-
raHfioB. 3TO #ABJsIETCA CJEJACTBHEM KOONEpaTHBHOIo <«3dpdeKTa
HenH», KOTOPLIH 33KJAK04aeTcss B H3MeHeHHH (POPMbI MAKPOMOJIEKY /bl
B pactBope np# Kommnekcoob6paszoBauuH. FIHBIMH c/0BaMH, KoopuH-
HHPOBaHHEe BbI3biBaeT BbiriGaHHe MOJHMEPHOH Uend H jJejaer ee
KoHpOpMaLHIO GJAaronpHATHON [JA AaljbHeHIIero npoTeKaHHs peak-
uad. Ha npumepe IIMA 310 mMoxXer ObiThb npeAcTaBJ/cHO CledyIOUHM
obpa3om:

CHq CHy
—0 =0
CHg \—oH M
J OH v; O\M"' CH,
=0 —0”
Hy CHy
—C——CH -——C—

o

Ilpu yBesHyeHHH OJNHHBI CoelHHHTEALHOIO MOCTHKA MEXAY XeaaTHDPY-
IOIHM (ParMeHTOM H OCHOBHOH UENbIO pa3/iHYyHe MeXKAY HH3KO- H
BbICOKOMOJIEKYJ/IsipHBIMH ~ XeJlaTaMH TpaKTH4YeCcKH Hcyeszaer [721].

Ha ycrofiunBocTb MakpOMOJEKYJSApPHLIX MeTaJ//0XeaaToB Cy-
WeCTBEHHOE BJHSAHHE OKa3blBaeT H NpHpoAa Mertaata. laK, cra-
6HAbHOCTD NOJIHEHONKETOHATHLIX X€JIaTOB Ha OCHOBE OKHCJeHHBIX ILIe-
Hok [IBC yseanuuBaerca B pagy Howos M < M*T <M** [171].
BaxxHo, 4TO OKHC/IeHHe NJIEHOK CocOGCTBYeT NPOHHKHOBEHHIO HOHOB
MeTaJlJIOB B WX IyGHHHBIE CJOH.

HMutepecnoe HabaiogeHne ObL10 caeslano B pabore [178] mo
KOMMJIEKCOOOPAa30BaHHIO TeTPaxJopuaa THTaHa C [10J1HMepoM, CO-
AepXamwHuM acac-rpynndposkd. Kak wusBectwo [772], naskomone-
KyaapHuiit Kommaeke [Ti{acac)oCly| B NPHCYTCTBHH BO3lyXa MIrHoBeH-
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HO [IPEBPALLAETCS B -OKCO-KOMMeKe. OaHako okpacka u UK cnexrp
NOJHMEPHOTO X€1aTa He H3MEeHSAIOTCS NMOA NeHCTBHEM KHCJIO0pOAa BO3-
AyXa B TeueHHe 2—3 CyT, YTO CBHIETENBCTBYET O MOBBILIEHHON YCTOHYH-
BocTH MMX no cpaBHenuio ¢ HMX. 210, 0ueBHAHO, CBA32HO C BJAHSA-
HHEM XKEeCTKOH MOJHMepHOH MaTPpHLUBI, KOTOpas npenaTcrTeyer cO/HxKe-
HHIO 1BYX MeTaAICOAepKallHX (hParMeHToB A1 06pa30oBaHust L-OKCO-
KOMIIJIEKCa.

Ha npumepe MMX BHYTPHKOMWJIEKCHOTO THMA MOXHO OTMETHTb
elule ONHO HHTEepeCHOe sBJieHHe, HAOJIOLAaeMOe B pPeaKUHAX MOoJH-
MepHbIX AHranaoB ¢ MX,,— ocnabneHue cBsi3zell B mpopyecce Xenarto-
oGpa3oBaHHs, npuBoasilee K ray00KoH necTpyKUMH MOJHMEpHBIX
uened. Tak, y>ke B CpPaBHHTENLHO PaHHHX HCC/I€JOBaHHAX Gbl NNOKa3aH
rOMOJIMTHYECKHH pacnaj CBf3H MeTaqaJd — JHraui B noJH-f-keTto-
a¢Hpxesarax, nporekawoumi no cxeme [773]

0 o- 0
~CHy—C” M ~CH—C” M . ~CH,—C% M
Aot = TR Pt
~c? NC\Céo C\C¢

| l |

OR OR OR

O6pa3sywoliuecs MaKpopaaHKa/abl HHHIHHPOBAJAH NPHBHBOYHYIO MOJH-
Mepu3auuo OyraaueHa. [leTalbHbIH aHAAH3 MeXaHU3MA AeCTPYKUHH
NOJIMJHIaHA0B NpH HX B3aumopedctBun ¢ MX, ngau B palo-
te [5].

O6wupHble HCCNEA0BAHHA NPOBe/eHb N0 KoMINekCoo6pa3oBaHHIO
MOGHOB MepeXoAHbIX MeTaloB C MOJHMEPHBIMH JIHFaHAAMM, COAepKa-
UIHMH TPYNnbl CaJHUKJIOBOFO aJlblerHAa HJH CaJHIIHIOBOH KHCJAOTHI.
Tak, npoayKThl KOHAEHCaUHH MOuYeBHHODOPMaNbAEFHAHBIX CMOJM H
caJHUMI0BOI KHeaoTol ¢ Co® T, Mn?*, VO**, UO3+ u Ni?t pator xe-
aatbl MLy, a ¢ Fe?t — ML; [197]. TIpuuem rommiekcooGpa3oBaHHe
MPHBOAHT K HEPACTBOPHUMBIM MPOJYKTaM, YTO CBHIETEIbCTBYET 00 HX
MEXMOJeKyIAPHOM Xapakrepe. Ha 0CHOBaHHH A3HHBIX CHIEKTPAJbHbIX
"M MarHMTHBIX HCCNeOBAaHHH KOMIJIEKCAaM HHKeJs, Xeje3a W MeaH
MPHMHCAHO OKTa3ApHYeckoe cTpoeHHe, koBaabTa — TeTpasapHUeckoe,
a BaHaAM/la — MCKaXKeHHOe KBaApaTHONMHPAMHAAJNbHOE CTPOEHHe C
aHTHheppOMarHUTHLIM B3aWMOJEHCTBHEM MeXAYy HOHaMH MeTalja
(n,,=0,63 M. b. npu komMHaTHO# TemnepaType). Xenaroo6pa3oBaHHe
NPOHCXOZHUT 33 CHeT KapOOHUJBHBIX H I'MAPOKCHIBHBIX TPy N pparMeH-
TOB ca/fHUHAOBOH KHCA0TH 6e3 yuacTus rpynn = NH n= C=0 moue-
BHHO(OpMalblernaHbix ¢parmMeHToB. C yyeTOM HEYNOPSAOYEHHOH
CTPYKTYpbl HCXOJLHOrO MOJHMepa GblM MpeasoXeHbl ABa THMA KOMII-
nekcoB (5.36) u (5.37) B 3aBHCHMOCTH OT paCho/loXKeHHs ¢par-
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MEHTOB CaJIMIHJOBO# KHCIOTHl B NOJHMEpPHOH LeNH:
H,0

0" T~0
h H 3 B 4 |
CHy
(5.36)
H,0
CHy~
oc—-—o\}d/o—co 2
JecHEn
H H CH ~t/
H,0 2
~CH2 CH2~2
(5.37)

Kak u B cayyae nojiuMepcB € P-JAHKETOHHBIMH FpyillaMH (CM.
Tabn. 5.4), nabawgaercsi NoBblLIeHHe KOHCTAHT YCTOHYHBOCTH NpH
nepexoge or HMX (5.38) = MMX (5.39}, sxawouawowuM ¢par-
MEeHTbl caJuuMIoBOH Kucaoi . [203]:

?ﬁa CI:H3
CH2=C—CO—-NH—@—O\ ~G—CHp™
n |
OH NH 0
(5.38) >M/"
: =0
OH
(5.39)

3uauenusa lg K, aas kommiekcoB (5.38) (uncautenn) u (5.39)
(3HameHaTesb) caenytomne: 2,67/4,61 (Fe*™) u 10,20/15,15 (Ti*™).
s KOMNNEKCOB ABYXBaJeHTHbIX MeTanoB ¢ XMJI, coaepKaillk-
MH TPYNMibl CANHUUAOBOH KHCJOTHl HAH O-THAPOKCHAleTOPEHOHA, N0
Ka3aHo o6pasoBaHue KoMmjaeKcoB cocraBa 1:2 (5.40) [188, 194}

O« _CH HgC c O
;I"Z e ’ =0\M o=c] s "N \Fl'/z
o o 0
CHy— CH, CH,-
OH | oH OH 1y OH
(5.40)
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TABJTHLA 5.5, JIgHNBIE MO2HETOXUMUU U 31EKIPONNOL CREKTHOCKON LU
Komnaexcos mMerennos ¢ XM,
co0epMaLIuM 2pyNALl CeAULU08020 anvdecude [194)

M H 3as M.B. Mepexorsr, em—1 ‘ Osrecenne
Cuz‘ 2,00 15504 ' 2B1 - 2Al
NiZ* 3,12 9216 - 37
15625 3A2§ Lo, lfn
Co?t 4,55 58889 4A25 - 4Tlg U")
16260 4A2g - 41‘1 P
Mn2+ 5,68 : 15267 P - hTI (*G)
181118 2 4T 5
23529 i, 427 L o)

*[I[13 — roroca nepexoca 3ap4arna.

Ha ocHoBaHHM TaHHBIX MArHETOXHMHM M 3JIEKTPOHHOH CMEKTPOCKOMHH
(rabn. 5.5) ons KOMINEKcOB MeaM I[penNoxeHo NIoCKoKBapatHoe,
HHKeJIs M MapraHua — OKTasJpuueckoe, KoDalbTa — TETpa3ipHuecKoe
CTPOEHHE KOOPIHHALMOHHOTO Y374,

Nonuxenars coctaBa MLy u ML ana nByx- # TpexBaleHTHBIX META1TIOB
(5.41) cooTBETCTBEHHO NOJIYUEHB! U ¢ NPOAYKTaMi KoHOeHcalit n-THIPOK-
cuBEH301HOil KUCTOThI, MOUEBMHB M QopMmanpierina (IocpeacTBoM
$eHoTbHOM M HOHU3HPOBaHHOI KapBokcuisHod rpynn) [197]. Mo cTaduis-
HoCTH B obnactu 348-913 K 31 Merannoxenatsl pacnonarawTca B paAm:
Fed* >Co?2+ > Cul+ >Ni2+ >LO2+ > Zn?+* =Mn2+ > XM Jpyrumu cllosa-
MH, B JaHHOM cslyuae BBEI{GHHE METalla B XenaTUpylouuil TNolHMep
APHBOIMT K NOBBIIEHHK €70 TePMOCTOHKOCTH,

H,0
!
\/
\
/O T ~~co

@-—CHZ——Q—CHQNHCONHCHQ
N
H0  (5.41)
Has CCOBB, mommduuuposanHoro rpynnamu Karexosaa, ycra-

HOBJIEHO 06pa3oBaHHe CMeCH JIBYX THIIOB KOMMIEKCOB (5.42) u (5.43)
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npu BBaHMOﬂeﬁCTBHH ¢ VO{(acac), [598]:

cadg
Ed

e
. o_/.io
B A S

(5.43)

HurtepecHo oTMeTHTb, 4TO B JaHHOM Cjlydae HabaiogaeTcss paBHO-
MepHOe pacrnpejeseHHe HoHoB BaHaaua (IV) B nonnmepHo#t marpuue.

K O,0-xenatHpyouidM MaKpoJaHraHAaM OTHOCATCA H TOJAHIHADN-
KcamoBble KHcaothl. M3ydenHe Wx KOMNiekcoo6pa3oBaHHA € HOHaMH
menH (I1) noka3sano, 4ro ¢ NOBBILIEHHEM MOJIEKYJAPHOH Macchi NOMH-
mepa (oT 3000 no 15000) KoHCcTaHTHl YyCTOHYMBOCTH yMEHbLIAIOTCA
{773]. 310 O6bsACHAETCA BAUSHHEM TMOJHMEPHOH LeNdH — CTepHue-
CKHX INpensiTCTBHA HAM CTaTHYECKHX 3apsinoB. HemanoBaxHyio
POJb HFpaeT TaKXe CKPyYHBaHHe NMOJHMEPHOH UeNnH B BOJHOM PacTBO-
pe. B 3aBucHMocTH OT cTeneHH KoopAaHHAUHH (Taba. 5.6) KOHCTAHTHI
YCTOHUHBOCTH HMEIOT MAKCHMYM: OHH BO3pacTalOT C YyBeJHYEHHEM
0 B obnacTd MaabiX 3HauyeHHH O W CHHIKAIOTCA B 006/1acTH GOJbLIMX
3Hauenddt 0. Ha wuawm B3rnsan, yeBenwuyeHwe O B pgaHHOM caydae
CBA3AHO C H3MEHEHHEM KOH(OpMAalHK NMOJHMEePHOHN Uend B pacTBope.

B oranune oT mnoauMepoB, cogepXaulMX THIPOKCAMOBble rpyn-
NHPOBKH (cM. pa3fd. 4.3), AN NOJNWFHAPOKCAaMOBBIX KHCJIOT Hexa-
pakrepHo ob6pa3oBaHue Komiiekcos [:3 [774]. [1pu MocTHKe (CH2)8
NpeancYTHTEIbHO 06pa3oBaHHe KOMIIEKCOB 1:2 ¢ OKTa3ApHuecKoH
CTPYKTYpo# (5.44), a npu moctuke (CH»)s BO3HHKAIOT 3HAUHTE/NbHHE

TABJIHULLIA 5.6. Koncrauret ycroduusoctu xeaaros sedu (i)
€ noauakpuseudpokcamosol kucaorod (293 K, 0.2 M NaNOQ,)*

8 by by B
0,087 —-19 —29 —48
0,26 —0,75 —1,85 —2.6
0,43 —1,1 —-2,4 —3.5
0,69 —1,0 —28 —3.8

¥ bi=KiKi; br=K:Ks; B==bby= KK
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HaNpAMXKEeHHd, BCJAENCTBHE Hero 06paBOBaHH€ OKTa3ApPHYECKHX KOM-
NJAeKCOB CTAHOBHTCH HCBO3MOXKHbBIM.

,Fef Fet
O{ $O 0 O’I \\O 0
lll P: P: lll (CH,) r!J C 8 ;5 (5.44)
N TNT=(CHy)g— N~ —N~
“(CHy)g NCHy)

5.2.2. N,0O-Xeaatn

Jleta/lbHOMY HCCJIelOBaHHIO MOABEPrVIHCH XeJaTHpYOUIHEe MOJH-
Mepbl, CoiepIKaulHe B KadecTBe KoMIIeKcooOpa3yIoiuX rpynn gpar-
MEHTBl HMHHOAHYKCYCHO# KHcJaoThl. HTepec K HuM oObscHsercs
npe)kjae Bcero teM QakTOM, YTO 3TOT KJAACC MOJHMEPOB BbINYCKaeTcs
MPOMBILIIEHHOCTbIO (cM. Taba. 8.9) ¥ Hawen npumeHeHHe B pas-
JH4HbIX 06nactax. CpaBHeHHe napaMeTpOB pacluel/leHHs KOMILIeK-
coB KoGasbra (1) co cunteimu XMJ1, coaepxauiumu rpynnsl HMHHO-
AHYKCYCHOH KHCJIOTBI (Talu. 5.7), # HHU3KOMOJNEKYNAPHBIX aHAJIOros
[748] noka3biBaeT OJHOTHNHOCTb JHIaHAHOTO OKPYKEHHS MeTa/JoB

TABJTHUA 5.7. Jaexrponnsie nepexodsr u napamerpol
pacujennenus komnasexcos kobarera (1) ¢ npomviwaennoimu copbentamu,
COOEPHAUUML 2PYNNDBL UMUHOOUYKCYCHOU KUCAOTbL*

Mepexoan, cm™! TMapameTpht
Komnnreke Cennka
Dg, B,

Vi vz em-l d emt 8
CoCls — ES 466 (25%) 8450 18520 923 741 0,76 {10]
CoCl: — ES 466 (50%) 8660 18520 946 727 0,75 [10]
CoCl; — ES 466 (70%) 8440 18180 922 718 0,74 [10]
Co®t — Dowex A-1 8500 19500 930 805 0,83 [10]
CoCl; — Chelex-100 {0,5—30%, 8620 19300 940 785 0,81 [736]
BJAAXKHBIH)
CoCly — Chelex-100 (50—70%, 8470 19120 925 780 0,81 ([736]
BJAKHBIH)

Co (CIO4); — Chelex-100 (0,5—30%) 8600 19300 940" 785 0,81 [736]
Co (ClO4)2—Chelex-100 (50—70%) 8470 19080 925 780 0,81 ([736)

* O6o3HaueHus copbeHToB cM. B Taba. 8.9; B ckoOKax faHa CTeneHb KOOpAHHALHH.

B MMX u HMX. AHa/lloriyHbie pe3yabTaTbl MOJYyYeHbl H AJAA BOAO-
pPacTBOPHMOro NOJHMepa, COAEpIKallero rpynibl HMHHOAHYKCYCHOH
TABJIULIA 5.8. 3naqenusn 1g K xomnaekcos MeTarios ¢ noAumepamy,

COOepacauiimu 2pynnol UMUHOOUYKCYCHOU KUCAOTDL,
U C UX HU3KOMONEKYAAPHBIM AHARO20M

[lonumep
Hon mertanna - Monomep
NHHERAHBIA —[ CIHTHA
Cu*+ 11,1 10,8 10,4
Ni?+ 8,2 7,7 7,9
Co?t 7.9 7.3 7,1
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TABJIULIA 59. 3nauenusn lg K xomnrexcos merarics
¢ noaumeposm (5.45) u eeo anarocom

Juramnn Co™* Ni** Cu*t
(5.45)* 8,68 9,74 11,50
(5.45)** 8,96 10,07 11,76
Mokomep 6,59 8,07 10,70

* [X]] =0,118% (mon.). ** [XD] =0,493% (mon.).

KHCJIOTbI L775]. KoHcTaHuThl YCTOHYMBOCTH pacoJaraloTes B Psp
Ni?T >Zn?* > Co?* > Ca’* > Mg’ *, KoTopblit analoruden ToMmy,
KoTopblil 6l HalAeH /st Oe H3HIHMHHOLHYKCYCHOM KHCJIOThI H HMHHO-
auykcycho#t Kucaotbl [776]. Ilpu nepexopse oT NMHEHHbIX K CLIMTHIM
MmosiuMepaM HabaK0[aeTcsi CHHXKEHHe KOHCTAHT yCToHuHuBocTH# (Tabi.
5.8) [777], uro o6bsicHsieTCA KOH(POpMAUHOHHBIMH 3DPekTamu (cm.
pa3a. 4.2). Kpome TOro, B [JaHHOM cJayuyde KOHCTAHTHl YCTOWUH-
BOCTH METAJIJIOKOMIIJIEKCOB MOBHIIIAIOTCA NPH Mepexolle OT MoHOMEpa
K nonumepy. Eule 6osbillee pasiuuue B KOHCTAHTAX YCTOHUHBOCTH
(nopanka 10—10%) 6bito nalineno (Taba. 5.9) nas comnonumepos
4-ununbensunamun-N, N’-1HYKCYCHO! KHCI0TEl H CTHPOJICY/Ib(OHa-
ta (5.45) [264]. Ilo-Bunumomy, npouyecc Kommiaekcoobpa3oBaHus
HOHOB MeTaJJioB ¢ MoaumepoMm (5.4D) mnpoTeKaeT B [Be CTajuu:

~CH—CH,— « - - —CH—CH,~
(5.45)
_CH,COOH )
CHp-N_ SOFNa*
CH,COOH

CHAuaJla MOH MeTasla MPUTATHBAETCH 3JMEKTPOCTATHUECKH CYabdo-
HaTHbBIM# TPYMMNaMH, & 3aTeM yXe [POMUCXOAHT €ro XeJaTHPOBaHHE
MMHHOAMYKCYCHbBIMU (parMeHTaMHu.

YBennuenne MEHTATHOCTH XenaTupylollero ¢parMenta obbUHO
MP#BOAUT K MOBHILUEHHIO KOHCTAHT YCTOHUMBOCTH, Kak 3To OblLIO
NOKa3aHo, HANpuMep, MJs noauMepos (5.46) — (5.49), comepxKauux
rpynnbl meTudeHPocPoHOBOH KHCJIAOTHI (B AAHHOM cayudae TaKxke
ocyiectsasieress N,O-koopaunanuus) (ta6a. 5.10) [778]. Bpenenue
BTOPOH MeTuneH(PocPoHOBON rpynnupoBKH NPUBOAMT K GoJee npou-

~CH-CHy~ (5.46) m=2,R=H

co (5.47) m=6,R=H
NH(Cig)m N-CHz-PO(OH), (5.48) m =2, R = CHp-PO(OH);
R (5.49) m =6, R = CH,-PO(OH),

HbIM KOMILTeKcaM, MpuueM HauboJee ycToituMBbie MeTaJ/JIoXeNarTh
06pasyloTcs ¢ TpexBajseHTHBIMH MeTaaAaMu # ypaHui-HoHoM. [locue-
OBATENbHOCTL  KOHCTAHT  yeTollunsocTH Mn’t < Co’t < NPt <
<Zn** <Cu’*t coorserctByer paay Wpeuura — Yuabsimca AAA
HH3KOMOJIEKY/SIDHBIX coeauHeHuit (cMm. pasn. 1.6).
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TABJIMLIA 5.10. 3nguenus lg K komnaekcos meraanros

- e

C nodumepumu . 40}—(0 49 )

MMoaumep | Mn‘t | Ca?t | Co'* | Ni** | Zn*t | Cu’” Yyt Fe'* [ Sc¢'*t | In’t uost

(546) 25 31 43 66 78 11,1 92 103 128 132 154
(547) 47 48 53 7.1 75 112 99 106 131 141 154
(548) 51 63 7.1 87 10,1 124 137 144 155 166 172
(549) 75 7.8 84 93 103 132 145 152 157 163 174

K HacrosiemMy BpeMeHH MoJyueHO O60JblIOe YHCJAO MeTaJdJioxe-
J1aToB ¢ nosnocHopaHuaAMH Ludda, BKIOYAIOLIUMH 1OHOPHBIE aTOMbI
a3oTa M Kucjaopoaa. [afA nodyyeHHss TakKUX KOMIJIEKCOB ObliH
HCHOJIb30BaHbl BCe OMNHCaHHble B TIJa. 3 cnocobel cHHTesa MMX,
KOHKpeTHble NpUMepbl NpeacTaBJjeHbl Ha cxeMme d.]1. B GosbuinHCcTBE
ciyyuaeB MMX 3Toro tuma SABJAAIOTCA TPHUHKJAMUYECKHMH, MpHYEM
COeHHUTENbHBIH MOCTHK MeXJAYy aTOMaMH a30Tta Moxer ObiTb He
CBAI3aHHBIM C noJuMepHOHd uenbio (5.50), cBsA3aHHbIM ¢ OOKOBOH
uenbio (5.51) uam BXxOAWTH B coctaB uenu (95.52). Ha crtpykrtypy
MeTaJ/10XenaTOB OKa3blBaloT HauboJblilee BJAHAHKE NpUpOAa MeTaJlaa,
JJHHA COEJMHHTEJbHOTO MOCTHKA MeX1y aToMaMu a30Ta, MOJH-
MepHas uenb. B cayuae Kkomnaekcos (5.50) onpelefioLHMHU ABJAAIOT-
CA nepBble ABa (akTopa, B TO BpeMd KaK BJHAHHEM [10JIHMEpPHOH
LHeNH NMPaKTHYECKH MOXKHO MpeHebpeub.

o G
Savar

(5.52)

(5.51)

HMMeouinecss naHHble NOKa3blBalOT NPUMEHHMOCTb YCTAHOBJIEHHBIX
ans HMX 3akoHOMepHOCTel BAHAHKA 3THX (PAKTOPOB HA CTEPEOXHMHIO
KOOpAMHAIHOHHOTO y3sa [52] ags udyuyenus crpoesuss MMX. B uacr-
HOCTH, NPH HAJHYHH KOPOTKOTO (3THJEHOBOIrO) MOCTHKa MeXIy aTo-
MaMH a30Ta XeJaTHbId y3el fABJAeTcd MNJOCKHM He3aBHCHMO OT
npupoabl MetaJjna [583, 590], ecan He NpPOHCXOAHT AOMOJHHTEJb-
Hasl KOOPJAHHAIIHA MOJIeKyJ PacTBOPHTE/S B aKCHAJbHBIX MOJOXKEHUAX
[661]. C yBesqnueHreM QJIHHBI CO€JHHUTEIbHOTO MOCTHKA NOBbIIAETCHA
BEPOATHOCTb 00pa30BaHHsA U APYruX KOHMHUTYpallHi, HanpHUMep TeTpa-
3ApHYECKOH U OKTa’3ApPHYECKOH, MpHYeM peasbHasA CTPYKTypa onpe-
JeJNAeTCHd COBMECTHbIM BJMAHHEM NPHPOAB MeTaJs/ja H AJHHbl COEeIH-
HHTEJbHOr0 MOCTHKa. Tak, asasa uoHa kobasbra(ll) nHanbonee xa-
paKTepHOH fABJAETCA TeTpa3/pHuecKad CTPYKTypa, KoTopas H HabJo-
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TABJIULIA 5.11. Saexrpornsie nepexoder u napamerpet pacuienienus
numriiencus noGuanoru tunu (3.90)

[lepexonn, cM™ [lapamerpn

v2 v3 Dg, cm™! B’ cm ! B

@‘CHz‘Q CH, 8475 15380 508 575 0,593
O_O_Q CH, 8333 15870 494 625 0,644

CH, 9091 16810 542 643 0,662
@—CHZ—Q SO, 8772 16670 520 656 0675

@—o—@ SO, 8513 16670 502 674 0,694
SO, 8696 16670 515 661 0,681

Aaercst 1Jis MpeACTaBJEHHbIX B Tabda. 5.11 kommnekcoB Tuma (5.50).
M3 Tpex cnuu-paspelieHHblx [Js Terpasjpuueckoro uona Co’™
d-d-nepexonoB *Agg—"To, (vi),—'T1g (F) (vo),>*T1, (P)(vs) B 3ii€K-
TPOHHOM CIEKTPEe MPOSABJAIOTCS TOJNbKO MOJOCH Vo H V3, HA OCHOBAHUH
MOJIOXKEHHSI KOTOPbIX MOXHO paccyuTarb NapaMmeTpsl paclleneHHs.
[lonyuenuoiit Habop mapamerpoB (cM. tabua. 5.11) sBasiercsa xapak-
TEPHbIM VISl aHAJOTHYHbIX HU3KOMOJEKYJSPHbIX XenaToB KobOaJjb-
ta(Il) [735].

s uona Hukensi(ll) Oosiee xapakTepHa oOKrasjpuyeckas
CTPYKTYpa C JOMNOJIHHTE/JbHOH KOOpPAHHALIHEH ABYX MOJIEKYJ PacTBO-
putensi, Hanpumep BoAbl. [lOCKOABKY cCHaa MOJAss a30MeTHHOBOTO
JIMFAHAa M PACTBOPUTEJA CYLLECTBEHHO pa3JjHduyHd, B 3TOM cJydae
06pa3yioTcst TETparoHajbHO HCKaXKeHHbie KOMIJIEKCH (cM. pa3a. 1.5),
napaMeTrpbl KOTOPbIX MOT'yT ObITb BbIYHCJIEHbI U3 JAHHBIX 3JIEKTPOH-
HOH crekTpocKonuu. Tak, aas KommJjekca (5.53) B 3/IEKTPOHHOM
criekTpe HabJI0AaeTCss NMATb NEepexo/ioB, XapaKTepHbIX /A TeTparo-
HaJIbHO HCKa)XXEHHBIX KomijekcoB Hukeas (11): 9259 u 10870 [*Aq,—

—3Ty, (F)), 14710 u 16130 [*PAg; —3T 4 (F)), 26320 cm™' [PAs—
—°T¢ (P)]. BbluHC/I€HHBIE C YYETOM 3THX JdHHBIX NMapaMeTphl TETpa-

~CH —< ;>:o 0
2 >Ni< (5.53)
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roHasibHoro Hckakenuss (Dt=184,1 cMm™', Ds=805 cm™!) cauge-
TENIbCTBYIOT O 3HAUHTEJNbHOM YAAJECHHH AKCHAJbHBIX JIUraHaoB (Mo-
JIEKYJIbl BOJibl) A0 CPaBHEHHIO C 3KBATOPHAJbHbIMH (230MeTHHOBHIN
auraug) [254]. [IpuueM uameHeHHeM NPHPOIbl COCAHHHUTENBHOTO MOC-
THKA MOXHO BapbHPOBATh BeJHUHHY TETPArOHAJIBHOIO HCKaXKeHHS,
B 4acTHOCTH npu nepexoge ot (5.53) K (5.04) TerparoHa/bHoe
HcKakeHHe ymelbluaetcss (Di=130,3 u Ds=921,4 cm~') [254].
M unakouen, B xesnatax Meau (ll) peanusyercst NJAOCKOKBAJLpaTHas
CTPYKTYpa ¢ HeGOJMbLIMM TeTPa3ApPHYECKHM HCKaXKeHdHem [254, 735].

——N/N[\ (5 54)
N
OtMeuenHbie ocobeHHocTH MetaJuioxenatoB (5.90) nosHocTbIO
NPHMEHHMbl K KoMmJekcam (5.51), T. e. B 1aHHOM ciydae BJHsiHHe
MOJHMEPHOH 1enH He3HauuTeabHO. OHAKO KapTHHA PE3KO H3MeHs-
eTCsl, €C/H COeJHHHTeNbHbIH MOCTHK COJepPXHUT crocoOHble K KOOp-
JHHALIHH C MeTaJJIOM JOHOpPHbie aToMbl. Tak, B Kommjekce (5.55),
KaK H /IS HH3KOMOJIEKYJIIPHOTO aHaJjaora, peaJju3yeTcsl TPHIOHa/b-

HoOUNHpaMKlajdbHash CTPYKTYpa KoopauHauHoHHOro yana [140], xa-
paktepHas aas KY 5 (cm. pasa. 1.9).

-+~

N
(CH2) “MCHyp)g

o~ TS0 (5.55)

Ha6sionaemoe Hebosibuioe pasanude B napamerpax JI1P cnekTpos
npu nepexoge or HMX (g1=2,04; g.=2,08; g:=2,235 u A;=20;
A;=30; A;=150 cMm~') x MMX (g, =2,04; g.=2,04; g:=2,236
u A =50; As=50; A3=150 cMm~') yKkaspiBaeT Ha He3HAUHTeJbHOE
BJIHSIHHE OCHOBHOH LleMH.

s komnsekcoB (5.52) ciepyeT paccMaTpUBaTh BCe TPH yKas3aH-
HbiX Bbillle (pakTOpa, NpHueM MNOJHMePHAsl LeNb B JaHHOM ciaydae
HrpaeT 3HAYHTeNbHYIO poJb. EcaH XeJaTHPYIOUWHH MakpOJHraHa
AIBJISIeTCS. PACTBOPHMBIM (Kak, Hanpumep, [1BA, MoaupHuupoBanHbiil
CaJIMLHJOBBIM aJIbJErHAOM), TO CTPYKTypa obOpa3yoouiHxcs MeTan-
JIOXe/1aTOB MNPAKTHYECKH COOTBETCTBYET HH3KOMOJIEKYJSAPHBIM aHa-
joram [618, 779]. Kpome Toro, pas ycTOHUHBOCTH 3THX KOMIJIEKCOB
coorBeTcTBYeT pany Hpsunra — Yuabsamca [779]. B 10 xe BpeMs
CLIHTble MAKPOJIHTaH/Ibl OKA3blBAIOT 3HAUHTEJIbHOE BJHSIHHE HA CTepeo-
XHMHIO KOOPAHHALHOHHOrO y3Jia. TakK, B 3JeKTPOHHOM CIEKTpe NA0CKO-
KBALPATHOTO KPHCTAMIHUECKOTrO (,u(caneu) a6CcopOLHOHHDBIE 110N1OCH
HabmoAaworest npH 285 um (n—n*), 374 uM (n>n* wim M—L)
H uMpokas nojoca npu 572 um (d-d) Cnekrp komiekca meau (1)
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¢ ['J1, MOOHOPHUIHPOBAKHBIM €N H CAJIHUHJIOBBIM aJbAErHAOM, THIIA
(5.56) nokaswsaer I3 npu 281 w 368 um w mupokyw nogocy
R o6nacTH d-d-nepexonor npu 610 HM, T. €. CMEIILPHHYIO B BBICOKO-
AoaHoBYI0 o6Jacth [128] . Takoe 6atoxpoMuoe cmelerue, Habaoaan-
1eecs B CNeKTpax KOMIUIEKCOB Menn ¢ ocHoBanwusamu llludda kak
Pe3yJbTAT H3MEHEHHSI CHMMETPHH II0CKOKBAAPaTHOR Moekyabl 6.1a-
rogaps yaJIHHEHHIO YIJIEPONHOrO MOCTHKA MeXIy ABYMS CaJlHILH-
JHNEHOBBIMH 2TOMAaMH a30Ta, ABJAETCH CJAEACTBHEM OTKJIOHEHHS N0-
HOPHBIX aTOMOB OT [JiaHapHoTo pacnoaoxenus. Tor dakr, 4To
NOCKOKBAAPATHAs TeOMeTPHA Kommjiekeca MelH ¢ ocHoBanHem Ulind-
da OTKJIOHAETCH K MCEBAOTETPAIAPHUECKOH I'€OMETPHH, KOT1a KOM-
[VIeKC CBA3aH ¢ MOJHMEpPHOH [eNbio, MNOATBEPXKAAEeTcs BeJHUHHOH
MarHHTHOTO MomeHTa (u,,=2,02 M.B). B 1o Bpemsi Kax B mjiocko-
keagpaTioM Cu(cajeH) u,, = 1,84 M. b., ass KomsieKca, B KOTOpOM

CH=N AN=CH

/Cu\

0 o] (5.56)

3THJIEHIHAMHHOBBI MOCTHK 3amerled MOCTHKOM —=N—(CH,; ,—N=
H AOHODHblE ATOMbl HAXOAATCH B TCEeBAOTETPAIJPHUSCKGM pacro-
TOXKeHHH, {1, noBblliaetcs no 1,94 M. B. MaruuTuwiét MmomenT eule
60Jiblile yBeaHunBaercst 6iarofaps yAJHHeHHIO H pa3BeTBIECHHIC yTJle-
POMHOTO MOCTHKA MeXJy aToMamH a30Ta, NPUBOAS K TeTpa’3jpH-
4ECKOMY pacrofoXeruio; s ITOro OKpyXenust n,,=19—22 M.B.
HononnuteabHoe ¢BHAETENbCTBO HCKaXKEHH™H TeTpas3ipHuecKoil Koop-
AHHALHKH nojyueHo u3 crektpa NP, Koropuf siBsifeTcsi auM3oTpon-
HbIM, COCTOTUIMM H3 [BYX HaJlaraloulHXCsi cHurieToB: g, =2.0771,
AH,,=17,6 MT; g,=2,0103, AH,,=2,8 mT.

Chefyer Tak¥ke OTMETHTb, UYTO ec/IH COeAMHHUTENbHbIH MOCTHK
npenATcTByeT 00pPA30BAHHIO TPHUHKAHYECKOTO Xenarta, To HalbJio-
Aaercsl OHUHMKAHYeCKasl CTPYKTypa KomnsekcoB [780]:

M

X— 2y
2
(O~ —N""0
HC
H4C CH, Br 5.57)
CH2
Br CH
I
O N~
M_
X— 5 —X



Tak ke Kak u aas MMX apyrux THnoB (cMm. pass. 4.3), no-
BbiLIEHHE CTENMeHH CUIMBAHHS MNMOJHMEPHOro JIHraHfa Cnoco6CTByer
nepexoly KOMIUIEKCA H3 NJOCKOKBAaAPaTHOH B TeTPa3ApPHUECKYIO KOH-
¢urypauuio [128].

XapakTepHO# OCOOCHHOCTBIO KOMILIEKCOB MeTaJlJOB C OCHOBa-
HuaMu Hlndda gsasercs BoicoKkast cTelleHb KOopaHHauuK (TabJ. 5.12)
[248].

TABJIMUA 5.12. Pesyastarer anaausza komnaexcos (5.50)
[R=—CH (CH;)—CHo—]

Conepxanune Mmeranna, 9
P % Creneus

M
nahnexn BBHIUHCIEHO KOOpAHHAIHH. D
Cu?t 15,11 17,86 85
Zn*t 15,89 18,27 87
Fe?*t 11,96 16,02 75
Ni** 14,88 16,72 89

Kak yxe oTMeuasoch, MakpoxeaaTbl 00/1aJalOT He TOJbKO Bbl-
COKOH XHMHYECKOW, HO ¥ TepMuuecKoW crabHjabHOCTbio. Tak, nore-
pa Macchl noauxejsatoB kKoGasabra(Il) u mapranua(ll) Ha ochose
MPOJAYKTOB KOHJAEHCALIHH CTEXHOMETPHUECKHX KOJHUECTB 5,5-MeTH/eH-
Guccaddidaaabjeriga H 4,4’-niHaMHHOoANPEHHA0BOrO0 3Hpa npH
573, 773 u 873 K cocrasaser 2,1 u 0,5; 8,0 u 9,8; 25,0 u 27,5% co-
orsetctBenno [253]. o 573—673 K saABasiorcs cTalHAbHBIMH H
koMmmiaekcet Cu, Ni, Co, Mn, Zn ¢ npofxyKTaMH KoHfaeHcauuH 1,4-14-
FHAPOKCHAHTPAaXHHOHA H AHaMHHOB [285]:

HO— O O~ _DO —OH
(CH2)n
AR

n

[IpuueM cpean 3THX MeTa OB HaHGoJee TePMHUECKH YCTOHYHBBIMH

ABJASIOTCH KOMIUIEKCH HHKeJifl, a HaHMeHee — KOMIUIEKCHl MeJiH.
Jl/s TPUUMKJHUECKHX eHaMHHoKeToHaToB THmna (5.58) [781]

MOJHOCTbIO COOJI0AAI0TC OTMeUeHHbie Bhbillle 0COOEHHOCTH a30MeTH-

HOBbIX XeJlaTOB.
—0 0=
N
M 3"‘ (5.58)
N<\:N/ N

R

B cayuae O6GHUHKIHUECKHX €HaAMHHOKETOHATOB CTPYKTypa 00-
Pa3yIOUHXCS KOMIJIEKCOB B OCHOBHOM OINpe/esisieTCsl TPHPOLOH nepe-
XOAHOTrO Mertamia. Tak, s KoMmiekcoB KobBasbra(ll) ¢ [13-mp-
no/iHeHaMHHOKeTOHaMH THna (5.59) xapakrepHa TeTpasfpHyecKan
KOH(pHrypauHs (cM. pasg. 4.4) [175], a And KOMIUIEKCOB HHKe1A
(I1) — okTa’apHYecKas ¢ KONOJHHTENLHOH KOOPAHHallHeR ABYX MO-
JekyJs Boabl [594]. MuTtepecHo oTMeTHTb, UTO aHaJOrHYHAs KOOPAH:
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HauHa oO6HapyXeHa H B ciayuae fi-auketoHarta (5.60) H aHauuiamu-
HaTa Hukeast (5.61). B 3seKTpouHbIX crnekTpax KoMmIiiekcos (5.59) —

J—cHp—CH~

0
. (5.59)
M/n
&N/ /

R

(5.61) nposBasitotcs aBa d-d-nepexofa 3Ag,—>T 4 (F) (v2) B 06aacT
1330015070 cm™' u AT\, (P)(vs) B o0Bnactu 25 320—
25700 cMm™ !, Ha OCHOBAHWH MOJIOXKEHHS KOTOPbIX GbIJIH PACCUHTAHBI

4 V/
%—CHz"CH’V Q—CHZ—CH""
};‘——O ):O
Ny gt
\ /Nl/2 N\ O/N1/2

o
CeHs
(5.60) (5.61)
napaMmeTpsl pacuiernyienus (1aba. 5.13). Anasn3 noJydeHHsIX pe3yJib-
TATOB CBHJeTe/bCTBYeT 06 ysesiHueHHH Dg npu nepexone ot NiOs
(847, 850 cm™') k NiO4N, xpomodopy (865 cm™!'). B 1o Xe Bpems
3HayeHHe f IJIOCKOCTHOH O-CBSI3H H KOHCTAHTBLI CIIHH-OPGHTAb-
HOTO B3aHMOJAEHCTBHA A MPAKTHYECKH HE 3aBHCHAT OT NPHPOALI KOOPIH-
HALlHOHHOTO Y3Ja.

TABJIMLA 5.13. [lapamerpsr pacuensenus Komniexcos (5.59)
(R=CsHs, M=Ni) (5.60) u (5.61)

Komniexc Dg, em™! B, em~! B X
(9.89) 865 : 943 0,89 278
(5.60) 847 935 0,89 279
(5.61) 850 938 0.89 980

* KoHCTaHTYy CUHH-OPGHTANLHOID B3aHMONEHCTBHS pPACCUHTHIBAJH 1O ypasHEHHIO Hagy = Renyn (11—
—44/10Dgq).

Oas nosumepos, colepXallUX CaJHUHJIANLAOKCHMHbIE TPYMIsl,
XapaktepHo oOpa3oBaHHe OHIMKIHYECKHX MeTaJoXeNlaToB THMA
(5.62), npHuem M B JaHHOM cJydae CTEPeOXHMMHUS KOMILJIEKCOB olpe-
nensietcs  npHpoaod Mertasana. B dactHocth, xenat wmenm(II)
HMeeT CTPYKTYpY [iockoro kKBajpaTta, Huke s (Il) — okrasgpa, a
Kobaabra (II) — terpasgpa [212].

| (5.62)

O\N

¥\
M/» OH

IdpdektupHbiMH N, O-XenaTHPYIOUIHMH JIHTAHIaMH SIBJASIOTCH MO-
JMMepbl, CofepXKalllie rpynnbl 8-rUAPOKCHXHHONHHA. B cayuae
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pacTBOpHMbIX [234, 782] M NOMHKOHACHCALUHOHHEIX MOJNHMEPOB [236]
pa3/Huus B KOHCTaHTaX ycToHunsoctH Mexay HMX u MMX Hesua-
YyHTEJbHBI, YTO CBHAETEJIbCTBYeT 006 OAHOTHMHOM MNPOCTPaHCTBEHHOM
OKPYKeHHH MeTaJuia B 3THX COeJIHHEHHSAX, IPHUEM COCTAB KOMILIEKCOB
B JIaHHOM cJyyae OTBeyaer 1:1,5—2,0 (Metaaa : Jurafa), 4to GJH3KO
K crexnomerpun 1:2 HMX (4491 AByXBasIeHTHBIX MeTa/sloB). B 1o xe
BpeMs Jlsl CLIMTHIX OJIHMEPOB XapaKTepHO o6pa30oBaHHe KOMILIEKCOB
1:1 [782]. KpoMe TOro, KOHCTAHTbl yCTOHYHBOCTH KOMIICKCOB Ha OC-
HOBe CIUHTBHIX MOJHMEPOBR 3HAUYMTEAbHO MEHblIe KOHCTAHT MX HH3KO-
MOJIEKYJIIPHBIX aHaJoros (1aba. 5.14) [783, 784].

TABJIMUA 5.14. Kewncranter yecroduwusoctu 8-2udpokcu-
XUHOAUHOBOLX KOMNAEKCO8

MMX HMX
Meraaa
Cu*t 7.45 6,65 14,10 13,49 12,73 26,22
Ni?+ 5,60 5,36 10,96 11,44 9,94 21,38
Mgt 3,18 2,82 6,00 6,38 5,43 11,81

[Ipn 3akpenjieHHH OKCHXMHOJHHOBOrO KOMILIEKCA BaHaiH/]a
VOQ.0H Ha ruapokcuicosepxauux noaumepax o6pa3yercs jisa TH-
na xoMmmiiekcos [689]. B yactHOCTH, npu HCN0Ab30BaHHK 2-rHAPOKCH-
3THAMeTaKpHaaT-co-MMA noayuen kommaekc (5.63), a n-uHnAGEH-
3HJ10BBIH cHPT-cO0-CT — (5.64). D10 06bACHACTCS 3HAYHTEIBHO BOb-
KM cosepxanveM OH-rpynn B nepBom conosnnmepe.

T
(|30
? o
CHZCHz? ?
QvaQ QvQ
; HO/ \OH
(5.63) (5.64)

MMX (5.63) sBasierca GOTOUYBCTBHTENbHBIM MoJuMepoM: mpH o6ay-
YeHHH (A, =365 HM) MpoucXOAHT pacnaj KOMmIeKca ¢ 0Gpa3oBaHH-
€M MaKpopa/inkKaJjla, KOTODbii MOXXeT HHMLHHPOBaThL npouecc ¢Goro-
MPHBHBOYHOH MOJHMEPH3AIHH:

T T
co co +V0Qy
]
O hy 0
| —_ |
GHzCHz? CH,CH,0-
ava
0
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Hanuuve B MOHOMEpPHOM 3BeHe MOAHH3obTaNoHAH30(DTaNAMNI-
orcHMa [231] HeCKOJALKHX UEHTPOB KOOPAHHALHH MPHBOAHT K BO3-
NIKHOBCHHIO TPpO6AEMbl KOHKYPEHTHOH KOOpAHMHAUHH (cM. pa3a. 1.4).
B 3ToM ciyuae H3 TPeX BO3IMOXHbIX CTPYKTYp (5.65) — (5.67) Hau-
6onee BEPOSITHOH ABJAsieTcst CTPyKTypa (5.66).

LO-Ng
g ?~ AN=CY
NH 0 NH ~
/ 7 / ~0-Cxg
o 0e” Mg NN
2 2 l Cu
(5.65) (5.66) (5.66)

B xoMmaekcax mnepexodHbiX MeTajN0B ¢ MNOJHOKCH(DeHUIGeH30-
KCca3oaTepeTajaMHAAMH B KauecTse LEeHTPOB KOOpAHHALMH BHICTYMA-
0T aTOM 230Ta [SITHYACHHOTO TeTepolUHKIa W (eHoabHas Tpynna
(5.68) [229, 230, 580, 712, 785]. Tak Xe KaK H HH3KOMOJEKYJAsp-
HbI aHAJIOT, KOMIeKC Me/ln THIA (5.68) MMeeT He MIOCKYIO, @ TeTpa-
3[PHYECKYIO CTPYKTYPY, MpHYEM AHIAPAAbHLIH yroa B NOJUMepHOM
KoMmmniekce Boablle (=50—70°) [712]. OTmeTHM, uTO

_[::I:O NH“CO-{C:)F*CO”V
o OO
\_0

M/2 (5.68)

B ciyuae HOHOB Mefin (II) Habniogaercst npakTuyeckd AOAHOE HAcChl-
lleHHe KOOPJAHHALHOHHBIX MECT MeTaJloOM, B TO BPeMS KaK JUid BaHa-
AHN-HOHA B KOMIMJAeKcoo6pa3oBaHHH yuacTByer Todabko 10% xena-
THPYIOILHX QparMeHToB. To CBA3AHO C TeM, uTo ais noHa VO? T Hau-
Gonee TePMOJHHAMHUECKH BBITOJHOM siBAsieTCst JlaHAPHAas CTPYKTypa,
OMHAKO XXeCTKOCTb MOJHMepHOH MaTpHILb! MPensaTCTBYeT TAKOH OpHEH-
TauMH (PYHKIHOHAaNAbHLIX TPYMN BOKPYT WoHa Mertaana [785]. Kak
yXe oTMedajocb (Cm. pasa. 5.1.1), BoccTaHOBAeHHe MEPeXOAHOTO
MeTasaia He COMPoBOXKAAeTcs paspylUieHHeM MeTaJlIolHMKIA, YTO Oblio
ellle pas TOATBepXKAeHC Ha MpHMepe KoMmnnekca naananud(ll) rtu-
na (5.68) [784].
K N,O-xeaatupyioulum JuTaHAaM OTHOCATCS TaKxKe [OJHMepHI,

colepxKauiue aMHAOKCHMHbIE TPYIMITHPOBKH:

T

]~NH Z‘*—ﬁ NH,

NH—OH N—OH
Hanpumep, npu s3aumogeiicteun CoCly ¢ H30- H aTaKTHUECKHM MO-
JHAKPHIAMHAOKCHMaMH HabAalogaeTcst CHHXKeHHe MMHKa C02p3/2 Ha 1,0

H 0,9 3B no cpasHennio ¢ CoCly, ute yKka3siBaeT Ha y4acTHe HOHOB
koGanbra (II) B xenatoo6pasosanun [786]. [1pn 3TOM KoHpoOpMalHs
HCXOJLHOTO TT0JIHMepa He NpeTeplieBaeT CYULeCTBEHHBIX H3MEHeHHH, e-
TaNbHHH aHanu3 1pouecca KOMIAeKcooOpa3oBaHHst HOHOB MeTaslloB
CO CUIMTBIMH TTOIMMEPAMH, COIePXKALIHMH TPYIINbl aMH/IOKCHMA, TPOo-
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Bejed B paborax [295, 787, 788]). B uacTHOCTH, MOKa3aHO, UTO Ha
npolecc xenaroo6pa3oBaHHA 3HAUHTENbHOE BAHAHHE OKa3biBalOT Ta-
KHe mMapaMeTphbl, KaK TMOPHCTOCTbL MOJHMepa, CTeneHb €ro clupa-
HHA H T. [

5.2.3. N,N-Xenarn

3ameHa (eHosbHo# OH-rpynnsl B noanMepHbix ocHoBaHusix [udda
Ha Gosiee «Markyi» NHo-rpynny no3poaser xeaaTHPOBATh HE TOJBKO
HOHbI MeTaJJ10B epexoqHoro paaa, nogobHo Ni*T u Mn?*, a takxe
Pd®t u Pt?", HO H TAXeable, a COOTBETCTBEHHO H «MSATKHE» METanbl
(cM. paszn. 1.5). Hanpumep, BiepBble NoJydeHbl MOAHMEPHbBIE KOMILIEK-
col Ir3t u Audt. B UK cnekrpe Takoro noJiHMepHOro OCHOBAHHS
HIndppa Habaogaores ae noaockl v (NH) npu 3405 u 3250 cm—',
[Tocne kommnsekcoobpa3oBaHHs OCTA€TCH OJHA M0AOCa B paloHe
3325—3380 cM™' B 3aBHCHMOCTH OT mnpHpoibl Meranna. [losoca
v (C==N) npu 1630 cMm~' cmemaerca o = 1600 cM™'. Itu nanuble
MO3BOJIIOT MPHIHCATh KOMIJIEKCAM CAEAYIOULYIO CTPYKTYPY C KOOpAH-
HallHOHHBIM y3JoM MN, [286]:

SOy~
X
NH | HN
=N-" TN= n=1,2,M=Ni
\(CHz)n/ n =4; M= Mn, Ni, Pd, Pt, Ir, Ay, UQ,

TepMuueckas cTabHALHOCTb KOMIIEKCOB MPAaKTHYECKH HE OTJIHYAETCH
oT cTabHAbHOCTH KHCJIOPOAHBIX aHanoros [2, 254], oaHako oTMeya-
eTrca Gonee BLICOKAR TePMHuecKas CTabMAbHOCTb KoMmmaekca Au’t.

5.2.4. N,S-, O,S-, S,S-Xeaartnl

PaccMoTpeHHble 3aKOHOMEPHOCTH CO6JII0AAI0TCA H A APYrHX Xeaat-
HblX Y3710B. Tak, B 3aBHCHMOCTH OT YCJIOBHH PeaKIlHH H NPHPOIbI nepe-
XOAHOTO MeTalna B KoMmjaeKcoobpa3oBaHHE C MOJAHHMHHO3THJIEHIH-
THOKap6aMaToM [588] BoBaeKalOTCH 1l1€cTh, TPH HJAH JB€ THoKapba-
MaTHbI€ MPYNbl Ha aToM Metaana. [ pynnuposku NCS, eyt ceOs KaK
OHEeHTaTHbIe JHTaH/Ibl TPH CBA3bIBAHHH HOHOB MepPeXoAHbIX MeTalloB,
Mo3TOMY 06pa3yiouiHecs KOMIIEKChl MOXKHO PacCMaTPHBATh Kak S,S-xe-
naThbl. K HHTepecHbIM pe3yabTaTaM NpHBeIo HCCae0oBaHHe B3aHMoleR-
CTBHS HOHOB Zn>T Ha rugpodHABHBIX CLUHTBIX MOJHMEPaX C THOJbHbI-
mH rpynnamu [788]. Takas peakuHs J0JXKHA MPOTEKaTh MyTeM 3aMe-
IEHH HOHOB BOJOPOJA METaNJOM B COOTBETCTBHH C ypaBHEHHEM

g‘CH:aSH + Zn¥— s—CHgs—-Zn/z +H*

OnHako peaiibHast aicopOUHA NMpPEBbILIAeT BLIYHC/IEHHYIO Ha OCHOBA-
HiH KOAHYeCTBa 3aMeulaeMblX HOHOB Bojgopoga (pHuc. 5.10). C yueToM
MPOBEAEHHBIX ROMONHHUTENbHBIX HCC/EOBAHHA MPeAN0KeHa cAenylo-
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[Zngs ], Mmon/e Emkocms, Yo(mon.)

=120
40F LB

100
32
24
50
16
08
u—/.
0 i !
1074 1077 107€ [Zn?*), mone/n

Puc. 5.10. 3akpennenne uoHos uuHKa (I1) Ha cwuToM noanmepe, cozepikauiem
THOMBLHBIC TPYHMbL:
/ — u3oTepma cop6unn: 2 — 3amelllenie NPOTOHOB NPH 32KpeNNeHHH uKHKa (1)

uas Mojledb Kommaekcoo6pasoBanus Zn®t ¢ moauMepHBIM JAHraH-
goM. Ha neprom »3Tane rpoucxoaudtr o6Gpas3oBaHHe KOMILJIEKCOB
(CHsS)2Zn no =~809% eMkoctu noaumepa. [lpu Gonee BLICOKOH KOH-
HeHTpauHH HoHoB Zn®T oBpa3syoTces KoMaeken coctrasa CH3SZnOH.
M, HakoHeu, Ha MocJe/lHeM 3Tamne MocJe MOJHOrO BOBJEUEHHA THOJb-
HbIX TPyNn B KOMIJeKCcooOpasoBaHue HAUMHAIOT pearHpoBarb aMuj-
Hble TpYIhl MOJHMEPa-0CHOBHI.

B To e BpeMs THoabHble TpPyNNbl ClWHTOrO Moau-N-akpuio-
HAaMHHOMETHMEePKANToaUeTaMHla BLICTYTIAl0T KAK MOHOJeHTaTHbie
npu KoopauHuposauud ¢ Cu’t [789]. Ipu 3Tom XenaTHpoBaHHe co-
npoBoXaeTcs BocctaHoBaeHueM Cu’t go Cu'T, koropas BHOBbL
okuc/steTcss Ha Bo3ayxe Ao Cu’t ¢ teueHuem BpemeHu (pHc. 5.11).

1
a
Puc. 5.11. Cnextpsl JIIP Meabcogepxa-
Hero THONAbLHOIO MmoauWMepa:
! —uepes | cyr nprk KoMHAaTHOWN TeMmnepatype, HH-
TEHCHBHOCTL (ofH. en. {=1; 2--vuepes 7 cyr, = w )

=1,4, 3 —uepe3a 23 cyT, I=72,6; 4 — uepes 38 cyr,
L’/N\F
J200rc T
2007¢
]
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Kommnaeke Cu®t B TakoM XelaTHOM y3Jie He HMeeT aKCHANbHOH CHMMeT-
pHH, O UEM CBHJETEJbCTBYET HaJlHuHe 5 XOpollo pa3pellieHHbIX MHKOB
B o6J1acTH cnaboro noas cnekrpa 11P: g, =212, g,=2,05, g,=2,40,
A,=25A,=35, A, =120 I'c. Kpome toro, B ciekrpe OTCyTCTBYIOT JH-
HHH, BO3HHKAIOILLHE TPH CBEPXTOHKOM B3aHMOEHCTBHH C ATOMOM a30Ta,
UTO CBHAETENbCTBYET 00 OTCYTCTBHH KOOPJAHHAIHH MeTaJlla ¢ aTOMOM
a3ota. [lo3ToMy Ha OCHOBAaHHH CpaBHEHHS C HH3KOMOJIEKYASPHBIMH
MOJeJIbHBIMH COeJHHECHHSIMH KOMIJIeKcy (5.69) mnpumHcaHa miancko-
KBajJlpaTHast CTPYKTypa ¢ poMOHUECKHM HCKaXXKeHHeM, BKJIoUamollas
KoopAHHauHOHHbIH y3en CuQ.S,. CoctaB komnsekcos 3toro XMJI ¢
APYrHMH HOHAMH MeTaJIJIOB 3aBHCHT OT NPUPOABI MeTaJljia, B YaCTHOCTH
nokasaHo ob6pa3oBaHHe xesnatoB thna ML, ML,, MLL’, ML; u 1. 4.

o )
NH
NH AN
HN/ —0
S
—0 v
x S /CU (5.69)
/Cu/ S A -
0
S \o__ NH
NH
HN
HN o}

(L’ — Hu3koMosekyaspHblil auraHa) [790]. KoHctaHTel ycTOHuH-
BocTH MMX B naHHOM ciiyuae Medblie, ueM HMX, ogHako A48 noJu-
MEpHbIX JIHTAHAOB XapakTepHO oGpa3oBaHHe 0oJsiee BBHICOKOKOOD/H-
HallHOHHBIX KOMIJIeKCOB. KOHCTAHTBI YCTOHUHBOCTH KOMINIEKCOB
C THOJIbHBIMH JIHFaHJaMH OPHBEIEHbl HHXe:

g K, lg Ka lg B2 lg Ka lg Bs
HMX 23,4 18,7 421 — -
MMX 20,2 13,4 33,3 12,6 45,9

[Tponeccbl OKHC/EHHS — BOCCTAHOBJIEHHS HOHOB MedH INpPH HX
3aKpenjeHHH Ha MOJIHMepHbIX JIMFaHdax Hab/ogaoTcs TakxXe B Cly-
yae MNOJHTHOCeMHKapOa3sKHaoB, KOOPAHHALHOHHBIA Y3es KOMIJAEKCOB
coorBetcTByer (opMyste CuN.S, (5.70) [791].

/7 \
N—N N—
~NH—R—NHC< \\r.// N\\cfv (5.70)

s—C¥~s”

AvanorduHas N,S-KOOpAHHAUHMA NPOHCXOAHT H B KOMIJEKCAX
Meraanos ¢ TIC, comepxawum rpynnbl 5-(4-auMeTHsaMHHOGEH-
3WJIHIEH) poflaHHHa, lipHYyeM HauboJiee ycTOHYHBBIE KOMIJIEKCH OO6-
pasyioT HOHbL cepeGpa W pTyTH [792].
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K addekTHBHBIM XMJ] OTHOCATCS NOJIMMEpDI, copepxauiue 8-mep-
KantoxuHosMuHoBble ¢parmentn [302, 303, 793]. Ilo ycrofiuusoctu
06pa3yloULHXCH KOMIJIEKCOB ABYXBAJIEHTHbIE MeETaJlbl pacroJara-
orcst B psaa Hg> Cu>Ni> Co>Zn > Pb, coBnagawwuii ¢ psagom
YCTONYHBOCTH BHYTPHKOMILIEKCHBIX COEAHHEHHH 3THX MeTa/JloB C
8-MepKanToXHHOJMHHOM. OLHAKO B OTJIHYHE OT HH3KOMOJEKYJ/SIPHOTO
anasora rakie XMJ] o6pasytor komnaekce cocrapa 1:1, npuuem ce-
JIEKTHBHOCTb 8-MepKanToOXHHOJIHHA M0 OTHOLIEHHIO K HOHAM HEKOTOPBIX
MeTaJlVIOB COXPAHSAETCsi NPH BBEIEHHH 3TOH FPYNIHPOBKH B MOJHUMEP.
HuTepecHo OTMETHTB, YTO C yBeJHUeHHem pasmepa rpaHyn XMJI 3na-
YHTENbHO YBEJHUHMBAETCSl BPeMs HacbillleHHs ero merassom [793].

5.2.5. P,O-Xeaartn

3HauHTe/IbHO MeHee H3yueHHbiMH siBasiiotcss MMX BHyTpuKOMIIEKC-
HOI'O THIA, B KOTOPbIX OJHH U3 JOHOPHBIX aTtoMoB docdop. Y3 HeMHoro-
YHCJIEHHBIX TPHMEPOB TAaKHX KoMIuviekcoB oTtmetiM MMX Tuna
(5.71) — (5.74), KoTopbie noaydeHs! JH60 NyTEM HeNoCPeACTBEHHOrO
B3aHMOLEHCTBHA coednHeHuss metaana ¢ XMJ1 (5.71), (5.72) nubo
MeTOLOM BO3HHKAMWLHX peareHtoB (5.73), (5.74) [232].

Ph

Ph

PPh,CH=CH—CO—Ph Ni{lUOA),, Ph”” ™NPPh,
PPh

o

CH,PPh,CH=CH—CO—Ph Ph

Ph” N\pph,
Ph\P/Ph
Ph
N Ny | (5.73)
7\
S_@_ PPhy 0 Ph
PPh, +PPh;CHCOPh
+Ni(LUOA),
S——@CHQPPhQ NG




5.3. MAKPOUUKJTHYECKHE KOMNIJIEKCHI

Huxe 6y1yT paccMOTpeHbl PH3HKO-XHMHUYECKHE CBOHCTBA H CTpOeHHe
KOMIJIEKCOB METaJJoB C TNOJHMEPaMH, CONEpPXKALUHMH MaKpPOUHK.IH-
yeckue rpynnupoBkd. MMX Takoro THna NpeACTaB/SIOT 0COGEHHbIN
HHTepec, MOCKO/IbKY, KaK yXe ormedajoch (cM. pasn. 1.7), B oram-
yge OT APYFHX META/JIOXEJaTOB OHH XapPAKTEPH3YIOTCH MNOBbILIEHHON
YyCTOHYHBOCTBIO, 00yCJI0BJAEHHOR MAKPOWHKIHYECKHM 3 deKToM. Tpu
3TOM OCHOBHOE BHHMaHHe OYIeT YAENEeHO TeM MaKpOUHK/IHYECKHM
KOMIJIeKcaM, KoTopbie 00pa3yioTcs nyTeM HenoCpeACTBEHHOI0 B3aHMO-
neiicTBus Honos MetantoB ¢ XMJI. Ilpyrue cnoco6bl nonyuyeHus sTux
MMX u Hx crpoenue ObllH paccMOTpeHbl B . 3

5.3.1. KomnJekcsl KpayH-2)HPOB H HX aHAJOroB

Kak 1 B Clyyae HU3KOMOJEKy/IAAPHBIX COeAHHEHUH, KoMnaeKcooOpa3so-
BAHHIO HOHOB METaJJIOB C NOJHMEpaMH, COLEPXKAIIHMH KpayH-3¢dup-
Hbl€ 3BEHbSl, OPENLIECTBYET MOJHOE HJH YAaCTHYHOE pa3pylieHHe HX
coibBaTHbIX o06oJiouek. [loatromy o6pasoBanHe HauGosee NpoOUHBIX
KoMnJekcos HabJaionaercss B MeHee NOJSPHbIX pacrBoputensx. Ha-
npHMep, KOHCTAHTa CBA3bIBAHUS HOHA HaTpHsA B Bole 4’-metunbenso-
18-kpaynom-6 (5.76) cocrasasier 27 Moab~ !, a NOJIHBHHHIAGEH30-
18-kpaynom-6 (7.78) — aumwb 1,2 moan~—"' [324]. B 1o xke Bpems B

¢pelax, HE COJbLBATHPYIOUIHX KATHOHLI, TAKHX paBJli/Il{HI:’i He Habuio-

“3'3@("(\ "] U(\ ")

0 0
r o J | 0
g Log
n
n=1(5.75) n=1(5.77)
n=2(5.76) n=2(5.78)

Aaetcs. ITO MOXKHO HJIOCTPUPOBATh Pe3yAbTATaMH 3KCHEePUMEHTOB
N0 3KCTpPaKilHH THKpaToB MeTaanoB B cucreme HoO—CHCl;, KoTophie
BeCbMa yNOGHbI /i ObICTPOro onpejeseHus KoM miekcoobpa3sylouen
CIocoGHOCTH MaKpouukaoB. B wacThocra, npH o6pa3oBanHH TOJIbKO
Komnstekcos 1:1 (Na® — 15-kpayn-5u K+ — 18-kpayH-6) KoucTaHTa
skcTpakuun (K,-107°, moab~?), onucbiBaiolas pasnoBecHe

M™(aq) + Tk~ (aq) +n Kp === (M¥, TIk", Kpa) ope

(roe Tlk™ — nukpar-anmon, Kp — KpayH-3¢up) Mano H3MeHAeTCH
npyd nepexone oT MOHOMEpPHBIX K NOJHMEPHLIM KpayH-3¢hupaM [315]:
Nﬂ' Kt Nﬂ+ KP
(5.75) 3,7 0,42 5.76 2,3 240
(5.77) 5.5 2,3 Es.mg 5.6 S50
(5.81) 4,1 45 (5.82)* 1,7 150
(5.79) 3.1 1,2 (5.80) 4,0 290
* Conepxanue KPayH-3¢Mpuux anennen 209,
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HeMasioBaXXHyIO poJib B C/1y4ae MOJHMEPHAIX JIHI'AHIOB TPH 06pa-
30BaHHH KOMIJIEKCOB cocTaBa |:1 urpalor takike crepuyeckne 3aTpyn-
HEHHAA, MOCKOJbLKY MOJHMEPHAS LeNb HE [103BOJSIET MAaKpPOUHKJIY
NPUHATL HEOOXOAUMYIO I/ O6pa30BaHUsA MPOYHBIX KOMIJIEKCOB KOH-
dopMaLHIo.

BBenenne KarHOHOB MeTaJJIOB B MOJIOCTh MAKPOUHK/IOB FOMOITO-
JIHMEePOB BUHHHUJIKPAYH-3QHPOB MOXKET CYLIECTBEHHbIM 06Pa30M MOBJH-
ST Ha KOHPOPMAUHIO LenH. B HcXxoaHOM COCTOSAHHH TaKHe MOJHMEPH
NpeacTaBAslOT COOOH THMHYHbIE MHLENIbl, B KOTOPbIX HeMOJsipHbie
YIVIEBOLOPOAHbIE «XBOCTbi» COOpaHbl B KJAYOOK, a MOJsipHbie KpayH-
3(UPHBIE «rOJIOBbBI» BBIXOAST B OKpYXKaloutHd muueany pacraop. [pu
KOMIJIeKCOOOpa30BaHHH MOJUMEDPHbIE KPAayH-3(QHpHI NpeBpaulaloTes B
MOJIUIEKTPOJHTBLl, YTO NPHBOAHT K 3JIEKTPOCTATHUYECKOMY OTTANIKH-
BAHHUIO MOHOMEpHLIX 3BeHbeB. Pe3y/bTaToM TAaKOro B3aHMOAEHCTBHA
SIBJISIETCH pacKpydydBaHHe KJyOKa U MPHHSITHE MOJHMEPOM KOH$OpMa-
LHH BBITAHYTOH LlelH.

[TonH xkeHnHbie 3HaueHHs K, KOMMJIEKCOB METaJoB C METAaKpHJaT-
HbIMH roMomnosuMepamy (5.79) u (5.80) no cpaBHEHHIO C NOJTHBHHHJI-
GeH30KpayH-3pHpaMH, NO-BHAHMOMY, 0OYCJOBJIEHB! BJHSIHHEM 3amec-
THTe/S B NoJIOXKeHHH 4 6eH3onbHOro Koabua [324]. B To ke Bpems
BBeJE€HHEe METAKPHJIAMHAHOH TPYNNHPOBKH B 3TO NoOJOXKEHHe, Haobo-
poT, MPHBOIHT K 3HAYHTEJbHOMY pocTy K, MO CPABHEHHIO C rOMoreH-
HbiMH aHajoramu [330].

s
~CHy=~C~ ’j ~CHy—CH—CH,—CH~ (\0/7
ll—©[ 0
it J 0
N/ Lo
n=1(5.79) | n=1(5.81)
n=2(5.80) n=2(5.82)

Bonee 3pdekTHBHBIM 0Ka3anoch HCNONb30BaHHE TMOJHMEPHbIX
KpayH-3¢HpoOB npu 06pa3oBaHHH KOMIVIEKCOB CIHIBHUEBOH CTPYKTY Pbl
cocrasa 2:1, T. e. B TeX cJydasiX, KOrja pa3Mep MoJOCTH MAaKPOLHK/IA
CJIHUIKOM MaJ 118 06pa3oBaHus KOMILIeKcoB coctaBa ;1. o Harnan-
HO BHJIHO Ha npuMepe B3aumoneiicTBus vona K ¢ 15-kpaynom-5 u ero
MOJHMepHbIM aHasoroM. bosbuiasi 39 EKTHBHOCTb TOJNHMEPHBIX Kpa-
YH-3HpOB B N1aHHOM cyuae 0Oyc/J0OBJ€HA BHICOKOI JIOKA/JbHOM KOH-
UeHTpalned MaKPOLHKJ/IOB B MOJIMMEPHOR LIEMTH, BCJAEACTBHE YEro npo-
TeKaeT OJHOCTAAHAHOE CBSi3biBaHHE HOHA MeTaJJia IBYMsi COCEJHHMH
¢parmenramu (puc. 5.12). Cnenyer OJIHAKO, OTMETHTb, YTO PACCMOT-
PenHe MOJIEKYJSIDHBIX MoOJeseH TaKHX KOMIJIEKCOB CBHAETeNbCTBYeT
0 GoJibiIeH MpeATOY THTENbHOCTH YYACTHS B KOMILIEKCOOOPa30BAHHH He
COCeHHX, a yepeLyloUHXC MOHOMEDHbIX 3BeHbeB [314].

Komnnekcu cocrasa 2:1 MoryT 06pa30BbLIBATLCH C y4aCTHEM XeJa-
THPYIOLHX PParMeHTOB OAHOH (BHYTPHMOJIEKYJsIpHbIE MeTaJl0Xea-
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Puc. 5.12. CTpyKTYpa KOMIIeKCca C3H/BH-
4eBOro THMa, 06pa3oBaHHoro HonoM KT

0O ¥ NOJHBHHHAOeH30-15-kKpayHom-5
> OW‘
O
O 0

Thbi) HJH NBYX MOJHMEPHbIX UeNned (MeXMoJeKyaspuble MeTaljJoxeNa-
Tol). [Ipu BbiCOKOM conepxaHu¥l KpayH-3(HPHbIX 3BeHbeB B CONOJIH-
Mepax HJH B cjyudae romolojumepoB GoJjiee BepositTHo 06pa3oBaHHe
MeXMOJEeKyJisipHblX MeTaasoxenatoB. [IpH nu3KoM comepxaHHH MaKpo-
UHKJIO0B B COMloJIMMepax MOBbILIAETCA BEPOATHOCTb CBA3bIBaHHS HOHA
MeTaJJia B Mpelenax OQHOH nojumepHod uendH. Kak nokasbiBaioT
pe3y/ibTaTbl BUCKO3UMETPHUECKHX H3MepeHH#l (pHc. 5.13), B cHcTemax
K' — cononumepn (5.77) MakcHMMyM NPHXOOHTCHA Ha Kommjekc 2:1,
MpHyYeM cofepKaHHe KpayH-3(DUPHbIX 3BeHbeB He MNpeBbiliaer 20%.
L pyrumu cioBamy, hopMHpoBaHHe BHYTPHMOIEKYIAPHBIX MeTall0Xe-
J1aTOB MPOHUCXOIUT TOJBKO NPH Pa3e/ieHHH XeJaTHPYOILHX Pparmen-
TOB B CPeHEM MEHee, ueM YeThPbMsi CTHPOJbHLIMH 3BeHbsiMH [332].

OrMmeueHHble Bbllle 3aKOHOMEPHOCTH KOMIJIEKCOOGPa30BaHHA C
ydacTHeM NOJHMEepHbIX KPayH-3()MpOB B MOJHOH Mepe peasH3yloTcs
U B Cjlyyae CLUMTBIX NOJHMEpPOB, COAEpXKalluX KpayH-3(pupHbie ¢dpar-
MeHTbl. B uacTHoCTH, BbiCOKasi JIOKa/jbHasi KOHUEHTPAlUHsA MakKpo-
LHKJOB Ha MOBEPXHOCTH MaKpomoJieKyn NPHBOAHT K 06pa30oBaHHIO
MEXMOJIEKY/IAPHbIX METAJJIOXeNaToB, a C yBeJHUECHHeM pacCTOAHHA
MEX Y COCeNHHMH (pparMeHTaMu KpayH-3¢HpOB NOBLIILIALTCS BEpPOAT-
HOCTb 06pa30BaHHs BHYTPUMOJIEKYJSAPHBIX MeTaJ/jjoXeaToB, MpHYEM
B JAHHOM Cjlyyae pasjiHuHe MeXIy MOJHMEpPHbIMH H MOHOMEDHbIMH
KpayH-3thupaMu ymenbluaercs [325, 326, 337, 338]. Auanoruusoro
3(peKTa MOXKHO [OCTHYbL YBEJHUYEHHEM [JIHHbl COEAHHHTEe]bHOro
MOCTHKa MexIy KpayH-adHpom H nosumepom [338]. Hurepecno
OTMETHTb, YTO NOBBHIIIEHHE KOHUEHTPAUHWH HOHA MeTasja MPHBOIAHT
K nepexody Kommjexkca 2:1 B Kommaexkc 1:1, npuuem B nociejHem
c/lyuae KOMILUIEKCOOOpa3oBaHHe YIOBJETBOPHTENbHO OIMChIBAETCs
ypaBHeHueM aacopbuuu Jlsurmiopa (cm. pasn. 4.2) [336].

Hast npoueccoB KOMNEKCOOGPA30BAHUS ¢ YUaCTHEM MOJHMEPHBIX
KpayH-3pHpOB XapakTepHa 06paTHMOCTb, 4YTO TpPeACTaBAseTCA BECbMaA
BaXXHbIM NPH pellleHHH npobiembl obeccosnBanus Boasl [794]. Hdas
3TOr0 B NOJIHMEpP NpeiBapHTENbHO BBOAAT QYHKUHOHAJbHBIE TPYIIbI,
crnocoGHble CBSA3bIBAThH CrenHanbio BeoauMuie vonnt Crit, nocie vero
KOMMNJ1eKcooOpa3oBatHe XJOpPHAA HATPHA HPHBOAHT K OKHCICHHIO HO-
HoB Cr’t po Cr’t. Perenepauus nonumepos Habaonaercs npH mo-
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Puc. 5.13. 3aBucuMocTb BA3KOCTH conosuMepa CT u  BuHHGeH30-15-KpayHa-5

or coorHowenus [K¥]:[L] npu comepxauun xenarupyouwnx ¢parmentos 18 (1),
11,8 (2) u 58% (3)

Puc. 5.14. CaMONpOH3BOJBHOE 3JIOHPOBAHHE MpH pe3KoM Harpesanun 1o 333 K

reHuHase —1,3 B, 1. e. B 31OM cayyae npouecc HauuHAeT HATH B 06-
pPaTHOM HanpaBJeHHH.

Bonbmas 3¢peKTHBHOCTb NOJHMEPOB O CPABHEHHIO C HH3KOMO-
JIEKyJSIPHBIMH MOJE/SIMH OTMEHYeHa M B CJydae NOJHKOHIEHCALHOH-
HBIX M3KPOMOJIEKYJ, COAEPKAIIUX 3BEHbA KpayH-3UPOB B OCHOBHOM
uend [62, 311], npuuem B nmonuMepHbix KpayH-3dupax, coleprxallux
3BeHbs MOJHMOUEBHHbBI, HOHb Co’t CBA3LIBAIOTCH MAKPOLHMKIOM, a He
NH- nau C=O-rpynnamu moueBuHb [795].

OO o
“”H_@[ ﬁ @
0 e
K/O\l(l NH—CO~
CH,4

A

\
CO(OCOCH3)2

Ilnsi nonumepHbix KpayH-3¢pupoB ofHapyXeHa 3aBHCHMOCTb Npo-
uecca o6pa3oBaHus H 0O6PATHOrO Pa3pylUeHHA KOMIJIEKCA OT TeMnepa-
Typul [339—341]. B uactHocTH, Makpoauraua, HachimeHHn KCl B
MeraHosie npH 293 K, noJHOCTBIO OTAaBaJ CBSI3aHHYIO C HHM COJb
nocJjie 3/MI0OMPOBAHUA NMpH PE3KOM MOBLIIIEHHH TeMnepaTtypol 10 333 K
(puc. 5.14).

Bo MHorom cxoxumu ¢ mnosmkpayH-spupamu SIBASIIOTCHS NOJIH-
43aMaKpOUHKIbL (IONIHaMMOHHEBBIE MaKpouHKan) [796]. Hanpumep,
OHH o6pasyor KoMmmjeKcbl coctaBa 1:1 ¢ anuoHamn Fe(CN)é—,
Co(CN)3~ u 1. 1.; BHICOKAS yCTOWYHBOCTD TAKHX COCAHHEHHH OByc-
70BJ€Ha MAKPOUHKIHYECKHM 3 PeKTOM.

Menee uayueHHbBIMH SBJASIOTCH TPOLECCH KOMIIEKCOOBPA30BaHHUS
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C yHacTHeM TNOJHMEPHbIX [na3a- M AuTHaKpayH-3>QHPOB, OJHaKo
TaKHe MaKpoJIHraH/lbl 06/1aa10T NOBBIILEHHOH ceNeKTHBHOCThIO. KoH-
CTaHThl YCTOHYHBOCTH MNOJUMEPHBLIX AHa3akpayH-3¢upoB (5.83) wu
(5.84) okasaanchb HHXKe, YeM AJS1 COOTBETCTBYIOLIHX HH3KOMOJIEKY-
JAAPHLIX aHanoroB (5.85) u (5.86); nckiioueHHe cocTaBJ/AIOT T€ HOHBHI,
palnychl KOTOPbIX COOTBETCTBYIOT pa3MmepaM MOJOCTH MaKpOLHKIa
(taba. 5.15) [366]. dns nonyuyennss Gosee ycToH4yMBBIX KOMIUIEKCOB

TABJIMLA 5.15. Koucranrer ycroduusoctu (K-107°, moas ~')
KOMNAEKCOB LOHOB WEACHUHBLY U LYENOHHOSEMENbHOLY METANLO8E
¢ duasakpayn-3pupamu

Jluranz Lit Na+ K+ Rb+ Cst Ca®¥ Srit Ba’t
(5.85) — 59 44 — 0,2 8,7 15,7 13,6
(5.83) 0,9 2.4 2.5 0,8 0,9 3,0 6,2 53
(5.86) — 4,2 30,3 2,1 29 8,3 19,1 14,3
(5.84) 0.8 1,8 13,2 1,3 0,8 2,5 48 44

B cyyae rnoJiMMepHbIX JHraHaoB Tpedyercsl 3HA0-3HA0-KOHPOPMAIHS,
0/lHAKO OHa HE peaJsH3yeTcd H3-3a cTepHueckHX npensirctBAH. HuTe-
pecHO OTMETHTb, YTO noJumepsl (5.83) u (5.84) okasanuch 3pdexTns-
HbIMH H B CBA3bIBaAHHH TIePEXOAHBIX METAJJIOB, TPHYEM CTENEeHH KOOPIR-

[ E\of]ﬂ

0 O._.> OH 0 0

\_/ —/
n=1(583) n=1(5.85)
n=2(5.84) n=2(5.86)

HaUuHH X KOHCTAHTH YCTOHUHBOCTH 00Pa3yIolIHXCsl KOMNIJIEKCOB yBeJ/IH-
YHBAIOTCA C yBeJHYEHHEM Pa3MepoB MaKpouHkia. JlaHHbie 0 cTeneHH Ko-
OP/AHHALLHK 1 KOHCTAHTaX YCTOAYHWBOCTH KOMMNJIEKCOB HOHOB Nepexon-
HblX METaJJIOB ¢ NOJHMEPHbLIMI AHa3akpayH-3bupamu (5.83) (uucau-
Teab) u (5.84) (3HaMeHaTeNb) npHBEHEHBH HHXKe:

—1

9, % K-1075, Moannb
Cu?t 39/72 50/200
cd** 17/49 16/79
Pb?+ 38/89 50/610

CrepuuecKHMH NPenaTCTBHAMH 00bACHAIOTCA W TIOHHKEHHbIe 3Ha-
YEHHA KOHCTAHT YCTOWYHMBOCTH KOMMJIEKCOB MeTalJoB ¢ MOJHMEPHbI-
MH KPHNITAHJAMH N0 CPaBHEHHIO C HH3KOMOJIEKYJ/IAPHbBIMH aHAJOTaMH.
[Tpumepom MoxeT ey xuth nosukpuntan (5.87) u ero ananor {5.88),
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ofpasyloliie KOMIICKCH € ABYXBaJeHTHbIMH MeTaanamu [365].

O C
NALONONAN NSO ONUN

N N—) OH <—N N—-)
\_/ \_{\/\/L\/ IN_/\
HO CH,CH, CH,CH,0H

OH
(5.87) (5.88)

Koncrantel ycToHuuBocTH (lgK) KOMIJIEKCOB ABYXBaJleTHbIX MeTaJl-
JOB € KpunraHaamu (5.87) (uucaurenv) n (5.88) (3HaMeHarelb)
MpuBeIeHB HHXKe:

Sr2+ Ba?+ cd?+ Cu?+ Co?+

34/— 4,1/48 6,0/97 11,3/13,5 —/4,3

5.3.2. MeraanodranounaHunbl ¥ MeTannonopPUpPHHLE

J1st noJiyyeHHs NOJHMepPHbIX MeTaJ sIonoppHPHHOB U MeTasaodTano-
IHAHHHOB /I0BOJIbHO 4aCTO HCMOJb3yeTcs BCTPaHBaHWe HOHOB repe-
XOIHBIX MeTa/JJIoB B «OKHa» MaKpOUHKIOB NOJHMEDPHBLIX JIHTaHAOB.
O630p OCHOBHbIX TMPHEMOB H HCMOJb3yeMbIX AJS ITOr0 NOJHJIHIaH-
108 npuBefeH B pabore [401], 3nech e orMeTHM, 4TO B 60JbILIHHCTBE
c/yyaes conoJiiMepbl MeTasaonoppHpUHOB NPeAcTaBAAIOT cO60i Mar-
HUTHO-pa36aB/eHHble cHcTeMbl. Hanpumep, Meab-coaepxalliid noJH-
Mep xapakrepusyercs crnekrpom IIIP, B KoTopoM npHcyTcTByIOT
CBEpXTOHKHE CTPYKTYPbl aTOMOB KakK MeAH, Tak U a30Ta [MpPU KoM-
HaTHOH Temnepatype [413]. B 10 e Bpemsi B HHU3KOMOJIEKY/ISPHBIX
COellHHeHUsIX He Ha6JI0AaeTCA CBEPXTOHKOH CTPYKTyphl (Taba. 5.16).
TABJIMUA 5.16. Hannoe cnextpos 3P medo-codepmawyux nopdupuros

Murawa g g, Ao | oAL | Ay | By
Terpaamunodennanopdun 2,17 2,07 203 — — —
[Tosumepuuiit anasnor 2,182 2,049 199 42 13 17
Tetpakap6okcrdennanoppun 2,18 2,07 180 — — —
MNonumepuwmit anadaor 2,157 2,07 220 40 — 15

Onsi komnuekca wonos Ag?t ¢ nosumakpunounokcupeHUITpHE-
HWIMOphHHOM 06GHapyKEHO CHJbLHOe aHTH(eppoMarHuTHOe B3aHMO-
JeACTBHE B OT/IHYHE OT HH3KOMOJEKYJsIPHOrO aHajora (pHc. 5.15)
[408]. Tlpauem 510 B3auMoZelicTBHe HE OMHCHLIBAETCS B paMKax
MpoCTOro 06MEeHHOro B3aHMOJAEHCTBHSA, HANpUMep C HCMOJIbL30BaHHEM
YpaBHeHusi baunu — Bayspca. Haunbosee ynoBieTBopHTe/]bHAsA MO-
A&/b OJ1KHA BKJAOYATL HajJH4yHe HECKOJbKHX MeCT B3aHMOAEHCTBHS C
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Puc. 5.15. TemnepaTypHble 3aBHCHMOCTH MarHHTHOH BOCIPHHMYHBOCTH H MarHHTHOro
MoMenta Kommaekca Ag?t ¢ akpuionnokcudeHuATpudeHunanopbuHom (a) H
no/iiMepoM Ha ero ocHoBe {6)

pa3/HUHBIMH KOHCTAHTaMy B3aumoaeicTeus (/). Pacuer no ¢opmyae
_ Ng2p2 24 (K,-. 1/100 )
MERT izt e 1/3ed T

npuped K /= —20 K, Jo=—120 K, J3=—480 K, /4=0 K, npuuem
CoZep)KaHue 3THX YeTbipex MeCT B3aUMOACHCTBHA cocTaBaseT 4,5,
19,5; 74,0 u 2,0%. Auanoruussie kommaekcsl Cu’t u Co** noka3sbi-
BAalOT OueHb Cj1ab0e aHTH(EepPpOMATrHHUTHOE B3aHMOLEHCTBHE.

5.3.3. KoMnaekcu ¢ ApyruMH MaKpOLMKJIAMH

He MeHbUIHA HHTEpPEC NMPEeACTABARIOT MOJUMEPHI, COAEPXKALUHE APyTrHe
MaKPOUHKJ/B, MOCKOJbKY B OGOJbUIMHCTBE CJyyaeB OHH XapakTepH-
3YIOTCSl MOBbIILIEHHOH CENEeKTHBHOCTHIO MO OTHOWIEHHIO K HOHAM He-
KOTOpPBIX MeTasuioB. Hanpumep, mis MNOJHMEPHBIX JIHTAHAOB

Q0

NN N N
\ -

H 4 \

VSl HO,D
H

(5.83) (5.90)

Nalde¥
Me H)\Me
O

(5.91)
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Puc. 5.16. 3aBRCHMOCTD KOJHUECTBA CBA- Cang, MMoONL/2

AAHHBIX HOHOB METAJJIOB OT PABHOBCCHBIX

KOHIEHTPAUHA HHTPaTOB Meau (1), UHH-

ka (2), uukens (3), xobanawta (4) aas

noakmepos (5.89) (a), (5.90) (6) wu
(5.91) (8)

pAlbl aKTHBHOCTH B CBA3bIBAHHH
meraanos (puc. 5.16) coorser-
CTBYIOT HX HH3KOMOJIEKYJSIPHbIM
aHaJsoram, nNpuueM, Kak npaBuJo,
00pa3yioTca KOMIJIEKCHI B [10J10C-
TH ¢ COOTHOLIEHHEM MeTaJJ:Mak-
pounka 1:1 [389]. Onnako ¢ no-
BbILUEHHEM «JKECTKOCTH» HMMOGH-
JIHU3YIOIleH CHCTEMbl MOBBILIAETCA
KHHeTHYeCKHH Gapbep BHeLpeHHA
MeTajna, 410 NPHBOLHT K KOOp-

3

AWHALHH UMKJMYECKAX JIHFAHAOB 4 17 1
He T[OJOCTbIO, a BHelHechep- 6oz 004 005 G Monef,
HBIM TIyTEM.

OxapakrepH3oBaH cocraB M CTPYKTYpa II€CTHKOOPAHHALHOHHOIO
Ni?*, cBsizannoro 14- u 17-u€HHBIMH MAaKPOUHKTHYECKHMH JHCaH-
namu, copepawuMu N- v O-noHopHble atoMbl [797].

Cnenyer oTMeTHTb, 4TO /151 DPHAAHHA NONMMEpPamM H3GHpaTEIbHON
CnoCOGHOCTH K CBA3LIBAHHIO ONpeeseHHbIX HOHOB METAaJJIOB HX MOIH-
¢runpyior pa3nuuHbiME MakpoudkaaMu. Hanpumep, noaumep (5.92)
obnanaer H36upaTe/bHOCTbIO MO OTHOIWeHuIO K Ni* T (K., / Ky,=1:5),

a maxkpoauraua (5.93) — k Cu®t (K., / Ky, =62:1) [798].
NG AL

N

N HN
M C )
HN NH

NH HN
\_/ NG
(5.92) (5.93)

[Tonnmepuble rerpaasa(l4]aHHynenoBble Jurangbl B3aHMOLeH-
CTBYIOT ¢ HOHaMH MeraJanoB ¢ o6pasoBanuem MMX [383, 384]:

~ AN
| ) N
V4 \N 7/
/7 N\ AN
N N N N
U U

OnHako Takne nosumepbl HEPACTBOPHMBI H HX HCC/I€10BaHHe KpaiiHe
3aTpynuedo. B 1o ke Bpema OHH 006JanaioT NOBbILIEHHOH TepMoO-

189



5%

80

60

Puc. 5.17. Kpusnie KoMmJIeKcoo6pa-
3oBanua  nowos Cu*t (1, 2) wu
Ni’t (3, 4) ¢ unoaumepom (5.94)
(I, 3) n €ro HH3KOMOJEKYJSAPHHIM
aHaaorom (5.95) (2, 4)

40
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CTOMKOCTBIO: HX pa3/ioXeHHe HauHHaeTcs Toabko npH 700 K, a noreps
maccel npu 1070 K cocrasaser 109 [799]. AHanoruusble Xenatupyio-
uiHe ¢parMmenTsl MOryT ObITb 3aKpellJieHbl Ha pa3HOOGPa3HBLIX MOJH-
mepax [382] uaum BKJlOueHb! B noaumepHyio uenb [385—387]. B no-
CllelHeM cCJydae noJy4dalorcss O6osee 3¢ eKTHBHBIMH XeJaTHDPYIOIIHE
auranabl (5.94) no cpaBHeHHIO C MOHOMepHbIMH aHaJsoraMu (5.95)

(puc. 5.17).
A A
A<\___-.N N;-:>v \ N N=
22 TNES'
(5.94) (5.95)

5.4. METAJINNOXEJIATH! C KOMNNIO3HU HAMH NNOJTHMEPOB

B nocnennue roabl 3HauuTeJNbHO BO3DOCJ0 BHHMAaHHe HCCaejg0BaTe-
Jed K CMellaHHo-auradasbly MMX| oOpasyoldMca npd B3aHMO-
aeficteun MX, ¢ AByMsi pa3HOpoAHBIMH MakpomoJsekylamu. B ka-
yecree XMJI B paHHOM cayuae BBICTYNAaWT MOJAMep-NOJHMepHbIE
KOMMO3HUHH HAH HHTepnoJuMepHble KoMmmaekchl (cuMmiekcnl) [800,
801]. Ecau ucnonb3yiorcs MoHODYHKUHOHAIbHblE NOJHMepbl (pHieM,
Kak MpaBuio, OAHA TOJHMEePHAf Lenb CONEPNKHT (PYHKUHOHATbHbIE
rpynnsl «KHCJAble», a BTOPafA — OCHOBHble»), TO oépasyxoumecs:l
TPOHHBle KOMIIEKCHl MOJHMep — MeTajan — noJuMep NpeacTas/fior
cobo#i JHHAMHUYHBle 06pa3oBaHus: Jaxe He3HauuTe bHble H3MECHEHHS
B YCJIOBHSIX peakuHH MOryT pEHBOﬂHTb K HX paspylieHHIO. Tak, B
cucremax 19U — [MTAK — M?*T (M =Cu, Ni, Co) noJHKOMJIEKCH,
B KOTOpbIX KOOPAHHAUMOHHAA cepa MeTa/NJIOB BKJAOYaeT 1Be aMHHO-
W 1Be KapBOKCH/IbHbIE IPYIINbL, CYLIeCTBYIOT B HHTepBase pH==7—9 [720,
802, 803]. B eite Gosee y3kom uuTepBane pH==4 —5 npHCyTCTBYIOT
CMellaHHo-JMraHgHble  Kommaekchl B chcreme TTAK — Cu®t —
[14BI1:
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TpaHuubl CTaGUABLHOCTH TPOHHBIX NOJHKOMIIEKCOB MO0 3HAUEHHSIM
PH MOryT GblTb HCHONL30BAHMI A KOJIHUECTBEHHOM 3KCTpaKujH
nepexoiHbix Mmeraanos. Tak, B cucreme [1BIIp — [MAK — Cu
NPOHCXOAUT o6pa3oBaHHe NOJHafAyKTa A, smnupHuyecKkasi 3aBHCH-
MOCTb MeXay ero KoHuenrpauueil u [1BIlp Buipaxaercss ypaBHeHHeM
[804]

d [A]/d [TIBTIp] =K 10* [Cu]®,

B KoTopoM K # oo — KoHCTaHThl, 3aBucsuixe ot pH. [Nogo6Hoe cooTHo-
wenne HaGawopaercs M gas cuerembl [1BIIp — TMTMAK — Cu?t,
_npuuem [IMAK Gonee cuabubiii xenatupyloumnii arest, uem [TAK.

BAusiHMe KOHUEHTpAailHH peareHToB Ha YCTOHYHBOCTb TPOHHBIX
KOMIIJIEKCOB MOeT ObiTb NPOAEMOHCTPHPOBAHO HA INipUMEpE KOMI-
AekcoB Mn?t co cmemanubiMu Juraunamu [805]: umuzason (Mwm),
tpuntodan (T) u nBoHHas HaTpHeBas coJb S-alLeHO3HHTpHGoOcHarTa
(AT®). lMokasauo, uto Mn** Gaaronaps csidpiBauuio ¢ ATD ycuau-
BaeT HEKOBAJIEHTHble B3aHMOAEHCTBHS apOMaTHUYECKHX yuyaCTKOB GHO-
MoJMMepOB H paBHOBECHE pe3KO cMelllaeTcsi B CTOPOHY 06pa3oBaHus
komnaekca Mn*t — T — AT®, a npu GOJbIIHX KOHHEHTPAIUHAX
AT® — B cropody Mn’t — AT®. Tlpu HoOaBlE€HHH TPETHErO JIH-
raiga (Um) cucrema Mn** — T — AT® nepecrpanBaercsi B GUHap-
Hyo Mn*t — T uan Mn®*t — ATO,

O6pa3oBaHue cmellaHHO-Aurangubix MMX MoxeT GbiTb 3aperucT-
DHPOBZHO H MO KOCBEHHbIM JaHHbIM. TakK, pacTBOpeHHe B BOje
0CalJKoB, 06pa30BaHHbIX NOJHBUHUIAOeH30-18-kpayu-6 u [TAK npwu
MOJIbHBIX OTHOILIEHHAX 3BeHbeB 1:2, B NPUCYTCTBHH cosell OOBACHAIOT
o6pa3oBaHHEM HHTepHOJHMEDHBIX KoMmIllekcoB [317].

Huorna xomnonenTsl cmelwanHo-aurangisix MMX Moryt Bxoauthb
M B COCTaB OJHOW MaKpomoJieKyanl. Hanpumep, B cucreme cononu-
Mep BHHHAPTANHMHAA u BHHHJoBoro cnupra — CuCly pa3iuubi-
MH ME€TOZAMH 3a(PHUKCHpPOBAHO 06pa3oBaHHE KOMIJIEKCa XeJaaTHOro
tuna [806]. MHTepecHO OTMETHTb, YTO B CMECSIX TOMOMOJHMEDOB
(nonuBurHAPTaAuMul U [IBC) B xomnaekcoobpasoBanuu ¢ Cu’t
yYacTBYIOT JIKlIb 8TOMBI a30Ta NOHBHHHNGTanuMuaa. pyrum npwu-
MEPOM MOXET CJYyXHTb cBssbiBanue Ag™, Co’t Fe®t cermenrtamu
371aCTOMEpHbIX NOJH3(DHPYPETAHOB, NPOHCXOASILEE ¢ YUacTHEM MSir-



KuX (MonusdypravkoieBble) M KeCTKHX (AMM30LMaHATHule) dpar-
MeHTOB [807].

O6pasoBanyie cMellaHHO-JAUraHAHbIX MMX MoKeT 6bITb MCOb-
30BaHO 11 ceJeKTuBHOrO csasbiBanua MX,. Tak, nonumepsl, conep-
XKallle MaTpullbl NMOJHMAMHHOB ¥ KapGOHOBBLIX KHCJAOT, NPOMHTaH-
Heie [IBC, o6aanaioT cnocoGHocTbio pasmenstb, nanpumep RhCl;
u Fe(CO)s, B pactBopax npu Boicokoit (423 K) temnepatype, B TO
BpeMsi KaK MpPH HHU3KOHW TeMnepaType BHOBb MPOHCXOOMT HMX CBH3bI-
BaHue [808]. dnacTHuHasi nneHKa, NMOJAyyeHHAs W3 JuHelHoro [19U
H MOJIH3NUXJOPTHAPHHA, NPOABJsET CENEKTHBHOCTb K EPEHOCY HOHOB
MeTaJsa ¢ napaMeTpamMu  cejektuBHoctH  Cu™t: Ca’t =24;
Cu®*: Mg?*t =5,4 [809].

Haun6onee uHTEpecHbIM KJaaccoM cMelllaHHO-Aurasgusix MMX
SIBASIIOTCA KOMIJIEKChI METANJIOB ¢ CHHTeTHYECKHMH ¥ GHOMOJMMepa-
MH, MOCKOJ/IbKY OHY MPeACTaABAAIT yNOoOHYI0 MOAeNb AJs yCTaHOBIe-
HHs B3aMMOCBSI3H MeX Iy [ipolleccaMH XelaToo6pa30BaHKsA € yuacTHeM
stux XMJI. Kak npasuno, Takue MMX ouenb ycToiuusbie 06pa3o-
Bauusi. Tak, nHrepnonumepHole KoMmnsekceot [T14BIT — Guiauit cusopo-
TOuHbIt anb6yMuH B npucytcTBrir HoHoB Cu’™ B WIMPOKOM HHTepBaJe
COOTHOILIEHHH KOMIIOHEHTOB YCTOHUKBBI B KUCN0 cpefie (T. e. B yCJIOBH-
X, Korja OHO- M CHHTeTHYECKHH MOJHMepbl MMEKT OAWHAKOBHE
3apsilbl H He cHOcOOHBI pearupoBaTh APYr ¢ APYTOM B OTCYTCTBHE
nocpeanuka). TakoH KOMOJEKC — KOMHAKTHBIH accolluaT, BKIIOYAIO-
LKA B KadecTBe cyObeauHHll 6—7 NOJHKATHOHOB, ¢ KOTOpPhIMH Gen-
KoBble I100yabl cBA3aHbl B XesaatHoMm y3jae [810]:

7 N -
N P~c0
cu
4™

CoeanHeHnsi 6eJKOB C CHHTeTHUECKHMH MOJHMMEpPaMH MOTYT pac-
CMaTpPHBaTbCsl KaK cBoeoOpa3Hble MOAHMep-NOJ¥MePHbIe KOMNO3HIHH
(B TOM uucae W BOAOPACTBOpPYMbLIE) C HOHAMK METaNJOB B KaueCTBe
LLEHTPaNbHOTO CBA3YIOLIETr0 aTOMa. _

C nomotplo peakuuy XeqaToo6pa3oBaHHA TPOHCXOAHT WMMOGH-
JH3aLKA pa3HooOpasHbiX (epMEeHTOB (IJI0KO300KCHIa3a, KapboaH-
rMApa3a, TPHNCHH, o-XHMOTPHIICHH W T. [.) Ha CHHTETHYECKHX NOMH-
Mepax, pHueM B KayecTse N0CPEIHHKA BLICTYNAIOT HOHEL Cu*t, Ni*T,
Co®’* u 1. n. [811]). AnanoruunbiM 06pa3oM NPOHCXOAHT CBA3LIBAHHE

depMenToB ueanonoson [812]:
@<OH -1~MCl4——>32’4EK O~y -Cl ——-———bmizmm @:O>Mf\o>®epmem
OH " o~ ~ct ™ 07 ™o
Houbl MeTasn0B MOTYT HMrpaTh pOJb MOCTHKA W B KOMILIeKCax
NPOTEHHOB ¢ Pa3HooGpa3HbiMH noducaxapugamu [812a, 813]. U 8
AAHHOM CJjydae 3HAYWTE/IbHOE BJMsAHHME HA [IpoUecc KOMILEeKCo-

o6pa3oBanus okasbisaeT pH cpensl. Tak, TPOAHON KOMIIEKC B CHCTEME
ka3end — Kaabuuil (I11) — kap6okcumeruauennoao3a  obpasyercs
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Puc. 5.18. ®azosasi auarpamma cucrembl Obtunit  [Cult) mmons
/
17

CLIBOPOTOYHBbIH  anbb6ymun — Cu®t — anbrunar:

I — ocampaeHHe UHCTOrO 6blubero CHIBOPOUHOTO adbOyMHHa,
2 —50%-e ocamaeHHe OBUbero ChHBOPOUMHOFO anbByMHHA; 03
3 — xpHBaa ob6pa3oBaHHd TPOHHOrO KOMIJAeKca

0z

a7

1
0% 1Y% CnontOm

TOJIKO Bbillle H303JeKTPHYECKOH TOUKH Ka3euHa [812a). B y3koii 06-
JJaCTH KOHLEeHTpauuH HoHa Mmeraia cyuecrtByior MMX u B cucreme
anbbyMuH Oblubed CbIBOPOTKH ~— KAaTHOHbl [BYXBaJIeHTHbIX MeTall-
JoB — anerdnar [813a]. B panHom caydyae HaiileHbl MOpPOroBbie
KOHLIEHTPAaLlMH HOHA MeTaJljia, NPH KOTOPbIX 0Opa3yloTCs KOMIJIeKCHI
C MIPOTEHHOM H C caxapHuioM; ¢da3zoBas AuarpamMmma AJisl 3TOH CHCTEMbI
npeacTaB/ieHa Ha pHc. 5.18.

Trasa 6
METAJJOXEJATbBbI C NPUPOAHBIMH NMOJIUMEPAMH

OTMeueHHble Bblille OCOGEHHOCTH XesiaToo6pa3oBaHHsl B CHCTeMaXx
MX, — CHHTeTHUYECKHH MAKpOJHTaHd B elie OoJblied CTerneHd Mmpo-
SIBJAIOTCA B Cjyyae TPUPOAHBIX MoJuMepoB. Merannoxenarsl ¢ 3TH-
MH NOJIHMepaMH MOJy4aloT ABYMA OCHOBHbIMH criocof6aMH: Herocpen-
CTBEHHbIM B3aMMOAEHCTBHEM HOHOB METAJJIOB MJIH HX CO€JHHEHHH
C MaKpoJMraHgamd uau 3akpemyienieM HMX Ha nosumepax uepes
Meraasa. Kak mnpaBusio, B3aUMOeHCTBHe B TAaKHX CHCTeMax HMeeT
CMelllaHHbIA XapaKTep M 4YacTO TPYAHO BbIAEJHUTb OJHH M3 THIIOB
CBAAI3bIBAHHA MeTaJ/lsia (HOHHBIH, KOOPAHMHAIHOHHBIH MJIH XeJaTHbIH).
Tem He Menee B 1aHHOH r/1aBe NMpeANPHHATA TOMNbLITKA BHIUWIEHHTh TOJb-
KO XeJlaTHpOBaHHe MeTaJ/lJioB C NMPHPOAHLIMH [OJAHMMEpPaMH C LeJbIO
ornpenesneHuss crneuudHKH peakKuuHh Xesnatoobpa3oBaHHA B TaKHX
CUcTEMax.

6.1. METAJIJIOXEJIATbI C NNOJIHCAXAPHJAAMH

B pa3a. 2.2 6biin onucaHbl NPUPOAHLIE MOJHMEPDI C XEJIATHPYIOLIHMH
CBOHCTBAMH H MeTOAbl MX MoaudHKauuu. Kak yxxe oTmeyanocs,
60JIbLIMHCTBO HCCEA0BAaHUI NPOBEJEHO C LIeJIJII0J030H U ee NPOU3BO/-
HoiMH [814], npuuem 1Mo CpaBHEHHIO C UEJJIIOJNO30H ee NMPOH3BOAHbLIE
uMeloT 6oJiee BLICOKYIO XelaTHPYIOULYIC CiocobHOCTb. Tak, MoaudHuLU-
poBaHHe LeMJ1I0J03bl pa3Hoobpa3HbIMU [MOJHAMHHAMH MPHBOIAUT K
NOJIYYEHHIO BLICOKO3(P(eKTHBHbIX COPOEHTOB MepexOdHbiX MeTaJ/0B
[[Mar. TP 218372]. BBeneHnue ruapoOKCaMOBbLIX [PYIIHPOBOK B LEJI-
JII0/103Y TI03BOJIAIET MOJYYHTh CEJIEKTHBHbIH MaKpPOJHIaHi, CBA3bIBalO-
uuit vonsl Fe*+ (1,99—3,16 mmoan/r) u Cu®* (0,19—1,16 mMoab/T).
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B 10 Xe BpeMs 3TOT moJuMep He NPOAB/ISET XeJaTHPYIOLHX CBOMCTB
no oTHOWeHKIO K Honam Co® ', Ni*™ u Zn*t [474]. O6pasyioumrecs
MeTanJoXe/1aThl BbINAAAI0T B OCaA0K, YTO CBH/ETEJBCTBYET O MEXMO-
JEKYJAPHOM CINMBAHHH NOJHMEPHBIX Leneid Uean0J03n HOHAMH Me-
TaJJ0B.

Pan ycTofulBOCTH KOMNJAEKCOB METaMJOB ¢ UENTION030H, Mo-
AR(PHUHPOBAHHOH TpPynnaMH THAPOKCAMOBOH KHCJOTH, aMHIOKCHMa,
NOJHAKPH.IAMHAOKCHMOM, MNOJHTHJPOKCAMOBOH KHCJIOTOH, NOJHype-
TalceMukapb6a3uioM coorBetrcTByeT psly MpBuHra — Yunabsamca
ana HMX (cm. pasa. 1.6) [446—451, 453, 814a]. [lpuuem tepmoanu-
HaMHyYyeCKHe XaPDAaKTEDHCTHKH MNpOLeccOoB Xenatoo6pa3oBaHHA CBHU-
AeTeNbCTBYIOT O TOM, 4TO HaWboAbIIHHA BKaa B obllee H3MEeHeHHe CBO-
601HOH 3HEPrUH BHOCHUT IHTPOMHHHBIH YJeH.

Ha npumepe MoanpuuHpoBaHHOH UeNMON03BI, CodepXKaulell rpyn-
Mbl THAPOKCAMOBOH KHCJOTH H aMMJOKCHMa, 3aperucTpHpPOBaHa Mo-
HOMepH3auua AHMepHbIX KoMmniekcoB [447]. HUasecTHo, uto Terpa-
XJOPHI BaHaIHA HABAAETCA JHMEDHbIM KOMMNJIEKCOM, BCJEACTBHE
yero He ypaercs Habmwoaath ero cnekrtp JAIIP. Oprako npu ero
3aKpenJeH’HH HA MOAM(HUHPOBAHHOK 1ea0a03e 06pa3vIoTca Metadl-
JokoMmnjekch, B cnektpe JIIP korophix oTyeT/iHBO nposiBasieTcs
8-KOMINOHEHTHAs CTPYKTYpa, XapakrepHas Aas uoHa Banamusa{lV).
Takum o6pa3oM, TOJXWMEpPHBIH JHTAHA NO3BOJAET Pa3beAHHHTD
HOHBI METaJJIOB Ha TaKoe PacCTOsiHHe, NpH KOTOpPOM He OyAeT npoHuc-
Xoa¥Tb 0O6MeHHOE B3auMoJeiicTBHE.

[lennono3y ¥ ee npoH3LOAHBIE HACTO HMCOOAB3YIOT ANMH CBA3H-
Bauud HMX. Tak, B pasa. 4.4 1poaHaNu3upOBaHO B3aHMOJEHCTBHE

Ik Tk
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L60 520 580 G40 700AHM D00 270 320 370AMM ¢
Puc. 6.1, CUCKTP TOMIOWEHAN () 1 dayopecncnign (6) pAcTROPOB AEKCTPAROROLY

komnaexca tepOusi (1), noua tefgoms (H1)  (2) w cyabpara  Aexcrpan (-4

104



MeXIYy AHTHAPOKCOdTHIeHAnamuuaTtoM MenH (1) u uennonoson, npu-
BOASIILICe K XHMHUECKOMY CBA3bIBAHHIO HOHOB MeaH (1) ¢ 2,3-nupano-
3HIHBIMH aTOMaMu Kucaopoaa [739] . 3akpensieHHe NOJHAMHHHBIX KOM-
naekcoB Menu(Il) Ha uennono3e nospossier noaAydatb BBICOKO3(D-
(eKTUBHBIE KATaJu3aTopbl okucaeHus [815]. OTmeTruM Takxe cBA3bI-
BaHHE alleTH/AalleTOHATOB [I€PEXO/IHbIX METAJ//A0B [IPOH3BOAHBIMHU LI€JI-
JIIOJIO3bl, MpHBOASIIIEe K [OJyYeHHIO [oJuMepHbIX reneii [816].

X
08 o
o
041
0 ! | ]
05 10 [Fed*):[
Puc. 6.2. Onpenenede COCTaBa KOMILIEK-

ca xene3a (IIl) ¢ B-wHKAIOOEKCTPHHOM,
colepXaulHM THIPOKCaMOBble TpPYMIH-
poBkH (X — morsiouieHue)

Puc. 6.3. Crpyxkrypa KOMILJeKCa TpexbsiAepHOr0 KJaacTepa Ko6ajibTa ¢ y-UHKJAO-
. NeKCTPHHOM

ITo xenatupyioweii crnoco6HOCTH OJH3KH K UEJIION03€ [HKIO-
JAEKCTPHHB H JekcTpaHol [482—489]. Tak, no6Gasneunue cy.bdara
AekctpaHa K pactBopy Tb®T NpuBOAHMT K pPe3KOMY MOBLILIEHHIO HH-
TEHCHBHOCTH OCHOBHOTO nepexoia npu 310 HM U pJiyopecueHUHH NpH
045 um (puc. 6.1) [483], uTo CBHAETENBLCTBYET O CHJILHOM CBSI3bIBAHH He
MeTa/lla 3THM mnoJiuMepoM. B TO XKe BpeMs cpaBHEHHE KOMILIEK-
coB Th®T ¢ pekcrpaHoM M Kap6OKCHMETHJILE/IION030H MOKa3LBaer
66sblYI0 3(P(EeKTHBHOCTL BTOPOro MosiiMepa 6Jsarofapsi HaJHUHIO
KapOOKCHIBHOH TPYIIIbI.

B3aaumopeiictBie HoHoB xese3a(lll) ¢ uuknogexctpuHom, co-
JepKauHM THAPOKCaAMOBbie TPYNNHPOBKH, NaeT KPaCHO-KOPHUHEBYIO
OKPACKy, XapakTepHylo misa kommnuekca Fe’t [482]. Kak u B ciyuae
CHHTeTHUECKHX MoJIUMepoB (cm. pa3a. 4.3), takxke obpa3yercst KOMI-
Jekc cocraBa 1:3 (puc. 6.2) ¢ 3naueHuem lg K nopsaka 29—30.
OpHako paJgbHedniee no6asjenve HOHOB kene3sa(lll) we npusogut
K ob6pa3oBaHHI0 KOoMIiekca 1:1, Kak A/l CHHTeTHYECKHX [0JHMEpPOB
(cMm. cxemy 4.1), a cpa3y obpasyercs KoMiuieKc 1:2. 910, OUEBHIHO,
06yCJIOB/IEHO APYrHM MPOCTPAHCTBEHHBIM pAaCMOJIOXKEeHHeM XenaTH-
PYIOLIHX (parMeHTOB B NMPUPOIHOM [OJIUMepe.

HurepecHo otMeTHTh 06pa3oBaHue ABYX Pa3/IMYHBIX KOMIIJIEKCOB
ANl XeJaTHPYIOUWKX [Pyl Ha BHYTPEeHHEH W BHELIHEeH CTOPOHE LHK-
JoaekctpuHa [485]. Ecin xenatupyiown# ¢pparMeHT (B 4aCTHOCTH,
NMOJIMaMHH) 3aKpelyieH Ha BHYTPeHHe#l CTOpOHe, TO CyLIEeCTBYIOT
3HauuTeJbHble CTEPUUECKHE OTpaHHUYeHUA AJS B3aUMOIEHCTBHA C
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HOHOM MeTaJjlia, MO3TOMY B JAaHHOM ciydyae oGpa3yeTcss MeHee YCTOH-
YHUBLIX KOMMJEKC.

B otnnyue oT a- u B-popM MONOCTb Y-LHKIOJEKCTPHHA TaKaA
6o/blasi, YTO BHYTPH Hee MOTYT pacnosaraTrbCsi He TONbKO HOHBl Me-
T4JAJM0B H HX XeJaTbl, HO H OU-, TPH- U faXKe TeTpasilepHbie KaacTephl
(puc. 6.3) [817]. HurepecHo oTMeTuTh, HTO 3aKpenJieHHe KJ1acTepos
B [IOJIOCTH LUHMKJIOAEKCTPHHA 3HAYHTENbHO MOBBIILAET HX YCTORUHBOCTS.
B uyacTtHOCTH, TeTpasifepHblii KJacTep KoGajbTa pasjaraercsi NnpH
393 K, B TO BpeMs KaK NPOAYKT ero B3aWMOLEHCTBHS C y-LHKNOAEKCT-
PHHOM HaYyMHaeT pasjaraTbCcs NpH Temnepartype Boime 473 K [817].

BBeneHHe MOJeKyJbl f-1UHKJIOAEKCTPHHA B pacTBOp TeTpakapol-
okcHdTanounaHuHa xegesa (I11) npuBoaut k HeboabIIOMY CMelLIEHHIO
paBHOBECHS [OHMep z= MOHOMep B CTOPOHY MOHOMepHOH (QOpPMH
(puc. 6.4) [486]. B 10 ke BpeMs Jo6aBJieHHE NOJH- - UIHKAOLEKCTPHHA
(puc. 6.5), noJy4YeHHOTO B3aHMOLEHCTBHEM P-UHKJIOISKCTPHHA C 3MH-
XJIOPTHAPHHOM, MO3BOJSieT 3HAYUTENbHO CMECTHTb 3TO DaBHOBECHE
B CTOPOHY MOHOMEpPHOH (POPMBI.

Puc. 6.6. CrpykTypa KoMIiekca re-
Ma C a-UHKJOAEKCTPHHOM
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HuakoMoNeKy AsipHBIE METaa0XeJaThl MOTYT CBA3L'RATLCH C LIHK-
JONEKCTPHHAMH H Yepe3 JIMranj nytemM 006pas3oBaHHs KOBAJIEHTHbIX
cBa3eil. Takum obpa3om, Halipumep, rem Obil 3aKpenJeH Ha [OoBepx-
HOCTH at-UHKJAoneKeTpuHa (puc. 6.6) [817a]. B stom cayuae Gaokupy-
eTcsl LIeCTOoe KOOPAHHALHOHHOE MECTO MOJIEKYJbl FéMa HJH, APYTHMH
CJIOBAMH, oL-LIHKJOAEKCTPHH HCMIONb3YETCH KaK CTepHYECKas 3alUlHTHas
rpynna, MOKpLIBAOUIAs MOBEPXHOCTb MJOCKOCTH nopgupuHa. Ilo-
CKOJIbKY UHKJIOAEKCTPHH sIBASETCS] BOAOPACTBOPHMBIM TOJHMEPOM,
tTakol MMX moxeT o6paTHMO CBsi3biBaTb KHCJIOPOA B BOAHOH cpene
[817a].

JleTanbHble HCCENOBAHHA X€JATHPYIOLLKX CBOHCTB XHTHHA, XHTO-
3aHa M HX TNpoW3BoAHBIX (cM. cxemy 2.II) mnokasaaud HX BLICOKYIO
CeJIEKTHBHOCTb MO OTHOWIEHHI0 K HOHAM [MepexXopHblX H TSIKeabIX
METaJJIOB, B TO BPCMS KakK LIRJOYHBIE H ULICJOYHO3EMeJbHble Me-
TaMJbl MPAaKTHYECKH He CBJ3bIBAIOTCA 3THMH nojJumepamu. Cko-
pocTb peakuuu xenartoo6pa3oBaHHsi 3aBHCHT oT pH pacrsopa,
TeMNepaTyphbl, HaJHYHd MPOTHBOHOHOB, APYFHX MeTaJloB B pacT-
Bope ¥ T. n. CocTaB KOMIJEKCOB METaJ/0B C XHTHHOM H XHTO3aHOM
uamensietca ot 1:1 fo 1:4 B 3aBHCHMOCTH OT IPHPOAbLI MeTalna
[490, 491, 818], npuuem B psApe cayyaeB INpearnoJaraercss passnu-
HBIH cocTaB npu uamenenuu pH [507].

Ha npumepe KOMNJEKCOB MeTaMI0B C XHTO3aHOM [OKA3aHO,
YTO BBEeJE€HHE HOHA MeTana NPAaKTHYECKH He H3MeHdeT AUDPaKIH-
OHHYI0 KapPTHHY HCXOLHOTO noJuMepa. ITO CBHAETENbCTBYET O TOM,
YTO XeJaTHPOBaHHE He H3MeHsieT KOH(DOPMAUHI0 XHTO3aHa BAOJb
HanpasneHud BoJokoH [819]. B To ke Bpems mpupona aHHOHA HC-
XONAHOH COJMM 3aMeTHO BJIMsI€T HAa MPOCTPAHCTBEHHOE MOCTPOEHHE
xenaTHoro y3jaa. Tak, ang cyabhara KagMHsi yCTaHOBJEHa OpTO-
pombuyecKasi suyedka c napamerpamu a=11,89; b=44,28 n ¢=

=10.22 A. 3amena cyJbhar-HOHOB Ha XJOPHA-HOHbl NPHBOMHT

K H3MEHEHHI0 3THX napamerpoB: a=1124; b=35,72 u ¢=10,26 A.
JIpyrumH cloBaMH, B caydae cy/abdaTa MexienHbie PacCTOSIHHA XH-
TO3aHa yBEJHYHBAIOTCS B IKBATOPHANBHOH (@ H b) NJOCKOCTH, a B CI1Y-
yae XJopHaa B aKCHaJbHOM (c) HalpaBieHHH. Kpome Toro, siyeHka
KOMIJIEKCA BKJIOUYaeT 8 XMTO3aHOBHIX ()PAarMEHTOB, B TO BPeMsi Kak B
HCXOOHOM moJiuMepe ux Obiyo 4.

OCHOBHBIMH UEHTPaMKH KOODAHHALKH XHTHHA H XHTO3aHA sIBJs-
I0OTCS1 aTOM a30Ta aMHHO- WJH aleTaMHAOTPYHNbl B THAPOKCH/IbHAS
rpynna. XeaaTHPOBAaHHE DACTBOPHMBIX MOJHMEPOB IIPOTEKAET JETKO
¢ 00pa30BaHHEM BHYTPHMOJEKYJSIPHbIX KommJekcos [DH01]:

H,OH
° o~ 2+ N\ /0
OH + Cuét — oug + 2n*
0 N
L NH2 =47
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Puc. 6.5. Bausnnue creneuu

auuanposaHua (R=CyHyg) Ha
cBA3bIBaHHe HouwoB Medu (I)

1 1 1 L
200 250 300 350 A,mm XHTO3aHOM

Puc. 6.7. Cnexktpn KIA 0,05%-ro pacrBopa N-kapGoKCHMETH/IXHTO3aHA B IpH-
cyrerBun 0,2 MMonb pacTBopa cyabbara meauw npw pH 52 (1), 6,1 (2) u 9,3 (3)

[Tpu KomMnaekcoo6pa3oBaHKUH NOJNOXKHUTeNbHAS MoJoca NMpH 250 HM
B criekTpe KL N- (0-kap6okcu6essun)xuro3ana cMeiaercs 10 264 um,
JBe oTpuuaTebHble nogaockl npu 230—240 1 270—280 uM cMelllaloTCH
10 300—310 um 6saromapsi xenaTHpoOBaHKIO Meraana (puc. 6.7)
[820]. TloBblwenue ruapodoGHOCTH MNoOJHMepa (HANpUMeEp, NyTeM
alUH/IHPOBAHUS) TNPHUBOJAHUT K YBEJHUEHHIO KOJHUECTBAa CBSI3aHHOTO
meraana (puc. 6.8) [494]. _

Komnnekcoo6pasoBaHHe HOHOB METaJa ¢ XHTHHOM H XHTO33HOM
B 3HAYMTeJbHOH CTENEHH 3aBUCHT OT TEMNEpaTypbl, H, KAK lpaBHJIO,
KOJIHYECTBO CBSI3aHHOIO METaJlJla YMEHbIUAETCsi ¢ TOHHKEHHEM TeM-
nepaTtypnl. llponecc cBsi3biBaHHsi MeTaJJIOB B [JaHHOM cayyae sB-
JAseTcs  3HIOTEDMUYECKHM H H3MEHEHHe 3IHTAJbIIHK COCTaBJSET,
HanpuMep, —17.9; —9,38 u —5,15 k[ /MoNb OAs peakuuu ypa-
HHJ-HOHA ¢ ¢ochaTtoM XHTHHA [437] M XHTO3aHOM, MOLHGPULHPOBAH-

TABJIMUA 6.1. Koauuecrso noea0uieHHOZO0 METAAAQ (MMOAb/E)
XUTUHROM 1 XUTO3AHOM

Metana XHTHH Xutosan(45)* | Xurosau(97)* C;’;’;:t:ﬁ XHT(E)I:::&%} . xm%‘;‘ﬁ”:ﬁ;‘-‘?) .
Mg*t 0,4 0,3 0,5 i1 1,5 4,3
Ca?t 0.4 0.8 0,4 1,4 1.9 1,5
Sr2t 0,4 1,5 0,6 1,4 2,4 1,7
Ba’t 0,3 1,1 0,8 1,3 i,9 2,0
Mn** 05 1,1 0,5 1,1 2,2 1,8
Nj*+ 0,3 3.5 2.3 1,6 0,4 2,3
Cu?t 0.4 5,3 4,8 1,0 2,2 2.6
In*t 0,4 5.5 3,2 2,1 1,7 2,7
Cd*+ 0,6 6,5 4,9 0,9 2,0 3.0

R

* B cxobkax gana creneHb AeaueTHAHPOBaHHS.
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HbIM Ca/JYUHJIOBBIM H FJIyTAapOBbIM a/JbAEr¥AaMH COOTBETCTBEH-
Ho [493].

[lepexos OT pacTBOPUMOre K CILUHTOMY XHTO3aHy COMNPOBOX-
JAaeTcs yMeHbl€HWEM XeNaTHPOBAHMA MEpPexXOoAHblX M MNOBbLILIEHHEM
XeJaTHPOBAHHSA LUEJOYHO3EMENbHBIX METa/JIOB, B TO BPeMS KaK AJf
XHTHHA HaO0J01aeTCsl NOBbILIEHHE XedaTHPOBaHHsi 06GOHX BHIAOB
metaaaoB (taba. 6.1) [821]. Uckawuenne cocrasasier How Mn?T,
KOTOpbIH BeeT ce6s BecbMa CB0eOOPA3HO MO OTHOWEHHIO K XHTHHY
n xuT03aHy [506]. Creayer oTMeTHTb, UTO ¢ MOBbLILIEHHEM Pa3MEpOB
TpaHyJ [OJHMEpa YyBe/JIUUHUBAETCH CTelMeHb KOOPAHHALMH MeTad-
aa [497]. ;

HetasbHoe paccMOTpeHHe XeNaTHPYIOWHX CBOHCTB albrHHOBBIX
K¥caoT nipoBeaero B pabote [490], no3ToMy OTMETUM TOJILKO CTPYKTY-
py obpasywoumnxcsi MertamnoxeaatoB (6.1) [822], kotopbie uMmeioT
MEXKMOJIEKYAAPHBIH XapaKTep H 0Ca»1al0TCsd M3 pacTBOPOB.

GOOH
OH HO
~0
////,c{\\ (6.1)
COO0 co0
0 O o
oH HO X O\ K oH HO
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6.2, KOMIWJIEKCbI METAJLJIOB C NOJIMNENTHAAMH

B GonbuinHcTBe ciayyaeB NoAHNENTHIbl NPOABAAIOT OJH3KYIO K CBOHM
CHHTETHYECKHUM aHaJ/J0raM XeJaTHPYIOULYI0 clocoOHOCTDb, MO3TOMY BHa-
yaje pacCMOTPHUM KOMIJIEKChl METaJJ0B C CHHTETHUECKHMH MOJHAMH-
HOKHCJIOTAMH, SABJISIIOLLMMHUCH MOJEJNSIMH MOJHNENTHAOB.

6.2.1. Komnaekchl MeTaAl0B C NOJAHAMHHOKHCAOTAMH

K uacTosilleMy BpeMeHKH HAKOMJEH 3HAUKWTeJbHbIl 3KCMIEPHMEH-
TaJbHbIH MaTepHasa No KoMmmnaekcooOpas3oBaHHIO MeTAJN0B, B OCHOB-
HOM [€pBOro MepPexoJHOro psiga, ¢ mnoJHamHHokxcaotamu. Cpean
HauboJlee NeTaJbHO H3YUeHHLIX MOJHAMHHOKHCIAOT MOJH-L-TIHUHH
(823}, -ananun [824], -rucTuaun [825], -apruuun [826], -nu3un
(827, 828], -opuuruu [828], -rmyramuHoBasi kucjora |[829--831],
-inamunomacasdas xucaora [828] u 1. 4. Tlpexne Bcero caepyer
OTMETHTb, uTo 6J1aroAaps HaJHYHIO KAPOOKCHJIbHOR TPYNNbl HOJHAMH-
HOKHCJIOTBl BO MHOTHX calyuasix BeiyT ce6st 1o406HO NOJHKAPGOHOBLIM
kucsoram. OQHAKO B OTAHUKHE OT MOAMKAPOOHOBBIX KHCIOT B [OJAHAME-
HOKHC/IOTAX HMEETCHA H BTOPOH CBSI3bIBAIOLWIHE LUECHTP — aMHHOrpynia
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1 Puc. 6.10. Cnexrpnt K cuctembl
Cu®* — noau-N-metakpujoua-L-ana-

L aur npu pH 3.3 (/1); 4,1 (2);
54 (3); 7.0 (4); 80 (5) u 90 (6)

ot 1 -

200 250 300 A, HM

Puc. 6.9. YaoTpaduonetosbie cnekTpsl cHerembl  Cu®t — noan-N-merakpoun-L-
ananun npu pH 2,8 (/); 4,0 (2); 50 (3); 6,0 (4); 7,9 (5); 100 (6) n 126 (7)

60KOBOWH LeNH, KOTOPbIH yUacTBYeT B KOOPJAHHAUHKH JHUIb NPH onpeje-
JIeHHBIX VCa0BHAX. Tak, noka3aHo yyacTHe B KOOPAHHALHH C MeTaJ/l10M
KakK KapOOKCHJIbHOH rpyninbl, TaK H NeNTHIHOrO a30Ta MOJHIJIYyTaMH-
HOBOH KHcaoThl [831]. [lpuuem cocTaB KOMIIEKCOB MeTaJ/IOB € IOJH-
AMHHOKUCJOTAMH 3HAUHUTENbHO H3MeHSeTC B 3aBHCHMOCTH OT
pH cpeanl. [detanbHo 3ToT Bonpoc Obl1 paccMOTpeH Ha npHMepe
cucteMbl Meab (I1) — noau-N-merakpoun-L-ananun (puc. 6.9) [832,
833]. B nansoM cayyae npu usMeHeHun pH obpasylorcs komn-
JIEKChl Pa3JIHYHOrO CTPOEHHS H COCTaBa, NpHUEM MeTaJljioXxe/aThl
3aperHctpHpoBansl npu pH 6—9 (6.2) u 10,5 (6.3), (6.4).
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[Ipy 3TOM XeJiaThl, MOCTPOEHHbIE N[O THIY O-4JeHHBIX LHKJ0B (6.2)
[834, 835], BKJIOUaIOUHX NPOTOHHPOBaHHbIe KAPOGOKCHIbHBIE U aMu-
Horpynnbl, 00J1afaioT ONTHUECKOH aKTHBHOCTbIO, @ KoMImJeKcH (6.3)
H (6.4) ontuyeckH He akTHBHB (pHC. 6.10). KoHcTaHTa o6pa3oBanus
npoaykra (J/M0.b) C HEIIPOTOHHPOBAHHBIMH KaPOOKCHJAbHbIMH rpyn-
namu OJM3Ka K cooTBeTcTBywIHM 3HaueHHaM 1as [1AK (K=4,2X
X1073—2,8-107* u [IMAK (K=2,5-10"") [836], Toraa kax c npo-
TOHUDOBAHHbIMH OHa HaMHoro 6oJiblie. AHa/loruuHbie 3aBUCHMOCTH
oTMeudeHnl H B cHcTemax Mmeldb(ll) — noan-N-merakpusoua-L-ac-
naparuHoBass Kucaota H Menb(ll}) — noau-N-meraxkpuioun-L-ray-
TaMHHOBas Kucaora [837, 838]. KoHcTaHTbl 00pa3oBaHUs KOMILJIEK-
coB menu (II) ¢ noau-N-merakpunoua-L-ananuHom (6.5), -rayramu-
HOBOH (6.6) W -acnaparuHoBo#t kucjoTol (6.7) (uncaurear — K aasa
HEeNMPOTOHHPOBAHHBIX KapOOKCHAbHBLIX rpynfl, 3HaMeHaTelb — AAA
MPOTOHHPOBAHHBIX) [IPHBEAEHbl HHIKE:

(6.5) 1,2.107%/3,4-10°
(6.6) i,4-107%/3,9.10""
(6.7) 32.-107%/8,4-10'°
ITAK —/7-108

[Tpu B3aumopedcteuu Menu (II) ¢ nosnu-L-ructuaunom npu pH 5
obpa3yeTcs NJIOCKOKBAaJApPaTHbIH KOMIJIEKC C yyacTHeM Tpex HMHIA-
30JIbHBIX rpPyNN rECTHAHHA H OJIHOrO NEeNnTHAHOro a30Ta OCHOBHOH Le-
nu. Onnako npu pH 14 oH nepexo4HT B Apyroil KOMMJIEKC ¢ HCKa-
»KEeHHOH [MJIOCKOKBAJIpPATHOH CTPYKTYPOH, B 00pa3oBaHHH KOTOPOro
NPpHHHMAIOT yyacTHe 4YeThipe cOCeJHHX MeNnTHAHBIX a30Ta M OJHA
MMHJa30JbHast Tpynna B anKHkaJbHOM nosoxeHud (puc. 6.11) [825].

B cucreme wmenb(ll) — rugpoGpomua noJu-L-1U3HHA MeTOIOM
SI1P 3aperucTpHpoOBaHO ceMb THIOB KoMmnaekcos (npu pH 1—2, 2—3,
3—5, 5—6, 6—8, 8—9 u 9—13), oT/IHYAOUIHXCH YHCJIOM CBHA3aH-
HpIx MoJekyl HoO H KOOpOAHHHPOBAHHEIX aTOMOB a30Ta, a Takxke

P cTerneHbl0 HX TNPOTOHHPOBAHHS
- o (puc. 6.12) [839].

[Tonu-L-nnamuHoMacafHas Kuc-
Jora MOXeT KOOpIHHHPOBATb
menb(Il) 3a cuer nenTuaHOrO
asora jgasxe npd pH 8 B orainune
oT noau-L-ausuna [828]. 3Iro
o0bsicHseTcss 06pa3oBaHHeM CTa-

| C 'T\ OHAbHOrO 6-UJeHHOro XeJaaTHOro
: */ ! IIMKJ/1a 110 CPaBHEHHIO C MEHee YC-

I'e

e

——— e T e . =

'C\\ l NV}N' TOHUHBBIM 7-UJ€HHbIM LHKJAOM B
BN« N Jayua -L-iu3una.
| = 1 COON clyyae noau-L-in3una
| N Vi PacemoTpenHblil mMexaHH3M
N CBSSbIBAHUsI, BEPOSITHO, HMeeT
| C"L_,J/ MECTO H HPH B3AHMOACHCTBHH
PR l HOHOB Xese3a (I11), nuxensn (1),
N ]
~ |
l Puc. 6.11. Ctpykrypa KoMIICKCA Me-
N e - au (I1) ¢ nouH-L-THCTHAHHOM
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ko6aabta (11), mean (11) # nuuka(ll) ¢ noar-o-aueTvanervgpoalsna-
HHHOM: YCTAHORJICHO 06PpAa30BaHHUe IBYX THIOB COEJIHHEHHH, B KOTOPbIX
HOH MeTaJla CBSi3aH TOJIbKO ¢ KapOUKCHABHOH I'pynnod HAH ¢ Kap-
OGOKCHABHON ¥ amuHorpynnamu [737].

[1py u3ydeHHH OHCXEATOB METAMIOB C MMOJHAMHHOKHCJIOTAMHU
BAXKHDBIM SIBJISICTCSl BOTIPOC: SIBASIIOTCH JIM OHW BHYTPH- HJIH MEXMO-
AeKYAAPHBIMH Xenatamu? Kak cBHAeTeNbCTBYIOT /1aHHbIE BUCKO3HUMET-
PHUECKHX HecaenoBaHuR [839a], TakHe Komnsiekchi o6pasyioTcs c
VUHACTHEM JABYX XEJATHPYIOUHX (PPArMeHTOB OJHOM NOJHMepHOH LemnH.

Ha ocnosanuu cmeiuenusi jundi B AMP'’C cnektpe atomos
yraepona C,, Cy 60koBoi uenu H C’ oCHOBHOH LlenH nosH-L-acnapru-

NHj
HgO
N} H20 |} OH;

Hy07 | “OHg

Puc. 6.12. Bo3aMOXHbe CTPYKTYPBl KOMNJIeKCa M@AH C MOJH-L-JIH3HHOM

HOBOH KHCJOTHI NPH g006apaeHHH HOHoB Mapranua (1l) Geu paccuu-

TaHbl paccrostHua M—C,, M—Cg 1 M—C’, pasuble 2,4; 3,2 1 3,6 A co-
OTBeTCTBEHHO [840].

Koucrantel o06pa3zoBaHusi KOMIJIEKCOB MeTANNOB C MOJHAMUHO-
KHCIOTAMH 3aBHUCAT OT MHOFMX (PAKTOPOB, H3 KOTOPHLIX HauOoJbluee
BJHSAHHE OKa3bIBAeT MPHPoAa MeTaua. B 4acTHocTH, 3Hadenun K aas
KOMIIIEKCOB IBYXBAJIETHbIX METAJIOB € NOJH-L-1M3HHOM YMeHbLLIAIOT-
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cs1 B pany Pd>Cu>Zn>Ni~ Co 1 3nauenue QyHKUHH Dbeppyma
npHOaHKaeTc BO Bcex cayuaax k 4 [841].

[loMHMoO MEXaHH3MAa CBSI3bIBAHHS HOHOB METaJJ0B NOJIHAMHHOKHC-
JIOTaMH BaXHbIM SIBJSIETCS BONPOC O Nepexoae Chupaldb — KIyGok
B 3THX cHcTeMmax. Tak, B COOTBeTCTBHH ¢ AaHHbIMH cnekTpoB KJ]

[Q]-1073 epad-cm?/moms a% S
0 ~®

801 \
60— ®

-5 40
’ He
20l \

.,
g | | |

L & 6 pH

Puc. 6.14. pH-3aBucu-
MOCTb COJepXKaHusA a-
cnupand (a) noau-L-
rJIYTAMHHOBOH KHCJIOTHI
(0) u ee mMeaHOro KoOM-

45 nJekca npH [L]:
Cult=10(* ) u
530 (A)

Puc. 6.13. B3auMocBA3b MeX/y MOJBHON 3JJHOTHUHOCTBIO NpH 222 HM H 3HAUCHHAMH

pH pactsopos Cd*T — noiuriyTaMuHoBas KHCIOTa MNpPH pa3jHYHBIX OTHOLIEHHSX

[L]:[Cd*T]: 0,65 (1); 0,98 (2); 1,30 (3); 1,95 (4); 2,60 (5); 3,25 (6); 6,50 (7):
6e3 Cd (&)

npH .HKcHpoBauHoM 3Hauwenun [L]:[Cu®T], rme L — noau-L-ray-
TAMHHOBafA KHCJI0Ta, Nepexoj cnupaljdb — Kaybok Habaopaercss npH
uameHeHuu pH pacrBopa (puc. 6.13) [830], npHuem Jdo o <C0,2, T. e.
KOrjga fnoJIMaMHHOKHCAoTa obsajgaeT CNHpPaJdbHOH CTPYKTypoH, HOHbI
Cu®* nouTH He cBsi3biBalOTCH moJHMepoM. B To ke BpeMs B3aHMo-
AeHCTBHe 3THX MOHOB ¢ NOJH-L-JH3HHOM TPHBOAHT K 00pa3oBaHHIO
KOMIIIEKCOB, codepxKalllHX NoJdHMep B a-ChHpaJbHOH KoHpoOpMalUKH
[842]. [lepexon cnupanb — K.nlﬁok MOKeT Ha0JMI0aTbCH H TIPH H3Me-
HeHHW cooTHoweHuss [L]:[M2*T] (puc. 6.14) [843]. UnTepecho or-
METHTb, UTO O/IH-D)-JH3KH NipeTeprieBaeT KOH(POPMaLHOHHLIH 1lepexoi
npH nobasJeHun noHoB Cu’t, B To Bpems kak Apyrue uoHn (Zn®?
Mn**, Mg**, Ca’") ne okasblBand Ha ero KOHPOPMALLHIO HHKAKOro
Bo3felcTBHs [844].

Murepechbie KoMmleKch 06pa3yloTcst PH CBA3bIBAHKK CPopPMHPO-
BaHHbIX HH3KOMOJICKYJISIPHBIX METAJIJI0XeNATOB [10JIHAMHUHOKHC/NOTAMH.
Tak, netanbHo Obwin u3yuenot MMX, oOpasyownHecss lpH B3aHMO-
peiictBum rtpamc- [Fe (2,27,27 27 -retpaunpuama) (OH) 2] * ¢ Na-no-
au-L- uwau D-rnyramaramu 845, 846). Takune komunekcol o6pa3y-
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Puc. 6.15. TlpoekunoHHasa  KapTHHA KOMILJIeKca [Fe (2,27,2”,2"-TeTpanHpH-
aui) (OH):] * ¢ noau-L-rayramatom
E.—Er AEER)
0 ///—\\1‘“\—_.. 0
Cl (—7
Puc. 6.16. Cnexrp KI pactBopa noau-L- // 2
JM3HHA (NYHKTHPHas JIHHHA) W Avdde- 3
peHuHanbHble K] cnekTpbt pacTBOpa moJiH-
L-1H3uua, cojepKaulero yuc (—)sso
Co (ananuuat); npu 86=0,06 (1), 0,08 (2) ~°[ S ¢ 117°
H 0,16 (3) (a) M 3aBHCHMOCTDb COLEpNKAHHSA / =5
Q-ClHpa/sH OT CTeneHH KOOpAHHAUHH (6) ’I © .
\ o
\ < -6
Y 005 010075 8
—10 i A ] ] -0
200 220 2408, 1M

I0TCA MyTeM KOOPAMHALMH aToMa MeTaJjsa C KapOOKCH/bHbLIMH Ipyn-
NaMH ABYX o-CMHPaJNbHbIX CErMEHTOB NMOJHAMHHOKHCAOTH (pHC. 6.15)
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[846] . [Lo6asaenne xe HMX Kk pacTBopy nosnmMepa MOXKeT IIPHBOAHTD
K H3MeHeHHI0 ero KoHpopMauHH, NnpHyeM coAepkaHHe a-clHpaJH
YMEHbIIAeTCsl C MOBbILIEHHEeM CTelleHH KOOpAHHaUHH (pHC. 6.16) [847].

6.2.2. MeTaaacxenarsi HONUNENTHAOB

MHorue KOMIJEKCbl MeTalJoB ¢ MOJHNEeNTHAaMH (BKJlOuas Meral-
JoepMenThl) npeacTasasioT coboit cBoeobpasHnd THn MMX, B Ko-
TOPbIX TMOJHMEPHAsl UeNb COAEP’MHT HECKOJIbKO METaJ/oXeNaTHbIX
ueHTpoB. BHauaJje paccMOTPHM >KeJse3ocojepxalliie MeTanopepmen-
Thl, KOTOpble AeJSITCS Ha ABa THMA: reMoBble NMPOTEHHb!, cojaepXKa-
liHe Xenae3zonopdHpHHOBbIE KoJblia, H HereMoBble npoTeHHsl. Hanpu-
Mep, MHOrJOOHH SIBJSIETCA MOJHNENTHAOM, COCTOSILIHM H3 OCTATKOB
163 amuHokHca0T. BTopduHasi cTpykTypa 3Toro MmertasjodepMeHTa
npeacrasJsieT coO0H a-CrHpadb, NpHUYeM rHApoPHIbHbIE IPyninbl 00pa-
LIeHbl HapyxKy, a ruapodobHbie — BOBHYTPb. MHOrM0OHH coaepXKut
OAHy IOJHNENTHAHYI Lenb H OLHH reM, SIBASIOUIHACH aKTHBHbIM
ueHTpoM. I'eM €Bfi3aH ¢ NoJHNeNnTHAOM 4Yepe3 HMHIa30JbHYIO Ipyil-
ny FHCTHAHHA, T. €. HOH Kesae3a umeer KY 5. [lomHMo cBsisbiBaHud
NOJHNENTHAHOH LeNH C MeTaJjioM o0HapyKeHa TakKe CBsi3b Kap6ok-
CHJIbHBIX Tpynn noppHPHHAZ € OCHOBHBIMH TIpPyNiaMH noJHMepa.
B otauune oT MHorJo0HHA reMoraoOHH CONEPXHT ueTbipe nojHnen-
THAHble Lenu: ABe «- H ABe f-ueny. B xaxpo# H3 nened HaxodHTCH
o0 0JIHOMY aTOMY KeJe3a, 3aK/JI0YeHHOMY B NOP(HPHHOBLIH LHKJ, PH-
yeM KOOPAHHAUHOHHOE OKPY)KeHHe HOHOB MeTaJs/a OAHHAaKOBO B MHO-
riobune H remorsobune. B MoJjekyJse remorso6HHa yeTbipe noJgunen-
THAHbIEe LenH B NPocTpaHcTBe HMeiOT dopMy TeTpasapa. Kpome roro,
NoCJaeJ0BaTeNbHOCTh AMHHOKHCJAOTHBIX OCTaTKOB B reMorJoOHHe H
MHOrJ00HHe CylLleCTBEHHO pasauyHa. MHTepecHo OTMeTHTb, 4YTO aTOM
JKeJsie3a He BXOAHT B noppupHHOBBIA UHKA (6.5), 8 HEMHOrO BO3BbILLIA-

€TCH Hajad HHM.
NH
P
N
l ) (6.5)
@ 2,68R .
é}_ NopHUPHHOBbLIA UHKR

MHoro ofulero ¢ MHorMo6HHOM HMeeT repoKCHAas3a, B KOTOPOH
COLEPKHUTCH OAHH HOH ’KeJse3a, BKJUYEeHHbIH B N1oPOUPHHOBBIH LIHKI
H CBSI3aHHbIH ¢ HOJHNENTHAHOW Lenbi0 KOOPAHHALHOHHOH CBA3DIO.
OnHako B 3TOM CoeHHe HHH JOBOJbHO YaCTO NPOHCXOAHT KOOPAHHAUHSA
eule OLHOro JIMraHja (HanpHMmep, MoJIeKyJbl BOAbl) B WECTOM HOJO-
XeHHH. KpoMe Toro, nepokcuaasa uMeeT APYryio noc/eaoBaTeNbHOCTh
aMHHOKHCJIOT B MOJHMEPHOH 1enH H 3HayuTeNbHO OTJAHYAeTCA OT
MHOIVIOOHHA 110 3HAUYEHHIO peloKC-NoTeHllHaJa.

B karanasax HoH jKesie3a uMeeT CTeneHb OKHCJACHHA 3+ M CBA3b
MeTanaonopHPHHA C HOJHNENTHAHOH LIeNb0 HOCHT KOBAJIeHTHbLIH Xa-
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pakrep. Tak Xe w1t B ciyyae reMorno61na, Kax/aasi NONUNenTH -
HAA UMb COAEPMIT 1CThipe METaNNONOP(HPHHOBHIX hparmMenTa, fnp-
yeM XKeae30 B 9TOM MeTadnodepMeHTe He BOCCTAaHaBJHBAeTCH Aaxe
CHABLHBIMH BOCCT2ROBHTEN SIMH.

K remMoBbiM MPOTEHHAM OTHOCATCH TaKXe UHTOXPOMbI, YHCJO
kotopbix npesbimaer 50. B uuroxpomax meTassonopdupHHOBBIH
WHKJ DPHKPeTJieH K TOJHMEPHOH el KOBasNeHTHOH CBSI3blo yepes
auraif. OIHAKo NMPHPOAA JHTAHAOB B 5 H 6 MOJOXKEHUsIX KOOPAHHA-
IMOHHOM Cdepbl HOHA Kejle3a 3HaYMTeNbHO OTAHYAeTCH /IS Pas3JiHy-
HBIX LHTOXpoMOB. EC/IH B MOJIeKyJle LHTOXPOMA-a 3TH MO3HLKH 3aHs-
Thl MOJIEKYJJAMH BOAM W WMHI230M132, TO B CJaydyae ULHTOXpOMOB-b H
¢ -— rpynfnamu, XapaxkTepH3ylolwHMHCa O0NbINoH CHIOH MOJs JHraH-
NOB, BCJEICTBHE Yero HOH Kesne3a CTAHOBHTCSt HH3KOCIHHOBLIM.
Takoe pa3/iHuue B CTPOEHHH aKTHBHBIX LLEeHTPOB LIHTOXPOMOB 06YCJI0B-
JuBaeT BHMOJHEHHE HMH PasJuuHbiX PYHKUHH B opraHusme. Hema-
A0BAXKHYIO POJb B MOJEKYJax IIHTOXPOMOB HrpaeT W ruiapodobHoe
OKpPYKEHHE Xese3010p(GUPHHOBOro LHK/IA MOJHMEPHOH Lenblo.

ChieayeT OTMETHTb, UYTO CTpOeHHe MeTaJjnocojepikallero LeHTpa
B reMOBLIX MPOTEHHAX CXOAHO C pPacCMOTPeHHbIMH Bbille (CM. rJ. 3)
MMX. nojyuyesHbIMU 3aKpenJjeHueMm reMa Ha rnojaumepax.

M2 wneremoBbix T1poTenHOB HauboJsee [A€TaJbHO H3YyyeH reM-
SPHTPHH, cocTOAIHA H3 8 onHHAKOBbIX Cy('belHHHL, Kaxjaas H3
KOTODLIX COAepXKHT 110 113 aMHHOKHCJIOTHBIX OCTATKOB H 110 IBa aTOMAa
Kenesa [847a]. B kauecTBe 1LeHTPOB KOODAHHALHH XKeJe3a BLHICTY-
NaloT YeTbipe FMCTHAMHOBLIX OCTATKA, OAHAKO MATbHIH LIEHTP KOOPAH-
HaUHH KeJe3a A0 CHX Nop OKOHYaTeJbHO He BhisicHeH. /{Ba aToMma xe-
Jiesa, pacnosoXxeHHble Ha OLHOH MOJHUMEPHOH LENH, HAaXOAATCH Ha
OTM3KOM PaCCTOSIHHH ADPYTr OT ApYra, MO3TOMY 3TOT METaANo(epMeHT
MOXHO paccMaTpHBaTh Kak cBoeoOpasubiii Ousimepubil MMX,

K OusizepuiM MMX caenyer OTHeCTH H reMOLHaHHH — MeTaJ-
JopepMeHT, coAepKalwHHd MeabnophHpPUHOBbLle ¢parMedTs [848].
IJTOT MeTalIoNPOTEHH COAEePKHT ABa OJH3KO PacnoJOXKeHHbIX HOHa
MelH B OJHOBaJIeHTHOM COCTOSIHWH, BCJeNCTBHE Yero OH siBJSeTCH
GecuseTHbIM. KOHCTAHTBH YCTOHUYHBOCTH TeMOLIHAHHHA OlLeHHBAIOTCH
Kak 10'°, a Han6o.lee BepPOSATHHIMH LEHTPAMH KOODAMHALMH ABJSIOTCH
HMHIa30/IbHble OCTATKH FHCTHAHHA, NPpHYeM KOHdOpMalHst noJaumnen-
THA2 CTaOHJIH3UpYyeT LEHTPb! CBA3bIBAHHA MeaH.

OueHb yacTo AJNMHHAsE NEAHNENTHIHAs lellb CO3LdeT HCKalKeH-
HYIO KOODAHHAILHOHHYIO CTPYKTYpy, KOTOpash OTBeTCTBeHHa 3a Crie-
LH(pHuecKHe XapaKTepHCTHKH ¢epMeHTa. Meanbie «roayfble» OeskH
ABJSIIOTCSE THNMYHBIMH MeTaJsnodepMeHTamMu 3toro tHna [849].

M3BecTHo, uTo MeaHble «ronyGble» OeJKH MOKa3blBAIOT 3HAYH-
TeJIbHbie OTAXYKSA OT APYrHX MeJbcoflepxaulux GepMeHTOB: norJoile-
HEe oko10 600 HM ¢ aHOMAJbHO BBICOKHM KO3()(HIIHEHTOM MOJbHOH
SKCTHHKLMH (¢ = 1000 — 5000); oueHb MaseHbKoe pacillefieHue CBepX-
TOHKOH cTpykTyphl (A,=30—100 I'c) B Hux ST1P cnekTpax; OTHOCH-
TeJbHO BBICOKHH peaokc-noTeduHan (Eo=0,2—0,8 B). 3TO aHoMaJlb-
Hoe nose/ileHHe OCHOBAHO Ha CriellH(PHUECKOM KOOPAHHAILHOHHOM OKpY-
AeHuy HoHa Mead. Kak mnokasajaH pe3y/bTaTbhl PEHTreHOCTPYKTYp-
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HOrO HCCJIeN0BaHHA nJaacrouHadnHa [850], asasioulerocss pa3HOBHI-
HOCTbIO MEAHbIX «roy0Obix» 6eJKOB, KOOPAHHALLHOHHbIMH TIpynnamu
BOKPYl HOHa MeJH SBJSIOTCH [ABa TUCTUAMHOBBLIX, LHCTEHHOBHIH H
METHOHHHOBBIH (parMedTol. BaHO, 4TO XOTA KOOpAHHALLHOHHAS
criocoO6HOCTh THO3hHPHOH rpynnbl 00bYHO OYeHb caabas, aToM S Me-
THOHHHA o0pa3yeT CTaOH/AbHYIO KOOPAHHAUHOHHYIO CBA3b B MEAHBLIX
«roayobix» Oeqakax. 3to 00bsCHsAeTCH crieundUyeckol KOHQHTypaLHed
[IOJIMTIENTHAA, KOTOPHH JIOKANH3yeT aTOM MeTHOHHHa Ha HaHOoJjee
MPeANoYTHTEeNbHOH NMO3HUHH AJH KOOPAHHAUHH ¢ HOHOM MeaH. Ko-
OpAMHALLHOHHAsl TeOMeTPHA LEHTPAJbHOIO HOHA MeAH SABJAAETCH He
MJIOCKOKBAAPaTHOH, a HCKaKeHHO-TeTpa3ApHYecKoH, 00yca0BaeHHOH
CTEpHYECKHMH TNpPenATCTBHAMH TNoJunenTHAHOW uend. KoopauHa-
LLHOHHBIE CTPYKTYPbl €ro OK#CJeHHOro H BOCCTAHOBJEHHOro COCTOS-
HUH o4eHb ONH3KH Oaaronaps XeCcTKOH CTepeoCTPYKTYpe BOKPYr HOHA
MeJlH, NpHYeM CaM HOH MeTaJJa OKpy)XeH rHaAPo(dOOHBIMH rpynnaMH.
Takasi uckaxeHHas CTPyKTypa H ruapodobHoe OKpyKeHHe, co3pna-
Baemoe NOJIMNTeNTHAHOH Uenblo, B 3HAUYHTEJNbHOH CTeneHH 00bACHSAIOT
aHOMaJIbHble XaPaKTePHCTHKH MeJHBIX «roJy0bix» OeJKOoB.
Bo3MoXHOCTh OfHOBpEMEHHOrO CBSI3bIBAHHSA ABYX H OoJiee meTas-
JOB ABJSETCH ONHOH H3 BaKHeHWIHX ocobeHHOCTeH OHOMONHMEpHBIX
auranjgos. Tak, B CynepoOKCHANHCMYTa3e HaXOAATCH ABa HOHA MeaH
(IT) wu uuska (I1), ynanenwHble J[Apyr OT Apyra Ha paccrosi-

Huu 6 A [851]. [1puuem HoH meau (I1), KoopaAHHHPOBAHHbBIA YETHIPbMA
FHCTUAHHOBBIMH OCTaTKaMH, HMeeT HCKa)XeHHYIO MJOCKOKBaIpaTHYIO
CTPYKTYPY H Hrpaetr OCHOBHYIKO pOJib B KaTaJHTHUECKOH aKTHBHOCTH.

TepMosusHH, KOTOpLIH fABJseTCS HelTpaJbHOH NpoTeas3oH, coaep-
KHUT OJHH HOH UMHKa U UeTbipe HOHa KaJblHsa Ha MoJekyay. [Ise HMua-
asosibHble rpynanbl FHCTHIHHA K OJHA KapOOKcu/bHAfA Trpynna riay-
TaMHHOBOH KHCJIOThl KOOPAHHHPOBAHBI C HOHOM LHHKA, UbS KOODAH-
HallHOHHAs CTPYKTYpa SIBJASETCS HCKa)XKeHHO-TeTpasipHueckoi [852].
[Ipeanosaraercs, UuTo HOHbI KaJbLUUA HrPAIOT BasKHYIO POJib B MTOALEP-
KAHHH CTepPeoCTPYKTYPbl MOJeKy/bl (pepMeHTa.

M3 uMHKcOAepXaulHx MeTannodepMeHTOB OTMeTHM KapOOKCH-
nenTHAa3y A, B KOTOpPOH HOH MeTaJjJsa KOOPAHHHPOBAH NBYMsSt MMHI-
a30/bHBIMH PYNIIaMH FHCTHAMHA H ONHOH KapOOKCHJIbHOH rpynnoH
r/yTaMHHOBOH KHCJIOTHI, a2 YeTBePTOEe 110JI0KEHHEe 3aHATO MOJEeKYJoH
Boan [853]. B kapGoanruapase TpH HMHAA30JbHbie IPYNIIbl FTHCTHAHHA
KOODAHHHPOBAHbB C HOHOM LIHHKA, a MoJeKkyaa Boabt WM rpynna OH
32HHMAIOT YeTBepPTOe KOOpAHHAaUHOHHOe MecTo. B 3THX uHHKcOoMepXKa-
WHX (epMeHTax, Kak H B CJyuyae MeIHbIX «ToJyObix» OenakoB, Koop-
AHHAUKOHHAs CTPYKTypa HCKa)KeHa OJaropaps GoJblUOH MOJEKyJe
NOJHAENTHAA, CHOCOOCTBYIOUIeH BbICOKOW aKTHBHOCTH IEHTPAJbLHOTO
HOHa UHHKA. IHTepecHO OTMeTHTD, YTO AJs1 KaXKA0ro MeTalllopepmed-
Ta XapakTepHa CBOA BTOpHUHas CTpyKrypa [854]:

a-Cnupanp B-CtpyxTypa CMewannan

I'emorno6ux Mennste rostybuie Gestku KuHasnl
FemIpuTpHH Deppenokeun
lemonuanun Cyuepokcuanncmyrasa

Zn-pepmenThl
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8.3. XEJIATHPYIOUIHE CBORCTBA BEJIKOB

Huxe 6yayT paccmoTpeHbl meTajoxenathl, obpasyiolldecs mpH
B3aUMOACHCTBHH HOHOB MeTaJIoB ‘¢ OejKami in vitro. XapakrepHo#
0COGEHHOCTbIO 6e/IKOB SIBJASETCA NOJHPYHKUHOHEIBHOCTD, NOCKO/AbKY
B UeNnsiX NPHCYTCTBYeT Habop (YHKLHOHAMbHBIX TPyl € Pa3HUHOH
CTeNEeHbI0 CPOACTBA K Te€M HJH HHbIM HOHAM MeTasnoB. OCHOBHBIMH
ueHTpaMH KOOpAHHaLHH, 6eskos apasiorct NH- u C=O-rpynnbi oc-
HOBHOM LleMH, a TakXe PYHKUHOHaAblble FPynnbl 60KOBLIX LeneH, Ko-
TOpble MOTYT COACPHdTb (PparMeHTbl UHCTEHHA, METHOHHHA, CepHHa,
TPeoHHHa U T. A. Kpome Toro, H3-3a BJHAHUA KOHGOPMALIHK noJUMer-
THAHOM UellH NOTEeHUHAJbHbIH LEHTDP KOOPAUHAUHH MoXKeT OJOKHPO-
BaThCH, B pe3y/jbTaTe 4ero yaajexHHas 60KOBas LeMb MOXKET 0Ka3aTh-
csl B NMOAXOAALEM MeCTe AAs ofpa3oBaHHA MeTa/JIoXeJaTHOro LHK/a
[855]. Hannyuem HeCKOJbKHX He3aBHCHMbIX LEHTPOB KOOPAHHALHH
OOBACHAETCH U OTKJIOHEHHe OT NPAMOJHHEHHOCTH rpagHKa 3aBHCH-
moctd Ck3Tuapna, no KOTOpoMy HadboJee 4yacTO PacCUHUTHIBAIOT
KOHCTaHThl CBA3bIBAHHUA (WJ/JH acCOUHalHH) HOHOB MeTaJnoB ¢ Ged-
KaMH:

v/C=K (N—w),

rie v — UHCJIO KATHOHOB, CBA3aHHBIX ¢ OjHOH# OHOMojekyao#; C — KOHUeHTpauHus
HOHA MeTaana; N — 4HCAO UeHTPOB CBA3BIBAHHA.

C yueroM ABYX pas/HYHBIX LEHTPOB KOOPAHHALHK ypaBHeHHE
CK3tyapna npuHHUMaeT CJAeRyolHA BHI:

v/C=N K [ (1 + KIC)+ NoKy [/ (1 + K:20),

rae N1+ Ny;=N.

Tak, B3aumoselicTae HoHos Mn?t u Co®t ¢ aab6yMHHOM n1a3Mbl
BKJIIOU3eT B2 LeHTpa KOOpAHHAIHUH [856_1; aHaJordyHbiM o6pa3oM
NpoTeKaeT M KoMIJekcoo6pasosaHue Mn’™ co ckeieTHbIM uinu cep-
AeuyHbIM MHO3HHOM [857]. B Mouekyne Gbiubero npoTpoM6uHa o6Ha-
pyxeHo [858] 6 cuabHbix weHTpoB KoopauHauuu (lgK, =3,5) u
4—5 caabbeix uentpos (1gK,.=2,7). OnpeneneHde KOHCTAHT acco-
LHAUHH HOHOB L1e/JOYHO3EMEIbHBIX METAJNI0B € KapOOKCHJIbHLIM H
HMHA230JbHbIM LEHTPaMH SIHUHOr0 aJbGyMHHA CBHAETENbCTBYET O
TOM, UTO CBSI3bIBaHHE C UMHAA30/bHbIM LIEHTPOM NPOXOAHT GoJaee 3¢-
¢dekTuBHO [859].

OnHako B GoJbWIMHCTBE Cjy4yaeB pa3JidyHble UEHTPbl KOOPAHHA-
UHH OelKoB He SABJAOTCA He3aBUCHMbIMHU: B CHCTeMaX MeTall —
GesIoOK NOBOJILHO Y€TKO MPOCAeKHUBAeTCHA KOONepaTHBHBIH 3¢deKT.
B gactHocTH, 12 cpsa3biBatownx Houn Ca’t ueHTpoB 4esoBeueckoro
- ApoTpoMGHHa ObiIH pasjiesieHbl Ha ABa THNa: 5 cuabHbiX (IgK, . =3,9)
H 7 crabbix ueHTtpos (1gK, =2,9), npuuem B ciyyae CHJIbHBIX LEHTPOB
Habmonanca koonepatuBHbii 3 ekt [860]. KoonepatusHbiil 3¢ekt
HabJi0Na/ACA AMSA CHJABHbIX LIEeHTPOB H B CJyyae CBA3bIBAHHS HOHOB
Mn** 6biubum nporpomBuHoM [861]. B To Xe Bpems NpH B3aumonet-
cTBUH uHoHOB Ca’t ¢ ¢ubpuuoreHom KoolepaTHBHbIH spderT aas
TPexX CHJIbHbIX H HECKOJIbKHX C/1abbix L1EHTPOB KOOPAHHALHH He Ha6M0-
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gancsi [862]. KomnnekcooOpasoBaHue Meln (II) ¢ Onlubeii cynep-
OKCHINHCMYTa30H BooOlle COMPOBOXKAEETCA OTPHLATENbHLIM KOOfe-
paTHBHLIM 3()PEKTOM, B YUACTHOCTH crielH(PHYECKasA aKTHBHOCTD 10JH-
MeriTHAA, COAepallero TOJbKO OOHH HOH MedH, BABOE Bbllle, yeM
AKTHBHOCTb MOJHMepa ¢ AByMsi HoHaMu Megd [863]. Hdasa cucrembl
medb (I1) — Obluni  cbIBOPOTOUHDLIH aqbOYMHH cpejiHee 3HauyeHHe
KOHCTAHTBI KOOMEPAaTHBHOrO B3AaWMOACHCTBHA COrJMacHO pacyerTam
cocrasuno 0,034 40,123 (i — 1) k/1x/Modb, rae { — YHCJAO NPHCOENH-
HEHHBIX HOHOB MeTaJsJsa [864].

BsaumopeilicTBHe 6e/qKOB ¢ HOHAMH MeTaJIJIOB YaCTO CONPOBONKAA-
eTCS 3HAYUTEJNbHBIMH KOH(DOPMAUHOHHBIMH TpeBpallleHHAMH MenTH-
Ho# Henu GHonoauMepos. Hanpumep, komnnekcoo6pa3oBaHue HOHOB
Ca®t ¢ ¢ocdoansctepasoll NMPHBOAHT K yBeJHYEHHIO colepXaHusa
cnupadbHoil ¢opMbl Ha H—8Y, ¢ omHOBpeMeHHBIM YyMeHbllieHHeM
conepxatusi K1yoka [865]. M3amensier KoHdopMauHio Moaekya pubo-
HyKJeasbl X B3auMoLeicTBue ¢ HoHamu Pi*t w UO3™, npuuem nan-
G6onbIIHA 3¢ ekt HabMIogaeTcss B repBoM cayyae [866]. K yseanue-
HHUIO 06beMa MaKpOMOJAeKyJibl IPHBOAUT PeaKUHUA HOHOB JBYXBaJjeHT-
HbIX METaJJOoB ¢ OJHOLENOYEYHbIMH I10OY/isipHbiMH OesikaMd (afb-
OyMHH MJa3Mbl, IMYHbIH aib0yMHH H T. A.}) [867]. B nanHom cayuae
HOHbl MEeTaJJloB 110 UX HeHCTBAIO PACHOJAAraloTcsi B CAeAYICIIKA psil
Mg <Sr<<Ca<<Co<<Ni<<Cd<<Zn<<Cu<Pb. B 10 e Bpems B
cucreMe Zn?t — Geaku con Kakux-aubo KOH(MOPMAHOHHBIX H3MeHe-
HHE He npoHcxoauT |[868]. Bsaumopeiictsre nonos Co’t ¢ wedou-
HOM (pocaTazoil NPHBOAKT ¥ CTPYKTYDPHBIM H3MeHeHHsM GHOMOMeKy-
Jbl HA JIOKaJbHOM ypoBHe BOJiii3H 11€HTPOB KOODJAHMHAILHH MeTajia
[869]. Cunenyer oTMeTHTh OAHO U3 BaXKHeHUIHX CBOHCTB OHOMOMHMe-
poB — 00paTHMOCTb KOHGOPMALUH NOJHMEPHOH LieNH oc/e yaaneHHs
noHoB Metannos. bonee nonpo6Ho 3TOoT BOmMpoc 6ymeT paccMoTpeH
B cJelylolleM pasjeie.

HemanosaxkHyio posib B mnponeccax KoMmlexcoo6pa3oBaHHs B
cHCcTeMaX HOH Metaana — Oenok urpaer pH cpenw, uTo sBJAsieTcH
cleACTBHEM THAPO(OOHbIX B3aUMOAeHCTBHH BOGJH3H LEHTPOB KOOP-
avHauuHd. Hanpumep, {,2 atoMa BaHajgusi Ha MaKpOMOJECKYJIY TPAHC-
cepHHa yesoBe4YecKoH NJa3Mbl cBA3biBaeTcs npu pH 6, B To BpeMs
kak npu pH 7,5—9 3ro uucao Bospacraer go nyx [870].

MeHee H3yueHHBIMH SIBJSIOTCH BONPOCHI CTEPEOXHMHH Xe/aTHbIX
Y3/JI0B B KOMIIJIEKCaX MeTaJ/ioB ¢ 6elkaMH. BaHo noayepkHyTh BO3-
MOXHOCTb O0OpAa30BaHHsl LIHPOKOr0 KPyra KOOPAHHAIIHOHHBIX YHCE
H reoOMeTpHH, NPHYEM CTPYKTYP2 KOOPAHHALHMOHHOrO y3/a BO MHOTOM
onpenessieTcd HoJanrnenTHaAoM. B yacTHOCTH, CcTepeoxuMUsi KOMILJIEKCa
mend (II) ¢ kapBokcHnenTnia3ol sIBJHETCH HCKaXKeHHO-TETPasApH-
yeckod [871].

6.4. METAJUIOXEJIAThI HYKJNIEHHOBBIX KHCJOT

Kak yxke ykasbiBanoch (¢m. pasn. 2.3). HOHbB MeTAJJOB Hrpawot
BaXHYIO pOJIb BO BCeX (PYHKIUHOHAJBHBIX Apoueccax ¢ yyacTHEM
HYKJIEBHHOBBIX KHCJIOT. 3TO CMOCOGCTROBANO PA3BHTHIO HCCJENOBAHHA
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B OBJACTH KOMIVICKCOB METa/MIOB ¢ HYKAEHHOBBIMM KHCJIOTAMH
[45, 872 --874]. Bo3MOXHHLIMH 1leHTPAMH KOODAHHAUWH METa/0B
apasiorea atombl N (1), N(7) anenuna, N(3), N(7) ryanuna, N(1)
uutozsHa, — NHy B GokoBbix nensx O(4), N(1) Tumuna u ypa-
unaa, gocathsie TPYNNB TAaBHOR 1CNH H THAPOKCHJbHLIE Tpyn-
nu puooast (B PHK u noauprGonykaeorraax).

NestaTHble 1HKJB MOTYT 00pa3oBuLIBATLECSA CAEAVIOILHM 00pa3oMm:

BHYTPH HYKJIEOTH/A

N(7) —M-—-0—C(9) N(7)—M-—-0 " (1")
MEXAV HVKJICOTHAaMH
O (1)—M—0 (1) N(7)—M—N(3)

MEXAY UCTIAMH
N(1)-—M—N (1) N{(1)—M—O(I1)

HaunbGonee noapobHo uccanenoBaHo Biaumoaedcrsre JHK ¢ nona-
mu meau (II) [875-—-877]. Hauubie MK cnekrpockonunu cBHaeTe b-
CTBYIOT O NPEHMYLIECTBEHHOM MPHCOENMHEHHH HOHOB MeTranna kK 06-
JaactaM, 6orathiM napamu ryaHuH — udrosud (I'LL) [878], cnekTphl
MOTNOLLEHHS B BHAUMO# 061aCTH YKA3bIBAIOT HA NPeANOUTHTE/IbHOCTD
cBA3biBaHuA ¢ ryaHuHom [879]. CorsacHo aaunbim 3I1P B mupokom
HHTepBase MOJbHbIX oTHOLeHHH (r) ¢ocdar HHK: non mean (1)
06pa3yloTCcA Ba THNA KOMILJIEKCOB:

) T
(IJ Hzci HEO Ol (l) HQO\HjT H20
o \/Vc:xﬂ+ PO OP~_ /Cuz/
| 074 g | | S0 b ™y
OR 110 OR OR  H,0

(6.6) - (6.7)

B komngaekce (6.6) MOH Mead XuMUueckKH CBA3aH (docpaTHbBIMH
rpynnamu pasJjuuHbix cnupadiei. B komnaekce (6.7) HOH MeoH NPOHH-
KdeT BO BHYTPEHHIOI0 00JiacTb ABOHHGH criupalii ¢ oO6pa3oBaHHem
xeqaatHo#t cpsa3n N — Cu®*T — docdar. B kommiekce menn (II) ¢
nseHatypuposanno#t JIHK (nJIHK) noHopHBIH aTOM a30Ta MOKeT NpH-
Hal/JexaTb ryaHnuHy, afeHuHy — N(7) uau uutosmHy — N(3). B
kommsiekce Mead (11 ¢ naruproit JIHK (HIIHK) HanGonee BepoATHa
KOOPAHHAIMA HOHA Mequ ¢ aTomoMm asora N(7) ryaHHHa, KOTOpbIH
HauOonee ONU3KO NOAXOJAHT K BHellHeH cdepe OHonosumepa.

Koncranra ycro#uusoctu kKomnaekca meau (II) ¢ JAHK umeer
nopsanok 10" [880] u ona monamaer Mexny 3HAUEHHSAMH KOHCTAHT
VCTOAUMBOCTH  KoMIjiekcoB Meab (I1) - ageHoduHMoHodochaTr M
meab (I1) — moHodochar [881]. [losTomy 6bL10 BhICKA3zaHO npeano-
JIOKEHHE, UTO KoonepaTusHbill 3ddexr npu csasbianun Cu®t ¢ no-
+JIAMEPOM JIONKEH MNOBBLILIATb YCTOHUMBOCTb 3TOTO KOMILIEKCA 10
CPaBHEHHIO C YCTORUUBOCTbIO KOMIWIEKCA € HYKAE03uAMoHodochaToM.
Hsyuenne xenatuposanusa mean (11) ¢ uIHK n nIHK [882] ykas3sbi-
BaeT Ha OoJjee npouHoe cpsisbiBaHve menad AJIHK, uto orpaxaer
AONOJIHHTENbHYIO BO3MOMKHOCTb HMMOOH/JIM3ALHH METa OB OCHOBa-
Huamu JIHK B nenatrypuposanHoét dopme.
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TABJIULIA 6.2. [Tapamerpe: cnun-camursronuana cnexrpoe P Cu-t
8 cucremax Cu®t — JJHK npu 77 K*

AHK r 2 I B M A «
uIHK 0 2,42 2,08 138 17,5 0,85 0,22

l 2,415 2,08 137 — — —

5 2,410 2,08 137 — — —

10 2,387 2,08 i48 20 — —

15 2,370 2,07 154 21 0,83 -

20 2,355 2,07 158 18 0,83 —
AJIHK 15 2,347 2,07 168 25,5 0.80 0.27

20 2,350 2,07 162 24,7 0,82 -
* o’ — napameTP KOBAMEHTHOCTH; @’ — BKIA] JAHTAHAHOH 0pPGUTAIW f, B MOMEXyaapHyl opbHTanb

KOMI1eKCa

HeranbHoe uccaefoBaHHEe MPOCTPAHCTBEHHOrO CTPOEHHSA KOMII-
jgekca meau (II) ¢ JHK nposegeno B pabore [883] merczom JIIIP
cnextpockonud. CpaBHeHHe NapaMeTPOB  CIHH-TaMHJIbTOHHAHA
cnextpoB JDIIP (tabn. 6.2) ¢ BesnunHaMHu A/ KBAAPaTHOH CTDVK-
TYpbl C JOHODHbIMH aTOMaMu KHcloposa v asota [g,=2,17—2,20,
A =(180-+220)-10"* c¢m~™'] ® TerparonasbHOoR HUpaMHIbI
[g,=2,10—2,25, A,=(140=160)-10"* c¢m~'] pokasmBaer, uro
Houbl MegH (II) B komnaexce ¢ JJHK HaxoasiTcst B IeHTPe BHITSHYTOrO
OKTasipa.

Ilpu Bzaumopesicreun meau (1I) ¢ JJHK koudpopmaunsa 6uononu-
Mepa 1peTepneBaeT CTPYKTYpHbiH nepexoa B-dopmbl B C-popmy,
XapaKTepU3YIOLYIOCS YMeHblLieHHeM 1lara cnupanu ¢ 6ogbuiel cre-
neHbio cKpyuuBanua uenu [884]. drtomy nepexony, BeposiTHO, cHo-
co6eTByeT 00pa3oBaHHe xeqaTHod cBsish Tthna N (7) —Cu?t —
pocar JHK. Boiuncsennsiit napamerp o’ (cM. Tabi. 6.2) ykasnpaer
Ha T[PEeMMYLIECTBEHHO HOHHBIH XapaxTep B3aHMOAEHCTBHS HOHA
menu (II) B xommiekce ¢ JIHK. Ha ocHoBanun ganubix $IMP Obia
clieJlaH BbIBOJ O CBSI3bIBAHHHM HOHOB MeTaJl10B C pocdaTHLIMH rpyn-
namMu npu B3ammogedctBdu Mn®T u Co®* ¢ PHK [885], Mn*t
Co?*, Ni** u Fe?* ¢ [IHK [886], B To Bpems kak Fe’t, no-suanmonmy,
CBA3LIBAETCH C OCHOBAHHAMH. CTPyKTypa KOMILJIEKCOB METaJJIOB C
PHK 6bli1a TakxKe H3ydyeHa METOAOM PEHTreHOCTPYKTYPHOTr0o aHasu3a.
Honbl cepebpa (1), nono6uo meau (I1), npegnountaior cBsizbiBaHHe
Ha JIHK o6nactu 'Ll [887], torna kak Hg’™" cenekTHBHO CBSI3bIRaA-
ercsl B obJjlactaXx afeHMH — THMHH [888|, no-suaumomy, BcaencTBHe
ee TOBbLILIEHHOTo cpoacTBa K TUMHHY [889). OueBHpHO, 4TO HOHHI
MHOIHX METaJJIOB KOOPAMHHUPYIOTCHA KakK ¢ (pocdaTHbIMU TpylmnamH,
TaK U ¢ OCHOBaHHMAMM IIOJHHYKJIEOTHIOB aHAJOTHUHO HX PeaKUHH ¢
MOHOMEpHBLIMH HYK/JeoTHAaMHu. B KauyecTBe npumMepa MOXXHO NMPUBECTH
gaHHble no cBsi3biBanuio Mn®t ¢ JIHK, koropoe mpoHcXomouT y AByX
THNIOB UEHTPOB KoopauHauuu [890}. [lpu 3tom Boabioe 3HAUeHHe
npuaaeTcsa KoonepatuBHbIM 3 (PekTaM npH KOMMIeKcooOpa3oBaHHUH
C HYKJIEHHOBBIMH KHCJOTaMU. DTHMH 3(ddekTamu obycaoBiedo [891]
3HauMuTeslbHOe (HA AecsATbh NOPANKOB) MOBBIUIEHHE CPOACTBA HOHOB
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prytH K JIHK THmMyca TefleHKa Mo cpaBHEHHIO ¢ MOHOMEPHbBIMH aHaNo-
ramid. Ceayer TakXe OTMeTHTb cHiabHYyw pH-3aBHcHMOCTh B3auMo-
ACHCTBUA HYKJNEHHOBbIX KHCJOT ¢ HOHaMH meTadnnoB. [ast pa3HbIX Me-
TaM0B OblJIM NONY4YeHbl pa3Hnie 3HaueHuss pH npu makcumanbHom
CBA3bIBAHWK Meranana [892].

Y>Ke ormeudanoch, UTo B3aUMOJeHcTBHe GHOMONHMEPOB C HOHAMH
METaJJIOB CONMPOBOXKAAETCSH 3HAUYHTENbHBIMH KOH(MOPMAaLHOHHLIMH
npeBpalleHHAMH, MpHYeM OOpPATHMOCTb KOH(OPMANHH Uend Ioce

7!"1117 oc

M2+
Cu2* ynu Zn2+

Hal pesaHne

Zn2*, oxnaxpeune

uiu Cu2t,

oxnaxpenue, M2+
3arem poGasne-

HHE INexTpo-

nvta

Puc. 6.17. CxemaTHueckoe H306pakende

06paTHMOTO PACKPYUHBAHHS H CKPYYH-

Baunsl monekya [AHK B npucyrersnn
HOHOB MeTalnos

Puc. 6.18. 3asncumocts T, pacreopos JTHK l | 1

OT KOHUEHTPAaUHH HOHA ABYXBajewTHoro 35 5T
MeradJia 0 10 &0 30 MonpMeTHK

yAaJieHHs1 HOHOB — OJHO W3 BaXKHEHLIMX CBOHCTB TAKMX MAKpOJHTaH-
nos. [lodinas cnupads JAHK packpyunsaercs, manpumep, B npu-
CYTCTBHH Kak Meau (I1), rak u umuxka (I1) u o6a meranaa o6pasyior,
N0-BHAHMOMY, MoONepeuHble CBA3H MEXKAY OCHOBAHHAMHM OAMHOYHBIX
Lernel, NOCKONbKY B 0GOMX Ciy4asix JABOHHYIO crnHpajib MOXHO pere-
HepupoBath (puc. 6.17). B ciyuae Zn** nas pereHepauiu Heo6X0mH-
MO TOJIbKO oX/aa)<jieHde, a B ciaydyae Cu’t oxnaxkaeHus HeZocTa-
TOYHO, CJEAYET Taxxke MOBBICHTb KOHUEHTPALMIO 3JeKTpoaHrta. 1o
pas/JH4YHE MOXKHO NOHATbH C TOUKK 3peHHst GoJbluero cpoiacrea Cu’*t
K OCHOBAHHSIM, 4eM Zn“™. DTUM XKe MOXKHO 0O6bACHHTD pasyHyHoe
BJHsAHHE NEPEXONHBLIX W HenepexXoAHbIX MeTAMNOB HA TeMIepaTypy
niasienns JHK, 1. e. remneparypy, npu kortopoii JTHK pacKpyuu-
BaeTCs HA OTHeNbHbie uenu (puc. 6.18).



[aasa 7

METAJIJIOXEJIATbI HA MTOBEPXHOCTH HEOPTAHUYECKHX
: M CMEILAHHbBIX HOCHUTEJIEH

HuxKe paccMoTpeHbl MeTastoXedathl, 3aKpeliieHHble H3a NOBEPXHOCTH
HeopraHM4eckKHX H CMeLlaHHbIX HocuTeneli. [lpu 3Tom ocHOBHoe
BHHMAaHHe yjeleHo 00CyXAeHHIO ocobeHHOCTeH CBOHCTB H CTpPoeHHs
MMX 5Toro THIA N0 CPABHEHHIO C HU3KOMOJIEKYISIDHbIMH dHA/OTaMH.
[Toc/ie 10BATebHOCTb H3/M0XKeHHS COOTBETCTBYeT NPHHATOH Knaccupu-
kauun MMX (cm. pa3za. 4.1).

HcenenoBaHHo NpoleccoB Xe1aToo6pa3oBaHusl HOHOB lepexoi-
HBIX MeTaJVIOB C NMONHAMMHHBIMY auranaaMu (en, dien, trien, TI9H
H T. 1.), 3aKpellieHHbIMH HA NOBEPXHOCTH KpeMHe3ema, MOCBSLIEH
pan pabor [616—519, 533, 534]. BosblIWHCTBO aBTOPOB OTMedaer
CXO/ICTBO B CBOHCTBAX M CTPOEHHH 3THX KOMILIEKCOB K MX HH3KOoMOIe-
Ky 1spHbBIX aHajoroB. BaXHoe 3nadeHue INpH 3Tom HMeeT MpHpOLa
aHHOHA B COeJIHHEHHH TNepeXojHoro MeTanna. Tak, npH 3aKpenjieHdH
xaopuna Menu (II) o6pasyiorcss oOMeHHOCBA3aHNbie NOJAUsNLepHbIE
KOMILIEeKChl, 4 NPH 3aKpelJeHWH INepxJopaTa MelH — MOHOHAJEPHbC
u3-3a rpomosikoctH aHuoHa [516}. Crnoco6HOCTE XenaTHPYIOLIHX
JNHTaHN0B CBSA3bIBATb HOHbI MeTalJoB, TaK XXe KAk H B caydae
HMX, B 3HauuTeabHol cTelleHH 3aBHCHT OT /JIMHBI NOJHAMHHHOTO
nurauna # pH pacreopa. B wacthocty, npu pH 9 (ammuaunsiit 6ydep)
HanBoJiee BbICOKAsi CKOPOCTb XeaaTHpoBaHHsA HoHoB Menn (II) otho-
CHTCSl K camoil KopoTkoii rpynne (3tuienanamun). Haobopot, npu
pH 5 (auerartHbift 6ydep) cKopoCTh peakuuy yBejHuuBaercs C poc-
TOM JUIMHBI Llelld, 10CTHrast Makcumyma s npusuroro [19HM [530].

B To e BpeMs AJs OAHOTO H TOro Ke XeiaTHpyloulero ¢par-
MeHTa CylleCTByeT ollpejeleHHoe 3HaueHne pH, npu KoTopom HaGo0-
AdeTcs MaKCHMAa/JbHAas CKOPOCTb CBsA3biBaHHA MeTaJana. Hanpumep,
AJSi 3THJeHILMAaMHHOBOTO JHTraHaa 3Hauenust pH, cooTBercTByWOLIHe
509, -My CBs3bIBAHHIO HOHOB Metajna, cocrasasior 4,6 (Cu’"). 58
(Zn’*), 6,4 (Ni2*), 6,8 (Pb**), 7,7 (Co**), 9,4 (Mn*t), 40
(Fe*+), 1,6 (Hg®™), 7,0 (Eu®™), 7,1 (Cr¥t), 7,0 (Cd**). 6,1 (Ag™)
[612].

CpaBuenie (oToakycTuyeckoro cnekrpa MMX, nojyueHHOTO
B3aumosiefictBHeM HoHoB MeaH (11) ¢ stuaenanaMuuOM, 3aKpenJeH-

Puc. 7.1. ®ortoakycruuecku —CneKTp

komiieKea medau (1) ¢ en, Jakpeiaer-

HWM oA KpembeaeMme (1), w ciieKTpe 10

poieitns Komisexcon Cu (eu)* (2) w
Cu (en)it (3)

A | i
w00 800 600 700 A, HM
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HBIM Ha KpeMHe3eMe, CO CMeKTPaMH HHU3KOMOJIEKYJISPHBIX KOMILIEK-
coB Cu(en)?t u Cu(en)st (puc. 7.1) ykasbiBaeT Ha HaJHUHE CMECH
KOMIJIEKCOB Pa3JjIHYHOrO COCTaBa Ha MOBEPXHOCTH HocHteas [539].
[TpHuemM npH HHU3KHX KOHUEHTPALHAX HOHA MeTalna o6pa3yeTcst ToNb-
KO KOMIJIEKC cocTaBa 1:2, KOTOPBIA He Nepexo/iiT B KOMILIEKC COCTa-
Ba 1:1 npu NOBBILICHHH KOHUEHTpAaLHH HOHA Metaana. [lo-BuaHMOMy,
B 06pa30BaHHH KOMIWIEKCOB cOCTaBa |:1 NpUHHUMAIOT yyacTHE TOJbKO
Te XeJaTHPylouwHne parMeHTbl, KOTOpPbe MO CTEPHUECKHM YCJIOBHAM
He MoryT o6pa3oBbiBaTh KOMIJIECKCH coctaBa 1:2,

O6pasoBaHHe KoMilleKcoB 1:2 tuna (7.1) ycTaHOBAEHO H NPHU U3y-
yenud B3aumojeiicrBusi [RhCloPy,JCl.-3H,O ¢ srHaeHaMaMuHOBbLIMH
H NPOTNHACH/IHAMHHOBBIMH (pparMeHTaMH, 3aKpelJjeHHbIMH Ha TloBepX-

HOCTH KpemHe3sema [891].

cl
NH2———I~——-C1
PN 7 1
(CH)p | Rh E (7.1)
! N
NH--~~1{~- ~NH,
W )
HN\—/(CH2),,

Cienyer oOTMeTdTbh, UTO XeJartHpyiloilas cnocoGHOCTb 3akperl-
JIEHHbIX JIMT@H/0B 33BMCHT OT J/IIHHB COEIMHHTEIBLHOrO MOCTHKA ¢
I0OBEpXHOCTHIO HeopraHuyeckoro HocHreast. [IpH yBeaHuyeHHH JIJIHHBI
rub6Ko#i yrJie€BOJIOPOHOH ULeNH XejaTHpyionlde dparMeHTbl MOTyT
HaX0/JHTbCA HA 3HAUMUTENbHOM Y/IaJE€HHH OT TIOBEPXHOCTH H NO3TOMY
HX KoMILIeKcooOpasyolas crocobHocTb 6yaer MPUOTHIKATBCH K KOM-
naekcoobpasymwoliel cnocobHocTH pacTBOpHMbIX aHagaoros. O6 3Tom, B
YACTHOCTH, CBUAETEJNbCTBYIOT PE3yabTaThl HCCIEOBAHHE KOMILJIEKCOB
menu (II) wu kobaabra (II) ¢ y-[2(8)-MeTHUAXHHONHH]|aMHHONIPO-
nunaspockaom (7.2) u (7.3) coorsercrBenHo [521]. Kpome Toro,
noJy4yeHHsle JaHuble (taba. 7.1) ykaswiBaiotT Ha 6OabHIYIO YCTOM-
YHBOCTb NATHUYMEHHBIX XCIATHBIX UMKJOB N0 CPABHEHHIO ¢ LIECTHUJIEH-
HbIMH. B 1aHHOM cityyae takke Habui01aM0Ch 06pa30BaHHe KOMILTEK-

TABJIHLUA 7.1. 3nauenus lg K komnaexcos medu (11)
u xobasera (I1)y ¢ y-[2(8)-meruaxunosun]amMunonponuiadpocuion

Meap (I1) Kobannt (II)
PactBoputens

(7.2) (7.3) (7.2) (7.3)
AueroH 9,39 8,80 8,47 8,39
AueToHUTpHA 8,47 7,12 8,46 7,12
Ilponauguon-1,2-kapGonar 7,55 6,86 6,79 6,37
IMPA 6,29 5,78 6,56 475
Merauon 7,55 6,86 5,03 —
IMCO 5,56 4,83 4,56 3,29
Bona 5,24 4,56 — —
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coB |:2 B LIMPOKOM HHTepBaJ/e KOHUEHTPALHH HOHOB MeTamop

, , A
(CHp)3—HN N A (CHy)i—HN
J(CHan L{Q - (CH—N

(7.2) (7.3)

Merannoxenatsl moneKyaspuoro tHna (7.4) u (7.5) OblAx nody-
yeHbl TaKxKe 00paboTKOH 3aKpenJsieHHbiX Ha CHJMKareJe [oJ1cKHia3a-

R BN p
J—Si-NH~ ﬁ—H/}l-fllH"'

!
HN ithxmy f"l PdCl,

(7.4) (7.5)

HOB M TMOJMaNioMO03aHOB xJjopuaamu nanaaaust (11) v naaruns
(1V) [552, 553]. Kak cBusneresnbcTByloT naHHbie POIC (raba. 7.2),
npu Kommuekcoo6pa3oBanuu sHepruu cBsdeil Cly, Ois, Sigp v Aly,
NpaKTHYeCcKH He W3MEHSIOTCH, B TO BpeMsl KaK DasjiHuHe B 3Heprusx

TAB/TMHUA 7.2. Hannvie POIC komnaexcos (7.4) u (7.5)

(7.4) (7.5)

Ttukn chouuuﬁ coeaHHeHHe KOMILIEKE HCXOIHbIR coeHHeHHEe KOMILIeKC
JAKTARA MeTadana JHTaHL MeTaln1a

Nis 400,4 - 401,9 400,8 - 402,2
Sis, 104,4 - 104,3 103.,4 - 103,3
O 533,6 — 533,4 533,3 — 233,2
Clgp 199,4 199,2 — 199,2 199,4
Pty — 75,5 72.4 — _ .
Al — — — 74,8 — 74,9
Pdyyse — — — — 338.4 335,8

cBfI3H N5 MeXIy HCXOHBIM JHMIaHAOM H KOMILIEKCOM COCTaBJjser
1,5 1 1,4 3B nns KomnekcoB (7.4) u (7.5) coorBeTcTBeHHO. Kpome
TOrO, H3MEHSIOTCH H 3HePrHH CBf3ell MOHOB MeTaJJOB MpH Mepexole
OT coeauHeHuss meTtamna K MMX, uTo ykasbiBaeT Ha pasiuyHOe
OKpy2KeHHe MeTaJloB B 3THX coefiHHeHHsIX. Ha ocHOBaHuMK nojyueH-
HBIX IaHHBIX OB CLle1aH BLIBO/L O CTPOEHHH KoMIiekcos (7.4) u (7.5).

Komiiekcel MOMeKyJnsipHOro Thna o6pa3yloTess H NP B3aHMO-
neictsun MX,, ¢ noandpocdasenamu [554—563]. CpasueHHe crekT-
pos 3THX MMX co crniekrpamu HH3KOMOJIEKYIAPHBIX AHATOTOB, HAMPH-
mep komnnekca PtCly ¢ tetpamepom docdasena (7.6), 415 KoToporo
BbIMTOJIHEHO PEHTreHOCTPYKTYPHOE HCCJe0BaHHE, CBH/IETENbCTBYET
O KOOpAMHAUMH MeTa/la aToMaMH a30Ta OCHOBHOH uenu (7.7).

NHCH NHCH RHN HNR RHN HNR
aCHN— = N — bNHCH, a4
! [ 7\ p#
N—>P1CI;*N ~Ny N
HaCHN=—P——N==P—NHCHs cu/p*\m
NHCH3; NHCH3;
(7.6) (7.7)
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Puc. 7.2. YIK cnektpnl erMHesema CoaepAAero acac-rpyniisl (I) u ero Komiiexkca
¢ Cu* upu pH 2,0 (2); 2,5 (3) u 6,0 (4)

Puc. 7.3. Cnextpul DI1P komnaekcos mead (II) ¢ canuuunaieiMMHHONPONUIAIPOCH-
aom npu otHomennn [L}:[Cu?¥] =20 (1); 15 (2); 10 (3); 8 (4); 6(5); 4,4 (6) u
3= (7) > .

Haun6osee oblypHbie HCCNeL0BAHHA TNPOBEAEHBI ¢ BHYTPHKOMII-
JIEKCHBIMH COE/IMHEHUAMH TMepexofHblX MEeTaJlJIoB, 3aKpenJeHHbIMH
Ha T1OBEPXHOCTH KpeMHe3eMa, B YACTHOCTH C aleTHJAaLeTOHATAMH
MetasqoB [522, 523, 529, 532]. Kak 1 B cjiyuae KOMIJIEKCOB Ha OCHO-
Bé CHHTETHUECKHX MoJUMepoB (cM. pasl. 5.2), 310 o6bACHAETCH
H3Y4YeHHOCTbIO HH3KOMOJIEKYAAAPHbIX MOJe/iei W HaJHYHEM METO/OB
(pUKcaLHy B- IMKETOHOB Ha NOBEPXHOCTH KpeMHe3deMma. Crnocob Koopik-
HallHH MeTaJJla 3aKpelJieHHbIM - IMKeTOHOM B 3HAuMTeJbHOH CTere-
Hu onpeanensiercs pH pacrsopa. Hanpumep, B mesnoyHBIX pacrBopax
JMTaHA XeJaTHPYeT MeTalJ B eHOJbHOH opMe, a B KHCJbIX — B KeTO-
popme (puc. 7.2) [532], npuueM Ha yCTOHUHBOCTb KOMILIEKCOB cylle-
CTBEHHOE BJIHAIHHE OKa3biBaeT npupona 3aMecTHTe/iel B xenaTHpyio-
nieM dparmente [542—5H44].

Ha ocHoBaHMHM CpaBHEHHSI 3JIEKTPOHHBIX CHEKTPOB KOMILIEKCa
6uc (N-nponuncaniuunanbaiumuiato) meau (1), 3axkpenerHoro Ha
MIOBEPXHOCTH KpeMmHe3eMa, H €ro HH3KOMOJEKYJAPHbIX aHaJAO0roB,
MMEIOIIHX TJIOCKOKBAAPATHYIO H TETpasApHUECKyld KOHMHUrypailuio,
clle/laH BbiBOZ O TeTPA3ZPHUECKOM HCKAXKEHHUU XeNaTHOTO y3Jia 3TOro
MMX [892]. O6 3ToM e CBHMIETEJNbCTBYIOT H /laHHbIE CIEKTPOB
ITP (puc. 7.3) [893], osxHaKo ¢ UX NOMOLbIO HEMb3s Pa3AeTHTh Yuc-
H Tpanc-u3oMepbi. B To e BpeMsl MoAenHpOBaHHE 3aKpemyeHHOTro
KoMiiekca no wmeroay Crioapra — bpurie6a cBHaeTeIbCTBYET O
TPAHC-CTPYKTYPE 3TOro coeauHeHHA. AHANTOrHUHOE HCKaXKeHHe XenarT-
HOro y3jaa obHapyxeHo ¥ B komnaekce Meau (II) ¢ N-tpumerHien-
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Ca/IMIiM1a/IbAMMHHOM, 3aKpelnJeHHOM Ha MOBEePXHOCTH KpeMHe3eMma
[894]. B naHHOM cayuae HCKa)KeHHe CBfI3aHO C XKECTKOH CBf3bio
yrJIeBOAOPOAHOTO 3aMeCTHTe A C NOBePXHOCTbIO HeOPTaHHYeCKOro HOo-
curenst. FintepecHo OTMETHTb, Y10 GHCXesaTHbIE KOMIIEKCh 06pa3ylor-
cs1 npH cooTHowenun [Cu®t]: [L]<<1:8, a npu yBeJHYeHHH 3TOrO
COOTHOLIEHHSI TOMHMO XeJaTHbIX 06pa3yloTcs ellle H KOMMJIEKChl HOHOB
MeTaJsia C aMHHOTpPYyNnaMd aMHHOMPONHJALHOrO (PparmeHra.

CocTaB MeTan10xelaToB BHYTPHKOMIJIEKCHOTO THMA MoOXeT
MEHATLCS B 3aBHCHMOCTH OT TaKMX NapaMeTpoOB, Kak NMPHpPoAa pacT-
Boputesisi, pH pactBopa, npupola aHHOHA HCXOJHOH COJIM MeTaJjna
U T. 4. Tak, npH B3aHMOLEHCTBHH XeNaTHPYIOLLEro JIMraHaa eHa-
MHHoKeToHHoro THna c¢ Cu (CH;COO), B aueTtonutpuie o6pa-
3YIOTCA KOMILIeKchl cocTaBa l:2 (Meraan : jurasa), a B aleToHe —
1:1 [895]. IIpx 3TOM 3a4acTyio COCTABbI KOMILJIEKCOB Ha OBEPXHOCTH
H B paCTBOpe He COBMNAAANOT, KaK 3TO HMeJlO MeCTO B CJydyae 8-THAPOK-
CHXHHOJIHHOBBIX KOMIIJIEKCOB: Ha NOBEPXHOCTH 06pa3yloTCs KOMMJIEeKChl
coctaBa l:l1 (kKcratu, obsapaloiiHe KaTaJHTHYECKOH AKTHBHOCTbLIO B
peaKlHH OKHCJeHHsl THApPa3sHHa KHCJOPOAOM), a B pacTBope —
I:1 (xoTopbie He 06JaJaIOT KaTaJuWTHUECKON aKTHBHOCTbIO) [D24].

3aKpenJieHHe XeJaTHPYIOIHX JHTaHAOB HAa NMOBEPXHOCTH KpemHe-
3emMa He MPHBOAHT B OOJbLIHHCTBe CJyyaeB K 3HAYUTENbLHOMY
H3MEeHEeHHIO HX KoMIlleKcooOpa3ylolHX cBoictB (Taba. 7.3) [896],
npHyeM HabMOAaeTCHA CHAbHAS 3aBHCHMOCTb KOHCTAHT YCTOHYHBOCTH
OT MOHHOH CHJIbl pacTBoOpa.

DPPexTHBHBIM CrocoOOM MOJYUEHHS XeNATHbIX KOMILIEKCOB Ha
MOBEePXHOCTH HeOpraHW4YeCKHX HOCHTeJel sABJAeTCA B3aHMOAEHCTBHE
cpopMHPOBaHHbBIX HHU3KOMOJIEKYJSPHBIX MeTaJ/JoXegaToB € MOHO-
($yHKLUHOHA/ILHEIMH NOBEPXHOCTHBIMH JuranaaMu. Tak, Hanpumep,
Obl1 CBA3AH AHCANHUHAANb-0-PeHHIeHAHAMHHOBLIA Kommieke Co’t
CiMHPHAHHOBLIMH ()parMeHTaMH Ha MOBepPXHOCTH KpemHe3eMa [897].
Ilpn 3ToM B 3a8BHCHMOCTH OT KOHLEHTPAllHH MOHO(YHKIHOHAJBHOTO
Jarauga (Py) Ha noBepxHocTH 06pa3yiOTCA MOHO- HJH AHMHPHRH-
HOBble KOMMJeKChl. AHajoruuHbiM o6paszom Obll 3aKpermaeH H Xe-
aat N,N’-gucanuunanies-4-kap6okcu-1,2-dbennieninuMuHaToKo6alb

Ta (II ) [897a]. B 1o ke Bpemsi cBs3biBaHHE B-KeTOAMHHHbIX KOMII-
JIEKCOB HHKeJNsl C MOBEePXHOCTBIO KpeMHe3eMa, MOAH(PHLHPOBAHHO-

TABAMUA 7.3. Koucrauter ycrotiuusocru komnaekcoe medu, esponus u AAHTANG
£ UMUHOOUYKCYCHOL KUCAOTOU, 30KPENAeHHOl HA KpeMHe3eme*

Cu?t Eudt Latt
p=1 =0 w=1 p=90 n=1 p=4

pH g K pH lg K pH g K pH lg K pH g K pil g K
1,6 107 22 1,3 54 7.3 22 10,1 6,4 59 3,5 10,1
2,2 107 26 14 56 73 26 102 o8 58 38 10}
2,6 10,7 30 11,8 60 72 30 103 72 59 40 102
3,0 04 39 11,9 64 73 34 103 76 58 46 102

* KOHCTaHTh YCTOHMHBUCTH 3ITHX HOHOB ¢ HMHHONMYKCYCHO! KHUAOTOM panun 1055, 59 u 7, 26

COOTBeTCTYBREHHO,
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fo COC/IHHEHHAMH 6opa, NPOTeKaeT NYTeM B3aWMONEHCTBHA HenNo-
AEJNEHHON 3JICKTPOHHOH Mapbl a30Ta XeNdaTHPYILIero JUraHia ¢ aro-
MaMH 6Gopa Ha TMOBepPXHOCTH Hocureas [898].

H3yuenue B3aHM0oaeHCTBHS HOHOB NMEPEXOAHBIX METAJJIOB C 3aKpell-
JICHHbIM Ha TMOBEPXHOCTH KpeMHe3deMa Makpollukjaom (7.8) rokasajo
[550], uro OHM 06pa3yloT KOMILIeKchl cocrtasa 1:1, npuduem rpou-

HOCTH
TN
QO °§_}
N N

a—(CHz):;/ k/i}l\)\H

H (7.8)

CBS3bIBAHHS METaJJIOB COOTBeTCTBYeT psay HpBHHra — Yuabsimca:
Co<<Ni<<Cu<<Zn (taba. 7.4). Crenyer oTMeTHTb, 4TO LIHHK CBA3bi-
Baercs B Gosbluedl cTeleny, 4eM KalMHH, xoTa 3HauenHus lg K cBuse-
TeabCTBYIOT 00 o6paTHoM (cM. Taba. 7.4). 310 OOBACHAETCH TeM,
YTO KaAMHH BXOAMT B MOJOCTb MaKpOLHMKJIA, a UHHK o6pa3yeT Ko-
OpJHHAIHOHHbIE CBA3H TOJbKO ¢ aTomaMHu asoTa. [lpu copbuuu stux
HOHOB OTMEUYEHO HHTepecHoe fBIeHH?, 3aK/TI0Y a0l eecst B CACAYIOLEM.
Korna uoubn Zn’*™ uam Cd?' no6aBisioT K CycrneH3HH HocHTess
B BOJE, [IPOHCXO/IMT GbICTPOE BbiNlajieHHe 0cajika, T. €. HOHbl MeTaJJIoB

TABJIHULIA 7.4. [lpedersrast a0copbyusi i KOHCTARTbL YCTOUMUBOCTH KOMITAEKCO8 HORO8
J8YXBANEHTHHIX METANNO8 € 3AKPERACHHBIM MAKPOLUKAOM (7.8)

Tlpepeabnus Tlpenenbuasn
Hou metraaaa aacopbuHns, lg K Hon meraana ancopbuua, lg K
MMOAb,/T MMOAb/T
Co?t 0,090 7,55 Zn’t 07l60 7,50
NiZ+ 0,110 9,96 Cd*t 0,092 8,70
Cu?* 0,290 14,41

BLICTYNAOT B KauyecTBe (JIOKY/ISAHTOB MO OTHOWIEHHIO K CyClEeH3HH.

Pan meronoB npejsoxen AMs 3aKpenieHHs Ha a3pocHJe Terpa-
a3aMaKpOUHK/IHUECKHX COeAMHEHHH W HX MeTa/IOKOMIJIeKcoB (cxe-
ma 7.1) {898a]. B macc-cnexrpax moseBo# necopbiuy takux MMX
HaOMI0aI0TCA TMHKH HOHOB, OTBEYAWIHX PAa3JTUYHLIM BapHaHTaM
OTphiBa (MYHKTHP) 3aKpenJeHHbiX KOMILIEKCOB OT MOBEPXHOCTH HO-
curess (M — MaKpouuka):

it 1l | | DR
WNH - My, NHA ™ |
I ! i I T B O 74
[TpakTuueckn He H3MEHsOTCA KOMILIekcooOpa3syloulHe CBOHCTBa
KpayH-3()UpOB M KPHNTAHAOB IPH WX 3aKPeILIEeHHH Ha HEeOPTaHH-
yeckHx Hocurensix [528, 530, 531, 547]. Ha sTo, B 4aCTHOCTH, YKa3bi-
BalOT G/iM3KHe 3HAUYeHHS! KOHCTAaHT YCTOHUHBOCTH KOMILIEKCOB MeTaJ-

JdoB ¢ 15-kpayHom-5 (7.9), 18-kpaynom-6 (7.10) u amuasa-kpayHom
(7.11), 3aKpenjeHHbIMH Ha NOBEPXHOCTH CHJIMKATEJst, H HH3KOMOJIE-
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Cxema 7.1

N
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/,.N._.H/ ) /NQN\
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NI N N
, | ]| 3cr
A
+
R N0 R NH2<CH2)3—§

R’I‘\IH(CHz):;Si(OCsz)g R NH(CH2)3—§
%
Y
X %3
R NH(CH,)3Si(0C,Hs), R NH(CH2)3—§
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KYJASipHBIX aHaJjoros (ra6a. 7.5) [528].
(oY d % d
(\0 5 ;> PhCHz---(l‘:l— O_|\>——-CH2Ph
O\_/O 0 O—> <__o o.)
/ _/

(7.9) (7.10) (7.11)

TABJIULIA 7.5. 3nauenus ig K komnaexcos meraanros ¢ makpoyukramis (7.9)—(7.11)*

Hou 'g K
weTaaia (7.9 I (7.10) ! (7.11)
Sr2t - (2,83 (pn=3) 2,4 (n==0,5;
272) (2.57, p==0,1)
Ba’* — 3,56 (u=3) _
(3.87)
Ccd2? — . 5.0 (w=0.,5)
(5,25, p=0,1)
Tt 1,38 (u=2) 2,01 (p=3 —
(1,23) (2,2, p=0,1)
Agt 0,90 (=1 1,61 (n=0,5) 8,2 in==0,5)
(0,94) (1,50, 1,60 (7,89, n=01H
K* — 2,00 (p=0) _
1,79 (=
(2,03)

* B cko6kax npuBejeHsl 3HAYEHHA AJS HUAKOMOMNEKYAAPHL{X aHafNOros,

Mertaaaonopdpuputsl MOTYT ObITh Jerko 3akpernJieHsl Ha KpeMmHe-
3eMax C HMMHJIa30/bHLIMH HJIH aMHHONPONUALHBIMH (dparMenTamu
nyTeM oGpa3oBaHMsl KOOPAHWHALMOHHOH CBsi3M MeTaan — asoT {899,
899a]. Tak xe Kak ¥ B c/lyude CHHTETHYECKHX NOJHMepoB (cm. ri. 3),
3aKpenjeHHe MPHBOAMT K 3HAYUTEJbHOMY CMELIeHHIO paBHOBeCHs
MOHOMEp = JHMep B CTOPOHY MoHoMepHoH dopmbl [899]. Hocurtenn
CMeIIaHHOro TuMa (HanpuMep, OKCH] aJIOMHHHA, MOLHPULHPOBAHHBIA
Mo aMUuHOCYIboHOM-A) OblJIM HCIOJIb30BAHBI [IJ151 CBA3bIBaHUS 11PO-
W3BoAHBIX nopdupuna kobaabra (lI), nmpuyem TaKuwe coeguHEHHUS
XapaKTepHaYIOTCs BHICOKOH TepMUyeCKOH ycToHuMBOCTBIO (A0 523 K)
[900] .

3akpensenue rema Ha nosudocdasenax npoTeKkaeTr myTeM KHCJIOT-
HO-OCHOBHOIO B3aHMOJEHUCTBHS KapOOKCUJbHEIX TPynn MeTan/onop-
dupuHa ¢ atomaMH a3oTa ocHOoBHOH uemu (7.12) [901]. Beenenue
UMHIa30JbHBIX (parMeHTOB B nosudocdaseH no3poJser CBA3LIBATD
rem nyteMm o6pa3oBaHus KOOPJIMHALHOHHOH CBf3M MeTajn — a3oT
(7.13). U, nakoHen, Hasuuyue cBOGOLHOH aMHHOTPYNnsl B OOKOBOM
uend noaudocdasena neaeT BO3MOKHBIM 3aKpeljieHHe reMHHa yepes

auraig (7.14) [901a]. B srom cayuyae npuOJIH3UTEILHO ONHH Te€MH-
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HOBBLIH ()pArMeHT cBA3aH C HenLo Ha kaxaple 200 MOBTOPAIOIMXCS
3BEHbEB,
NHGHg NHCHg
N~  ~N=P~ ~N=P~
| NH N(CH3)(CHz)3NH
S ((|3H2)3 co
! [N
o

(7.14)

T'aasa 8
NMPUMEHEHHE MMX

Cpenn o6nacteit mpakTHyecKoro npuMeHeHHss MMX MoXHO ycJ0BHO
BLIIEANTh JBA NPHHUMAHAJbHBIX HAmNpaBJeHHs, CBS3aHHBIX, C OTHOM
CTOPOHBI, C BJHAHHEM MeTasa Ha 3KCIJIyaTallHOHHbIE XapPaKTe PUCTH-
KH M0JHUMEpPOB U MAKPOMOJIeKYJIsIPHOWX NeMM Ha CBOHCTBA MerTalja,
a ¢ Apyrof,— c co3gaHueM HOBBIX MOJHMEDHBIX MaTepuaJsos, 06.a-
HamouluX pe3ko OTJHYHBIMH OT HCXOJHBIX peareHTOB CBOHCTBaMH.

8.1. KATATHTHYECKAS AKTHBHOCTbL MMX

B nocaenHue roabl moJyuu/o pa3BHTHE HOBOe Hanpap/ieHHe B KaTa-
Jin3e — XHMHSA UMMOOUIH30BAHHLIX MeTaanokoMmmiaekcoB [, 6]. Ouu
COUeTalOT NMPeuMyllleCTBA KaK FOMOTeHHBIX {BbICOKAsi aKTHBHOCTb H
CeJIeKTHBHOCTb), TAK W reTepPoTreHHbIX {(TeXHOJOrHYHOCTb) KaTaJju3a-
TopoB. OCHOBHOH HeqOCTATOK WMMOGHIN30BAHHBIX KATAJH3aTOPOB —
CpaBHUTEJbHO HHU3Kas YCTOHYHMBOCTb CBSI3M MeTaJtJ — MOJUMep BO
BpeMsi Karasusupyemoll HMH peaxkuuu. HauGojiee npocTHIM nyTeM
npeoaoJieHHst 3TOTO HedoCTaTKa siBJseTCs XeJaTHPOBaHHE MeTaJJioB
nonumepamu. Kpome Toro, Tako#l noaxon {103BOJIHJ B pfille c/aydyaeB
NOJYYHTh H BBICOKOCEJeKTHBHble KaTaJu3aToPphbl [1pOLEeCCOB OKHCJe-
HUA, TMAPHPOBAHUA U T. 1. ]

Huxe 6ynyT paccMoTpeHbl KaTajuTH4eckHe cBoHctBa MMX
B HauGoJlee pacnpocTpaHeHHbIX XHMHYeCKHX peakuusix. [1pn 3ToM He
cTaBHJIaCh 3ajJaya J1aTh HCUCPNbLIBAOUIHA dHANH3 BO3MOXHOCTEH
MMX, ocHOBHaf 1Llesb CBOJHJIACH K OllpefiesieHHIO TJIaBHBIX HallpasJe-
HUi ucnoab3oBanust MMX B karaJas3e,
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8.1.1. Noaumepusauusn

Bonpocam ncnonb3oBanua MMX B kauecTBe KaraausaropoB pe-
akuHMi 11-. OJUTO-, MOJNH-, CONOMH- H H3OMEPH3a1lHH HEeHAChiWEeHHbIX
YIVIeBONOPOAOB NOCBAILCHO 3HAUNTEJALHOE yuCa10 paboT. [lpex e Bce-
ro CAeLYET OTMETHTb BU3MOXKHOCTb HHHULHMPOBAHWS peaklMil noau-
mepusaunn MMX. Tak, conosnmep AAm ¢ MBAA u Bunnanopdupuno-
B komnaekcom Ni*t ucnoawsosan ais coananust 3dbdekTHBHBIX
OKHCJHTENbHO-BOCCT3HOBHTENbHBIX CHCTEM (B codeTaHun ¢ Hy0y),
HHHIHHMPYIOUHMX noduMepusaudio AAm B BoaHbX cpenax [653]. [pu
aHaau3e BHYTPHKOMIUIEKCHBIX COeNMHEHHH MeTalJIOB ¢ CHHTeTHue-
CKMMH noammepamn (cM. pasin. 5.2.1) oTMeuanacb BO3MOMXKHOCTH
HHHUHHPOBAHHWSA MMPOLLIECCA TPHBHBOYHOHN NOAUMepH3allHK GyTaaieHa
nomoulblo MMX.

[To cpaBHeHHIO ¢ TOMOreHHOH CHCTEMOH TONHMepHbLIE MeTanlo-
komnJekcol (8.1) — (8.4) xapakrepHayoTca GoJiee BHCOKOH H cTa-
OHAbHONH KATAaNMHTHUECKOH AKTHBHOCTLIO B peaKUHH MOJUMepH3allHu
stuneda (pnc. 8.1) [13], npuuyem KuHeTHKa peaKuHH B 3HAUNTeNb-
HOW cTereHH onpelensercs Npuponof GYHKUHOHAJBHBIX TPYMT MOJH-
MEpHOTO JHUraHaa.

CH3
. | y 2 /
%—CH2—9~ ﬁ-cnz-cl:w é—cw-gw %—CHQ—(E‘,H'{
A o o ?
0" 0 NH 0 C-CHj
y CH \ l i
X pet M\ ks MX,_4 MX,_ 1 0
)—-CH
(8.1) 2 (8.2) (8.3) MX,,
' (8.4)
W 1073 n/tmun[CoH,) 2Ty W, /mun-2y)
20 AN

;o
N\ 120

051 RN i

"*-—o/—.———‘—-o

=g

/ 5
i
o 50 20 60 2 mart o B0 B0 B0 20 i

Puc. 8.1. KnHetnka noJiMMepu3allHM 3THJeHa B HPHCYTCTBHH KaTa/li3aTOpPOB Ha
ocHose Ti (OC4Hs) — Al (CyH;5)2 Cl Kak ¢dyHKUHA npHPOAB MOJHMEPHOrO AMTaHAa:
] — romorennas cuctema; 2 — (8.4); 3 — (8.2). 4 — (8.3); 5 — (8.1)

Puc. 8.2. KuueTwka NO/JIHMePH3allHH 3THJE€Ha B IIPHCYTCTBHH KaTa/lH3aTOPOB Ha
ocvoe VCli— Al (C;Hs)2 Cl kak  dynkusu  npupoOAst MNOJHMEPHOro JHraHaa:
] — (85); 2-- (86);3— (B7).4— (81)
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B uactHoctn, ans MMX Bcerna nabaopaiorest yuacTku o6pasopa-
HHSl AKTHUBHBIX UEHTPOB H AOCTHXKEHHsl MAKCHMaJbHOH CKOPOCTH
Ha KuHeTuueckux Kpusbix (puc. 8.1, 8.2). [To cpaBHeHuO ¢ MeTaNLIO0-
KOMIMJIeKCaMH, MONYyueHHbIMH METOAAMH HOHHOTO WJH KOOPAHHAIHOH-
HOTO CBA3bIBaHUS ¢ MoquMepaMu, MMX no3BoasiioT nofyyaTh MeHee
aKTUBHble, HO Oojee cTabHAbHbIe (AECSATKH yacoB) KaTaJuTHUYECKHe
cicreMbl. Bosiee Toro, paHanHACOAepKaLIMe KaTaaH3aTOPH Ha OCHO-
Be xeqatoB (8.1), (8.5)— (8.7) crabuabHbi npu BHCOKOH (145 COenH-
Hernnit V*T) temmepatype (343 K) B Teuenne 5 u Gosee uacos (cm.
puc. 8.2) JlpyruMu caoBaMH, Xc/1aTHpPOBaHUE TI03BoJseT PacllHPHTh

r / &
A—CH,—CH M/n Z—-CH —CH
2§ A 7 O/"([)

SN0 CH,NH 0
S S 2
N
(8.5) (8.6) 0

7 CH2—C|3H~

CH

HeG [ 2
N

/4 >M/n
=0

H4C
(8.7
TeMmepaTypPHbIY HHTepBaJ AeHCTBUS MeTaJJOKOMIJIeKCHHX KaTaJau3a-

TOPOB.

H3BecTHo, 4To ojgHoM M3 MpPHYUH [e3aKTMBALUUH TOMOTEHHBIX
KaTa/au3aTopOB SIBJASIETCSE BOCCTAHOBJeHHEe BbICOKOBAJeHTHBIX HOHOB
nMepexoJHblX MeTaJ//oB B fpoliecce 00pa3oBaHUsl aKTHBHLIX LIeHTPOB
non neicreueM AlIR,Cl;_,. [TosTomy B Mmo6uabubix cucremax TiCly—
AIR,Cl;_x nocTuraeTcsi HeBbiCOKasi paBHOBecHas cTeneHb o6pa3oBa-
HUst M30JHPOBAHHbIX HOHOB Ti° T, Bui3aBaHHasA arperallnell 3THX 4acTHIL.
B MMX ykpynuenue Ti*t 3aTpyaHeHo Murpaudeit aToMoB Mo NoBepx-
HOCTH MJW B TpPHIOBEPXHOCTHOM cJoe moJuMepa AJis fepexola B
TepMoAWHaMyyecky 6oJee BbITOAHOE aBTOACCOUHHPOBAHHOE COCTOfA-
HUe:

aTit > [T,

[TosTomy paBHOBecHan KoueHTpalus Ti® T coxpaHseTcsl Jaxe B Teue-
HUe J/MTeNbLHOro B3aHMoAeHCTBHs Mex 1y KoMiloHeHTaMu (pHc. 8.3).
Takum ob6pasoM, xedatoobpasoBanie MeTajsJoB ¢ MOJTHMEPHbBIMH
JUTaHAAMH [[PMBOJIMT K 3aMEAJeHKIO CKoPOCTell peaklni BOCCTAHOBIE-
HUSl TlepeXOJHbIX MeTaNJOoB M arperauud BOCCTAHOBJEHHBIX UYaCTHL.
O6 5ToM e cBuAeTenbcTBYIOT H pannpie PPIC (puc. 8.4). Tak,
B3aumoneiicteue MMX (8.1) ¢ Al(CH,)Cl npu 293 K npHBoaHT K
He3HAUNTEJNLHOMY YMEHbUIEHHIO SHEPTHH CBA3H 2p-yPOBHH TUTaHA
c 459.6 no 459,4 3B, uTo yKasbiBaeT JHIlL 14 ANKHJIHDOBAHHE
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T3

06

Puc. 8.3. Kuueruka wuaxomneuuss Ti*T (B 04
OTH. e4.) B Pa3JIHYHbIX CHCTeMax: 4

1 —TiCly; 2— (84); 3— (8.1); 4 — (8.5); Boccrano-
putenp — AIC,HsCl,

0,2

o 30 60 90 T.mun

Ti**. B 1o xe Bpems sta peakuusi ¢ Al(CyHs)2Cl B Tex e yc/oBUsAX
3aKaHuHBaercs ob6pasopanueM Ti°*: Er , 4,=458,9 3B, a B cnekrpe
SI1P Ha6aogaercs WHPOKHA curHaa c¢ g-dpaxkropom 1,9340. Has
cpaBHeHHs] OTMETHM, uTO B roMoreHHo# cucteme TiCly — Al (CoHs) oCl
B3aMMOJIefiCTBHe B 3THX YCJOBHUSX 3aKaHUHWBaeTcd MpeBpalleHHeM
Bcero Ti'T B Ti?t. [1pu 343 K, Kak H B yCJAOBHAX MOJHMEPH3ALLHH 3TH-
feHa, BoccTaHoBeHHe xenatuposannoro Ti'™ npoucxomuT ray6xke: B
cnektpax P®3C (cMm. puc. 8.4) Habaogaercss UIMPOKAs [0J0cCa,
coCTOsiNlas, N0 KpadhHed Mepe, M3 [ABYX MOJOC, OTHOCALIHXCA K
Ti*t u, Bepositao, Ti®T.

M3 apyrux KaTaiM3aTOPOB NOJHMEPH3aUHOHHBIX MNpeBpallleHHH

I 'y

] Tizps/p

J _
470 460 EogrdB 470 460 Ecg.3B

Puc. 84. P®IC cnekrpnt (8.1) (/) ¥ npoaykra ero B3dHMOAEHCTBHA C
Al (C2Hs)2Cl (2) (a); (8.5) (1) u npoayktoB ero s3aumoneictBud ¢ Al (CyHs).Cl
B TeueHHe 30 MuK npu 293 (2) u 343 K (3) (6)
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ormeTum Ni(acac)e, 3akpenJeHHblli Ha ¢docdopcomepxRamnx noai,.
Mepax, KOTOpbIH 3(PEKTHBHO COMONHMEDH3YET ITHUJIEH € NIPONHICHOM
(A. c. CCCP 687083); Mn(acac)s, 3aKpenJeHHbIH Ha KapBGOoKCHJ-
colep:Kallnx (CO)MoaumMepax, HCNONb30BaH AJ5 IMYJILCHOHHOH NOJH-
MepH3allMH psfa BHHHJAOBBIX MoHOomepoB [902]; komusiekc (8.8)
fIBJSAETCA KaTajlH3aTOPOM MOJHMEPH3aUMU HEeKOTOPbIX BHHHJOBBIX
MoHomepoB, Hanpumep MMA, Bununauerara u 1. a. [690].

V7,

[ (8.8)

N
} ,
Ni(Dipy)Cl o
Makpomosekyasipuple xeaaTel koGaabta (II) Thma (8.9) —
(8.11) B coyeranun ¢ aNIOMHHHHOPraHUYECKHMH COBAMHEHHUAMH OKa-
3aJHch 3P PEeKTHBHLIMH KAaTaJH3aTOPAMH Npolecca crepeocneinduye-
cko#t 1,4-yuc-noauMepusaumnn GyranreHa [175].

4 7 ;
é‘CHz—CH“‘ 2—CH2-—CH~ Z—CH 5—CH~

o}
N J—O 0
M/ 74 AN /2NN
R HAC B M
(8.9) 3 o’

(8.11)

Kak Buano H3 pHc. 8.5, karajiu3zatop Ha ocHoBe xeaata (8.10)
6o/Jee aKTHBEH, 4eM ero rOMOTEHHbIH aHajJor Ha OCHOBE XxeJjaTa
Co** ¢ N-anerna6ensamuaom. XapakrepHo, 4To HMMOGHAH30BaHHbIE
xeaatsl Co’t Thna (8.9) # (8.10) HMEIOT COMOCTABHMYIO AKTHBHOCTD.
3TO CBHAETENAbCTBYET O HE3HAUUTEbHOM BJAHAHHH MPHPO/LLI X€JaTHOrO
yajia (N,O- u O,0- cooTBeTcTBeHHO) Ha AKTHBHOCTb KOMIMJIEKCOB
B NOJHUMEpH3anuH OyTaJHeHa B OTJHYHE, HANPHMEDP, OT FOMOreHHbIX
anagoros [902a]. B 1o e Bpems Gusifepubiit xenar (8.11) nposp.as-
er Gosee Hu3kyl0 (B 5—6 pa3) akTHBHOCTb, 4eM ero MOHOAAEpHbI®
aHaJoru.

YaeabHble CKOPOCTH TOJAHMEDH3alIMH, UYHCJIO 1EHTPOB pOCTa H
XapaKTepHCTHKH NOJHGYTaLHEHOB, MOJYYeHHBIX Ha UMMOOH.IH30BAH-
HblX XxeaaTax koOaabra (I1), nmpHBedAeHb HHXKE:

(8.9) (8.10) (8.11)
Wo*, Moan/(r Co-a-wuir) 237 312 65
A, Moan/moiib Co 0.75 0,99 0,24
XapakTepHCTHKH 10JHOYyTalHeHA:
w P ¢ 46700 46460 35500
M, 17500 15000 R600
2,67 3.10 414
Conepxanue 3senben, %:
1.4-yuc- 90,0 95,0 RENY
1. 4-Tpanc- 3,5 3.5 3.0
1.2 6,5 1,5 2.0
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Puc. 8.5. KuHetuka nonumepusanyy OyTaaHeHa B NPUCYTCTBHH UMMOOHJIHU30BAHHBIX
Xenatos KoGaanTa:

I — (8.10); 2— (89), 3 —(811)

Puc. 8.6. Kunernka auMepH3auUH 3THJAEHA B NPUCYTCTBUH HMMOOHJIH30BAHHbIX
XeslaToB HUKe/s1:

1= (8.12), 2— (8.9): 3-- (810), 4 — (8.11)

Ha ocHoBe aHa/u3a MHKPOCTPYKTYPbl H MOJIEKYJASPHO-MaCCOBbIX
napamerpoB obpasywoulerocs noaubyrajieHa MOXHO 110J1ararb, 4TO
MPUPOJLA aKTHBHbBIX LIEHTPOB He H3MEHSIeTCs MpH nepexoe OT FOMOTEH-
HbiX [902a)] K iMMOGHIH30BaHHBIM cHcTeMaM. PacueTsl udc/ia UeHTpOB
pocTa n_ MOKa3biBAIOT, UTO B CHCTEMAX HA OCHOBE MOHOfIAEPHBIX XeJa-
T08 KOBanbTa MPpaKTUYCCKH KaxXAblH aToM MeTaJjaa MNpoayuHpyeT
MOJHMEpPHYIO 1lefllb, TOTJa KAaK B cHCTeMe Ha OCHOBe OHHIEpHOro
xenata Co’t B 06pasoBaHMH AKTHBHBIX LEHTPOB YYACTBYIOT JIHIlb
249% atoMOB KoGaJbTa.

OG6wHpHbie HCCAefOBAHUA OblIH MPOBELEeHbl MO JWMepH3alHH
a-osedpuHoB B npucyrcreud MMX. Cpend rcnonb3oBaHHBIX KaTaJH-
3aTOPOB MOXKHO OTMeTHTb KoMmmjaekc (8.8) [690], Ni(acac),, koopau-
HallHOHHO-CBAA3AHHbIH C MOJHMEPHbIM reJeM Ha OCHOBe KayuyKa H
4-BIT [903], nonumepHble KoMmiuieKchl akpuaara Hukeas (II) c¢
Dipy u Phen (A. ¢. CCCP 1512650), xenatnl (8.5), (8.9)—(8.13)
[591, 594, 596] u 1. 0. B uacTHOCTH, NOKA3aHO, YTO HMMOOHIH30OBAH-
Hble XxesaTtbl HHKeast (I1) B coyeraHHH ¢ aMIOMHHUHOPTAHHYECKHMH
COelHHEHHSIMH 00J1a 10T BLICOKOH, CTAOHIbHON aKTHBHOCTBIO B peak-

% Z
%—CHZ—CH'V %—CHZ—?H'V

0 CH3—C
N 3
M/n
(8.12) @O/
(8.13)

UHH QHMEpH3alUHUH 3TH/eHa B OyTeHbl (puc. 8.6). [Ipuuem gas Karanu-
THUYECKHX CHCTEeM Ha OCHOBe 3aKpCIllJIeHHbIX XesJaTOB HHKe/ds Xapak-
TepeH 3HauyHTeqbHO OoJlee UIHPOKHH TeMilepaTypHbIH HHTEpPBAA (10
363 K, taba. 8.1) no cpaBHCHHIO ¢ rOMOTeHHbIMH aHajaoraMu [903a].
CoctaB MPOAYKTOB AMMepH3auHuH, 06pa3yoILHXCHA HA T[OMOTEHHbIX
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TABJIALIA 8.1. Jumepusayun 3tusena 8 npucyrcreuu MMX

CocTas npoaykToB, % (Mac.)

MMX W, kr/(rNi.u)
OyTeHbl reKkceHb! MeTHANEHTeHn | ANMeTHAGYTeHH

{8.95) 31,0 90,9 3,0 2,9 3.2
(8.9) 25,0 91,3 3,5 3.0 22
(8.10) 15.5 90.8 4.2 1.5 3.5
(8.11) 12,2 91.1 3.0 2.2 3,7
(8.12) 975 92,3 15 3,7 2.6
(8.13) 30,0 91.7 16 3.9 2.8

[903a], »MMOGHIM30BaHHBIX HexeaaTHpoBaHHbIX [096] u xenatupo-
BAHHBIX CHCTEMAaX Ha OCHOBe [ABYXBaJEeHTHOTO HHKeAs, MpaKTHUYeCKH
ONHHAKOB, YTO MOXKET CJAYXHTb KOCBEHHbIM [0Ka3aTeabCTBOM OAHO-
THIHOCTH NPUPOLbI AKTHBHBIX LEHTPOB W ME€XaHU3Ma HX NCHCTBHSA.

Kak BupHO u3 puc. 8.6, xommiaekcnl (8.9) u (8.12) wumeoT
COMOCTABHMYIO AKTHBHOCTb, YTO CBHAETEAbCTBYET O HE3HAYHTE/JIbHOM
BJAUSIHUH MPUPOAbl KOOPAHHAUHOHHOTO y3Ja Ha aKTUBHOCTb KOMIJIeK-
coB. CpaBuenue komnaekcos (8.10) u (8.12), umeomux oguHaKOBLIH
KOOpAHHAIHOHHBIA y3eJ, HO Pa3/UUHbIE MEeTaJJolHK/bl, TOKa3blBaerT,
YTO BBEJCHHE aTOMa a30Ta B MeTaJ J 0UHKJ MDHBOAMT K CyHIECTBEH-
HOMY CHHKEHHIO KaTaauTH4ecKoH aktuBHocTH. CONOCTaBI€HHE aKTHB- -
HOCTH MOHO- U GusizepHbIX xeaartoB uukeas (8.10) u (8.11) mokasa-
J0, YTO yBeJHYeHHe YHCJIa HOHOR HHKeNsl B KOMILIEKCHOH MOJIEKyJe
MPHBOAHT K CHHXKEHHIO YAeJbHOH KaTaJHTHYECKOH aKTHBHOCTH
KOMTeKcOB (cM. puc. 8.6). Beposartho, B cayyae nojuMeTanandeckux
KOMIIJIEKCOB XXecTkasi (PUKCauus cpa3y HeCKOJNbKHX HOHOB HHKe/sl B
MOHAEHTATHON MaTpHIe CO30a€T AOMOJHHTEAbHBIE TPYIHOCTH N/
BOCCTAHOBJEHHS MeTaJjia H 06pa30BaHHst aKTUBHBIX HeHTPoB. OAHaKo
MPHpONA METaNJNOIHKAA H KOODAHHALMOHHOIO y3la HMMOOGH/IH30BaH-
HblX XeJaTOB HHKeJsl He OKa3biBaeT CyHI€CTBEHHOTO BJHSIHHS HaA HX
CeJIeKTHBHOCTL B peaKIUH [UMepH3aluu 3TH/AEeHA: BbIXOA OyTEHOB
coctaBasieT 90—959] (cm. Taba. 8.1).

[TpunuunuanbHBIMHE ABASIOTCA BOTIPOCH q)opmnposannﬂ a- 4 B-6y-
TEHOB B XOJe peakluHd AUMEPH3allHH 3THJAEHA o] AeACTBHEM MMX.
B o6utem cayuae nmpoToTponHbIe NMpeBpauieHus B GyTeHax MpeacTas-
Jerbl Ha puc. 8.7. Kak cBUIeTeIbCTBYIOT MOJyYeHHble naHHble [591,
596], ckopocTh H3oMepH3alHH HHAHBHAYAJAbHBIX OYTEHOB MpH Nepexo-
Ae OT rOMOreHHBIX K HMMOGUJAH30BAHHLIM CHCTEMaM 3HaYHTEJbHO
cuukaerca (puc. 8.8). C yuetom npensoxennod B pabore [904] cxe-
Mbl GODMHUPOBAHHS AKTHBHHIX UEHTPOB NUMepPH3alUHH 3THAEHA H30-

k
—
a-0yTen {-k—'— unc-Gyren- 3
\ -

Puc. 8.7. llporoTponmnie nPeBpaillcHHA B
Ko | | K2 ks | Jk-3 Gyrenax

N Tpane-Gyren p "

228



CoHg, MONB/T

: |

04 B 1
0,3»—- 1 I
oz} 2 -

LAY Jas

A

0

3

__‘L—.—.—.—.

_—

1

J
30

60

80 T MuH

a

g0

60

A "Ig——r

90 T, MuH

Puc. 8.8. KuuetHka H3OMEpH3alUHH pa3nH4YHbix OyTEeHOB B MPHCYTCTBHH TOMOreH-
HbIX (@) H HMMOOGHJH30BAHHLIX (6) XeJaTOB HHKeJd
I — a-6yren; 2 — rpanc-§-6yren; 3 — yuc-B-6yrew

MepH3alHOHHAsA NaccHBHOCTL MMX moxeT ObiThb 00bsICHEHa CTepH-
YECKHMH TPYILHOCTAMH MpHCOEAKHHEHHsI OYTEHOB K XeJaTHPOBAHHOMY
rHApUAY HUKeas. JIpyrumu caosamu, xeaatoobpasyoulue GparmeHTol
noJI¥MepHOH Lend QOpMUPYIOT XKeCTKYIO MaTpHIly, KOTopas OrpaHuuH-
BaeT B3aWMOJeHCcTBHe OYTEHOB C AKTHBHBIM ILEHTPOM KaTaJaH3aTopa.
B cBA34 ¢ 3THM MOXHO noJaraTtb, YTO H3OMepH3alHsT MPOHUCXOTHT
10 BbIXOA& MOJexyJbl OyTeHa W3 XeJaTHOH KJAeTKH H COOTHOLIeHHe
MeXIY - H B-H30MepaMH peryiupyercst BO BpeMsl aKTa AHMepH3allHH
3THJeHa.

Komnuexkcnt Hukeada (II) ¢ noaumepom Ha ocHOBe AUNHPHAHJ-
MeTaHa (8.14) okasaaunch 3¢ deKTUBHBIMH KaTaau3aTopamu Ipollecca
TpuMepu3aluu GyTanueHa B H3OMepHbie TPAHC, Tpaxc, Tpanc- (8.15),

7 \

N
N
O NIX2
5_ .....Nﬁ

\_/

Tpanc, Tpanc, yuc- (8.16) ¥ Tpawc, yuc, yuc-UUKIAOLONEKATPHEHBI
(8.17) [905]. TlosyyenHble pesysabTathl (Taba. 8.2) MNOKa3LIBAWOT,

RENGPRS

(8.15) (8.16)

(8.14)

(8.17)

YTO BHIXOJ MPOAYKTOB yBeJAHUHBAETCHA C MOBBIUEHHEM TeMMepaTryphl
H NIPakTHYeCKH COOTBeTCTBYeT TOMOTeHHOMY aHaJory. B mpouecce
peakiluu nponcxonm JUCCOLHalHA MOJHMEDPHOTO KOMILIeKca W fepe-

xon uoHoB Ni*t B pacTsop.
CaenyeT OTMEeTHTbL TakKKe HaMeTHBLIYIOCH TeHIEHIU:O HCI0Jb30-

BaHUs retepoMeraqandyeckux MMX B kayecTBe OH(YHKUHOHAJBHHIX
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TABJIMLIA 8.2. Tpumepusayus 6yraduena 8 npucyrcreuw MMX
(8.14) u eeo 2omoeenro20 anairoza

. CTaB IPOAYKTOB, %
Komnaekc T, K Bpewms, d RSF::MI,/ Coe poRyxtos. %
7 {8.i3) 18.10) {8.17)
(8.14) 313 20 9 87 6 7
(8.14) 343 21 46 80 7 13
(8.14) 353 20 48 71 9 20
(8.14) 353 42 58 71 9 20
(8.14) 353 64 70 73 9 18
(8.14) 363 23 58 73 i 16
'omorenubid 353 15 52 79 8 13
dHaJmor
To ke 353 20 64 76 8 16

KaTaJau3atopoB. [IpuMepoM MoXKeT ClyKHUTb CONONUMEPU3ALHUA 3THIIe-
HA ¢ a-OyTeHOM in situ, NpUBOASAWASA K JIMHEKHOMY MOJIH3THJEHY
Hu3kod naotHoctu (JI[IDHII), couerawouiero (B onTHMAaJbHBIX Ba-
puaHtax) npeumyuiectBa [12 Hu3xkolt U Bblicoko#d maoTHocTH [906,
907]. O6umas cxema 6HGbYHKUHOHAJNBHOTO KaTa/jlu3aTopa HOJydYeHHs
JITIDHIT npexncrasnena va puc. 8.9 [908]. CoranacHo 3To# cxeme
MUCXOOHbIH MOHOMEDP m, (3THJeH) HA AKTHBHOM LeHTpe M’ npeBpaua-
eTcsl B MOHOMep my (o-OyTeH) B pe3y/ibTaTe peaKUHH AHMepPH3allHH,
a HA AKTHBHOM [UeHTpe M NpoOHCXOAUT COMOJHMepH3alHs MOHOMeE-
poB m; U my ¢ obpasoBanuem JIIITDHIL. Kak nokaszanu mopenbHble
pacuetsl [908], HauboJsbllee BIHSIHHE HA KHHETHUECKHe MapaMmeTpbl
npouecca U cTelleHb Pa3BeTBJEHHOCTH (ompegensieMyo 4yucaoM GoOKo-
Bbix oTBeTBJeHHH HaA 1000 yraeponubix atomoB) o6pasylolierocs
JITIDHI1 okaspiBaioT npuposa aKTHBHbIX LEHTPOB OOOHX THIMOB H
paccrosiHde Mex1y HuMu. Haubosee yacto B KauecTBe LIEHTPOB CO-
NOJUMEpPU3ALHH BHICTYNAWT THTAH W BAaHAAHH, a JAHMEDPH3AUUH —
HHKeJb H K0OaabT. DTOT NpoLecc NpoTeKaeT AaxKe MPH CTATHCTHUe-
CKOM pacrnpeieseHHd AHMepH3YIOLUIUX W COMOJHMEePH3YIOUIMX LEeHTPOB
Ha nmoBepxHQCTH noauMepoB [909]. Onnako Takoe pacnpenesneHue ak-
THBHbLIX LEHTPOB ABYX THIOB He NMO3BOJsAET 3(PPEKTHBHO KOHTPOJIH-

Qna, K&/2 Memanna m, ™ A m o

= LN

! | \m, (m')"

Puc. 8.9. Cxema aeficTsHs 6HDYHKILHOHAb-
HOro KaTajuzatopa nosayyeuuss JITIDHII

7

6

Puc. 8.10. Bausiuve npupoiabl METaMIOB Ha

npespaiiiende sThaeHa 8 JI[IQHIT na 6u-

(yHKUHOHA/AbHOM  KaTaaH3aTope  (8.18):

[—-M=V, M'=Ni; 2—-M=V, M=Co; 3— M=T),

M'=Ni; 4-~M=V, M'=Cu; 5§— M=Ti, M=Co;
6 —M=Ti, M\'=Cu
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poBaTb MpOTeKaHHe NPOLECCa H NoJyyaTh MPOLYKT C 3apaHee 3a/aH-
HbIMH cBoHcTBamu. B sTom naanve sddexTHBHBIM npeacrasasercs
Hcnonb3oBaHHe rerepoMerannndeckux MMX tuna (8.18) u (8.19) ¢
KOHTPOJIHPYEMBbIM (FCOMETPHYECKHM H MAacCOBBIM) pacnpeneieHHem
nepexo/HbIX MeTa//OB Ha MOBepXHOCTH noauMepa [591, 695, 699].

%—CHz-—Cl:H—— = OHy G~
CHzoMXn_‘l CHzoMX” 3
e c:
Z:N/ \Nj
(8.18)

v/
é—CHz-—CH CHy—CH~

| o
~\\\\\*Mzr”_,—ﬁ__
( 5 ﬁ\\\“o

(8.19)

B kauecrBe npumepa Ha puc. 8.10 npencrapjieHbl KHHETHUeCKHe
saBUcumocTH noayuenus JITIDHIT 8 npucyrterBHu rerepomerasinye-
CKHX XommsekcoB (8.18) [699]. Comonumepusyollasa cnoco6HOCTH
BaHaJAuiCcoAepKALIHX KATAJAUTHUECKHX CHCTEM Bblllle, YeM THTAHCO-
IepXKalilHX, NOITOMY aKTHBHOCTb B peakudu noJsyuenus JITIDHII
reTepoMeTa/NIH4eCKHX KOMIJIEKCOB, BKJIOUAIOUIHX BAaHALHH, BhIlIE,
yeM aHaJOrHYHBIX THTaHcodepXKalMx. [lo aKTHBHOCTH B peaKuHH
n¥MepH3auud 3tHaeda uoHbl Menu (lI), Hukens (II), xkobanbra
(I1) pacnoaarawrcs B psag Ni> Co> Cu; aHanoruuHasi 3aBHCHMOCTb
Habnogaercss H [ FeTepoOMeTaJJIHUeCKHX KOMIJIEKCOB Ha OCHOBE
aTHX MeTtanoB (cM. pHc. 8.10). CornacHo npubaMXKEHHBIM pacyeTraM
[68], cpenHee paccrosiive M—M’ B a30MeTHHOBBIX reTepoMeTaJljiH-
YECKHX KoMmJjekcax coctaBiasier 2,2 A, a cpeausis creneHb passer-
BieHHoctd JITI3HII, nonyyeHHOro B NpUCYTCTBUH paccMaTpHBaeMbiX
retepomera/siiyeckux kKomniekcoB, paBHa 30. Takum ob6pasom,
HCMO/1b30BaHHE TeTepPOMEeTaNIHUeCKHX KOMIJIEKCOB, MOJIyuYeHHBIX Mo
Merony XesnatooGpa3oBanusi, no3BoJsier noayuatb JITIIHIT ¢ onpene-
JIeHHOH CTeNeHbl0 Pa3BeTBAEHHOCTH. M HTepeCHO OTMETHTb, YTO B HH3-
KOMO.1eKYJ/ISIPHBIX aHaJlorax 3THX KOMILJIEKCOB NoJiy4eHa TaKas e cre-
neHb pasBetsyenHoctd JITIDHIL. D10 ykasbiBaer Ha oNpefensioilee
BJAHsIHHE PACCTOSAHHUS MEXKAY KaTa/JHTHUCCKUMH LEHTPaMU Ha cTeneHb
pasBerBjeHHoCcTH. B To »Ke BpeMd aKTHBHOCTb HH3KOMOJIEKYJ/ISIPHBIX
KomnyekcoB Huxke [910], uem MMX, 4To ¢cBSI3aHO C BAHSHHEM [OJIH-

MEepHOTOo JiMraHja.
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8.1.2. 'mppupoBaHue

B GoabuiMHcTBe pabor, MOCBSIUIEHHBIX PpeakiUHsM THAPHPOBAHHA
pa3soo6pa3HbiX cyGCTPaToB B IPUCYTCTBHH MMX, npuBoauTcs cpas-
HeHHE AKTHBHOCTH, CEIeKTHBHOCTH M CTAOM/IBHOCTH 3THX KOMMIEKCOB
c romoreHHbiMu asaJjoramu. Kak npasuio, MMX necpaBHeHHo cra-
GusibHee, He YCTYNIOT MO CeNeKTHBHOCTH, HO MEHee aKTUBHBI, YeM
roMoreHHbie aHajord. [IpuMepoM MoXKeT CJAYXKHTb KOMMJIEKC PoiHs
(I) ¢ moaumepoM, cojllepKalluM TpYMbl Dipy, KoTopblii siBJseTcsH
MEHee AKTHBHBIM KaTaJH3aToPOM THAPHPOBAHHS HACHILIEHHBIX Keto-
HOB, YeM TOMOPeHHBIH aHaJor, HO NPAaKTHYECKH He YCTynaer emy
no cesektuBHocTH [108]. Huxe npuBenenbl naHHble O MHAPHPOBAHHH
KeTOHOB B IIPUCYTCTBHHU -MOJHMEDPHOTo (YHCJAHTE/Ib) H MOHOMEPHOTO
(3HamenaTenn) KomiUlekcos poaus (I) c¢ Dipy npu 298 K u nasse-
Huu H, 0,1 MIla:

W, Ma/uus Buixoa, %
AuerodeHoH 2,3/3,0 100/100
2-MeTHAUHKNOreKCaHOH 1,8/2,4 100/100
Aueron 1,6/2,1 98/100
[luknorekcasos 1,4/1.8 98/100

HMeoTcssi M nNpoTHBOMOJIOKHbie AaHHble. Tak, KOMILIEKC
[Rh(CO)2(acac)] siBasiercsi HeakTHBHbIM B peaKUHMSAX THIPHpPOBE-
HHAA, a ero 3akpenjende Ha [IC, mMonndHUHPOBAHHOM acac-rpyiina-
MH, NPHBOAHUT K 3(D(PeKTHBHBIM KaTaJH3aTopaM rHAPHPoBaHUA oaedu-
Hos {178]. CucteMa nmosMoKcHM — coefHHeHue Rafnanusa [702] ak-
THBHa B THADHPOBaHHH psAna cybcrpaToB, Torja KaK TOMOTEHHBIH
aHajior — OHc (AuMeTHArIMOKcHMaTo ) najnaguid (I1) B 3THX peak-
LHAX HEaKTHBEH, BEPOSITHO, H3-3a KEeCTKOH CTPYKTYPbl C MOJHOCTBIO
3aHATBIMH KOODAMHAaUMOHHBIMH MectaMu: B MMX cyuiectByoT OH-
anepHoie MoctHkd Pd — Pd, 6aaronapa paspeiBy KOTopbiX 0CBOOOXK-
JalTcd KOOPAHHALIMOHHBIe MecTa W, TakMM o6pa3oM, akTHBHpyeTcs
KOMMJIeKC. AHTpaHH/IOBasi KHC/IOTA Pe1KO HCNOVIb3YeTCH B TOMOT@H-
HbIX KaTtaju3atopax. B 1o e Bpemsi npu 3akpemjeHun poaus (I)
Ha noJiuMepe, MOIHOHUHMPOBAHHOM THM JUTaHAOM, ObliH [OJYYEHbI
BbICOKOAKTHBHBIE KaTaau3aTopnl ruapupoBanus (8.20). OHu uMelOT
BBICOKYIO TEPMOCTOHKOCTb H COBEPIUIEHHO HEYYyBCTBHTE/JbHB K fAAaM.
AHanoruutsle cucTeMbl Ha OCHOBe NaJiaaius (II) kaTanusnpywT rui-
pHpoBaHHe GeH3os1a H HUTPOGeH30Ja B OTJAHUHe OT HeaKTHBHHIX TOMO-
TeHHBIX KOMIUIEKCOB ¢ N-GeH3uJaHTpaHHAOBoH KucaoToi {216,

217, 911915
M
S‘@‘CHz\/@

HN O

(8.20)

HOUH”KE‘“I’ (IT), sakpensennsift na antpanusonoit KucaoTe, CHAIAH-
H € CHIBHOCIIHMTLIM MOAHCTHPOIOM, KATAAHIHPYET THAPHPOBANHE
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KonBepcus, %

80 /'

Puc. 8.11. Tuapupoaune B Teuenue 50 uuknos
TPAMC-KOPHUHOM KHCJIOTHE B NPUCYTCTBHH KOMILIEKca
(8.21) (/—5 — nomepa UHKJAOB)

0 ! ! i L

7 Z 3 4 5 &y

onepUHOB, IUEHOB U HUTPOOEH30/1a. DTOT KaTtand3aTtop He 0COGEHHO
aKTHBEH 1 HMEeT OTHOCHTENbHC KOPOTKOe BpeMs Xu3Hu [914]. Tuapu-
poBaHue HUTPOOGeH30/1a NPOTeKaeT HENOJHOCTBIO U 3aKaHYUBaeTCs 06-
pa3oBaHUEM JUINKOr0 aMOopdHOro BellecTBa, cojlepkallero He6obilioe
KOJIHYeCTBO aHUJAUHA.

Takne HeopraHuueckue HocHTead, Kak Al:Ojz, SiO: # UeoaHTH
NaX, okasanuch yao6ubiMH A5 CBsisbiBaHusi Co(acac)s — AlEtl; —
KaTalu3aTopa r'MAPUPOBAHUS UMKJIOreKCeHa W geHuaaueTuacHa, Npu-
yeM 3akKkpenJeHHe MOBbllIaeT UX CTabUIbHOCTb U CEJEKTHBHOCTD U
cHuXaeT o6pa3oBaHue No6O4YHOro npopykra — noauMepa [915].

AKTUBHOCTb TOMOTreHHBIX KaTajlu3aTOPOB THAPHPOBAHHS OYeHb
4yaCTO pe3KO CHUXKAaercsl NpU UX [OBTOPHOM HCHOJb30BaHHUH, 4YTO
00bsicHAeTCA HeCTaOUAbHOCTBIO aKTUBHBIX UEHTPOB, 0COOEHHO nocJe
MOJIHOrO npeBpalleHuss cy6crpara. B MMX nonuMepHble JiMraHiabi
cTabHIM3HPYIOT KaTaluTHYeCKHe JeHTPhl, CJAeICTBHEM Uero siBasiercs
BbICOKAsl CTaGHABHOCTb HX KATAJUTHYECKOH aKTHBHOCTH. Tak, npu
TMAPDUPOBAHUH KOPUYHOH KHCJAOTBI C MOMOLWIBI0O KoMmiekca (8.21)
nepBbie HECKOJIbKO IMKJ/JIOB aKTHBHOCTb KaTta/ju3aTopa 6oJiee BbICOKaf
Gsraronapsi Hajnuuuio npuMeceil Pd®, a 3ateM oHa CTaHOBHTCSI MPaKTU-
¥eCKH noctosiHHOM (puc. 8.11). Iloteps merassa cocraB/iser MeHee
1% mnocae 10 pukiaos [663].

N

I P

|
(H3CCO),C——Pd—C(COCH3z), (8.21)

[locie 10 uuksa0oB He TepsilOT CBOell AaKTHBHOCTH XesaThl MaJjijia-
aud (0) ¢ aukeronom (8.22), emamuHokeroHoM (8.23), nmuaywun-
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amutamu (8.24), (8.25), 3akpeniieHHbIMH Ha NOBEPXHOCTH MOJIHITH-
aeHa [744].

i, /
CHy—CH~ CH,—CH~
—0 —0
Npyg “pg
o ¢
R
(8.22) (8.23)
5 7
%—CHZ-—CH'V CH,—CH~
—0 —0
WN XPd HN)— Npd
- —o”
< \/‘,Pd
3 OH
(8.24) 025

Karaauszatop THAPHPOBAHUA oJe(HHOB Ha OCHOBE KOMIMJIEKCOB
ponus co cuwnteiM [1C, copepxawmum ¢parmentsr Dipy, okasaaics
s dexruBHbiM Gosiee ueM B 300 uuknax [113]. Bpemsi xu3uu kara-
JU3aTOpa THAPHPOBAHUS Ha OCHOBE KoMMjiekca najnanua (II) c aut-
paHUJIOBO#H KHC0TOH, 3akpensienHod Ha XMCC, cocraBasieT He meHee
10000 uukaoB Ha aToM najaanusa [911].

MMX sipasiiorcsi 6onee cTaOHALHBIMU U N0 CPaBHEHHIO C KOMILIEK-
caMH MeTaJJloB HA OCHOBE MOHOQYHKUHOHAJbHBIX MoJuMepoB. Tak,
feTaNbHoe H3yueHKHe BLIMbIBAHUS Majjiafiusl B Xolle KaTa JIHTHYECKOro
ruapupoBanus 1,5,9-uuKIon0ekaTpueHa MokKa3ago, uTo HauGogee
AKTHBHBIMH U CTAGMJILHLIMH SIBJSIIOTCS XeJaTHble KOMIUIEKChl ¢ MATH-
YleHHLIM MeTaltonukaoM [916, 916a].

Ilnsi noBblieHHs1 aKTHBHOCTH KaTaJ/Jid3aTopa MPoBOJAT ero aKTH-
BalMI0, HanpuMep nepeBoAsl najyiagudl H3 [ABYX- B HYJbBaJjleHTHO®
COCTOsIHHE, NyTeM o6paGOTKH Pa3HooGpa3HBIMH BOCCTAHABJ/IHBAIOLLH-
MU areHTamu (Gopruapuaom HaTpus, ra3oobpasHbiM BOLOPO-
IOM H T. A.). B yacTHocTH, AJ cucTeMbl naaiaauil — noJuHagTOHeH-

TABJIMLLA 8.3. Karaauruweckue csotlcrsa komnaexkcos (8.22) — (8.25)
. 8 eudpuUpPOBAHUL HUTPOCOCOUHEHUL,
ayerusenos u aaxkenos npu dusaenuu Ha 0,1 Mila

Br- | Yeaonus rHapupoBiauus W, woaw
KoMmuaeke Cy6etpar Tipoayke X0, H., {M0as

% 'K | pacisopuress Pd - wun)
(8.22) ®eunnauernaen Stuabenson 98 333 Iecuran 9.1
(8.23) denunancruaecu Amnbenson 97 333 -»- 7.3
(8.23)  Llukaorexcen Lukaorekcan 99 303 Haoupoanon 6.3
(8.23) Tekcen-1 I'excan 99 303 -»- 4.5
(8.23) Hurpobenson Annnnn 100 313 1TMPA 53
(8.24)  Hurpobenaou Anunun 100 313 »- b,
(8.24)  a-Hurpoanrpaxunou a-Amioain paxuuon 96 323 -»- 2
(8.25) Toayon Metwmukaorekcan 92 393 Yupekau oA
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TABAHTLA RA. Nudpuposanue & npucyrcrenn KoMniekcog poous
(1--6) u naraadus (7.8) ¢ 11C,
MOGUPUIUDOBARRIM_ ARTPARUA0B0L KucaoTold (216, 217]

New/n Cy6erpat Py Mlla T, K Hpoayst (%)

1. Beuson 0,775 293 Llukaorekcan (99)

2. Toayon 0,775 293 Meruatmkaorexcan (16)

3 Hadranaun 0,775 293 1,2,3,4-Terparnaponadrrannn
(100)

4. Hurpobenson 4.8 343 Anuaun (100)

5. Aueron 4,8 373 H3onponanon (2)

6. bensouutpua 7,0 373 bensuanaenbenaunamun (20)
I-bensunamuno-1-amuucronyon
(40)

7. Hurpobenson 7,0 353 Annann (97)

8. beuszouurpua 4,8 373 . Bensuangeubensunamuu (33)
I-Beusnnamuno-1-amunoTONy-
on (66)

GeH3uMHIa30J1 HanboJiee AaKTHBHBIM U CTa0H/bHBIM 0OKa3aJiCA KaTaJu-
3aTop, BOCCTAHOBJIEHHbIH BOJOPOJOM M3 raszoBod ¢assl npu 293 K
[917]. HynbBanenTHslit mannanuit Moxer o6pa3oBbIBATLCA H B MPO-
uecce cHHTesa MMX, Kak 3To MOKa3aHo Ha mpumepe KoMJeK-
coB (8.22) — (8.25). IlosyyeHHble coelHHeHHS SABAAIOTCA YHHBEp-
CaJbHBIMH KaTanu3aTopaMH THIPHPOBAHHA HEHAacbllLEeHHBbIX YrJaeBo-
J10POAOB U HUTpocoenHHeHHit (taba. 8.3) [744].

3akpenjeHHe aTOMOB MeTa/LIOB Ha MNOBEPXHOCTH MOJUMEDPHOTO
JHraHAa NOPUBOJIUT K pOCTYy KaTaluTH4yeckoll akTupHoctH MMX.
Tak, BbICOKO! aKTHBHOCTbHIO B TUJPUPOBAHHH APOMATHYECKHX COEIH-
HeHH# # pa3HooOpa3HblX (QYHKIMOHaNbHBIX Tpynn psana cyberparoB
obsanaoT KoMmJjekcsl poaus u nmaananusa tuna (8.20) (raba. 8.4)
[216, 217]. B naHHOM csnyyae BbICOKAS aKTHBHOCTb B I'HAPUPOBAHHH
CJIOXKHbIX cyBctpatoB obbscHaeTca Tem, uto Gosee 9190 meranaa,
colepallerocss B KOMIIeKce, HAXOAWJI0Ch Ha €ro MnoBepXHOCTH.

Hekotopbile MMX ¢yHKUHOHHDPYIOT nyTeM OTPbIBA HU3KOMOJEKY-
JASIPHBIX JIHTAHOOB OT aroMa MeTajna ¢ o6pa3oBaHUEM KOOpPAHHALLH-
OHHbIX BaKaHCHH, Oaarozaps yeMy HabalonaeTcs POCT aKTUBHOCTH
KaTanu3atopa. B kauecTBe npHmepa MOXXHO NPUBECTH MOJH-B-1H-
KeTOHbl, TaKue KaK MOJUMeTaKpouJaleToH, 06pa3yolye KOMNaeKChl
c pyreHHeMm tuna (8.26), KoTopble BCJeNCTBHE JIeTKOH MOTEpH TpH-
deHuadochHHa KOOPIUHAUMOHHO HEHAChilleHHbl MU B CHJY 3TOrO
ABJAAIOTCA OMeHb aKTHBHBIMHM KaTaau3aTopaMu THAPHPOBAHUA H H30-

Mepu3anuu oneduHoB [I918].
CH,

=0
\ O>RuHCO(PPh3)x (8.26)

CH,
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Wy, MoA, He /(Moo Pd-ruk) Puc. 8.12. TuipHpoBaHHEe O-XJOPHHTPOOEH30Aa Kak QyHK-
WM CoAepiKaHHus naanaaus 8 MMX

sor [lpencrasisier TakKe 3HAYUTENbHbIH HHTe-
pec HCCJc/0BaHHe 3aBUCHMOCTH KaTaJ/luTH-
YyecKoH aKTHUBHOCTH KOMILIEKCOB OT COJAepa-
el HHA MeTa/a. B uacTHoCTH, IJAA KoMILieKca

Pd®t ¢ eHaMHMHOKETOHOM, 3akpelJieHHbIM Ha
[19, ycraHosjeHa Kynoso0Opa3zHasi 3aBHCH-
MOCTb AKTHBHOCTH XeJlaTa B peaKUuu TCHI-
Wk pPHPOBaHUsl XJOPHUTPoOEH30JI0B OT cojepXKa-
HUA najnagust (puc. 8.12) [658]. OObluno
3T0 0O0BACHAIT ocobeHHOCTAMH Tonorpaduu
3akpereHHbIX XeJaToB — HaJjJu4YHeM B MOJiH-
20} MepHBIX MaTpHuax ofjacTed ¢ BBICOKOH JIo-
KaJIbHOM KOHIleHTPallHed nepexoqHoro meTajna.

Ha akTHBHOCTbL KaTa/H3aTOPOB OKa3biBaeT
L BJIMsIHHE D0JbLIOE UHCA0 KaK CTaTHYECKHX, TakK
002 04 Pd,% M JUHaMHueCKHX (akTopo. K HuUM oTHo-

CATCA MpUHpolla MepexoiHoro MeTajda H JHTAaHJOB, OCoGEHHoC-
OTHOCAITCH MPUpoOJa MepexoJHOro Meranna M JHMraHaoB, 0COOEHHOC-
TH MOJHMepHoOH uend, Temnepatypa, pacrsoputedb U T. A. [TosTomy
BBIAEJUTb KaKOH-TO OJHH (PaKTOp W MPOCJe]UTb ero BJHSIHHE Npak-
THYeCKH HEeBO3MOXHo. BmecTe ¢ TeM BapbHpoBaHHeM 3THX fapa-
MeTPOB MOXKHO A00HTbCSI oueHb BbiCOKO# cesekTHBHocTH MMX. Tak,
KOMMJIEKCHl MaJjdalus U MJaaTHHbl THNa (8.27) ABJAAIOTCH aKTHBHBIMU
KaTanu3aTopaMd TMAPHPOBAHHUA OJePHHOB NPH HOPMAJIbHBLIX TemIe-
paType u JHabjeHun [809—811]. TlpoussomHoe auerara nanaaa-
nus (11) okasasoch yAo6HBIM KaTaJdH3aTopOM TMAPHPOBAHHSA oJiedH-
HOB W aueTuneHoB. Donee 3aMelnieHHble WM CTepHYECKH 3aTpPYyh-
HEHHble ofleUHBl TPyJHee BOCCTAaHaBJAMBAIOTCS, 4eM OJiepHHBI, Y
KOTOPbIX CTPOEHHe Mpolle, Torfda Kak B clyuae aleTHJeHOB CKOPOCTb
peakuHd c1ado 3aBHCHT OT CTPoeHHs cyOcTpaToB. Bmecre ¢ TeM
aueTHJIEeHbl NPEUMYILECTBEHHO THAPHPYIOTCS 1o oJeduHoB. CxoaHbI#
pesysnbTar OblI Mmojy4eH MPH HMCMOAb30BaHUM KaTa/du3aTopa (8.27)
Ha ocuose PdCl,, torna kak aHafdordusoe npoussogHoe PtClo He
BOCCTaHABJ/AMBAJIOCh JI0 MeTa/JIHYyeCKo#l mJaTHHbl, HO TeéM He MeHee
0Ka3a/joCh aKTHBHBLIM KaTaJ/Ju3aTopoM ruipupoBaHus nApu 343 K u
maBienun sopopona 0,3 MIla [809]. HurepecHo orMeTdTb, YTO B
MPUCYTCTBHH  [WIaTHHOBOrO  KoOMILIeKCa TeKceH-1  ruapupyercs
Xy F )
| L (8.27)

N\ /N

B 18 pa3s GbicTpee, yeM rekceH-2 WM HHMKAOrEKCeH, B To BPeMsi KaK Ha
ManjalMeBOM KaTaJH3aTope pa3jiHuMs MeHee CyLIeCTBEHHbI: CKO-
POCTb TMADHPOBAHHUs rekceHa-1 B 1,7 pa3a Bblllle, YeM LHKJIOreKCEHa
U B 2 pasa Bbllle, ueM rekcena-2.

Ha akTHBHOCTBL W CeleKTHBHOCTH MMX 3HaudTesibHOE BAHAHHE
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floznoweHue Ha, mi W-109 mons f(n-¢)

Lo, —~—0 |
300}
3 -
3
200} y £r
2
1
!
oL ; 66 50 A cMI/2
,,——;>>’——‘ Puc. 8.14. 3aBHCHMOCTb HayaJIbHOH CKOPOCTH TH-
" pHpOBaHHA aJua6eH30/a oT HabGyxaemocTH (A)
g MMX, noayyeHHoro B3aumozneiictBiem Ni (acac),
0 Cadill | | ¢ COMOTHMEPOM GyTHaKpH/1aTa,  aKpHJIOHHTPHIA,
60 120 180 & MuH AKpHJIOBOH "KHCJIOTBI H MeTHﬂOﬂaKpHﬂaMHﬂa

Puc. 8.13. TunpupoBaHHe MNeHTeHa-l B INpPHCYTCTBHH AHIHPHIHJAbHbLIX KOMNJIEKCOB
nanjamHs:

| — roMorennas cicrema; 2 — CCIABB ¢ 20% MOBb; 3 —CCABB ¢ 2% [IBb

OKa3bIBalOT CTPYKTyPHblE 0COGEHHOCTH NOJIHMEPHOIO JIMraHaa, B yacrt-
HOCTH cTeneHb ero cwHBaHusA. Hanpumep, MMX Ha ocHoBe caabo-
CIUMTHIX COMOJHMEPOB OKa3blBAIOTCSl 3HAUMTEJNbHO aKTHBHEe KOMII-
JIEKCOB Ha OCHOBE MOJHMEPOB C BBLICOKOH CTENEeHbIO ciiuanus, a
MHOrJAa M MPeBOCXOAAT MO AKTHBHOCTH TOMOreHHble aHaJOrH (pHC.
8.13) [113]. ITo-BHauMOMY, B 3THX C/lydasix MaKpOJMraHl BbiCTynaer
CBOeOOpa3HbiM aKTHBATOPOM, cnoco6cmy10umM CO3/1aHHI0 KaTaJlH-
THYECKHX LI€HTPOB ONTHMAaJbHOH NMPHPOIBIL.

HemaJsioBaXkHy10 poJb Hrpaer W npupoaa pacrBoputend. Kak
npaBuio, akTHBHOCT MMX cHHXKaeTcs B YCJIOBHAX ciaaboro HaGy-
xanus (A). CorsacHo naHHbIM pa6oTsl [919] nepBoHauanbHO ¢ poc-
ToM HabyxaemocTH MMX CcKOpOCTb THAPHPOBAHHA aJJIHJAGEH3071a
pacTeT H3-3a YyBeJHUYEHHS] [OCTYMHOCTH KAaTaJHTHUYECKHX LEHTPOB
4151 MoJekya cy6erpata. [Ipd QOCTHXKEHHH ONTHMaJbHOH CTENEHH
HabyxaHHsl MaKpOJHMraHia [OCTYMHOCTb KATAMHTHYECKHX LEHTPOB
CTAHOBHTCA MaKCHMallbHOH, a NMpH jJajbHeHlleM yBeJHYeHHH Haby-
xaHus MMX cKopocTb THADHpPOBaHMS He Bo3pacTaer (puc. 8.14).

3Ha4YHTeJbHOE YHCJO0 HCCAeA0OBaHHH MNocBsALLeHO pa3paboTke
KaTaJH3aTOPOB aCHMMETPHUECKOT0 TMAPUPOBaHHs HAa ocHoBe MMX.
[lepBoHauaJbHO OCHOBHOE BHHMaHHe OblJI0 CKOHUEHTDHPOBAHO Ha
3aKpeIVIeHHH TOMOreHHbIX KaTaJH3aTOPOB aCHMMETPDHYECKOTro THA-
PHPOBAHHsI, B yacTHOCTH Kommaekca ponuda (I) ¢ AHO®, na pas-
JHYHbIX Makpoauranjgax. OZHAKO HCNONb30BaHHE B KayecCTBe MOJIH-
mepa-ocHoBBl XMCC He mpHBeJO K KejaeMblM pe3yJbTaram, I0-
CKOJIbKY CY6CTpaThl THIIAa auWIaMHAOAKPHJOBBLIX KHCJIOT pacTBOpS-
I0TCS TOJILKO B MOJAPHBIX PaCTBOPHTENSAX, 4 MAKDOJHIaHI B HUX He
Habyxaer [147]. axe c cy6CTpaTaMH pacTBOPHMBIMH B 6eH3o0.Je,
KaTajin3aTopbi Ha OCHOBE KOMIIJIERCOB \U 48), B AunupmA S — mMaodie-

KyJjga pacCTBOpPHTENA, A4IOT 60oJee HU3KHH ONTHYECKHH BHIXOH, 4YeM HX
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romoreHHoie aHajgorun [147].

H
0]
PPh Cl
g-—@-C/H 2>rn_ (8.28)
\O PPh, S
H

B 710 xe Bpems ruipHpoBaHue o-N-alH/IaMHHOAKDHJIOBBIX
KHCJIOT B 3TaHo/e B MPHCYTCTBHM KaTtanusatopa (8.29) Ha ocHoBe
pAaCTBOPHMBIX COMOJIMMEDPOB CTHPOJA LaeT Te e ONTHUECKHEe BBIXOJbl
¥ NPUBOOHT K 06pa30oBaHHMI0O AMHHOKHCJOT, UMEIOWHX Ty Xe abco-
JUIOTHYIO KOHQUIYPAUHIO, YTO H B NPHCYTCTBHH PacTBOPHMBIX HopM
KaTa/u3aTopa, ONHAKO CKOPOCTH THIPHPOBAHHA HHXEe. B oTiaHuue
OT TOMOTEHHOTO KaTa/ju3aTopa MoJUMepHblH KOMILIEKC MOxeT ObiTh
JIerko pereHepHpoBaH W HCNO/AbL30BaH MOBTOPHO Oe3 MOTEPH OITH-
UeCKOM UMCTOTH B OTCYTCTBMM KHCJopoda [148].

GHa
(-CH2—CH-)o,oa(-CHz—CII-)o,ez
COOCHCH-0H
o~ 0 (8.29)
H ) .-llllH
| I
Ph2P\Rh/PPh2
yd
C! \S

CJellyeT OTMETHTb, UTO MONBITKH HCNoJb30BaTh pactBopumblil [1C
He YBEHUaJlHCb YCMEXOM H3-32 CTPEeMJEHHS HHU3KOMOJEKYJSIPHBIX
NOJIHMEPOB CBEPTHIBATBCA M TeM caMbiM oc1abasiTh 3(PdeKTHBHOE
acMMMeTpHueckoe B3aumoneicteue [920, 921].

D deKTHBHBIMH KaTaJu3aTopaMH aCHMMETPHYECKOTo THAPHPoO-
BaHHA OKa3aJIUCb KoMmilieKcht poaHsa (I) ¢ mosxmMepamM# Ha OCHoBe
N-npoussopusix (2S5, 4S)— (8.30) wuan (2R, 4R) — 4-pudenu-
dochuno-2-nudenundochuHomMernanuppoarauna (8.31) [767, 769].
Takne xomniekcsl 0Kasaguchb COMOCTABHMBLIMH M0 &KTHBHOCTH C
roMoreHHbiMu aHajoramd (T1aba. 8.5). OpHako Ha ToOMOreHHbBIX

}_N PPh2 N . ,aPth
\Rh1+ (8.30) - l_\ \Rn‘* (8.31)
/ /,
CHQPPhQ CH2PPn2

Katanu3aropax ruipupOBaHHE HAeT 10 MNOJyueHHs NPOAYKTOB MPO-
THBOMOJIOKHONW KoHdUrypauuH, B To Bpemsi kak MMX coxpaHsioT
HCXOAHYI0 KOHQHrypauHio cy6erparta.

YnpaB/iaTh NPOLECCOM ACHMMETPHYECKOro THAPHPOBAHHA MOMKHO
Takxe nyteMm BBeneHust B MMX nononHuTe bHbIX acuMMeTPHUECKHX
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TABJIMILA RO Fudpuposunue decudpoamuHoKucaoT 8 npucyTereuu
MMX (8.30), (8.3]) 11X COMOCEHHbBIX HANOZ08

Ontuyeckuft anxor, % (koudurypauus aponykral
Cyoerpar
pany | e gy s
Ph\C_C/NHCOCHa
P 90 (S) 91 (R) 91 (R) 90 (S)
M COCH
ML,CQCO- NHCOCH > -
O e oo 87 (S) 87 (R) 83 (R) 87 (S)
HO-Ph\C:C<NHCOCH3 . . 33 (R) 93 (S)
H COCH
H.CO
Hacoco— N P 88 (S) 86 (R) 88 (R) 88 (S)
c=C
\
H COCH

CMHPTOBBIX QYHKUHOHaAbHbIX rpynn [922]. Ilpu HW3MeHeHWH UX Xu-
pPanbHOCTH MEHSeTCH ONTHYECKHH BbIXOA NPOAYKTOB IHAPUPOBAHUSA.

8.1.3. OkucJaexue

Hcnoap3oBaHuio MMX B KayecTBe KaTaaH3aToOPOB PeakliHil oKHCIe-
HHA OPraHHYEeCKHX U HEOPraHHUECKHX COEJIHHEeHHH nocasileHo 60Jb-
woe yHcao pabor. Haubosee jmetanbHo uccaenoBaHa peakuus pas-
JIOKEHHS MEPOKCHAA BOJOPOAA, OCKOJbKY OHA 4aCTO MNPUMEHseTcs
Kak CTaHlapTHad [Oas ONpPeleJeHHs KaTaJHTHUYeCKOH AaKTHBHOCTH
MeTaJIIOKOMIJIEKCOB. B KauyecTse xkaTanu3aTopos 3Toil peakiluu OMH-
CaHbl KOMIIEKChl MeTasan0B C noJtu-fB-Aukeronamu {24, 606], noau-
B-ketospupamu [24, 740], nNOAHAKPHITHAPOKCAMOBOH KHCJAOTOH
[627}, pa3nuuHbIMH mnosH-a-aMuHOKuCaoTamu [826] w 1. n. Ha
akTHBHOCTb MMX 3HayuTespHOe BAHsIHWE (NPH NPOUYHX OLMHAKOBBIX
YCJOBHAX) OKa3blBaeT MPpHpolda XenaTHOro y3/aa, Kak 3TO MoKa3aHo
Ha npumepe kKomnaekcoB Melau (II) ¢ aMHHOMETHAHPOBAHHBIM
CCIBb, MoaudHUHPOBAHHBIM CANHIHAOBBIM aJbAETHAOM, MUPHIHH-
2-anpnerufiom u pypoyponom [923]. B nannom cayuae nosyueHHble
KHHETHUECKHE H AaKTUBALHOHHbIE MapaMeTpbl CBHIAETEIbCTBYIOT O
palHKanbHOLLENHOM MeXxaHH3Me 3TOH peaKUuH, a OTCYyTCTBME KOp-
PeNIAllAY MEXAy 3Heprue# akTHBAUHH B PsAjliaX OAHOTHMHO MOCTPOEH-
HbiX JHraHAOB MOXeT yKa3blBaTb HA ONpejlesIeHHOe BJHAHHE SHTPO-
MHAHBIX $HaKTOPOB.
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CpaBHetnHhe KaTanuTHYEeCKOH AKTHBHOCTH KOMILTeKCOB
[CoX (AH).114BI1] ¢ moHomepubimu ananoramu (CoX(H).Py]
nokasajgo [662], 4To HX aKTHBHOCTb YyMEHbWIAeTC B pAAY:
[CoCl(AH)I14BIT] > [CoCl (1H): Py] > [CoCN (1H), IT14BI1] >
> [CoCN(H):Py], npHuem Ha aKTHBHOCTL Gogblllee BJHAHHEe
OKa3biBaeT NpHpoda Jurania X, yeMm [OJHUMEPHOr0 MHPHIHHOBOIO
JUTraHaa.

B 3aBHCHMOCTH OT NPHPOIBI MAKPOJIKIaH1a, YHCIA XeJaTHPYIOLIHX
({parMeHTOB, THNA CBA3LIBAHHA MeTa/l/la 3HAYHTENLHO H3MEHAITCHA
XapakTepHCTHKH Kartaju3aropa. Hanmpumep, ¢ noBblilieHHeM CTeneHH
MPHBHBKH XeNAaTHPYIOLIEro Makposurauaa, coaepxxkaiiero 6Hc (kap6-
OKCHMeTHJ1) aMHHorpynmnel, ot 24,4 no 40,59 koncraura ckopocTtH
peakllHH pa3JO0XeHHs MepOKCHAa BOJAOpPOAA YBeJHYHBAeTCsas C
1,96-107°% 0o 4,37-107° ¢~ [708].

Cnenyer orMerurb, uto MMX moXxHO paccmarpuBath Kak Mojedu
Katanasbl. B uacTHOCTH, 3Heprua akrtHBauuH pasaoxenus HO»
Katanasol neueHu cocraBasier Goaee 105 K1k /MoNb, B TO BpeMs Kak
MMX, nosyueHHblil B3aHMOAEACTBHEM ITHJEHIHAMHHOBOIO KOMILIEK-
ca Fe’t u TTAK — menee 96 kJIx/moab [924].

M3 apyrux HeopraHHuecKHX cyOCTpPaTOB OMHCAHBl THOCYJb(aTh,
TPH- M TEeTPATHOHATH, KOTOpble B NPHCYTCTBHH KoMiltekca Meau(ll)
¢ T1C, conepxkawum ¢parMentsl Dipy, okucasiores a0 cyabda-
ToB [925]:

$,03~ 4+20,+H,0 —> 2SO}~ 42HT

Ha npuMepe okuC/eHHA UHKJIOreKCaHa MoKa3aHO, uTO 3akpenJe- -
HHe MeTaJJo(Ta/OLlHAHHHOB HAa MOJHMepax He MPHBOIHT K H3Me-
HeHHIO MexaHu3Mma peakuuH [926]. B xauHom cayuae Habmozaanocs
He3HayHTeNbHOE MOBLIIIeHHe AKTHBHOCTH KOMILIEKCOB IMpPH Mepexojie
OT HH3KO- K BBICOKOMOJIEKYJAPHBIM XenataM. B to e Bpema MMX
tTHna (8.32) HMeeT MeHbIIYI0O AKTHBHOCTb B peakUHH OKHCJEHHS
2 6-nuMetHAdeHONa, yeM ero HH3KOMOJeKyaApHb i adasor {140]. Oa-
HAKO HeCOMHEeHHBM mnpeuMyulectBoM MMX naBasieTcs BO3MOXKHOCTB

U
(CH2)3/1\(CH2)3

mN\Co‘(N— (8.32)
O/ \o
HX MHOFOKPAaTHOr0 HCMO/b30BaHus Ge3 cylLlecTBeHHOH MOTePH aKTHB-
noctu [140, 258, 926a]. Kpome Toro, npH OKHCIeHHH 2,6-aH-TpeT-
6yTHadeH012 Obi1a JOCTHTHYTA OYEHb BbICOKAS CEJEKTHBHOCTb B OT-
HolWeHHH 2,6-au-Tper-O6yTHa-1,4-6eH30xHHoHa. BaXHO NOAYEPKHYTDH
oTmeueHHYI0 B pabote [926a] BO3MOXHOCTB ynpaBJjleHHs MPOIECCOM
OKHCJIeHHS B npucytcTBHH MMX nyrem BapbHPOBaHHS JIHM@HIOB, HX
JeHTATHOCTH, 3aMeCTHTe el NPH JOHOPHLIX aTomax H T. A. B vacrtHoc-
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TH, HCKAXKEHHE CTPYKTYPbl KOMILIEKCA MOXeT NPHBECTH K loTepe ero
KaTaJHTHYEeCKOR aKTHBHOCTH [927].

Komnaekcst Mean (I1) ¢ noarHaMuaoamMHHaMH OKasanucs B 4 pa-
3a Boaee 3pPEKTHBHLIMH KaTaNM34TOPAMH OKHCJAHTENBHOTO Coyera-
HHA 2.6-1uMeTHAdEHONA, UCM HX HH3KOMOJEKYIsipHb# aHanor [928]:

CHj H5C CHj
02

o o o

CH3 H3C CH3

HMHTepecHO OTMeTHTb, UYTO KAaTaJHTHYECKH AaKTHBHbIH HHTepme-
AMAT TpeAcTaBasieT cobod OuslepHbid Komnaekce (8.33), B KoTopom
Houe Cu’?t cesizanw oano#l MocTHkosoit rpynnoit OH™, B To Bpems
KdaK B HH3KOMOJNEKYASIDHOM KOMINEKCe MNPHCYTCTBYIOT [Be CBS3bI-
BawouiHe rpynnsl OH ™. BeposiTHO, CKOpOCTb 3N€KTPOHHOrO MepeHoca
ot cy6erpata K Cu®t apngercss Takolt BbICOKOH, YTO KOMIIIEKCO-

HaQ  SHaCH2 CHs

N s
JN=CO—CH,CH, =N N=CH,0H,~C0—~N{
cu?*
VRN
HO cl (8.33)
v
Cu?”

/
HoC CH,CH, CHg

oOpa3oBaHHe MeXAy CcyOCTpaTtoM H KaTaau3aTopoM He JOCTHraer
paBHOBecHOro 3Hayenust. CneacTBHem 3TOro SIBASIETCH MepBbIE MO-
PSIIOK peakuuH OKHCJIeHHs BMecTO oObiuHOH cxembl Muxasauca —
MenTeHa.

OnvHaKOBbIH MEeXaHH3M SMOKCHAHPOBAHUS aJJHI0OBOro CNHpPTa H
repaHioa NpeanoXKeHd AJisi KOMIJeKca BaHaaWNa ¢ MOJAUBHHHAOEH-
30M/1aLleTOHOM H €ro HU3KOMoJeKyasipHoro alajtora VO (acac):
[156]. B vacrtHocTH, noa medcTBHEM KaTaau3aTtopoB 0OOUX THIOB
06pa3yloTcs NPOAYKTH OAMHAKOBOro cocrasa: ao 98% 2,3-smokcu-
repaHunauerata u 2% ero m3omepa — 6,7-3M0KCHTepaHHNALETATA.
Pacuerbl mokaawiBawoT, uto B caydae MMX KaTaNHTHYECKH AKTHB-
HBIMH SIBASIIOTCS TOJbBKO T€ WOHBI BaHaauNa, KOTOPbie PacnoJaraoTcs
Ha BHellHeHd CTOpPOHe noaumepHod Marpuusl. U B nannom cayuae
MMX Moxer 6bITb NE€rko pereHepHpoOBaH W MOBTOPHO HCMONbL30OBEH.
MHOrokpaTHo MOXXHO B03BpallaTh B IUKA OKHCJIEHUST aJIKeHOB
#ono3obenszonom H kommaekcot Mt Cr®t, Fe®t ¢ noaumepHbiMu
ocHoBauusmu luddoda 58.34) [929], npruem HanGonee aKTHBHLIM
ABAsieTCs KoMIuieke Mn’*t, a naumenee — Fe’t. Buixoa npoaykros
B 33aBHCHMOCTH OT NMPUPOAbl Cy6CTpaTa yMeHbUIdeTcsl B CAefyloLeM
pAny: CTHPOJ > HOPOOPHEH > LIHKJIOIMeKCeH > yuC-UMKN00KTeH => Po-
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NUJeH > TPaHC-2-renTed = Tpanc-4-okteH. B aBTOOKuC/IeHHH KyMona
AKTHBHOCTb KOMIMJIEKCOB [BYXBAJEHTHbIX METal/0B C NOJMGCHOBA-
Husimu [lndpda y6uisaer B pany Mn>Co>Ni>Cu>Zn {929a] .

AKTHBHOCTb M CEJEKTHBHOCTb KaTaJu3aTOPOB B 3HAYHUTEb-

~CH ONG l 0
2 M, (8.34)

HOH CTelleHH ONpele/sioTCA NPHPOIOH XeNATHOrO Y34, B YacTHOCTH
IOHOPHBIE ATOMbB! a30Ta ¥ Cepbl HHFHOHPYIOT OKHCJEeHHe KyMoJa, Tak
KaK OHY SABJAAIOTCA aKUeNnTopaMH MMePOKCHAHbIX PaaHKasloB. AKTHB-
HocTb MMX B pas/iHyHBIX peakuusXx 3aBHCHT OT NPHPOAb MePeXoj-
Horo meraJajna. Hanpumep, komniaekcs MoO3' Ha ockoe CCJIBB,
cojepaulero pparmMeHTbl WMHHOIHYKCYCHOH KHCAOTHI, GHC (docdo-
HOMETH/1) aMHHO- H  OHC{2-THAPOKCH3THJ) aMHHOFPYNI, OKa3aJHch
3OPEKTHBHBIMH  Karalu3aTopaMu OKHCJIEHHS — 3NOKCHAHPOBAHHA
LHKJIOTeKCeHa, a aHasoruuHble kommiekes VO?t — snokcuauposa-
Hus1 (E)-repannona. IlpuueM MONHOAEHOBLIA KOMMJEKC NPaKTHUECKH
He TepsieT aKTHBHOCTH MOCJe 5 LHKJOB, B TO BpeM KaK aKTHBHOCTbL
BaHa/JMEBOro XeJarta CHHXaercsi B TeX e ycJoBHsIX Ha 15—25Y,
a CeJeKTHBHOCTbL — 10 93-—95% [930]. Ha paspwis meTana-noau-
MepHOH cBA3d BO Bpems okucieHus JMCO, au-#-6yTHAOBOTO THO-
3¢)Mpa ¥ UHKJOreKCceHa noj HeHCTBHEM TpeT-OyTHIANEPOKCHAA YyKa-
3BBaJIOCh W IMPH H3YYeHHH KaTajJHTHUYECKHX CBOHCTB KOMILIeKca

(8.35) [176].
0

—=o ll o
N,
5_CH2 \! /V\O}_\CHZ ; (8.35)

TABJIMLIA 8.6. Okucaenue KOHOBHCUPOBAHHBIY APOMATUHECKUX COEOUHEHLL]
Ha MOHOMEPHOM U NOAUMEPHOM ayerare rerpanopiupunarvapeanya

MonomepHuit kKaTaanzarop [Tosrmepuulit KaTaansatop
Cy6cTpaTr BHXOJL BbHX0O1 Ha
NpPOLYKT Ha cygcrpar, NPORYKT Cy6coTpaT_
0 (4
Anrpaues 9,10-Aurpaxunon 80 Suponepoxkcua 50
agTpaueHna
9,10- JInmMeTna- 9,10- JiumeTHan- 10 3HaonepoOKCHA 10
aHTpauex AHTPAXHHOH 9,10-aHMeTH-
aHTpaueHa
9,10- Dndennn- 9,10- Indennn- 20 SHAONEPOKCHA 10
anTpaues AHTPAXHHOH 9,10- nudennn-
aHTpaueHa
Buantpun Buantpuaxunon 25 SHJLONCPOKCHA, 10
OuaHTpHIA
®enantpen denantpenxuton 30 uaoNne poKCHA 20

denanTpena
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Ba)xHas poab npupoiabi MakpoduraHjaa oTMedanach [pH H3yde-
HHH OKHCJIeHWsi pa3noo6pasubiXx cy6CTPaToB MOA NeHCTBHEM KOM-
naekcos menu (I1) ¢ noaun-L-ruetuandom [931]. Takoh MMX ka-
TaNH3UPYeT OKHUCNEHHE OTPHIATeNbHO 3apsiXKeHHbIX H HeHTPadbHbiX
cy6CcTpaToB M MHFHOMPYET OKHC/eHHE [10JIOKHTEeNbHO 3apsideHHbIX
cy6eTpatoB. B TO e BpeMs He yaaJoch OCYWECTBUTb CTepeociie-
unpHueckoe oKHcacHHe L (4 )-ackopO6HHOBOM KHCIOTbI C HCMOJb3O-
pannem [Fe(2,2°,27,2"” -terpanupunnn) (OH)o] ¥, sakpennenHoro
Ha noju-L- uau nosau-D-rayramare [93la]. OnHako KOHCTaHTa
CKOPOCTH BTOpPOro MOpPsAAKA JAAf KOMILJEeKca, 3aKpelJIeHHOTO Ha
noau-D-rnyramare, okasanach Goblie.

HM3mMeHeHHe ceNleKTHBHOCTH KaTajM3aTopa NpH ero 3akpelJeHHH
Ha MoJuUMepax MOKAa3aHO Ha [pHMepe OKHCJAEHHs aHTpalieHa, ero
NPOH3BOAHBIX H (PEHAHTPEHA B IPUCYTCTBHH MOHOMEPHBLIX H MOJIHMeEp-
HbIX TIopupuHaroB MapraHua [932]. B uyacrHocTd, B npucyTcTBHH
MOHOMEDHOFO KaTaJ/jiM3atopa o0pa3yloTCH COOTBETCTBYIOLlHE XHHO-
HH, a MOJHUMEPHOTO — 3HAoNepokcuan (tabn. 8.6).

i OKHCJIeHHS MepKalTaHoB B COOTBETCTBHH € YPaBHEHHSIMH

2RSH+OH~ —™>  2RS™ +2H,0
2RS4+ 2H,04+0; —> RSSR+H:0,+20H~

TPeOYIOTCA KaTandn3aTopbl, BK/AIOYAIOLLHE OKHCJASIOUINE M OCHOBHble
UEeHTPbl JJISt COTJIACOBAHHOTO JeHcTBHSA. 'OMOreHHble KaTaln3aTophl,
H3 KOTOpHX HanboJiee akTHBHbIM sBJseTCA (GTaJOUHaHHH Kobanb-
ta (II), 6bicTpPO ne3aKTUBHPYIOTCA BCJIencTBHe 06pa3oBaHUA AHUMED-
Hhx Nepokcuanbix yactuy CoOOCo. 3akpensieHne (TanouHaHHHOB
kob6anbra (I1) Ha nonumepax, coaepkaliMux OCHoBHblE LEeHTpH! (MO-
JUBHHUJIAMHUH, MOJHAKPHIAMHA, HOHEHbl, KATHOHHble JATeKChl H T. [.
[609, 610, 622]) npHBOAHT K 3HAYHTEJIbHOMY YBEJHUCHHIO AKTHB-
HOCTH M cTaGUJIBHOCTH KaTajausatopa. dto obyciojeHo obpa3osa-
HueM B [OJHMEPHOH MaTpHLie PpeakuHOHHocNocoOHbBIX MoHosaep-
HBIX CYNEepOKCHAHHX YacTuly Kobaavra (1I). -

8.1.4. TuppocuananpoBaHre ¥ rHAPDODOPMHIHPOBAHHE

MeHee K3yueHHBIMH SIBJSAIOTCA KaraaHTHdeckue cBoicTBa MMX B
peakuHaX TrHAPOCHAHNHPOBAHMA M ruapodopmuarpoBaHusa. B ka-
yecTBe MpUMEpa KaTaau3atopa TCHAPOCHJIHJHPOBAHUA MeHTeHa-l
MOXHO MpHBeCTH KapOoHWAB Keje3a ((), 3akpelyieHHble HA MOJH-
crupose (8.36). B naHHOM cayuae peakuusi HAPOCHIWJAHPOBAHUSA

SiEt —
AN\ +HHSIE — A\ ARV + /_/_\S.Et .
. ety

NN b Mgt AN

SiEts

MPOBOLUTCA MNpH yJAbTPadHONETOBOM O0O0JydYeHHH, cnocoOGCTBYIOLIEM
06pa30BaHHIO KOOPJHHALMOHHO-HEHACHILIEHHBIX KOMIUIEKCOB JKeJe-
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aa (0) [766].

S—PhPCHzCHgPPhg)x[Fe(CO)n]y (8.36)

x=1,2n=34y=12

AktuBHOCTb Kommiekca RhT — JHO®, 3akpensiennoro Ha [IC,
B peaKIHH aueTOPeHOHA ¢ AMFHAPOCHNAHAMH, OKasanach GAH3KOA
K AKTHBHOCTH F'OMOTE€HHOrO aHaJjora, a B peakuuu H306yTHpodeHoHa
¢ JMFHAPOCHIaHaMH — 3HAYHTENBHO Boiule [147].

B/iH3KHe ONTHYECKHE BBIXOAbI MOJY4YeHbl M NPH FUAPOGOPMHUIH-
POBAHWH CTHPOJA B IPHCYTCTBHH NOJMMEPHOrO reTepoMeTanlHuec-
Koro xommiexca (8.37) M ero HH3XOMOJEKyJSIPHOTO aHaJjora [767],

rl—’

N
HaC
Phgp\ /PPh (8.37)
Pt . xSnCl
N e
ci cl

B 1o ke BpemMs MMX MoxeT GbITb JIEFKO OT/eJI€H OT PeaKLHOHHORA
cpebl H TOBTOPHO HCNO/Ab30BaH 6e3 NOTepH KaTaJHTHYECKOHA ak-
THBHOCTH. CBfI3bIBAHHE FOMOTEHHBIX KaTajlW3aTopoB HAPOGOPMHIE-
POBAHHSI MOMET NPHBECTH H K 3HAYMTEJbHOMY MNOBLILUEHHIO CeJiek-
THBHOCTH, B YACTHOCTH NO3BOJISieT NOJYYaTb BbICOKOE COOTHOLIEHHE
HOPMaJ/IbHbIX H Pa3BEeTBJEHHbIX aJ/bJerk0B Ha NOJHMEPHBIX XeJaTax
ponusa (I) [933, 933a]. ITpu 3ToM aKTHBHOCTD H cesexTHBHOCTD MMX

3aBHCAT B 3HAYHTEIbHOH CTeMeHH OT MPHPOAbLl XeJaTHPYIOLLETO
¢parmenra [934].

8.1.5. ®oTOXHMHUECKHE peaKlWH

B nocaennue roawl Hamedaercs wupokoe npuMenenne MMX B cucre-
MAax XHMHYEeCKOro npeoOpa3oBaHHA COJHEYHOH 3HEpPruH H, B NepByl
ouepeb, Ansi HOTOKATANHTHUECKOTO pa3nokeHus Boam Ao Oz u He
Cxema ¢OTOBOCCTAHOB/EHMST BOABI BHAHMBIM CBETOM MoXeT ObTb
NpeAcTaB/aeHa caelylowuM obpasom:

0, s My, Hy
XKanX XKatg
B +

H,0 S MV H,0
3nece Kat, n Kary — KaTtaau3atoph BuifleneHns O, n Ho (xnacrepbl
BKIowaomue Co, Fe, Ni, Cu, Mn u Ko/JIoHABl NAaTHHOBLIX METat:
MoB); S — CeHCnbuansarop (dorokaranuzarop); MV?H [meTHaBHO:
goren (1,1 “ANMeTHS-4,4- nunupuaukniinuxiopua)  (8.38)] — BOC

CTAHABJIHBAIOUINIA AreHT, NEPEHOCUHK 3NEKTPOHA.

——

+ / +
Hac_NQ—"@N—CH;;

~ (8.38)
Cl o]
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Hau6GoJsiee nepcneKTHBHBIM CEHCHOMIM3ATOPOM SIBJSIETCH KOMIl-
aekc  Tpuc (2,2°-nunupuana) pyrtennit (11)  [935]. Ero makcumym
norjouleHnust B Bode 452 HM OJHM30K K NHKY COJHEYHoFo CTeKTpa
(~500 HM) ¥ 3HaueHde & JoBoJbHO Bbicoko (1,38.-10*). Penokc-
noTeHlUHa A TAKOro NMPOoUecca A0CTATOYHO BbICOK, YTOOLI OKHCAHTL BO-
1y, a BO36yXA€HHE sIBJSIETCH M[ePeHOCOM 3apsina OT MeTaaja K
JUraHly H noteHuuan BO3OYXKIEHHOrO COCTOSHHUA (TPHUIIeT) AOCTa-
TOYHO HM3OK A TOro, 4ToObl BOCCTAHABJAMBATHL NMPOTOHbI.

[1peBpauienus ¢ yyacTHem ceHCHOHAM3ATOpA MOryT ObiThb npen-
CTaBJIEHBl CJAEAYIOWUM 00pa3om:

_, Ru(Dipy)§* 22> Ru(Dipy)3*1 L~ Mv2+
€-» +
Ru(Dipy)3* MV’
Hanee Ru*t («avipka») okucaser Kat, 1o BbICOKHX cTeneHeH OKMC-
nenus noHos (Co*T, Fe't, Ni*t Cu®t, Mn*?), koTopble B CHHXpOH-
HOM YEeTbIPEX3J/IEKTPOHHOM TpoLecce BbICBOGOXKAAIOT MOJEKYJIAPHbIH
KUCJIOPOA M3 ABYX MoJekya Boabl: 2H,O —> O,+4e +4HT,

Haun6osnee cepbe3noll npobaemoil sIBASIETCS] HexeJaTeldbHbiH 06-
paTHbIf 3JEKTPOHHLIA TlepeHoc, NpoTeKawl i ¢ noTpe6aeHneM 3Hep-
ruu. T1pefoTBpaTHTL €ro MoYTH HEBO3MOXKHO, €C/M pPeakiHio NpoBo-
ASIT B FOMOTE€HHOM pacTBOpe, e BCe KOMMOHEHTbl ¢BOGOIHO CTalKH-
BAlOTCA APYT C ApyroM. B cBSi3W ¢ 3THM GOJNLUIMHCTBO HCCAEAOBaHHH
MPOBOJAUTCH C reTepoOreHHbIMH CHUCTeMamMH NpeoGpa3oBaHHUs CoJHEY-
HOH 3SHEpruH, B YaCTHOCTH TyTeM 3aKpellJIeHHSI KOMILJIEKCa TPHC-
(2,2’-punupunun) pyrenus (1)  na mnonumepax, 3aektpocratnuec-
Koe W ruapodobHoe MHUKPOOKDYKeHHe KOTOpbIX crocobcTByeT pa3s-
AEJIEHHIO 34PpAN0B B BO36YXKIEHHOM COCTOSIHHH.

B doropeaxuuonHoii cucreme Ru(Dipy)it u MV?* rymenue
smuccun ot [Ru(Dipy)31]* npoucxonut 6naronaps 31eKTPOHHOMY
nepeHocy oT Bo36yxaeHHoro coctosiHus k MV?T. Ckopocrs snexr-
ponnoro neperoca or [Ru(Dipy)3T1* x MV?*t npeacrasasior nos-
TOMy KOHCTAHTOM CKOpPOCTH TyueHHa (k,). Ona Bblupcasercss M3

TABJIULA 8.7. 3nauenusn ky, kcg u T 028 komnaexcos (8.39) u Ru(Dipy)3*

R PactBoputens T, HC kg, Moab™! H'M:c)}[;’l_pls:c_l
- H,O 613 352 5,74
CeHs H:O:auerosurpun=9 650 55,6 0,855
COOH H;O (pH 9) 552 10300 187
COOCH; H,O:anokcan=9 769 47,5 0,618
COOC;H,;OH H.O 787 18,5 0,616
CN H.O:IMOPA=9 771 45,8 0,594
N
(_7=0 H:0 643 35 0,544
CsH4N H.0:CH;0H=9 o617 105 1,70
Ru (D]py) §+ H-.0 589 333 5,65
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KoHcTaHTel CrTepHa — BonbMepa (kcp), KOTOpasi ompenensiercsi no
HaKJIOHY rpadMKa 3aBHCHMOCTH HMHTEHCHBHOCTH 35MHCCHH oT MV?™
u Bpemenu xu3ru [Ru(Dipy)3i*t]* (v):

Io/I=1+kcg [MV?*]; k,=kcp/7,

rae /o 1 [ — OTHOCHTe/IbHBlE HHTEHCHBHOCTH 3MHCCHH B OTCYTCTBHH
M B MPHCYTCTBMH MV?T,

- 3HaueHusa T, kg M kR, AN NONMMepPHLIX KOMIIeKcoB (8.39) u
Ru(Dipy)3™ npusenens B ta6a. 8.7 [936]. 3nauenns k, aas romo-
NOJIHMEPHOro KOMILIeKca HeHamHOro otsuyatwrest ot Ru(Dipy)it,
Hanpumep, Bo30y>keHHOe COCTOsIHHE MOJHMePHOro KOMIJIeKCa HMeeT
MOYTH TaKyl0 e aKTHBHOCTb, Kax M AJsI MOHOMepHOro. B To ke
BpeMsi akTHBHoCTb MMX tuna (8.39) B 3HauuTe/NILHOH CTeleHH

~(13HCH2—"'-—CHCH2 CHCH,
R B I*
i "
| | (8.39)
N /7 N\ N
CH _

u

NN

o N -

3aBUCUT OT NPUPOABI COMOHOMepa. B uyacTHOCTH, aHHOHHas cdepa,
co3naBaemasi KapOoOKCH/J1aT-HOHaMM, NPHTArdBaer KaTHOHHbLIH Ccy6-
crpat (MV?1), BcaieacTBHe yero KOHCTaHTa k, CTAHOBHUTCS BbICOKOM
(puc. 8.15). Orclona cTaHOBUTCS MOHATHOH 33aBUCHMOCTb k. 3TOro
nosumepHoro kommiaexca or pH (puc. 8.16), npuuem obsacTtb 3Ha-
deHu#t pH, npu xoTopbix HauuHaeT noBbillaTbCH k., OueHb OJH3Ka
K pK, KapOOKCHAbHOH rpymnnel mojuMepa.

Ilonobuas pH-3aBucumocts k, Obiia o6HapyxeHa W sl KOMII-
jJexca (8.40), conepkauiero KapOOKCHJ/ibHblE TFpYNNB B KOJble

ker 10 /(110 -¢)

6‘_
5 —
4
3 —
3 —
Puc. 8.15. AnekrpocTaTHuecKoe npu-
THXEHHe KaTHONHOrML cy6cTpata 1o-
JIHaHHOHOM -
Puc. 8.16. pH-aasucumocts £ 1as kom-
niekca  (8.39, R=COOH) (1) u 0

Ru (Dipy)s' (2)
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Dipy [937]. Ecam Kk komnaekcy (8.40) no6aBUTb NOJH-n-CTHPOJI-
cyibdoHat, TO oOpa3yercss MOJHOHHBIH KOMIUIEKC, ColepXKaLUHH
aHUOHHYIO cdepy O6Jsarofapsi AUCCOILHHPOBAHHOMY TNOJH-1-CTHPOJI-
cyibdoHaTy. 3Ta cdepa NpUTATHBAET KAaTHOHHbIK akUenTop, BC/aen-
CTBHE Yero yBeJUUMBAeTCH CKOPOCTb TYyUIEHHS 3MHCCHH.

~CH—CHy— - + - ~“——-CH—CH2——---——?H—CH2~
(P
NH ITH
CO COOH
— — (8.40)
Y/ \Y
\ ¢ \ /

%Ru <—N COB—

AHanornunbiit  3ddexkr Habaopaercs M B Clydae KOMIIEKCa
(8.41), npencrasasiouerc coboit Moaenb GOTOpeaKliHOHHOrO LEeHTpa
[938]. Omuccus OT 3TOro CcoellMHeHHs OuyeHb CJaabasi BCIeACTBHE

ObICTPOro ralleHusl NMpuJeraoolled sdeikod BHOJOreHa.

NCHZ_'CH"' .. ""CHz'—CH"’

S

CH, CH2
CH2

N N\

IToMHMO oTMeueHHBIX Bbllle PacTBOPUMBIX MaKpOKOMILIEKCOB
PYTeHHSl, colepKallUX XeJaTHPOBAHHLIK MOJHMEpOM MeTaJa, Obna
NpeAnpHHATA MONBITKA HCMOAb30BAaTh B KauecTBe (POTOKaraausatopa
Komnaekc (8.42) ¢ Koopﬂnﬂaunonuou CBSI3bIO MeTaJi — IoJuMep
[675]. Onnako Takoit KoMmieKkc OKa3ajcs Mano3hdEKTHBHLIM, TaK
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KaK OH YYBCTBHTeJIeH K (POTOrHMIPOJH3Y.

~CH—CH2——'--——CH—CH2~
~ | N
I =z z (8.42)
N N
N py
(? Ru?* 2Cl
N ........ ’ ...... N
N—"

B kadyecTBe (oOTOKaTaJM3aTOPOB MOrYyT ObITb HCNOJNb3OBaHH H
HEPaCTBOPHMbIE NMOJHUMEPHbLIE KOMMJEKCH PYTeHHS, MOCKOMBKY 3JeKT-
- Dipv)2+1* x MV2+ y )
poHHbIH nepeHoc ot [Ru(Dipy)i™T]* k OYeHb JIErKWH u f1po
TEeKaeT [1a)ke Ha FpaHule pa3jeia TBepAOH H KHUAKOH ¢a3. OmHako
00paTHbLIH 3JIEKTPDOHHBLIH NEepeHoC TaKoH ObICTPHH, YTO MOXeT OHTb
aKKyMYJIHpPOBaH TOJBKO TOrja, KOrjia

Ru(Dipy)i+ 4+MV" —>  [Ru (Dipy)3+]* 4+ MV2*

Ru(Dipy)3t 6bicTpo BOCCTAHAZBJMBaeTCS, HAMpPUMep C TOMOLLBIO
DOTA. Tak, obanyuenwe cmecu IJATA u HepacrBopuMoro MMX
(8.43) B metanose, comepxameM MVZY, unpyuuposano o6paso-

BaHUe MV'+B X)HIKo# da3e [938Ba]. Kak 6bl10 oueHeHO, KaXKyllasicst
KOHCTaHTa CKOPOCTH 3j1eKTpoHHOro nepeHoca oT Ru(Dipy)3* B TBep-
po# dase Kk MV?*'T B xugkoil da3de Bbille, YeM KOHCTaHTa 3TOM
CHCTEMbl B pacTBope.

' ~CHy—CH~

- B  (8.43)
N N
\
N—Ru<+—N Cl2
/X
N N
BMmecTo pyTeHHeBLIX KOMMJIEKCOB B KadecTBe CEHCHOWJIH3aTOpa
MOTYT ObITb HCNONB30OBAHbLI H MOJHMMEpHbIe MaKpPOUHMKJIHYECKHE KOMTM-
2.4 d4 34 22
JIeKCbl APYrux Merannos, HanpuMep Mg“+, Mn*+, Fe’*, Ni*" u 1. L.
[To mHorum napamerpam, B yacCTHOCTH A=600—700 HM, &=
~10° n/(MONb-CM), TaKkHe CHCTEMbl OJNH3KH K TNPHUPOLHOMY CEH-
cubuitn3atopy xaopoguany. PoToKaTaJuTHUECKas 4KTHBHOCTb Me-
TaJJIOKOMIVIEKCOB 3HAaUMTENbHO NOBHILIAETCS MPH WX 3aKPelJICHHH
Ha [oJKMepax, KakK 3TO NOKa3aHo Ha lpuMepe TeTpakapbokcudra-
JouMaHHHa Hukens (8.44) u ero noaumepHoro aHagora (8.45). B

+
JAAHHOM cllyyae HadalbHasi CKOpPOCTb oOpa3oBanust MV' npumepHo
B 3 pa3a Oojbuie s NMOJHMEDPHOrO KOMILIEKCa, YeM MOHOMEPHOro
(taba. 8.8), npHyeM ¢ [OBbILIEHHEM COLCPKAHHA  MeETasllo-
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NaQOC

COONa

NaOOC

(8.45)

(8.44)



(hTasoUMAHHHOBHIX 3BeHbeB OHa ysennuusaercs. Ilpu stom 3naup-
TeJbHAA POJIb OTBOAMTCS MPHUPOAE PacTBOPHUTENsi, B YaCTHOCTH npy
nepexone ot cuctemsl [IMCO:Ho0 =96:4 k uncromy JTMCO ckopoctn

06pa30BaHuA MV:*-yMEHbIHaETCH, TaK Kak ¢ yMEeHbIICHHEM COAepXka-
HMR BOALI B pacTBOpHTeNe CHuXaercsi pactBopumocts MV?*. B 19
ke Bpema B pacrsoputete JMCO:H0=280:20 nonnumepHbiii Komi-
JIeKC He aKTHBEH M3-3a NPOTeKalolleH arperauu.

MHOrounc/JeHHbNE HCCAeJOBAaHHA OblJM MOCBALIEHL! HCOJb3OBA-
Huio MMX B cucreMax aKKyMyJHUPOBaHHA COJHEYHOH 3Hepruu. Coa-
HEYHAsA 3IHEPrUA MOXKET COXPAHATLCA NMyTeM (HOTOXMMHUYECKOH H30Me-
pH3aliM¥ OPraHUYEecKoro coeinHeHnst B GOraThiil 3Heprued HeCcTabuip-
Hblit u3oMep. HauGosiee u3BecTHOH CHCTEMOH dKKyMYJHPOBaHHs

TABJIULIA 8.8. Porosoccrancerenue MV' sudumoim ceerom
8 NpUCYTCTBUU (YTANOLUAHUHOB HUKENR

H
Conepmagme My2+ caKL:)e;)J:)l::ﬁiﬂ
Komnaeke 3BeHbeB Ni-&r MMOM/’“ AMCO:H,;O oﬁpaafnauuﬂ Cenllika
MMOAb/T MV - X108,
MOJIb / (1- MHH)
r(sg-ﬁ; — 3,5 75:25 0,44 (939]
44 — 5 96: 4 0,65 (605
(8.45) 0,042 0,5 80:20 — [605}
(8.45) 0,042 0,5 96:4 - 2,1 (605]
(8.45) 0,042 0.5 100:0 1.7 [605]
(8.45) 0,017 0.5 96:4 1,4 '605)

3HEPruu MO 3TOMY IPHHUHMIY siBAsiercs (poTon3oMepu3alHs HOpGop-
HaaHeHa B KBaJpHLHKJIAH:

ceHcubunulaTop
m L

KaTanu3aTtop
HopGopHAaanEH Ksaapuumknas

ITon ne#ictBueM cofiHeyHoro csera W ceHcuGuau3artopa (Hanpu-
Mep, apPOMATHYECKHUX KeTOHOB) HOpOOpHAAMEH NpeBpallaeTcs B KBal-

E, ke
336

Puc. 8.17. 3aBHCHMOCTb BHAEASIOULEHCH
SHEpPruH MPH H3OMEpH3allHH KBAAPHIHK.IAHA
B HOPOOpHAAHEH OT BPeMEHH B IIPHCVT-
crBun Co-I1p (), [13 (HM3IKOIR HAOTHOCTH) -
np-INIXMC-Co-ITp (2). 113 (BaicoKOR 110T-
Hocth) -1p-T1IXMC-Co-11p (3), cTEKI0OBOIOK-
no-up-1IXMC-Co-Tlp (4). llﬂ-"P'[_I-\M,(*'
Co-llp (5), NM-np-NNXMC-Co-®1 (6), Co-
&1 (7), TP-up-1IXMC-noau(Co-®T) (8

252
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Ry

!
l'_' )
Puc. 8.18. Mojaeib aKKyMyJHPOBAHHA P
CONHEYHOR 3HEepruH MPOTOUHOrO THTA:
] — Tpy6Ka ¢ CeNCHGHAH3aTepOM; 2 — pesepByap;
3 — no3uMerp; 4 — HaAcocC; 5 — HaMepHTEAB NOTO- gb_

Ka: 6 — COCYA C KarafAH3aTopoM

5 %\
4 3
PHLIMKJ/JAH, a B NPHCYTCTBHM KaTa/jH3aTopa MpoTekaeT obpaTHas
peakuus ¢ BblfenenueM 3Hepruu (AH = — 1090 k[lx/kr). Haubosee
AKTHBHBIMH KaTa/HM3aTopaMH MABJASIOTCA XeslaTbl MeTajJIoB (NpeumMy-
mecrsedno Co’t) ¢ koopauMHauHoHHBIMH y3jJaMH MN, u MN,O,,
B YaCTHOCTH (TajsouMaHuHbi, NOPHHPHHBL METa/JOB, KOMILJIEKCh
ocHoauul lllugpda u 1. 0. Mx 3akpensenve Ha mosHMepax rmo3BoJs-
eT TMOBBbICUTb AKTHBHOCTb KaraJauszartopa. Hanpumep, no6Gap/ienue
0,1 r nonumepnoro (Ha ocHose CCJ/IBD) nopdupuna ko6agbra,
copepxaitero 0,28—0,489% wmetanna, 3actasasieT 5 MJ KBaaPHMLHK-
JlaHa BCKHMATb uepe3 HeCKOJIbKO CeKYHI H 4epe3 5 MHH QOCTHraercs
kougepcus 999 [414]. Onnako HabAIOAANOCH CHUXKEHHE AKTHBHOCTH
KaTaJu3aTopa Mnocje HeCKOJbKHX LHKJIOB, MPHYEM MPHYHMHA NE€38KTH-
BaUHU N0 CHX NOP He sACHA. bosee 3¢pdeKTHBHBIM 0KA3a/0Ch HCMOJIb-
30BaHHE B KayecTBe NOJHMepPa-oCHOBbI NOPOIIKOB HJH rpaunya [13,
CTEKJIO- WJH LeJNJIONIO3HOIO BOJIOKHA C MPUBHTHIM (NOA AeHCTBHEM
V-U3JYy4YEeHHA) XJODMETHICTHPONOM. 3aKpenJeHHe Ha TaKOM TOJH-
Mepe nopHUpUHOB W ¢TanounanuHoB kobaabta (I1I) nossonsier no-
JyyaTh BbICOKOAKTHBHble W cTaOMJ/bHble KaTaJH3aTOPbl H30Mepu3a-
UMH KBajpHLMKIauwa B nHopOBopHanuen (puc. 8.17) [615]. Kpome
TOTO, 3TH KAaTajJM3aTopbl MOrYT ObiTb MHOFOKPATHO HCMNOJb30BaHbI
B OTJIHYHE OT MOHOMEPHbIX aHAaJOroB.

bbina npennpussita nonbiTKa MCNOJAb30BATb B KauecTBe KaTaJM-
3aTOpa M30MepPH3auu¥ W AMNUPHAWIbHBIE KoMmieke Pd’ [939a].
[lepBonayanbno Tako# Karajusatop Gbin akrusHee B 30 pas, uem
najJlajivd Ha yrje, ONHAKO OH Me3aKTHBUPYETCS MPH TMOBTOPHOM HC-
MoJIb30BAHUH YACTHUHO M3-33 BbIMbIBAHUS MeTaJJja, YacTHYHO H3-3a
ero OKHCJIeHHS.

C Mcrnosb3oBaHHEM MOJHMEpPHBIX CeHCHOWJM3aTopa W KaTanusa-
TOpa nocTpoeda 3(P(QeKTHBHAA MOJes b AKKYMYJHPOBAHHSI COJIHEU-
HOH 3HEPIrMH mpoTo4Horo tuna (puc. 8.18) [7].
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8.2. BUOJIOTHYECKAS AKTHBHOCTb MMX

K Hacrosiiemy BpeMeHH Ouosoruyeckue cBoictBa MMX H3yyenn
HEeOCTAaTOYHO, XOTA B MNOCJe[HHE TOAbl HHTEpeC K 3THM BONpoOcam
Bo3poc. BoabmuHCTBO pafoT NMOCBSILLEHO 3aKPenJeHHI0 Ha MoJuMe-
pax Ouosoruyecku akTuBHbiXx HMX. Tak, nokasanu akTHBHOCTb B
GaKTepuaJbHBIX UCNIBITAHHSAX pacTBOpPbl KoMnaekcoB (8.46) [19; nar.
CIIJA 4405757], noayuyeHHbIX 3aKpenJjenHeM OHOJOTHYECKH aKTHB-

NH, Cl

CN>’=° /@i e (8.46)
~

J\/ « Z NH2 of}

Horo xenara njaatuubl (I1) ua T1BIIp.

BzaumoneiictBuem KoPtCly uau PtCl; ¢ nonudoctasesamu cuu-
Te3HpoBaHbl KOMIJeKCbl (8,47), nNOCTpOeHHble MO THIY H3BECTHOTO
3¢ deKTHBHOTO MPOTHBOONYXOJEBOrO CPeAcTBA — KUC-THXJOPOAHA-
munonaatuubl [940]. Komnaekcen (8.47) o6aapmalor BbICOKOH mnpo-
THBOOIYXOJIeBOH aKTHUBHOCTbIO M, B YAaCTHOCTH, MOryT SBJATHCA

R R R

P
~N/ \N/ (8.47)

AN
Ct Ci
CpeJCTBOM NPOTHB JeHKeMHH. KpoMe TOro, OHM NOKasblBAlOT BHICO-
Kyl0 MHTHOHPYIOLLYIO cnoco6HocTh (A0 86,49) d mpoTuB omyxoJe-
BolX KJeTok Ehrlich Ascites.

OnHOH M3 aKTyanbHbIX 3ajau SIBJASIETCS MCMNOJb30BaHHE NMPHHILH-
MOB XesnaToo0pa3oBaHusl N5 BbiBeJleHUS] BPeNHBIX MeTaJjJoB, B TOM
YyHCjle M PaJMOaKTHUBHBIX, U3 OpPraHu3Ma. B uyacTHOCTH, NOBOJIbHO
4yacTo NPOHUCXOLHT OTpaBJsieHHe opraHu3Ma, ocobeHHO Yy JeTeH, Xe-
Je30M. B HacTosiiiee BpeMsl 115 3THX llesledl HCNOAB3YIOT neddeppHOK-
caMHH-B, KoTOpbIl, OHaKO, HMeeT PN CyLIeCTBEHHBIX HeAOCTAaTKOB,
B YAaCTHOCTH KOpPOTKOe BpeMsl npeGbiBanus B nJjasme. [Ipoctoe 3a-
KpenJenHe AeddeppHokcaMuHa-B Ha mosuMepax He NPHBEJNO K Npeo-
AOJIEHHI0O 3THX HeJOCTATKOB, XOTHl €ro aKTHBHOCTb B CBAI3bIBAHHH
XKejesa ocTanach Ha npexHeM ypoBHe [941]. bosee s3dpdexTHBHBI-
MH (TpuMepHO B 3—O pa3) OKasajuCb MNOJHMEPBI, COAepKallHe
THAPOKCaMOBble TDYNMNHPOBKH B OGOKOBLIX LeNsx. Ba)XHO OTMETHTD,
YTO TaKH€ CUCTEMbl He FIBJSIOTCA TOKCHYHBIMH M MX MCNOJAb3CBaHHE
He COMpPOBOXKJaeTcs NOGOYHBIMH peakuusmu [942, 943].

Conoaumepnl BIlp u MertakpouaaneroHa ObljlM HCNOJb30BaHbl B
KayecTBe MeMODaHOTDOMHBIX AareHTOB H TNOJHMEPOB-AeNOHAaTOpPOB,
KOTOpble MO3BOJISIOT JIOKAJH30BaTh W30TOM 'Y B OMYyXO/H Ha BGoJjee
IOJUTe/bHOE BpeMfA, 4YeM [MPH MCHOJb30BAHHH TMPOCTO XJopHaa
urTpus [944; a. c. CCCP 465407].

HuTepecHblii MOAXOM 3aKJOuaeTcs BO B3aHMOJIEHCTBHH HOHA
Merasana ¢ XMJI ¢ nocienyoimuM BblicBCOOXKAEHHEM MeTajoxenarta
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nyTeM ruapoau3a obpasywinerocas MMX [945]:

0 o OH
| +
C=0 =0 COOH
H20
/ \N + M2+——+ 4 \N — \N
— =/ M — \M
M/2 M2
OH 0] 0

Takum ofpaszom Moxer ObITb 3HAYHTENbHO O6JeryeHe BbIBeleHHE
METaJJIOB W3 OpraHu3Ma.

8.3. TemnaartHbiit 3 dekT

Bonpocam onpeneneHusi, KOHUEHTPUPOBAHUA M pa3fesleHHA MeraJl-
JoB ¢ nomoubio XMJI nocesilieHo 3HAYUTENbHOE YHCJIO MOHOTrpagdHi
u o630opHbIX cTtated [9—12, 20, 21, 83, 86, 946]. 3mechb e OTMeTHM,
YTO B HACTOSALLEe BpeMsl VIS 3THX LeJeH NPOMbILIJIEHHOCTb BBIMYCKa-
€T pAJ XeJaTHpylomMx copbedTQs (Tabu. 8.9), YHC/IO KOTOPBIX NpO-
aosKaer pactd. BmecTe ¢ Tem Takue npofJieMbl, Kak yjajeHHe
HOHOB TOKCHYHBIX METaJ/IJIOB H3 BOJbl HJH ITOJyUYEHHE CJEHOBbIX KO-
JUYECTB MeTaJ/IOB H3 MOPCKOH BOJbl OCTAIOTCHA NOKa HAaCyLlHbIMH
COLHaJIbHBIMH npo6jgeMaMH 3allUThl OKpyXaloueH cpeibl H HCNOJb-
30BaHusA 3Heprud. OO6yc/nOBJIEHO 3TO TeM, 4TO B OOJbIIMHCTBE CIY-
YyaeB CEJeKTHBHOCTb CBSI3biBAHMSI HOHOB OfNpe/eJIeHHbIX MeTaJll10B,
KakK npaBuso, orcyrcTeyer (Ttaba. 8.10), onma onpelensercs Juulb
KOHCTaHTaMH 06pa3oBaHUA COOTBETCTBYIOLUHMX KOMIIEKCOB H yCJO-
BUAMM Deakiuu (NMpHpPOAA pacTBOpHTeNs, xenaTtHoro ysJna, pH pac-
TBOpa H ap.). [lo3TOoMy cenekTuBHas ajfcopfuUMs HOHOB METAJJIOB
OCYIIECTBJAETCA, KaK MPaBUJO0, C HCMOJb30BAHHEM MOJHMEpPHBIX JH-
raHfoB, MO3BOJAKIIHX KOHCTPYMPOBATb CTPYKTYpPY CBsI3blBaloilero
y3Ja ¢ y4eToM MpPHpOJAbl HOHOB MeTaJsyoB. PaccMoTpum 3T0 moapob-
Hee Ha mnpo6Jieme H3BJEUYEHHS ypaHa W3 MOPCKOH BOJbl. YpaH B
MODCKOH BOJ€ MPUCYTCTBYET B CJeJACBBIX KOHUEHTpalUuax (nopsaxa
2,8—3,3 Mr/aM*) Co MHOTMMM IDYTMMHM 3JIeMEHTaMH, & ero KoJH4ecT-
BO, PaCTBOPEHHOE B MHMDPOBBIX OKeaHax, ouneHUBaercs B 4 OHAJHOHA
TOHH. [lo3TOMYy 1J1A1 ero M3BJiedeHHS HEOOXOIHMBI OYEHb BBICOKOCE-
JIEKTHBHblE Xe€/J1aTHpyloimue copOeHTbl. DTHM TpeGOBAHHAM OTBeya-
10T, Hanpumep, NOJIMMeDHble MaKpOJHFaHAbl C KaJHKCapeHOBLIMH
rpynnupoBkaMu (8.48).

a
[\§)~ CHy ]3 (8.48)
0, S0,
| |
N— N—
AL L
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TABJTULULA 8.9. [Tpombiuinennbie xeararupyroujue MaKpoau2andt

Xenathpylomhi pparMenT no::;':::a"aﬂ Hpt:'h;zl:;.:}:\:;uoe TlponssoanTteas
XMCC AH-21, AH-22, CCCP
-CH,-NH=(CH,) =NH, AH-221, AH-511,
AH-521
Diaion CR-20 «Mitsubishi»,
Inonus
R _@ XMCC Dowex XF-4195, «Dow Chemical»,
~CH,-N-CH, — ] Dowex XF-4196,  CIIA
2 2
N Dowex XFS-43084
CH2COOH
e fc Diaion CR-10 «Mitsubishi»,
N CH,CO0H Sinowus
_CH,COOH CCIBB AHKB-10, AMK, CCCP
~CH-N AHKB-50
CH,COOH TP-207 «Bayer, A.G.», ®PT
Wofatit MC-50 «VEB Chemiekom-
binat Bitterfeld»,
rap
Amberlite «Rohm and Haas
IRC-718 (XE-318) Co.», CUIA
Ligandex 1 «Reanal», BeHnrpus
Chelex-100 «Bio-rad», ClIA
Dowex A-1 «Dow Chemicals,
CLIA
Diolite ES 466 «Diamond
Shamrocks,
Ppanund
IMAC SYN 10l «Diamond
Shamrocky,
" e N,CHchOH [onnanaust
~CH = -CH LR, CCOBB Ligandex E «Reanal», Benrpus
COOH CH,COCH -
CH,COOH ®enonopop- Unicellex UR-50  «Unitica Ltd.»,
CHz‘N< vmaabaerna- (UR-40, 30, 20, 10) $Snowus
OH CH,COOH Hasd CcMoaa
MU AHKB-1, AHKB-7, CCCP
=N-CH,-COOH AHKB-5
<q Conoaumep AHKB-2, AHKB-2n CCCP
a #N 2-MeTHA-D-
_'< BHHHATIHDH-
» COOH auxa u I1BB
/s
—NH-C/ [MAK Sumichelate Q-10R «Sumimoto»,
\SNa Anouns
A" MAK-co-  Diolite ES 346 <Diamond
-CQ BB Shamrock»,
NH ®panuus
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ITpodoancenue raba. 8.9.

Xeaatupywiuni gparmMenT ﬂog::oeapauau ﬂp(:ln;:i:;!l:(;lzuoe flponasoauTens
TMoaurua- Spheron Oxine «Lachema, n.p.»,
@~N=N OH poxkcustua- 1000 YCoHP
AN MeTaKpHaarT-
— CO-3THNCHIH-
MeTaKPHAaT
-OCH,-CH-CH,SH Spheron To xe
OH Salicyl 1000
—OCHZ_C’:H_CHQSH Spheron Tiol 1000
CH .

ZNH
~CH,ms-CX,

HO=CgH,~CH,N N-CH
64 2N 2

3
CH,-0 '%-\
T4

CCABb

CCIBb

CCIBb

«Ayalon, Haifa»,
Hzpauab

Srafion NMRR

fonac SB-3 «lonac, Sytrom
Chem. Div.», CIIIA
Sirores-Cu «Csiro», ABcrpanusi

Kryptolix 221B, 22B «Parish Chem. Co.
. Utah», CIUA

TABJIMUA 8.10. Pader cenekTugHoCTU XeAQTUPYIOWUX MAKPOAULAHA0E

XenatupywwHit $parment

Pan ceaextuBnocty

ZNOH

-7
AN

NH,

~N{CH,COOH),
~NH=(CH,),COOH

~NH=-C-NHCH,
s

~NHC-SH
i
~NHCH,P(OH},
NH-
~
-
N

OH

=
z
N

OH

Cu't = Au'T > VIOt S it S Feit S

>Ru*t > Rh*t > Pd** = pt?it > I3t~
>053.4+
Pt** > Cu?t m~ Aut = Ni?+ = Co?t

At > Pt > Cu’t = Ni?t = Co*t
Au*t = Pt*t = Cu?* > Ni?t = Co?*

Hg2+ >Cd2+ >Zn2+ >Pb2+ >Cu?+ ~
>Agt > Cr*t > Ni*t

Pb?*t > Cu?*t > Zn’* >Ca’*t > Cd** >
> Ni?t > Co**
Cu?t > Audt = Pt**+ = Co?t ~Ni*+

Cu?* ~Pt*t > Ni?+* = Co?+ = Au*t
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Puc. 8.19. Texnonordueckas cxema H3BJIeYEHUA ypaHa U3 MOPCKOH Boabl

3Hauenne |gK KOMMIEKCOB ypaHWJd C 3THMH JIHTAHAAMH COCTaB-
aser 18,4—19.2, a ornowenne Kygp+/Kuer=10"2—10"7 [947]. Me-
Hee 3G (PeKTHBHBIMH, HO OoJiee NOCTYNHBIMH OKa3aJlUCb MOJHUMepbl C
aMHUIOKCUMHBIMH dparmedtamu. Ha ux ocHoBe paspaboraHa npaxe
NPOMBIULJIEHHAA CcXeMa U3BJeyeHHS YpaHa U3 MOPCKOH BOJIbI
(puc. 8.19) [947a].

B 3TOM mNsaHe NepCHeKTHBHBIM MpeACTaBASIETCH HCIOJNb30BaHHE
TeMiJlaTHOTO 3¢ dexTa, KOTOpPHIH 3akjgoyaeTcsl B «y3HaBaHHH» H
CBSI3bIBAHHH TeX HOHOB [MepeXOAHBIX MeTaJJOB, KOTOpble ObLIH Hc-
NOJb30BaHbl B KayecTBe mal0HHBIX UM «TpadapeTHBIX» MPH CHHTe-
3e MMX. fIBneHue «HacTpOHKH» MOJHMepHBIX JIMTAHAOB Ha Olpe-
NefeHHbIH HOH MeTaJjna HabJonaetrcss nNpu 00pa30BAHHH KOMILJIeK-
COB COOTBEeTCTBYIOLIHX KAaTHOHOB C HEKOTOPBIMH COIOJHMepaMu B
NPUCYTCTBHH ClUHBAOWHX areHToB {948, 949]. B 31OoM cayuae nocne
yI3JE€HUST HOHOB HMEIOT MeCTO 3HAYMTeJbHBIH POCT €MKOCTH H CKO-
pocTH cOpOLHH, 4 TaKXKe CeJeKTHBHOCTH Ha «HACTPOCHHBIX» MOJH-
Mepax. MexaHH3M 3Toro sIBJeHHs] CBOAMTCA K clelyilowemy. Lavua
CBSI3H H YroJ MeXIy LEHTpPaJbHbLIMH HOHOM MeTaJ/ljla H KOODAHHHPO-
BaHHBIM JIMFAHJOM CTPOTO oNpenedsioTca UX npupoaoi. Korna xeaar-
Hblll y3eq MMX kakum-170 06pasom (HKCHpyeTCs M 3aT€M HOH Me-
‘Tajja yjpanasieTcs reOMeTpPUYecKH, T. e. ¢ cCOXpaHeHHeM CHOPMHPO-
BAHHOH CTepeOCTPYKTYpH, OcTatolliuiics MOJUMEpHBIH JHraHL MOXeT
MMeTb «KapMaHbl», cllellMa/lbHO MOLOTHAHHLIE NOJ Te HOHBI MeTa-
0B (wabaoHb), KOTOpble ObIIM yaaJeHbi U3 MOJHMepHOH MaTpu-
ubl {950, 951]:

M
GlWHBaHHE ! yaaneHue M,
(_’/Mf’_____) M, My —_—
M, M1

"TpahapeTHuIR”
fncnumep

My+ M, + My + 440




B uacTHocTH, o6pa3oBanue XxeaaTHbix uukaos Ni2t, Cu’t ¢
NOJU-71-BHHHAOEH30UNAULETOHOM C MOCJACAVIOUHM YAa/JleHUeM CBfl-
3aHHbIX B X€JaTe HOHOB IIPHBOIHUT K HX «Y3HABAHHKIO» TIPH MOBTOPHOM
CBA3bIBAHHH W3 pacTBopa cogen [156]. O6wan cxema peanHsauuu
TeMNAATHOrO 3¢ ¢eKra NoJUMEepHBIMH METaNJOXEeNATHHIMH CHCTeMa-
MH MOXKeT ObITb MpeACTaBJeHa B BHJe

Cxewma 8.11
M;, cmece moHome- (co)nonumepusauma
poB, cwnBaWKK
areHt
Cmecs B8 pacTeope - Mi-coaepxawun
Mq, M2, M3, ... nonumep
I
c6paboTKa cenexTupHbim
3KCTpareHTom
" Tvhdd HNbLTDOBAMN
HacTpoeHHbI#” nonumep (‘b posahure M; B pacTsope,
(6es meTanna) l nonumep 6e3 metanna
dunbtpar,
ceobogHbR My

Temnaathblil 3¢dexkT 6bT peanus3oBaH u B ClAydyae NPUPOAHOTO
noJiiMepa XMTO3aHa NyTeM ero CIUMBaHHUSl C TJIyTapoOBbIM aJbieTH-
noM B npucyretBuu nonoB Cu*t u UO3H (raba. 8.11) [952].

3HauuTe/NbHbIe YNPOILEHUA AOCTHraloTC NpH HenoCcpeaCTBEHHOR
conosuMepudanuu MXM co cmuBaiomuM areHtom. Tak, ecqu como-
JuMep 4’-MeTun-4-suHua-2,2’-punupunuia, Ct u JIBb u3 pacrsopos
coJled ONHHAKOBbIX KOHUEHTpALHH Ni2+ u Cu®t B Gosbluei CTeneHH
cBaisbipaeT Cu’t  (BcaencTBue 6Gosbluedl KOHCTAHTH 06pa30BaHHs
3TOTO KOMILJIEKCA), TO 3TOT Ke COnoJuMep, CGOPMHPOBAHHLIH B TpH-
cyreteun  Ni’*, nposeasier TtemnsaTHblii  3pdekr (puc. 8.20)
[953].

[Tonumephrle xenaTel, NoJydeHHble CONOJHMEPH3aLUHEH AHMTHO-
¢ochaTHBIX KOMIJIEKCOB, Hanpumep Oucau (4-BUHUIDEHUT) IUTHO-
docpunaronukeas (1) wuau kobanbra (I1), xpoma (III), co Cr wu

TABJIMUA 8.11. Temnararusil sgppexr 6 ceaekTusHoCTU
CEA3bIBAHUSL UOHOB METUAAOS CLUUTHIM XUTO3AHOM

Copbuns Metaanos, %

TexnaarHu#t meTann
Cu?t UQit Pb?+ Co?t
— 66 50 22 10
Cu?t 99 58 43 18
Uo2+ 89 99 34 21
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"Madc), Mmans/2

06 Puc. 8.20. CpsaaviBanue MenH (/, 3) H Huke-
aa (2, 4) conoaumepom 4-metun-4’-Bupus-
2, 2-]MNUPHAHAE, CTHPONA H AHBHHUAGCH30a
(I, 4) U 3ITHM XKe COTONUMEPOM, CHACTPO-

G4 eHHbIM» HA HHKeab (2, 3)

0,2

| | ;
2 60 100 [M2* ], mmonb

STUJIEHTVIHKOJIbAHMeTaKPHJIATOM Moc/e yIaJeHHS. H3 HHX MeTasa
o6nanany CeJeKTHBHOCTbIO K «cOOCTBeHHOMY» HOHY. Paktop o6o-
raitieHnsl (OTHOUIeHHe KOJHUYecTBa MeTasja, CBA3aHHOIO «HACTPOeH-
HbIM» H «HEHAaCTPOeHHbIM» Noammepamu) aaa Ni’t  cocrasua
1,4, a ansa Co®t — 2.4 [732].

Taxkum 06pa3zom, ceNeKTHBHOCTb H BeJHYMHA TeMNIATHOTO 3(bdek-
Ta 3aBHCAT OT MHOTUX PaKTOPOB: NPUPOAB MeTaJna, NPOCTPAHCTBEH-
HOH OpHeHTAaUHWH H NPHPOAB XeJaTHPYIOUIEro JHraHaa, crabub-
HOCTH 00pasyouinxcsi KOMIJIEKCOB H T. 1.

CnenyeT ormetdtb, uTO ¢ noMoumbio MMX MOTYT ObITH OCY-
UIECTBJEHbl TeMIJaTHble CHHTe3bl, HanpHMep MOXHO pa3fedsTh
pauemar D- u L-dednnananuna [647]. B nanuoMm ciyuae pasgedenHe
NpOBOAAT CjenylollliM 0O0pa3soM: cHayasna CHHTe3HUDPYIOT XeJaTHbIH
MOHOMep KoGaqbTa (II) ¢ ocnoBanuem Lludda, satem B Hero BBO-
aatr D-denunanannn, conoaumepusyior co Cr u JIBB, a nocse 3Toro
BblIeAAT D-Qennnanannn ¢ nomottsio HC!. IMoayuennslii nosumep,
«HaCTPOeHHBI» Ha D-u3omep, nposBasier TeMmiatHblil sddexr no
OTHOWEHHIO K [)-H30Mepy pauemHueckoil cMecH (C ONTHYeCKOH UHC-
TOTOH 74+ 1%).

CuHtesnpoBaubl [954] HOBble TuNH «HACTPOEHHBIX» TNOJHMe-
POB — MoJe/dell aKTHBHOH 4YacTH rucTHauHa. Komnaekcor Co’?
¢ 4(5)-BHHHIUMHIA30J0M H JEeHUHH-2-MHKONHHUMUAOM MJH C Jel-
HHHOM cornonnmepusoBanu ¢ JIBB B cwmecu sona — cnupr — Gyra-
HOJ, 4acTHubl noinmepa pasmepoMm 200—500 WM sKcTparupoBaili
METAHONOM B TeueHHe 12 u, «mabloHHBIE> MOJeKyJabl yaalsid C
oMOWwbio 2,2’-IHNHpHANIa. O6pasoBaBIHiics «HACTpPOeHHHIH» 1O~
JHMEP UCNIONB30Ba/M B KaueCTBe KaTaNW3aTOpa peaKiMd FHAPOAH3A
A-HUTPOEHUNIOBLIX 3DHPOB 10 AMHHOKMCIOT (cxema 8.III). Cko-
POCTb THLDO/H3a B NPUCYTCTBHH NONHMEPOB, «HACTPOEHHbIX» HA
COOTBETCTBYIOUIHE TPOH3BOLHBIE METHOHOB MJIH JeHLUHOB, 3HAUH-
TeJIbHO NMOBBIIAETCA NO CPABHEHUIO C «HEeHACTPOEHHBIMH». ITO 00DBAC-
HAETCA CO3LaHHeM onpe/lesleHHBIX MONOCTEH ¢ HMUIA30AbHBIMH [PYIT-
NaM¥ NOJIUMepOB, npHyeM sddekr COXpaHseTcss U NPH MHOrOKpaTHOM
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Cxema 8.111

HCTOJIb30BAHHH «HACTPOEHHBIX» NMOJHMEPOB, YTO YKA3biBaeT Ha KaTa-
JMTHYECKHH XapaKTep TaKOro IeHCTBHSA.

8.4. MoauduuHpoBaHHe CBOWCTB MOJHMEPHBLIX MATEPHAJIOB

Onno#t M3 ryaBHBIX 3amauy, KoTopas ObJa NOCTaBjJeHa B HayaJje
uccnenoBanuss MMX, 6bl10 co3nanKe TepMOCTOHKHX NosumepoB [1].
[IpoBeneHnble HccaeaOBaHMs MNoKasajH, 4yTo 6oJblIHHCTBO MMX
crabuabibl 1o 520—720 K. Jdaxke HeboJbilloe BKJAKUYEHHEe MeTaJJA0B
B cuuthie MXJl npHBOAMT K MNOBLILIEHHIO HX TePMOCTOHKOCTH H
YCTOHYHBOCTH K OPraHHYeCKMM DacTBOPUTENsIM. TakK, KOMIMO3HLHM,
o6najawouiue MOBBILEHHOH TepPMOCTOHKOCTbIO, NOJyYaloT 3aKpenJe-
HHEeM Ha XJOopCoiepXKallMX NojJHMepax MeTalJjoxelaToB fi-aHkap6o-
HunbHoro (Ilar. Hnownm 59-217746) w auuaruapasonuoro (Ilar.
Anonnu 60-79050) TunoB. ATH cBoHCTBA HCNOJB3YIOTCS, OCOGEHHO
B caydyae Ti-cofepxawtux noJaUMEpoB, sl MOJY4YeHHs] Pa3JHYHBIX
MOKPLITHH, YacTO ¢ 3MaJenofoOHbIMH MOBepXHOCTSAMH. Tepmoofpa-
60TKa mojuMepHBIX MeraasoxenaToB ocHoBauuil llndda usz B-okcu-
v-amuHoB [955] u Ag't, Cu®*, Zn®*, Ti*" upu 413 K nosbiuaer ux
TeMrnepaTypy pasMsiryeHHsl U TepMOCTA0HJIbHOCTb, & TaKXe npuaaer
HM MOJIyNpOBOAHMKOBBLIE CBOHCTBA, 06YCJ/0OBJ/EHHbIE 3/1€KTPOHHLIMH H
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nonnbimMu (miis Ti't) Bknagamu: o33 =1,1-10*—8,0-10° cm~'.Ox !
E,=26—109 x[lx/monb. Tepmuueckasi yctoituuBocte MMX (8.49)
3aBUMCHT OT cllenylollux napaMetrpos [31]:

a) tuna Guccaauuunaibnerufa: CH, <<SOy;

6) atoma Mertamla: Co’t < Zn’t < Cr’t <« Fe’t «
< Pd?* < Cu?t < Be’t < Ni*t; Ti*t < Fe’t < Co®t <«
< Rb*T < U™ < Cr*t < Ir*t,

B) auamuuoB: (CHy)s > (CHjy)2 > (CHa)s—1).

Oy X~
=N SN
\R/

ITo ctabuibHocTH B obaactu 548—913 K MMX, o6pa3oBaHHbie
NMPOAyKTaAMH KOHJEHCAlWH N-THAPOKCHOeH30HHOH KHCJIOTHI, MOYEeBH-
Hbl M GopMandbgeruga, pacnojoxensl B psax Felt > Co*t >
> Cu’t > Ni’t > UO3" > Zn’t~ XMJI [197]. Tlorepa
Macchl kommiekcoB Co’t u Mn?* Ha ocHOBe MPOAYKTOB KOHJeHca-
uuu 5,5 -Metunenbuc (canuuuaanbaeruna) u 4,4’-auaMuHonndeHu-
Josoro s¢upa npu 573, 773 u 873 K cocrasasier 2,1 u 0,5; 8,0 u 9,8;
25,0 u 27,5% coorBetrcrBenHo [253].

HOna MMX BesHuuHA 093 B OOJIBLIHHCTBe cJayyaeB HMeeT NOPS-
pok 1072—10 " _cm™'-Om™"' npu AE=0,1—1,5 3B [956], uTto
O0OBACHSAETCS CPaBHUTENbHO HU3KHM BHYTPH- M MeXMOJEKYJASPHbIM
NEePeHOCOM 3apsiia B MOJMMEpPHBIX JHraHgax ¥ Merajjoxenatax. He-
O00XOJMMBIM YCJOBHEM XOpOlleH NPOBOAHMOCTH NOJHAMHIOB, JIETH-
POBAHHBIX COeJIHHEHHAMM NaJJaJusl HA CTaAHH NOJUKOHJeHCAaLHH,
SIBJSIeTCA HaJMyHe cOueTaHus pasHol cTemenu okucaenuss (Pd’ n
Pd**) [957]. DnexTpoakTHBHble NOJHMMepHble MNOKDHITHS MOJYYalOT
BOCCTAHOBHTE/JIbHOH 3JIeKTPOXMMMUECKOH MoJiuMepu3alHeil BHHHA-

TABJIMLIA 8.12. Cocras u c806UCTEA AHTUPDPUKYUOHHBLX NOKPBLITUL
npu nazpyske 150 MIila u cxopocru orHocureasvrozo ckonvxaenus 0,048 xjc

(8.49)

Cocras, % (mac.)
eHOA0- a - HurencusrocTh | K HT
¢¢(’)pmanb- HHKTpp"HnJIOb— BOJIOKHA a?l?oma r?c())j::::ua- MmX H3koca X }\03.:1;;18):’1::@
Aernanas WA MToes . "M’ﬂ;a Jentepe- | (8.50) X1-1077
cMoOta Kayuyx ¢pranaTa
13 7 70 = 8 2 1.3 0,065
19,3 9,7 50 — 15 6 0,9 0,068
16,6 8.4 30 — 40 5 0,8 0,067
20 10 40 — 25 5 0,85 0,065
17,8 9,7 35 — 30 7.5 1,34 0,070
13 7 70 8 — 2 1,34 0,069
19,3 97 50 15 — 6 0.89 0.071%
16,6 8.4 30 40) — ) 0,83 0,070
20 1 40 25 1 2,15 0,060
18 14 40 20 3 1.80 0,089
20 10 40 25 — 5 0,84 0,068
17,8 9,7 35 30 — 7.5 1,35 0,074
20 10 50 — 20 — 244 0,053
20 10 50 20 — — 25l 0,057
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npoussodbix Fe®t, Ru?t,  Os?t  comepxawmnx AHTMPHAW/IbHBIE
rpynupoBki  [631—639]. B nauHom caydae meraancomepxkaulas
nJeHKa pearupyer Kak 3JeKTPOHOoNepenaTOUHbt MOCPedHWK Ha rpa-
HHlE IVIEHKa — pacTBOp, uemMy B HeMaJsofl cTeneHu criocobeTByer
HaJHYHE OKHCJHUTE/IbHO-BOCCTAHOBHTE/LHBIX LEHTPOB B KaXXIOM MO-
HOMEPHOM 3BeHe.

MeTtaJgJsioxenartsl, 3akpernseHHble Ha noBepxHoctu [1T®I, okasza-
auch 3Q@PEKTHBHBIMH NOJHMEPHBIMH AHTH(PPHKUHOHHBIMH HOKPBITH-
amMu [958]. B uacTtHocTH, BBemeHue komniekcos (8.50) B cocras
aHTHPPHKUHOHHBIX TIOKPLITHH NPHBOIHUT K YJyullieHHIO HX TpHBOJOrH-
yecknx cBoiicte [694, 958a]. Ontumusauus cocraBa MNoKa3saJa,
yTo NOKPHITHA, coldepxaive 2—7,59% MMX, umeoT Hauayulive
TpHbOJQrHuecKue XxapakrepucTvku (taba. 8.12), nanpumep nHabuio-
JaeTcs yMeHblieHue u3Hoca B 2—3 pasa. OpHako Ko3pduuHeHT
TpeHHsl OCTaeTcs npakTHyeckd noctosAHHbiM (0,06—0,07), uto noxa-
TBepXKIaeT ofpelesdloulyd poab Bo1oKoH [1TPD B aHTH)PpHKLHOK-
HbIX CBOHCTBAaX TAKHUX MOKPHLITHH.

%—CHZ —CH~

0
4 >Cu/2
=0

N,
Cu/2
o’

Cnenyer OTMeTHTb, uUTO pasjHyde B H3HOCOCTOWKOCTH H3YyueH-
HbiX KOMMO3HIIMA BO3pacTaeT ¢ yBeJHUEHHEeM TPHJI0XKEHHOH Harpys-
ku (puc. 8.21). IlocrosincTBO H3HOca B o6aactu Harpy3ok ot 80 no
150 MIla, oueBuaHO, CBA3aHO ¢ peanu3anHeil B yKa3aHHoO#H obJacTy
HArpy3oK CTAUHOHAPHOTO COCTOSIHHSI, XAP3KTepPH3YIOUIerocs Heus-
MEHHBIMH DNapaMeTpaMH TPEHHA: H3HOC H KO3(p(PHIHEHT TpeHHus.

I, mM ga
012+ 30
20
go08
101~
o8-
06 1
004 .
04
3
| | l 02 N I T T
0 50 100 P, Ml "2 4 6 8 101\gP107°

Puc. 8.21. Viamenenne u3HOca B 3aBHCHMOCTH OT HPHJIOXKEHHOH Harpysku P 6e3 no-
GaBkh (/) U ¢ 106aBKOH 3aKpernJeHHOr0 KOMMiekca mean (2)

Puc. 8.22. 3aBucumocts AMaMeTpa NATHA u3HOCA d OT MPHIOKEHHOH OCEBOH HarPy3KH
P pns cmazku LIMATHM-201 (1), ¢ nobaskoii TIT®I (2), TIT®3-np-nonnakpuaara
menn (3) u NTPI-np-nonukomnnexkca akpuaata mean ¢ Dipy (4)
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[Tocae ucnbiTaunit MoArUUMPOBAHHBIX TMOKPLITHH Ha MOBEPXHOCTY
$PHKUMOHHOTO KOHTAKTa MOXHO HabawonaTh 06pa3oBaHHe TOHKOTG
cllosi Merananuueckodl Mean (cepBosHTHOH NJeHKH). Ilo-Buanmomy,
Habalodalleecst NOBblUIeHHe W3HOCOCTOHKOCTH NMOKPLITHH CBSI3aHO ¢
peanusauned 3ddekra Oe3bI3HOCHOCTH NMPH TPEeHHH TaAKPX KOMIMO3H-
UMH 10 cTand 6e3 cMasku. Ha ocHOBaHMH MOJy4YeHHbIX Pe3y/abTaros
6biia TMpeasloXKeHa caelylolulas MoJeldb CMasbiBawollero AeHcTBHs
MOKPBLITHH, COoAepXKallMX 3aKpernieHHble Komiiekcnl (cxema 8.1V).
BepositHo, 8 Hauyade (PPUKUHOHHOTO B3aHMOAEHCTBHSI aAcopbuus
M XxuMHueckas PUKCAUHST MeTANJOKOMIIEKCOB HA MOBEPXHOCTH CTalH
MpOTeKAalT 32 cyueT dy-d.-B3aUMOJEHCTBUS XeJaTHPOBAHHLIX MOHOB
MeTajsia ¥ MOBEePXHOCTHbIX aTOMOB Kedeza. [locnedyioline akrTol
(GPHKUHOHHOIO B3aUMOJEHCTBUS NPHBOAAT K TPUOOXHUMHUECKOMY BOC-
CTAHOBHTEJNILHOMY PAa3sfoXeHHI0O 3aKPemNeHHOro MeTalJIoKoMIleKca

Cxema 8.1V
F! F -Cu Cu Cu-
—F|e le |e —Fe Fe-Fe—

¢ 06pa3oBaHieM CepBOBHTHOH TIIEHKH M MOJHMEDPHOH 06KJIaKH, KOTO-
pasi obecrneyupaeT o6pa3soBaHHe M KOMMEHCAUHIO H3HOCA MJEHKH
6sarofaps UHKJIMYECKOMY OKHCJEHHIO — BOCCTAHOBJEHHIO MeTadlla
MPUBUTHIMH (PYHKUHOHANBLHLIMH rpynnaMu. B onpenesieHHbIX peXH-
Max TpeHHst [959] 3TO MOXKeT MPUBOAUTL K CTAUHOHAPHBIM PeXKHMAM
Gnarogaps aBTokoJeOaTe/NbHbIM peakUUsiM TPHOOKOOpAHHALHH!

N/ \/

CUL CuL

/\ CUO/ bUa"’
M3HOC /7
O T
2 | HL

Hpemromeundu MO L HO3BOJHET OOLSICHHTL XOPoliHe TPHOONO-
'MYECKHE CBOHCTBA H3yYEHHLIX HOKPLITHI H paccMATPHBATHL WUMMOOH-
ausosatnbie Ha TITOD MerasnokoMIWIeKeH KK HEPCHEKTHBHBIE KOM-
IOHEHTh CMA30YHbIX MATEPHANOB,
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[TpencTaB/silOT TAKXKe HHTEpec HCC/eNOBAHHA 3aKperjeHHbIX Ha
(11D KoMIvieKcOB MCTaJ/10B B KayecTBC [IPOTHBOH3HOCHBIX H
IPOTHBO3aAHPHBIX HPUCAAOK Kk [ACTHYHBIM cmaskam [960, 961].
B kauecrBe npHmepa Ha pHc. 8.22 mnpeAacTaBseHbl pe3ysbTaThl HC-
nulTaHWi paa 3akperyieHHbIX KommiekcoB menu (I1). Ananus stux
IAHHbIX MOKa3biBaer, uro gobap/ieHHe HMMOOGHIH30BaHHBIX Ha [TTPI
meTaMmiokomiiekcos B cmasky [ITMATHUM-201 npuBoaut Kk yayu-
LIEHHIO ee APOTHBO3aHPHBIX H NPOTHBOH3HOCHBIX CBOHcTB. OqHOBpE-
MEHHO C 3THM MOBbIIAETCA H HHAeKce 3anupa. [1pu 3ToM TpHOOJOrH-
yecKMe XapaKTePUCTHKH B 3HAYHTE/bHOH CTeNeHH 3aBHCAT OT MpH-
poabl PYHKUHOHAJABHOH rpynnbl, CBA3aHHOH ¢ MetaJiaoM. B wacrHoc-
TH, TIPHBHTBHIH AKPHJIAT Meld XAPaKTEPU3YETCH HECKOJIbKO XYILIHMH
NoKa3aTeJsiMH, YeM KOMIJIEKC akKpujata Melu C 2,2'-IHNHPHAMIOM.
[To-BHAHMOMY, B NaHHOM CJiyyae TaKHe JMTraHAbl, Kak 2,2’-nunu-
puaHa, obecrneunBaloT GoJsee JETKUH nepeHoc MeaH C ONHOH TpylleHcs
MIOBEPXHOCTH Ha APYTYIO.

H3yyeHre B3auMOAEHCTBHA COMOJMMEPOB OS-MeTH.-5-TeKkceH-2,4-
noHa 4 CT C NMOBEPXHOCTHIO METaJIHYECKOro XKejge3a roKasalo,
yto xesatooOpa3oBaHHe NONXKHO o0ecHeudTb MoJY4EHHE HAa OCHOBe
MMX aHTHKOpDpPO3HOHHBIX JMAaKOB C Xopoiued anresded K meraJi-
aam [154].

- InTepecHelM HanpaBnenueM siBasieTcs ucroJib3oBaHde MMX B
KauecTBe OTHeCTORKUX BOJIOKOH. B yactHocTH, Komniekc Hukeas (1)
¢ noautepePTasonokcasuIOHCaMuIpa3sOHOM BBLAEPKHBAET TeMIle-
patypy 1773 K [962].

JIMHeHHble U CIIHTBIE MONH3I(DHPDLI, HA KOTOPBIX 3aKperJieHbl KoMII-
nekchl Eu®t w Tb®t ¢ 8-ruapoKCHXMHOMHHOBBLIMH UHKJaMH, o6na-
Hal0T (JAYOpPeCUEHTHBIMH CBOHCTBAMM W UYYBCTBMTEIbHbl K MpHpoae
3aMeCcTHTeIeH B OpPTO-NOJOXKEeHHH (MpH o00pa3oBaHUM BOAODPOAHBIX
CBAI3€H HJIH KOMIJIEKCOB C ITEpeHOCOM 3apsifa NMPOHCXOLHT TYUIeHHe
¢ayopecuesund) [963]. Ita cnocobHoCTh MCNOJAb30BaHa [Js CO3/a-
HHSl aHaJlM3aTOPOB KOJIMYECTBEHHOrO OmnpejiesieHdst B ra3oBol ¢ase
mukponpumeced H,O, HCN, H.S u ap.

MMX, ofpasyouivecs Npu BOCCTAHOBHTENbHOH 3JEKTPOXHMHYEC-
Kol TOJWMepH3alMH BUHHJTHPHINHOBLIX KoMmdeKcoB Fe?t Ru’t
n Os’t, conepxkawmue Dipy parments, o6aazaioT (poTonpoBOLU-
mMocTbio [964]. Tlpu nepexome ot MXM k MMX Ha6nmopaercs 3Ha-
YyuTedbHbiH poct ¢uayopecueduud [483]. Bo3aMoXHo, UuTO BeulecTsa
3TOTO THNa MOryT OblTb HMCNOJIb30BaHbl B Ja3epHbIX YCTpoHCTBaXx.
Hpyrue MMX na ocuose [Ru (Dipy)s (4-BIT)2]?* u [Ru (Dipy).
(4-BIT) Cl] * okasanuch cnocoGHbIMH K JIIOMHHecLeHuuH [627].
Becbma nepcrnektHBHo npuMeHeHne MMX U B /1a3€pHO-MHKPOXHMH-
YECKOW TEXHOJOTHH sl NpsAMOH 3anucH uHdopMmaunun [965].

Ha dorodusuuecknx cpoiictBax MMX ocHOBaH H HOBBIH THN
poronnona [966, 967]. Ou npencrasasier coGol YrodbHbIH 3J€KT-
pon, TOKpbITHIH MJAEHKOH nojuMepHoro Kommiekca Ru’t, namartumo-
BHIH 1POTHBO3MEKTpon H pacTBop MVZT, 3aBHCHMOCTH TOK — BpeMms,
Bbl3BaHHble o0JlydueHHEeM B aproHe, npHBeleHbl Ha puc. 8.23. Hnure-
PeCHO OTMeTHTb, UTO HamnpaBJieHHe (OTOTOKA M3MEHsieTCs TNpH

263



Anolnbitl 3 —f— —
3 a
2 2
y 7 e Sy B
a E L
g3 %
. i | i | s
Kamodueid [ 2 NMuH & 3 /
. ’ g 2z %
AHOGHbILL £ L
(=]
SR < W R BT [ 6
QD P
3 %
]
2
L | 1 !
Kamodkeid 0 2 BMuH 4 L 1 18

D 1 2 3 6 12 2% tu

Puc. 8.23. W3meHeHue TOKa, BHI3biBaeMoOe OO6JYy4YeHHEM YroOJLHOrO 3JM€KTpOAa, Io-

KpLITOrO NOJWMEpPHBIM KOMILIeKcoM pyTeHud, B 0,2 M pacrBope CH3;COONa (pH 7),

cogepxaieM 10 mmoab/m*> MV:* npu —0,4 (a) u 0,8 B (6) OTHOCHTENLHO HAaCH-
LULeHHOT0 XJopcepebpsaHOro 3lexkrpoaa

Puc. 8.24. DMyabrupoBaHue ¢ MOMOIUBIO NajbMHTATa HATPUsl (@), MNOJHMEPHHX
XejlaToB UMHKA (6) u HuKend (8):
1 — Boja; 2 — 3MylbCcHA; 3 — Macao

3neKTpoAHOM noteHudane ~0,4 B oTHOCHTeNbHO HaCbILIEHHOrO XJ0p-
cepeOpsaHoro snekrpoda. Eule Gonee 3¢¢eKTHBHYIO CHCTEMY MOXHO
MoJy4HUTb, HaROCA MNOciedOBaTelbHO Ha YroJbHbIH 3JeKTPOA JBa
cios: noauMepHbiit kommsieke Ru?t u nonumep, comepxamuit MV?*
[967a].

[lokazaHa BO3MOXHOCTb MOJNYYeHHA XXHAKHX KPHCTaMJoOB Ha oC-
HoBe MMX, cogepxawux 3BeHbs Dipy [752] # ¢ranounaHuHa
[616].

Hukenepble W UHHKOBble XenaTbl ¢ COMOJHMEPOM TJIHUHAHIMET-
aKkpunarta W OGyranakpuiata, MoaHduukpoBaHubiM rpynnamu SATA,
HMeIOT NpeKpacHble 3MYAbTHPYIOULIHEe XapaKTePUCTHKH NIA CMeCH Ke-
pocdH — Boaa (puc. 8.24) [273]. B wuacTtHocTH, paccroeHHe
3MYyJbCHH He HaOaopaercsd B TeyeHHe 60 u, yTo 3HauyHMTENbHO IIpe-
BOCXOAHMT NMokKa3atenu u3BectHoro [TAB — manbMHTaTa HaTpHs.



NMPHJAOXEHHE

NMPENAPATHBHDBIE METOJ1bl CHHTE3A
MAKPOMOJIEKYJIAPHbIX METAJIJIOXEJIATOB

B 60/bLIHHCTBE CJydaeB KOHKPETHbIE METONHKH CHHTE3a XeJaTHpYHo-
LLHX MAKPOJIHTraHJ0B H MaKPOMOJIEKY/ISIPHbIX MEeTaJ1/10Xe1aTOB xapak-
TEpPH3YIOTCH cneuH(PHUeCKHMH 0coGeHHOCTAME. MHOrHe H3 HHX 3ana-
TEeHTOBAHbl HJIK OMHCAHbl B TPYAHOAOCTYNMHbIX HCTOYHHKAX, HOBOJb-
HO 4acTO OHH SABJSAIOTCA HEJOCTATOYHO BOCNPOH3BOAHMBIMH HJIH Tpe-
6yloT JOPOrHX PeakTHBOB. B cBf3H ¢ 3THM Mbl mosaraif uenecoot-
pa3HbiM MpHBecTd HauOoJsiee yno6GHBIe, HA HAaUl B3rnsa, npenapaTus-
Hbie METOIHKH MOJy4YeHHSA OCHOBHBIX npencrtaBHtesedl XMJI 1 MMX.
BosblIHHCTBO H3 NPHBENEHHbIX METOAHK pa3paboTanbl HIH anpobyupo-
BaHbl aBTOPaMH H HX KoJJIEraMmi.

JTu2anobL MONEKYAAPHOLX METAANOXEAATO8

Moau-6-Bunn-2,2"-punupunun [105]. Bensonbuniii pactsop (10 mum).
6-BuHuA-2,2 - qunupuanaa (1,82 r; 10 mmonb), B cBOIO oYepenb nosy-
yaemoro gaeruapatauded 6-(2-ruapokcusTHI)-2,2’-nMnHpHANIA, H
AUBH (4,1 Mr) nerasvpyioT Ha BaKyyMHOH JIHHHH, aMNyay 3anauBaioT
u Harpesaiot 24 u npu 60 °C. TlonuMep ocaxknaloT rekcaHoM, OUHLIAIOT
JBOHHBIM Mepeoca)kneHHeM W BbicylIHBaloT B Bakyyme.'CreneHnb npes-
pateHHs 669%;.

[loaukouaeucar Ha ocHoBe 2,2'-nunupuini-4,4’-gukapbouuaxiopuaa
u 2,6-nnamuHonupuauuia [108]. 2,2-[Hunupupna-4,4’-nuKkapGoOHHI-
xnopun (1,4 r; 5 mmoab) pobasasiior K 10 ma cyxoro JM®PA 1 6 mn
N-MeTHANHPPOJIHIOHA B TPEXropJol Kosbe, cHaGKEHHOH XOJNOQHb-
HHKOM, KaNeJbHOH BOPOHKOH H BIYCKHbIM YCTPOHCTBOM A/ a30Ta.
Cwmecs, cocrosiulyio U3 2,6-nuamuHonupuauba (0,595 r; 5 mmousb), Tpu-
srunamiHa (1 r; 10 mmoas) u 10 ma JIM®DA, nomMeu1aior B BOPOHKY H
NPHKanbiBaioT B KOOy B TeyeHde 30 MHH NpH NMepeMellHBaHHH. 3aTeM
peakuHOHHYI0 cMecb BblmepxHBaloT 1 u npu temnepatype 0°C, | u
npu 5 °C U 5 y NpH KOMHaTHOH TeMNepaType, HOCIe Yero NOMELLAIoT B
MeTHAOYTHAOBBIH 3Hp A7 OCaXMAEHHA cnab0-KOPHUHEBOTO MOJHME-
pa. [IpoayKT oThHHABTPOBLIBAIOT, IKCTPArHPYIOT B TeueHHe 24 u 3Ta-
HOJIOM H BBICYLIHBAlOT B BaKyyMe. ‘
MC c 6exzonamernaeHTpudenuadpochopaHosuMu rpyanamu [232].
K TIC ¢ docpunosbimu rpynnamu (11 r), HaGyxiremy B 200 M
TI'®, no6asasior w-6pomanetodenon (3 r; 15 MMOJb) H MOJYyyeHHYIO
cMech nepemewinBalot 18 4 npu kKomHaTHo# Temneparype. Ilocne yna-
JIeHHS PacTBOPUTE/IA NojiuMep Npombigator Tpu pasa 100 ma TIP u
oavH pa3 200 ma H.O. 3arem npogykTt noasepraloT HabyXaHHIO B
200 ma TT'® u npubasasior pacteop 10,6 r CeHsOK B cmecu 300 ma
Tr'® u 100 ma HyO. TMosnyyeHnnylo cmech nepemeindsaior 16 u npu
KOMHATHOH TeMneparype, pacTBOpPHTE/b YAaJAIOT, NOJHMED NPOMbIBA-
10T 200 Mma TT @, H,0, cmecbio TTD — HO (1:1) 4 BhicywinBator B Ba-
Kyyme npu 80 °C. ’
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Jueanovt anyrpukomniexcuvix coedunenu

Noau-0-N-akpuaounamuuoGensoinas kucaora [204]. Pacrsop o-N-
AKPHJIOH/IAMHHOGEH30HHOA KHeaoThl (5 1; 26,2 Mmouab) B 100 ma
AHOKCAHA NOMEILAIOT B KPYIJIOAOHHYI0 Koaby (250 MJ), cHabXKeHHylo
O6paTHbIM XONOAHIBHUKOM W TepMoMeTpoM. B stoT pacrBop mo6as-
astor AUBH (0,1 r; 0,608 MmMOsIb) 1 peakUHOHHYIO cMECh HArpeBaloT
O u Ha MmacaaHo# 6aHe npH 100 °C U NOCTOAHHOM nEpeMelinBaHHu.
[ocae 3Toro peakuuoxuyio cmech nomewntaor 8 200 ma neTpoJefiHoro
3¢¥pa, H BHACAHBIUMHCA NoJHMeD OTOHALTPOBLIBAOT. [lpomykT
OYHUIAIOT TOC/Ie0BATEIBHOR 06pabOTKOH ALIETOHOM, CMECBIO alleTOH —
H20 u netponeiiubiM 3MpoM, a 3aTeM BbICYLUHBAIOT B BaKyyMme MpH
50 °C B TeueHue 24 y,

Conoanmep N-puHuaGensunacnaparnuosod Kuciaorsl w JIBB [12].
Cmech 85 r sdupa N-BHHHIGEH3HIACNAPArHHOBOH KHCJOTHI, 4,5 T
TexHuyeckoro 55%-ro BB, 0,9 r HaTPHHBHUHHIBEH3ONCYAb(OKHCIO-
o, 0,9 r AMBH 1 400 mn HyO narpesaiotr no 40—50 °C nipu nepe-
MelUHBaHHH, 3aTeM cMmelunBatot co 100 ma 1 95-ro pacrBopa cyasdara
amoMuHus. [lasee peakuHOHHYIO CMEChb HArpeBaloT NPH CHJLHOM Ile-
pemelunBanuu B Teyerue 3 4 npd 100 °C u Ha naposoH Gaxe 18 y Ge3s
nepeMelinBauus. ['pany.bl npoMbiBaloT nociaegoBarenbHo HoO, aue-
TOHOM, CHOBa BOAOH, @ 3aTeM KunATAT ¢ 15%-0#f cepHoi KucIOTOH
B TeueHue 18 u B Kosi6e ¢ O6paTHBIM XOJIOAHJIBHHKOM.,
lNoaukouaeHcat Ha ocHoBe OHccanuuUuaaNbAErHa-5,5 -cyabdoHa H
4,4’-nnamunonugennamerana [201]. PacrtBopnl 6Guccanuuuianbie-
run-5,5"-cyabdona B TIP, copepxaumeM He60AbiIOE KOJHYECTBO
JeJAHOA YKCYCHOH KHCJIOTHI, U 4,4’-a1naMHHOAMPEHHIMETAHA B MHHH-
MaJIbHOM KOJIMYECTBE JIEASHOH YKCYCHOH KHMCJIOTbl CMELLUHBAKOT B CTE-
XHOMETPHYECKOM OTHOIIEHHH 2:1 W HarpeBalOT Ha BOAAHOH OaHe.
CnycTa & u nonumepHroe ocHoBarHne ludda oTdUALTPOBLIBAIOT, TPO-
MBIBAIOT MOCJIEAOBATEILHO 3TAHOJOM U 3HPOM, a 3aTeM PacTBOPAIOT
8 JIM®A u nepeocaXkaaloT MeTaHOJOM.
Noau-N-canuuunupensuuunamuu [35]. K meskonucnepcoit 0,5% -o#
BOAHOH cycnieH3uu canuuuiosoro aasgernaa (0,03 mModab), nofaepxKu-
Baemoii npu pH 10 no6asnenuwem kapbGoHaTa HAaTpus, NpuGaBJIAIOT
npu nepememdsanud 19%-# Bommblil pacTBop ruipoxJopuaa IIBA
(0,01 mMosb), HEATPaA/NH3OBAHHOI'O CTEXHOMETPHYECKHM KOJIMYECTBOM
ruapokcuga Hatpusa. [locae no6aBiieHHs HECKOJIbBKHX MJ [IOJIMMEDA
HaydHaeTcsa Buinajgende ocaaxka. [locae 1 u nepemeliHBAHHA INpH
KOMHATHOH TeMrneparype 3TOT OCaA0K OT(HJIbTPOBLIBAIOT, IPOMBIBAIOT
NOCJIe10BATENbHO BOJOH M CHOHPTOM, a 3aTéM PACTBOPSAIOT B CYXOM
JIMOKCAHEe M OCaxKAalT AWITHJIOBbIM 3¢upom. CreneHb fnpespalle-
HHR 95%. .
MNoaumerakponnaueron [153] nosmyyaior cBOGOAHOPAAHKAIBHBIH TI0-
NHMepU3aLHel MEeTaKpouJaaLeToHa B Macce B Teuenue 15 y npu 80 °C
B npdcyTctBuH 19) nepokcupa Geusouna. [losimep pacTBOpsioT
B XJIopoopMe H 0caxkaaloT 3HPOM, 3aTEM NEPEOCaKAAI0T METAHOJIOM
W3 QHOKCaHa. Besblfi nOpoWwOK BbicywMBaloT B Bakyyme np 40 °C.
‘Crenendp npeBpaulesns 80%.
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Conoanmep H3onpena u BHHHaAOen3nnaueruaauerona [162]. K 5 r
CONOJIHMEPA H30NpeHa H H-XJOPMEeTHACTHPOJAa B 45 Ma GeH3ona NpH-
6apasiior alleruaanerodar Hatpis (0,1 r) 8 JIMCO (5 mi1) co caena-
Md Nal B Kayectse Karasu3satopa. B reuende 3 4 cMeChb OCTOPOIKHO
NOAOrpeBaloT A0 TeX NOP, I0Ka pacTBOP He CTAHOBUTCH HEHTPAJbHBIM.
[ IpoAYKT ' BHICAXKHBAOT OOJIbIIHM KOJHYECTBOM MeTaHoJa H 3aTeM
OTAENSIOT JeKaHntauued. 3arem nojaumep pacTeopsior B OGeHsone
HJH XJ10pOoOPME H CHOBA BBICAKHBAIOT METAHOJOM ¢ nochaelyiouiel
CYLIKOH B BakyyMe TPH KOMHAaTHO# TeMmeparype. :
Moan-n-sunuabensonnaueron [156]. Mounomep (6,5 r; 34,6 mmoab)
pactBopsioT B 3THAauerare (20 r), amoGasasior AMUBH (0,1 r;
0,6 mMMoJb) H pactBOp TNOMEILAlOT B CTeKJAsHHY®© Koaby. Koaby
3aMloJIHAIOT a30TOM, 3aKPbIBAOT Te(JIOHOBOH KPBILIKOH ¥ nomeuator
B GaHIO ¢ CHJIHMKOHOBbLIM MacJjoM npu 60 °C ua 197 u. [osumep, KoTto-
pblf oTlensieTcst KaK BA3KUH cJO#H, pacnpefensiior B PacTBOPHTENE
SHEPrHYHBIM B30ANTHLIBAHHEM, M PEaKUHOHHYIO CMech MOMEUialoT B
300 ma 959 -ro sranona. Ilonumep oTHHABLTPOBBLIBAIOT, PACTBOPAIOT
B 50 ma TT® nada nonyuenusi cnabo-xentoro pacTsopa ¥ nepeocax-
nator 300 ma 95%-ro 3ravona. Belxong 6,3 r (97%) nocne cyiukw
B SKCHKATOpe Hal OCYLIMTEJEM IIP¥ KOMHATHOW TeMmmepaTtype.
Conoanmep 3-anauaauernaaueyoHa u u3onpeHa [162]. Cmecp 3-an-
Jddjauerunauerona (2 r) u usonpeda (12 ry ¢ AUBH (0,1 r) no-
mewrator B Koaby (100 ma), cHaGxkeHHYI0O 06PATHLIM XOJOAHIBHHKOM
H BIYCKHBIM ycTpoHcTBOoM aJs aprona. Koa6y uarpepator npu 60 °C
B TeUeHHe HeCKOJbKHUX nHeH. O cTeneHH MOJHMEPH3alUHH CYAAT MO
HabJionaeMOMy yBeNHYEHHIO BA3KOCTH. [lonyueHHbIl npoayKT npen-
cTaBjasieT co0oil BbICOKOBSI3KYIO XHAKOCTb C HH3KOH MoJekyaspHOH
maccod. [Iponykr noasepralor nagpHelied NMoJuMepH3aAUMH NyTeM
Y®-o6nyuennn B Tedende 12 uy. Cpipoe KayuyKononoGHoe BEILECTBO
OYHILAIOT MPOMbLIBHOH CMECbI0 METAaHOJ — BOJa H 3areM cYWAT /0
NMOoCTOAHHOH Macchl B BaKyyMHOM inkady i1pn 60 °C. Beixoa cocrae-
Jser oxoqo 309%.

M3-np-noanenamuuokerount [175]. B yByxropayio koaby, cHabxeH-
Hyl0 KafeJbHOH BOPOHKOH H OGPAaTHbIM XOJONHJIbHHUKOM, MOMeEllaloT
10 r N13-np-TIMBK [5% (Mac.) npusutbix ¢pparmenrtos], 50 mMa 3ThaI-
(popmuara u 200 mia cyxoro x-rentana. [Ipu nepememnBanuu nobae-
JIAIOT 3TaHOJbHbIH PacTBOP 3IKBHMOJIBHOIO KOJHYECTBAa MeETOKCHIA
HaTpHs. PeakUHOHHYIO cmech nepeMelIHBAlOT B TeudeHHe 3 4 NpPH
55 °C, mocsie 4yero Teepablii MPOAYKT OTUIBTPOBLIBAIOT, TPOMBIBAIOT
2—3 pa3a s-rentaHoM M a6conloTHbBIM 3TaHosOM. [locne 3roro npo-
IyKT nomeiiator B Kon6y Ha 500 ma, pnobasasiior 200 ma BogHoro
3TaHOJIa H [PUKANBLIBAIOT PAcTBOP XJoprupaTa amuHa B 50 ma Boabl.
IMopoukoo6pa3upblit MoaumMep oTHUILTPOBHIBAIOT, NPOMBIBAIOT roOpS-
YHM ITAHOJIOM H BBHICYILIHBEIOT B BaKyyme.

Conoaumep N-akpujouaamuuoMerHaxaopaueramuaa ¥ MBA [788].
10 r moHoMepa (57 mmoab) # 0,9 r cwuBalowiero arenta (6 Mmoab)
pacteopawr B JIM®PA (b0 ma) npu 80—-90 °C. [Hobapaswor 0,2 r
AUBH (0,6 mmoab) u pacrsop uarpesaior 0,5 u. [Tosrnmepunit reip
noJjiyyaercsi cpa3y H MOJXKeT HCoJdb3oBarbes 0e3 fanbHelimed obpa-
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JIueandot MAKPOYUKAUHECKUX KOMNAEKCO8

Nonu-4’-uuuaben3o-18-kpayu-6 [314] noayuyawT cBOGOAHOPAAH-
KaJbHOH TOJHMepH3aluHed COOTBeTCTBYIOILEr0 MOHOMEpa 8 6eH3oJe
npu 70 °C ¢ ucnonbzosandem AUBH B kauecTse uHHuHaTOpa (coOT-
noienne AUBH: monomep pasHo 0,007). ‘
MoJauKOHEHCAT HA ocHoBe 5, 7, 12, 14-rerpameTHa-1, 4, 8, 11-rerpaa-
3auukaoTerpaaeka-1, 5, 7, 12-rerpaeHa W reKCaMeTHJICHIMH3OU¥aHA-
ta [387]. K 50 Ma1 x10podopMEHHOr0 pacTBOPa TeTpaasaMaKpOUHKIaA
(1 r; 4 MMoab) 100aBJSAIOT reKcaMeTH/JeHAHH3OUHAHAT (0,67 r;
4 wmmonp). Cmech MepeMelLMBAlOT MPH KOMHATHOH Temmeparype
48 uy. Tlocne oxaaxJeHds oOpa3oBaBLIHHCA KEJNTbIH oCafDK oOT-
(pHIBbTPOBBLIBAIOT, MPOMbIBAIOT CYXHM XJOPOPOPMOM, H-TEKCAHOM, 3Ta-
HOJIOM H BBICYILUHBalOT B BaKyyMe. Boixox 85%.

Mpoaykr B3aumoxekictBuss XMCC u Terpa-n-amuuodennanoppuna
[413]. XMCC (10 r; 0,05 monb Cl) pobaBasilOoT K pacTBopy Terpa-
n-amudodennanoppura (1 r; 1,5 mmoan) B 200 ma IMPA, 4 peak-
LHOHHYIO cMech Harpesalor npu 100 °C B TeyeHHe 2-—3 y npu nepe-
MellHBaHHH. Tlocne oxJaaXaeHHsA MPOAYKT OT(HUIbTPOBBIBAIOT H NPO-
muiBatlor JIM®A u | v. HCl no nonyyenus 6ecuserHoro ¢HaAbTpara.
3esienbifl nosinMep, nosnydeHusnli nocae npombiBKH 0,1 w. NaOH u
H20, cogepxur ~ 6% nopoupuna.

JIuzandol noaundeproix KOMNAEKCOB

NT®3-np-NCAA [694]. Tuouuaxaopun (8 ma; 0,07 monb) npHka-
noiBaioT B TedeHHe 30 MuH K cMecu [TT®I-np-ITAK (10 r; 0,014 moab
NPHUBHTHIX (PpparmenToB) H canuuuaamuaa (17 r; 0,07 Moab) B KCHAO-
ne. 3atem cMech nepemetiuBator npu 90 °C B Teuenue 12 u. [Tocae
OXJ1aXK/EHHA TIPOAYKT OT(PHUIbTPOBBLIBAIOT, IPOMBIBAIOT TPU pa3a KcH-
ngJ(;)M U BbicylIHBAIOT B BakyyMe npy 60 °C. Crenenn npespaliuesns
909%,.

N3-np-nonHCcaNHUHIOHATHAPA3OH METHABHHMIKETOHA [695] nony-
HaloT MpHKanblBaHHeM CIHPTOBOrO pacTBOpa cajdUHArHApa3Hia K
gn{dpmsoﬁ cycneusud [19-np-TIMBK B MOJAbHOM COOTHOILIEHHH

Mouaexyasproie merarroxerarsi

Xeaar Pd’ c M3-np-noan-N-akpunounaueramupom [744]. PdCl;
(0,2 r) pacropsior B 20 mMa cmecu Boga — crupt (1:1) B 100 M
KonGe W MoJuMepHbii JHrauk (2 r), cycneH3HPOBaHHbIH B CHHPTE
(20 ma1), npubasasior B Koaby. Cmech kunarar 12 u. B kouue peaKuHH
OKpacKka pacrBopa H3MeHsIeTCH OT KPacHOBATO-KOPHYHEBOH A0 uep-
HOH. KoMilZeKC OT(HIBTPOBBIBAIOT, MPOMBIBAIOT MOCEL0BATENbHO
BOLOH H CnHpTOM, a 3aTeM cywar B Bakyyme npu 50 °C.

Mpoaykr B3aumoneiictBun conoanmepa CT W 4-MeTHI-4’-BHHHJ-
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2,2’-annupuanaa ¢ yuc-Ru(Dipy);Cl.-4H,0 [570]. Cmechb xenaru-
pyiouero  makpoaudrauga (0,175 r) wu  yuc-Ru(Dipy)sClz-4H0
{0,05035 r) ob6pa6aTuiBalOT B cMecH KcHioa — H-Gyravoa (1:4) npu
kunsyeHuu (118 °C) B teuenue 48 u. INocsie oxnaxaeHdsi pacTBOPH-
TeJb YAAJSIIOT NPY MOHHXKEHHOM [aBJeHHH, OCTATOK JKCTpardpylor
XJ0poOPMOM H 3aTeM XJ0poOpM YAANSIOT H3 IKCTpAKTa AAs NMOAY-
yeHHS KOPHYHEBOTO MOPOLIKA MOJHMEpHOro KOMILIeKCa.
[TonWkoHpeHCAT HA OCHOBE KOMiaeKca auerara najajaawa ¢ 4,4'-
AMAMHHO-2,2 - AKITHPHAKHAOM H Toayoanuuaounauarta [104]. Komnaekc
auetrata nannainvs ¢ 4,4’-1uamuno-2,2’-punupuaunom (1,5 r) pacrso-
psioT B 5 ma cyxoro JIMCO u npubasasiior TOJyoQHH30UHAHAT
(0,7 r; 4 MMoab) npH nepemenrMBaHHH. PeakuHsa ABAsieTCH 3K30-
TEepMHYECKOH H CONpPOBOKAaeTcH OblcTpbiM 006pa3oBAHHEM TBEPIOLO
npoaykra. Ilocne 3 u nepemewdBaHusi cmech oxnaxnaaior, obpaso-
BaBIUWHACA MOJHMEp OTHHIALTPOBLIBAIOT H NPOMBLIBAIOT MOCJAE10BA-
TeNbHO OeH3oJsioM, TI'D u sTHnaueraToMm. '
{IT®3-np-noau (Komnaekc akpuaata uukeas ¢ Dipy) [753]. ITopo-
wiok [ITPI obayuator Ha y-ycranoske ¢ nomowmbio u3otona °Co
Ha Bo3dayxe npH 22 °C po mo3wt 200 kIxk/kr. 3atem o6syueHHbIH
[IT®3 106aBAAIOT K CIHPTOBOMY pAacTBOPY KOMILIEKCa akpujara
HHKeqast ¢ Dipy M peakuuoHHyl0 cmech KHNsaTAT B Teuende 3 y. [Ipo-
LYKT OT(HILTPOBLIBAIOT, MNpOMbIBAlOT 2—3 pa3a pacTBopHTENEM
M CVHIAT B BaKyyMme NIIpH KOMHaTHOH TemmepaTtype.

Komnaekc Rh((0) ¢ noAHKOHZEHCATOM HA OCHOBe 2,2'-JHAHPHIMA-
4,4’ -amkapGounaxjopuna u 2,6-nuamuuonupuauna [108]. RhCl; X
X 3H2Q (0,39 r; 1,5 MmMoab) pacTBOpsiiOT B 5 MJ 3TaHoJa B KpyrJo-
noHHo#t Konbe (50 ma) M 3aTem HarpesalOT ¢ PacCTBOPOM IMOJIHKOH-
pencara (0,55 r; 1,35 mmonb) B 10 ma sraHona. PeakuHouHylo cmech
KHAATAT 1 u, nocne yero Boiaepxusator ee npu 30 °C B Teuenne 10 4
H NpH KOMHATHOH temnepartype 5 cyr. Okpacka pacTBopa NpH 3TOM
H3MEHAETCSI OT KpacHOH 1o ciabo-xKeatoid. O6pa3oBaBlIHACA TBEpPAbIH
KOMIJIeKC TpeXBaJ€HTHOro poaHst OT(HUABTPOBBIBAIOT, NPOMBIBAIOT
MOC/eI0BATE/bHO ITAHOJIOM, 3THJIALUeTAaTOM U aUeTOHOM, a 3aTeM CyC-
nedaupyot B 10 mn 0,56 M NaOH B MeTaHose ¥ ruapUpyIOT BOLOPO-
aom (0,1 MITa) B teuenue 1 u npu 25 °C.

. ) Bryrpukomnaexcroie coeduHeHus

Komnaeke Cu’t c noam-o-uzodranounnsopranamugokcumom [231].
[Moaumepubiit auraun (1,78 r) pacreopsiior B 50 ma N-metusanuppo-
JHAOHA H K 3TOMY pacrtBopy Ao0aBAslOT pacTBop auetata MeiH
(2,54 r) B 15 Ma1 25% -ro ruapokcuga ammoHusi. Cmech BbidepXKHBaOT
MPH KOMHATHOH TeMnepaType B Te4YeHHe D Y, a 3aTeM K HeH NMpHJIH-
BAlOT M30bLITOK MeTaHoja AJsi ocaieHus Komniekca. [losyueHHbIH
0Caf0X OTOhHIALTPOBBIBAIOT, NPOMBIBAIOT BOJOH W MeTaHOJOM, Bbl-
cyimsaior npu 90 °C. Beixon 1,65 r.

Xeaar Ni’t ¢ MN3-np-noanakpuaounaaueraabaerngom [594]. Cwmech
[13-np-nonunarpuesol conu akpuiounaueranpgernga (10 r; 0,01
MOJIb MPUBUTHIX (parmentoB) u auerarta Hukeas (25 r; 0,1 moub)
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s 200 M MeTaHona nepemewnBator B Tevenue 1 4 npu 50 °C. Ioay-
yeHHbIH TTPONYKT OT(QHIBTPOBBIBAIOT, ﬂpOMblBaic?T TPH Da3a ropsiuum
MET4HOJIOM ¥ BBICYIUHBAIOT B BaKyywme IIDH 50 °C. .

Komnaekc Cu’t ¢ noau-o-XJAOPAKPHIATHAPOKCAMOBOH  KHCIOTOH
[290] . TTosumep pacTBOPAIOT B 100 M1 UHKAOr€KCaHOHa U NOJAYueH-
Hbiil pacTBOp Mpu6aBAAIOT K BOJHOMY DacTBOPY auerara Mei npu
40 °C W nepemelMBaHHH. 3aTeM DPEaKUHOHHYIO CMECH BBUIEPKHBAIOT
npH 310i Temmepatype B Teuenue 50 u ¥ NomewaloT B U3GHITOK BOLBI.
BbluaeuBiuiicss 0Ca 10K OT¢H/IbTPOBbLIBAIOT, NTPOMbIBAIOT BOAOH H Bbi-
CYILMBAIOT B BaKyyMe.

Iiponykr s3aumoneiicteua CCIBbD, copepxauiero acac-rpynns, c
Ni(en),Cl, [178]. Wlapuku CCHABD, cojepxauwero acac-rpynmsi
(2 ). nossepraior HabyxaHHio B Teuente 2 u B TT'®, a sarem xkung-
rar ¢ Ni(en):Co (2,5 r) B 80 M1 méraHosa B NPHCYTCTBHH 7—8 Ka-
Menb NHpHAHHa B TeyeHHe 24 u. KopuuHeBo-KpacHbie LIAPHKH OT-
GuabTPOBLIRAIOT B aTMocdepe a3oTa, NMPOMBIBAIOT  AHXJODMETAHOM
H BBICYIIHBAIOT B BaKyyme.

Moaumep Ha ocHoBe Guc|3-(2'-MHPPOJHAMETHAEHHMHUHO ) NponeH-1]-
menu (If) [648] noayuamer ceoboaHOpa/HKaAbHOH NOMUMEPH3aLHEN
cooreetcTeyomwero MXM npu 70 °C B 3anasiHHO# amiyJie B MPHCYT-
creid AWMIBH B kauecrBe uuuuuaropa. [locae peakuud peakuHOHHYIO
CMeCh (IOMellaloT B JUITHAOBBLIA 3HDP, 0caZoK OTHHILTPOBLIBAIOT
H BHICYIIMBAIOT B 8akyyme. poaykr ounwalor B annapare Cokenera
AJdst yjaanenns Henpopearunpoaswero MXM ¢ nomowsio TTO.
IMpoayKT B3auMOAEHCTBHUA XJOPHAOB MeTananoB, GeHauaa u 1,6-nua-
mMuHorexcana [660]. Bensua, 1,6-1uamunorekcan ¥ MCl, (M =Cu, Ni,
Co) B mosibHoM ccotHouennd 1:1:0,2 o6pabateisator npu 120 °C B Te-
yende 3 4. 3arTeM peakUHOHHYI0 cMecb Bakyymupyior npa 100 °C
B Teuende 20 y 1A yaaneHHa obpa3oBasileics B pesyabrare peakiHH
Boabl. [1poaykr ounulaloT nepeocakaeHHem H3 OEH30JbHLIX HJH TO-
JYOJIbHBIX PACTBOPOB H-renTaHOM.

Xeaatnl meaH, HHKEJS M X063JbTa ¢ NOJUKOHAEHCATOM HAa OCHOBE
popmanbaeruga u 3-xapGokcu-4-ruapoxcuaueropernona [199]. Boa-
Holft pacteop (100 Ma) ruapokcupa Harpus (1,5 Mosb) npukanbl-
BAlOT K 3HEPrd4HO [lepemellHBaeMOH CYCneH3HH TMOJAHKOHeHcard
(28,8 r; 0,15 Mosib) B cmecH 3TaHosT —— auerod (1:1) npH KOMHATHOI
TeMieparype. EciH BO BpeMsi HeHTpau3ailud NOSABJSIOTCH TBePAbE
HA4CTHYKH, TO A/ HX pacTBOpeHHsi n00aBaAiOT Heboabluoe KOJAHUE-
creo Bohbl. OGpasopasliimiicst pacTBop pa3basasior sojio B 1,5 pasa
H K HEMy MPHKaNbIBAIOT BOAHBbIA PacTBOP COOTBETCTBYIOLETrO aue-
Tata Merasna. [loayyennnrii ocanox BbILEPIKHBAIOT 1PH KOMHATHOH
TEMngpaType B T€YEeHHe 3 y U 3arem OTGUABTPOBBIBAIOT, TIPOMbIBAIT
BOJIOH, 3TAHOJIOM H BBICYIUHBAIOT HA BO3JYXe.

Komnaexcn menn, Hukens H K0GaibTa ¢ NOJHKOHAEHCATOM HA OCHOBE
MeTHACHOMCCATNUMAANbAEIHAA W quaMuHOB [254]. [losnkonnencar
(10 Mmonb) pacteopsior B JIMMBA (100 ma) upd 100 °C n nepeme:
WIHBAHAK. N00ABJSIOT K 10JyUEHHOMY PacTBOPY TBepAUbIH aueTar
HaTpua (20 Mmosib) u  aperar COOTBETCTBYIOLIEID  METALNd
(10 Mmoitb), pacTBopennbiii 8 100 Ma JIM®A. KoMiiaeke ocaXAAeTCH
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n reuenune 30 mun. Temneparypy peaxkuuoHHo# cMecH 1oaaepXKHBAIOT
noctosiHioR - 100 °C 8 Teuyedne 24 u, 3ateM OXJaAKAAWOT. 0CAJIOK
OTHABTPOBHIBAIOT, nipoMbiBaloT JM®PA u BojoH, o6GpabarbiBalor
MeTanosioM B annapate Cokcaera B TeueHue 24 4 W CyulaT B BaKyyMme
apu 105 °C.

M3-np-noaumerakponnauetodenonar naaaaausa (1) [14]. IMopowok
[13 o6syualorT Ha y-yCTAHOBKE ¢ NMOMOLIbIO H3oTona "'Co Ha BO3jlyXe
npu 22 °C no noanl 200 k1 x/kr. 3atem o6ayuenusiit I[19 jo6asasior
K 3THJAALLETATHOMY pacTBOPY MeTakpowjalleTopeHoHATa MaJJaaHs
H PEaKIHOHHYIO CMeCb KHNATAT B TeyeHHe 3 4. [lonyyeHHbI# NpoaYKT
OTHJIBTPOBBIBAIOT, MPOMBLIBAIOT 3THAALETATOM M CyliaT B Bakyyme
[Ilpu KOMHATHOH TeMrniepaType.

MpopykT B3aHMOZEHCTBHS auerata Kofaabra, NOJAHBHHHAGEH3HJCA-
JHUHA0BOTO agabaeriaa H N-caanuuanaen-1,2-auamuso-1,2-nuHnT-
puaoatuaena [926a]. [loauBUHUAGEH3UACANUUMAOBBHIA  aJbAeru,
(0,2 r; 0,11 MmmMosb canHuuMaNbIErHAHBIX TPYAN) NOMEIIAIT B rops-
yut pactop N-caanuuanpen-1,2-pnamuHo-1,2-AHHHTPHIOITHIIEHA
(0,16 r; 0,75 mmonb) B 30 M CMeCH 3TAaHON — JieisiHAast YKCycHast
kucrota (3:1). Ilocne npuGaB/jeHHsi cycneH3uH aierara Ko6GajbTa
(0,2 r; 0,8 mmoaib) B 30 Ma ropsiued cMecH 3TAHOM — JieasHas YK-
cycHas kuciaora (3:1) noaydenunll pactsop kunstat 8 u. TemHo-
CHHUH 0€anoK OTOHALTPOBLIBAIOT, MPOMBIBAIOT NIOC/EA0BATENbHO 3Ta-
HonoM, ropsiunm JIM®PA H aneToHoM, a 3aTeM BHICYIUHBAIOT B BAKyyMe
npu 80 °C. Boixoa 0,2 r.

Xenat uukeasn(ll) ¢ noankongencatom na ocHose pesauutodenona
¥ dopmanabaerana [188]. [Tonukonaencar (3,249 r; 0,02 monb) pact-
sopsitoT B 80 ma TI'®, pH pacteopa aosoasaT 10 7 ¢ nomoiybio pa3ban-
J1eHHOTO pacTBOpPa FHAPOKCHAA AMMOHHS H 3aTeM NPHKANbIBAIOT BOA-
Hbld pactsop (50 ma) auerara nukens (3,48 r; 0,014 mousb) npw
NMOCTOSIHHOM HNepeMelUHBAaHHH. PeakllMOHHYIO CMech GCTAaBAAKOT Ha
24 y, BbIAEJNUBIIHACA 3€/ieHbIH NMPOAYKT OT(PHALTPOBBLIBAIOT, NPOMBI-
BAIOT HHCTH/MIMDOBAHHOH BOAOH, 3TAHONIOM H BHICYHIHBAIOT [IPH
60 °C. |

NMpoaykr s3aumoneiictBus XMCC n Ni(acac): [617]. K cycnensuu
XMCC B JM®A npukanbizalor pactBop Ni{acac)s, noJydyeHHYIO
cmech KUNATAT 18 y npu 90 °C B npUCyTCTBUH HeGOABUIOrO KOJHYECTBA
KI, nonydyenubi## npoaykr ordHabrpoBbiBaioT, npombisaior JIMOPA
H BBICYUIHBAKT B BaKyyme.

Xeaar Mn’t ¢ NOJIMKOHZEHCATOM HA OCHOBE METHJAEHGHCCANHIHAAND-
aernza W auamunos [247]. INoaukougeucar pacrsopsior B JJM®PA
H K NOJIYYEHHOMY PacTBOpPY MPHKaNbIBAIOT PacTBOP alleTH/AaUueToHATa
mapranua B JIMPA. Obpazosasuuiics ocafiok OTHHIbTPOBLIBAIOT,
npombisaior [IM®PA 1 BblcyHIHBAIOT B BakyyMe.

[lpoaykr B3aumopneiicTBHsi AUETATOB METANJNOB, JAHAMHHOB H
1,4-nuruppokcuantpaxniona [285]. Pacrsop, copepkauidii auetar
AByxBajieutHoro meranaa {(Mn, Co, Ni, Cu, Zn), 1,4-AHruapoK-
CHAaHTPaXHHOH H AHAMHH, KHITATAT 6 U, pacTBOPHTENb YAAAAIOT, NPO-
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aykr Harpesaior o 190 °C B TeyeHHe 6 u, obpabatbiBaior [JM®A
AN yjaieHHs nphMecedl U BbICYIIHBAIOT B BAKyyMe.

Makpoyuxauueckue KOMNAEKCHL

ConoanMep n-akpuiaonaaMuHoEHHATPHU-n-aMHHOpEeHHANOPDHDPHHAT
mapranua auerara W 4-BIl [652] mosyyaior corosnnMepusaunei
HCXoJiHbIX MoHOMepoB 1pH 60 °C B TeuenHe 3 4 B atmocdepe aproHa
B npucyrctBun AMBH B kauectse uuuunatopa. Bbijenenne comosu-
Mepa OCYILECTBJSIOT OGbIYHBIMH MeTO/1aMH.
NoanokTaunaHopranounannn meau (1) [31]. Xnopua mean (0,374 r;
1,32 mmoab); 1,2,4,5-terpaunanobenson (0,991 r; 556 mmonb)
H 1-metn-2-nuppoanjaod (10 ma) nomewialor B Tpexropiylo Kooy,
CHA6KeHHYI0 XOJOAHJIbHHKOM H TepmoMeTpoM. CMeCb Harpesawr c
nepemeiiuBaniem npH 145—160 °C 8 teuenne 2 y. Tensyw cmech
OT(HALTPOBBIBAIOT TPH MOHHXKEHHOM A aBJAEHHH /151 TOyYeHHs TEMHO-
CHHero ropoulka, Kotopbiit 3atem oGpabartbiBaior 30 Ma Ge3BojHOTO
Tr'® u shicymnBaior B armocdepe aprona. Iloayuator 0,579 r npo-
aykra (Bbixon 53,7%).

Mponykt s3aumopneiicTeus [3I3-np-MXMC n Co’* -npoTtonopdupu-
Ha-1X [612] noayyalor B3aHMOjeHACTBHeM HCXOJ/IHbiX KOMMOHEHTOB
B JIM®A B fnpucyTcTBHH TpH3THnRamuua. CrerneHb npespallleHHs
25%.

Conoaumep remuva u Bllp [651] nosyyaior conoinmepH3aUHed
MOHOMepOB 10j1 JelcTBHeM y-o6ayuennsi nzotona *°Co.

MponykT s3aumoneiicteusas MXMC n TeTpakuc(4-ruapoKcuEeHOKCH)-
¢razonuannna nunka(1ll) {607] nonyyaioT B3aumMopeicTBHeM HCXON-
HbIX KOMIMOHEHTOB B TPHCYTCTBHH MerTokcHiaa Harpusa. CreneHb
npespaiuerus 429%. :

Conoaumep Ct u aumetusnosoro 3dupa remuna [649] nosyyaior
CBOGOJIHOPA/IMKAJIBHOH COMOJiMMepH3alHe# MOHOMepoB B [HpHIHHE
npu 85 °C B npucyrcrsud AMUBH 8 kayectse MHHuHaTopa.

lloauadeproe merarnroxesarst

Xenat xoGanbta(ll) ¢ MNI-np-MCAA [175]. CnuproBoil pacTBop
(50 ma1) auerara koGasbra (2,5 r; 0,01 Mosib) NPHKAMLIBAIOT B TEUe-
HHe 30 MHMH K CIMPTOBOM CYCNEH3HH nosHMepHoro aurauaa (2 T
0,00t monb npuBHTHIX Pparmentos). [Tocsie 3TOr0 peakLHOHHYIO CMECH
KHIATAT B TeyerHe | y, oxJaxjaoT, nojiyueHHbIH MPOAYKT OT¢uIb-
TPOBbLIBAIOT, MPOMBIBAIOT TPH pa3a ropsiydM METAHOAOM H BHICYLIH-
BAIOT B BaKyyMe NMpH KOMHATHOW Temmeparype.

lerepomeTannuueckuii KOMNJEKC HA OCHOBE TEeTPaxJoOpHAA THTaHA,
3akpenaensoro Ha [M3-np-TMAA, u N,N’-Gucbenzounaueranbaerua-
sTujeHpHamuHara mean (11) [699]. Terpaxsopun THTaHa, 3aKpelIeH-
Hbtt Ha [19-up-TTAA (2 r; 0,4 MMOAbL THTAHA), H eHaMHHOKeTOHAT
mend (0,15 r; 0,4 MMoab mMeaH) nepeMeinBaioT B Gensone (100 MJ1)
B TeyeHHe 2 4 [IDH KOMHATHOH Temreparype. [lonyueHHb# npoAYKT
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OT(HUABTPOBBIBAIOT, IPOMBIBAIOT 2-—3 pa3a 6eH30J0M H BbICYUIHBAIOT
B BaKyyMe NPH KOMHaTHOH TeMueparype.

letepomerannnueckuii Komnaeke HHkeas (11) u rarana(lV) ¢ 13I-ap-
IOJIHCAJIH IHJIOHJITHAPA30HOM MeTHJABHHHJKeTOHA [695]. K cycneHsuu
MOJHMEPHOrO JIUraH/ia B 3TaHOJe [IPHKAMNbIBAIOT B TeUeHHe 1 U CHHp-
TOBbIH pacTBOpP alleTaTa HHKeAss B MOJbHOM coOTHOIeHuu 1:10
(npuBHTble ¢parMeHThl : COEIHHEeHHe MeTaJad), NOJYYEHHYIO peak-
IIMOHHYIO CMeCb KHINATAT elle | 4, NPOAYKT OT(HALTPOBLIBAIOT, NPO-
MblBalOT 2—3 pa3a ropsiuydM 3TaHOJOM H BBICYLIHBAIOT B BaKyyMe.
MoHosinepHBIH KOMIJIeKC HHKeas INoMelnaloT B KoabGy Ha 100 wmn,
npunuBalotT 50 Ma GeH3osa M HpHKanbiBalOT OeH304bHBIH PacTBOP
TeTPaxJOpPHAa THTaHA B TeueHHe | u, ocje 3TOTO peakIHOHHYIO CMeCh
nepeMelllHBaOT eille 2 4 IIPH KOMHATHOH TeMIlepaType, OCaAOK
OT¢GHABTPOBBLIBAIOT, NPOMbIBAIOT 2—3 pa3a GeH30/10M A yAaJdeHHs
HelpopeardpoBaBlLero TeTPaxJOPHAA THTaHA H BHICYIIHBAIOT B BaKVyy-
M€ NPH KOMHaTHOH TeMmmepaType.



3AKJROYEHHE

W30 eHHbIH (paxmqecxnﬁ matepuaa yOelHTesNbHO CBHIeTe/IbCTBy-
eT O TOM, 4YTOo B HacTosilllee BpeMs, B OCHOBHOM, chopmupoBaacs
Ha CTbike XMMHH KOOPAHHAlHOHHBIX H BBICOKOMOJEKYIADHLIX COoepu-
HeHHE HOBasi BeTBb HayKH — XHMHSI MaKDOMOJeKYJADHBIX Meralio-
xenatoB. OHa onepupyer coOCTBEHHbIMH oObeKTamMH, GasHpyercs Ha
CBOHX KOHCTPYKTHBHBIX NMPHHIHIAX H MeTOLOJOrHYeCKHX MOAXOAaxX.
PazpaGoraHbi npHBAeKaTe bHble H HajeXHble XHMHYECKHE MYTH CHH-
Te3a MaxkPOMOJIEKYJSPHBIX MeTa/lsoXenaToB — MPAKTHYECKH Beex
AHAJIOrOB, H3BeCTHbIX B XHMHH HH3KOMOJIEKYJISDHBIX COeJIHHeHHI.
' Paszputhio XHMHH MMX, 6Ge3yc/ioBHO, CMOCOGCTBYIOT [OJIe3Hke
BLIXO/bl CHHTe3HPYEMbIX COeJHHEHHH B cMeXHble o6aacTy H B 0coboi
MeDe — B Karaau3, B CO3[1aHHE KOMIO3HIHOHHBIX H GHOJMOTHYecKH
AKTHBHBIX MaTepHaJ/oB.

MoOXHO C yBePeHHOCTBIO YTBepPXKnaTh, YTO COBPEMEHHHIH 3Tan
pa3suTisi MMX 0CTHT cBOero amoresi K&Kk B HaKOIMJEHHH SKcrepi-
MeHTa/JbHBIX (aKToB, Tak H B HX TEOPeTHUECKOM OCMHICIEeHHH H
06o0LIeHHH, B 3Ty 006/1acTb HAYKH BOBJIEKAIOTCA Bce HoJblilke Ipyn-
bl HCcaenoBarenel.

M3 naubonee cyilecTBeHHBIX, HA Hall B3rIAA, npobiem B XHMHH
MMX otmerum crenywiiie. [Tonck Goablllel «TOUHOCTH» HanpaBJ/ieH-
HOro CHHTe3a KakK MakDOJHraHIOB, TAK H XeJaTHbIX Y3J0B C KOHTPO-
JIHpyeMOH THOKOCTbIO (CO)MONHMEpHOH 1lefH, MO3BOJSIOWEeH KOH-
CTPYHDOBaTh HeHANPAMEHHble MeTaJJIoOUHK/Abl. B 3ToH cBsi3n BaxHa
cTpyktypHas oaHopoaHocts MMX, orcyrcrBHe (yHKLHOHAIBHBIX
rpynmn, crnocoGHbIX 00pPa3oBbIBATH KOODAHHAUHOHHBIE LEHTPbl HHOH
CTPYKTYPbl. B ocoGoli mMepe 3TO OTHOCHTCA K MOJYYEHHIO CTepeo-
pery/isipHbIX, aJbTeDHAHTHbLIX H ONTHYECKH aKTHBHBLIX (CO)MOJH-
mepos. [lpencrasnsercs Ba)kHoit paspaborka MMX, xeaarHbe
LEeHTPbl KOTOPBIX BKJIIOYAIOT HeTPafHIHOHHbIE rerepoaTombl, BKJIO-
yeHHe B KPyr MMX HOBBIX THIOB HeOPraHHMYeCKHX M MPHPOLHHIX
nonumepos. byaer npopoJikatbcsl ONTHMH3AIIHA METOJ0B CHHTE3a
MMX nyrem cokpauleHHss yucaa CTagMii MX CHHTe3a (HarPHMEp,
nyre:)u coBmelleHnst cHHTesa XMJI W makpoXenata Ha ero ocHoBe H
T. I.).

Ha HbiHeltHeM ypoBHe HauGoablilero BHHMAaHHS 3acTyXKHBaeT
YEeTKOe BbisiBJIeHHe CIIeLMPHKH BHICOKOMOJIEKYISIPHBIX XeslaTHpPYIOLLHX
JIHTAHN0B, HMX lernoYeuHO# NPHPONbI, TeX [PeBpaileHHir, KOTOPbIE
OHH MpeTepieBaloT B Xofe XesaToo6Pa3zoBaHHA. ITo 00YC/I0BJIEHO
TeM, 4yTO B Xoje cHHTe3a MMX rtakoii HraHg HCrbiTbiBaeT CAOXHYR
PeOpraHu3alliio, BbI3BAHHYIO BPaleHHEM BCeX yyacTKOB HCXONHOM
H npopearnposasuleif uend. Ero koudopmauus u pasaunuubie pas-
HOBeCusl B pacTBopax (HOHHble, TAayTOMePHble W 1p.) 3aBHCAT OT
%%I;iif;}{ggcmopmem, pH, Temneparyphl; cremens nupespawleHHs

BHBIX FPYNN W T. 11. ITH BakTOPH BKyne o CTPYKTYpPOH
(PyHKUKOHAMbHOTO y3na, MIPUPONOH COeIHHHTENLHOTO MOCTHKA MEX:
ﬁgcgbegagzggsﬁ’}g‘r GparMeHToM W fOJHMEpHOH HENblo, ee KECT-

Pelaoiiee BiMsIHHe Ha XapaKkTePHCTHKH 00pa-
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IYIOEerocs MeraJjvioxesarta, U3MeHeHHe QJIHH cBsasedl W, B 6oJbuied
CTeneHH, HAa HCKa’KeHHC BAJIEHTHBLIX YIJIOB.

Oco6blit uHTEpec BHI3HIBAET BbisiBjiieHHe H3MeHeHHd B MMX npwu
($a30BbIX NePexonax MaxkPOJIMIFaHIoB, «NOACTEPOHKH» JIOKAJIBHOTO Xe-
JaToobpasyouero ¢parmMeHTa ¥ CcBA3aHHbBIX C HEH 3HepreTHyecKHx
3arpar.

OyeBH/IHO, UTO yCneillHoe H3yueHwe NpollecCoB XesaToobpa3oBa-
HHSl B TAKHX CHCTEMAX BO3MOJKHO JIHILUbL MPU COMNOCTABUTENbHOM aHA-
Jin3e XeJiaTHLIX 3(P(eKTOB, KOHCTAHT YCTOHYHUBOCTH H CTPOEHHS
METAJJIOLEHTPOB, UX CTPYKTYPHOH OpraHM3auuy ¥ TONoXWMHU. Be-
POSITHO, B camoM OJimXKaiieMm OyjaylieM cjiejlyeT OXH[IAThb 3HaYH-
TeJLHOTO Mporpecca B 3THX HaNpPaBJIeHUAX HCCAEAOBAHMH. DTo XKe
OTHOCHTCSL M K HETPAJMLHOHHLIM MeTojiaM mosiydeHus MMX, Briio-
yas 3JIeKTpo-, $OTO-, MEXAHOXUMHUECKHH H DPaJHAUHOHHLIH CHOCO-
Obl WHHLUHMYPOBAHHSA TIOJIHMEPH3ALIHH COOTBETCTBYIOUIHX MAKPOJIUTaH-
N0B C TOCJELYIOUIMMH [OJHMEPaHaJOTHYHbBIMU [IpeBPaLeHHAMU C
yuacthem MX,. JXKayr cBoero jaJibHefilliero pa3BHTHA H [psMble
MeTojibl cHHTe3a MMX — rosinMepu3auus, cornosiumepusalus, MpH-
BUBOYHAS [MOJHMepPH3alUHUsA H [I0JMKOHIEHCAllHsl MeTa/lIOMOHOMEpPOB
XeJIaTHOTO THIA.

B Hejanekom 6yaylieM, Kak HaM fnpejcranjisercs, ocoboe pa3BH-
THE MOJYYHT XUMHA NOAU- H rereposjepHblX MMX, B yacTHoOCTH,
B [JlaHe BblsABJEHHUS pOJiH MOJHMepHOH I[elH B OCYilleCTBJAEeHHH
B3aWMOjIeCTBHI MeTali — MeTaJJi. Bo3MoXHO, 3TH TO/IX0jibl CTAHYT
MepcrneKTHBHBIMH M B CO3JIaHUM OpraHHYeCKHX H MOJeKYJaAPHbLIX
deppoMarHeTHKOB — MeTa0oOpraHHyecKHX MoiuMepoB ¢ 0ocobo#i
CTPYKTYypHO# oprauusaumeit [968]. M3 apyrux mnpobnrem, peledue
KOTODLIX HMeno Obl 3HAYWTeJibHbie COUHaJIbHble MOC/AeACTBUA, Bbl-
yleHHM KOMIJIEKCHYIO 3a]a4yy KOHLUEHTPHPOBAHHUA W CeJeKTHBHOTO
pa3jie/ieHHs1 (B IMIpOMETaJ/JIyprHH, aHaJHWTHUECKOH XHMHH, a(HHHOH
XpoMaTtorpadui, pasjielleHHH SHAHTHOMepoB 4 Ap.). B mnociennue
roibl MakpOMOJIEKYyJAsipHble JIHFAHJIbl ¥ XeJaTbl YCMeiliHO IpHMEHsN-
I0TCS ¥ JIIA 3THX WeJiell. 3j1ech TakXe HAKOIJeH OTPOMHBIA (aKTH-
yecKMH MaTepHaJj, KOTOPHIH JI0 CHX MOp He CHCTEMaTH3HPOBaH.
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