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Preface to the Second Edition 

\Vc npress our profound gratitude to Ollr readers whose overwhelming patronage to 
tbe first edition of this book has encouraged us to bring out a sccond cditioll. 

New features of the current editioll iuclude a chapter 011 Polymers with a 

limited number of ekmclltary experimcnts which has bcen added with a view to 
initiate the heginners into this vast field. 

On the suggestion of friends and colleagues, some tabll's of physical COllstllllts 
have been incorporated IlS Appcndix. 

The topic of specific gravity has been added to the chapter on Lubrica I ing OIls, 
Greases and Emulsions. 

In order to make lhe contents of the book wholesollle anu to Illeet specific 
requirements of a segment ofreaders, a section on eieclroplating has bcell ind uded 
in the chapter 011 Miscellaneous Topics. 

We sincerely hope that the HCW edition will meet the aspirati()ll~ o/'Ihe rrauers. 
Suggestions for further improving the bonk would be gratefully received. 

a.p. VERMANI 

A.K. NAIWLA 
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Preface to the First Edition 

As not many hooks arc available on Experiments in Applied Chemistry, the 
studel\ts of techllied institutioIls bave mainly to depend on class HOleS or spend 
much time and labour in collecting material from various sources. This book is an 

attempt 10 fill thai void. We have endeavoured to cover a large Humber of 
experiments which arc of interest to students of chemistry in technical institutions. 
The book will also be of assistance to teachers ill planning labora tory work. 

The book has been divided into eight chapters. The first chapter de~nibes the 

preparation of solutions of reagents needed in the various tests included in the 
manual. The second chapter comprises a number of elementary experimfllL<; which 
are intended to give the students a practical knowledge of tile concepts of chemical 
equilibrium and speech ofreactiolls and the factors that govern them. The chapters 
on \Vater, Lubricating Oils, Greases and Emulsions and Coal describe the methods 

of a large number of tests that are routinely carried out OIl thest' materials. The sixth 
chapter deals with the analysis of certa ill ores and alloys followed by a chapter that 
descril)t~s the analysis of a slIlall number of industrially important materials. The 

last chapler provides solutions of exercises given a! tbe end various experiments. 
It is hoped that this chl1pter will equip Ihe students well for tbe viva-voce 
exam ilia lion. 

This book is the outcome ofmallY years of experience in conducting laboratory 

classes in Applied Chem istry. A large 1Il1IIlbCf of books haw also been consulted 
and are listed under Bihliography. The salient features o[the book are: 

(i) The theoretical principles 011 which the various Jests are based have been 
c1aborative1yexplained. 

(ii) The significance and utility of tbe variolls tests have bt'l'1I discussed ill 
deta il. 

(iii) For each method, important precautions and their 'why' have been given. 

(iv) To hel p the students probe their grasp 01 the subject, a number of exercises 
have beell induded after every method. 

This book could not have been possible withoutlhe able guidance (lnd va luable 

suggestions of Dr. R.L. Kaushik, Professor and Chairman, Departllll"nt of 
Chemistry, Regional Engineering College, Kurukshetra and Prof. R.N. Kapoor, 
Professor, Departlllent or Chemistry, Delhi University, Delhi. We also acknow­
ledge all the help and encouragelllent received from our friends and colleague~. 

Despite our best efforts, errors may have crept in. We will be thankful to our 
readers for hringing thCIl1 to Ollr lIot icc. 

Suggestions for improvement will also be received with gratitude. 

G.P. YERMANI 

A.K. NAIWL\ 
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1 

PREPARAll0N OF SOLUTIONS OF 
THE REAGENTS 

1.1 Alkali Solutions 

Ammonia solution (l: 1) : Mix equal volumes of concentrated ammonia solution 
(Sp. gr. 0.88) and hoiled-out distilled water. 

Ammonium hydroxide (5 N) : Dilute 333 IllI of concentrated ammonia solution (15 
N, 28.4%) to 1 litre with boikd-out distilled water. 

Potassium hydroxide (5 N) : Dissolve 280 g of A.R. KOH (Mol. wI. 56) pdkts in 
1 litre ofboikd-out distilled water. 

Sodium hydroxide (5 N) : Dissolve 200 g of A.R. NaOH (Mol. wI. 40) pellets in 
1 litre of boiled-out distilled water. 

1.2 ButTel' Solutions 

Ammonium chloride ammonium hydroxide [m]Jer (pH - JO) : Dissolve 68 g of 
A.R. NH4CI in some boill'd-out distilled water. Add 572 Ill) of conctlltrated 
ammonia solution and dilute to 1 litre. 

Calcillm precipitating bllffer (pH - 8) : Dissolve 6.0 g of A.R. (NH4h . C20 4 
(amlllonium oxalate) in about 100 Illi of boiled-out distilled water. Add 144 g of 
A.R. NH4C1, 13 ml of concentrated ammonia solution and dilute to I litre. 

Pllo.splll1te buD"er (pH 6.2 - 6.5): Dissolve 24 g of anhydrous disodium hydrogen 
phosphate (NazHP04), 46 g of anhydrous potassium dihydrogen phosphate 
(KHzP04) and 0.8 g of EDTA (disodium salt) in I litre of distilled water. 

1.3 Diluted Acids 

Acetic acid (5 N) : Dilute 287 1Il1 of A.R. glacial acetic acid (17.4 N, 99.5{l;(1) to 1 
litre. 

Hydrocllloric acid (5 N) : Dilute 430 Illi of concentrated A.R. hydrochloric acid 
(11.6 N, 36'71r) to Ilifrt'. 

Nitric acid (5 N): Dilute 309ml of COil centra ted A.R. nitric acid (\6.2 N, nix.) to 
1 litre. 
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Sulphuric acid (5 N) : Add slowly 139 ml of concentrated A. R. sulphuric acid (36 
N, 96%) to distilled water, cool and dilute to 1 litre. 

1.4 Indicator Solutions 

Calcon : Dissolve 0.2 g of the dyestuff [sodium-l-(2-hydroxy-l-llaphthylazo )-2-
lIaphthol-4-sulphollateJ in 50 1111 ofll1elhanol. 

DPD (N,N-Diethyl-p-phenylenediamme): Dissolve 0.15 g of DPD oxalate or 
0.15 g of DPD sulphate pentabydrale or 0.11 g of anhydrous DPD sulpbate in 
boiled-out distilled water containing 1 1111 of dilut~ sulpburic acid (1 part H2S04 + 
3 parts water) and 20 II1g EDT A. Dilute to 100 m!. 

Eriochrome Black T: Dissolve 0.2 g of the solid dyestuff ill 15 ml of triethanola­
mine and 5 ml etbanol or dissolve 0.5 g of the dyestuf( ill 100 ml rectified spirit. 

Ferric alllm : Dissolve 25 g of Fe2(S04k(NH4)zS04'24 H20 in about 100 ml of 
hot distilled wat.er. Add 101111 of A R. HN03, boil (until the reddish brown colour 
changes to yellow) to expel nitrous acid. Cool and filter. 

Fermin : Dissolve 1.485 g of o-phenanthrolille monohydrate and 0.695 g 
FeS04'7H20 in boiled .. out distilled water and dilute to 100 ml. (The indicator 
solution itself may be purchased from the market). 

Methylorange: Dissolve 50 mg of methyl orange (free acid) in distilled water and 
dilute to 100 m!. Filter, if a precipitate is formed. 

Methyl red: Dissolve 0.1 g of met by I red (free acid) in 100 ml of bot distilled water 
and cool. Filter, if necessary. 

or 

Dissolve 0.1 g ill 60 ml of distilled alchol and add 40 ml of distilled water. 

p-Naphtholbenzoin : Dissolve 1 g of the indicator powder in 100 ml of isopropyl 
alcohol. 

Phenolphthalein: Dissolve 0.5 g ofphcnolphthalein in 50 ml of ethyl alcohol and 
add 50 ml of boiled-out distilled water with constant stirring. Filter, if necessary. 

Potassium chromate: Dissolve 5.0 g of AR. potassium chromate in 100 ml of 
distilled water. 

Sodium diphenylamine sulphonate: Dissolve 0.2 g of the substance in 100 ml of 
boiled-out distilled water. 

Starch: Add a little distilled water to about 0.5 g of soluble starch (A.R.) taken ill 
a beaker. Stir with a glass and beat to make a transparent paste. Pour into it about 
1001111 of boiling distilled water with constant stirring and cool. 

1.5 Standard Solutions 

Alcoholic potassium hydroxide (N/lOO) : Dissolve about 6 g of AR. KOH (Mol. 
wt. 56, Eq. wt. 56) pellets in 1 litre of isopropyl alcohol or ethyl alcohol (distilled 
from potassium hydroxide) by boiling. Allow to stand, filter through sintered glass 
crucible and standardise with N/lO oxalic acid solution. 

Prepare N/100 solution by appropriate dilution with isopropyl alcohol or ethyl 
alcohol (the same solvent as used in the preparation of tbe solution). 
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Copper sulphate (N/10) : Dissolve 24.96 g of AR. CuS04'5HzO (Mol. wt. 249,6, 
Eq. wt. 249.6) in boiled-out distilled water and dilute to 1 litre. 

EDTA (N/SO, 1 ml EDTA III 1 mg CaC03) : Dissolve 3.7225 g of AR. disodium 
ethylenediamine tetra-acetate dihydrate (Na2HzCloHlZOgNZ'2H20, Mol. wt. 
372.25, Eq. wt. 186.125), dried at 80°C, in boiled-out distilled water and dilute to 
1 litre. 

Ethyl acetate (M/2S) : Dilute 4.0 ml of pure ethyl acetate (Mol. wt. 88.1, sp. gr. 
0.9005 g/ml at 20°C) to 100 ml with boiled-out distilled water. Measure 97.85 ml 
of the above solution and dilute to 1 litre with boiled-out distilled water. 

Ferrous ammonium sulphate (NI4) : Dissolve 49 g of A R. Fe(NH4)z(S04)z ·6HZO 
in boiled-out distilled water containing 10 ml of concentrated sulphuric acid and 
dilute to 500 ml. Standardise with N/4 potassium dichromate solution. 

Ferrous ammonium sulphate (NI100) : Prepare by appropriate dilution of the 
above solution. 

Hard water (J ml \IIi 1 mg CaC03) : Add slowly a small amount of dilute 
hydrochloric acid, throUgh a funnel, to 1 g ofanbydrous CaC03 (AR. grade) taken 
in a conical flask. Boil gently to remove CO2, Heat to dryness on a water bath. 
Dissolve in boiled-out distilled water and dilute to I litre. 

Hydrochloric acid (NI2) : Dilute 45 ml of concentrated AR. hydrochloric acid to 
1 litre with distilled water and standardise with N/2 sodium carbonate solution 
using methyl orange indicator. Make exactly N/2 by appropriate dilution. 

Hydrochloric acid (NI1O) : Dilute 9 ml of concentrated AR. hydrochloric acid to 
1 litre with distilled water and standardise with N/lO Na2C03' Make exactly NllO 
by appropriate dilution. 

Iodine solution (N/1O) : Place about 10 g of AR. KI (iodate-free) and 2-3 ml 
distilled water in a large weighing bottle fitted with a ground-glass stopper. 
Dissolve by gentle shaking and weigh accurately, after the bottle and the solution 
haw reached room temperature. Introduce quickly 3.2-3.5 g of AR. or resublimed 
iodine (weighed on a rough balance) into the weighing bottle, without splashing, 
and restopper it Shake and let stand for sometime. After the temperature has 
reached equilibrium, reweigh the bottle accurately. The difference gives the weight 
of pure iodine. Dilute t.he solution in the weighing bottle and quickly transfer it 
quantitatively to a 2,)0-mi measuring flask. Dilute upto tile mark with distilled 

T I 
.. Wx4

N 
I 

water. Stopper and keep in dark place. he prepared so utlon IS 126.9f ' w lere 

W is the weight of iodine dissol'led. Make exactly N/lO by appropriate dilution. 

Oxalic acid (N/1O) : Dissolve 6.303 g of A.R. oxalic acid dihydrate 

IC20 l12·2H20 Mol. wt. 126068, Eq. wI. 630341 in boiled-out distilled water and 

dilute to I litre. 
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Potassillm dichromate (N!4) : Dissolve 12.259 g of AR. K2Cr207 (Mol. wt. 
294.22, Eg. wI. 49.(35), dried at 100°C, in boiled-out distilled water and dilute to 
1 litre. 

Potassillm dichromate (N/10) : Prepare by appropriate dilution of the above 
solution. 

Potassium iodate (N/5) : Dissolve 10.7 g of AR.KIO] (Mol. wt .. 214.01, Eq. wt. 
53.50 for Andrews titration) in boiled-out distilled water and dilute to 1 litre. 

POUlssilim iodate (NllO) : Dissolve 3.567 g of AR. KIO] (Eq. wI. 35.67 for 
tbiosuipohate standardisation) in boiled-out distilled water and dilute to 1 litre. 

Potassium permanganate (N110) : Dissolve 3.2-3.25 g of AR. KMn04 (Mol. wI. 
158.037, Eq. wt. 31.6(7) in 1 litre of distilled water. Boil for 1 hour and cool, or 
keep overnight. Filter through a plug of purified glass wool placed ill the neck of 
a funlld or through sintered glass crucible (G-4) into a dark brown-coloured glass 
bottle. [Standardisation: 20 ml N/l0 sodium oxalate solution + 1001111 of about 
2N sulphuric acid. Warm to 50--60°C and titrate with potassiulll pennanganate 
solution. Make exactly N/lO by appropriate dilution with water that has been 
redistilled from alkaline pennanganatel 

Silver nitratc (N/20) : Dissolve 8.4945 g of AR. AgN03 (Mol. wt. 169.89, Eq. wI. 
169)N) in boiled-out distilled water and dilute to 1 litre. 

Silver nitrate (NI50) : Prepare by appropriate dilution of the above soultion with 
boiled-out distilled water. 

Sodium Carbonate (NI2) : Dissolve 13.25 g of AR. Nal C03 (Mol. wI. 106, Eq. wI. 
53), dried at 25O"C, in boiled-out distilled water and dilute to 500 ml. 

Sodium Carbonate (NI JO) : Dilute 50 1111 of tbe above solution to 250 ml with 
boiled-out distilled. 

Sodium Carbonate (N/50) : Prepare by appropriate dilution of N/2 NaZC03 with 
boiled-out distilled water (1 () Illl to 250 1lI1) 

Sodium hydroxide (NllO) : Dissolve 4--4.5 g of AR. NaOH (Mol. wI. 40, Eq. wt. 
40) pellets ill 1 litre o[boiled-out distilled water. Standardise with Nil 0 oxalic acid 
or against a known weight ofpotassiulll bydrogen phthalate (KHCgH404, Mol. wt. 
204.22 Eq. wt. 204.22) using phenolphthalein indicator. Mak," exactly N/IO by 
appropriate dilution with boiled-out distilled water. 

Sodium hydroxide (M/25) : Prepare by appropriate dilution or the above solution 
with hoiled-out distilled waler. 

Sodium hydroxide (N/50) : Prepare by approprialt' dilution of N/lO sodium 
hydroxide solution with boiled-oul distilled water 

Sodium lliiosulplia[c (N/ JO) : Dissolve 2.'1 g of AR. NaZSZ03 ·5H20 (Mol. wI. 
248.21, Eq. wI. 248.21) in boiled-oul distilled water and dilute to 1 litre. 
[Standardisation: 201111 N/I0 KIO, solution + 2 g AR. KI and shake. Add 10 Illl 
oflN HCI and titrate against li1iosulphate solutiollusing starch solution as indicator 
near the end point]. Make exactly N/lO by approprialt: dilution. 
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Sodium thiosulphate (N!40) : Prepare by appropriate dilution of the above solution 
with boiled-out distilled water. 

Sodium thiosulplwte (Nl100) : Prepare by appropriate dilution of N/lO sodium 
thiosulphate solution with boiled-out distilled water. 

Sulpliuric acid (NI2) : Add slowly with constant stirring, 14 IllI of concentrated 
A.R. sulphuric acid to a large volumc of distilled water. Cool amI dilute to 1 litre. 
Standardise with N/2 NaZCO] using mcthyl orange indicator. Make exactly N/2 
by appropriate dilution. 

Sulphuric acid (NI1O) : Dilute 3 Illl of A.R. concentrated sulphuric acid to 1 litre 
in the way as above and standardise with N/l0 NaZCO] solution. Make exactly 
N/lO by appropriate dilution. 

Sulphuric acid (N/50) : Prepare by appropriate dilution of the above solution. 

1.6 Solutions of Approximate Strength 

Adipoyl chluride ( ~ 2% vlv) : Add 2 IllI of adipoyl chloride (hexall-l, 6-dioyl 
dichloride) tl) 100 1111 of CCI 4 and mix to dissolve. 

Alcoholic potassium hydroxide (N/2) : Dissolve 28 g of A.R. KOH (Eq. wt. 56) 
pellets in 1 litre 01'95% alcohol (freshly distilled from KOH). Mix thoroughly and 
let stand undisturbed, for any carbonate to settle down. Decant the clear supernatant 
solution and use. 

Alkaline potassium iodide: Dissolve 700 g of KOH pellets and 150 g of A.R. KI 
in distilled water and dilute to 1 litre. 

Aluminium sulphate (1.5% alum) : Dissolve 15 g of A1Z(S04h'18H20 in 1 litre of 
distilled water. 

Ammonium molybdate (5%) : Dissolve 50 g of ammonium heptamolybdate 
[(NH4)6Mo7024 . 4H20] in 1 litre of warm distilled water. Cool and filter, if 
necessary. 

Ammonium oxalate (8%) : Dissolve 80 g of ammonium oxalate monohydrate 
[(NH4h C2 0 4-I-I:PI ill 1 litre of distilled water. 

Ammonium thiocyanate (10%) : Dissolve 100 g of A.R. NH4SCN in 1 litre of 
distilled water. 

Ammonillm thiocyanate (N/20) : Dissolve 3.8 g A.R. NH4SCN (Mol. wt. 76.11, 
Eq,wt. 76.11) in distilled water and dilute to 1 litre. 

Barium chloride (5%) : Dissolve 50 g of BIICI2' 2HZO in 1 litre of distilled water. 

Bismutli chloride (O.lM) : Dissolve 31.5 g of BiC)] (Mol. wI. 315.5) in the 
minimum volume of SN HCl and dilute to 1 litre. Add dropwise, with stirring, 
sufficient hydrochloric acid to remove any precipitate. 

Bromine solution (sail/rated) : Prepare a saturated sohliion by shaking 11 IllI of 
liquid bromine with 1 litre of distilled water. 

EDTA (N/50) : Dissolve 3.723 g of disodiulIl ethylene diamindetra-acetate 
dihydrate (Mol. wI. 372.25, Eq. wI. 186.125) in Olll' litre of distilled water. 
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Ferric chloride (0.1M) : Dissolve 27 g of FcCly6H20 (Mol. wI. 270.5) in 1 litre 
of distilled water containing 50 1111 of dilute HCI. 

Ferric nitrate (O.lM): Dissolve 40 gOof Fe(N03h' 9H20 (Mol. wI. 404) in 1 litre 
of distilled waler containing 50 ml of dilute nitric acid. 

Ferric sulphate (0.5%) : Dissolve 5 g of FCZ(S04)] (Mol. wt. 400) ill 1 litre of 
distilled water. 

Ferrolls sulphate (NI2): Dissolv(~ 14 g of FeS04' 7HzO (Mol. wI. 27R, Eq. wI. 27R) 
in 100 ml of distilled water containing 10 ml of dilute sulphuric acid. 

He.wmethylene dial11ine (~1 % w/v) : Add 9-10 g of commercially available 
hexamethylelle diamine to 100 ml of distilled water and shake to dissolve. 
Hydrochloric acid (DAN) : Dilute 36 ml of concentrated A.R. hydrochloric acid 
to 1 litre of distilled water. 

lodic acid (N/lO) : Dissolve 3 g of iodic acid (HI03, Mol. wt. 176, Eq. wt. 29.33) 
in 1 litre of distilled water. 

Manganous sulphate (0. 1M) : Dissolve 18.7 g of MnS04' 2H20 (Mol. wI. 187) 
in distilled water. Filter and dilute to 1 litre. 

Manganolls sulphate (48%): Dissolve 4RO g of MnS04'2H20 in distilled water. 
Filter and dilute to 1 litre. 

Mercuric cMoride (sall/rated) : Dissolve 80 g of HgCI2 in 1 litre of hot distilled 
waler. Cool to room temperature and filter. 

Millon's Reagent; Dissolve 5 g of Hg in 5 g of fuming nitric acid by shaking at 
room temperature. Dilute with 20 Ill) distilled water. Filter to remove any 
precipitate formed. 

Oxalic acid (N/lO): Dissolve 6.3 g of oxalic acid dihydrate in 1 litre of distilled 
water. 

Potassium iodide (0. 1M) : Dissolve 16.6 g of iodate-free Kl (Mol. wt. 166) in 
1 litre of boiled-out distilled water. 

Potassium iodide (J 0%) : Dissolve 100 g of iodate-free KI ill 1 litre of boiled-out 
distilled water. 

Potassium oxalate (2%) : Dissolve 20 g of potassium oxalate rK2C204" H20] in 

1 litre of distilled water. 

Potassium permanganate (N/lO) : Dissolw 3.2 g of AR. KMn04 ill 1 litre of 
distilled water. Boil for 1 hour, cool and filter through a plug of glass wool placed 
in the neck of a funnel into a dark-brawn-coloured glass bottle. 

Potassium lIitrate (0.1 M) : Dissolve 9.1 g of pure KN03 (Mol. wt. 91) in 1 litre 
of distilled water. 

Potassium thiocyanate (0.1M) : Dissolve 9.7 g of AR. KSCN (Mol. wI. 97) in 1 
litre of distilled water. 

Sa III rated mllgnesium chloride ( - 475 glf), L2 : Add chemically pUle anhydrous 
MgCl2, in small amounts at a time and with cOllstant stirring, to distilled water until 
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a residue remains lIt tbe hottOIll. Store in a closed flask as the solution is 
hygroscopic. 

Sa til rated zinc cliloride (-1575 gil), L 1 : Add chemically pure anhydr,)lIS ZnClz, 
in small amounts at a time and with constant stirring, to distilled water until a 
residue remains at the bottom. Store in a closed flask as the solution is hygroscopic. 

Sebacoyl c!Jloride (-30/1/ vi v) : Add 3 IlII of schacoyl chloride to 100 1111 of CCI 4 
and mix to dissolve. 

Silver sulphate-sulphllric acid reagent: Add 5.5 g of AgZS04 crystals to 1 kg of 
H2S04 and let stand for 1-2 days for complete dissolution. 

Sodium bisulphite (NI20) : Dissolve 2.6 g of NaHS03 (Mol. wt 104, Eq. wI. 52) 
in 1 litre of distilled water containing 50 ml of 2N HZS04. 

Sodium thiosu!p/wte (NI10) : Dissolve 24.R2 g of NaZSZ03·5H20 «Mol. wt. 
248.21, Eq. wI. 248.21) in 1 litre o l' hoi led-out distilkd water. 

Stannolls cltloride (O.1M) : Dissolve 2.26 g of SnCI2. lHZO (Mol. wt. 22-').7) in 
5-6 Illi of concentrated hydrochloric acid and dilute to 100 mJ. 

StannOlis cftloride (5%) : Dissolve 50 g of SnClz· lH20 in 100 tnl of concentrated 
hydrochloric acid and dilute to 1 litre. 

Sucrose (]OI:1) : Dissolve 1 00 g of granulated sugar ill 1 litre of distilled waier. 

1.7 Titmtion Solvents for Acid Value of Oils 

1. Mix toget11er 5001111 toluene,S ml water and 495 ml isopropyl alcohol. 

2. Mix together 500 1111 cbloroform, 5 1Il1 water and 495 1111 isopropyl alcohol. 

3. Mix together equal volumes of ethyl alcohol and benzene. 

4. Mix together equal volumes of alcohol and ether. 

5. 95% alcohol-Add about 5 g of KOH to 1 litre of rectified spirit, hoil [or 
ahout half an hour and distil. 

6. Pure distilled methyl alcohol. 

1.8 Wij's Solution (O.2N Solution orIel in Glacial Acetic Acid) 

1. Commercially available Wij's solution, which gives satisfactory results, 
may be used. 

2. Dissolve 16 g of commercially available iodine mOllochloride (ICI) in 1 litre 
of A.R. glacial acetic acid. Filler rapidly through a filter paper and store in 
amher-coloured glass-stoppered bottle in a dark place at a temperature 
below 30°C. 

3. Dissolve R g of pure JCl3 (iodine trichloride) and 9 g of resuhlimed iodine 
separately in500 IllI of A.R. glacial acetic acid {'ach. Warm on a water bath, 
if dissolution is not complete at room temperature. Add iodine solution 
gradually to ICI3 solution with constant shaking until a red-hrown colour 
appears. Add 20-30 ml more. Heat 011 a water hath for about 15 minutes, 
cool and store. 
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4. Shake to dissolve 13 g of rcsublimed iodine in 1 litre of A.R. glacial acetic 
acid. Titrate 101111 of tile solution with Nil () Na2S203 and set aSIde another 
portion (20-30 lIlI). Pass chlorine gas (dried hy bubbling through 
concentrated H2S04) into the remaining iodine solution until the volume of 
Na2S203 used against 10 IllI (lfthe solution (after addition of 20 Illl of I 0% 
K I solution) is double the volumc used before passing chlorine (Colour or 
the solution changes to orangc at this stage). Neutralise any free chlorine 
with the original iodine solution. Heat on a waltr bath, cool and store. 

Exercises 

1. What is a primary standard? Give some examples. 

2. What is thl' general procedure for preparing a solution of definite normality 
(say Nil 0) of a substance which is not a primary standard? 

3. 3.35 g of A.R. sodiulll oxalate (Eq. wI. 67) are dissolved in distilled water 
and diluted to 1 litre. 20 IllI of this solution requires 19 ml of an unknown 
potassiulll pCfmanganatc solution for complete titration. Calculate the 
volume (in III I) of the unknown solution that should be diluted to 500 1111 so 
as to get exaclly N/20 KMn04 solution. 

4. What are the advantages of using boikd-out distilled water, instead of 
ordinary distilled water, for the preparation of standard solutions'! 

5. How is sodiulll hydroxide solution frced of its carbonate content? 

6. Explain why the pennanganate solution should not be (a) filtered through 
a filler paper, (h) used in a clip-burette (with rubber tuhing and pinch-cock)? 
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CHEMI(:AL EQUILIBRIUM AND 
CHEMICAL KINETICS 

When a mixture of CO(g) and N02 (g) is heated in a closed vessel, the reddish­
brown colour of the mixtme starts fading, indicating the progress of the following 
reaction: 

(2.1) 

Colourless Reddish C'olourlcss Colourless 

brown 

However, if we take the colourless mixture of CO2 (g) and NO(g) [the products of 
reaction (2.1)] and heat, it is seen 111at the mixture slowly develops a reddish-brown 
colour due to the formation ofN02(g) as per the following reaction: 

(2.2) 

which proceeds in a direction opposite to that of reaction (2. i). This is an example 
of a reversible reaction and is represented as: 

CO(g) + N02(g) ;:------'-' CO2(g) + NO(g) (2.3) 

A chemical reaction is said to be Reversible under defined experimental conditions 
if, under these conditions, the products of the reaction can react will! one another 
to reform the original reactant or reactants. 

2.1 Chemical Equilibrium 

If the reaction mixture in the above example is heated to a constant temperature in 
a thermostatic bath, it is seen that the colour of the reactiollmixture, which changes 
in the begillning, becomes constant after some time, indicating that the composition 
of the reaction mixture is no longer changing. The reaction is said to have reached 
equil ibrium. 

Chemical equilibrium, at a given temperature, is characterised by constancy 
of macroscopic properties - observable properties such as colour, pressure, 
concentration, density, etc. - in a closed system (a system containing a constant 
amount of matter) at a unifonn temperature. Microscopic processes (changes at the 
molecular level), however, continue but in a balance that yields no macroscopic 
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changes. Thus, both forward and backward reactions are proceeding simul­
taneously but at equal rates so that no change is observed. 

Any factor that affects tb(~ rate of anyone of the reactions involved in 
equilibrium will affect the conditions at equilibrium. Concentration, temperature 
and pressure are such factors. The effect of changes in any olle of these factors on 
the equilibrium cOllcentrations can be qualitatively predicted by applying tbe 
generalisation known as Le Chatdier's Principle-If a system at equilibrium is 
subjected to a change, the equilibrium shifts in a direction that tends to counteract 
partially the imposed change. The exact quantitative relationship between the 
concentrations of the reactants alld the products at equilibrium is given by the Law 
of Chemical Equilibrium according to which the ratio of the product of the 
equilibrium concentrations of the substances formed 10 the product of the 
equilibrium concentrations of the reacting substances is constant at constant 
temperature. Thus, if[A] and l B I represent the molar cOllcentrations oftilc reactants 
A and B, whik Ic] and [D] be thc molar concentrations or the products C and D 
al equilibrium for the hypothetical reaction: 

A + B :;::---"" C + D, tben 

rl> the rale of forward reaction = kl fA 1 [B], and 

rz, the rale of backward reaction := k2 [C] [DJ 

where kl and k2 arc constants. 

At equilibrium 

or "' k2 [C] [D] 

or (2.4) 

Kc is known as the l'ollc<:Jllration equilibrium cOllstant and is constant at constant 
temperature. If its Bll':,cricai value is determined by measurillg the concentration 
of all the speu(c-; a particular equilibrium solution, it can be used in the 
calculations for other equilibrium state bt~tweell tbe same spccies at that same 
temperature. 

2.1.1 To the <:{feet (~laddition of solutions 
or KNo:, to the equilibrium system obtained 
of Fe( N03 hand KS'CN 

Reagents Required 

Ferric nitrate solution (rUM) 

(2) Potassium thiocyanate solution (eU M) 

StanIlous chloride solution (fUM) 

(4) Potassium nitfa te solution (O.1M) 

(NO?h, K')CN, SnCl2 
mixing aqueous solutions 
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Theory 

When aqueous solutions of Fe(N03h and KSCN arc: mixed, the following three 
equilibria exist simultaneously: 

KSCN ~,,===' K+ + SCN-

(Pale yellow) (Colourless) (Reddish brown colour) 

The equilibrium constant Kc for reaction (2.7) is given by 

IFeSCN2+] 

[SCW j 

(2.5) 

(2.6) 

(2.7) 

(2.8) 

and remains constant at cOllstant temperature, irrespective of tbe source of Fe3+, 
,)+ 

SCN - and FeSCN- ions. Addition of allY substance that will tend to change the 
concentration of anyone of these iOlls will disturh (shift) the equilibrium in a 
particular way so tbat Kc may remain constant. 

(a) Addition of Fe(N03h will increase the cOllcentration of Fe3 + ions and in 
accordance with equation (2.8), in order to keep Kc constant, the concentration of 
FeSCN2+ should automatically increase which will be evidenced by a deepening 
of the red colour. 

(b) Add ilion of KSCN will increase the concentra lion of SCN- and, in order tha t 
Kc may remain constant, IIlOTe of FeSCN2+ will be formed wbich means that red 
colour will again deepen. 

Addition of SnC12 will reduce Fe3
+ ion to 

2Fe3
-!- + Sn2+ '" 2Fe2+ + Sn4+ (2.9) 

3 ? 
The consequent decrease in Ihe concentration of Fe + will cause FeSCN-+ 10 

dissociate so that Kc remains constant. Dissociation of FeSCN2+ will result in 
fading away oUhe reddish-brown colour. 
(d) Additioll of KN03 will considerably increase the concentrations of K+ and 

NO) ions, thus simultaneously depressing the dissociation of Fe(N03h and 

KSCN r reactions (2.5) and (2.6)1 due 10 common iOIl effect. The resultant decfease 
in the concentrations of fe3

+ and SCN- will make FeSCN2+ dissociate and the 
intensity of the colour will therefore decrease. 

Procedure 

To about 40 wi of distilled water taken in a beaker, add 4 drops of Fe(N03h 
solution. Add KSCN solution dropwise with shaking until the solution acquires a 

light reddish-brown colour. Mix well and pour equal volumes oUlle solution into 

5 clean test tubes. Mark tbe tubes as A, C, D and E and set aside tube A for 

colour comparisoll. Add 10 drops of the solution of Fe(NO,h to tube KSCN 10 
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lube C, SnCI2 (0 tube D aud KN03 to tube E. Atter minutes, compare the 
colours of solutions in tubes B, C, D and E with that of the solution in tube A, and 

record the observed changes ill the intensity of th{~ colour. 

Observations 

Tube Initial colour 

A Reddish 
brown 

B -do-

C -do-

D -do-

E -do-

Precautions 

Solution added 
(10 drops) 

Fe(N03h 

KSCN 

Colour intensity 

No change 

Increases 

-do-

Decreases 

-do-

(i) Before pouring the reddish-brown solution into the test lubes, it should be well 
mixed so as to get a uniform concentration throughout. ' 
(1i) As far as possible, tbe temperature should be kept constant (a thermostat may 
be used). 

2.1.2 To study the effect of addition of H20 and Hel on the equilibrium 
represented by 

and to show that the observations are in accord with Le Clwtelier 's Principle 

ReI/gents Required 

(1) Bismuth chloride solution (O.IM) 

(2) ConcentJaled HCI 

Theory 

The equilibrium constant Kc for tbe reaction 

is given by 

Kc 

while precipitale 

IBiOCI] IHClP 
[BiCI31lH20] 

(2.10) 

(2.11 ) 
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Addition ofwatcrwill illl'rCa"C the denominator inlhc above expression. Therefore, 
in order to krep Kc constant, the lIumerator should also increase, i.e., the reactiou 
(2.10) will proceed in the forward direction with the formatioll of more of BiOCI 
which will be indicated hy an increase ill the amount ofwhilc precipita Ie. Additioll 
of a large exct'ss of water will, in fact lead to complete hydrolysis or SiCI, 
Howevrr, addition ofHCI will increase the numerator in tbe expression (2.11). In 
order that Kc may remaill constant, BiOCI will dissolve in HCI {o increase 
concentration of BiC)3 and water. In prc:-.cnce of a large excess ofHCI, the reaction 
will go (0 completion in the backward direction, i,e., the whole or the precipitate 
of BiOCI will disappear. 

Procedure 

To about 5 Illl of BiCI3 solutioll takell ill a lOO-ml beaker, add distilled waler dmp 
by drop, stirring throughout with a glass rod, until a while precipilate is ohserved. 
Continue the addition of water ulllil illl illcrcilse ill the allloullI of white prceipilait' 
is no longer observed. Now add dropwise cOllcentrated HCI, again stirring with a 
glass rod. Record the changes observcd alld cOlltinue the addition of HCI unt iJ tin­
precipitate is completely dissolved. Again add waler to observe the reversal of the 
changes. 

O/;serl'lIlions 

(1) With the additioll of more and more water, the amount of white precipitatl' 
got's on increasing. 

(2) With the addition of more and more of conCl'lltratcd HCI, 11K amount of 
white precipitate got's 011 decreasing. 

Accord l1'ill! Le Chatelier 's Principle 

By adding water, we tend to increase the concentration of olle of the reactants. To 
reduce the effect of this change, the equilibrium ~hirts in the forward direction a~ 
ev idcnced by increase in the amount of precipitate, Similarl y, addition or 
concelltrated HCI lends 10 increase the concentration of Olle of the products, A 

portion of this HCI is utilised in dissolving BiOel, thus partially countnacting the 

imposed change. 

Exercises 

7. (a) Write down the expressions for Kc and Kp for general reaction: 

aA + bB + ----'>" IL 
~---- + mM + - - - (2.12) 

(b) How are Kc and Kp related? 

K What specifically is 'equal' ill a cbemical reacliou that has attained a siale 
of equilibrium? 

9. What is a steady state? With the help of an example, explain how it is 

different from chemical equilibrium. 

10. (a) Using Le Chatelier's Principle, predict the rtled of changing 
temperature on the l'qllilihrium Ihe rc;wtioll: 
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NZ0 4(g) ;::.:, ===\. 2NOz(g), AH = + 14.1 K cal (2.13) 

(b) What experiment would you perform to prove the ilbove predictions? 

11. What is the technological importance of Le Chatelier's Principle and Law 
of Chemical Equilibrium? Illustrate your answer by applying Le 
Chatelier's Principle to the following equilibrium: 

(2.14) 

12. Giving examples, describe some \vays in which equilibria can be shifted to 
bring about essentially complete reactions. 

13. Explain why CuZ
+ and Zn2+ cannot be completely removed from industrial 

wastes by precipitation with NH40H? 

14. What is meant by an irreversible reaction? Give some examples. 

2.2 Rate of a Reaction 

Reactions proceed at diffeft~nt rates. The rate of a reaction refers to the amount of 
a reactant consumed or a product formed in a reaction ill a definite unit of time. 
The quantity consumed or produced is expressed in concentration units 
(gram-moles per litre) iUhe substance is in solution, or in partial pressure units if 
the substance is a gas. The time may be expressed in microseconds for very rapid 
reactions such as cxplosion of household gas and oxygen; in seconds or minutes 
for reactions proceeding at moderate rates at room temperature such as 
decomposition of H20z or oxidation of oxalic acid by permallganate; in days or 
montlls for slow reactions and in years for very slow reactions such as half-life 
period of 46 Ra

226 (1590 years). 

22.1 Factors affecting the rate of a reaction 

The rale of a reaction depends on a large number of factors such as 

(a) Concentration of the reactants. 

(b) Temperature of the syslcm. 

(c) Nature of the reactants and the products. 

(d) Prescncc of ~ catalyst. 

(e) Surface area of the reactants, and 

(I) Exposure to radiation. 

By a knowledge of how various factors inllut'llce the rate of a reaction, it 
become" p()~sible to hring the reaction under control, i.e., the speed of a reaction 
can be regulated to gain the desired effect. The economic viability of the process 
can therefore be ascertained. 

(/I) 0/ Cotl(cntratiol1 

Thi~ tfleet is best slIlllmarised in terms of the Law of Mass Action which states 
that "the rate at which a substance reacts is proportional to its 'active lllass' and the 
rate of a chemical rCilction is proportionailo the product of the 'active masses' of 
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the reacting substances". The active mass of solids is taken as unity and that of 
gases and solutions as the number of gram-moles present per litre. 

A reaction between reacting molecules or ions can take place only when tbey 
come sufficiently dose together. The rate of reaction will tbus depend 011 the 
frequency with which the reacting particles collide (Collision Theory). The 
increase in concentration of Olle or more reactants by admitting their additional 
amounts (or by increasing the pressure in case of gaseous reactants) will increase 
the frequency of collision and is therefore expected to increase the rate of the 
reaction. 

(b) Effect of Temperature 

Rise in temperature causes only a slight increase ill the frequency of molecular 
collisions (which are proportional to v'T) but experimental measurements indi­
cate a manifold rise in the rate of reaction - A 1 QOC rise at room temperature 
causeS about 1.5% increase in tolal IHIIllber of binary collisions of HI molecules 
but the same change in temperature almost doubles the rate of dissociation. 

Explanation: In a methal1e-oxygen mixture under ordinary conditions, although II 

methane molecule collides with an oxygen molecule a billion limes in one second, 

there is no noticeable rtcaction. It has been postulated that a collision will result min 

a reaction only if the colliding partid('s possess an ell('rgy equal to 01 h igh(,f than 

a certain minimum (different for different reactions) known as tIlt' Tllft'silold 

Energy. At room temperature, tbe number of sucb particles may COJlslitutc only a 
negligible fraction of the totallHlll1ber and thus the reaction may not be noticeable 
at all. However, even wilh a small rise in temperature, tbe number of particles 

having energy equal to or in excess of Thresbold Energy increases appreciably, 

resulting in a larg(' increase in the number of succe.ss[u! collisions. 

(c) Nature of Reactants bas a considerable iniluence on the rate of reaction. 
Under identical experimental conditions, reactions that involve considerable bond 
rearrangement (breaking of old bonds in the reactantll10lecules and formation of 
new ones in the product molecules) are expected to be slow while those that do not 
involve much bond rearrangement are expected to be fast. 

Thus oxidation of NO by 02 which involves breaking of two bonds in nitric 
oxide and formation of four bonds in nitrogen peroxide is much I~'lster at room 
temperature than oxidation of methane with 0z, which involves breaking of four 
bonds in methane and formation of six new bonds (2 ill CO2 and 4 in 2HzO). 

2 NO + 02 • 2 NOz (2.15) 

CRt + 202 • CO2 + 2H20 (2.16) 

(d) Effect of Presence of a Catalyst 

The additional energy that the reactant molecules having energy less than 
Thrt'.shold Energy musl acquire so that their collision resulls in the formation of 
the products is known as Activation Energy. 

Activation Energy == Threshold Energy -Average Energy possessed 
by the molecules 



16 Applied Chemistry 

Addition of a catalyst provides a new reaction path with a lower energy barrier 
(Activation Energy). Since the energy barrier is reduced, a larger number of the 
molecules of the reactants can get over it (i.e., have energy equal to or higber than 
Threshold Energy) and consequcntly the rate of the reaction increases. 

(e) Surface Area a/Reactants has a bearing on the rate of a reaction taking place 

in a heterogeneous system (reactioIl betwcen two solids, a solid alld a liquid, two 

immiscible liquids, etc.) since reaction can1ake place only at the surface at which 
the reactants are in contact. Surface area for a givclIllIass of a substance increases 

with decrease in particle size. Smaller particles, thereforc, react more rapidly than 

larger particles. Thus, in air, coal dust burns much more rapidly than a large lump 
of coal, 

2.2.2 To study the effect of COfl(;elltration and temperature on the rate of 
reaction between jodie acid and sodium hisulphite 

Reagents Required 

1. Todie acid solution (N/lO). 

2. Sodium bisulphite solution (N/20). 

3. pre pllr(:d starch solution. 

Thear; 

Tbe rniriiOl: b.:!wt·clI iodie acid and bisulphite, which is carried out ill prescHce of 
a small a mOll III of freshly prepared starch solution to act as indicator, essentially 
consists of the following consecutive steps: 

slow 
3HS03 + HI03 --~ 3HS04 + HI (2.17) 

fast 
(2.18) 

The iodine liberated in step (2.18) readily reacts with any unconsumed bisulphite 
present 

fast 
HS03 + £2 + H20 -----.. HS04 + 2HI (2.19) 

and so 110 blue colour is obst'rved. However, when step (2.17) has gone to 
completion, step (2.18) takes pla('c almost instantaneously producing iodine which 
is evidenced by tbe appearance of characteristic blue-black colour. The sudden 
colour change thus indicates complete oxidation of bisulphite. The time elapsed, 
which is measured using a stop watch, between the mixing of the [)olutions of 
bisulphite and iodie acid and the sudden appearance of the blue-black colour is a 
measure of the rate of reactioIl. 
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Procedure 

1. Take three 2S0-ml conical nash and mark them as A, Band C. 

2. With a measuring cylinder, pour 170 ml dbtilkd waler into flasks A and e 
and 160 ml distilled water into flask R 

3. Add with a pipet 20 ml of bisulphi!t' solution io all the flask:., 

4. Add 1 ml of fresilly pH'pared starch solu(ion in all the flasks. 

5. With a pipel, add 10 1111 of iodie acid solution 10 tlask A, 
stop-watch simultaneously. Mix and allow to stand at room temperature. 
Record the time when a blue-black colour appears. 

6. Repeat the process with tlask B, but adding 20 1111 of iodie acid. 

7. Add 101111 of iodic acid to Bask C, mix and the tlask in a hot waler 
bath and note the time for the development of hlue colour. 

Observations 

Flask Vol. of VoJ. of VoJ. or T em pera ture 
H20(ml) Bisulphite(ml) HI03(ml) 

A 170 20 10 kmp. 

B 160 20 20 room ((,mp. 

e 170 20 10 hot water balh 

Discllssion of Results 

Time in 
Seconds 

1. BIue colour appears in flask B quicker than ill flask A (12 < t 1) because tbe 
reaction proceeds at a faster rate due to higher concentration of iodie acid 
in flask B. 

2. Appearance of blue colour in flask C is quicker than in t1ask A (t3 < t]) 
becaus(c the reaction is carried out at higher kmperalurc whicb increases 
the rate of reaction. 

2.2.3 To study the effect of nature of reactants un the rate (~r reaction 

Reagents Required 

1. Oxalic acid solution (N/lO) 

2. Ferrous sulphate solution (N/lO) 

3. Potassium permanganate solution (N/lO) 

4. Dilute H2S04 

Theory 

KMn04, in acidic medium, oxidises both ferrous ion and oxalate ion as pcr the 
following reactions: 
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----~ Fe
3

+ + e 1 x S 

Mu04 + 8H+ + Se ._-_. Mn2+ + 4H20 

CzO~- ----".'" 2COz + 2e 1 x S 

Applied Chemistry 

(2.20) 

Mn04 + 8H+ + Se • Mn2+ + 4H20] x 2 

(2.21) 

As the pennallgallate ion is common to the (wo reactions, any difference in their 
rales will evidently bc due (0 the difference ill the spl~cific characteristics of ferrous 
ion and oxalate ion. Thc rates of tile (WO feactions arc compared by noting the times 
required for decolourisatioll of equal amOl!nts of adfied pennanganate solution by 
equivalent amollnts of ferrous ion and oxalate ion solutioHs at room temperature. 

Procedure 

(1) Take two test tubl~s and mark them A ami B. 

(2) Transfer with a graduated pipet 1 IllI of oxalic acid solution to tube A and 
1 IllI of ferrous sulphate solution to tube B. 

(3) To 20 ml of distilled wat.er taken in a beaker, add 5 ml of dilute H2S04 and 
1 drop of KMn04 solutioll and mix well. 

(4) Add 1 ml of the above diluted solution to each of the two test tubes A and 
B. 

(5) Allow to stand at room temperature and Hote the time needed for the purple 
colour of pennanganate to disappear ill the lubes A and B and record ill the 
tahle. 

Observations 

Tube 

A 

B 

Oxalic: acid 
solution 

taken 

1 ml 

Results and Discllssion 

Ferrous 
sulphate 

solution taken 

1 ml 

KMn04 Decolourisatioll 
solutioll lim e 
added in seconds 

1 ml II := 

1 ml t2 = 

The observations show ll1at the colour of KMn04 disappears much faskr in the 
tube containing ferrous sulphate than in (he tube containing oxalic acid (t2 < t d. 
This is as expected since ferrous is a simple ion whereas oxalate is a polyatomlc 
ion containing many covalent bonds thai have to be broken. 



Chemical Equilibrium and Chemical Kinetics 19 

2.2.4 To study the catalysingeffect ojMn2+ ions on the rate ojreaction between 
oxalate and permanganate ions in acid medium 

Reagents Required 

1. Oxalic acid solution (N/lO) 

2. Manganous sulphate solution (O.lM) 

3. Potassium permangallatc solution (N/lO) 

4. Diluk H2S04 

Theory 
Oxa]att~ decolourises pcrmanganale in acid medium (reaction 2.21). The time 
required is a measure of the rate of reactioll. The effect of the presence of Mn2 + 
ions on the rate of reaction is seen by comparing the limes needed for 

decolourisation ill the absence and in the presence ofMn2+ ions. Other factors like 
the cOllcentratioll of oxalate, pennanganate and acid, and the temperature are kept 
constant. 

Procedure 
(1) Take two dean test tubes and mark tbem A and B. 

(2) Pour with a bradualed pipet 1 ml of oxalic acid solulion into each of the two 
tubes. 

(3) Add 1 ml of manganous sulphate solution to tube B. 

(4) Pour 1 ml of ve{y dilute solution of acidified KMn04 (as prepared ill the 
previous experiment) into each of the tubes. 

(5) Shake the contents oft.he two tubes and allow 10 stand at room temperature. 

(6) Record the time needed for purple colour of KMn04 to disappt'ar in the two 
tubes. 

Observations 

Tube 

A 

B 

Oxalic acid 

1 ml 

1 ml 

Results and Discussion 

1 ml 

1 ml l ml 

Time for 
decolourisation 

(seconds) 

Observations indicate that tz is less than fl' Manganese(I1) ions present ill tube B 
catalyze the reactioll between oxalate and permilnganate ions (reaction 2.21) and 
so decolourisation of KMn04 takes place at a faster rate in tube B. 

2.2.5 To study the effect of surface area on the rate (~r a reaction 

Reagents Required 
1. Potassium thiocyanate solution (CUM) 

2. Ferric chloride solution (0.1 M) 
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3. Dilute HCI 

4. Steel wool 

5. lron Ilil iJ 

Theory 

Addition of FeCI3 solution 10 the ilcidified solution 01 KCNS 
reddish-hrown colour: 

__ :c. Fe(SCN)"l+ 
'" 

The iron added reacts with HCI to produce nascent hydwgcn which 

+ 2H 

reduces ferric 10 ferrous: 

rc3+ + H 

This decrease in the connenlcalion ofFe3i iOIl~ shillS the equilibrium (reactioll 
10 left thus reducing lilt' intensity of the colour. 

Procedure 

Take 10-15 lilt of diiute tIC! in a beaker. Add 1 ml of KSCN solution and Ii dwp 

of FeCI3- A rtd cololll' appears. Add equal volumes of this solution 1.0 three clC~1l 

/cst tubes. Mark them Band C and set aside lube A for colour comparison. 

a small wad of sled wool to the lUbe Band illl iroll nail to tube C. Sel a:,idc 

tuhes and obsclVc their colour during the Hext 10 minutes. 

Observations 

Tuhe Initial colour 

A Reddish-brown 

-uo-
c -do-

Reslllts lind Discussion 

Physical stale 
of iron added 

Steel wool 

Iron nail 

Colour after 10 minutes 

No cbange in colour 
inlrnsily 

Least intense colour 

Less intense than A btu 
mOH' inteIlse than B 

The reddish-brown colour fades faster ill tube B (to which steel wool bas been 
added) than in tube C (to which iron nail is added). Because of tbe much larger 
surface area of steel wool than that of iron nail, rate of liberation of nascent 
hydrogen ill tube B is higher which leads to faster rate of reduction of ferric ions 
ilnd hence faster fading of the colour. 

Preel/Illions 

(1) The ,,,,'eights of sted wool and iron nail should, as far ;IS possible, be lhe 
SilllK, 
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Exercises 

15. In experiment 2.2.2, why is 10 mlless wakr taken in tlask B than in flasks 
A&C? 

In the above experiment, what drect. would you expect on Ihe reilcliol1 lime 
if more Willer is added to the reaction mixture at room temperature'! 

17. What is meant by the rale-detennining ;,lep'? Point out the rate-delermining 
step in the reaction hetween HIO] and NaHS03 (Experiment 2.2.2). 

18. What is meant by il dock reaction? 

19. Explain why fhne is a danger orexplo~ioll in a saw mill. 

20. Predict the obslrvatiollS when a few 0) crystals of KI and an equal 
amount of HgClz cryst;lIs are placed in a Illortar <lnd 

(i) Mixed with a glass rod. 

(ii) Ground with a pestle. 

(iii) About 10 ml distilled wilter is added to the above mixture, and 

(iv) A concentrated solution of KI is then added while stirring wit.b a glass 
rod. 

21. Give some examples of reactions that arc ciltalysed by radiation. 

22. Why does the rate of a reaction fall with time? 

23. Why is the speed of a reactioll important? 

2.3 Velocity Constant and Order of a ReacUon 

Consider the hypothetical reactioll 

A -~- Products 

The rate of this reaction at a particular temperature is given by the exp:tssioll 
r = k fA j, called the rate equation, where IA 1 represents the molar concenlration of 
the only reactant A and k is a constant characteristic of the reaction, and is knowil 
as the Rate Constant or the V docity Cons!anl of the reaction at the given 
temperature. If IAI = 1, r = k. Thus, at a given temperature, tbe rate constant or 
velocity constant of a reaction involving a single reactant is equal 10 tbe rate of tbe 
reaction when the molar concentration of the reactant is unity. It is also called the 
Specific Reaction Rate and when multiplied by the concentration of the reactant at 
any instant gives the rate of the reaction at that instant. For a reaction involving 
more than one reactant, Ihe Rate COllstanl is equal to the rale of the reaction when 
the concentration of each of the reactants is unity. 

Order of if ReactIOn is equal to tht' sum of the powers of the concentration terms 
of the experimentally detennined rate equation of a reactioll. Thus a reactioll is said 
to be of First Order if its experimentally determined rate can be represented by an 
expression of the type r = k CA and of Second Order if the rate can be expre~sed as 

or 
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where CA and CB represent the molar concentrations of the reacL1nts A and B, and 
so on. 

2.3.1 Kinetics of a First Order reaction 

Let the initial concentration of the reactant A for the reaction 

A • Products 

be 'a' gram-moles/litre, out of which 'x' gralll-ll1oks!litre is converted into 
products in 't' seconds. Thus after 't' st~conds from the start, the concentration of 
the reactant will be (ll -x) gra m-moles!litre and the rate of the reaction at this instant 

will be given by ~ = k (11 -x). Integrating this equation between the time limits 

t = 0 and t = t, and using the fact that when t = 0, x 0, we get 

f II 2.303 a k = - In -- = -- log ---
I a-x t il X 

(2.25) 

If x\ and x2 be respectively the Humber of gram-moles/litre of the reactant changed 
into the producl.~ up to times II and I? from the start, thcn the above equation takes 
the form 

(2.26) 

2.3.2 To determille the rate constallt (~l hydro(vsis (~f methyl acetate by dilute 
Hel and to show that it is a First Order reaction 

Reagents Reqllired 

1. Hydrochloric acid (O.4N) 

2. Sodium hydroxide solution (N/IO) 

3. Pure methyl acetate 

4. Phenolphthalein indicator 

Theory 

The hydroly~is ofmcthyl acetate in presence of an acid may be represented as 

(2.27) 

Hel merely acts as a catalyst and so its concentration, which remains constant 
throughout, willllot affect the order of the reaction. Also, since water is present ill 
large excess, its active mass (molar concentration) remains practically unchanged 
during the reaction. The rate of hydrolysis is therefore determined only by the 
concentration of methyl acetate: 

r = 

or 

dr 
dl 

k 

k (11 - x) 

2.303 I {/ -- og---
t 1/ - X 

(2.2') 
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2.303 a - xl 
--Iog-­
t2 - tl a - x2 

23 

(2.26) 

where XI and x2 arc the gram-moles/litre of methyl acetate hydrolysed at times tl 
and t2 respectively from the beginning. 

As aceti,' acid is produced on hydrolysis, the progress of the rt:action is 
followed by withdrawing definite volumes of the reaction mixture at suitable time 
intervals and titrating against a standard alkali solution. The increase in the volume 
of alkali used is a measure of methyl acetate hydrolysed. If VII' V

l2 
and V 00 

respectively be the volumes of standard alkali used against the same definite 
volume of the reaction mixture. at times I\> 12 and 100 (the time required for the 

reaction to be completed), then 
VI Ct amount of HCl present originally + amount of acetic acid formed or 

I 

methylacetate hydrolysed at time tl (Xl), 

and V 00 Ct amount ofHCI present originally + amount ofCH3COOH formed at the 

end of reaction or initial concentration of methylacetate(a). 

Therefore, V", - VI n (a -Xl), i.e., the concentration of ullhydrolysed 
I 

CH3COOCH3 at time 11' 

Similarly, Voo - V/
2 

n(a-xl), i,e. the concentration of unbydrolysed 

CH3COOCH3 at time 12' 

Therefore, equation (2.26) can he written as 

k -_ 2.303 I -- og-;;-;--~ 
tz /1 . 

V. 
'1 (2.2g) 

Procedure 

(1) Take ahout 100 IllI of the HCI solution in a dean conical flask and suspend 
it in a thermostat maintained at 25° C. Take about 15 ml of pure 
methylacelate ill a dean dry luhe, cork it and suspend in the same 
thermostat. 

(2) Take g conical flasks, each of 100-1111 ell pacity; pour about 25 m I of distilled 
water into each and keep them immersed in an in~-waltr bath. 

(3) Wash a burette and rinse and fill it with NaOH solution. 

(4) When the two liquids (methyl acetate and HCl) have attained the 
temperature of the bath, pipet out 10 Illl of methyl acetate and pour it min 
the acid contained in tbe Bask. 

(5) Mix by shaking and pipet out 5 IllI of the reaction mixture inlo one of the 
tlasks containing 25 1111 of ice-cold water, starting a slop watch when the 
pipet has been half discbarged. Add 1 drop of phenolphthalein indicator 10 

tbis solution and titrate quickly with NaOH solution until a pink colour 
appears. Record tbe titre value as VI' Time for this value is zero. 
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(6) Similarly, withdraw 5-1111 portions of tile reaction mixture at times 5,10,20, 
30, 50 aml 80 millutes and pour into flasks containing 25 ml of icc-cold 
water and titrate quickly against the same alkali solution. 

For finding V"p, transfer about 20 mJ of the reaction mixture to clean dry 

tlask, stopper it tightly and keep immersed in a water bath maintained al 
5(t C for 80-90 minutes so as to complete the hydrolysis. Cool to room 
tcmperature. Pipet out 5 IllI of the solution to a t1ask containing 25 IllI of 
ice-cold water and titrate as bcfor(>. 

Precautions 

(1) As the rate of reaction is very scnsitive 10 temperature changes, the 
temperature of the bath should he maintained constant within ± O.y C 
throughout the course of the experiment. 

(2) For every titration, the time should be recorded when the pipet has becn hall 
discharged into the tlask. 

(3) The titration should be made as quickly as possible-for this the bulk of the 
expected volume or alkali should be run in quickly and tben there sbould 
he dropwisc addition 10 the first appearance of pink coiclllr that persists for 
at least 10 seconds. 

Observations and Ca/cli/ations 

Tcmperature of the hath = t °C 

Time in Titre Value Concentration of 
log (V 00 - VI) k 

2.303 
min VI unhydrolysed 

----log. 
12 t 1 

{ IllJ CH3COOCH3 at V % 

time t (V", - V) 

to = V 
10 

V<x, V 
10 

11 = VI V", VI 
I 1 

12 VI} VC() V 
11 

t3 = VI VX. VI 
.l 1 

14 VI, Voo VI, 

ts ;;;: VI V", VI 
S 5 

16 V Vex, VI I" (, 

t", ;;;: yO) 
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Results and Discussiol1 

(1) Since the values of k, as calculated hy substituting the various values of 

Voo - Vt for the corr('~ponding t values in the kinetic equation for the first order, 

i.e., 

v - \f 
k = 

2.303 I 00 I[ 
-- og -=-:---=-0-

12 -II V'x> - Vtz 

remain almost constant, tbe hydrolysis of methyl acetate catalyscd by acid is a first 
ordt'r reaction. 

(2) The average of the various values of k is the velocity constant of the 
reaction at the temperature of the experiment. 

Graphical Met/rod 

The rate equation for the first order reaction 

t = 2.303 I) a -k-,-tg
a

_
x 

2.303 I 2.303 k- og (/ - -k log (a -x) 

t t 2.303 I (a _ v) cons an - -k- og -, (2.29) 

indicates that II plot of t against log (a - x) or log (V 00 - Vt ) will be a straight line 

2.303 
whose slope is given by - k 

Thus 
2.303 

tan 0 = 
OA 

---- --
k OB 

k 2.303 
OB 

x 
OA 

or 
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2.3.3 To compare the strengths of Hel and H §O 4 by studying their catalysing 
action on hydrolysis of methyl acetate 

Reagents Required 

1. Standard hydrochloric acid (N/2) 

2. Standard sulphuric acid (N/2) 

3. Sodium hydroxide solution (N/lO) 

4. Pure methyl acetate 

5. Phenolphthalein indicator 

Theory 

The hydrolysis of methyl acetate is catalysed by an acid (reaction 2.27) and the rate 
of hydrolysis is found to be approximately proportional to the concentration or 
more correctly activity ofH+ ions. Therefore, the velocity constants of the reaction 
in presence of equal concentrations (equinonnal solutions) of two acids will be 
proportional to their degrees of dissociation or their strengths: 

. _ Strength of Hel al kl 
Relative strengths - Strength of H

2
S0

4 
= a2 = k2 (2.30) 

where (11 and (;(2 are the degrees of dissociation of He} and H2S04 and kl and k2 

are the velocity constants of the hydrolysis of methyl acetate in presence of their 
equinormal solutions. 

Procedure 

(1) Detennine the velocity constant k} of the hydrolysis of methyl acetate by 
taking exactly 100 ml of N/2 HCI (standard) at a definite temperature 
maintained by means of a thermostat, as described in the earlier experiment. 

(2) In the same way, detennine the velocity constant k2 by taking exactly 100 
ml of N/2 H2S04 (standard) and the same exact amount of methyl acetate, 
and carrying out the reaction at the same temperature as above. 

(3) The ratio kl/k2 gives the relative strength of HCI and H2S04, 

Precautions 

1. The conical flasks in which Hel and H2S04 are taken should be dean and 
dry. 

2. The two acid solutions must be exactly equinormal. 

3. The temperature should be maintained constant throughout the course of 
the two determinations. 

2.3.4 To determine the temperature coefficient of hydmlvsis of methyl acetate 
by acid anti to calculate the energy of activation of the reaction 

Reagents Required 

1. Hydrochloric acid (N/2) 

2. Sodium hydroxide solution (N/lO) 
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3. PUTe methyl acetate 

4. Pbenolphtbalein indicator solution 

11u!ory 

As discussed earlier (p.15), a rise in tempera lure markedl y increases the rate of a 
reaction. The fatio of the velocity cofistants of a reaction at two temperatures 
differing hy 10° C is known as temperature coefficient of the reaction. The 
temperatures usually selected are 25° C and 35° C and the value of the temperature 
coefficient for a majority of the reactions varies from 2 to 3. 

Velocity constant at 35° C 
Temperature coefficient '" 

Velocity constant at 25° C 

k35 
- = 2 to 3 (2.31) 
k25 

The temperature coefficient usually decreases wilh rise in temperature. The 
variation of velocity constant with temperature is best expressed by the following 
empirical equation proposed by Arrhenius: 

k = A exp (-Ea IRT) (2.32) 

where A = a constant; Ea == Energy of activation; R = Gas constant and 
T == Absolute temperature 

Taking logarithms 

Ea 
In k =: -=+ InA 

RT (constant) 

If kl and k2 be the velocity constants of the reaction at temperatures Tl ° K 
T2• K, rt~spectively, then assuming Ell to be independent of temperature, 

In k2 - In kj = - - - - ~ Ea [1 1 ] 
R T2 Tl 

or In k2 == Ea [1 __ l] 
kl R Tl T2 

and 

or k2 Ell ( 1 1 ] 
log kl == 2.303 R r; - T2 (2.33) 

Thus, by measuring velocity constants kl and k2 of the hydrolysis of mclhyl 

acet.ate at two different temperatures Tl and T2> and substituting the values in the 
above equation, Ell' the Energy of Activation (or the reaction can be cakulate.d. 

Procedure 

(1) Determine the velocity constant kZ5 of Ihe hydrolysis of methyl acetate 
catalysed by HCl, al a temperature of 25°C (298"K) maintained by a 
thermostat, as described in experiment 2.3.2. 
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(2) 

(3) 

(4) 

Applied Chemistry 

Determine the velocity constant k3S for the hydrolysis of methyl acetate, by 
taking exactly the same amounts ofHCI and methyl acetate as ill (1) above, 
at a temperature of 35"C (308e K) maintained with the belp of a thermostat. 

k35 
Calculate the ratio - and report as temperature coefficient of the 

k25 

bydrolysis of methyl acetate catalysed by acid. 

Substitute the values of k35, kzs, T: (298° K), T2 (308° K) and R :::: 2 

cal/degrec/mok or 8.314 jouleslKlmolc in the expression 

k35 Ea [ 1 1 ] 
log kZ5 = 2.303R r; - Tz 

(2.34) 

and calculate the value of Ea' 

Exercises 

24. Wby is the reaction mixture dropped into ice-cold water before titration? 

25. Give some examples of First Order n~actions. 

26. What is meant by molecularity of a reaction? How is it different from order 
of the reaction? 

2.3.5 Kinetics of a Second Order Reaction 

A second order reaction in which there is only one reactant is represented by 
2A "Products. Let 'a' gram-mo!es/litre be the initial concentration of A, 
out of which 'x' gram-moles/lifre is convened into products in 't' minutes. Thus 
after t minutes froIll the start, the concentration of the reactant will be (a - x) 
gram-moJes/litre, and the rate of reaction at this instant will be given by 

dx 2 
dt==k(o-x) 

Integrating this equation between the limits t = 0 and t := t, and using the fact 
tbat when t ::: 0, X = 0, we get 

k == ~._x_ 
at (ll - x) 

The above equation can be rearranged to give 

_1_ = kt + 1 
(0 - x) a 

(2.35) 

(2.36) 

If the reaction involves two different reactants, i.e., A + B ---~ Products, but 
both tht~ reactants have the same initial concentration - 'a' gram-mo!es/litre -
the rate constant k is given by equation (2.35). If, however, the initial concentratioll 
of A and B is 'a' gram·mo!es!litre and 'b' gram-moks/litre, respectively, tbe rate 

equation will be ~;::: k (0 -x) (b -x) and the rate conslallt will be given by 

k = 2.303 10 b (a - x) 
tea-b) g a(b-x) 

(2.37) 
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III the expressions for k (2.35 or 2.37), there is one additional concentration term 
in the denominator. Hence, the value oftbe second order rate constant de.pellds on 
the units in which the concentration of the reactants is expressed. If the 
concentration is expressed in molesllitre and the time in minutes, the units of k will 
be (moles/litrer1 minute-I. 

2.3.6 To determine the rate constant of hydrolysis of ethyl acetate by NaOH 
(saponification) and to show that it ;s a Second Orde,. reaction 

Reagents Required 

1. Standard etbyl acetate solution (M/25) 

2. Standard sodium hydroxide solution (MIlS) 

3. Standard sodium hydroxide solution (M/50) 

4. Standard hydrochloric acid (M/50) 

5. Phenolphthalein indicator solution 

Theory 

The hydrolysis of ethyl acetate by sodium hydroxide, also known as saponification 
of ethyl acetate, may be represented as 

CH3COOCzHs + NaOH --- CH3COONa + CzHSOH 

or (2.38) 

The rate of saponification may be represented by 

y '" '::; == k [CH3COOCzHS] [OH-] 

= k(a - x)z, 

when the inHial concentration of both ethyl acetate and sodium hydroxide is 'a' 
gram-moles/litre and 'x' gram-mo\es/litre of each reacts in time t. The rate constant 
k is then given by equation (2.35): 

k= l._x_ 
at (a -x) 

As one mole of sodium hydroxide is consumed for every mole of ethyl acetate 
hydrolysed, the progress of the reaction is followed by withdrawing definite fixed 
volumes of the reaction mixture at suitable time intervals and detennining the 
amount of residual alkali. 

Procedure 

(1) Take 50 Illl (with a pipet) of M/25 ethyl acetate solution and 70--80 ml of 
M/2S NaOH in separate dean and dry lSO-ml conical flasks. Stopper the 
flasks and suspend in a thermostat maintained at 25° C. 

(2) Take 6 conical flasks each of 100 ml capacity. Pour with a pipet, 20 ml of 
M/50 HC! into each flask and immerse in ice-water bath. 

(3) Wash a burette and rinse and fill it witb M/50 NaOH. 
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(4) When the two liquids (M/25 ethyl acetate and M/25 NaOH) have attained 
the temperature of the bath, pipet out 50 ml of sodium hydroxide solution. 
Pour this solution into the flask containing ethyl acetate solution, starting a 
stop watch when the pipet has been half discbarged. This should be taken 
as zero time. 

(5) Immediately mix by shaking and after 5 minutes from the start, withdraw 
10 ml of the reaction mixture and pour it into one of the flasks containing 
20 ml of icc-cold M/50 HC!. Record the time when the pipet has been half 
discharged into the flask. Take this as the time II of arresting the reaction. 

(6) Immediately add 2 drops of phenolphthalein indicator and titrate quickly 
against M/50 NaOH solution until a pink colour appears. Record the titre 
value as VI . 

1 

(7) Similarly, withdraw lO-ml portions of the reaction mixture at times 10,20, 
30, 50, and 80 minutes and pour into flasks containing 20 ml of ice-cold 
Hel and titrate quickly against the standard (M/50) alkali solution. Record 
the titre values as VI ' VI ' VI ' VI ' and Vt respectively. 

2 3 4 5 6 

(8) As the reaction advances, the amonnt of residual alkali decreases and so the 
volume ofM/50 NaOH required to back titrate the excess of acid increases 
and will approach 20 ml when the saponification reaction is complete. 

Precautions 

1. As the rate of reaction is very sensitive to temperature changes, the 
temperature of the bath should be maintained constant within ± O.5°C 
throughout the course of the experiment. 

2. For every titration, the time should be recorded when the pipet has been half 
discharged into the flask. 

3. The titration should be made as quickly as possible - for this the bulk of 
the expected volume of alkali should be run in quickly and then there should 
be dropwise addition to the first appearance of pink colour that persists for 
a t least 10 seconds. 

Observations and Calculations 

Temperature of the batb = t· C 

Volume of M/25 ethyl acetate taken = 50 ml 

Volume ofM/25 NaOH taken = 50 ml 

Total volume of the reaction mixture = 100 ml 

Therefore, 'a' the initial concentration of ethyl acetate 
50 

Or NaOH ill the reaction mixnlfe = M/25 x 100 

= M/50 

Volume ofreaction mixture withdrawn = 10 ml 

Volume orM/50 HCI added = 20ml 



Chemical Equilibrium and Chemical Kinetics 31 

Time Titre 1 VI -lO (a -x) :::: 1 k = tan e 
k == -' --

in min, value at 20 - VI 20- VI (a -x) 
t VI I 

500 (moles/litre rl (ml) , -1 
mill 

'I == VI = 
I 

12 = VI = 
2 

'3 := VI == 
3 

t4 == Vt = 
4 

15 == Vt = 
5 

t6 == VI == 
6 

Let the volume ofM/50 NaOH needed, after t minutes from the start, to back titrate 
excess acid = VI m) 

VI ml M/50 NaOH 

Therefore, excess acid 

Acid used for residual NaOH in 
10 mI of the reaction mixture 

Residual concentration of NaOH in 
the reaction mixture at time t 

Thus (a -x) at time t 

Therefore, x 

and 

:::: Vt ml M/50 Hel 

= VI ml of M/50 NaOH 

(20 -VI) mI of M/50 NaOH 

(20 - VI) 
---'- )( M/50 

10 

20 - VI 
:::: SOOM 

1 20 - Vt VI - 10 
= 50 --SOOM == 5O()M 

x Vt-lO 20 - VI 
= a -x = 500 +--soo-

:::: 

Vt-lO. x 
Substituting 20 V· for -- in equation (2,35), we get 

- t a-x 

1 Vt ,-lO 
k= -,--

at 20 - VI 

where a ::: M/50 

(2.39) 

(2.40) 
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Results and Discussion 

1. Since tbe values of k, as calculated by substituting tbe various values of VI 
for the corresponding t values in equation (2.40) (tbe kinetic equation for 
second order) remain almost constant, the saponification of ethyl acetate is 
a second order reaction. 

2. The average of various values of k is the velocity constant or rate constant 
of the saponification at the temperature of the experimtnt. 

Graphical Method 

The rate equation (2.36) for the second order reaction indicates that a plot of 

_1_ against t will be a straight line whose slope (tan 8) gives the value k : 
a-x 

Excercises 

BC 
k := tan 8 = -AB 

t~ 

c 

B 

Fig. 2.2 Plot of _1_ versus t 
a-x 

o 

(2.41) 

27. In experiment 2.3.6, why is the reaction mixture poured into ice-cold HCI 
before titration? 

28. (a) Under what experimental conditions will a reaction between two 
reactants be of first order? 

(b) Can you arrive at the same result mathematically? 

29. Give some examples of second order reactions. 

30. Write tbe expression for the rate constant of a tbird order reaction starting 
with equal concentration of all tbe reactants. 

31. Why are Third or Higber Order Reactions very rare? 

32. Give some examples of Third Order Reactions and one example of a Fourth 
Order Reaction. 
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33. Can the order of a reaction be zero? If so, give some examples. 

34. What is meant by half-life period ofa reaction? 

35. What is the relationsbip between tbe half-life period of a reaction and the 
initial concentration of the reactant(s)? 

36. Outline the usefulness of tbe study of chemical kinetics. 

37. Giving one example, explain how measuring the order of a reaction bell's 
in understanding its mechanism. 
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WATER 

Water is one of th(~ most essential substances needed to sustain human life, animals 
and plants. It is needed for drinking, cooking, bathing, washing (cleaning), for 
sanitary disposal of domestic and human wastes, and for agriculture. It is also one 
of the most important engineering materials and is used for steam generation, as a 
coolant in power plants, for air-conditioning and fire··fighting, and in buildings and 
other concrete constructions. Water has a unique position in industry. It is needed 
for the production of such a wide variety of materials as steel and other metals, 
paper, textiles, beverages, dairy products, petroleum and coal, rubber and plastics, 
automobile industry, and as a solvent in chemical processing. In fact, production 
units not using water for some purpose or the other may be hard to find. It is for 
this reason that before setting up a production unit at a particular site, the quantity 
of water needed, the character and quality of water available and the effect of 
impurities in water on the process must be considered. 

Although available in abundance, water from almost all the sources is 
associated with some kind of impurities; their nature and amount varying with the 
source of water. Rain water, the purest form of natural water, usually contains dust 
particles and gases dissolved from atmosphere, such as 02, N2, CO2 (ammonium 
salts, HzS, or H2S04 may be present in rain waters in industrial areas). Surface 
waters (from rivers, ponds, etc.) are usually rich in turbidity, suspended impurities 
of decaying organic matter (vegetable and/or animal), sand and finely divided clay, 
micro-organisms and bacteria, and small amounts of mineral salts (mainly ci+, 
Mg2+, Na +, soi-, CI-, etc.) dissolved from top soil. Underground waters (from 
springs, wells or bore-holes) usually contain negligible amounts of suspended and 
organic impurities (removed while passing through sand layers in earth) but may 

. . bl t" I . .. (C 2+ M 2+ K+ N + F 2+ contam apprecta e amounts 0 mlllera IlnpuntJes a , g , ) a) e , 

AI3+, Mn2+, HC03 -, C03
2-, SO/-,Cl-, N03-, finely divided clay, etc.) brought 

into solution due to disintegration of mineral deposits and insoluble carbonate or 
aluminosilicate rocks by the combined action of high underground temperature, 
hydration, dissolved O2 and CO2, and organic acids produced by atrobic and/or 
anaerobic decay of organic matter with which water has bten in contact. Sea water 
is highly impure, containing around 3.5% dissolved minerals; NaCI alone is present 
to the extent of 2.6%. 
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Use of impure waters often leads to many problems like health complications, 
decrease in the efficiency of plants, increased cost, etc. However, of the wide range 
of impurities present, only a few may allect a particular process. Therefore, removal 
or reduction in the concentration of only these impurities is necessary; the rest of 
the impurities which do not adversely affect the process may be allowed to remain 
as such. For example, water for laundries should be soft and free from colour; water 
for steam generation should be free from all dissolved solids and dissolved 
corrosive gases but removal of bacteria is not required. Specifications for drinking 
water are much more stringent with respect to the presence of pathogenic bacteria 
and certain toxic substances (Phenols < 0.005 ppm; As, Cr, Pb, Ag, Mn < 0.05 ppm; 
Cd~ Se, cyanide < 0.01 ppm; etc.>. but may contain large amounts of substances like 

.::+ M 2+ + K+ C1 1- ° 2-ea , g , Na, , ,S 4 ' etc. 
The treatment methods depend on the nature of impurities present, wbich can 

be determined by analysis. A complete analysis, however, is usually 110t done. The 
extent of analysis is govemed by the purpose for whicb water is to be used and the 
specifications laid down for the purpose. Analysis oHhe treated water is also carried 
out to compare tbe efficacy of different treatment processes and to choose the most 
efficient and economical process. 

With the rapid growth in population, improvement in living standards and 
proliferation of industry, the demand for adequate supplies of suitable waters is 
increasing. So the water used ill most of the industries and ill sanitary disposal of 
human and domestic wastes, the water which is not actually consumed but is 
polluted, has to be reused. The treatment methods for recycling and re-using water 
have to depend on the nature and extent of contamination and pollution which can 
be determined by analysing the used water. A few of tbe routine tests that are 
carried out on water and waste water are discussed in the following pages. 

3.1 Acidity and Alkalinity of Water 

The acidity of water sample is its capacity to neutralise a base wbereas its alkalinity 
is a measure of its capacity to neutralise acids. Natural waters may be acidic or 
,11 k;ilinc, depending upon the source of water and the extent and nature of pollutants 
\'101'., indu,i!ry and municipal sanitary disposal. 

lVlo~l natu;al waters contain dissolved CO2, It may enter water by absorption 
from ;1tmo:1hen' or way be produced by biological oxidation of organic matter 
\)I'llh which wi\!(',r />;j~; been in contact, e.g., 

CH .)0· + 6(' 6 L 6 
Hexose 

aerobic 

haclfria 
6C02 + 6H20 ---------3a> 

ana'.:rollic 
C6H 120 6 ---~-'. lC2HSOH + 2C02 

Hexose bac~~; fa 

(3.1) 

(3.2) 

CO2 content of surface waters is nonh<llly much less than 10 mg/l but some 
ground waters may contain between 30 to 50 mg/I of CO2, When waters containing 
higb concentration of CO2 are exposed to atmo:';lilere, most of CO2 escapes from 
the solutions as the partial pressure of CO2 in atmosphere is nonnaily much less. 



36 Applied Chemistry 

Waters may be acidic due to the presence ofCOz and/or organic acids formed 
by the decay of organic matter, e.g., 

anaerobic 
C6H120 6 ---" CH3CH2COOH + CH3COOH + HCOOH 

Hexose bacteria propanoic acid acetic acid formic acid 
(3.3) 

Acidity may also arise due to the presence of mineral acids produced by the 
hydrolysis of salts of certain heavy metals such as FeC13 or A12(S04h: 

FeCl3 + 3H20 '" ... Fe(OHh + 3H + + 3CI1 - (3.4) 

A12(S04h + 6H20 ","", __ ' 2AI(OHh + 6H + + 3S0~- (3.5) 

Waters may be alkaline due to the presence of a wide variety of salts of weak 
acids such as carbonates, bicarbonates, borates, silicates, phosphates, etc., and also 
due to the presence of weak and strong base& (due to contamination with industrial 
wastes). The major portion of alkalinity in natural water is, however, caused by 
presence of bicarbonates that are formed in appreciable amounts when water 
containing free CO2 percolates through soils containing CaC03 and/or MgC03: 

CaC03(s) + COZ + HzO • ci+ + 2HC0:3 (3.6) 

MgC03(s) + CO2 + H20 ~ MgZ+ + 2HC03- (3.7) 

Waters softened by lime-soda process always contain excess amounts of carbonate 
and hydroxide, added to ensure complete precipitation of calcium and magnesium. 
Waters in which algae are prt~sent contain appreciable amounts of carbonate and 
hydroxide as algae remove both free and combined CO2 : 

-C02 
2HC03 • CO~ + H20 

(removed by algae) 
(3.8) 

-C02 
CO~- + H20 -----+ 20H-

(removed by algae) 
(3.9) 

With borates, silicates and phosphates making only an insignificant contribution, 
the alkalinity of natural waters may be taken as an indication of the concentration 
of (i) Hydroxides, (ii) Carbonates, and (iii) Bicarbonates. 

3.l.1 Determination of free CO2 ill a sample of water 

Significance 

The CO2 content of a water sample is important as it mutributes to corrosion. When 
present in boiler-feed water, it may cause corrosion of even those parts that lie at 
a distance from the boiler, such as supeIlwater or the blades of steam turbines. In 
lime-soda process ofwater-soflcning, mcasurement of free CO2 is necessary for 
calculating additional amounts oflime to be added. Because of its corrosive nature 
and the unacceptable taste it imparts to water, CO2 is to be removed from municipal 
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water supplies by aeration or by neutralisation with lime; the choice of the method 
depending upon the amounts of free CO2 present in the sample. 

Reagents Required 

1. Standard Na2C03 solution (N/50) 

2. Phenolphthalein indicator solution. 

Theory 

Free CO2 can be determined by titrating with a standard solution of NaOH or 
Na2C03 with which it reacts to give NaHC03: 

----...HC03-

?-CO2 + CO) + H20 ----.2HC03-

CO2 + OH- (3.10) 

(3.11) 

Phenolphthalein is used as indicator and titralion is carried to pH 8.3 indicated by 
the appearance of pink colour. 

Procedure 

Collect a water sample in a 100-1ll1 graduated cylinder by means of a submerged 
rubber tubing. To remove air bubbles, allow the sample to overt1ow for sometime. 
Remove the excess of the sample with the help of pipet and adjust the level to 
lOO-ml mark. Add 5 drops of the phenolphthalein indicator (appearance of pink 
colour indicates absence of C02) and titratt~ against N/50 Na2C03 solution until 
the pink colour persists for at least 30 seconds. Take concordant readings and record 
the volume used as A Ill!. 

Precautions 

1. To minimise the loss of CO2 
(a) Tbe titration sbould be carried out rapidly and the reaction mixture 
should be stirred only gently during the titration. 

(b) In subsequent readings, tbe full amount of alkali used in the first titra tion 
should be first added without stirring. The indicator should then be added 
and the titration completed to the desired endpoint by adding extra alkali. 

2. The same amount of the indicator solution should be added while taking 
different readings. 

Observations and Calculations 

Volume of water sample taken for each titration 

Concordant volume of N/50 Na2C03 used 

N1V1 = NZV2 
(C0 2) (Naz CDl ) 

1 
Nl x 100 50 x A 

Therefore, normality of the sample W.r.t. 

= 100 ml 

'" AmI 

A 
50 x 100 



38 Applied Chemistry 

Strength A x I) 
50 x 100 g/ 

or Free CO2 
A x 22 x 1000 II 

50 x 100 g 

4.4 x Amg/l 

3.1.2 Determination of acidity of a water sample 

Significance 

Measurement of acidity is important as acidic waters are corrosive, and corrosion­
producing substances have to be controlled or removed. In the lime-soda process 
ofwate.f softe.ning, amounts of reagents to be added have In be adjusted to account 
for the acidity of the sample. In the phosphate conditioning of boiler-feed water, 
the pH bas to be adjusted to about 9.5; tIle choice of a suitable phospbate therefore 
depends on the measurement of acidity of the sample. Measurement of methyl 
orange acidity is important in calculating the quantities of chemicals required to 
neutralise the mineral acidity of the industrial wastes before they can be discharged 
into receiving waters (rivers, streams or lakes). 

Reagents Required 

1. Standard sodium hydroxide solution (N/50) 

2. Metbyl orange indicator solution 

3. Phenolphthalein indicator solution 

4. Sodium thiosulphate solution (N/lO) 

Theory 

The acidity of a sample Illay be determined by titrating it against a standard alkali 
solution upto the stoichiometric equivalence point. The accurate identification of 
the stoichiometric equivalence point being very difficult, the titration is carried to 
an arbitrary end-point pH. The acidity, therefore, becomes a measure ofthe amount 
of a base required to neutralise a given sample to a specific pH : 

OH- + H- ---.H20 (3.12) 

For mineral acids, the titration is carried to a pH of about 4.5 by using methyl orange 
indicator, giving a colour change from red to yellow. The acidity thus determined 
is called Methyl Orange Acidity. Total Acidity or Phenolphthalein Acidity is 
determined by carrying the titration to phenolphthalein cnd-point of pH 8.3 (thus 
measuring mineral acids, organic acids and free C02) indicated by appearance of 
pink colour. The results are expressed as parts of equivalent CaC03 per million 
parts of water. 

Procedure 

(A) Methyl Orange Acidity: Pipet out 100 1111 of the sample and discharge it near 
tbe bottom ofa titration Bask. Add 1 drop ofN/lO Na2S203 solution to destroy any 
residual chlorine. Add 2 drops of methyl orange indicator and titrate with N/50 
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NaOH solution until the red colour changes to yellow. Take a Hnmber of readings 
and record lhe concordant volumc as A ml. 

(B) Phenolphthalein Acidity: Proceed as abovc using 2, drops of phellolphthalein 
(in place of methyl orange) indicator and titrate the sample until the pink colour 
persists for at least 30 seconds. Take it numher of readings alld record the 
concordant volume as B Illl. 

Precaution 

(1) To avoid loss of CO2, the titration shonld be carried out quickly and 
vigorous shaking should be avoidt'd. 

Observations and Calculations 

Volume of water sample taken for each titration = 100 ml 

Volume of N/50 NaOH used in presence of methyl orange indicator = A ml 

Volume of N/50 NaOH used in presence of phenolphthalein indicator = B ml 

(A) Methyl Orange Acidity 

NlV I NZV2 
(Sample) (N/50NaOH) 

1 
Nl x 100 x A 

50 

A 
or 

Methyl Orange Acidity (as CaC03) 

50 x 100 

A x 50 
50 x 100 gil 

A x 50 x 1000 
50 x 100 ppm 

= A x 10 ppm 

(B) Phenol phthalein Acidity 
B x 50 x 1000 

50 x 100 ppm 

B x 10 ppm 

3.1.3 Determination oj alkalinity oj a water sample 

Significance 

Highly alkaline waters being usually unpalatable, upper limits with respect to 
phenolphthalein alkalinity and total alkalinity have been specified for municipal 
waler supplies. Alkaline waters when used in boilers for steam generation may lead 
to precipitation of sludges, deposition of scales and cause caustic embrittkment. 
A knowkdge of the kinds of alkalinity present in water and their magnitudes is 
important 

1. In calculating the amounts of lime and soda needed for water-softening. 

2. In maintaining a pH range where acids produced by hydrolysis of salts (Iih 
MgCI2, FeClz) and coagulants [AI2(S04h and FC2(S04hl may be 
effective! y neutral ised. 
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3. In corrosion control, and 

4. In internal conditioning of boiler-feed water. 

Caustic alkalinity of industrial wastes has to be neutralised before discharging 
them into rivers or other receiving waters. Waters containing alkalinity in excess 
of alkaline earth concentrations are not suitable for irrigation purposes. 

Reagents Req/lired 

1. Standard sulphuric add solution (N/50). 

2. Phenolphthalein indicator solution. 

3. Methyl orange indicator solution. 

Theory 

The alkalinity of a water sample may be determined volumetrically by titrating it 
with a standard add to all arbitrary pH using an indicator. When the pH of the 
sample is above 8.3, titration is first carried out using phenolphthalein indicator. 
At the end point, when the indicator changes from pink to colourless, the pH is 
lowered to about 8.3. The volume of the add (A IllI) used upto this point 
corresponds to the complete neutralisation of hydroxide and cOllversion of all the 
corbonate into bicarbonate: 

OH- + H+ ----». H20 

coi + H+ .. HC03-

(3.13 )] 
(3.14) AmI 

The alkalinity measured upto this point is called Phenolphthalein Alkalinity. 
Beyond the phenolphthalein cnd-point, titration is continued using methyl orange 
indicator. The colour change from yellow to r(~d occurs at a pH of about 4.5 and 
the additional volume of acid (B 1111) used corresponds to the complete 
neutralisation of all the bicarbonate whether present originally or obtained from 

coj - (Reaction 3.14): 

(3.15) I B ml 

The total volume of acid I (A + B) ml] used ill tbe two titrations, therefore, 
corresponds 10 tbe neutralisation of hydroxide, carbonate and bicarbonate and is, 
thus, a measure of Total Alkalinity, also called Methyl Orange Alkalinity. 
Alkalinity is expressed as parts of equivalent CaC03 per million parts of water. 

From the measurements for Phenolphthalein Alkalinity and Methyl Orange 
Alkalinity, it is possible to calculate the magnitudes of various forms of alkalinity, 
namely, Hydroxide Alkalinity, Carbonate Alkalinity and Bicarbonate Alkalinity. 
If it is assumed (with only negligible error) that hydroxide and bicarbonate cannot 
co-exist, as they react to give carbonate: 

~ -OH + HC0.i ---~) COj + H20 

We are left with the following five possible situations: 
(1) Hydroxide only 
(2) Carbonate only 
(3) Hydroxide and carbonate 

(3.16) 
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(4) Carbonat\.' and bicarbonate 
(5) Bicarbonat\.' only. 

41 

(1) When the sample contains only Hydroride, Ih\.' neutralisation is complete at 
the phenolphthalein end-point (Reaction 3.13) and so B, the additjonai volume of 
acid needed for neutralisation to methyl orange end-point, will be zero. In this case, 
Hydroxide Alkalinity is equal to PhellolphthaleinAlkalinity, which is also the Total 
Alkalinity. 

(2) For samples containing only Carbonate, titration to phenolphthalein end­
point corresponds to the complete cOllversion of carbonate to bicarbonate or what 
is also known as half-neutralisation of carbonate (Reaction 3.14). This means that 
t~xactly the same amount of additional acid will be required for further titration to 
methyl orange end-point (Reaction 3.15). 

(3) For samples containing Hydroxide lind Carbonate, titration to pbellol­
phthakin end-point corresponds to complete neutralisation of hydroxide and half 
nuetralisatioll of carbonate (Rt~action 3.13 and 3.14), whereas titration from 
phenolphthalein end-point to methyl orange end-point corresponds to neutrali­
sation of bicarbonate (Reaction 3.15) obtained from carbonate in reaction 3.14. 

Hence in this cas,\ A > B. Also, the acid required to neutralist~ the hydroxide 
(Reaction 3.13) is (A - B) ml and th:!t required {iJr the compJcte neutralisation of 
carbonate (Reactions 3.14 and 3.15) is 28 Ill!. 

(4) For samples containing Carbonate ami Bicarbonate, titration to pbenol­
phthalein end-point (A 1111) corresponds to half-neutralisation of carbonate, i.e .. 
conversion of carbonate to bicarbonate (Reaction 3.14) and tbe titration fIOIl1 

phenolphthalein l~nd-poinl to methyl orange end-point (B ml) represmts half 
neutralisation of carbonate [i.e. the neutralisation of bicarbonate obtained from 
carbonate, which require;; another A Illl of the acid) and neutralisation of 
bicarbonate originally present in the sample. 

HC03 + H + ----">' CO2 + H20 

(obtained from coi-) 

HC03 + H + ----,)0' CO2 + H20 
(originally present) 

(3.15a) A mIl 

Bml 

(3.l5b) ] 

For such a mixture, evidt'lltly, B > A. Carbonate Alkalinity is equivalent to 2A 1111 
of the acid and Bicarbonate Alka linity is equivalent to (B - A) 1111 of the acid. 
(5) When the sample contains only Bicarbonate, it does not give a pink colour 
with phenolphthalein indicator. Therefore A, the volume of acid c'ollsumed with 
phenolphthalein indicator is zero. Titration to methyl orange end-point represents 
the complete neutralisation of bicarbonate (Reaction 3.15). Bicarbonate Alkalinity 
is therefore equal to Total or Methyl Orange Alkalinity. 

Procedure 

With a pipet, transfer 100 ml of the water sample into a titration Bask. Add 2 drops 
of phenolphthalein indicator and litralc against N/SO H2S04 until the pink colour 
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just disappears. Record the volume of acid consumed as A ml. To the same solution 
add 2-3 drops of methyl orange indicator and titrate further until the colour changes 
from yellow to red. Record the additional volume of acid consumed as B m!. Repeat 
the whole process a number of times to get concordant readings. 

Observations and Calcillat;ons 

Volume of sample taken for each titration = 100 ml 

Volume ofN/50 H2S04 used to phenolphthalein end-point = A ml 

Additional volume of N/50 acid used to methyl orange end-point = B ml 

or 

N1V1 N2V2 
(sample) (N!50acid) 

Nl x 100 = l x A 
50 

1 1 
NI = 50 x A x 100 

Strength (in tenns of CaC03) .. 5~ x A x 1~0 x 50 gil 

or Phenolphthalein Alkalinity 
1 1 

.. 50 x A x 100 x 50 x 1000 mg/l 

",,10 x A ppm 

Similarly, Total Alkalinity 

or Methyl Orange Alkalinity 
1 1 

.. 50 x (A + B) x 100 x 50 x 1000 mg/) 

.. 10 x (A + B) ppm 

Hydroxide Alkalinity 
1 1 

.. 50 x (A - B) x 100 x 50 x 1000 mg/l 

.. 10 x (A - B) ppm 

Hydroxide iOIl concentration 
1 1 

= 50 x (A - B) x 100 x 17 x 1000 mg/l 

.. 10 x (A - B) x 0.34ppm 

.. Hydroxide Alkalinity x 0.34 ppm 

Carbonate Alkalinity 
1 1 

50 x 2B x 100 x 50 x 1000 

10 x 2B ppm when A > B 

and 
1 1 

.. 50 x 2A x 100 x 50 x 1000 

10 x 2AppmwhenA s B 

30 
Carbonate ion concentration .. 10 x 2B x 50 

and 

.. 6 x 2B ppm when A > B 

.. 6 x 2A ppm when A s B 
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Bicarbonat.e Alkalinity 
1 1 

50 x (B - A) x 100 x 50 x 1000 

10 x (B - A)ppm 

Bicarbonate ion concentration 
61 

10 x (B - A) x 50 ppm 

Bicarbonate Alkalinity x 1.22 ppm 

Exercises 

38. Write the structural formula of methyl orange. In what forms does it exist 
in acidic and alkaline medium? 

39. Write the structural forms of methyl red indicator in alkaline and acidic 
medium. 

40. Explain the action of phenolphthalein as an acid-base indicator. 

41. III the determination of free C02, why is it preferable to use a standard 
solution of NaZC03 illstt~ad of NaOH ? 

42. In the presence of heavy metal salts, what modification would you suggest 
to complete the titration rapidly? 

43. What is the source of minCfal acidity in water? 

44. In acidity and alkalinity measurements, the titrant used (Na2C03 or H2S04) 

is usually N/50. Why? 

3.2 Chloride Content 

Chlorides usually occur as NaCI, CaCI2 and MgClz, and in widely varying 
concentrations, in all natural waters. They enter waters 

(a) by solvent action of water 011 salts present ill soil, 

(b) from polluting materials like sewage (containing the salt used in household) 
and trade wastes (containing chloride used in manufacturing), and 

(c) in areas around sea, from (i) salt-water droplets carried inland, by wind, as 
spray from the sea, (ii) invasion (upstream flow) by sea waters into rivers 
that drain into sea. 

Significance 

When present at concentrations above 250 ppm, chlorides impart an unacceptable 
taste to waters although no adverse effects have been observed on human beings 
regularly consuming waters with much higher concentrations of chloride. 
Exceptionally high concentration of chloride ill a water (as compared to that in 
other waters in the general vicinity and known to be unpolluted) may be considered 
as an indication of contamination by domestic waste water. Chloride ion 
concentration should be known 

(i) for deciding the type of desalting apparatus when brackish waters have to 
be used. 

(ii) for treating industrial wastes before discharging them into natural bodies of 
water. 
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(iii) for controlling pumping of ground waler from sea coasts where invasion by 
sea water can take place, and 

(iv) for applying correction factor ill COD determination (where chloride 
interferes ). 

3.2.1 Determ,ination of chloride content of a water sample by Mohr's 
Method (Argentometric) 

Reagents Required 

1. Standard silver nitrate solution (N/50) 

2. Potassium chromate indicator solution (K2Cr04) 

3. Solid CaC03. 

Theory 

Chloride ions in a neutral or faintly alkaline solution can be estimated by titration 
with a standard solution of AgN03 using K2Cr04 as indicator. The pH must be ill 
the range of 7 to 8 because Ag + ion is precipitated as AgOH at higher pH 

Ag + + OH - .. AgOH (Kgp = 2.3 x 10- 8) (3.17) 

and CrO~- is converted to Cr20~- at lower pH 

(3.18) 

HCrOi being a weak acid, CrO~ - ion concentration is decreased necessitating 

higher concentration of Ag + for the solubility product of Ag2Cr04 to be exceeded, 
thus leading to higher results. The required pH range can be achieved easily by 
adding a pinch of pure CaC03 to the pink or red-coloured solution obtained at the 
end-point of the Methyl Orange Alkalinity determination (experiment 3.1.3): 

+ 7+ 2H + CaC03 .. Ca- + CO2 + H20 (3.19) 

Excess CaC03,being insoluble, doe& not interfere. 
As AgN03 solution is added from the burette to the chloride ion sample 

containing CrO~ -, Ag + reacts with both CI- and CrO~ - fonning the respective 

precipitates: 

Ag + + CI - -_..>.'\., A CI (Tt" 3 ] 0- 10) ,\__ g I'"sp = x. 
white ppl. 

(3.20) 

+ 2 ---",' 12 2Ag + Cr04 - \ Ag2Cr04 (I<sp '" 5 X 10- ) 
reddish-brown ppt. 

(3.21 ) 

But the red colour formed by the addition of each drop of AgN03 disappears 
because of the large concentration of CI- ions in the solution: 

Ag2Cr04 + 2CI - ---+ 2AgCI + crO~- (3.22) 

As the concentration ofCI- ions decreases, the red colour disappears more slowly 
and when all the chloride has been precipitated, a faint reddish or pinkish tinge 
persists in the white precipitate even after brisk shaking. 
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Procedure 

Add a pinch of pure CaC03 to the solution obtained at the end of Methyl Orange 
Alkalinity determination, so that the red or pink colour vanishes. Add 1-1.5 m\ of 
K2Cr04 indicator solution and titrate against N/50 AgN03 taken in the burette until 
a permanent pink tinge persists ill the white precipitate. Repeat tht' whole process 
a number oftimes to get concordant readings. Record the concordant volume as A 
1111. 

Precautions 

(1) The whole apparatus must be washed with distilled water. 

(2) The same amount of the indicator must he added each time. 

(3) The Tt~action mixture should be briskly shaken during the titration. 

Observations and Calculalions 

Volume of the sample taken t~ach time 

Concordant volume of N/50 AgN03 used 

N\V1 N2V2 

(CI ion sample) (AgN03) 

Nt x 100 
1 

x A 
50 

Therefore. Nl 
50 

x A x 

Strength of CI- ions 
1 

x A x 
50 

50 
x A x 

100 ml 

AmI 

1 
100 

100 
x 35.5g/1 

1 
x 35.5 x 

tOO 
7.1 x A ppm 

Exercises 

WOO mg/I 

45. How is the pH adjusted when the alkalinity is not being measured? 

46. How does the presence ofNH4 + ions in the sample affect the determination? 

47. What is meant by indicator-hlank correction? How can it he avoided in the 
chloride iOIl estimation'! 

48. What is the effect of temperature on the determination? 

49. How is the test performed on walers having (i) colour and turbidity, and (ii) 
H2S odour'! 

3.3 Har'dness 

Water samples thilt do not readily produce lather with soap, or deposit scale on the 
walls of the container when there is apprcciahle change in tcmperature, are calkd 
Hard Waters. Princil)al hardness-causing cations are cl+ and Mg2+. Otherdivaknt 

') 7 J 
metallic cations that cause hardness arc Fe-+, Mn-+ and Sr-+ hut thesl~ are usually 
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present in small amounts. The cations react with soaps (sodium or potassium salts 
of fatty acids) to form precipitates: 

2C17H1SCOONa + M2+ ------+. (C17H3SCOOhM + 2Na+ (3.23) 
Sodium stearate 

(soap) 

Hardness causing ppt. 
cation 

Lather is produced only after sufficient soap has been added to precipitate all the 
hardness causing ions. 

At higher concentrations, these iOlls associate themselves with certain anions 

(CO~ - • SO~ , CI - , N03- ,SiO~ , etc.) and produce scale. 

A13
+ and Fe3

+ may also contribute to tbe bardness of water but tbeir ionic 
concentrations in natural waters are generally negligible .. Surface waters contain 
very small amounts of dissolved impurity. However, rain water percolates into soil, 
it dissolves COz (released by bacterial action on organic matter) and attacks basic 
materials like limestone formations, dolomite, etc., and dissolves the insoluble 
carbonates present: 

MC03 + CO2 + H20 --~. M(HC03h[M = Ca, Mg, Sr] (3.24) 

Sulphates, chlorides, silicates, etc., of Ca, Mg, Na, K, AI, etc., present as impurities 
in tbe limestone becoIl1l~ exposed to the solvent action of water and pass into 
solution, thereby adding to the hardness orwatt~r. 

Hardness is generally reported in terms of calcium carbonate equivalent and 
is calculated hy the general formula: 

Hardness (in mg/I) = MZ+ (in mgll) x ___ 5_0_-:,.,:-+ 
eq. wt. ofM-

(3.25) 

as CaC03 

[50 being the eq. wI ofCaC03] 

where M2+ is any divalent metallic ion. 

Units of Hardness 

1. Parts per million (ppm) is the mosl commonly used unit of hardness and 
represents the numher of parts of calcium carbonate, equivalent to hardness causing 
ions prt~sent, per million parts of water. 
1 ppm = 1 part CaC03 equivalent hardness ill 106 part" of water 

= 1 g CaC03 equivalent hardness in 106g waler 

1 mg CaC03 equivalent hardness in 106 mg or 103g water 

1 mg CaC03 equivalent hardness ill 1 litre of water. 

2. Degree Clark rCI) is the number or grains (1 grain = _I-Ib) of CaC03 7000 

equivalent to hardness causing ions in olle gallon (10 Ibs) of water. 

Thus l"CI = 7(:00 parts ofCaC03 equivalent hardness ill 10 part of water 

70;)()O parts of CaCO 3 equivalent hardnl'ss in 1 pari of waler 
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6 

7~~OO parts of CaC03 equivalent hardness in 106 parts of water 

100 
7 = 14.3 ppm 

3. Degree French CF) is the number of parts of CaC03, equivalent to hardness 

causing ions in 105 parts of water. Thus lQF = 1 part CaC03 equivalent hardness 
in lOS parts of water 

6 
105 parts CaC03 equivalent hardness ill 106 parts of water 
10 

10 ppm 

Relationship between various units: l"F = 10 ppm = O.TCI 

Water is generally called: 

Soft, when the degree of hardness is < 75 ppm 

Moderately hard, when the degree of hardness is between 75 - 150 ppm 

Hard, when the degree of hardness is between 150 - 300 ppm 

Very hard, when the degree of hardness is > 300 ppm. 

Types of Hardness 

The portion of the total hardness that can be largely rClllowd by boiling i:-: knowlI 
as Temporary Hardness. Boiling converts the bicarbonates present into illsnluble 
carbllonates and hydroxides, which call be removed by filtration. 

Ca(HC03 )2 ----,». CaC03 + H20 + CO2 

Mg(HC03h • Mg(OH)2 + 2C02 

(3.26) 

(3.27) 

The portion of the hardness that cannot be removed by boiling is termed as 
Permanent Hardness. 

In order to relate the hardness to the chemical species, it is cllstomary to refer 
the part of the total hardness that is chemically equivalent to the bicarbonate plu~ 
carbonate alkalinities as Carbonate Hardness (CH) and the amount of hardness 
which is in excess of CH as Non-Carbonate Hardness (NCH). 

With respect to the metallic ion present, hardness is classified into Calcium 
Hardness and Magnesium Hardness (other cations being neglected as their 
contribution to hardness is lIot appreciable). 

3.3.1 Outline of various methods 

(1) Hardness is best calculated from a complete mineral analysis of water. 

Total hardness ill ppm 

2+ 7+ 2.5 x mg/J ofCa + 4.12 x mg/lofMg- + (1.79 x mg/I 

of Fe2+ + 1.82 x mg/J of Mn2+ + 1.14 x mg/I of Sr2+) (3.28) 

[Fe = 55.85, Ca = 40, Mg = 24.3, Mn = 54.9, Sr = 87.6] 

The last three make only an insignificant contribution to total hardness. 
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The method is applicable to all waters and gives results of high accuracy. 
However, such a detailed analysis is not done in routint work and other methods 
have to be used. 

As both alkalinity and hardness are expressed in terms ofCaC03, eH and NCH 
may be calculated as follows: 

When alkalinity < total hardness, 

When 

and 

CH (in ppm) >= Alkalinity (in ppm). 

alkalinity 

CH (in ppm) 

NCH 

<'! total hardness 

= Total hardness (in ppm) 

== Total hardness - CH. 

(3.29) 

(3.30) 

(2) Helmer's Method: Boiling removes ttmporary hardness by cOllverting 
bicarbonates into insoluble carbonates and hydroxides [reactions 3.26 and 3.27] 
which are removed by filtration, thtreby causing an equivaknt dccrcase in 
alkalinity. Measurement of alkalinity before and after boiling thus affords a method 
of determination of temporary hardness. 

(3) Determination of Permanent Hardness using a Mixture of Na2C03 and 
NaOH: An aliquot of the hard water sample is boiled with a known exccss of alkali 
mixture (Na2C03 + NaOH). This precipitates permanent hardness due to Ca2+ and 
M 2+ g : 

Ca2+ + CO~ - ----... CaC03 

Mg2+ + 20H -----». Mg(OHh 

(3.31) 

(3.32) 

The excess of tbe unused alkali is back-titrated with a standard acid using metbyl 
orangc indicator. The permancnt bardness of the sample can be calculated from tbe 
amount oftbc alkali mixture consumed. Ca(HC03) and Mg(HC03h present in the 
sample do not consume any alkali as an equivalent amount ofNa2C03 is produced. 

Ca(HC03h+ + 20H - • CaC03 + CO~ - + 2H20 (3.33) 

Mg(HC03h + 40H - .. Mg(OHh + 2CO~ + 2H20 (3.34) 

It is customary, however, to remove tt'mporary hardncss by boiling beforc the 
addition of alkali mixture. 

(4) Determination of Magnesium Hardness using NaOH/lime water: The 
carbonate hardness (CH) of the hard water sample is converted into non-carbonate 
hardness (NCH) by neutralising a definite volume of the sample witb HCI to metbyl 
orange end-point, or best the solution r.t the end-point of methyl orange alkalinity 
dctermination experiment is taken and heatcd to boil off CO2, A known excess of 
NaOH (Lime water is preferred as NaOH may contain Na2C03 as impurity is added 
and tbe reaction mixture is boiled gently for 10--15 minutes. Magncsium hardness 
is precipitated as Mg(OH)z: 

Mg2+ + 20H - • Mg(OH)z (3.35) 
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The precipitate is filtered and (he excess of NaOH len UllCol1sumed is 
determined by litrating the filtrate against standard acid. Thl~ amount ofNaOH (or 
lime) consumed is a measure of the magnesium hardness of the simple. 

(5) Soap Titration: The fact that sufficient soap solution has to be added to 
precipitate all the hardness causing ions from a hard water sample before lather is 
formed is utilized iII the ddenninatioll ot hardness. A suitable aliquot of the hard 
water sample is taken in a stoppered llask and after successive additions of a soap 
solution (previously standardised by titration against standard hard water) from a 
burette, the mixture is vigorously shaken. The stage where the lather formed 
persists for 2-3 minult's is taken as the end-point of the titration. The hardness of 
the water sample is equivalent to the volume of the soap solution used minus lather 
factor (volume of soap solution used to produce lather with a volumc of distilled 
water equal to the aliquot of the bard water sample). 

3.3.2 Determination oj hardness by EDTA 

Significance of Hardness Determination 

Though hard waters are as palatable as soft waters, a knowledge of the magnitude 
and type of hardness is important in determining the suitability of a water for 
domestic and industrial purposes. Use of hard walers for cleansing purposes is 
unsatisfactory as thty increase the consumption of soaps. This drawback bas beell 
partly overcome by the use of synthetic detergents hut for personal hygiene, soap 
is preftrred and bard waters f('main objectionable. Hard waters offer difficulties in 
dyeing of textiles, are uneconomical and even hazardous ill steam generation and 
impart many of the undesirable characteristics to thc finished products in paper 
industry, beverages, dairies, and allied industries. son waters are required for all 
innumerable number of other industries also. 

In devising all efficient and economical softening process, determination of 
total hardness and the relative amounts of CH & NCH and calcium & magnesium 
hardness is important. 

Reagents Required 

1. Standard hard water (N/50, 1 Illi '" 1 mg CaC03) 

2. EDT A solution (N/50) 

J. Ammonium chloride-ammonium hydroxide buffer (pH 10). 

4. Eriochrome Black T indicator solution. 

Theory 

The disodiulll salt of ethylenediamine tetreaacelic acid (EDT A) 

NaOOC.CHz 
~ 

. /' 
HOOC.CHZ 

/N -CHz 
'''CHZ ' COONa 

iOllises ill water to give 2Na + ions alld a strong chdating agent 



50 Applied Chemistry 

which for simplicity can be represented by H2 y2-. It fonns complexes with cl+ 
and MgZ+ and other divalent or higher valent cations repersented by the reactions: 

M2+ + Hz yZ ----'J> MYz - + 2H + (3.36) 

---...... My(n-4)+ + 2H+ (3.37) 

The dissociation of these complexes is govenwd by the pH oUhe solution and the 
complexes with hardness causing divalent ions are. stable in alkaline medium (pH 
range 8-10). 

Tile Indicator used is a complex organic compound [sodiulll-l- (1-hydroxy-2-
na pth yla zo )-6-nitro-2-lIaph thol-4-sulphona te]: 

OH 

N=N tOO 
commonly known as Eriochrome Black T. It has two ionisable phenolic hydrogen 
atoms and for simplicity I~ represented as Na+Hzln-: 

H,ln 
Red 

7.0 
._-.... ,--

5.5 

Hln2 -
Blue 

11.5 
--' I 3-
~ 

n (3.38) 
ll.n Y cllO\\ ish Orange 

I II the pH range 7-11, the indicator reacts with the metal ion to form a weak complex 
with a wine fed colour: 

) - ? + -----'" + HIIl- + M- ~ Min + H 
Biue Wine red 

(3.39) 

BujJer Solution: The optimum pH for the experiment is 10.0 ± 0.1 and is adjusted 
by NH40H+ NH4CI butler. 

When it small amount or the indicator solution is added to a hard water sample 
whose pH has heen controlled by the addition of the butTer solution, the indicator 

. I M )+ d reacts WIt 1 g- to pro uce 

M2+ + H12 - Mgln - + H + (3.40) 
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wine red colour. As EDT A (H2 yZ- ) is added, free Ca2+ ions are first complexed 
to Ca yZ-, this being the most stable complex: 

Ca2+ + H2YZ --~ Cay2 - + 2H + (3.41) 

Free Ml+ ions then react to give Mg-EDTA complex which is less 

Mg2+ + H2 y2 - ------'" Mgy2- + 2H + (3.42) 

stable than Ca-EDTA complex but more stable than Mg-indicator complex. 
Therefore, if an extra drop of EDTA is added after all the free Ca2+ and Ml+ions 
have been complexed, EDT A takes up Mg2+ from the weak Mg-indicator complex 
to form stable Mg,·EDTA complex simultaneously liberating the indicator in the 
free fonn: 

M I - H y"- M y2 - 2 - H + g n + 2 - ,---» g + Hln + (3.43) 
(wine red) (Pure blue) 

Completion of the above reaction makes the end-point of the titration. 

Procedure 

(a) Standardisation ofEDTA Solution with Standard Hard Water 

(1 ml S.H.W. e Img CaC03) 

Pipet out 10 IllI of standard bard waler inlo a conical Bask. Add to it 40 ml 
distilled water with a measuring cylinder, 2 ml of buffer solution and 2 drops of 
Eriochrome black T indicator. A wine red colour appears. Titrate against EDTA 
solution, taken in the burette, to a colour change from wine red to pUrt~ blue. Record 
the volume of EDT A used as A Ill!. Take three concordant readings. 
(b) Determination of Total Hardness: Pipet out 50 ml of the hard water sample 
into a conical flask. Add 2 IllI buffer solution and 2 drops of the indicator. Titrate 
against EDT A till the wine red colour changes to pure blue. Record the volume of 
EDT A used as B Ill!. This corresponds to the total hardness oUhe waref sample. 

(c) Deter/11i'1lltion of Temporary and Permanent Hardness: Take 250 Illl of the 
hard water sample in a SOO-1ll1 beaker and boil gently for about one hour. Cool, 
filter into a 250-ml measuring tlask and make the volume up to dIe mark. Take 
50 ml of this solution and proceed in the same way as in (b) above. The volume of 
EDTA used (C 1ll1) corrt~sponds to permanent hardness of the water sample. 
Temporary hardness if. calculated by subtracting permanent hardness from total 
hardness. 

(d) Determination of Calcium and Magnesium Hardness 

Method I 

Reagents Required 

1. Standard EDTA solution (N/50, 1 ml s 1 mg CaC03) or standardise as in 
(a) above 

2. Diethylamine 

3. Calcon indicator solution. 
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Theory 

Mg2+ in the hard waler sample is prt'cipilated as Mg(OHh by adding diethylamine 
which raises the pH of the solution to about 12.5. 

Mg2+ + 2 OH - • Mg(OHh (3.44) 

Ca2
+ can then titrated with EDTA using cakon indicator: 

OH 
- + 

S03 N Cl 

[Cakoll, Snlochromc Dark Blue or Eriochrnlllc Blue Black R-Chemical name is 
SodiulJI 1-(2-hydroxY-/-lIaphthylazo )-2-naphtllOl-4-sulphonate j. The colour 
challge a t the c.nd-point is from pink to pure blue. 

Procedure 

Pipet out 50 ml of the hard water sampk illto a conical flask. Add ::I III I of 
dit'lhylamillt' and 4 drops ofca\coll indicator. Keep the flask on a magnetic stirrer 
and titrate against standard EDTA solution ulItil1he colour challges from pink 10 

pure blut. The volume of EDTA used fD l 1111 J corresponds to calcium hardness. 
Magnesium hardness is obtained by subtracting cakiulll hardness from Iota I 
hardlles~. 

Me/hod II 

RCI/gems Relillired 

1. Standardised EDTA solution 

2. Caft-iulll precipitatillg burkr solution 

3. Ammonium chloride-ammoniulll hydroxide buffer (pH - 10) 

4. Eriochrotne Black T indicator solution. 

Theory 

ci+ in Ihe hard waIn sample is precipitatt'd as calcium oxalate by adding calcium 

pn'cipitating hutTer ~()llIlion [~OONH4 + NH4C) + NH40H] 
COONH4 

coo, 
I'Ca 
COO/'" 

Whilcppl 

(3.45 ) 
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The precipitatc is filtercd and Mg2+ in the filtrate is titrated with standard EDTA 
using Eriochromc Black T indicator. 

Procedure 

Measure out 200 ml of the hard water sample into a 500 ml dry beaker and add 
40 mt of the calcium precipitating buffer solution while constantly stirring the 
mixture with a glass rod. Allow the precipitate to settle down for about 1 hour and 
filter through a dry funnel fitted with two pieces of Whatman filter paper No.42 
into a dry flask. Do not wait for the filtration to be completed. Measure 60 ml of 
the filtrate into a conical flask, add 50 ml of distilled water,S ml NH40H/NH4Cl 
buffcr (pH - 10), 4 drops of Eriochromc black T indicator and titrat.c against 
standard EDTA solution. Thc volumc of EDTA used (02 m!) corresponds to 
magnesium hardness. Calcium hardncss is obtained by subtracting magnesium 
hardness from the total hardness. 

Calculations 

(a) Standardisa tioIl of EDT A solution: 

1 ml S.H.W. e! 1 mg CaC03 

AmlEDTA e! 10 1111 S.H. W 

e! 10 mgCaC03 

1 ml EDTA 
10 

e! AmgCaC03 

(b) Total Hardness: 

50 tnl hard water e! Bm! EDTA 

B 
10 

e! X AmgCaC03 

1 IllI hard water B x 
10 

e! A x 50 mg CaC03 

1000 ml hard water B x 
10 1000 -.. 

e! -x SOlllg Cae03 A 

B 
200mg CaC03 A x 

Total hardness 
B 

200 ppm or - x 
A 

(c) Permanent Hardness: 

50 ml bard water e! C 1111 EDTA 

C x 
10 

e! A mg CaC03 

1000 ml hard water C x 
10 1000 

CaC03 e! A x 50 II1g 

C 
e! A x 200 mg CaC03 
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or Permanent hardness 

Temporary hardness 

C x 200 ppm 
A 

Applied Chemistry 

= To1.:11 hardness - Permanent hardness 

= [! x 200 - ~ x 200] ppm 

(d) Method I-Calcium Hardness 

50 m) hard water 

1000 ml hard water 

Therefore, Calcium hardness 

Magnesium hardness 

Method II-Magnesium hardness 

Ill! O} m) EOTA 

10 
III O} x A- mg CaC03 

10 1000 
Ill! 0 1 x A x 50 mg CaC03 

0 1 
Ill! - x 200 mg CaC03 A 

0 1 A x 200 ppm 

[! x 200 - !f x 200] ppm 

240 m) filtrate Ill! 200 ml hard water 

200 
1 m) filtrate III 240 ml bard water 

200 x 60 
60 ml filtrate Ill! 240 ml hard water 

Ill! 50 ml bard water 

Therefore, bardness of 60 ml of filtrate is equal to tbe_ magnesium hardness of 
50 m) of hard water sample 

50 ml bard water 

1000 ml hard water 

or Magnesium bardness 

Calcium hardness 

Exercises 

= D2 ml EOTA 

10 
D2 x A mg CaC03 

10 1000 
O2 x A x 5() mg CaC03 

D2 
= A x 200 ppm 

= [! x 200 - ; x 200] ppm 

50. Wbich is the best method of hardness determination and wby? 
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51. What is the effect on the end-point with Eriochrome black-T indicator if the 
hard water sample does not contain Mg2+? 

52. To obtain a sharp end-point with Eriochrome black-T indicator, how can 
Mg2+ ions be added without introducing any error. 

53. Why and how is the pH value adjusted to about 1O? 

54. Describe and calculate the hardness of water samples giving the following 
analysis: 

(a) Impurity Amount in Impurity Amount in 
mg/l or ppm mg/l or ppm 

Ca2+ 20 SO~- 96 

K+ 39 HC03-
183 

Na+ 23 CI- 35.5 

Mg2+ 48.6 

(b) Ml+ 24.3 CI- 35.5 

Na+ 23 SO/- 48 

Ca + 40 HC03 305 

K+ 78 

55. 100 ml of a water sample required 10 ml ofN/50 MCI for neutralisation to 
methyl orllnge end-point. Another 100 ml of the slime sample, lifter being 
boiled and fillered, reqnired 0.2ml ofN/50 HCI for complete neutralisation. 
Calculate temporary hardness of the water sample (Hehner's method). 

56. 100 ml of a hard water sample were taken in a 2S0-ml beaker and boiled to 
precipitate temporary hardness. 20 ml of an alkali mixture solution (NaOH 
+ Na2C03), whose 10 ml required 8 Illi of N/lO HC) for neutralisation to 
methyl orange end-point, were then added. The reaction mixture was heated 
to boiling, cooled and filtered. The filtrate required 13 IllI ofN/IO HCI for 
complete neutralisation. Calculate pennanent hardness of the water sample. 

57. 100 m) of a hard water sample were neutralised with HC) using methyl 
orange indicator. The. solution was then boiled with 25 ml ofN/50 NaOH 
and filtered. The fiItrate required 21 ml of N/50 HCI for complete 
neutralisation. Calculate magnesium hardness of the water sample. 

58. 70 Illl of a standard hard waler (containing 0.28 g CaC03/litre) required 
20.1 Illl of a given soap solution for producing lather that persisted for 5 
minutes. 701111 of tap water under the same conditions required 14.5 ml of 
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soap solution. 70 ml of the same water sample, after being boiled, filtered 
and diluted with distilled water to original volume, required 5.4 ml of the 
soap solution. If 70 ml of distilled water requires 0.5 ml of the same soap 
solution for producing lather, ca\culate total, permanent and temporary 
hardness of tap water in degrees Clark. Also report the result in degrees 
French and in ppm. 

3.4 Dissolved Oxygen (D.O.) and Oxygen Demand 

Oxygen is poorly soluble in water. Since it does not react with water chemically, its 
amoullt present in water at saturation at any given temperature and pressure can be 
calculated by Henry's law. Under a pressure of olle atmosphere, tbe solubility of 
oxygen of air in distilled or fresh waters with low solid concentrations varies from 14.5 
mg/l at DoC to about 7.5 mg/l at 30°C. The solubility is less in saline waters and at a 
given temperature decreases with increase in tbe concentration of !:he impurities. 

3.4.1 Determination oj oxygen dissolved in a water sample 

Significance of the Test 

In steam generation, D.O. is one of the important factors causing corrosion of the 
boiler material. From boiler- feed water, D.O. is removed by physical and chemicals 
means. Measurement of D.O. is necessary to control tbese processes. 

If sufficient D.O. is not present in polluted water, nuisance conditions are 
developed due 10 anaerobic degradation of the pollutants. D.O. test is thus vital as 
a mea liS of controlling the rate of aeration to ensure aerobic conditions and also to 
prevent excessive use of air. The test also belps in maintaining dissolved oxygen 
leve.ls that will support the desired aquatic life (fisb, etc.). 

Reagents Required 

1. Standard sodium iliiosulphate solution (N/40) 

2. Potassium pennanganate solution (N/lO) 

3. Potassium oxalate solution (2%) 

4. Manganous sulphate solution (48%) 

5. Alkaline potassium iodide solution 

6. Freshly prepared starch solution 

7. COllcentrated sulphuric acid. 

Theory 

The iodometric (Winkler) method is based 011 the fact that in alkaline medium D.O. 
oxidises Mn2+ to Mn4+, which in acidic medium oxidises C to free iodine. The 
amollnt of iodine released, which can be titrated wilh a standard solution of sodium 
thionsJphate, is thus equivalent to the D.O. originally present. 

In the modified Winkler method, the interference due to certain oxidising 

agents such as NOz- or reducing agents sucb as Fe2+ or soj - is removed by trea ling 

Ihe sample with an excess of KMn04 in acid medillm. The following reactions take 
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NOz- + H20 ---.... N03- + 2H+ + 2e] x 5 

Mn04- + 8H + + 5e • M1l2+ + 4H20] x 2 

5N02 + 2Mn04 + 6H + ---~ 5NOi + 2Mn2+ + 3Hp (3.46) 

SO~- + H20 ,. SO~- + 2H+ + 2e] x 5 

+ ?+ M1l04- + 8H + 5e ---..... Mu- + 4H20] x 2 

5S0~ - + 2Mn04- + 6H + ---..... 5S0~ - + 2Mn2+ + 3H20 (3.47) 

Fe2+ .. Fe3+ + e] x 5 

MIlO - + 81-1 + + 5e -----30. M112+ + 4H~0 4' !-

(3A8) 

N03- and SO~ - formed in reactions (3.46) and (3.47) do not interfere. Fc}+ 

interferes only when present jn amounts above 10 mg/I. 

avoided by converting Fe3+ into poorly dissociated complex 

Tub interference is 

by adding K.F: 

F 3+ 6F - F ~j-
e + • et'(j p.49) 

Excess of KMn04 is destroyed by adding potassium oxalate: 

Mn04- + 8H + + Se • Mllz+ + 4HzO] x 2 

---->-. 2COz + 2e 1 x 5 

+? ?+ 5 2Mn04- + 16H + 5C20 4 - ---~ 2Mn- + lOCOz + 8HzO (3. 0) 

MnS04 and alkalillt~ KI are then added when a white precipitate of Mn(OHh is 
formed. 

Mn2+ + 20H - ---"",. Mn(OHh (3.51 ) 

The oxygen dissolved in the sampk oxidises some of the Mn2+ to Mn4+ which is 
precipitated as brown hydrated manganese dioxide: 

Mn2+ + 40H- ,. MuO (OHh + H20 + 2e] x 2 

02 + 2H20 + 4e --_. 40H-

2Mn2+ + 0z + 40H - --_. 2MnO (OHh 

or (2Mn02 H20) 

(This process is sometimes called fixation of oxygen). 
(3.52) 

On acidifying the solution, manganese in the higher oxidation state oxidises I - to 
free iodine: 
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MnO(OHh + 4H + + 2e ---~ Mn2+ + 3H20 

21 - • 12 + 2e 

MnO(OHh + 4H + + 21 - ---~ Mn2+ + 12 + 3H20 (3.53) 

The iodine liberated is titrated with standard Na2S203 solution using freshly 
prepared starch solution as indicator: 

12 + 2e ---.,.~ 21-

2S20~ -

(3.54) 

Procedure 

Conect the water sample in a 300-ml glass-stoppered (water tight) bottle. With the 
help ofa graduated pipet, add 0.7 ml conc. H2S04 and 0.2 ml (4 drops) KMn04 
solution. Stopper the bottle and mix the contents of the bottle by inverting it a few 
times. If the permanganate colour disappears within 5 minutes, add additional 
amount of KMn04' Add 0.5 ml of potassium oxalate solution, stopper and mix 
welt Add additional amounts of oxalate solution if the permallganate colour is not 
discharged within 10 minutes. Add 2 ml of MnS04 solution followed by 3 ml of 
alkaline KI solution. Stopper and mix by rotating and inverting the bottle 10 to 15 
times and allow to stand. After about 2 minutes, shake and allow the precipitate to 
settle. When some portion of the liquid below the stopper is clear, add 1 mI cone. 
H2S04' Stopper and mix until the precipitate is completely dissolved. Take 
204.4 mI (with a measuring cylinder) of this solution in a titration flask and titrate 
slowly against (N/40) Na2S203 solution. When the colour of the solution is very 
light yellow, add about 2 ml of freshly prepared starch solution and continue the 
titration to the first disappearance oftbe blue colour. Repeat the whole experiment 
two to three times and record the mean volume of Na2S203 used as A ml. 

Precautions 

(1) As far as possible, the sample should not be allowed to come in contact with 
air. 

In most (~ases of interest, the D.O. level of the sample is below saturation, and 
exposure to air will lead to higher results. For reducing the contact of the sample 
with air 

(a) the sample should be collected from the tap using a rubber tubing 
whose other end should be lowered to the bottom of the bottle. Water 
should be allowed to overflow for sometime. 

(b) the stopper of the bottle should be removed only when some reagent 
is to be added. 

( c) while replacing the stopper, care should be taken to exclude air 
bubbles. 
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(2) While adding various reagents, the tip of the graduated pipet should be 
dipped below the surface of the liquid. 

(3) The flocculated material formed on addition of alkaline Kl should be moved 
throughout the solution to enable all the oxygen to react. The reaction 
[which may also be represented as stoichiometric absorption of dissolved 
molecular oxygen by Mn(OH)2 : 

2Mn(OH)z + 0z ~ 2MnO(OH)z (3.52a)] 

being slow, sufficient time should also be allowed. 

4. While adding the reagents and replacing tht~ stopper, bottle should be placed 
in a trough or basin as some liquid will always overflow. 

Observations 

Total volume of the sample taken 

Volume of reagents added during the 
preparation of iodine solution 

Volume of prepared solution (iodine) taken for 

= 300ml 

= (0.7ml H2S04 + 0.2ml 

KMn04 + O.Sml KZCZ0 4 
+ 2 ml MnS04 + 3 ml 

alkaline Kl) = 6.4 Ill!. 

titration = 204.4 ml 

Mean volume of N/40 Na2S203 used = AmI 

Calclilations 

6.4 ml of the reagent,> have been added under such conditions that approximately 
equal volume of the sample is displaced. This dilutes the sample and so a correction 
is needed. Volume of the original sample that will be equivalent to 204.4 ml of the 
prepared (diluted) solution is given 

Total volume of the sample - volume displaced by reagents x 204.4 
Total volume of the sample 

300 - 6.4 
= 300 x 204.4 = 200 1111 

Thus the iodine content of 204.4 1111 of the prepared solution (diluted sample) is 
equivalent to the D.O. of 200 ml of the original sample. Then using the normality 
equation 

N1V1 
(Oxygen solution) 

or Nl (Normality of the sample w.r.t. D.O.) 

Strength 

(Hypo solution) 

1 
- x A 
40 

1 
x x A 

200 40 

1 
-x 
200 

1 
- x A x 8 gil 
40 

= A mg/l = A ppm 
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Exercises 

59. Wbat is tbe efIect oftbe presence of oxidising impurities like NOi and Fe3+ 

(if not removed) on tbe D.O. results? 

60. H d I ·· . . h F 2+ SO') - S2 f" h D ° ow 0 re< ucmg lInpuflhes sue as e, :3, , etc., elect t e . . 

determination? 

61. Wbat do you understand by the phrase 'fixation of dissolved oxygen'? 

62. Why is the NaZS203 solution of N/40 strength selected for titration? 

63. Stale Henry's law for the solubility of a gas in a liquid. Outline the 
conditions under which the law is applicable. 

3.4.2 Biochemical Oxygen Demand (BOD) 

Micro-organisms can utilize carbohydrates, proteins and oils and fats as food and 
oxidize them to obtain energy for their life processes. Some bacteria can also utilize 
reduced inorganic materials like Fe2

+, S2- and ammonia as sources of energy. In 
the biological degradation (of sewage and other waste material) which is brought 
about by a diverse group of living organisms or bacteria, organic matter is first 
cOllverted to fauy acids which, by successive oxidation at ~-carbon atom, are 
'broken down' into fragments consisting of acetic acid. When sufficient oxygen is 
present, that is in aerobic systems, oxygen is the ultimate dectron acceptor which 
is reduced while organic matter is being oxidised to CO2 and H20: 

bacteria 

CH3COO + 202 + CO2 HC03- + H20 (3.55) 

Inorganic materials like S2- and reduced nitrogen (NH3 or NH4+), if present, are 

oxidised to sulphate and nitrate: 

bacteria 

S2 20 S024-+ 2----+ 

Nitrifying 
NH3 + 202 ----,---" N03- + H + + H20 

bactena 

(3.56) 

(3.57) 

When the availabil ity of oxygen is insufticient (anoxic conditions), organic matter 
i& oxidis(~d by using nitrate as electron acceptor: 

facuhive 
5CH3COO - + 8N03 + 8H + ---iO 5COz + 5HC03-

bacteria 

+ 4N2 + 9HzO 

[Nitrate may also be reduced to the amine stage 

bacteria 

giving odour resembling that of dt'caying rotten fish. j 

(3.58) 

(3.59) 

Under strictly anaerobic conditions, i.e., ill the absence of oxygen, SO~ -, PO~­
and CO2, whatever available, can act as electron acceptors and are reduced to HzS, 
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HS - (mercaptans-rotten egg small), phosphine (poisonous and wormy odour), 
methane (suffocating), etc.: 

2CH3COO + 2S0~ - + 3H+ ----? 2C02 + 2HC03- + H2S 

+ HS - + 2H20 (3.60) 

CH3COO - + PO~ - + 3H + -----;.~ CO2 + HC03- + PH3 
+ H20 (3.61) 

CH3COO - + H20 -----;.. CH4 + HC03- (3.62) 

Sewage and other oxygen-demanding wastes are termed as water pollutants 
because: 

(a) their dec<ly leads to depletion of dissolved oxygen, which affects (and even 
kills) fish and other equatic life, 

(b) they produce annoying odours, 

(c) they impair domestic and livestock water supplies by affecting taste, odours 
and colours and 

(d) they promote conditions favourable for the growth of infectious agents 
(pathogenic bacteria). 

To avoid development of nuisance or septic conditions, sufficient oxygen must be 
present or supplied externally to maintain aerobic conditions tbroughout. 

The amount of oxygen required by a mixed population of micro-orgallisms in 
oxidising organic matter present in a sample, under strictly aerobic conditions, is 
generally known as B.O.D. and is directly related t(l the extent of pollutioll (by 
sewage or other oxygen-demanding wastes). 

The rate of bacterial oxidation at any instant is proportional to the amount of 
the oxygen-demanding wastes left at tbat instant, i.e., lbe reaction follows First 
Order Kinetics and theoretically should be completed in inrinite time. It has 
however been found tbat nearly 70 to 80% of the total BOD is exerted in the first 
five days. The sample is therefore incubated for 5 days at 20·C (roughly a mean 
value of temperatures or natural bodies of water) aud tbe BOD values are reported 
as BODs. A polluted sample may consume more oxygen in 5 days than present in 
water (nearly 9 mg/l at 20·C) and so, before analysis, is diluted with a specially 
prepared 'Dilution Water'. The diluted sample is taken in two bottles. The dissolved 
oxygen (D.O.) in one bottle is detennined inunedialcly and ill the other after 5 days 
of incubation. The BOD of the sample is then given by 

D1 - D2 
BOD A x B mg/\ (3.63) 

where D.O. of the sample in mg/l at the start of the experiment 

D2 D.O. of the sample in mg/I after 5 days 

A ml of the sample before dilution 

B ml of the sample after dilution. 
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Exercises 

64. 10 ml of a l)olluted water sample was diluted to 600 ml and equal volumes 
were poured into two B.O.D. bottles. D.O. in one boHle was determined 
immediately (Blank) by Winkler's method and 204.4 ml solution required 
3.9 ml ofN/40 Na2S203' The second sample was incubated for 5 days and 
in the D.O. determination, 204.4 ml solution required 2.1 mi of N/40 
Na2S203' Calculate B.O.D. of the polluted water. 

65. Outline the significance ofB.O.D. measurement. 

66. Why has the 5-day incubation period been selected for BOD determination? 

67. What should be the composition of a good 'Dilution Water' for BOD 
determination? 

3.4.3 Determination of Chemical Oxygen Demand (C.O.D.) of a 
waste water sample 

The COD is usually defined as the amount of oxygen used while oxidizing the 
organic matter contcnt of a sample with a strong chemical oxidant under acidic 
conditions. The organic matter in the sample is related to the oxygen required 
(COD) in accordance with equation: 

C)-IyOz + (x + * -i) 02 .. xC02 + } H20 (3.64) 

Since in the COD determination, the organic matter (both biologically oxidizable 
like glucose and biologically inert like cellnlose) is completely oxidisGd to CO2 
and H20, the COD values are greater than BOD values (which represent the amount 
of oxygen that bacteria need for stabilising biologically oxidizable maHer). 

Significance 

For samples from a specitlc source, COD can be related to BOD. The COD test is 
therefore widely used for measuring the pollutional strength of domestic and 
industrial wastes. Used in conjunction with the BOD test, it indicates the magnitude 
of the biologicall y resistant organic matter. The. major advantage of the COD test 
is that the determination is completed in 3 hours, compared to the 5 days required 
for the BOD detennination, and therefore steps can be taken to correct errors on 
the day they occur. 

Reagents Required 

1. Standard postassium dichromate solution (N/4) 

2. Standard ferrous ammonium sulphate solution (FAS N/4) 

3. Silver sulphate-sulphuric acid reagent 

4. Ferroin indicator solution 

5. Mercuric sulphate (HgS04). 

Theory 

A suitable aliquot of the sample is boiled with a known excess of K2Cr207 in 
presence of conc. H2S04, The organic matter is oxidised to CO2 and H20: 
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(3.65) 

The excess of dichromate left unused is titrated with FAS standard solution using 
ferroin as indicator: 

The amount of K2Cr207 consumed corresponds to COD. 

Procedure 

To 50 ml of the sample take.lI in a SOO-ml reflux flask, add 1 g HgS04 and some 
broken porcelain pieces or glass beads. Immerse the flask in cold water and slowly 
and 75 ml of Ag2S04 - H2S04 reagent while continuously shaking the flask. Add 
25 ml ofN/4 K2Cr207 solution. Mix the contents of the flask thoroughly. Fix the 
water condenser and reflux [or 2 hours. Wash the condenser with distilled water 
into the flask. Cool and dilute to about 300 1111. Add 2 to 3 drops ofFerroill indicator 
and titrate against N/4 FAS until the first sharp colour-change from blue green to 
reddish brown. Record the volume o[ F AS used as A ml. 

Blank Titration 

Take a volume of distilled water, equal to lliat oftbe sample, in another reflux flask. 
Add the same amounts of reagenl<;, retlux for 2 hours and titrate in the same way 
as in tbe sample titration. Rt~cord the volume of FAS used as B ml. COD of the 
sample corresponds to (B-A) ml of standard (N/4) FAS. 

Precautions 

The addition of Ag2S04 - H2S04 reagent to the sample is all exothermic process 
and may lead to loss of material. To avoid this, it is important to mix the reflux 
mixture slowly with sbaking and the flask sbould be cooled during mixing. It is 
better to fix the reflux condenser in tbe tlask and tllt~n add the major portion of the 
AgZS04 - H2S04 reagent througb tbe open end of tbe condenser. 

Observations and ealClila/ions 

Volume of sample taken :: 50 ml 

Volume ofN/4 FAS used in tbe sample (test) titration = A ml 

Volume ofN/4 FAS used in blank titration ::: B ml 

Therefore, volume ofN/4 FAS equivalent to K2Cr207 = (B -A) ml 
used ill satisfying COD 

N2V2 
(FAS) 

1 
"" - x (B - A) 

4 
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or 

Therefore, C.O.D. 

Exercises 

(B - A) 
4 x 50 

(B - A) x 8 gil 
4 x 50 

(B - A) x 8 x 1000 
4 x 50 

(B - A) x 40 mg/l 

mg/l 

68. What are the major sources of error in the above method? 

69. How are the above-mentioned errors minimised? 

3.5 Residual Chlorine and Chlorine Demand 

Water is the chiefvehicle of transmission for some diseases like dysentry, cholera, 
typhoid, etc. (called waterborne diseases), caused by pa lhogenic bacteria. Growth 
of other living organisms such as algae and fungi in water may be extremely 
harmful when such water is used for certain industrial purposes. Chlorination is an 
important disinfection process which serves to destroy or deactivate the disease 
producing and other harmful organisms. 

Chlorination may produce adverse effects also. Phenols, if present in water, 
are converted into mono-, di-, or trichloro-phenols which impart unacceptable taste 
and odour to water. Some fonns of aquatic lift~ are adversely affected by 
chlorination ofw'Iters containing ammonia or amines. Humic substances which are 
p{esent in most water supplies are c,lIlverted into several chlorinated products, the 
most harmful of which is tbe carcinogenic chloroform (CHCI3). In spite of these 
adverse effects, chlnrin.3tioll has not b('en abandoned because of the immense 
benefits arising from it which far outweigh the risks involved. 

Chlorine is applied 10 water in its elemental fonn (C12 gas or a concentrated 
solution ofCl2 in Wall'!) or as hypochlorite (NaOCl or bleaching powder). Chlorine 
reacts with water to produce hypochlorous acid which further dissociates to give 
H+ and OCI-; 

CI2 + H20 ---..... HOCI + H ++ CI (3.67) 

HOCI • H + + OCI (3.68) 
The relative amounts ofC12, HOCI and CC depend on the temperature and pH. At 
the pH of the most natural waters, HOCI and CI- predominate. Ammonia, formed 
by dissociation ofNH4 + ion impurity present in water, is slowly attacked by Cl2 or 
HOCI to form small amounts ofmono-, di- and trichloramines: 

NH4 • NH3 + H + [~issociation "" 10- 10] (3.69) 

NH3 + HOCI • NH2CI + 8H2O (3.70) 
Monochlommine 

NH2Cl + HOCI • NHCl2 + 8H2O (3.71) 

Dich loram ine 
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NHCl2 + HOCI -----'.>' NCI3 + 8H20, 
Trichloraminc 
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(3.72) 

the mono- and dichloramines being important disinfectants. With higher concen­

trations ofCl2 (1.5 mole Cl2 per mole ofNH3)' N2 or NOi are fonned depending 

upon pH, temperature and reaction time: 

2NH3 + 3Cl3 ---- N2 + 6H + + 6CI-

N03- + 9H + + 8CI-

(3.73) 

(3.74) 

Chlorination beyond this stage (called Break-point chlorination) increases the 
amount of Clz, HOCI and OCI- which are referred to as free chlorine residuals. 
While the free chlorine residuals are quickly dissipated in the distribution system, 
the chloramines (referred to as combined chlorine residuals) are stable. This affords 
longer contact time, thus lowering the concentration of the disinfectant required 
for equivalent destruction of bacteria. Chloramines act as chlorine reserves killing 
bacteria left during the initial treatment and guard against any inadvertent bacterial 
contamination at a later stage. Their presence is therefore particularly desired when 
water is to be transported over long distanct's. When a chlorinated water is devoid 
of combiIlt'd chlorine residuals, a small amount ofNH3 or ammonium salt is added 
after chlorination. 

An overdose of chlorine not only increases the cost of disinfection but imparts 
an unpleasant taste to drinking water and is also injurious to health. For efficient 
disinfection of domestic water supplies, swimming pools and treatment of waste 
waters, measurement of hoth free and combined chlorine residuals is t'ssential. 

3.5.1 Determination of Total Chlorine Residuals (Iodometric Method) 

Reagents Required 

1. Standard sodium lhiosulphate solution (N/lOO). 

2. Glacial acetic acid. 

3. Potassium iodide. 

4. Freshly prepared starch solution. 

Theory 

When KI is added to water at pH 3 - 4, holh free and combined chlorine residuals 
[(:acl to oxidise iodide to free iodine: 

CI2 + 21- ~ 12 + 2CI- (3.75) 

OCI- + 21--~ 12 + CI- + H2O (3.76) 

HOCI + 21- + H+ ) 12 + CI + H2O (3.77) 

NH2CI + 21- +H+----- lz + CI + NH3 (3.78) 

NHCIZ + 41 + 2H+ ) 212 + 2CI - + NH3 (3.79) 

The liberated iodine is titrated with a standard solution of NaZ320 3, using starch 
solution as indicator near the end-point: 
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(3.80) 

Procedure 

Pipet out 100 IllI of the water sample into an iodine titration flask containing 1 g 
of KI and 2 IllI of glacial acid. Stopper the flask and shake well to mix the solution. 
Rinse the stopper and the sides of the flask with distilled water (using a wash bottle) 

into the flask. Add t~O NaZS203 solution from a burette slowly with constant 

shaking until the colour of the solution becomes very light yellow or straw yellow. 
Add 1 ml of freshly prepared starch solution and titrate further until the blue colour 
disappears. Record the volume of Na2 S:P3 solution used as A ml. Take 

concordant readings. 

Precautions 

1. The titration should be completed rapidly in order to avoid atmospheric 
oxidation of iodide. 

2. First disappearance of blue colour should be taken as the end-point. 

Observations and Calculations 

Volume ofwatcr sample taken for each titration 100 ml 

Concordant volume of 1~0· Na2S203 used AmI 

N1V1 
(Sample) 

N2V2 
(Na2SP1) 

1 
x A 

100 

Therefore, Nt (Nonnality ofsamp1e w.r.t. 

total chlorine residuals) 

1 
--x A x 
100 100 

Total chlorine residuals 100 x A x 100 x 35.5 gil 

1 1 3 
100 x A x 100 x 35.5 x 10 mg/l 

3.55 x A ppm 

Exercises 

70. Wby and bow is pH adjusted bcLween 3 and 4'1 

71. What are the common impurities tbat interfere in tbe determination? 

3.5.2 Determination of Free Chlorine Residuals and Combined Chlorine 
Residuals (Chloramine and dichloramine) in a treated 
water (DPD·Ferrous 1'urimetric Method) 

ReaRents Required 

t. Standard ferrous ammonium sulpbate solution (N/lOO FAS) 
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2. Phosphate buffer (pH 6.2 - 6.5) 

3. Postassium iodide 

4. DPD indicator solution 

Theory 

(a) In the pH range 6.2 - 6.5, frec chlorine residuals o)\:idise N, N-diethyl-p­
diphenyknediamine (DPD) quantitatively to produce a red colour which can be 
titrated to a sharp colourless end-point by standard ferrous ammonium sulphate 
(F AS) solution. 

(b) If a small crystal of KI is added at this stage, monocbloramine oxidises DPD 
to produce equivalent red colour which is immediately titrated witb FAS. 

(c) Addition of more KI (about 1 g) produces more red colour due to the slow 
oxidation of DPD by dichloramine which is titrated with FAS after waiting for 
about 2 minutes. 

Procedure 

Add 100 ml of the sample to a titration t1ask containing 5 ml of phosphate buffer 
solution (pH 6.2 6.5) and 5 ml of DPD indicator solution. Mix and titrate rapidly 
with standard FAS utltil the red colour disappears. The volume ofFAS (A ml) used 
corresponds to the amouut of free chlorine residuals in the sample. 

Add 1 crystal of KI to the above solution. Mix and rapidly titrate against FAS 
until the red colour is again discharged. The volume of FAS (B ml) consumed is 
equivalent to monochloramint' present in the sample. 

Add 1 g of KI to the above solution and mix well. Allow to stand for 2-3 
minutes and titrate against F AS. The volume consumed (C ml) corresponds to the 
amount of dichloramint in the sample. 

Precaution 

1. After the addition of 1 crystal of KI, the solution should be immediately 
titrated with no loss of time as otherwise dichloramine may also react. 

Observations and Calculations 

(a) Free chlorine residuals: 

or 

Volume of sample taken == 100 Illi 

Volume of 1~0 FAS used = A IllI 

NzVz 
(FAS) 

1 1 
100 x A x 100 
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Amount of free chlorine residuals 
1 1 

100 x A x 100 x 35.5 gil 

A x 35.5 3 
100 x 100 x 10 mg/l 

3.55 x A ppm 

(b) Combined chlorine residuals present as monochloramine 

(c) Combined chlorine residuals present as dichloramine 

3.55 x B ppm 

3.55 x C ppm 

Exercises 

72. Why is the pH control so important in this determination? 

73. EDTA is added ill the preparation of DPD indicator solution. What is its 
purpose? 

3.5.3 Chlorine Demam! 

Chlorine reacts with a wide variety of inorganic and organic materials present in 
water. The demand of these impurities for dlorine has to be satisfied before 
chlorine becomes available [or disinfection. The difference between the amount of 
chlorine applied to a water sample and residual chlorine is reported as Chlorine 
Demand. It depends on the nature of impurities pft,sent in the sample, the amollnt 
of chlorine applied, the amount of residual chlorine desired, contact time, pH and 
temperature. Chlorine demand call be determined by treating a series of aliquots 
of the water sample with known but varying dosages of chlorine or hypochlorite 
(such as bleaching powder) and determining the residual chlorine at the end of the 
contact period. This will give the dosage required for any desired residual at the 
temperature of the experiment. 

3.5.4 Determination of the amount of bleaching powder required to 
disinfect a water sample by Horrock's Test 

Reagents Required 

1. Bleaching powder 

2. Potassium iodide 

3. Glacial acetic acid 

4. Freshly prepared starch solution. 

Theory 

Increasing amounts ofa solution of known concentration of bleaching powder arc 
added to the same known volumes of the sample taken in a number of containers. 
After allowing sufficient time for disinfection to take place, a few crystals of KI 
and glacial acetic acid are added to each of the containers. This leads to liberation 
of iodine, in the containers in which disinfection is complete and there is residual 
chlorine, which is detected by the production of blue colour on addition of starch 
solution. 

(3.81) 
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12 + Starch solution -----~ Blue Colour 

The method is approximate as no standard solutions arc used and the residual 
chlorine is not measured quantitatively. However, the method is very quick and 
when conducted with care, it can lead 10 efficient disinfection. The procedure has 
been so designed that even a layman can conduct it easily, and make water safe for 
drinking. 

Procedure 

Take seven glass conta iners Of bottles marked at 100-ml level. Transfer olle level 
tea-spoonful (about 1 g) or bleaching powder to olle of the containers, add a little 
distilled water and stir with a glass rod ulltil it is cOllverted into a paste. Add more 
distilled water to fiJI the container up to the mark and stir vigorously. Leave the 
solution to let the snspension seHle dowll. Fill the remaining containers with waler 
sample lip to the marie NUllllwr thelll as 1, 2, 3, 4, 5 & 6, with a glass marking 
pencil, and arrange in a row. Using a medicine dropper (delivering 20 drops per 
mi), transfer 1,2,3,4,5 & 6 drops of the prepared solution of bleaching powder 
to the containers numbered 1,2,3, etc., respectively. Stir thoroughly the contents 1)[ 

each container. Allow tn stand for half an hour (contact period). Add to each 
container a few crystals or Kl and 1 IllI 01 glacial an'tic acid followed by 1 ml of 
fnoshly prepared starch solntion. Stir the cOlltents gently with the rod and look for 
the deVelopment of blue colour. Note the container showing blue colour with 
minimum number of drops of the bleaching powder solution. If none of the 
containers shows a hlue colour, throw the contents. Wash the containers thoroughly 
with distilled water and perform the lest with 7, R, 9, lO. 11 & 12 drops of the 
bleaching powder sollJtioJl. Record fhe cOllfact period and temperature. 

Precautions 

(1) While preparing thc paste, care should be takcn to break with a glass rod 
(preferably with a Ilatlencd lip) any lumps of the bleaching powder left. 

(2) The tip ofthe dropper should be clean aud the drop~ should be added slowly 
so that they are fully formcd. 

(3) Contact period for all the samples should be cOllstant (the same), i.e. 
bleaching powder solution or KI and acetic acid should be added, as far as 
possible, simultaneously to all the samples. 

Nole: The fest call be made more accurate by raking a known weight of fhe 
bleaching powder for preparing the solution. 

Observations and Calcula/ions 

Volume of water sampk taken ill each container 

COllccntralion ofbkacl1ing powder solutiullused 

Contact period 

Tem pera ture oUhe experiment 

100 1111 

1 level spoonful 
(-" 1 g)/100 Ill! 

.......... minutes 

.......... oC 
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Sr.No. of container No. of drops of 
RP. solution 

added 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

1 level spoonful of RP. 

Volume of sample disinfected by n drops 

" 1 drop 

AppUed Chemistry 

Appearance of Minimum No. of 
blue colour drops producing 

blue colour 

No 

No 

(n, say) 

Yes 

Yes 

iii 100 ml of B.P. solution 

100 x 20 drops 

100ml 

100 ml 
n 

" 
100 x 2000 

100 x 20 drops = ml 
n 

RP. required for 200 liters of the sample 
n 

Exercises 

200 I' - Itres 
n 

= 1 level spoonful (1 ~ g) 

1 x n 
200 

~ x 103 " 
200 

'= 5 n level spoonful 

5 n g. 

74. What is mt'ant by Chlorine Demand of a water sample? 

75. Name a few chlorine-reactable materials that may be present in water as 
impurities. 
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76. Describe the nature of the reactions which these substances ulHkrgo with 
chlorine. 

77. Specify the optimum chlorine dosage, contact time and pH range for 
effective disinfection. 

78. What is meant by stabilising the chlorine? 

79. Wbat is Break-point Chlorination? What is its significance? 

80. What do you understand by Prechlorination and Post-chlorination? 

3.6 Turbidity 'lnd Coagulation 

The term turbidity is applied to finely divided particles suspended in water, due to 
which light passing into the sample is absorbed and scattered. Visual depth in such 
water is restricted. The turbidity of a water sample is related inversel y to its 'clarity'. 
It is simply an optical property of the particles suspended in water and nol a direct 
assessment of their amount present, since it is related to the size distribution of the 
particles. Turbidity in water may be of organic or inorganic origin. It is caused by 
suspended particles of clay, loam, sand, silt, decomposing food material, 
contamination with municipal or industrial waste water, organic coloured 
compounds, algae and other micro-organisms. 

Significance 

Consumers of municipal water supplies are always reluctant to accept even very 
slightly turbid waters as they ottCIl consider it to be polluted by domcstic waste 
wa tn-the ca use of man y wa ter-borne disea ses. Penn iss ible turbidi ty for drinking 
water is between 5-10 uniL'> and preferably it should be less Ihan5. Turbidity makes 
filtration very difficult. To get good quality water, filters of special design have to 
be used, thereby increasing the cost. A high turbidity value of the filtered water 
points to faulty filter operation. When turbidity is due to contamination with 
sewage, disinfection is less effective because some of the pa thogenic bacteria are 
enclosed in the sewage particles and escape the killing action of the disinfectant. 

Measurement of turbidity is useful in deciding whether water from a particular 
source can be used without chemical coagulation. Turbidity measurement, before 
and after coagulation by different chemicals, is used to select the most effective 
and economical substance and to ddennine its optimum dose. 

III the rt~moval of suspended solids from domestic and industrial wastes of 
frequently changing composition, turbidity measurement, being much quicker than 
suspended solids determination, is especially useful to adjust the optimum dosages 
of chemicals required. 

Turbidity Standards 

Since turbidity is caused by a wide variety of materials, the following arbitrary 
standard has b(~en chosen to compare turbidity of different waters: 1 unit turbidity 
is the turbidity produced by 1 part of fuller's earth in a million parts of distilled 
water (1 unit = 1 mg Si02/1, and the size of particles of Si02 used must lie within 
certain specific limits-the particles should pass through a 200-mesh sieve). 

Standard suspensions of pure Si02 were used originally to calibrate Jackson 
CandIe Turbidimeter, which is now used for ceutine work and no standards are 
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required. In this method, interference caused to the passage of light is measured 
visually and the results are reported as Jackson Turbidity Units (JTU). 

The instrumental method which, instead, is based on the measurement of the 
intensity oflight scattered by turbidity using Nephelometry, gives different results 
which are reported in Nephelometric Turbidity Units (NTU). 

3.6.1 Determinatioll (~r Turbidity betweell 2501000 JTV by Jacksoll 
Turbidimeter 

Procedure 

Shake the sample well and transfer 10-15 ml of it into a cool Jackson tube (made 
from mlourless glass, with a flat, polished, optical glass bottom and calibrated for 
din~ct turbidity readings) and fix it ill position in turbidimeter. Light the candle or 
bulb at the base. Pour slowly, through a funnel, additional portions of the sample 
into the Jackson tube and after each addition, vkw the lighted candIe (or bUlb) from 
above. Continue addition of the sample until the contour ( outline) of the flame or 
bulb is no longer visible. Extinguish the flame (or switch off the bulb). Take out 
the Jackson tube and record turbidity in JTU units. Take out a small amount of the 
sample; place the lube in position, light the candk (or bulb) and adding very small 
portions of the removed sample at it time, approach the end-point very carefully. 
Take a number of readings and report the mean value. 

Precautions 

(1) The Jackson tube should be kept clean, both inside and outside. 

(2) Sera tching of the tube should be avoided. 

(3) The charred portion of the wick (if caudle is used) should be trimmed and 
the distance of the flame from the bottom of the tube should be keptconstant. 

3.6.2 Determinatioll of Turbidity betweell 25-100 lTV with Bottle Stalldards 

Procedure 

Take a number of glass botlles of the same size, shape and colour characteristics. 
Place the sample ill one bottle and a number of standard suspensions of varying 
turbidities (made by suitably diluting, with distilled water, a natural turbid water 
standardised with Jackson Turbidimeter) in other bottles. Look through the sides 
of the bottles (sample and standards) at the same object (ruled paper or printed 
matter) and compare the distinctness with whicb tbe object can be seen. The 
turbidity of the sample is equal to the turbidity of th(~ standard that most closc\y 
produces the same inkrference to visual perception as the sample. 

Precautions 

(1) As the Humber and size of particles changes with time, the standard 
suspensions must be frequently replaced. 

(2) The standards should be well shaken before use. 

(3) All the bottles (containing the sampk and the standards) should be 
illuminated, well and equally, with a source of light so placed that no rays 
reach the eye directly. 
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Exercises 

81. Distinguish between Jackson Turbidimetry and Nephelometric Turbidity. 

82. What is meant hy Coefficient of Fineness? What is its significance? 

83. What is the Platinum Wire Method of Turbidity measurement? What is its 
'specific' use'? 

84. Name the chemical added to the turbidity standards to prevent the growth 
of bacteria or algae. 

3.6.3 Coagulation 

Finely divided particles of colloidal dimensions, suspended in water, seHle at <I very 
slow rate and readily pass through the pores of the filter. To make sedimentation 
and filtration practicable, the size of the particles has to be increast'd. This is 
achieved by coagulation followed by tlocculation. Coagulation is the process of 
adding chemicals to destahilise particles in a colloidal dispersion while 
FlOCCillation is their suhsequent enme.;hmcnt, by gentle and prolonged mixing, to 
form discrete, visible, suspended particles that settle under gravity alone and are 
easily filterable. 

When aluminium and iron salts are added to water, multi-positive hydroxo and 
polynuclear species of compounds are formt'd. (Model example. of dinude.ar 
species: 

Hp 
[Al(H20)s OH]2+ .z---~ IAI(H20)4(OHhl + + (H30) + 

2 (HP)+ II 

2 fAl(H20)4(OHhl + \ (H.zO)4 AI(g>1 (H20)41' + + 4H20 

H 

The overall reaction beillg, 
H 

2 [Al (H20)d+ ~--=== [(H20)4 Al::g'::::-AI (H20)4]4+ + 2(H30) +, 

H (3.82) 

the solution becomes acidic). 

{Als(OHho14
+ has be.e.u suggested to be the most effective species in coagulation. 

The coagulant species are thell readily adsorbed 011 the surface of the sllspended 
particles (particularly true for hydrophobic clay particles) - electrical aUrae-lion 
enhancing deposition. This causes decrease in the electrical charges and so the 
particles are deslabilised and are in a positiolllo agglomerate. Mixing or turbulence 
promotes collisions which result in lasting union. The progressively increasing 
mass of Hocculent material produced by the hydrolysis of the coagulant may 
enmesh the turbidity particles and act like a 'sweep' as it settles. 
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In case ofhydrophiIlic colloids (organic material- as in sewage) containing 
polar groups like hydroxyl, carboxyl or phosphate, destabiIisation is largely due to 
chemical combination with the hydrolysis products of the coagulant. 

3.6.4 To determine the minimum dose of a coagulant required 10 coagulate a 
given sample by Jar Test and to compare the effectiveness of aluminium 

sulphate and ferric sulphate as coagulants for a given sample at room 
temperature 

Significance 

A certain minimum dose of the coagulant must be added for effective coagulation. 
Additional doses arc required for increased turbidity but the relation is not linear. 
While a smaller dose is required for very high turbidities with variable particle size, 
very low turbidities are difficult to remove. In addition, the process is influenced 
by a number of inter-related factors such as pH, colour, mineral content and 
composition, te,mperature, the duration and degree of agitation and the nature of 
tbe coagulant used. Tberefore, tbe optinum dose and conditions cannot be predicted 
on the basis of tbe results of physical and chemical analysis of water and must be 
determined experimentally. Coagulation is widely used in lime-soda softening and 
in removal of colloidal silica from waters meant for domestic consumption or for 
many industrial uses. 

Measurement of turbidity before and after the coagulation process and the 
amount of coagulant left (not removed) are used to control and evaluate the 
efficiency of coagulation. FeCI3, A12(S04h and Fe2(S04h produce acid on 
hydrolysis (reaction 3.82). Thus, if the sample is acidic, either alkali should be 
added in the form of carbonate or lime, or NaAlOZ which produces alkali on 

hydrolysis (NaAlOz + 2H20" ':>- A1(OHh + NaOH) should be used as 

coagulant. 

The visible result of coagulation is the formation of a deposit in the form of 
porous gelatinous flakes that settle at the bottom ofthe vessel. If this is not observed, 
no coagUlation has taken place. 

Reagents Required 

1. Aluminium sulphate solution (1.5%) 

2. Ferric sulphate solution (0.5%) 

Procedure 

1. Take 8 beakers of SOO-ml capacity each. 

2. Transfer, with a measuring cylinder, 250 ml ofthe given water sample into 
each beaker. 

3. Divide the beakers into two sels and mark them, with a glass marking 
pencil, as 11> 12, 13, 14 and III> 112, II3 and 114. 

4. Attach the first set of sample beakers to the stirring device (a laboratory 
flocculator). 



5. Add alum so.lutio.n (15g Alz(S04h . 18H20/litre.) with a graduated 
micrQ-pipet in amQunts Qf 0.25 ml, 0.5 ml, 0.75 ml and 1.0 ml into. the 
beakers 11, 12, 13 and 14 respectively. 

6. Stir the samples rapidly fo.r abQut half a minute fQIIQwed by 15-minute 
ge.ntle stirring at a rate of abQut 40 rpm. 

7. Remo.ve the beakers from the stirring device and let stand fQr settling the 
flQcs. 

8. Observe. the. t1o.cs after every 10 minutes and record the characteristic (as 
slight, flQcculent, co.nsiderable o.r heavy) in a tabular fQrm. 

9. If no. co.agulatio.n takes place within an ho.ur, repeat the experiment with 
do.sages o.f 1.25 ml, 1.50 ml, 1.75 ml and 2.0 ml o.f alum so.lutio.n. 

10. Repeat the who.le process taking 0.25 ml, 0.5 ml, 0.75 ml and 1.0 ml o.f 
ferric sulphate sQlutiQn (5g FeZ(S04h/litre), instead o.f alum so.lutio.n, into. 
the seco.nd set Qf fQur beakers and re.cord the o.bservatio.ns in the table. 

11. Select the minimum do.sage Qf the better co.agulant. 

Observations and Calculations 

Vo.l ume o.f sample taken = 250ml 

Co.ncentratio.n o.f alum sQlutiQn used = 15 gil 

Co.ncentratio.n o.f Fe2 (S04h so.lution used = 5 gil 

Sl.NQ.Qf 
beaker 

CQagulant 
used 

CQagulant 
do.se (ml) 

Characteristic Selected 

Aluminium 
sulphate 

Ferric sulphate 

0.25 ml 

0.50ml 

0.75ml 

1.00mI 

O.25ml 

0.25ml 

0.75 ml 

1.00 

0.1' flo.c minimum do.se 

Ami 

Bmi 
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Quantity of aluminium sulphate required 

Quantity of FeZ (S04h required 

Precautions 

Applied Chemistry 

A 1111/250 ml 

A x 15 '") 
1000 g/ ",50 ml 

15 x A Il1g/250 ml 

60A mg/l 

B mll250 ml 

B x 5 
1000 g/250 ml 

5 x B mg/250 ml 

20 B mg/I 

As far as possible, the time and rate of stirring should be maintained constant for 
all the samples. 

Exercises 

85. Specify the advantages of using a coagulant. 

86. What is a flocculant aid? Give one example. 

87. What do you understand by 'Liquid Alum'? 

3.7 Solids 

The impurities prescnt in a water sample, whether suspcnded or dissolved, that 
have a negligible vapour pressure at 105°C may be termed as 'Solids'. Solids may 
advcrsely affect tbe quality of water in a number of ways. While waters containing 
suspended solids are not at all acceptable for drinking purposes, it is desirable tbat 
dissolved solids may not be more than 500 mg/l. Highcr conccntratjons may causc 
laxative or sometimes the reverse effect (constipation) upon travelling people 
whose bodies arc not adjusted to such waters, but there appears to be no ill-effect 
on residents regularly using such waters. 

Suspended solids are also objected to for bathing or recreational (swimming) 
purposes. Higher levels of suspended solids in lakes or streams inhibit the 
penetration of sunlight and promote conditions favourable for growth of pathogenic 
(disease causing) bacteria. 

Bolh suspendcd and dissolved impurities cause priming and wet steaming and 
deposite sludge and scale ill the boiler. 

3.7.1. Class(ficatio1l 

(A) Total Solids, reported inlllg/l, is the amount of the residue left in the vessel 
after evaporation of a sample and its subsequent drying in an oven at a 
specified temperature. Total solids determination is thc easiest test 
conducted on industrial wastes to havc an idea of the extent of dissolved 
inorganic salts. 

(B) Total Suspended Solids represcnt, in mg/l, portion of the 'total solids' 
retained by a filter, and 



(C) Total Dissolved Solids, is the portion that passes through the filtn. 

The magnilllde of the suspended solids and dissolved solids thus depends Oil 

factors like the type ofthe filter and its pore-size, the physical nature and the particle 
size of the suspended impurities, dc. 

In drinking wakr, most of the matter is ill the dissolved fonn. Tbe amount of 
suspended solids increases with the extent of pollution and is maximum in sludges, 
when' the dissolved fraction becomes less important. 

(D) Fixed Solids and Volatile Solids: 'Fixed Solids' is the term applied to the 
residue of 101<11, suspelHlcd or dissolved solids after ignition for a specified 
time at a specified tempnature. The weight loss on ignition is called 
'Volatile Solids'. lfthe ignition is conducted at a temperature at which 

(i) tbe organic maHer is completely converted into CO2 and H20, and 

(ii) tbere is minimum loss of inorganic substances due to decomposition 
and volatilization, 

then the loss in weight is approximately equal to the organic content of the solid 
fraction of waste-water, activated sludge or industrial wastes. 

The ignition is therefore usually conducted at 550" ± 50° C and the only 
sources of error are 

(a) decomposition of thermally unstable MgC03: 

350' C 
MgC03 ----->0 MgO + CO2 (3.83) 

and (b) volatilisation of ammonium salts not removed during drying. However, in 
the test on suspended solids, the inorganic dissolved salts are removed during 
filtration and so no error is caused. The volatile matter content of suspended solids 
is usually more than three-fourths whereas lbat of dissolvl~d solids is very very 
small. 

The results of the test are used to control aeration in the activated sludge 
process and fonn the basis for the design and operation of sludge digestion, 
vacuum-filter and incineration units in Sewage Treatment and Disposal. 

(E) Settleable Solids is the material settling out of suspension. It depends 011 the 
method used and the time allowed for settling. It Tt~presents the suspended 
solids tbat are coarse and have specific gravity bigher than that of water. 
The term is usually applied to sl'wage and indicates the amount of sludge 
that may be obtained in the sedimentation tank. The test is widely USt,d in 
deciding the necessity of a sedimentation unit in the Sewage Disposal 
System. The Illcasurement is also useful in predicting the physical 
hehaviour of industrilll and municipill wastes being drained into natural 
bodies ofwaler. 

3.7.2 Determination ~r 'Tolal Solids' (dried at 103-105°C) in (l water sample 

Procedure 

Transfer a suitable aliquot (corresponding to ahout 0.1 g of dissolved matter) of the 
well-mixed sample to a dried (at 103-1 05°C for 1 hour, dry al550 ± 50°C il"volatile 
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solids are to be measured) and preweighed nickel (or platinum) crucible and 
evaporate to dryness Oil a water bath. Dry in an electric oven at 103 to 105°C for 1 
hour, cool in a desiccator and weigh. Repeat tbe process of drying, cooling and 
weighing until the weight loss is less than 4% of the previous weight. 

Observations and Calclliations 

Let the volume of sample taken '" Vml 

= wI g Weight of empty crucible (dried at 103-1OS°C) 

Weight of crucible + residue (dried at 103 -105°C) = Wz g 

Therefore, weight of solids in V ml of the sample 

and 'Total Solids' 

Precautions 

wZ-WI 3 3 --=-----=- x 10 x 10 IUg/J 
V 

(1) To keep the crucible clean, (i) it should be supported on a glass or porcelain 
ring with a flange on the water bath during evaporation. (ii) The oUler 
surface of the crucible should be wiped before placing it in the oven for 
drying. 

(2) If the determination is to be completed in a short span of time, the volume 
of the sample should be reduced by gentle boiling on a hot plate before 
transferring the crucible to water bath. However, care should be taken to 
avoid spattering. 

3.7.3 Determination of (Total Suspended Solids' dried at 103-1 ore 
Procedure 

Mix the sample well. Filter under suction a known volume through a glass-fiber 
filter disc previously washed and dried at 103-1OS"C to constant weight 
(550 ± 50°C for volatile content of suspended solids). Wash with distilled water. 
Continue suction to completely drain the water. Remove the filter disc, place it on 
a flat aluminium sheet for support and dry in an oven at 103-lOSoC for 1 hour. Cool 
in a desiccator and weigh. Repeat the drying process to get constant weight. 

Observations and Calculations 

Let the volume of the sample filtered = V Illl 

Weight of the dried (103-1OS"C) glass filter disc = WI g 

Weight of filter disc + suspended solids, dried at 103-105 °C = wz g 

Therefore, weight of suspended solids in V ml of the sample = (w2 - Wi) g 



Water 

and , _w.::.2 _-_W..:;..l x 103 gil 'Total Solids :: 
V 

W2 - wl 6 
x 10 ppm 

V 

3.7.4 Determination of 'Total Dissolved Solids' dried at I80·C 

Drying at 180·C removes most of water of crystallization 

{e.g., MgS04 • 7H20 • MgS04 • H20 + 6H20 
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(3.84)] 

and some CO2 due to conversion of bicarbonates into carbonates and their partial 
decomposition to oxides. Evaporation followed by drying at 180·C usually gives 
results closer to those obtained from complete analysis for mineral species than the 
results obtained by drying at 103-lOS·c' 

Procedure 

Transfer the filtrate1 obtained in experiment 3.7.3 to a dried [180·C for 1 hour; dry 
at 550 ± 50·C for volatile content of dissolved solids J and weighed platinum 
crucible and evaporate to dryness on a steam batb. Dry at 180·C for 1 bour in an 
oven, cool in a desiccator and weigb. Repeat the drying process until there is no 
furtber loss in weigbt. 

Note 1: Ifa glass-fibre filter disc is not available, a Gooch crucible with a filter-mat 
prepared from glass fibre or asbestos fibre may be used for filtration. 

Observations and Calculations 

Let the volume of the saml>le filtered 

Weight of dried (at 180°C) empty crucible 

Weight of crucible + residue, dried at 180·C 

= Vml 

= w2g 

Therefore, weight of dissolved solids in V ml of the sample = (w2 - WI) g 

W2 - WI x 103 g/I and 'Total Dissolved Solids' :: V 

w2 - WI 6 
x 10 ppm 

V 

3.7.5 Determination of 'Fixed' and 'Volatile' Solids 

Procedure 

Ignite the residue obtained in experiments 3.7.2, 3.7.3 or 3.7.4 in a muffle furnace 
at a temperature of 550 ± SO·c, Cool the crucible or the tlIter disc, as the case ma y 
be, in a desiccator and weigh. Finish the ignition to constant weight. 

Precautions 

(1) The temperature sbould be strictly controlled as bigber temperatures lead 
to the decomposition of inorganic matte.r. 
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(2) Before placing the sample in the muffle furnace, destroy all inflammable 
material by controlled firing of the sample with bunsen flame. This will 
eliminate mechanical losses due to decomposition. 

Observations and CalClilatiol1s 

Let the volume of sample taken V ml 

Weight of dried filter disc or crucible: WI g 

Weight of filter disc or crucible + residue (dried) w2 g 

Weight of filter disc or crucible + residue, after ignition w3 g 

Weight of total solids, suspended solids or dissolved 
soJids, as the case may be "" (w2 - WI) g 

Weight of 'Fixed Solids' left after ignition 

Weight of 'Volatile Solids' (weight loss 
Oil ignition) 

Therefoft\ 'Fixed Solids' (of total, suspended 
or dissolved matter, as the case may be) 

, Volatile Solids' 

(w') - WI) - (w3 - WI) 

= (w2 - w) g 

- w3 
---- x 100% 

3.7.6 Determination oJ 'Settleable Solids' by 1m hoff Cone 

Procedure 

Mix the sample well and pour it into Imhoff cone up to I··litre mark. Leave it 
undisturbed for 45 minutes: gently stir the sides of tbe COll(' with a glass rod and 
\e.t the material seltk for another 15 minutes. Record the volume of the material 
that settles and report the result in IllI per litre. 

Precaution 

Tbl' volume of any liquid pocktt<; prestnt between large particles sbould be 
l~stimated and substracted fromlhc volume of senIed solids. Any floating material 
completely separated from Ihe settled material should lIot be included in the 
settleable solids. 

Observations and Result 

Volume of the sample taken 

Volume of solids senkd 

'Settkable Solids' 

I litre 

Vml 

V mll\itre. 
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LUBRICATING OILS, GREASES AND 
EMULSIONS 

The resistance to motion that operates when one solid surface is moved tangentially 
with respect to another solid surface, with which it is in contact, is known as 
Frictional Resistance, and results ill considerable loss of energy and damage to the 
contacting surfaces. 

But friction is not all that useless. An innumerable number of processes of 
everyday Iife~ligbting a match stick, walking, starting or stopping of a vehicle, 
gripping objects by hand, and what nol--are dependent (or their effectiveness on 
the presence of friction in large enougb alllounts. When friction is less, slippery 
conditions exist sucb as walking on sand, climbing up an oiled staff, etc. 

In addition to the Van def Waals forces of attraction (molecular forces of 
cohesion) operating between the molecules of the contacting surfaces, resistance 
to motioll is c~.aused by inteorlocking of minute projections-asperities or peaks, lllay 
be of the order of 1000 A (quite large wben considered on molecular scale) -
existing Oil the surfaces of even the smoothest objects. As one body moves past the 
otber, some of the peaks are broken off, leading to wear and tear of the surface. 
Friction generates beat (bighly localised at the points of contact between the 
rubbing surfaces) and coupled with high pressure developed even under small loads 
(as the actual points of contact are very small as compared to the apparent contact 
art~a between the Objects) causes fusion of tbe material at the peaks and accounts 
for the formation of welded junctions. If the relative motion of tile bodies is to be 
maintained, additional force is required to break these welded junctions which in 
turn generates more heat. The generation of heat is tberdore a self-41ccelerating 
process and may eventually lead to large scale seizure and bring tbe moving bodies 
to a grinding balt. 

The losses due to frictional resistance fonn II substantilll part ofthe total energy 
consumption of mankind. In order to conserve the depleting energy re&erves, it is 
essential that the frictional resistance be brought down to the optimum. Friction 
can be reduced by 

(i) de~crcasing the roughnt~ss of the surfaces involved, 

(ii) proper design of the moving parIs, 
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(iii) using surfaces of low coefficient of friction, or 

(iv) interposition of a substance of low shear strength between the moving 
surfaces. The substance that is used for this purpose is called a Lubricant 
and the process of reducing friction by use of a lubricant is known as 
Lubrication. 

In addition to reducing energy losses and wear and tear of the moving surfaces, 
a lubricant is usually called upon to perform one or more of the following 
inter-related functions: 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

To act as a heat dissipating medium (coolant) 

To form a seal (to prevent leakage, to keep out dirt) 

To act as a medium for power transmittal (hydraulic) 

To control corrosion (prevent rust) 

To dampen shock (dissipation of mechanical energy through fluid 
friction- dash pots, gears, etc.) 

To act as detergent or remove contaminants (flushing action to remove 
sludges from Ie Engines) 

To act as electric insulator (transformers, switch gears). 

Depending upon the operating conditions and the lubricant characteristics, a 
lubricant may form a fluid film (~1000 A thick) in between the moving surfaces 
thereby removing all points of contact between them (Hydrodynamic or Fluid Film 
Lubrication). Solid friction is compll~tcIy substituted by fluid friction and the 
coefficient of friction (O.OOl-D.Ol) is governed hy viscosity of the tluid. 

Under conditions of high load, low spe,cd, or when the, lubricant has a low 
viscosity, it may be squeezed out of position. Lubrication is then maintained by a 
very thin film (only a few molecules thick) of the lubricant adsorbed on the surface 
(Boundary Lubrication). The moving surfaces are not completely separated but 
their points of contact are considerably decreased. The coefficient of friction 
depends on the sticking characteristics (oiliness) ofthe lubricant and is much higher 
(O.OS-D.1S) than in the case of hydrodynamic lubrication. 

When the pressure lind temperature are enormollsly bigh, even tbe boundary 
film may break. Lubrication under such conditions is maintained by Extreme 
Pressure Additives - certain substances added to the lubricant which, under tht~ 
conditions of extreme pressure and temperature, react with the solid surface in 
question producing compounds having low shear strength, thus reducing the 
friction. 

A wide variety of materials-air, liquids (animal and vegetable oils, mineral 
oils, syntbetic oils), emulsions (oil-in-water and water-in-oil), suspensions 
(aquadag and oildag), semi-solids (greases) and solids (graphite, molybdenum 
disulpbide, etc.) have been employed for the lubrication purposes. 

4.1 Oils 

'Fatty' oils of'vegt:table and animal origin such as olive oil, palm oil, rapeseed oil, 
linseed oil, cottonseed oil, castor oil, tallow oil, lard oil, sperm oil, seal and whale 
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oils were t.he first to be used. They are usually the mixtures of mixed glycerides of 
saturated and unsaturated long chain acids and can be represented by 

CHZOOC·RZ 

I 
CHOOC'R' 

I 
CHzOOC'R" 

These oils are called 'Fixed' oils as they cannot be distilled without decomposition. 
They have good oiliness but 

(a) are costly 

(b) easily undergo oxidation, get polymerised and thickened, and 

(c) have a tendency to get hydrolysed in presence of water or moisture. 

So they are now used only to a limited extent in the manufacture of greases 
and as additives to improve the oiliness of other lubricants. They have largely been 
replaced with cheap, more easily and abundantly available and more stable mineral 
oils obtained by refining of petroleum. Chemically, mineral lubricating oils are 
mixtures of hydrocarbons (C l2 - Cso), and may contain only a small amount of 
oxygen, present as impurity, while this element is the main constituent of fatty 
oils. 

Selection of a lubricant for a particular job is a highly professional task and 
depends on such a wide variety of factors as the design of machine, the operating 
conditions (temperature, pressure, speed of movement, the duration for which the 
machine is to be used continuously, the nature of the environment), mode of 
application of the lubricant and its physical and chemical characteristics. It is now 
universally realised that the physical and chemical properties such as viscosity, 
specific gravity, flash point, volatility, acid value, saponification value, iodine 
value, etc., as measured in the laboratory, do not indicate exactly how a lubricant 
will behave under the operating conditions. These tests are therefore mainly used 
in the classification of and specifications for the type of lubricant required. They 
are also helpful in comparing the composition and evaluating the potential of the 
commercially available products. For a reasonably good prediction, the properties 
measured in the laboratory should be correlated to the service conditions expected 
to be met with in actual use. It is therefore desirable that variation of these 
characteristics with temperature, load, etc., and the extent and nature of possible 
contaminants should be studied. The suitability has finally to be established under 
the working conditions. 

Usefulness of tests increases iftest results can be compared directly with those 
obtained by others. This will be possible if the tests are perfonned in accordance 
with Universally accepted common specifications. The majority of the tests have 
been standardised by British Institute of Petroleum (IP) and by American Society 
for Testing and Materials (ASTM). A few oftbese tests are outlined below. 
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4.2 Viscosity and Viscosity Index 

Significance 

Viscosity is a measure of flowability at definite temperatures. The flow 
properties of oils influence the rate of production of an oil-well, the transport of 
crude oil and refined products in pipelines and the performance of an oil as a 
lubricant in a machine. 

Viscosity is the single most important property of the lubricating oils which 
determines their performance under the operating conditions. A lubricating oil 
should have sufficient viscosity to enable it to stay in position. On machine parts 
moving at slow speeds under high pressures, a heavy oil (higb viscosity) should be 
used as it better resists being squeezed out from between the rubbing parts. Light 
oils (low viscosity) can be used, however, when lower pressures and higber speeds 
are encountered (since high speed permits a good oil wedge to form) and should 
b(~ preferred as they do not impose as much drag on high speed parts as heavy oils 
do. In fact, under hydrodyuamic lubrication, solid friction is completely substituted 
by fluid friction and so tbe frictional resistance encountered depends directly on 
the vi'icosity of the oil. Therefore, for minimum friction, the thinnest (least viscous) 
oil thaI will stay ill position should be used. 

Change o/viscosity witll temperature: Viscosity Index 

With rise in temperanue, forces of cohesion between the molecules of a fluid are 
weakened, resulting in a decrease ill viscosity. When the same lubricant has 10 

function satisfactorily at widely varying temperatures (as is encountered in 
hydraulic systems, crankcases of internal combustion engines, automatic 
transmissions and gear cases and portable air compressors), the variation of its 
viscosity with temperature must be negligibly small. Otherwise, the lubricant may 
become very thin at higher temperatures (usually above 200°C during take off or 
landing of an aircraft) and may be squeezed out of position; or itmaybecome highly 
viscous at very low temperatures ( at times about -- SO"C, when tbe oil is pumped 
into aircraft engines in colder regions of the world) and may even cease to flow. 

The variation of viscosity with temperature is either indicated by Viscosity­
Temperature Curves (V-T Curves) or measured on an arbitrary scale known as 
Viscosity Index (V.I.). 

V.I. represent.;; the average decft~ase in viscosity of an oil per degree rise i11 
temperature between lOO°F and 210°F. The viscosity (at lOOOF) of the oil whose 
V.I. is to be calculated is compared with that of two standard oils, having the same 
viscosity at 2lO"F as the oil under lest. One of these reference oils is chosen from 
a standard set made from Penllsylvania crude (consisting mainly of paraffins and 
showing a relatively small decrease in viscosity with rise in temperature) and 
arbitrarily assigned II V.I. of 1 00; the other is chosen from a st;llldard set made from 
Gulf-Coast crude (consisting mainly of alicyclic hydrocarbons or naplltbenes and 
exhibiting a relativcJy large variation in viscosity with tt'mperaturc) and arhitraril y 
assigned a V.1. 01'0 (zero). Mathematically, 

V · . I d L - U x 100 lSCOSlty 11 ex == L _ Ji (4.1) 
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where U = viscosity at lOO°F of the oil whose V.I. is to be determined 

L = viscosity at lOO°F of an oil of zero V.I. having the same viscosity at 
2WoF as the oil whose V.1. is to be detennined 

and H = viscosity at WO°F of an oil of 100 V.l. having the same viscosity at 
2WoF as the oil whose V.I. is to be calculated. 

An oil whose viscosity cbanges rapidly with change in temperature has a low V.I. 
(the slope of V-T curve is high) while the one whose viscosity changes only 
slightly has a high V.1. (the V-T curve is flatter). Addition of linear polymers 
increases V.I. and oils with V.I. higher than 100 have been prepared. Methods to 
calculate values ofV.I. higher than 100 are also available. 

Viscosity index a 1 l 

U 

Viscosity index 100 
;>. H ..... 
1II 
0 

~ 0::; 
---------------

(Viscous -stalic) L 
1'-0-0"'-0 -E-('"""'-3-8-0 -C--:->-----2-10l F (~99 C ) 

Fig. 4.1 Viscosity-temperature curves for the standards (L & H) and the oil under test (U) 

4.2.1 De'ermination of viscosity of the given oil with Redwood viscometer 

Theory 

The Absolute or Dyna 1nic viscosity is the tangential force per unit area required to 
move one horizontal plane of the tluid at unit velocity with respect to another 
maintained al a unit distance apart hy the fluid. When the force is 1 dyne/Cln2

, the 
distance between the layers or planes J cm and the velocity gradient 1 cm/sec, the 
viscosity is 1 poise. This being 'I laq,;" unit, absolute viscosity is more commonly 

expressed in centipoise (= l~O poise }~'bC viscosity, also known as coefficient 

of viscosity, 11, of water at 20·C is 1.002 centi;lOiseo 

When a liquid is made to flow through a capillary tube by a pressure gradient, 
and the time for a given volume to tlow along ihe tube is measured, then at a 
constant temperature, the coefllcient of visco~ity, 1), is given by Poiseuille's 
equation 
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rtP r4 t 
f] = 8 VL 

where P = pressure difference between the ends of the tube 

L = length of the tube 

r = radius of the tube 

t = time in seconds 

V = volume of the liquid flowing through the tube in t seconds. 

(4.2) 

When the 'Inlet correction' and the 'Kinetic Energy Correction' are incorporated, 
the above equation takes the form 

rtPr4
t 

11 == 8 V (L + kl r) -.8 rt (L + kl r) t 
(4.3) 

where p is the density of the liquid and kl and kz are constants which depend on 
the fonn of the apparatus and are determined experimentally (k1 = 0 - 1.6, 

k2 = 1 - 1.5). 

For accurate measurements on mineral oils, glass capillary viscometers are 
used. The driving force is provided by the head of the test oil flowing vertically 
down the tube and is given by 

P = It pg, (4.4) 

where II is the mean height of the oil. The tube dimensions are so chosen that kl r 
in equation (4.3) becomes negligible as compared toL, so that 

_ nhpgr4t Vpk2 
11 - 8 V L 8 rt L t (4.5) 

For a particular instrument (Viscometer), the head of the oil is maintained at the 
same heighth, and the time t in sees. for the flow of a fixed volume of the oillhrough 
the capillary of fixed dimensions is measured. Then II, g, r, V and L all heccillc 
constant and equation (4.5) is reduced to 

f]=Cpt-~ 

Dividing both sides by p, we get 

!l == C t 
P 

&II C t 

B 
t 

(4.6) 

(4.7) 

(4.8) 

when t is very large. The time t in seconds measured experimentally is reported as 
Relative Viscosity and its magnitude depends on the viscometer used and the 
volume of the liquid that nows through the tube of the viscometer. Therefore, while 
reporting the relative viscosities of oils, the viscometer used must be specified. 

The quantity f]/ p, the ratio of absolute viscosity to density of the liquid is 
known as Kinematic Viscosity. It is denoted by v and is expressed in centistokes 
when f] is expressed in centipoise. The viscomcters are usually engraved with the 
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constants Band C such that when t is in seconds, v is in centistokes. The kinematic 
visGosities are thus independent ofthe viscometer used. 

If measurements arc made on two different liquids using the same viscometer, 
from equation (4.8) we get 

and 

111 _ C t 
PI 1 

112 _ C I 
P2 2 

(4.9) 

(4.10) 

where llt, PI and 11 arc the absolute viscosity, density and the time of flow of 

a fixed volume, respectively, for the first liquid and 112 , P2 and t2 the corres­

ponding values for the second liquid. Dividing equation (4.9) with (4.10) and 
rearranging, we get 

PI II 
111 = 112-

P2t2 
(4.11) 

Thus knowing 112, the absolute viscosity of one liquid, PI and pz, the densities 
of the two liquids at the temperature of the experiment and measuring tl and t2, the 
absolute viscosity of the other liquid can be calculated. 

Redwood Viscometers 

Redwood viscometers arc available in two sizes - No. 1 (Universal) and No.2 
(AdmiraJity). The twoviscometers, RWI and RW2, are identical in principle, shape 
and method of testing a sample. The difference lies in the dimensions of the 
discharge capillary (tube/jet/orifice): 

Viscometer 

RWI 

RW2 

Dimensions of Jet 

Diameter 

1.62mm 

3.8mm 

Length 

lOmm 

50mm 

The rate of discharge of the oil through RW2 is nearly 10 times the discharge 
through RWI and so the RW2 receiving-flask is designed with a wider mouth. 

RWI is commonly used for light or thin oils (e.g., kerosene, mustard oil, etc.). 
For highly viscous liquids (e.g., fuel oil, mobile oil, glycerol, etc.), when the flow 
time with RWI may exceed 2,000 seconds, RW2 is used. 

Procedure 

Level the viscometer with the help oflevelling screws. Fill the outer bath witb water 
and connect to the electric mains. Clean the oil cup and the discharge jet with xylol 
followed by passing a small amount of the test oil through the jet, using a plunger. 
Place the ball valve on the agate jet to dose it and pour the test oil into the cup to 
such a level that the metal indicator (pointer) fixed on the wall of the oil cup just 
dips in the oil. Insert a thennometer and a stirrer and cover with lid. Keep stirring 
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the water in the bath and the oil in the cup and adjust the bath temperature until the 
oil attains the desired constant temperature. Place a clean and dry Kohlrausch flask 
(marked to 50-ml capacity) immediately below and directly in line with the 
discharge jet (Figure 4.2). Remove the ball valve with one hand, simultaneously 
starting the stop watch with the other. Oil from the jet flows into the flask. Stop the 
timer when the lower meniscus of the oil reaches the 50-ml mark 011 the neck of 
the receiving flask. Record the lime elapsed in seconds. Repeat the experiment to 
take a number of readings and report the mean value in seconds (Relative vis(osity) 
mentioning the viscometer used and the test temperature. 
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Fig.4.2 Redwood Viscometer 

A - Levelling screw 

C - Ilcatingcoil 

I' - Agale jel 

G - MI~tal indicator 

Oil stirrer 

K - Water outlet 

M - Kohlrausch Oask 

T1 - Bath thermometer 

B - Water bath 

D - Brass oil cup 

r - Metallic ball valve 

H - Lid 

.- Water bath stirrer blade 

L - Water inlet 

TI - Test Thermometer 
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Precalllions 

(1) Before testing, the oil should be filtered through muslin doth or a lOO-mesh 
wire-strainer to remove solid particles that may otherwise clog the jet. 
Moisture also clogs the jet and if present, the sample should be filtered 
through lilltless filter paper. 

(2) The receiving l1ask should be placed in such a way that the oil stream [rolll 
the orifice (jet) strikes the neck of the receiving tlask and does not cause 
foaming. 

(3) To prevent the oil from overtlowing, the jet valve should be closed 
immediately after stopping the timer. 

(4) Ailer each reading, oil should be completely drained out of the receiving 
tlask. The tlask should preferably be washed with xylol and dried before 
repeating the tes!. 

(5) The lest may he expedited by preheating the oil sample, bel(m~ strailling, 
in an aluminium cup ( to not more than 3°F higher than Ihe temperature of 
the lest.) 

Exercises 

88. What is meant by 'Inlet Correction''! 

89. What is Ihe minimum Ef11ux Time (Flow time or Dlscharge time) 
recommended for (Redwood) Viscometers'! 

90. The viscosity of an unknown oil was measured with Sayboll Universal 
Viscometer (S. U.V.) at temperatures lOO°F and 21 trF and was found to be 
600 seconds and 60 seconds, respectively. Calculate the Viscosity Index 
(V.l.) of the oil using the following table: 

Name of the oj] V.l. S.U.V. seconds 

at 2HfF 

1. Penllsylvanian oil tOo 420 60 

2. Gulf oil o 7~O 60 

91. How does the viscosity of a liquid vary with rise in temperature? 

92. What is meant by 'all weather lubricants "? 

93. Give some examples or lubricants that have high Viscosity Index. 

94. How is the Viscosity Index of a lubricating oil improved? 

95. What is meant by the term 'Viscous-Static''! 

96. How can a viscous-stalic lubric<lIIt be prepared'! 

4.3 Cloud and Pour Points 

Lubricating oils derived from petroleulIl usually contain dissolved paraffin wax 
and other asphaltic or resinous impurities, their amounts depending 011 tbe 
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efficiency of dew axing and refining process used. These impurities lend to separate 
out afthe oil at lower temperatures. When a petroleuIll oil is chilled undcr specified 
conditions, the temperature at which paraffin wax or other solidifiable materials, 
normally dissolved ill oil, hegin to separate out from solution in the form of minute 
crystals, causing the oil to become less transparent, doudy or hazy in appearance, 
is known as the Cloud Point of the oil. 

If the cooling is continued further, the amount of the separating material 
increases and a stagc is reached when the oil solidiries and stops /lowing. The 
lowest tempcrature at which an oil will now or pour under prescribed conditions, 
whcn it is cookd undisturbed at a fixed rate, is called its Pour Point. 

The cloud point determination is limited only to transparellt oils; otherwise 
there may be i-llight variation in fesults due to the human error involved, since the 
decrease in transparency is to be visually observed. 

Significance 

Cloud point or a lubricant to be applied by a capillary ked ~ystl'ln Of wicking 
arrangement must be low so that the oil now does not stop due to deposition of 
crystals of wax in the capillary or wick illterstice~. Cloud point is helpful in 
idcIltifying the temperatures at which wax separatiollmay clog the filter screens ill 
the fuel intake ~vstcll1 of diesel engint's. Oils of Ilaphthellic type, which are almost 
wax-Ire,', ~l]()w wry low doud points and this lilCtlllay be useful in identifying the 
SOUlce of thl' oil. 

Pour Point j:-, mOIl' important since in the lubrication of any machine subjected 
to Imv temperature, the lubricant must !low freely, especially during the start-up 
period. A high pour point lila y lead to solidification of the lubricant that may cause 
jamming of the machine. Pour point also establishes the lowest tempera lure at 
which all oil can be transferred by pouring or below which, because of extremely 
poor mobility or the oil, lubrication by gravity now process is less reliable. 

4.3.1 Determinatioll (~r cloud point (~r lin oil 

Bring the oil sample to be tested to a temperatufe allcast 25"F above the expected 
cloud point. If the sample contaills moisture, dry it by shaking with a I ittlc 
anhydrous sodiulll sulphate followed by filtrati<lllthrough dry lilltkss rilter paper. 
Pour tlw clear oil into the test jar upto the etched Illark (or into a nat-bottolll glass 
tulw, about 3 Clll in diamcter and 12 l'1ll high, to a dcpth of about 5 em). Tightly 
close the jar with a cork carryillg a thefmometer with its bulb touching the bottolll 
of the jar (Figure 4.3). Insert the test jar insidc a holding jacket (madc of glass or 
copper) which is imlllersed in a freczing III ixture Sli itable for obtaining the desired 
temperature. After every 2°F fall in temperature llflhe oil, take out the tcstjar ti'om 
the jacket, inspect for cloudiness and immediately replan: it in the jacket. Record 
the tcmperature at which sucb inspection rirst reveals a distinct cloudiness in the 
oil near the bottom of the jar and report it as thc cloud point. 

4.3.2 J)ete,.mina'iolll~r pour point (~rllll oil 

Proceed as in the cloud point t('st with the differencc that the thermometer bulb is 
just completely immersed in the oil, instead of touching the bottom (Figure 4.3). 
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Starting at a temperature about 20°F above the expected pour point, take out the 
jar after every 5°F fall in temperature and tilt it just enougb to see any movement 
of the oil. Immediately replace tbe jar in the jacket. At a point where the oil in the 
jar shows no movement on tilting, hold the jar in a horizontal position for 5 seconds. 
If there is some movement of the oil, replace tbe jar immediately in the jacket and 
repeat the test for now after furtber 5°F fall in temperature. Continue the test until 
no movement of the oil is observed wh(~n tbe test jar is held in a horizontal position 
for exactly 5 seconds. Record the reading on the test thermometer as Solid Point. 
Add 5° to this temperature to get the pour point. 
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Precautions 

(1) The test jar should not touch the jacket. This is acbieved by placing a cork 
disc at the bottom of the jacket and using a ring gasket around the test jar. 

(2) The complete operation of tIle removal and replacement of the test jar should 
be completed within 3 seconds. 

(3) When the pour point is very low, a number of freezing mixtures with 
decreasing lower temperature should be used. 

(4) When the separation of wax crysl,ds start';, grea t care should be taken not 
to disturb the mass of the oil. Even the thermometer should not move in the 
oil. Any disturbance will delay solidification and so lower results will be 
obtained. 

Exercises 

97. List a few commonly used freezing mixtures along with the pour point that 
can be determined with their help. 

98. What is meant by 'Solid Point' of an oil? 

99. What is I.be difference between 'Wax pour point' and 'Viscosity pour 
point'? 

100. How can the pour point of an oil be lowered? 

101. What are pour point depressants? 

102. What is 'paratJow'? 

4.4 .Flash and Fire Points 

Flash point is t11t~ temperature to wbich a combustible liquid must be heated to give 
off sufficient va pours to form momentarily a tJammab1e mixture with air when a 
small flame (of standard dimensions) is brougbt near the surface of the liquid under 
specified conditions. 

It is therefore the minimum temperature at which, provided other conditions 
an: satisfied, only a momentary flash is produced. The flash immediately disappears 
for want of more vapours, i.e., the temperature is not high enough for the va pours 
to be formed at sullicienlly high rate. 

AI a slightly higher temperature, the heat from tbe nash becomes sufficient to 
evaporate more liquid and maintain combustion. This minimum temperature 
(usually 5 to 40°C higher than Flash Point) at which all oil gives off sufficient 
vapour wh icll when ignited continues to burn for a( least 5 seconds is known as 
FI RE POINT of the oil. 

A fire may develop if a set of the j()llowing three conditiolls (kIlown as FIRE 
TRIANGLE) is simultaneously satisfied: 

(a) A source of ignition (Ignition sonrces are abundant--anything from static 
electricity, Llame, an arc, a single spark, a cigaretle, a match to ash from a 
pipe, and lllany more). 

(b) Oxygen (abundantly present in air). 
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(c) Combustible vapours within the Explosivt~ Range-a combustible vapour 
does 1101 burn even when ignited in presence of air (02) if its concentralion 
in the vapour-air mixture is (i) less than tbis range ('too lean') or (ii) more 
than this range ('too rich '). 

[This latter fact is utilised in making bydrocarbollll1ixtures less nanunable (for use 
as Industrial Cleaners) by tbe addition of (i) a non-combustible liquid such as CCI4 
(not widely used because ofbigh toxicity), or 

(ii) less-combustible chlorinated substances sucb as trichloroethylene and 
methyIcbloroform, as they bring down the concentration of the combustible vapour 
below the explosive range and make them 'too lean' to ignite.] 

Flammable liquids are volatile and speed of evaporation (Evaporation Rate) 
increases appreciably when tbe liquid is heated. The vapours being heavier than 
air, go on accumulating at the lowest levd, such as piL,> under tbe tanks, where their 
concentration reaches within the explosive range and explode and burn in the 
presence of an ignition source. This can be prevented by mechanical ventilation of 
allY pits at the bottom of oil tanks-Ihis increases the ralt' of diffusion of va pours 
and the explosive range is not approached. 

Significance 

Though unrelated to the lubricating properly of the oils, a knowledge of Flash and 
Fire Point is helpful in providing safeguards against fire hazards during their 
storage, transporta tion, handling and us(~. Their practical importance for 

transformer oils is obvious. They are also of immense importance for illuminating 

oils-to ensure safety, flash point of illuminating oils (e.g., kerosene) should be 
reasonably above the average maximum atmospheric temperature of a country. 

Although nash point and fire point are not sufficient as the sole indices 
of a fire hazard, they have been used for comparative ratings of the fire hazard 
potential of different flammable liquids and for labelling their containers 
accordingly-liquids having tlash points less than 140°F are called FLAMMABLE 
LIQUIDS and those with nash point') above 140°F are called COMBUSTIBLE 
LIQUIDS. 

Fire-insurance companies are concerned about the nash points of the oils 
stocked by their Policy Holders. Also, Railways are normally concerned about the 
11ash points oftbe oils they carry. 

Tbe volatility of a liquid markedly increases when it is heated to or above its 
11ash point. So a low flash point indicates appreciable evaporation losses and 
possibility of formation of gas-locks in fuel pipes of SP ARK Ignition Engines. 

Flash and Fire points have also been used to detect solvent contamination and 
to determine the approximate extent of dilution of the Lubricating Oils. 

Flash point is higber for the oils of paraffin base than those of naphtbellic 
base. This test is therefore a rough guide as to the base of an oil. 

The test is also useful to refiners ill controlling the manufacturing process. 
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4.4.1 Determination of Flash Point by Abel's Flash Point Apparatus 

The cylindrical oil Clip (made of brass ) and the lid (also made of brass and provided 
with a paddle stirrer, an opening for a thennometer, an arrangement for applying 
a small test flame and three small openings-one for the application oftest flame 
and the other two for the entry of air into the oil-covered by a sliding shutter) are 
thoroughly cleaned and dried. The cup is filled with the oil sample to a level such 
that the tip of the metallic pointer fixed 011 the side of the cup just dips in the oil. 
The lid is tightly fixed 011 the cup, the thennometer is inserted and the shutter is 
dosed. The cup is 1I0W supported by its flange over a copper air-jacket which is 
enclosed by cylindrical vessel made of copper (Figure 4.4). Through a funnel, tbe 
outer vessel is tilled witb warm water at 130°F (for oils baving flash point up to 
90"F) or with cold water ( for oils flashing from 90°F to 120°F) whicb is heated 
electrically. The test flame is lighted and adjusted to the size of a white bead 
mounted on the cover. Tbe sample is heated at a rate of 5°F per minute and the 
stirring paddle is turned at a speed of approximately one revolution per second. 
When the temperature of the oil reaches within lYF of the probable flash point, 
first application of the test flame is made by pulling the sliding shutter outwards 
when the test name drips into the central opening in the lid and comes in contact 
with the ascending vapour-air mixturt~. Subsequently, the test name is applied at 

Fig. 4.4 Abel's flash point apparatus 

A - Tripod sland B - Copper air jacket 

C - Heating coil D - Water inlet 

E - Water outlet F - Air gap 

G - Brass oil cup Il - Stirrer 
(with f1an3c) 

I Pointer J - Lid 

K - Sliding shutlcr L - Test flame 

M - White b(~ad N Water bath 
TI Test thermometer T, - Bath thermometer 
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every 2°F rise of temperature. When the application of the test name first pn,Juces 
a distinct blue nash in the interior of the oil cup, the temperature on the lest 
thermometer is recorded (kt it he 11°F) and heating is discontinued. The 
temperature of the oil continues to rise for sometime. The oil is then allowed to 
cool down (if the cooling rate is too slow, sOllle cold water may be added to the 
bath through the funnel). When the temperature comes down to within 10°F of II, 

test flame is again applied at every 2°F fall of temperature. The lowest temperature 
at which tlash is produced is recorded. Let it be 12°F. 

(II + (2) OF 
The tlash point of the oil sample is given by = 2 (4.12) 

Preclllltions 

(1) As moisture affects the llash point, all parts of tbe cup and its accessories 
should be drit'd be fore placing oil in the cup. 

(2) No oil should remain between the sliding and fixed plates forming the cover 
of the cup. If necessary, these should be separated and cleaned. Care should 
also he taken to prevent wetting of the cup above the pointer tip. 

(3) With very low flashing (lib, the sample (sometimes the oil cup itself) may 
be cooled in melting ice before fill ing. 

(4) Always a fresh portion or the oil sample should be used. A second 
determination on the same portion of the oil shows a high(~r !lash point. 

(5) The thermometer bulb should dip hin the oil. 

(6) For applying the test name, the slide' should be drawn open slowly and 
closed quickly. 

(7) Stirring should be discontinued during the application of the test !lame. 

Exercises 

103. What is the purpose of the air jacket surrounding the oil cup'! 

104. What is Spontaneous Ignition Tcmperature (S.I.T.) of a liquid? 

105. What are the factors that affect the Bash and fire points of oils? 

106. How does the presellce of water affect the nash point of an oil? 

107. How is free water removed from an oil? 

lOR. What is meant by a 'Freaky' flash? 

109. Why fatty oils do not have sharp or distinct flash points'! 

110. What is meant by Flash Point 'Closed' and Flash Point 'Open'? Which one 
is reproducible and why? 

111. Describe the main difference between the Abel's closed-cup and 
Pensky-Marten's closed-cup methods for /lash point determination. 

4.5 Aniline Point 

Since like dissolve like, aniline is readily soluble in those lubricants which are rich 
in aromatic and naphtlH'llic compounds (all containing ring structures). III 
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lubricants richer in paraffins, dissolution takes place at higher temperatmcs. The 
tendency of a lubricant to mix with aniline is expressed in terms of Aniline Point 
of the sample. 

Aniline Point (also known as Standard Aniline Point), with respect to 
petroleum oils, is the lowest temperature at which the oil is completely miscible 
with an equal volul11t of freshly distilled aniline. Alternatively, Aniline Point is the 
minimum equilibrium solution temperature for equal volumes of aniline and the 
lubricant sample. 

Significance 

Aniline point of any lubricant is a measure of its aromatic content. A lubricant with 
a low aniline point (therefore having high aromatic content) will tend to attack 
(solvate and swell) the rubber seals, used in the system to prevent leakage. The 
sensitivity of a rubber to a lubricating oil depends Oil the characteristics of the 
rubbtr fonnulalioll (composition), and for a rubber seal of fixed composition, the 
severity of attack increases with decrease in Aniline Point. 

The best way to ascertain the probable action of a lubricating oil on rubber is, 
of course, to immerse the particular rubber in Ihe oil and observe any swelling or 
softening; but this is a time consuming exercise and may involve weeks or months. 
The aniline point of an oil, which can be experimentally measured within hours, 
therefore, can be used as advance information as to the possible deterioration of 
rubber sealing, gasket and packing material in the presence orthe oil. 

A lubrication of high aniline is recommended for systems in which 
rubber seals are being used. Also the lubricants of almost same aniline points should 
be used in a system, as allY variation may cbange the volume of rubber seals and 
leakage might take place. 

Mixed Aniline POil1l 

There may be certain lubricants (with very high aromatic content) which when 
mixed with equal volume of aniline may remain completely miscible and 
separation into different phases may 110t be observed even at the time of 
solidification. For determining such low aniline point'), 1 volume of sample is 
mixed with 2 volumes of aniline and 1 volume of a suitable diluent (n-hexane or 
n-heptane). Addition of the diluent lowers the miscibility of aniline with the sample 
and so with decrease in temperature, separation of phases can be easily observed. 
The equilibrium solution temperature observed under these conditions is known as 
Mixed Aniline Point, which can be used in the same way as the Standard Aniline 
Point. 

4.5.1 Determination oj Aniline Point oj an oil 

Equal volumes of the sample and aniline are heated (0 effect complete dissolution 

and then cooled under controlled conditions. The temperature at which the two 

phases separate, as indicated by the sudden appearance of cloudiness throughout 

the medium, is reported as aniline point of the sample. 
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Procedure 

The whole apparatus is cleaned and dried at lOO-llO°C. 5-10 Illi of pure aniline 
(dried over KOH pelleL<;, filtered and distilled afresh) and an exactly equal volume 
of the sample (dried by shaking with anhydrous Na2S04 and filtered) are 
transferred to a test tube (2.5 x 15 ('m) made of hea t resistant glass. The tube is 
fitted with a cork, holding an electrically operated wire or glass rod stirrer and a 
thermometer (Aniline Point Thermometer of appropriate range) with its bulb about 
5 mm above the bottom of the tube. The tube is inserted into all outer air jacket (4 
x 17.5 cm) also made of heat resistant glass (Figure 4.5). The aniline and sample 
mixture is stirred to get a homogeneous solution. If miscibility is not complete at 
room temperature, the jacket (holding the tube) is immersed ill a hot batb. Stirring 
is continued and the temperature oftbe batb is raised untillhe solution is'col11plete. 
Tbe jacket is then withdrawn from the hot bath and, while stirring gently, the 
temperature is allowed to fall al a rate below 1°C per minute (a cold bath may be 
used, if necessary). The temperature at which the outline of the thermometer bulb 
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Fig.4.5 Aniline point apparatus 

A - Outer air jacket 

C - Air gap 

E - Equal volumes of oil 
and aniline 

G - Rubber tubing 

Tl - Aniline point thermometer 

B - Tesl tube 
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F Glass stirrer with 
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I-I -- Variable speed motor 
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is obscured, due to cloudiness or haziness in the solution, is reported as the aniline 
point of the sampk. This is 1-2°C below the temperature at which the turbidity is 
first observed. 

Precl/utions 

(1) The whole apparatus and all tbe reagents must be perfectly dryas the 
presence of even traces of moisture gives erroneous high results. 

(2) Allil ille being hygroscopic, water should not be used evclI ill hot and cold 
baths. Instead a nonaqueous, non-volatile, transparent liquid should be 
used. 

(3) In case tbe expected anilille poillt is below the dew poillt oftbe atmosphere, 
the space above the aniline-sample mixture in tbe tube should be filled with 
dry N2. 

(4) Aniline being bighly toxic, it should not be sucked into the pipet by mouth. 
A pipet provided with a rubber suclion bulb or an aspirator should be used. 

(5) Stirring should be done at such a raIl' as to avoid any splashing oUbe liquid 
or forma lioll of air bubbles. 

Exercises 

112. What is the purpose of the air .jacket enclosing the test tube? 

113. What is the effect of the viscosity of a mineral oil on its action Oil rubber? 

114. What is the rdation between the aromatic content of a lubricating oil and 
its aniline point? 

115. Wbich type of oils have the highest aniline pOints? 

116. What are the ranges of aniline point thermometers? 

117. How is aniline point related to the ignition quality of a diesel fuel? 

4.6 Neutralization Number 

Definitions 

1. Total Acidity, Acid Number or Acid value of a lubricating oil is the amount 
of titrating base, exprt'ssed liS mg of KOH, required to neutralize all addic 
constituents of 1 g of the sample. 

2. [Total] Basicity, Base Value (Alkali Value) or Base Number (Alkali 
Number) of a lubricating oil is the amount of titrating acid, expressed as mg 
of equivalent KOH, required to neutralize all the basic constituents of olle 
gram of the sample. 

3. Inorganic Acidity, Strong Acid Number or Strong Acid Val ue represents 
the mg of KOH used to neutralize the mineral acid content of 1 g of the 
sample. The difference of Total Acidity and Inorganic Acidity is equal to 
Organic Acidity. 

4. Strong Base Number or Value is the alllollllt of acid, expressed as mg of 
equivalent KOH, used to neutralize the stmng basic constituents of 1 g of 
the sample. 
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The terms Neutralization Number or Neutralization Value llIay be used to 
represent any of the above values. 

Sources of Acidity and Significance 

Fatty oils consist mostly of glyceryl or other eslers of higher fatty acids - ill some 
cases, notable amounts of fret' acids themselves are present. The amoullt of free 
acid present depends on the source from which the oil is taken. The acid COli tent 
or value of fatty oils increases with lime due to hydrolysis with moisture allo is 
therefore a rough indicator of the age or the oil, i.e., it gives an idea of how old a 
fatty oil is. The deterioration in tbe llavoUT of the edible oils with time is due to 
the illcrca~e ill the free acid concentration formed by hydrolysis and oxidation. 

The presence of free mineral acids ill lubricating oils is very rare and is a 
pointer to external contamination. 

New, unblended petroleum oils should have very low neutralization values 
usually ranging from 0.02 to 0.1. Values higher than this indicate faully refining, 
i.e., acids and bases used during the refining process have not been completely 
removed. Blended or compounded oils may have higher values of neutralization 
number because of the prescnce of additives such as oiliness carriers (fatty acids, 
fatty oils), oxidation and corrosion inhibitor!' (phenols, aniline), etc. The test is 
therefore used to maintain specification control 011 new lots of the lubricant. 

As the oil is used, the ncutraliza lion 11 UIll 1:wr may increase due to con tam ina tion 
(e.g., S02 from cOllJhll~t ion of S in the fud, CO2 from combustion or that present 
in atmospbere) and/or oxidation of the oil. The oxidation of the oil results in the 
formation of oil soluble alcohols, ketones, acids and peroxides (which may 
polYlllerise to give insoluble resills) thereby increasing tbe acid Humber, viscosity 
and darkening the oil colour. The rate and extent or oxidation or the oil during use 
depends on temperatllre, length of exposure to air or oxygcn, amount of moisture, 
catalysts present (formed by the action or oxidation products on the metal surface), 
type of oil and the inhibitors used. 

Periodic determinatioll of Acid Number, therefore, can be used to indicate tbc 

progress of oxidation of the lubricant and for systems operating consistently under 
exactly the same conditions without external contamination, a record of such 
determinations is helpful in deciding the stage, with a considerable degree of 
accuracy, where the lubricant needs Icplacement. 

Although the neutralization number gives tbe amount of acid or base present 
ill the iui>ricating oil, it gives no information abont their source and corrosive 
nature. 

4.6.1 Determination o.f total acid number o./'all oil 

Reagents Required 

1. Standard alcoholic potassium hydroxide ~olution (N/IOO) 

2. A suitable titration solvent (p.7) 

3. Phenolphthalein indicator solution 

4. p-Naphtholbenzoin indicator solution 
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Theory 

A known weigbt oftbe oil sample is dissolved in a suitable solvent and titrated with 
a standard alcobolic solution of KOH to a definite end-point. 

H+ + OH - ----. H20 

R - COOH + KOH ~ RCOOK + H20 

Procedure 

(4.13) 

(4.14) 

Weigb accurately the beaker containing tbe oil sample and a dropper. Transfer 150 
drops (about 5 g) of the oil to a titration flask and 1<lke the final weight oftlle beaker, 
oil and dropper. The difference gives the weight of Ihe oil sam pie. Add with a 
measuring cylinder 100 IIlI of ,I suitable tilration solvent. [Select from 1 to 6 (p.7), 
a solvent that completely dissolves tbe sample]. Shake vigorously to dissolve the 
oil (in case of alcobol as solvent, heat tilt, reaction mixture 10 boiling on a waler 
bath). Add 20-25 drops of p-naphtilolbenzoin solution or 10-12 drops of 
phenolphthalein indicator and titnlle against N/lOO alcoholic KOH solution until 
a sharp colour change from orange to green or bluish green (in case of 
p-naphtholbenzoin indicator) or until appearance of pink colour (in case of 
phenolphthalein indicator). Record tbe volume of alkali used as AmI. RUII a blank 
Oil the reagents used and record the volume of alkali consumed as B ml. 

4.6.2 Determination of strong acid number or inorganic acidity of an oil 

Reagents Required 

1. Standard potassium hydroxide solution (N/IOO) 

2. Methyl orange indicator solution. 

Procedure 

Transfer 25-50 g of accurately weighed oil sample to a 50-ml separating funncL 
Add 100-150 IllI hot distilled water, shake vigorously and allow to stand for tbe 
separation of oil and water layers. Drain water layer into a 500-1\11 conical flask. 
Wash oil layer with two to three 50-ml fractions of hot distilled water and coliect 
tbe washings in the same conical llask. Add 3-4 drops of methyl orange indicator 
to the contents of the conical Bask and titrate against Nil 00 KOH solution until tbe 
colour changes from red to yellow. Record the vo]unw of alkali used as A Ill!. Run 
a blank on the same volume of hot water and record the volume of alkali used as 
B m!. 

Observations and Calculations 

Initial weight of beaker, oil and dropper Wi g 

Fillal weight of beaker, oil and dropper Wz g 

Weight of oil sample taken (Wi - WZ) g 

Volume ofN/lOO KOH used in the test = A IllI 

Volume ofN/lOO KOH used in the blank = B IllI 
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Therefore volume of N/lOO KOH used against acid in (WJ - Wl) g 

of oil = (A - B) ml 

Acid value 
( or strong acid value, 

as the case may be) 

Precautions 

ml of KOH used x Nonnality x 56 

Weight of sample 

1. The solvcnt used should be freshly distilled, 
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2, The alcoholic solution of KOH lIlust be standardised just before the test. 

}, While carrying out the test 011 'Fatty Oils', the reaction mixture should not 
be heated. 

4. In case the pink colour fades repeatedly after subsequent additions of alkali, 
the titration should be completed rapidly and the tirst appearance of pink 
colour should be taken as the cnd-point 

5. Phenolphthalein is a satisfactory indicator for palc oils but when the test 
sample is highly coloured (red or black), a smaller weight of the sample 
should be taken and p-naphtholbenlOin indicator should he used or bettcr 
the end-point should be determincd potentiometrically. 

Exercises 

11K Whtn phenolphthalein is used as indicator, the pink colour at the end-point 
sometimes fades away alkr a few seconds. What is the possible cause of 
this? 

119. In determining the acid valuc~ of 'rally oils', what will happell if the 
reaction mixture is hcated? 

120, What inference is drawn if addition ofp-naphtholbenzoin indicator to the 
oil sample, dissolved in a suitable solvent, product's a green or bluish green 
colour? How is the titration performed? 

4.7 Saponificatioll Value or Numher" Of" Koettsdoerfer Numher 

Saponification is the hydrolysis ofan ester with NaOB or KOH to give alcohol and 
sodium or potassium salt of the acid. The term originated from the alkal ine 
hydrolysis of fatly oils which led to formation of soaps. 

Saponificatiol/ Nllmber or Vallie of an oil is the lIutlllwr of IlIg of KOB required 
to saponify fatly material prescnt in 1 g of the oil. 

M infral oib, being mixtures of hydrocarbons, do no! react with KOB and so 
are not saponifiable. Vegetable and animal oils, however, are mixtures ofglyceryl 
esters of hilly acids and so require large amounts of alkali to get hydrolysed, Their 
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saponification values arc consequently very high and each fatty oil has its own 
characteristic value. 

Significance 

The measurement of saponification value, in the absence of impurities that can 
react with alkali (such as inorganic or organic acids), can be used 

(a) to distingui:-.b between fatty oils and mineral oils. 

(b) to identify a given fatty oil ([or fatty oils, saponification value is a measure 
of molecular weight). 

(c) to determine, approximately, the extent of adulleration (if any) in a given 
oil. 

(d) to determine the extent of compounding (fats and oils added to improve 
oiliness) in a lubricant. When the type of fatty ingredient in a compoundeu 
oil is known, its exact amount is given by 

Percentage of fatty oil = ~ x 100 

where C = saponification value of the compounded oil (or lubricant) 

F = saponification value of the fatty oil 

Though increases in saponification values of lubricants during lise arc of the 
same order as those in acid values, they have not been correlated to the extcnt of 
deterioration of the oil. 

4.7.1 Determination (~fSapOfl~rication value of (In oil 

Reagents Reqllired 

]. Standard hydrochloric acid (N/2) 

2. Alcohol ic potassium hydroxide solution (N/2) 

3. Ethyl alcohol or ethyl methyl ketone 

4. Phenolphthalein indicator solution 

Theor}, 

A known weight oUhe sample is mixed with a known excess of standard alcoholic 
KOH solution and relluxed. 

CH200C·R 

I 
CHOOCR' + 3KOH --

I 
CHPOC'R" 

CHzOH 

I 
CHOH + RCOOK + R'COOK + R"COOH 
I POlassium salts of fally acids (soaps) 

CH20H 

(4.] 5) 

(where R, R' and R" are alkyl groups) 
The unrcacted KOH is titra ted back with standard acid using phenolphthalein as 
indicator. 
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OH - + H+ ---;. H20 (4.16) 

Procedure 

Transfer about 5 g of accurately weigbed oil sample to 500-ml alkali-resistant 
conical flask. Add 50 ml ofN/2alcoholic KOH and 50 ml ofalcobol oretbyl metbyl 
ketone (to act as a solvent) througb a pipet. Add the same amounts of solvent and 
N/2 alcobolic KOH to another j]ask for Blank delamination. Fit the two flasks 
with air condensers (a long narrow glass tub(~) and reflux the contents on a water 
bath for a minimum period of 1 hour. Cool the contents slightly, disconnect the 
condenser and rinse it with a small amount of distilled water into the j]ask. Add 
10-12 drops of phenolphthalein indicator and titrate the contents of two tlasks with 
standard solution of HCl (N/2) until the pink colour has just disappeared. 

Observations and Ca/ClIlations 

Weigbt of tbe sam pie taken = W g 

Volume of alcoholic KOH added to both the flasks 

Volume of solvent added to both the flasks 

501111 

50 Illl 

Volume ofN/2 HCI used in the sample determination = Ami 

Volume ofN/2 HCI used in the Blank determination = Bill] 

Tben tbe volume of N/2 HC) equivalent to KOH 

used in saponifying W g of the sample 

mg ofKOH present in (B -A) ml ofN/2 KOH 

= (B - A)ml 

1 
(B -A) x 2" x 56 

Saponification value of the sample = (B ~ A) x 28 

Precautions 

1. Uthe room tcmpcratmc is appreciably high (as in summer months) and there 
is a possibility of loss of vapour 10 the atmosphere, the air condenser should 
be replaced with a water condenser and boiling should be done at a slow 
rate. 

2. To hasten the process of saponification, the sample ilask should be 
occasionally shaken during the reilux operation. 

3. Ethyl methyl ketone as a solvent should be preferred as it raises the boiling 
point and thus hastens saponification. 

4.8 Iodine Value 

Oils and fat." both animal and vegctabk, are mixtures of mixed glycerides 
represented by the general formula 
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CH200CR 

I 
CHOOCR' 

I 
CH200CR" 

Applied Chemistry 

and are formed from glycerol and monobasic acids, The acids present in 
combinatioIl with glycerol have all even number of carbon atoms (C4 to Cz2) and 
may be saturated and/or unsaturated, Commonly occurring acids are: 

Acid 

1. C15H31COOH Palmitic acid 

2, C17H3SCOOH Stearic acid 

3_ CH3'(CH2h-CH=CH-(CH2)7 COOH 
Oleic acid 

4, CH3,(CH2kCH=CH,CH2' 
CH = CH-(CH2h' COOH 
Linoleic acid 

5, CH3'CHz'CH=CH'CH2'CH=CI+ 
CH2CH::::CH(CHzh'COOH 
Linolenic Acid 

6, CH3'(CH2h·CH=CH,CH= 
CH'CH=CH'(CH2)4'CO'(CH2h' 
eOOH Eleostearic acid 

Important source 

Butter, palm oil 

Fats 

Olive oil, palm oil, 
peanut oil, soyabean oil 

Cottonseed oil, linseed oil, 
soyabean oil, corn oil 

Linseed oil 

Tung oil 

The combinations having predominance of short-chain saturated fatty acids or long 
chain fatty acids with a considerable degree of unsaturation are liquids at ordinary 
temperatures and are called oils; while others, that are solids at ordinary 
temperatures, are known as fats, 

The degree of unsaturation of oils and fats is reported in terms of their Iodine 
Number or Iodine Value (LV.) which is the number of grams of Iodine equivalent 
to the amount of Iodine Monochloride (lCI) absorbed by 100 g of the oil. 

Signific(lllce 

Each oil has its own characteristic iodine value (varying between narrow limits), 
and so the determination o[ iodine value can be utilised to detect and even to 
detennine (though approximately) the extent of contamination in any specific oil. 

Iodine values have been used to classify oils into 

(i) Drying oils-Linseed oil, tung oil, perilla oil, etc" having iodine value (l.V.) 
> 150 

Oi) Semi-drying oils-Soyabean oil, dehydrated castor oil, etc., wilh iodine 
value between 100 and 150 
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(iii) Non-drying oils-Castor oil, coconut oil, olive oil, etc., with iodine values 
<100. 

Unsaturatioll confers drying characteristics 011 oils-when a thin layer of an oil 
with a high degree of unsaturatioll is spread on a smooth surface and exposed to 
air and light, it takes up oxygen at the double bond sites, and gets oxidised and 
pol ymerised 

[through the intermediate formation of peroxides, 

-CH-CH-, diperoxides, -CH-CH-CH? -CH-CH-, 
I I I I - I I 
0-0 0-0 0-0 

hydroperoxides, -CH = CH-CH-, hydroxyketones, -C-CH-, etc] 
I 
o 
I 
o 
I 

H 

II I 
o OH 

into a hard, coherent, tough, infusible, cross-linked, resin-like film. The rate of 
drying and the nature of the film formed depends (in addition to other factors like 
temperature, presence of driers, etc.) on the degree of unsaturation or 1. V. of the 
oil used. 

Thus an oil of high I. V. is most suitable for the manufacture of paints and 
varnishes but for an oil to be used as a lubricant, its 1. V. should be as low as possible 
so that during use it is not deteriorated to any appreciable extent due to oxidation 
and polymerisation. 

4.8.1 Determination of Iodine Value of an oil 

Reagents Required 

1. Standard sodium thiosulphate solution (N/lO) 

2. Wij 's solution 

3. Potassium iodide solution (10%) 

4. Carbon tetrachloride or chloroform 

5. Freshly prepared starch solution. 

Theory 

A known weight of the oil is dissolved in CCI4 or CHCI3 and treated with a known 
excess of Wij 's solution (solution of ICI in glacial acetic acid). One molecule of 
rCI adds on each double bond: 
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I 

,,~.,/ ",,' /' 
,/"'C = C'" + ICI ---~ .----C --C"-... 

I 
CI 

Applied Chemistry 

(4.17) 

After the reaction is complete, KI solution is added which is oxidised to 12 by the 
unreacted ICI: 

ICI +1- ------i» 12 + cr (4.18) 

The liberated iodine is titrated with standard Na2S203 solution using starch 
solution as indicator near the end-point: 

2S20~- + 12 --_. S40~- + 21- (4.19) 

From the amount of iodine (in the form ofICI) added and that left unconsumed, as 
measured iodometrically, the iodine value of the sample can be calculated. 

Procedure 

Transfer 25 ml of CCl4 and 25 ml of Wij'5 solution each to two 500-ml iodine 
titration flasks. Strain the oil sample through a filter paper to remove all the solid 
material and moisture present in the sample. Accurately weigh 0.05-0.5 g of the 
sample [weight depending 011 the I. V. (200-50) of the sample] and transfer to one 
of the two flasks. Close the flasks with glass stoppers moistened with a little 10% 
KI solution. Swirl the flasks to mix the contents intimately and keep in dark for 
about 1 hour at a temperature below 30°C. Add 20 ml of KI solution to both the 
flasks, washing down the stopper, and dilute with about 100 ml of distilled water. 
Titrate the liberated iodine with N/lO Na2S203 solution. When the colour of the 
solution turns light yellow, add about 1 ml of freshly prepared starch solution and 
continue the titration until the first disappearance ofblue colour. Record the volume 
ofN/lO Na2S203 solution used in sample titration as A ml and that in blank titration 
(without oil) as B m!. 

Precautions 

(1) Wij's solution SllOUld be added wilh the heJp of burette or a vacupet. This 
solution should never be sucked into the pipet with mouth. 

'(2) The sample and the glassware used must be completely dry. 

(3) Theamount oflhe sample taken should be such that the Wij'8 solution added 
is about 100% in excess of the expected requirement. 

(4) As far as practicable, the addition of solutions (Wij's solution or KI sOlution) 
to the two flasks should be simultaneous. 

(5) During titration, the flasks should be frequently stoppered and shaken 
vigorously 10 ensure complete titration of the iodine present in CCl4 layer. 



Lubricating Oils, Greases and Emlllsions 

Observations and Calculations 

Weight of the oil sample tahn == W g 
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Volume of N/l0 Na2S203 used to titrate excess iodine ill sample determination 
= AmI 

Volume of N/lO Na2S203 used to titrate total iodine in blank titration = B ml 

Therefore, volume of N/lO Na2S203 equivalent to iodine (or ICI) consumed by 

W g of the Oil = (B -A) ml 

Iodine present in (B - A) ml of NllO iodine solution 

(B -A) x 127 x 1 x _l_g 
10 103 

Therefore, Iodine value (B - A) x t 27 x 1 x 
W 10 

1 
-3 x 100 
10 

(B -A) x 1.27 
W 

Exercises 

121. What is the effect of the presence of moisture in the sample, acetic acid or 
glassware, on the test'? 

122. Why is the reaction mixture kept in dark'? 

123. Why is the glass stopper moistened with KI soultion? 

4.9 Density and Specific Gravity 

The density (p) of a substance is the mass of its unit volume, and is expressed in 
g/ml. At4°C, 1 ml of distilled water weights 1 g and so its density at tbis temperatnre 
is unity which is taken as standard. The density at any other temperature to is 

expressed in comparison to this standard and represented as p~. The specific 

gravity or Relative Density (p::) is the ratio of the mass ill air of a given volume of 

the substance at a stated temperature tOto the mass in air of an equal volume of 

distilled water at the same temperature. The density of the substance (p~,) in 

absolute units, at temperature to, can be obtained from relative density (p~:) by 

multiplying it with the density of water at that temperature. 

Significance 

Though density or specific gravity of an oil is not important in assessing its 

performance as a lubricant, their determination is essential for measuring viscosity 

(p. 87) and Surface Tension (p. 215) of the lubricating oils. The density or specific 

gravity of materials must he known wherever weight-volume relationship is of 

concern, such as in marketing, shipment or storage of petroleum products. The~e 

values also give a rough idea of 
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(a) the type of the crude (naphthene base type crudes have the lowest density 
while the paraffin base type have the highest density), and 

(b) the relative amounts of gasoline and keroscne in thc crude. 

API Gravity 

Spt:cific gravity values involve several decimal points which arc not convenient to 
usc. Therefore, those associated with petroleum industry usually prefer to use API 
gravit y, an arbitrary scale (established by American Petroleum Institute) expressed 
in whole number degrees. API gravity is a derivative of the conventional gravity 
and is defined as 

Degrees API scale 141.5 _ 131.5 
sp. gr. 60/60 F 

where sp. gr. 60/60 F represents the ratio of the weights of equal volumes of the 
oil and distilled water, both at 60°F. On this scale, pure water has an API gravity 
of 10. Liquids lighter than water have values higher than 10 while those heavier 
than wakr have values lower than 10. API and sp.gr. scales thus rUll in opposite 
directions - the denser the oil, the lower the API gravity. 

4.9.1 Determination oj sp. gr. and density oj a liquid say alcohol, kerosene, 
benzene, etc., by 

(a) Hydrometer 

(b) Westphal balance. 

Theory 

When greater accuracy is required or when only small quantities are available, 
I iquid densities are best obtained from the mass required to fill a vessel of accurately 
defined volume, e.g., a specific gravity bottle (p.217) or a pycnometer. With careful 
technique, the densities measured with pycnometers are precise to five significant 
figures. 

For not too viscous liquids available in sufficient amounts, density is more 
conveniently determined by buoyancy devices namely Westphal balance or a 
Hydrometer. These devices arc based on Archimedes principle according to which 
the buoyant effect (the upthrust acting on an object immersed in a liquid) is directly 
proportional to the weight of the liquid displaced. 

(a) Hydrometer 

A hydrometer is a float caliberated (with water) to indicate specific gravity (usually 
on API scale) ofa liquid by tbe extent (depth) towhicb it submerges into tbe liquid. 
Tbough it permits very rapid measurements, a hydrometer is usually employed only 
where approximate specific gravity is acceptable. 
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A B 

c 

Fig.4.6 '1l1ermo-hydromclcr 

Procedure 

A - Hydrometer jar 

C - Thermoscale 

fl - Thcrmohydromcfcr 

D Gravity scale 
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Pour the liquid sample under test into the hydrometer jar slowly, so as to avoid air 
bubbles. Suspend in the sample a thoroughly cleaned and dry thermo-hydrometer 
(a hydrometer with a thermometer enclosed in its body, Fig, 4,6). When the 
hydrometer has come to rest, depress it slightly into the liquid and then release. 
When the hydrometer has again become stationary, note simultaneously the 
readings on the gravity scale and the thenno-scale of the hydrometer. 

Precautions 

(1) Any air bubbles collecting at the surface of the liquid should be removed 
by touching them with a piece of dean filter paper. 

(2) There should be no air bubble sticking to the surface of the hydrometer. 

(3) There should be sufficient sample in tbe jar to allow the hydrometer Ooat 
freely. 

(4) The hydrometer should not touch the walls of the jar. 

(5) Before noting the reading, sufficient time should be allowed for the 
hydrometer to become completely stationary. 

(6) If a tht'fmohydrometer is not being used or when the sample is coloured, 
the temperature of the sample should be recorded separately with a 
thermometer. 
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(b) Westphal balance 

A westphal balance is an instrumellt ill which the upthrust Oil a small sinker (a glass 
plummet) immcrsed in the liquid at a particular tcmperature is compared with the 
upthrust Oil Ihc samc sinker whcn immersed in water up to the sallle extent and al 
lhl' same temperature. The weighing (or balancing) is made by means of a series 
orU-shaped riders (with masses in the ratio or 1.0000: 0.1000: 0.0100: 0.0(10) 
and a notched beam (graduated into ltl equal paris) with a hook at the end from 
which the sinker is suspended by means of a fine platinum wire. Whell the beam 
is hori/oBtal, the lIlass of the liquid displaCl'd is exactly equal to the SlIlll of the 
rider moments which, in an efficicntly calibrated (usually at 60"F) Westphal 
balance, directly givfs the rdative dt'nsity oUhe liquid. The resuits are only slightly 
less accurate (precise to 3rd or 4th place) than Pyclloll1etric measurements. 

Procedure 

Mount the beam 011 the adjustahle stand wilh Ihe plummet slIspcnded (in air) from 
its hook. By mcans of the levelling screw and the threaded counterpoise (screw 
weight), halance the beam (without riders) until the indicator poillis OJ and D2 

~{'":-- E~---- --\ 

D, 

A-- F 

(a) Plummet In air 

(b) Plummet In ilq 

Fig. 4.7 WCSlphal Balance 

A - Adjuslable sland 

C - Notched Iwam 

E' Threaded ('!)[lnlerpoi,,. 

II Ilook 

RI Unil Rider 

R1 0.0100 Rider 

13 - Lev(·lling "crew 

[J(, D, - Indicator points 

F Gb,,> plummet 

L - Lab jack 

R2 - 0.1000 Rid,'r 

It, - (1.0010 Rider 
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(Fig. 4.7(a» arc opposite to each other. Now immers(~ the plummet in the liquid 
sample taken in a cylinder (placed OIl a lab-jack or an adjustable stand) and balance 
the beam agaill, this time by placing the graded riders 011 the notched beam. 
Simultaneously, adjust the height of the cycIinder so that the plummet is just 
completely immersed in the liquid (Fig. 4.7(b». Also record the temperature on the 
thennoscale enclosed in the plummet. 

Sum of the rider moments give the sp. gr. of the liquid felillive to waler at the 
calibration temperature (usually 60°F) which is marked 011 the plummet or the 
beam. For example, if the unit (large) rider is placed on the 7th notch and the 0.1000, 
0.0100 and 0.0010 riders on notches 9, 4 and 5, respectively (as shown in Fig. 4.7 
(b », then 

7 9 4 5 
Sp. gr. = 10 x 1.0 + 10 x 0.1 + 10 x 0.01 + 10 x 0.001 = 0.7945 

To convert this value into density, multiply by the density of water at the calibration 

temperature. 

For more accurate work, or wben the plummet bas been cbipped or tbe test 
temperature is more tban 20

a
F off the calibration temperature, the westphal balance 

is first adjusted with water: 

Assemble the balance with its glass plummet immersed in water. Place the unit 
(large) rider on mark 10, or hang it from the hook if only 9 divisions are shown on 
the beam. Level the beam by means of screw weight and note the temperature and 
the depth to which the plummet is subnwrged below the surface of wat(~r. 

Now remove the plummet and dry or rinse it with the liquid under test if 
miscible with water. Immerse the plummet in the liquid under test and level the 
beam by means of riders. The position of th(~ riders gives the relative density of the 
liquid at the temperature of the experiment. 

Precallfions 

(1) The wire used for suspending the pluIllmet should be extremely fine. 

(2) There should be no air bubble sticking to the surface of the plnmmet or the 
portion of the wire dipping in the liquid. 

(3) The pI UIll met should not touch the sides of the cylinder. 

(4) The temperature of the measurement and the depth of submersion of the 
plummet in the liquid should, as far as possible, be the same as in case of 
water. 

(5) If a lab-jack or an adjustable stand for the cylinder is not available, a dropper 
may be used to adjust the level of the liquid in the cylinder. 

(6) If the plummet docs 1I0t enclose a thermometer, or when the sample is 
coloured, a separate thermometer should be used to note the test 
temperature. 
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Exercises 

124. What are pycnometers? 

125. Is it possible to place more than one rider at tbe same mark on the beam? 

126. What is meant by rider moment? 

127. Why are the masses of riders chosen to differ by a factor of 1O? 

12K Predict the position of the unit rider(s) when the density of the liquid under 
test is (a) less than 1 (b) greater than 1. 

129. How is the sp. gravity of (a) highly volatile, and (b) highly viscous liquids 
determined by Westphal balance? 

130. How is the specific gravity measured at the experimental temperature 
converted to 60/60°F value'? 

131. An oil storage tank is to be designed to hold 1000 litres. What expansion 
capacity should be provided in the system if the temperature is expected to 
rise by 100°F? 

4.10 Emulsions 

Emulsions are dispersions of small droplets of one liq uid in another liquid, neitller 
liquid being soluble in the other. They arc electrically stabilised by some type of 
surface active substances know as emulsifiers. When tilt: amount of the emulsifier 
is small, the emulsion is relatively ullstable ('loose' emulsion) and the dispersed 
droplets coalesce fairly easily 10 give large drops (,cracking' of emulsion). When 
the concentratioll of the emulsifier is large, the dispersed droplets arc finer and the 
emulsion is hard to break ('tight' or stable emulsion). 

Emulsions are used as lubricants for certaiu specific jobs: 

(a) Oil-in-waler (o/w) emulsions are used as coolants in metal working, 
grinding, boring, turning, cutting, etc., and as lubricants for large 
diesel-motor pistons. 

(b) Water-in-oil (w/o) emulsions (also called Invert Emulsions) arc used mainly 
as fire-rt'sistant hydraulic fluids and as compressor and pneumatic tool 
lubricants. 

Depending upon the prospective service, the emulsifying tendencies of an oil 
can be a benefit or a drawback. Emulsification is Advantageous when an oil is to 
be used in presence of wakr, as in case of steam cylinder oils where wet steam is 
involved and lubrication of the cyclinder walls and valve seats is maintained by 
emulsified oil. Therefore, oils which most readily form stable emulsions with water 
are added to straight mineral cyclinder oils to increase their tendency to emulsify 
and to stablize the elllulsions formed. 

Formation of emulsions in most operations may be Harmful as emusification 
increases the viscosity and consequently the coefficient offriction. Emulsions havt~ 
a tendency to coli eel dirt, grit particles and other foreign matter which may cause 
abrasion and wearing out of the lubricated parts. Emulsions may fonn sludges, 
insulate coolers, dog oil-lines and filters and may even cause corrosion of the metal 
surface by carrying salts from water through the lubricating system and by 
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developing an e.m.L between the bearing and the journal. Emulsions are also ideal 
medium for microbiological growth. Since tht emulsion formed musl be removed, 
a considerable amount of oil is lost. 

These prohlems can be minimised by using a lubricant that would not emulsify 
during usc or form only a loose emulsion thill readily breaks (Rapid waler 
separation reduces the Resting Time required for lubricating oils). III steam 
turbines, condensation of steam leads to the formation of waler-in-oil emulsion 
whose Demulsibility (the ability of a lubricant to separate from its emulsioll with 
water) depends on the composition of the oil, the impurities left ill the lubricant 
during refining, on the presence of additives, oxidation products of the lubricant 
during its use and other foreign contaminants. The tendency to demulsify decreases 
with the time the lubricant has been in use. 

The demulsibility of a lubricant is reported in krms of the lime ill which an 
emulsion produced from 40 ml orthe sample alld 40 ml water (at 130°F; lkWF for 
lubricants with viscosities more than 450 SUS) cracks (breaks) to give two distinct 
layers, when left undisturbed. In case of incomplete demulsification at the end of 
1 hour, a 3-ml cuff or emulsion is neglected; if it is more, the volume ill ml of the 
oil, water and emulsion are reported. 

Steam Emulsion Numhn (S.E.N.) determines emulsion characteristics 
resulting from steam condensing in oil. It is the time in seconds in which oil and 
water separate in distinct layers from an emulsion (at 200-203°F) produced by 
bubbling steam into 20 IllI of oil until the volume of emulsion becomes 40 1111. 

S.E.N. is useful in defining the demulsibility of a Hew oil. Exceptionally higb 
values during service indicate foreign contamination or malfunctioning of some 
component. 

4.10.1 Water J~mlllsi()n Test 

In the Water Emulsion Test (United States Sted Method), 40 ml of the oil sample 

is taken in a 1 OO-ml graduated cylinder which is immersed in a constant temperature 

bath maintained at 130°F or 180°F. 40 ml of distilled water heated to the 

temperature of the bath are added slowly to the oil so as to complete the addition 

in one minute. The mixture is then emulsified by stirring for 5 minutes with a paddle 

rotating at I50() rt'volutions per minute. After switching otT, the paddle is slowly 

raised out of the cylinder. Simultaneously, a stop watch is started. The cylinder is 

then allowed to remain in the bath at the test temperature. At suitable time intervals, 

the cylinder is taken out only to inspect and is reimmersed in the bath immediately 

after each reading. The results of the experiment are recorded ill the following 

tabular form: 

Time in minutes 

IllI of the oil layer 

ml of cuff or emulsion 
left (intermediate layer) 

2 3 4 5 6 7 R 9 10 15 20 30 40 50 60 
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Precautions 

(1) The graduated test cyl inder should he immersed in the constant tempera ture 
hath at least up to 85-ml mark. 

(2) After raising the paddk out of the cylinder, it should be held ill thaI positioll 
so as (0 allow as Illllch of emulsion as possible to return to the cylinder. 

4.10.2 Steam Emulsion Number 

In the ASTM Test, 20 mJ of the oil to be tested is taken in the standard graduated 

test tube (A) which is suspended in a beaker containing water (B-Emulsifying bath) 

at all initial temperature of about 70°F. Steam from the generator (C) is passed 

through a delivery tube (D) into the oil (Figure 4.R). The steam jet violently agitates 

the oil which becomes intimately mixed with water (formed by the condensation 

of steam ) and all cmuls ion is ronlled. The la tenl heal of rondensa tion of steam ra ises 

the temperature ofllie emulsion. Steam is admitted al such a rate (adjusted with the 

help of pinch cock E3) as to raise the temperature of the emulsion to about 19frF 

in about 1 minute. Steaming is continued till the volunw or emulsion in the test 

tube becomes 40+3 ml. AI this stage, the delivery tube and the thermomcter along 

with the cork arc quickly withdrawn from the test tube which is rapidly transferred 

to the other beaker containing water (F-Separating bath), maintaincd at it 

temperature of 200-203°F by bubbling steam from the generator. Immediately as 

End of delivery tub 

Fig.4.8 Steam emulsion number apparatus 

A - Graduated test tube 

C - Steam generalor 

Ed'2 & E3 - Pinch cocks 

Ci - Burner 

I - Clamp stand 

B IOl1lulsifying bath 

D - Delivery tuhe 

F - Separating hath 

II - Tripod st and 

TI:l:> & Tl - 'lllcrl1lomcters 
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tbe delivery tuhe is withdrawn, a stop watch is started to measure the tillle. The 
observations are recorded in the tabular from (as in Wa tn Emulsion Test 4.1 O.l). 
The time in which the emulsion breaks is reporkJ as Steam Emulsion Number of 
the oil. 

Precautions 

(1) Before immersing the sll'am delivery tube into the test tube, steam should 
be passed through the delivery tube ulltil condensation in the tube ceai;es. 

(2) The steaming rate should be so adjusted as to double the volume of the 
contents of the tube in 4-6 minutes. 

(3) The end of the delivery tube dipping into the oil should be ('ut at an acute 
angle and should rest at the bollol\1 of the test tube so that no portion of the 
oil escapes agitation. 

(4) A narrow vertical groove should be made in the side or the cork to permit 
the uncondensed steam to escapt. 

NOle: The imporlance of Ihese Sialic lesls in induslry has considerably decreased. 'nley have been 

replaced wilh a Dynamic Demulsibilily Tesl which measures Ihe abilily of all oil to separale from waleI' 

under actual circulating conditions and correlales bctler with pracricc 

Exercises 

132. Name some specific lubricants which must hilve high water separation 
tendency, i.e. low S.E.N. 

133. What steps should be taken in order that a lubricant may possess good 
demulsifying characttristics? 

134. What are 'Soluble Oils'? 

135. What are defoamllnts? Give SOllle t'xillnpks. 

4.11 Grea'ies 

A grease is essentially 11 semi-solid to solid combination of a thickening or gelling 
agent (soap or a mixture of soaps) and a liquid lubricant (petroleum oil, fatty oil or 
synthetic oil). It may also contain other ingradients which are added to impart 
special characterislics. 

Whereas oils move of thtir own accord, pressure has to be applied 10 greases 
to make them now. Thus greases give a higher coefficient of friction than 
lubricating oils; ytt they are preferred to oils under the following conditiolls: 

(1) Where the oil is squeezed out due to heavier loads, low speed::., or does not 
remain in plact due to intermillent jerks. 

(2) Where the design of the machine is such that the parts to be lubricated can 
in no way retain the liquid lubricant, c.g., opell gear~, 

(3) Where the lubricant is also required to act as a seal against the clltrance of 
dirt or moisture. 

(4) Whffe dripping or splashing of oils cannot bt tolerated, e.g., machines 
preparing edible articks, paper, textile, etc. 
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(5) Where all oil is seldom added, e.g., electric motor bearings. 

(6) Where frequent lubrication is either inconvenient or uneconomical 
(automobile wheel bearings). 

4.11.1 Consistency or mechanical stability 

Some greases which, on being in service, retain their original hardness or softness 

for a long duration are said to be more consistent than those which more readily 

lose their hardness 011 being worked. Consistency, as applied to a lubricating grease, 

is thus its ability to resist a change in its stability or degree of stiffness likely to be 

produced by an operating mechanical shear (whether in laboratory or in service). 

Consistency is thus a characteristic of plasticity (as viscosity is of tluidity) and 

represents the ability ofa grease to resist deformation under the application oLTorce. 

Penetration Number, Value, Index or Yield Vallie 

Penetration Humber with respect to a lubricating grea:-.e is the depth (in tenths of 
an mm) that a COlle of standard dimensions pcnetrates vertically into the sample 
under test, undcr prescribed conditions of weight (150 g), temperature (25°C) and 
time (5 seconds). 

Significance of Penetration Test 

Penetration value of a grease is a measure of its degree of stiffness (i.e., whether it 

is hard or soft). The hardness or stiffness of a grease may vary from that of a heavy 

viscous liquid to that of a stiff solid mass (e.g., a cake of soap). The lower the 

penetration value, the harder the grease - which means pumping of grease is 

difficult and coefficicnt of friction is 1I10ft~. However, the grease can better 

withstand higher loads at lower speeds. A higher pcnetration numher means a softer 

grease, lower resistance to flow, increased pumpability hut unable to withstand 

higher loads and more attention will have to be paid to prevent leakage. 

Measurement of penetration number of 'unworked' (as marketed - a grease 
that has received only the minimum handling in transfer froll1 sample-can to 
test-apparatus and which has not been subjected to the action of a grease worker) 
and 'workt'd' (subjected to standard shear nile with a lIlanual or mechanically­
operated worker) samples can be utilised to assess the consistl'ncy of a grease, and 
also to study its gcl-Iluid revcrsihility (thixotropic nature). It is also used as a control 
test for product uniformity and serves as a basis for dividing greaSt'S into different 
grades. 

4.11.2 Determination of penetration number ofa grease 

Procedllre 

Using a corrosioll-resistant sted spatula, the sample is packed into the grease cup 

taking care to exclude all air. The cup is then placed in a bath maintained at 25°C 

for about one hour. The Sllrract~ of the grease is then smoothened and brought at 

level with the edge of the cup by scrapping off excess of grease with the blade of 

the spatula. 
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The grease cup is now placed on the kvelled table of the heavy base of the 
penetrometer (Figure. 4.9). The standard cone (made of brass and fitted with 
detachable hardened-steel tip) is cleaned and tlxed to the bolder shaft. Tbe bolder 
is then slowly and very carefully lowered so that tbe cone tip just touches the grease 
surface. The dial rod is now pressed down so tbat it comes into contact witb the 
holder shaft, fixed vertically below, and the reading of the indicator on tbe circular 
dial is recorded. By pressing tbe push button, the shaft is released and the cone falls 
without measurab\c friction. Simultaneously, a stop watch is started. The cone is 
allowed to penetrate into the grease for exactly 5 seconds and then the push button 
is released. The dial rod is now pressed down until it is stopped by the holder shaft, 
and the indicator reading on the circular dial is again recorded. The difference in 

t--------K 
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Fig 4.<; Penetrometer 
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drop 

Position 01 cone after 
drop 
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C - Table D Spirit level 
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I . Shan - Push button 
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the two readings directly gives the distance, in tenths of an mm, through which the 
cone has penetrated illto the grease. The test is repeatt~d 2 to 3 times and the average 
is reported as the penetration number of the greas('. 

Precautions 

(1) For perfee! positioning of the cone in contact with the grease surface, a 
mirror should be us(~d to remove parallax. 

(2) As far as possible, all air voids in the sample should bc eliminated. 

(3) On pressing the push bunon, tbe cone must have a frce fall, i.e., the sbaft 
should move in the holder without any measurable friction. 

(4) Before taking subsequent readings, the cone should be wiped perfectly 
dean and the surface of grease should be smoothened. 

Exercises 

136. How docs the presence of air voids in the sample affect penetration Humber'! 

137. What will be the cf[(~et if the movement of holder sha n is frictionless"! 

138. Enumerate the important factors on which the penetration Humber of a 
grease depends. 

4.11.3 Dropping point 

Greases, like emulsions, contain stahle colloidal dispersions, but when thickner 

(gelling agent) used is a soap (soap-based greases), the particles are not spberical 

but crystallites of fibrous shape which result from polymerisatioll or linear 

aggregation of soap III icd\es (colloidal soap molecules). The fihres get tangled and 

a three-dimensional interconnected structure results. The oil particles gei 

physically entrapped in the interstices of the tangled structure and/or adsorbed 011 

the fibres. 

When the temperature ora grease is raised, the inter-connected structure C\iiSCo; 

to exist; the soap is said to have dissolved in the oil, resulting in tbe 
of the grease. Greases, however, do not have any well-defined meltillb points, The 
liquification process is therefore more appropriately called of grease. 
The softening characteristics of different greases are compared in terms nf 
Dropping Points. The Dropping Point ora grease is the !owesllrmperature a! wh ieh 
the grease, when heated under specified conditions, becomes sufficiently lluid so 
that a drop will fall from a cup baving a hole 01 specified dilHensions, 

The dropping point is a qualitative indica,:lI of heat resistance or thermal 
stahility ofa grease, which depends Oil tlw n;;tur,' (lithe soap and the fatty oil present 
and, to some extent, on the viscosity of the mineral oil (added to adjust the 
consistency of the grease). Lime soap greases generally have lower dropping points 
thall greases of sodium, lithium or mixed base. The dropping point of some greases, 
particular! y those of alum inium soaps, appreciably dtTreast's upon ageing. Greases 
containing saturated [illly acids have higher thermal stability. The dropping point 
can be incrt~ased by adding non-soap thickners such as carbon black, bentonite, 
collodial silica, dc. 
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Significance 

Dropping point provides a practical limit of temperature above which a grease 

cannot be used as a lubricant in the semi-solid state. The test is useful as a means 

of identifying greases. In the manufactun~ of greases, periodic determination of 

dropping point is used to ascertain the unifonllity of the finished product. 

4.11.4 Determination of dropping point of a grease 

Procedure 

A chromium-plated brass cup, with an opening of standard dimensions at its 
bottom, is taken and its larger opening is pressed into sample grease until the cup 
is filled and a small amount of grease extrudes out of the smaller opening. Excess 
of greast is removed with a spatula. A wedge of grease, shaped into an inverted 
cone by revolving the cup against the standard polished metal rod (provided for 
this purpose along with the apparatus) inserted through the length of the cup, is 
removed such that only a smooth uniform thin film of grease remains 011 the walls 
of the cup. 

The cup is now lowered into a pyrex glass test tube with a rim or indentations 
ncar the bottom to support the cup (Figure 4.10). A thermometer is then inserted 
through a cork into the tube to such a depth that the tip of the bulb is just above the 
bottom of the grease cup. The assembly is then lowered into a heating bath (a glass 
tub containing a transoparent oil and fitted with a thermometer and a stirrer) . 
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The temperature of the heating bath is then slowly raised (electrically) while the 
stirrer is working. As the temperature rises, the grease softens and slowly exudes 
from the orifice of the cup. When a drop of grease gets detached from the bottom 
of the cup and falls into the tube, the temperatures shown by the two thermometers 
arc recorded. The average of the temperatures is reportt~d as the Dropping Point of 
the grease sample. 

Precautions 

(1) The grease film on the walls of the cup should be as thoroughly unifonn as 
possible. 

(2) The thermometer bulb should not touch the grease. 

(3) The bulbs of the test thenn01l1eter and bath thermometer should be, as far 
as possible, at the same level. 

(4) Initial heating may be fast (at a rate of about SoC per minute) but when the 
temperature of the bath is about lSoC below the expected dropping point, 
the heating rate should be so reduced that the two thermometers show a 
temperature difference ofless than 2°C. 

(5) The temperature should be recorded when the grease drop completely 
separates from the bottom of the cup, i.e., if the drop has a tailing end, it 
should break completely. 

Exercises 

139. What is meant by bleeding of a Grease? 

140. What are Smooth or Fibrous Greases? Give one example of it Fibrous 
Grease. 

141. What is Petrolatum? 

142. What is meant by a complex soap? 

143. What is the effect of complexing agent on the dropping point of it grease? 
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COAL 

Coal is a primary fuel, a highly carbonaceolls maHer formed from fossilised remains 
of plants [consisting mainly of cell ulot>e (C6H wOsL and Iignine, a natural plastic 
binder with approximate formula (ClOH 1303)x' with small amounts of resins, fats, 
waxes and water]. The early stages of transform ali on (millions of years ago) may 
have been brought about by slow action or anaerobic bacteria on vegetablc debris 
from vegetation under water-logged conditions, resulting in evolution of CO2 and 
methane, loss ofwater; and the acidic and humic substances 

--_. nCgHlOOS + 2nCOz + 2nCH4 + nH20 (5.1) 
humic substances 

formed being absorbed by resistant woody tissue. Further degradation, resulling in 
loss of water and volatile matter, was possibly brought about by the combined 
action of heat and pressure - the depth or burial and the time duration goventing 
the extent of transition from Vegetation -----'.Opeat -----» Lignite -----;. 
Bituminous - Anthracite to Graphite. X-ray studies have shown coals to 
consist of layers of clustered fused aromatic nuclei stacked one over the oilier. 

The composition of the coals thus varies according to the source and age; so, 
well defined chemical and physico-chemical properties cannot be expected. For 
ascertaining the quality and/or ranking of coal, two types of analysis are carried 
out: 

(i) Proximate analysis 

(ii) Ultimate analysis 

5.1 Proximate Analysis 

It is the determination of (a) Moisture content (b) Volatile matter (c) Ash content 

and (d) Fixed carbon. The analysis is consumer oriented and empirical ill nature. 

The results vary with the procedure adopted and have no absolute significance. 

However, when the dllalysis is carried out in accordance with standard 

specifications (Britisb Standard or American Society [or Testing and Materials, 

ASTM), it gives reproducible results which are csscntial to assess tbe suitability of 

the fuel for a particular domestic or industrial use. 
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5.2 Moisture Content 

Moisture which is lost 011 air-drying is called Surface, Adsorbed or Free Moisture. 
Amount of free moisture is widely variable and dept' " on factors like the 
treatment given to tht" coal, tIl<' extent of subsequent drying, the size of the coal 
lump, rankoftbe coal and the nature of its surface. Fret' moisture is disadvantageous 
to tbe extent that 

(i) Water is bought and transported al the fuel price 

(ii) It does lIot add to the fuel value 

(iii) A considerable amount of heat is wasted in evaporating tbe moisture 
during combustion (0.1 % loss for every 1 per cent of moisture) 

(iv) Handling of coal may becoll1e difficult due to excessive free moisture. 

However, coals containing 5 to 10% evenly distributed free moisture have been 
reported to 

(i) Improve the yield and quality ofmdallurgical coke formed 

(ii) Prodnce a 1I10re uniform fuel bed 

(iii) Reduce the amollnt of 'tly ash'. 

Inherent Moisture is the moisture that is retained by an air-dried coal. It decreases 
with increasing rallk and is a rough indicator of the maturity (age or degree of 
coalification) of coal. Coals with high inherent moisture are easily oxidised ill air 
and therefore are liable to spontaneous combustion. 

5.2.1 Determination of inherent moisture of a coal/coke sample 

Iftbe coal/coke sampk appears to be wet, spread it on tared pans, weigh and air-dry 

at room temperature or in the moisture oven at 10 to 15°C above room temperature 

until the difference in weight ht,tweeu two weighings five hours apart is not more 

than 0.5%. The loss in weight gives free moisture. Quickly crllsh and grind the 

sample, in air-tight ball mill, to pass through a No. 60 mesh (ASTM). Transfer 

approximately 1 g of this sample to a porcc1ain or silica capsule (718" In depth and 

1 ~" in diameter) with aluminium cover or a platinum crucible (previously heated, 

to a tcmperatun~ at which the sample is to be dric.d or ignited, and weighed), close 

with a tightly-fitting cover and weigh. Remove the cover, place lhe capsule or the 

crucible in an oven baving uniform temperature in all parts and preferably a 

provision for dry aIr circulation maintained at a temperatme of 105-·110°C for 

exactly 1 hour. Replace the cover, cool in it desiccator and weigh. 

Precolllions 

(1) All the operations after air-drying should be pt'rfonned quickly to prevent 
moisture change. 

(2) To prevent oxidation of low-rauk eoals by air, inherent moisture in their 
ease should bl' determined in an atmosphere of nitrogcll. 
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Observlltions and Ca/CII/atiofls 

Let the weight of empty capsule or crucible = A g 

Weight of capsule (or crucihle) + sample, before drying = B g 

Weight of capsule (or crucible) + residue, aftcr drying 

lnhl'rcnt Moisture Contcnt 

Cg 

B-C 
B -A x 100% 

The sum of the weight loss on air-drying and illherent moisture gives Total 
Moisture Conknt. [1' it coke sample is dried to constant weight between temperature 
105-200"C, without any preliminary crushing, the loss in weight on percentage 
hases gives the total moisture content within an error of 0.5%. 

5.3 Ash Content 

The useless and non-combustible inorganic matter that is left after burning off the 
organic malin in coal is known as Ash. 

Free or Ertraneolls AsII arises from 

(i) Ankerites and cleats (usually composed of CaC03 & FcC03 along 
with somc MgC03) deposited, inside tbe cracks and alongjoint planes 
in the matured coals, from mud or waler that percolates through the 
coal beds. 

(ii) Sedimentary materials (slate, clay, pyrite;., etc.) deposited simul­
taneously with the coal-forming material and present in definite layers 
in the coal, and 

(iii) Sand and clay mixed with coal from the roof and l100r of the mint'. 

This portion ofash can bt' removed by selective mining and cleansing process (hand 
picking, washing. etc.) 

Inherent Ash (oxides of Na, Mg, Ca, K & Si) arises from the mineral matter 
originally prest'llt in the cellulosic plant debris from which coal was formed. It 
rarely amounts to more than 2%. 

Adventitious (Non-essential) mineral matter (clayey or silicious) present in mud 
or water in contact with the decomposing vegetation (during the anaerobic decay 
state) gets intimately mixed with coal or is present as dirt bands alternate with purer 
coal layers. The amount of adventitious ash varies widely and may go upto 10%. 
The inherent and adventitious mineral matter cannot be removed by cleansing 
operations and together constitute what is know as 'Fixed Ash'. 

Significance 

Ash reduces the heating value of coal. There is a heat loss of about 1.5% for each 
1 % ash present in coal. It increases transportation, handling and storage costs. The 
furnaces may havt' to he shut down li)r the removal and disposal of ash and 
increased labour costs are involved. 

The chemical composition of ash, which is determined by the usualmelhods 
of analysis. difrers from coal to coal and usually varies between the following 
limits: 
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Constituent % Constitueut % 

Si02 40--60 MgO 0.5-5 

AI20 3 20-40 Ti02 0-3 

Fe203 2-25 Na20 + K:P 1-6 

CaO 1-15 S03 0.2--15 

As coal (or coke forllll'd from it) is lIsed as a reducing agent in several metallurgical 
operations, the compm,ition of the ash affects the slag and metal composition and 
its characteristics, and is the most important factor governing the selectioll of a 
proper flux. 

The fusion temperature of ash is of considerable importance and is closely 
relakd to its composition. In geucraJ, it has been found that ash containing Al203 
and Si02 in the ratio ill which they arc prescnt in purl' dehydrated clay AI20y2Si02 
(45.W/t) AI20 3 + 54.2(;{ Si02 by weight) is the most infusible (called refractory 
ash), and the fusion temperature deerea;,es with incrcasing proportion of basic 
oxides like Na20, K20, MgO, CaO and FeO. 

rf the ash has low softening temperature, it fuses when coal is burnt on grates, 
and lumps of ash (called 'clinker') get deposited 011 the fire bars. This blocks the 
grate holes and spaces between coal particles; passage of air Iwcol11es irregular and 
restricled, and uneven heating takes place. This leads to increased clinkering. 
Clinker rCllloval froll1 grates is very difficult and laborious. SOIl1C coal particles 
may get embedded in the clinkers and escape combustion, thus leading to loss of 
fuel. Melted l1y a~h may he deposited on boiler tuhes restricting heat transfer. 

Molten slag from low Illclting ash penetrates into the pores of the refractory 
lining of a hoiler or the furnace. Difference in the coclTicients of expansion and 
contraction ol"tl1t.' slag and the refractory material causes Spalling of the refractory 
lining therehy reducing its life. 

Presence of some high melting ash b, however, necessary to protect the grates 
(in steam generation, producer gas and water gas manufacture) from direct contact 
with inCillldesccnl coal, which might cause oxidatlOlI of the grate bars. 

5.3.1 Determination l?f ash contellt qf a coal/coke sample 

Procedure 

Place the porcda ill/silica capsule or platinulII crucible containing dried coal (from 
the inherent 1Il0i~tllre test), without cover, in a Illume furnace at a low temperature 
and gradually raise the Il'mpcrature to 700°C. Stir the residuc with a platinum or 
nichrome wire (to hasten ignition) and ignite for half an hour at a iemperaluf(' 
between 7()() and 75WC. Moisten the residue with a drop or two ofaIcohol. If black 
particles appear (due to the presence of unburnt carbon), continue ignition for 
another 15 minutes. Cool in a desicca tor and wcigh. Repeat the process of ignition, 
cooling and weighing until the difference in weights he tween two successivt' 
weighings is less Ihan 111lg. 
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For tests olll'oke, heat the capsule or crucibIr containing dried coke in a mume 
furnace or over a burner to redness. Finish the ignition to constant weight 
(± 1 mg) at a temperature lw(ween 900 and 950°C. 

Preea III ions 

(1) To avoid mechanical loss due to rapid expulsion of volatile matter, the 
temperature "hould be ra ised at a slow ratL 

(2) For coals cOlltainillg high percentage of calcite and pyrite, reproducible 
results are not obtained because of the varying amounts of sulphate-sulphur 
being retained in the ash. To overcomc this difficulty, the sample is ht'ated 
at a lower temperature (- 5()()"C ) for a longer duration of time which 
ensures complete oxidation and expUlsion of pyrite sulphur before the 
decomposition of calcite takes place when the temperature is raised to 
75{tC. 

Observations and Ca!C1/!atiof/s 

Weight of empty and previously ignitcd 
capsule or crucible 

Weight of capsule + air dried sample 

Weight of capsule + oven dried sample 

Weight of capsule + residue, aller igllitioll 

Ash content (Air dry basis) 

Ash content (Oven dry basis) 

5.4 Volatile Matter 
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When coal is heated gradually in the absence of air, moisture and occluded gases 

escape first. As the temperature rises, there is evolutioll 01 H2S and some 

unsaturated hydrocarbons. At about 350°C, active decomposition of coal begins 

and continues with rise in temperature, accompanied by evolution of large 

quantities of gas and tarry vapours cOllsisting mainly or hydrocarbons. Around 

70WC, the amollnt of hydrogen in the evolved ga~es increases. Hydrogen is the 

major constituent or the gases liberated at higher Itmperature. 

The volatile matter expelled thus is not pre~ellt as slIch in coal but results from 
thermal decomposition of the coal material. The total amount ofthc volatile mailer 
evolved and its cOll1p()~ition deprnds, in addition to the quality of coal, on the 
temperature, rale of heating and the time lor which heating is continued. For 
comparahle resuits, thrretofe, conditions specified by ASTM are generally 
followed. 

Volatile lIlatter is the prrcl'nlage loss ill weight of coal (millus 'X olmoisture) 
whell it is heated ill the absencc of air for exactly 7 llliIlutc~ at 950 ± 2WC, ill a 
crucible of standard dimensions. 
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Significance 

The volatile matter of coals may consist of combustible gases (like CO, H2, CH4 
and othef hydrocarbons) and incombustible gases (likt~ C02 and N2), The presence 
of incombustible gases is always undesirable as they do not have any heating value. 
Volatile matter of coals may be as high as 50% and when such coals are burnt, large 
proportion of the fud distils over as gas or vapour which bums with the production 
of flame. Coals with high volatile matter will therdore burn with long smoky 
flames, the smoke causing pollution of the environment. The calorific intensity of 
such coals is less since the heat produced is distributed over large space. Such coals 
are therefore 1I0t suitable for production of steam where intense beat is required. 
Coals with lIigh volalile matter are. however, suitable for manufacture of coal gas, 
particularly when the recovery of by-products is desired. 

For cOlllplete combustion of the large volatile matter. secondary air wili be 
required and the volume of the furnace will have to be increased to prevent the 
escape of ullburnt vapours which otherwise will lead to loss of heal. The furnace 
design therefore depends on the volatile matter. 

Wbere.as it is very easy to ignite a coal with a bigh volatile matter, burning of 
low volatile coals necessarily requires forced draft; its intensity increasing with 
decreasing vola tile ma Iter. 

Caking quality of coal varies with iL<; volatile malter. Coking power decreases 
with increase or decrease of volatile matter and coals baving less than 14% volatile 
matter have no caking tend(~ncy. 

5.4.1 Determination of volatile matter of a coal s(ll1lple 

Procedure 

Weigh exactly about 1 g of the sample in a previously dried (al 950 :t 20"C) and 
weighed platinum crucible (diameter 2.5-3.5 cm, height 3-3.5 cm, capacity 
10-20 ml) with a closely fitting lid which has a vent for the escape of volatile 
matter. Spread the sample evenly, dose with the lid and place in a mume furnace 
maintained at 950:t 20"C and shut the door. After beating for exactly 7 minutes, 
take out the crucible and first bring down its temperature rapidly (to avoid oxidation 
of the contents) by placing it on a cold iron plate alld then transfer the warm crucible 
to a desiccator to bring it to room temperature. Take the final weight of the crucible 
and the contents, 

Precalltion 

If 'Sparking' (mechanical loss due to suddenly beating the sample) is observed, the 
sample-containing crucible should first be heated to raise the temperature to 
600 :t 50°C in 6 minutes, followed by heating for exactly 6 more minutes at 
950 :t 20°C. 

Observations and Calculations 

Let the weight of empty crucible 

Weight of crucible + sample, 
before heating 

= Ag 

= Bg 
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Weight of crucible + sample,' 
after heating = Cg 

% Volatile matter 
[
B - C ) = B -A x 100 - % tlloisture 

5.5 Fixed Cal-bon 

The residue, remaining a fter the volatile ma Uer of coal has been expelled, c<mta ins 
the mineral mattn originally present and the non-volatik or 'Fixed' carbon. The 
fixed carbon in coal is thus calculated as follows: 

% Fixed carbon '" 100 - (% moisture + % ash + % volatile matter) (5.2) 

'Fixed' carbon varies inversely with volatile mattt'r. It represents the amount of 

coal that will burn in the solid state with primary air forced or drawn through the 
hot bed of coal, thus having a bearing 011 furnace design. High 'Fixed' carbon 
ascertains high calorific value. The following empirical relationship (Goute1 

formula) holds true for high ranking coals: 

Q '" 82 x FC + a x VM (5.3) 

Where Q '" calorific v;llue of coal (eals/g) 

and 

FC = % of fixed carbon 

VM = % of volatile matter 

(l '" a factof that depends 011 the "ature of volatile 

matter and its value decreases with rise in volatile 

malter. 

Exercise 

144. (i) 2.5 g of a coal sample was taken in a silica crucible weighing 19.35 g. 
After heating in an electric oven at 105· 110°C for 1 hour, the crucible 
weighed 21. 765 g. The residue was then ignited at 700· 750°C (0 a 
constant weight when the crucible weighed 19.595 g. 

(ii) In another experiment, 2.5 g of the same sample was heated in a 
platinum crucible (weighing 19.345 g), Covered with a vented lid, at 
a temperature 01'950 ± 20"C for exactly 7 minutes. After cooling, the 
crucible weighed 20.873 g. 

(iii) Calculate tbe percentage of fixed carbon and tbe caioritic value of 
coal using Goulel's formula, value of a being 80. 

5.6 Ultimate Analysis 

It is the detenninatioll of carbon, hydrogen, nitrogen, sulphur, phosphorus, ash and 

oxygen (by difference) ill coal. The analysis is exact and helpful: 

(1) In calculating the calorific value of coal by Dulong's fOfllll1la 

Gross or Higher 
Calorific Value 
H.C.V. 

1~(J [ 8080 C + 34460 (H - ~) + 2240 S ] kcallkg 

(5.4) 
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aud Lower Calorific 
Value (L.C.V.) 

9 
H.C. V. - 100 H x 587 kcallkg 

where C, H, 0 and S represent the percentage of respective elements. 

(5.5) 

(2) In calculating Iht' amount of air required for perfect combustion of the coal 
and 

(3) In ascertaining whether a particular coal call be used in metallurgical 
operations or not. 

5.7 Carbon and Hydrogen 

Carbon being the major cOllstitlll~nt of coal, its amount determines, to a large extent, 

the calorific value of the coal. Also, the carbon content incn,ases with the degree 

of alteration in the natural coalification process (wood ~50%, peat 50-60%, lignites 

60-75%, bituminous 75-92%, anthracite 92-981/(;). The percentage of carbon is 

therefore an important factor in assessing the rank and age for classifying coals. 

Coals '."ith high carbon content usually require it small combustioll chamber 

although there is 110 direct rdation between the two. 

The percentage of hydrogen ill coal (3-6%) dqwnds to a large extent on (he 

hydrogen content of the original vegetable mailer (3.5-8(ji,) and to a small extent 
on the degree of transformation. Hydrogen content llas a large bearing on the 
calorific value of the coal because the heating value of hydrogen per unit weight 
(34460 k cal/kg) is more than four times the heating value of carhon (8080 k cal/kg). 
However a small part of this heat is lost in evaporating the water formed fonn the 
combustion of H. Hydrogen is moslly associated witiJ volatile mailer of coal and 
therefore has a bearing on the size of the combustion chamber and 10 some extent 
011 the suitability of coal for a specific usc or purpose. 

Principle of Determination 

Carbon and hydrogen are determined by burning a weighed quantity of coal, in 
presence of CuO, ill a stream of oxygen free from moisture and CO2, The carboll 
and hydrogen of the sample arc converted into CO2 and H20: 

C + 02 --------,> CO2 (5.6) 

1 . 
2H + 2 02 --------,> H20 (5.7) 

A fter complete oxida lion and purifica lion from interfering substances, the products 
of combustion are passed first through a water absorbing ullit and then through a 
C02 absorbing unit. The increase ill weights of Ihese units gives respectively the 
weights of H20 and CO2 formed from which tht' percelltage of hydrogen and 
carboJl prescnt in the samplc can be calculated: 

2 Weight of H20 fimncd 
% Hydrogen = 18 x x 100 (5.H) 

Weight of coal bumt 

12 
(If) Carboll = x 

44 

Weight of CO2 formed 
x 100 

Weight of coal burn I 
(5.9) 
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5.8 Sulphur in Coal 

Sulpbur content of coals generally varies from 0.5 103%, with some exceptions of 
higber amounts. It occurs principally in two forms: 

(a) As iron pyrites (occasionally as gypsum, CaS04·2H20, also), mixed along 
with coal, most of which can be removed by 

(i) hand picking from larger sizes of coal, and 

(ii) gravity separation by washing smaller sizes of coals with water. 

(b) As organic sulphur compounds forming part of the coal itself. The organic 
sulphur usually 

(i) ranges from 0.5 to 0.6% 

(ii) is almost unifonllly distributed throughout the coal material, and 

(iii) can not be removed by 'cleansing' operations. 

Significance 

Although sulphur does have some heating value (2240 kcal/kg), S02 and S03 
formed during the combustion ofsulphur-contailling coals are extremely harmful. 

4FeS2 + 11 02 ) 2Fe203 + 8S02 (5.10) 

(5.11) 

CaS04 + Si02 (usually present in coals in small amounts) 

heat 
----'j>. CaSi03 + S03 (5.12) 

The gases cause environmental pollution and in moist atmosphere produce acids 
(H2S03 and H2S04) which cause corrosion of the metallic equipment around. 

We can have an idea ofthe pollutionai hazards from the fact that sulphur oxides 
equivalent to 3 tons of concentrated H2S04 are discharged daily into atmosphere 
by a small Tbennal Power Plant buming per day 100 tOllS of coal that conta ins only 
1 % sulphur. 

When sulphur-containing coals are carbonised, 20-30% sulphur passes into 
coal gas, in the form ofHzS, CSz and thiophene, from which only H2S is removed 
before the gas is supplied for domestic purposes. 

Most of the 70-80% sulphur retained ill coke (present partly as FeS, CaS or 
elemental sulphur) is oxidised to S02 when coke is burned and escapes 10 

atmosphere. A part of FeS that escapes oxidation under mildly reducing conditions 
might fuse and lead to clinkering problem. When such cokes are used for 
metallurgical purposes, some sulphur might get mixed with metals and adversely 
affect their characteristics. Presence of sulphur in the coal used ill ceramic industry 
adversely affects the product characteristics. 

Rapid oxidation of iron pyrites present in coals exposed to air may lead to 
disintegration of the coal lumps thereby exposing fresh and easily oxidisable coal 
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surface. Presence of iron pyrites is thus one of tht, factors resp0nsible for spon­
taneous ignition of coal samples when exposed to air. 

LFeS2 + 702 + 2 H20 ~ 2FeS04 + 2H2S04 (5.13) 

5.8.1 Determination of sulphur content of a sample of coal 

Reagents Required 

(1) Barium chloride solution (5%) 

(2) Bromine solution (saturated) 

(3) Concentrated hydrochloric acid 

(4) Dilute hydrochloric acid 

(5) Sodium hydroxide solution (5N) 

(6) Methyl orange indicator solution 

(7) Silver nitrate solution 

(8) Eschka-Mixture - Thoroughly mix 2 parts by weight ofsulpbur-free MgO 
with 1 part by weight of sulphur-free anhydrous Na2C03 and grind to pass 
through an ordinary flour sieve. 

Theory 

A known weight of powdered coal is fused with Escbka-mixture in presence of air. 
The sulphur in coal is oxidised to S02 whicb is absorbed by Eschka-mixture to 
produce the corresponding sulpbites: 

S + 02 --_. S02 

MgO + S02 ----)0 

(5.14) 

(5.15) 

(5.16) 

The sulphiteI', are extracted with water and oxidised to sulphate using bromine 
water. 

SO~- + Br2 + H20 --_. SO~- + 2H+ + 2Br- (5.17) 

On adding barium chloride solution to tbe slightly acidified extract, the sulphate is 
precipitated as BaS04 wbich is filtered, wasbed, ignited and weighed. 

(5.18) 

From the weight ofBaS04, the percentage of S in coal can be calculated as follows: 

32 Weight of BaS04 
% S "" 233 x Weight of coal x 100 (5.19) 

Procedure 

Transfer about 1 g of accurately weighed coal powder (60 mesh) to a silica, 
porcelain or platinum crucible. Add about 3 g of Escbka-mixture, mix thoroughly 
and cover with about 1 g more of Escbka-mixture. Place the crucible in a sligbtl y 
slanting position in a muffle furnace at room temperature and heat gradually so as 
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to raise tlle temperature to 850 ± 50·C in about 1 hour. Continue heating at this 
temperature for another 1 hour with occasional stirring with a stout nickel wire. 
When no black carbon particles are visible, allow the crucible to cool to room 
temperature. Remove the contents to a 200-ml beaker. Extract the residue 
completely using about 100 ml of hot distilled water. Heat for about half an hour 
and filter under suction. Wash the residue with hot water. Collect the filtrate and 
washings in a beaker, add 10-15 ml of saturated bromine solution and heat gently 
for a few minutes. Acidify with concentrated HCl and boil off the liberated 
bromine. Add two drops of methyl orange and just neutralise with NaOH solution. 
Add 1 ml of dilute HCl and heat the solution to boiling. Add slowly from a pipet, 
while stirring constantly with a glass rod, 10-15 ml. of hot 5 per cent solution of 
barium chloride. Cover the beaker with a clock glass, boil for 15 minutes and keep 
the solution hot, below its boiling temperature, by placing the beaker on a low 
temperature hot plate for 1 hour. 

Filter, by decantation, through a Whatman filter paper No. 540/40. Transfer 
the precipitate to the filter paper and wash with small portions of hot distilled water 
until the washings are free from chloride (test a few drops of the filtrate with 
AgN03)· 

Hold the moist filter paper around the precipitate, loosely to avoid spattering, 
and place it in a clean platinum or silica crucible (previously ignited to a 
temperature of about 900·C, cooled in a desiccator and weighed). Cover ilie 
crucible with lid loosely to permit free access of air, place in a slightly inclined 
position in a cold muftle furnace and gradually raise the temperature to dry and 
smoke off the paper. Then raise the temperature to above 900·C and ignite to 
const'lllt weight. Cool in a desiccator and weigh. Run a blank using the same 
amounts of reagents as in the regular determination. 

Precautions 

1. The reagents used must be sulphur-free 

The sample should be heated wiili Eschka-mixture at a low heat in the 
beginlliug to avoid rapid expUlsion of the volatile matter which may lead to 

0) mechanical loss due to decrepitation, and 

(ii) incompicte absorption 01'5°2 by Eschka-mixture. 

3. A jet of hot water from a wash bottle may be used to aid the transfer of the 
precipitate to thl' ri;:er p:1per. Any precipitate sticking to the walls of ilie 
beaker or to the glass roo may be loosencd with a 'policcman'. 

4. To avoid reduction of the 3n5,04 precipitate by carbon of the filter paper 

600 
BaS04 + 4C ----+ BaS + 4CO, (5.20) 

during ignition, the paper should be charred first at slow heat, without inflaming, 
and then the carbon should be slowly burnt off ai a low temperature in free access 
of air. 
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Observations and Calculations 

Let the weigbt of coal sample taken 

Weight of BaS04 obtained from 
coal sample 

Weight of BaS04 obtained in blank 
determination 

% S in tbe sample 

Exercises 

=Wg 

=Ag 

Applied Chemistry 

x fA-B) x 100 
W 

(5.19) 

145. Why is the precipitation of BaS04 carried out in a medium made only 
slightly acidic with HCI? 

146. What is coprecipitation? How can the error due to coprecipitation of 
Ba(N03h and BaCI2 be avoided? 

5.9 Nitrogen in Coal 

Nitrogen content of coals generally varies between the limits 1-1.8% and comes 
from the proteins present in the parent vegetable matter. It has no calorific value 
and so its presence in coal is undesirable. If the combustion results in a very high 
temperature (as in Thennal Power Sta lions), a part of nitrogen is converted into its 
oxides which escape along with the flue gases and cause atmospheric pollution. 
During carbonisatioll, nitrogen of coal is converted to NH3 which can be recovered 
from the volatile matter (coal gas) by scrubbing with water or dilute H2S04, 

5.9.1 Determination of nitrogen in coal sample (Kjeldhal Gunning method) 

Reagents Required 

1. Standard sulphuric acid (N/lO) 

2. Standard sodium hydroxide solution (N/10) 

3. Sodium hydroxide solution (50%) 

4. Concentrated sulphuric acid 

5. Potassium sulphate 

6. Anhydrous copper sulphate 

7. Sucrose 

8. Metbyl red indicator solution 

9. Red litmus paper. 

Principle 

A known weight of powdered coal is digested with concentrated H2S04 in 
presence of KZS04 (to raise the boiling point of H2S04 and thus help in digestion) 
and CuS04, selenium powder Of CuSeOy 2H20 (to act as catalyst). The nitrogen 
in coal gets converted into ammonium SUlphate: 

(5.21) 
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As the solution becomes clear, it is treated with excess of NaOH or KOH and 
distilled when NH3 gas is evolved: 

(NH4)2S04 + 2 KOH • 2NH3 + K2S04 + 2H20 (5,22) 

The ammonia so liberated is absorbed into a known volume (present ill excess) of 
standard sulphuric acid 

(5.23) 

and the unused acid (excess) is back titrated with standard NaOH solution using 
methyl red indicator: 

H+ + OH- ---->- H20 

The percentage of nitrogen in coal is calculated as follows: 

Procedure 

%N = ml of acid used x Normality of acid x 1.4 
Weight of coal taken 

(5,24) 

(5,25) 

Weigh accurately about 1 g of powdered coal and transfer it to a Kjeldahl's llask. 
Add about 10 g of K2S04 and either 0,2 g of Se powder or 0,5 g of anhydrous 
CuS04 or 0,3 g of cupric selenite dihydrate (CuSe03'2H20) followed by 25 tnl 
concentrated H2S04 along the sides of the Kjeldahl's Ilask to wash down any 
powder sticking to the neck or the sides of tbe flask, Close tbe flask witb tbe loose 
glass stopper and shake to mix the contents, Place the flask in an inclined position 
and heat gently below the boiling point of the solution until the initial frothing 
ceases. Then raise the kmperature to the boiling point of the solution and continue 
the digestion for at least two hours after Ihe contents of the flask have become 
almost colourless. 

Theil cool the KjeIdahl's t1ask and transfer its contents to a round-bottom 
distillation t1ask. Wash the KjeldabJ's t1ask well wilh distilled water and transfer 
the washings to the distillationllask so that the total volume of the contents ofthe 
distillation Bask are about 300 1111. Add a few chips of red litmus paper and fit the 
l1ask with a thistle funnel and a Kjeldahl's trap (to prevent splashing o1'lhe alkaline 
solutioll to the condenser during heating), Connect the Kjeldahl's trap to a 
condenser whose other end dips in 50 ml of N/l0 H2S04 taken ill a conical tlask, 
Through the thistle funnel, add concentrated NaOH solution uutil tbe contents of 
the tlask are distinctly alkaline, as evidenced by the change in colour of the litmus 
paper from red to blue, Distil the contents of the. flask for about one hour, 
maiuk1ining the solution alkaline througbout Discontinne boiling, and discollnect 
the flask, when tbe volume of the distillate in the cOllicalllask becomes about 200 
ml, and wash down the condenser with distilled water into the conical tlask, Add 
3-4 drops of methyl red indicator and titrate with N/IO NaOH until the colour 
changes from red to yellow and record the volume of acid lIsed as A 1111. Make a 
blank on 1 g of sucrose lIsing the same amoLints of other reagents as ill the estimation 
011 coal and record the volume of N/I ° alkali nsed as B 1llJ. 

Precautions 

(1) All the reagents used must he nitrogen-free. 
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(2) Before transferring the digested solution to the distillation flask, the 
Kjc\dahl's flask should be cooled under tap. Also, dilution of the solution 
in distillation tlask should be slow with shaking and cooling. 

(3) To prevent bumping during distillation, a few porcelain chips or glass beads 
or about 1 g granulated Zn should be added. 

(4) The solution in the distillation flask should be kept only modera tely 
alkaline throughout. A considerable excess ofNaOH often causes excessive 
frothing. 

(5) When the solution froths excessively, a pea-sized piece of paraffin wax 
should be added to control it. 

(6) To prevent hack suction, the tube of the condenser, dipping in standard acid 
solution, should end in the shape of a funnel. 

Observations and Caleulations 

Let the weight of coal taken = W g 

Volume ofN/lO NaOH used in Blank 
(= amount of acid taken) = B ml 

Volume of N/l0 NaOH used in sample 
determination ( = amount of acid left unused) :; A ml 

Therefore, amount of acid neutralised 
by NH3 = (B - A) ml N/lO H2S04 

a! (B - A) ml N/IO NH3 solution 

1 1 
a! (B - A) x 10 x 1000 x 17 g NH3 

Therefore, %N 

Exercises 

1 14 
a! (B - A) x x 17 x - gN 

10 x 103 17 

(B - A) x 14 

10 x 103 
x 

100 
W -

(B - A) x 1.4 1 
x 

W 10 
(5.25) 

147. Why is it necessary to add sufficiently large amount of concentrated H2S04 
during digestion'? 

148. What modification in the procedure is required if HgO or Hg is used as a 
catalyst during digestion with H2S04? 

149. How does addition of granulated zinc prevent bumping? 

5.10 Oxygen Content of Coal 

With the increase in the degree of transformation from wood to anthracite, the 
percentage of oxygen regularly decreases (wood :::: 35-43%; peat ::: 30-40%; 
lignites = 20-30'/b; bituminous:::: 5-20%; anthracite::: 2--5%). The Tank oflIle coal 
is therefore related to the oxygen content and decreases with increasing amount of 
oxygen. Oxygen in coal is supposed to be combined with hydrogen. An equivalent 
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amount of hydrogen is therefore already burnt, i.e., lIot available for combustion, 
leading to a decrease in calorific value. It has been found that a 1 % increase in 
oxygen content decreases the calorific value by about 1.711r .. Increase in oxygen 
content of coals increases their tendency to retain inherent moisture. III case of 
bituminous COi:lS, the caking power is known to decrease with increasing oxyg,~n 
content. There is no dift~ct method for determining the oxygen content of coal and 
has 10 be calculated by deducting the combincd percentagc of C, H, N, S and ash 
from 100. 

% Oxygen = 100 - percentage of (C + H + N + S + Ash) (5.26) 

Exercises 

150 (a) A sample of coal containing C,H,N,S and ° was analysed as follows: 

(i) 0.24 g of the sample on combustion gave 0.792 g of CO2 and 0'()216 
g of H20. 

(ii) 1.4 g of the sample was Kjeldahlised and the ammonia liberated was 
absorbed in 50.0 tnl of N/l0 H2S04, The resultant solution required 
10.0 Ill!. of Nil 0 NaOH for complete neutralisation. 

(iii) 3.2 g of the sample was analysed by Eschka method and gave 0.233 
g of BaS04' 

Using Dulong's formula, calculate the Gross and Net calorific value 
of the coal. 

(b) Of the two types of Coal Analysis-Proximate and Ultimate- which 
one is more useful and why? 

5.11 Combustion of a Carbonaceous Fuel - Flue Gas 

When a fuel is burnt in air, the carbon and hydrogen of the fuel are converted into 
CO2 and H20 as per the following equation: 

ClI,pz + (x + y/4 - z/2) 02 -~ x CO2 + y/2' H:P (5.27) 

and heat is liberated. The mixture of the gases which comt'S out of the furnace 
(combustion chamber) is known as Flue Gas. If the theoretical amount of air 
(containing exactly the same amount of 02 as is required in accordance with the 
above reaction) is supplied and the combustion is complete, the nUl' gas consists 
of (in addition to water vapour) CO2 and N2. However, it is not possible to complete 
the combustion with tbe theoretical amount of air, and either a part of fuel escapes 
combustion or incomplete combustion orc to CO stage takes plan'. The llue gas, 
therefore, may contain small amounts of CO and/or hydrocarbons (C)-:I,.). Escape 
of these gases (CO and ClIv) to the atmosphere causes environmenta(pollution. 
Also, a part of the total heat,' that could be available from the fuel, is thus lost. On 
the othn band, if a large excess of air is used, the nUl' gas also contains this unused 
extra oxygen supplied. Also, a large excess of air added lowers the flame 
temperature (calorific intensity) and carries away a lot of sensible heal. 

HCIlce for efficient ulilization of heat available from a fud, an optimulll 
amount of air should be supplied. This amount cannot be theoretically computed. 
Other factors that affect efficient combustion are intimate mixillg (or contact) of 
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air and fuel and sufficient time to allow completion of combustion (governed by 
rate of combustion). Both these factors depend on the furnace design. 

Whether efriciCllt combustion is taking place or not is detennined by the actual 
amounts of CO, 02 or hydrocarbons present in the Ilue gas. Hence the analysis of 
the nue gas is of prime importance. 

A large excess of CO in the flue gas indicates incomplete combustion, which 
means amollnt of air supplied is not sufficient. A large excess 01'02 in the Ilue gas 
indicates that air supply is much in excess. rfboth CO and 02 arc simultaneously 
present in the flue gas in appreciahle amounts, combustion is incomplete, irregular 
and non-uniform, and improvement in the design of the combustion chamber, 
furnace or engine is required. 

5.11.1 Determination (~{the percentage o.{C02 , CO, (hand N2 in aflue gas (or 
automobile exhaust) by Orsat 's apparatus 

Principle 

A measured volume of the gas to be analysed is taken in a graduated burette which 
is connected through a capillary manifold to a series of pipets containing solutions 
of suitable absorhent reagents. The gas is successively forced through these 
solutions in a specific order. Each reagent removes a single constituent from the 
sample. The decrease in volume oflhe flue gas sample in each step gives the volume 
of the constit lIent removed in tha t step. 

SolUliol1s a/Absorbent Reagents 

(i) Absorbent for CO2 is a solution of 300 g of KOH pellets in one litre of distilled 
water prepared by stirring with a glass rod. The solution is stored in a rubber 
stoppered glass bottle and is decanted before use. When the gas sample is led into 
this solution, CO2 content is retained by the solution as per the following reaction: 

2KOH + CO2 ) KZC03 + H20 (5.28) 

(ii) Absorbent for O2 is prepared by adding 80 g of pyrogallol crystals to 500 ml 
of KOH solution [prepared in (i)] in a glass-stoppered houle kept in a cool place 
till dissolution is complete. When the gas salllpil' is forced into this solution, the 
oxygen content is used up in oxidising pyrogallol. 

(iii)Absorbcnt for co is a solution of75 g of CU2C1Z in 600 ml cone. IiCI and 400 
Illl distilled water stored in a glass bottle containing copper turnings or wire. CO 
of the gas sample, when it is passed through this solution, is retained in the form 
of a complex: 

CU2CIZ + 2CO + 4HzO ----->- 2Cu(CO)CI·2H20 (5.29) 

Sometimes the gas sample, after the major portion of its CO content has been 
absorbed by acid cuprous chloride, is passed through another pipet containing 
Cuprous Sulpbate-j)-Naphthol solution to remove the last trace of CO which 
combines with cuprous sulphate to form more stahle CU2S04·2CO which does not 
give up CO as does Cu(CO)Cl·2H:p. 

CuZS04 + 2CO • CuzS04·2CO (5.30) 
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Procedure 

(1) Preparation of the apparallls 

After thoroughly cleaning the apparatus (Figure 5.1) apply grease to all the 

stoppers. Fill the jacket (A) around the burette (8) complete with water and the 

aspirator or the levelling bottle (C) upto two thirds with a confining liquid (a 25% 

NaCl solution acidified with dilute HCI to which a few drops of methyl red have 

been added). Take the three solutions, i.e., CO2 absorbent, 02 absorbent and CO 

absorbent in pipets PI> 1'2 and 1'3 respectively. Close the stop cocks a1> a2, a3 and 
open the three way stop cock D to atmosphere. Raise the aspirator (C) till the burette 
is filled with confining liquid. Now close cock D, open cock al and lower C till the 

level of the solution in pipet PI is raised up to the fixed mark mI' Close cock a,. In 

a similar way, bring the Icvd of tile solutions ill pipets P2 and P3 to fixed marks tn2 

and 1113 respectively and dose a2 and a3' 

u 

G~ 

A ~ Jacket 

C ~ Levelling hOllle or Aspirator 

E Capillary manifold 

lJ ~ Tube containing 
anhydrous CaCle 

al. 82, cO stop cocks 

mi. m2. m.; fixed marks 

--t+-----~ -8 

Ors"t apparalus 

B ~ Burcllc 

D ~ Three way stop cock 

F ~ Clamp stand 

(i ~ Wooden case 
R ~ Collapsible rubber bulh 

1'1.1'2.1'3 pipets 
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(2) Filling the Burette with tlte Sample 

Open cock D to atmosphere and raise C to expel air in the burette. Connect cock 
D to the Oue gas supply (through U-tube containing anhydrous CaCI2 secured by 
glass wool to retaiu any smoke particles and/or moisture present in the sample) and 
lower C to draw the gas into the burette. The gas gets mixed with the small amount 
of air present in the capillary manifold. Open cock D to atmosphere and expel the 
gas by raising C. Repeat the process of drawing in and expelling the gas twice or 
thrice. Finally, fill the burette completely with the gas, open D to atmosphere and 
raise the height of the aspirator C very carefully so as to equalise the levels of the 
liquid in the aspirator and in the burette in which itshould stand at zero mark. Close 
the cock D. The burette now contains 100 ml of the gas under atmospheric pressure. 

(3) Determining the Percentage of CO2 

Open a1 and raise C to force the gas into Pl' A portion of the CO2 content gets 
absorbed by KOH solution present in Pl' Lower C to take the gas back into the 
burette and again drive it into Pl' Repeat the process four to five times which should 
completely remove CO2 from the sample gas. Lower C till the solution in pipet PI 
stands at the mark ml and dose al' Bring the confining liquid in the aspirator and 
in the burette to the same height and record the volume of the gas in the bUTette. 
To be sure that all the CO2 has been absorbed, repeat the whole process with the 
same pipet (PI, containing KOH) till the two volume readings are identical. Let the 
constant reading be VI' The decrease in the volume of the gas in the burette, i.e., 
VI ml is then equal to the percentage of CO2 in the flue gas. 

(4) Determining the Percentage of 02 

Open a2 and force the residual gas into the pyrogallol solution contained in pipet 
P2 to effect the absorption of02. Ensure the complete absorption 0[02 by a number 
of passes of the gas into P2, raise the level of solution in 1'2 to 1112 and close a2' 
Record the constant level of the confining liquid in the hurette after bringing the 
gas to the atmospheric pressure (i.e., equalise the levels of the liquid in the burette 
and the levelling bottle). Let the constant reading he V2. Then percentage of 02 in 
the flue gas = (V2 - VI)' 

(5) Determining tlte Percentage ofca 
Open a3 and force the residual gas into P3 containing acid cuprous chloride solution. 
Repeat as in (3) or (4) above with the difference that after each passage of the gas 
into the pipet P3 and also before recording the volume of residual gas, pass the gas 
into the KOH pipet (PI) to remove HCI vapours taken up from the acid cuprous 
chloride. Let lhe constant level, after complete absorption of CO, stand at V 3' Then 
percentage of CO in the Hue gas = (V3 V2). 

(6) Determining tile Percentage of N2 

The gas left after absorption in PI, P2 and P3 consists of N2 which may contain 
small amounts of unburnt H2 and/or hydrocarbons. Unless a detailed analysis is 
desired, these gases are reported as N2. 

Percentage of N 2 in the flue gas 100 - [VI + (V2 - Vi) + (V3 - V2)] 

100 - V3 
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Precautions 

1. Before filling the pipets with the respective solutions, the apparatus must 
be checked for leaks. (For this, close the cocks aI, a2, 33 and open the cock 
D to atmosphere. Raise C to fill the burette with the confining liquid up to 
some definite level. Close D and slowly move the levelling bottle up and 
down. Any movement in the level of the liquid in the burette indicates a 
leak, which should be checked by properly greasing the stop cocks. 

2. While expelling the air from the burette or forcing the gas into absorbent 
pipets by raising the level ofthe aspirator, care should be taken thatno liquid 
enters the capillary manifold. 

3. To avoid any contact between the atmospheric gases and the absorbent, the 
open end of the storage bulbs attached to the pipets should be closed with 
a collapsible rubber bulb. 

4. While reading the volume of the gas in the burette, before or after absorption 
in a pipet, the aspirator must be held very close to the burette and the levels 
of the liqUid ill the burette and in the aspirator should be carefully adjusted 
to the same height (atmospheric pressure). 

Exercises 

151. What is the purpose of adding copper turnings or wire to the cuprous 
chloride solution? 

152. Why are the pipets containing the absorbent solutions filled with glass tubes 
or beads? 

153. What are the drawbacks of water being used as a confining liquid? 

154. What is the purpose of adding a few drops of HCI and methyl red to the 
confining liquid? 

155. Explain why it is necessary to follow a definite order for absorption of 
various constituents of a flue gas. List this order. 

156. What is pyrogallol? 

157. How does the presence of acidic gases like S02, H2S, HCN, etc., in the tlue 
gas affect the analysis? 

158. How does the presence of H2 or unburnt hydrocarbons affect the analysis? 

159. What is the effect oftemperature and pressure on the analysis? 

160. Why is the graduated burette surrounded by a water-jacket? 

161. Name a few modern instrumental methods of gas analysis and compare the 
usefulness o1'lhe Orsat apparatus against them. 

162. Distinguish between a fue! gas and a flue gas. What is the approximate 
composition of a flue gas? 
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ORES AND ALLOYS 

6.1 Iron Ore 

Iron is easily attacked by humid atmosphere. So native iron in nature is very rare. 
It occurs principally as oxides: 

(a) Heamatite or Red Iron Ore -Fe203 

(b) Limonite or Brown Iron Stolle - FeZ03H20 or FeO (OH) 

(c) Magnetite or Lode Stone Fe304 

Less abundant orcs are sulphides and carbonate: 

(d) Iron Pyrites - FeS2 

( c) Cbalcopyrites - CuFeSz 

(1) Siderite or Sphatic Iron Ore - Fee03 
The ores may be associated with small amounts of other metals like copper, cobalt, 
nickel, arsenic, molybdenum, chromium, etc. Some organic matter is also usually 
present. When the ores are to be used for making iron, the total iron content must 
be determined to ascertaill the economic viability of the extraction process. The 
analysis involves the following steps: 

(a) Preparation of Solution of Iron Ore 
About 2 g (accurately weighed by difference method) of finely pulverised ore 
sample is transferred to an open crucible. It is first heated gently and then the 
sample is ignited by gradually raising the temperature to redness. The residue is 
cooled and using a platinum or lIickel spatula, it is t.ransferred to a porcelain basiu. 
The silica crucible and spatula are washed with three 10 ml portions of cone. Hel 
and the washings arc transferred to the porcelain basin. The basin is covered with 
a large fnllllel and heated on a hot. plate for about halfan hour. The resulting solution 
is diluted to about 50 ml with distilled water and allowed to cool when the 
undissolved matter settles down. The superna tant liquid is transferred by 
decantation to a 2."iO-ml measuring tlask. The residue is again heated with about 
50 ml of 1:1 HCl for about half an hour and the liquid transferred to the measuring 
flask as beJore. The residue is washed with two lO-ml portions of 1:1 Hel, the 
washings transferred to the measuring flask and the volume is made up to the mark. 

The decomposition of the iron ore with acid illvolves the following reactions: 
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Fe203 + 6H+ ----->0 2Fe3+ + 3H2O (6.1 ) 

Fe304 +8H+-- 2Fe3+ + Fe l + + 4H2O (6.2) 

FeC03 +2H+-- F2+ e + CO2 + H2O (6.3) 

FeS2 + 2H+ -----Joo Fe2+ + HzS + S (6.4) 

(b) Reduction of Fe3+ to fe/+ 
Iron in a given solution is generally determined by titra ting with a standard solution 
of K2Cr207 or KMII04' Both methods t1e1cnninc the amount of Fe2+ ions in the 
solution. The ore solution preparetl above contil ins some iron iII the Fe3+ state also. 
So, in determining total iron, all the ferric should first be brought to the ferrous 
state. The following reducing methods may be used: 

Method I-Reduction witII Stannolls Cltforide 

This method is used when the resulting solution can be titrated in presence of HCI, 
e.g., titration with KZCr207' 

To a hot solution of iron ore, 3-4 N with respect to HCI, concl'ntrated SnCh 
solution is added in slight excess to ensure complete reduction of Fe3+ to FeZ+: -

Fe3+ + e ------'" Fe2+ x 2 

SII2+ _ Sn4+ + 2e 

(6.5) 

The solution is then cooled and the slight excess of SnCI2 is removed by adding a 
saturated solution ofHgClz. 

?+ -
2Hg- + 2CI + 2e - Hg2Clz 

')+ ?+ - 4+ 
2Hg- + Sn- + 2CI - Sn + Hg2Clz (6.6) 

(silky white ppL) 

A slight silky precipitate of Hg2CI2 in the suspended form dOt~s not interfere to any 
significant extent. 

6.1.1 Determination oj the amount oj Fi+ and total ium in the iron ore solutio1l 
byK2Cr~h 

Reagents Required 

1. Standard potassium dichromate solution (N/1O) 

2. Stannous chloride solution (5%) 

3. Mercuric chloride solution (saturated) 
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4. Sodium diphenylamine sulphonate indicator solution 

5. Syrupy phosphoric acid 

6. Concentrated sulphuric acid 

7. Concentrated hydrochloric acid 

Theory 

A known volume of the iron ore solution is titrated directly with standard KZCr207 
solution in a medium acidified with H2S04 (or HCI) and H3P04 using sodium 
diphenylamine sulphonate as internal indicator: 

FeZ+ -~ Fe3+ + el x 6 

CrzO~- + 14H+ + 6e -----;. 2Cr3+ + 7HZO 

First permanent appearance of violet-blue colouration indicates the end-point and 

the volume of KZCrZ07 solution used corresponds to Fe2+ ions in solution. 

For determining total iron, another suitable aliquot of the iron ore solution is 
first reduced by the SnCI2 method and the total iron (which is now present as FeZ+) 
is detennined with standard KZCr207' 

Procedure 

(i) Determination of Fe2
+ 

With a pipet, transfer 50 ml of the iron ore solution to a titration flask. Add about 
10 ml of dil. HzS04 and 6-8 drops of sodium diphenylamine sulphonate indicator 
solution. Titrate with standard KZCrZ07 solution. When the colour of the solution 
changes to dark green, add 5 Illi of syrupy phosphoric acid and continue titration 
until the colour changes to violet-blue. Take concordant readings. 

(ii) Determination of TOlal Iron 
With a pipet, transfer 20 Illl of the iron ore solution to a titration flask. Add 5 IllI 
of concentrated HCI and heat just to boiling. Add dropwise a 5 % solution of SIlCt2 
(in 1: 1 HCI) with thorough shaking oflhe flask until the yellow colour due to FeCI3 
has given way to a faint green colour. Add 3-4 drops of SnClz in excess to ensure 
complete reduction. Now cool the tlask rapidly under tap and with a test tube add 
about 5 Illl of a saturated solution of HgClz in one lot and mix thoroughly. After 2 
minutes, add 5 ml of syrupy phosphoric acid, 6-8 drops of the indicator solution 
and titrate rapidly with standard KZCr207 solution until there is a change of colour 
from deep green to violet blue. Take concordant readings. 

Precautions 

1. SnCl2 solution should be added dropwise and should be thoroughly mixed 
after each addition. 

2. HgClz solution should be added to the cooled solution in one lot and lIot 
drop by drop. 
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3. The reaction between SnCl2 and HgCl2 being slow, 2-3 minutes should be 
allowed for its completion. 

4. If on add ition of HgCI2, 

(a) no precipitate appears, 

(b) precipitate is heavy, crystalline amt <:ett!rs at the bottom of the flask, 
or 

(c) a grey or black colour of elemental Hg appears, the solution should be 
discarded and reduction should be repeated. 

Observations and Ca ICIl lations 

Weight of iron ore taken 

Volume of iron ore solution prepared 

Determination of F/'+ 

Volume of iron ore solution taken 
for each titration 

Volume ofN/10 K2Cr207 used 

N1V j 

(Fe2+ solution) 

or 

= 

= 

= 

= 

Wg 

250ml 

50ml 

A Illl 

NzVi 

(K2Cr207) 

1 
- x A 
10 

A 
10 x 50 

Amount of Fe2+ per litre of iron ore solution 
A x 56 
10 x 50 g 

% Fe2+ in the ore 

Determination of Total Iron 

Volume of iron ore solution taken 
for eacb titration 

Volume ofN/lO KZCr207 used 

N\V1 

(Iron) 

= 
A x 56 

10 x 50 

A x 2.8 
W 

= 20ml 

B III I 

N2V2 

(K2Cr207) 

~ x B 
10 

B 
10 x 20 

250 100 
x -- x 

1000 W 
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B x 56 
Amount of iron per litre of the ore solution = g 

10 x 20 

Therefore % iron in the ore 
B x 56 250 100 
10 x 20 x 1000 x W 

Exercises 

B x 7 
W 

163. What is the importance of grinding in the analysis of iron ore? 

164. What is the purpose of roasting the ore b<'fore' Its dissolution in acid? 

165. Why is it necessary to add only a very small excess of SnCI2 during the 
reductioll of Fe3+? 

166. What happens if the HgCI2 solution is added 

(a) when the solution is still hot, 

(b) drop by drop, or 

(c) it is not added in sufficient amount'? 

167. Why is the solution cooled immediately afta the reduction is complete? 

168. No precipitate is formed OIl adding HgCI2 to a1\ iron ore solution reduced 
with SnCI2. What does it indicate? 

169. Wbat is tbe fUllction of adding H3P04 during the titration? 

170. What is meant by Inlerual Indicator, External Indicator and Sclf Indicator? 
Give one example of each. 

171. Name the exterual indicator used in the titration ofFe2
+ ions with K2Cr207' 

How is the indicator solution prt:pared? 

172. Describe the detection of the end-point with this indicator. 

173. What important precautions should be observed with the use of 
K3[Fe(CN)61 as (:xlemal indicator? 

174. Why has the external indicator mdhod been largely replaced witb internal 
indicator methods? 

175. What will happen if K31 Fe(CN)6J is added to the titration flask? 

Method II: Reduction wilh Zn and dil. H2So., 

This method is normally used whm the resulting solution is to be titrated with 
KMn04' A known volume of the iron ore solution prepared in H2S04 is taken in 
a cOllkal flask and more acid is added to make the solution about 4 N with respect 
to H2S04, Granulated zinc or zinc dust is added which reacts with H2S04 to 
produce nascent hydrogen: 
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Zn ~ Zn2+ + 2e 

H+ + e ~ HJ x 2 

Zn + 2H+ ~ Zn2+ + 2H 
3+ ,+ 

Th~ nascent hydrogen so produced reduces Fe to Fe- : 

Fe3+ + e -----? Fe2+ 

H ~ H+ + e 

145 

(6.8) 

(6.9) 

Complete conversion of Fe3
+ to Fe2

+ is tested using KSCN or NH4SCN solution 
as external indicator which produces blood red colour with Fe3+ ion: 

2+ 
Fe3+ + SCW -~ [Fe(SCN)] (6.10) 

Blood red colour 

The nOll-appearance ofred colour indicates ahsence ofFe3+. After the reduction is 
complete, excess zinc is removed either hy filtration or by boiling until the whole 
of zinc dissolves. 

6.1.2 Determination of the amount (if Iron in the iron ore solution hy KMnO .. 

Reagents Required 

1. Standard potassiulll permanganate solution (Nil 0) 

2. Copper sulphate solution 

3. Ammonium thiocyanate solution 

4. Dilute sulphuric acid 

5. Granulated zinc or zinc dust. 

Theory 

A known volume of the iron ore solution prepared in H2S04 is reduced with Zn 
and H2S04 as descrihed above. After the removal or cxcess of zinc, the solution is 
diluted to a definite volumc. A suitable aliquot of this solution is then titrated with 
standard KMn04 solution: 

Fe2+ ~ Fe3+ + e 1 x 5 

Mn04 + 8H+ + 5e -- Mn2
+ + 4H:P 

(6.11) 

KMn04 acts as self indicator and appearance of light pink colour shows the 
end-point. 
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Procedure 

With a pipet, transfer 50 ml ofthe iron ore solution (prepared in H2S04) to a conical 
flask. Add about 5 g of AR Granulated zinc and 2 to 3 drops of copper sulphate 
solution. Place a short funnel in the mouth of the tlask and add about 25 ml of dilute 
H2S04 (6-8 N). Slightly warm and allow the reaction to continue, with occasional 
shaking, until the solution appears pale green. Remove a drop of the reaction 
mixture with a glass rod and mix it with a drop of NH4SCN solution placed on a 
white glazed tile. If a blood red colour appears (which indicates that reduction is 
incomplete), allow the reduction to proceed until a drop of the reaction mixture 
when mixed with a drop of NH4SCN does not give a red colour (Fe2+ ions give 
only a faint pink tilitwith NH4SCN). Now filter the solution through a plug of glass 
wool placed in tbe neck of a funnel into a 100-IllI measuring flask. (Alternatively, 
fiHer under suction through a gooch crucible with an asbestos fibr(~ bed). Rinse the 
conical tlask 2-3 times with 5 ml portions of dilute H2S04 and pass the same 
through the filter. Make the volume upto the mark with distilled water. 

Pipet out 20 ml of this solution into a titration tlask, add about 5 ml of dilute 
H2S04 and titrate against standard KMn04 solution until a light pink colour 
appears ill the reaction mixture. Take concordant readings. 

Precautions 

(1) All the zinc used for reduction should be removed before titration. If zinc 
dust has been used for reduction, it is better to boil the solution to completely 
dissolve the zinc. 

(2) After the reduction is complete, the determination should be made as 
. kl 'bl 'd h"d' f F 2+ F 3+ qUlC Y as POSSI e to avol atmosp enc OXI atton 0 e to e . 

Observations and Calculations 

Weight of iron ore taken 

Volume of iron ore solutioJl prepared 

Volume of Ofe solution taken 

Volume made after reduction 

Volume of reduced solution taken for each titration 

Volume ofN/lO KMn04 used 

= 
:::; 

:::; 

:::; 

:::; 

Wg 

250m! 

50 m] 

100ml 

201111 

C ml 

100 ml reduced solution 50 tnl iron ore solution 

1 ml 
50 
100 ml 

1/ 

20ml 1/ 50 x 20 ---
100 

10ml 

N1V1 N2V2 

(Iron ore solution) (KMn04) 
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Amount of total iron per litre 
of the ore solution 

% of iron in the ore 

Exercises 

1 
- xC 
10 

C 
lOx 10 

C 
10 x 10 x 56 g 

C x 56 250 100 
10 x 10 x 1000 x fV 

C x 14 ----
W 
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176. During reduction with Zn and H2S04, why is a small funnel placed in the 
mouth of the flask? 

177. What is the function of a few drops of copper sulphate solution added during 
reduction? 

178. Can Fe2+ iOlls be determined with KMlI04 in presence ofHCl? Ifno!, WIlY? 

179. An iron are has been dissolved in HCI. What procedure should be adopted 
to remOve the interference of HCI in tbe determination of total iron by 
KMn04? 

180. Reduction with Zn and H2S04 has largely been replaced with tbat using 
zinc amalgam. Why? 

181. How is zinc amalgam prepared? 

182. List some other reagents that arc used for tbe reduction of Fc3+ to Fe2+ 
during tbe determination of total iron in iron ore solution. 

6.2 Copper Ore and Brass 

Copper occurs botb in the native form and in the combined state. Tbe common ores 
are: 

(a) Cuprite (red) CU20 

(b) Malachite (green) Cu(OH}z·CuC03 

(c) Azurite (blue) Cu(OHh'2CuC03 

(d) Copper glance CU2S 

(e) Copper pyrites CuFeSz 

In addition to iron, metals like As, Sb, Zn, Ni, etc., bitumen and silica may be 
present as impurities. 

Preparation olSolution olthe Ore 

About 1 g of the finely grinded copper ore is taken in a beaker and warmed with 

15-20 Ill] of concentrated HN03 until the copper passes into solution. It is then 
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evaporated on a hot plate to a volume of about 5 ml and after adding aboulIO ml 
of concentrated HCI and an equal volume of 1:1 H2S04, it is again evaporated until 

dense white fumes of S03 appear, indicating complete removal of nitrogen oxides. 
About 15 ml of distilled water followed by an equal volume of saturated bromine 
solution is the II added and the mixture is heated. This ensures complete oxidation 
of any As and Sb to the pentavalent state. Excess of bromine is then boiled off. (If 
any blackish particles are seen in the solution, it may be sand which should be 
filtered.) The resultillg solution which, ill addition to Cu2+ may contain Fe3+, A<;5+, 

SbS+ Z 2+ d N·2+. .,. d'l d 100 I' '11 k , n , an I as lInpuntJes, IS I ute to m III a measurmg as. 

Brass 

The alloy brass consists mainly of copper and zinc but may contain small amounts 
of tin, lead and iron. A known weight of the sampk (as drillillgs or turnings) is 
heated with concenlrated HN03 when copper, zinc, lead and iron pass into the 
solution while till is precipitated as metastannic acid (SnOz.HZO) which is filtered, 
dried, ignited and weighed to get the percentage of tin in the alloy. The filtrate is 
evaporated with cOllcentrated H2S04 which expels nitrogen oxides. The residue is 
treated with distilled water and filtered. The precipitate is washed, dried, ignited 
and weigbed as PbS04 from which percentage of kad in brass is calculated. The 
filtrate which may contain Fe3+ and ZnZ+ in addition to Cu2+ is diluted to 100 ml 
ill a measuring llaslc 

6.2.1 Determination of the amount (?f copper in a solution 
of copper ore or brass 

Reagents Required 

1. Standard copper sulphate solution (N/lO) 

2. Sodium thiosulpbate solution (N/lO) 
3. Ammonium thiocyanate solution (10%) 

4. Dilute Acetic Acid 

5. 1:1 ammonia solution 

6. Freshly prepared starch solution 

7. Sodium carbonate solution 

8. Potassium iodide 

9. Ammonium bifluoride. 

Theory 

When an excess of KI is added to a solution containing ci+ in neutral or slightly 
acidic medium, quantitative liberation of iodine takes place: 

Cu2+ + 1- + e ----3> Cull x 2 

21- ----3> 12 + 2e 

2CuZ
+ + 4C -----2CuI + IZ 

White precipitate 

(6.12) 
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The liberated iodine is titrated with standard Na2SZ03 solution using freshly 
prepared starch solution as indicator near the cnd-point: 

12 + 2e ~ 2! 

)-

12 + 2S20} ~ 2! (6.13) 

In the ahsence of Ft)+ (test with NH.jSCN), the III ineral acid is neutralised by 
dropwise addition of a solution of Na2C03 until a :-,Iight precipitate or turbidity 
appears: 

2H+ + CO~- ~ CO2 + H20 (6.14) 

)+ )- C C Cu- + CO} -----,)0 ~u03 (6.15) 
(turhidiIY) 

The turbidity is removed by dropwisc addition of dilute CH3COOH: 

CuC03 + 2CH,COOH --'" Cu2+ + CO2 + 2CH3COO- + H20 (6.16) 

and this adjusts the pH value at which As (V) and Sb (V) do not interfere. 

When Fe3+ is present, dilute NH3 solution is added to precipitate it: 

Fc3+ + 3NH.jOH ------>- Fe(OH)3 + 3NH1 
(precipilalc) 

Ammonium bil1uoridc is then added which complexes iron and also 

(6.17) 

Fe(OH)3 + 3NI-I.-lHFZ ~ [FcF6 13- + 3NH1 + 3HzO (6.18) 

adjusts the pH to above 3.2 where As (V) and Sb (V) do not interfere. 

Procedure 

(a) Standardisation of Sodium 7JlioSII/p/W{e So/ution 

Pipet out 201111 ofN/lO copper sulphate solution into an iodine titration flask. Add 
1 g of AR KI dissolved in 10 ml of distilled wall'r. Stopper the flask, mix the 
contents and keep in dark for 1-2 minutes. Titrate against standard NaZS203 
solution. When the colour of the reaction mixtme is straw ydlow, add 2 Illi of 
freshly prepared strach solution, mix and continue titration until the blue colour 
becomes faint. Add 10 IllI ofthiocyanalr solution (10% NH_1SCN or KSCN). All 
intense blue colour appears. Immediately titrate further to the complete disappear­
ance of blue colour. Repeat to get concordant reading:;,. 

(b) Estimation of Copper 

(i) When Fe3
+ is absent (Test with NH.jSCN) 

Pipet out 20111101' Oft' or hrass solution into an iodine titration Ilask. Add Na2C03 
solution dropwise with shaking until a slight turbidity appears in the solutioll. Add 
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dilute CH3COOH dropwise until the turbidity just disappears and the solution 
becomes clear. Add 1 g of AR KI dissolved in 10 ml of distilled water and proceed 
as in (a) above. 

(ii) When Fe3
+ is Present 

Pipet out 20 ml of the ore or alloy solution into an iodine titration llask. Add 1 
: 1 ammonia solution dropwise with shaking until the solution smells faintly of 
ammonia. To dissolve the precipitated Fe(OHh, add 2 g of NH4HF2 and shake. 
Add 1 g of AR KI dissolved ill 10 ml of distilled water and proceed as in (a) 
above. 

Precautions 

(1) When much of bitumen or sulphur is present, the ore should be roasted 
before treating with acid. 

(2) Brass surface, if not dean, should be washed with ether and then dried in 
air. 

(3) Large excess of ammonia 01' Na2C03 and CH3COOH, as the case may be, 
should be avoided. 

(4) Direct sunlight should be avoided as it C3t.1lyses atmospheric oxidation 
of 1-. 

(5) After addition of thiocyanate solution, the titration should not be 
delayed. 

Observations and Calculations 

(a) Standardisation of thioslIlphate solution 

Volume ofN/lO CuS04·5H20 solution taken '" 20ml 

Let the concordant volume of Na2S203 solution u~ed = A ml 

~~ =~~ 

(copper sulphate) 

Therefore, 

x 20 
10 

(b) Estimation of Copper 

Let the weight of ore or alloy taken 

Volume of solution prepared 

Volume taken for each titration 

Let the concordant volume of Na2SZ03 used 

NI VI 

(copper) 

= N2 x A 

1 x 20 x 1 2 
10 A A 

Wg 

100 m} 

20ml 

B ml 

= N2V2 

(NazS203) 
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Amount of copper per litre of the ore 
or alloy solution 

Therefore, % of copper in ore or alloy 

Exercises 

2 -xB 
A 

2 B 
A x 20 

B x 63.5 
lOA 

g 

B 
lOA 

B x 63.5 x 100 x 100 
lOA x 1000 x W 

B x 63.5 
AxW 
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183. Why is it necessary to oxidise arsenic and antimony to the pentavalenl slate? 

184. Why is it necessary to remove nitrite and nitrogen oxides? 

185. Describe some methods, other than evaporating the solution with H2S04, 

for removing nitrite and nitrogen oxides from the solution. 

186. How does iron interfere in the copper estimation? 

187. Name some reagent, other than ammonium biHuoride, which can complex 
F 3+ d . . . hI­e an prevent Its reaction WIt . 

188. Name the factors that catalyse atmospheric oxidation of I - iou, 

189. What is the effect of low pH on the copper estimation? 

190. On adding Kl to the Cu2
+ solution, a brown precipitate is seen. What is it 

due to? 

191. Why is Ihiocyanate solution added towards tht~ end-point of the titration? 

192. During the titration of 12 with thiosulphate, it is sometimes seen that at the 
end-point, the blue colour appears again and again. Explain. 

6.3 Silver Ore and Silver Alloy 

Silver coins or other commercially available silver alloys may contain varying 
amounts of zinc and nkkel in addition to silver and copper. The silver content of 
the alloy detennines its value and characteristics. 

Preparation of the Solution 

The surface of the alloy (in the form of a wire, thin sheet or coin) is cleaned by 
rubbing with emery doth and subsequently washed with dry acetone to free it of 
grease, The alloy is then cut into pieces and 0.4--0.5 g (accurately weighed) of it is 
placed in a conical tlask. Through a small funnel, placed in the mouth of the flask 
to avoid mechanical loss, 10-15 m) of dilute HN03 (1:1) is added. The tlask is 
wanned gently on a water bath or a )ow-temperat"re hot plate until the alloy is 
completely dissolved. The solution is now boiled for 5-10 minutes to expel lower 
nitrogen oxides. The solution is cooled, transferred quantitatively to a 100-1111 
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measuring flask washing tbe conical tlask and funnel with distilled water into the 
measuring Ilask - and made upto the mark. 

Tlte Ores, silver glance (Ag2S) and copper-silver glance (AgzS.CuzS) can be 
similarly brought into solution by treating with nitric acid followed by filtration. 

6.3.1 Determination of the amount of silver in a solution of silver ore or alloy 

Reagents Required 

1. Standard silver nitrate solution (N/20) 

2. Potassium thiocyanate solution (N/20) 

3. Ferric alum indicator solution 

4. Dilute FINO). 

Theory 

Silver ions in a solution containing free nitric acid can be titrated with a standard 
solution of KSCN or NH.:jSCN using a solution of ferric alum or ferric nitrate as 
indicator (Volhard method). When thiocyanate solution is added, a white 
precipitate of silvt'r thiocyanate results: 

Ag + + SCN- ----'" AgSCN (6.19) 
(WI ' k' 7 x l()-B) ute ppt.. "sp -

Aftn the whole of Ag + ions are precipitated, a slight excess of thiocyanate reacts 
with Fe3+ ions to produce a red colour: 

Fe3+ + SCN- ----» [Fe(SCN) f+ (6.20) 
mood·red colour 

Procedllre 

(a) Standardisation ofthiocyana(e sollllion 

Pipet out 20 1111 of standard N/20 AgN03 solution into a titration flask and add 5 
ml of dilute HN03 and 1 Illi onerric alum indicator. Titrate against KSCN solution 
until a permanent faint reddish-brown colour appears. Repeat to get concordant 
readings. 

(b) Estimation of silvcr in the alloy or orc sollil ion 

Repeat the above procedure taking 20 JIll of the silver alloy or ore solution and 
concordant readings. 

Precautions 

1. All the apparatus should be washed with distilled water. 

2. Nitric acid must be free of the lower oxides of nitrogen. 

3. Near the cnd-point, the titration must be carried out very slowly and with 
consta nl sha king. 

Observations and Calculati()ns 

Weight of silver alloy (or ore) dissolved Wg 
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Volume of the alloy (or ore) solution prepared 

(a) Standardisation of KSCN solution 

Volume of standard N/20 AgN03 taken 

Volume of KSCN solution used 

Therefore, Nt, normality of KSCN solution 

(b) Estimation of silver in the solution 

Volume of silver alloy (or ore) solution taken 

Volume of KSCN solution used 

x B 
A 

Therefore, Nz, normality of silver solution 

Strength of silver solution 

= 100 ml 

:::: 20m) 

:::: AmI 

:::: N2V2 

(N/20 AgN03) 

1 
= 20 x 20 

1 
= 

A 

:::: 20ml 

= B ml 

- N 2V2 

(Silver solution) 

:::: N2 x 20 

= 

:::: 

B 
A x 20 

B 
A x 20 x 108 gil 

Therefore, percentage of silver in 
the alloy or the ore 

B x 108 100 1 
x x W x 100 

A x 20 1000 

B 54 54B 

., A x "' = A.W 

Exercises 

193. Why is it necessary to avoid the use of tap water? 

194. What is the function of nitric acid in the titralion? 
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195. Why is it necessary to remove Ihe lower oxides of nitrogen from nitric acid? 

196. How is nilrous acid removed froll1nilrk acid solution'! 

197. How is approach of the end-point detect(~d,! 

198. Wh Y is i I necessary to shake the reaction mixture vigorousl y near the 
end-point? 

6.4 Pyrolusite 

Manganese does nol occur free ill nalure. Its most commonly found ore is Pyrolusite 
(MnOz) which sometimes contains small amounts of Brounite (Mu203), 
Manganite [MnZ03·HzO or MnO (OH) I, Hausmanuite (Mn304) and/or some other 
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impurities. When the ore is to bl: used for metallurgical purposes (i.e., as a source 
of Manganese metal or for the production of ferromanganese), it is graded on the 
basis of its manganese conknt which can be determined by dissolving tbe ore in 
nitric acid and oxidising manganese to pennangallic acid using sodium bismuthate 
(NaBi03). After filtering off the excess oCthe bismuthate, the permanganic acid is 
determined with a standard ferrous ion solution. 

Being an efficient oxidising' agent, pyrolusite is diH:ctly put to several 
industrial uses such as 

(i) Production of Cl:z by the action of conc. HCI (Weldon process) 

(ii) A drier in paints 

(iii) A depolarisl'T ill Ledanche cell and dry cell 

(iv) Bleaching agent 

(v) A catalyst in the preparation of oxygen by heating potassium chlorate 
(KCI03)· 

For these purposes, the ore is graded on the basis of its oxidising capacity which is 
reported in terms of the percentage of 'Available Oxygen' in pyrolusite. 

Available oxygen of pyrolusite is that part of oxygen which is available for 
oxidation of a reducing agent when the ore is treated with a strong acid: 

Mn02 + 2H+ - Mn2+ + H20 + (0) (6.21) 

(available oxygen) 

6.4.1 Determination oj available oxygen in pyrolusite iodometrically 

Reagents Reqllired 

1. Standard sodium tbiosulphate solution (N/lO) 

2. Potassium iodide solution (5%) 

3. Freshly prepared starch solution 

4. Conc. HCI 

Theory 

A known weight of the dry ore is heated with COliC. HCI. Chlorine equivalent to 
available oxygen is liberatl:d as per the following equation 

MnOz + 4H+ + 2e -----;0. Mn2+ + 2H20 

2cr ----'" el2 + 2e 

or MuOz + 4HCI --- MuCl2 elz + 2HzO (6.22) 

The chlorine gas thus evolved is passed into a solution of Kl when an equivalent 
amount of iodi\l{~ is libt'rakd 
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Ci l + 2e---» 2CI-

21- ----;. I2 + 2e 

Cil + 21- ---)0 I2 + 2Cr (6.23) 

which is titrakd with a standard solution of sodium thiosuiphate using starch 

solution as indicator ncar the end-point. 

12 + 2e ----'" 21-

2Spj- -----'» S40~- + 2e 

(6.24) 

The amount of Ihiosulphate consumed corresponds to the oxygen available from 
pyrolusite. 

c 

Fig. 6.1 Determination of Pyrolusite 

B - Burner A - Conical flask 

(' - Delivery tube 

G - Ouard tube 

D - Distillation flask 
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Procedure 

Set up the apparatus as shown in Figure 6.1. Plaee about 100 ml of a 5% solution 
of KI (A.R.Grade) in the conical tlask (A). Weigh accurately the sample bottle 
containing the finely pulverised and dry pyrolusite ore. Transfer about 0.5 g oftbe 
sample to the distillation flask D and weigh the boUle again. Add about 30 ml of 
cone. BCI to the flask. Heat the distillation flask gently and from a Kipp's 
apparatus, pass a slow and steady stream of CO2 into the contents of tile distillation 
flask. After the ore has completely dissolved, raise the temperature and boil tile 
contents for about 10 minutes. Now discOlUlect the delivery tube (C) from the 
distillation flask and transfcr the contents of thc conical flask into a 250-ml 
measuring l1ask. Rinse the conical flask, the delivery tubc and the guard tube with 
KI solution into thc measuring flask and make up the volume upto the mark. 
Transfer 50 ml oftbis solution into a conical flask and titrate against N/IO Na2S203' 
When the colour of the solution turns straw yellow, add about 2 ml of frcshly 
prepared starch solution and titrate further till the blue colour just disappears. Take 
concordant readings. 

Observadons and CalCIIlations 

Initial weight of sample bottle 

Final weight of the sample bottle 

Therefore, weight of pyrolusite sample taken 

Total volumc of iodine solution prepared 

Volume taken for each titration 

Let the concordant volume of N/lO NaZS203 used 

Then Nt VI 
(Iodine solution) 

NI x 50 

or 

-. 

= 

= 
= 
::: 

::: 

-

:::: 

WIg 

wzg 

(WI - w2) g 

250ml 

50ml 

AmI 

Nz V2 
(N/tO Na2S203) 

1 - xA 
to 

A 
10 x 50 

(i) Strength of iodine solution 
in terms of Mn02 = 

A 
10 x 50 x 43.47 gil 

or weight of Mn02 ill (WI - w2)g 
of pyrolusite 

Therefore, % of Mn02 in pyrolusite 

(ii) Strength of iodine solution 
in terms of available oxygen 

A 43.47 x 250 = ---- x 
10 x 50 1000 g 

= 
A x 43.47 x 250 
10 x 50 x 1000 

A x 8 
10- x 50 gil 

100 
x---
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Weight of oxygen available lImn 
(wI - W2) g pyrolusite = 

% Available oxygen = 

= 

(iii) Similarly, weight ofCl2 that can be 
prepared from (wI - w2) g pyrolusite =: 
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A x 8 250 
10 x 50 x lOOOg 

A x 8 250 100 
x -- x 

10 x 50 1000 wI - w2 

A x 8 
20 x (wI - w2) 

A x 35.5 250 
lOx 50 x 1000 g 

A x 35.5 250 100 
or Weight ofCl2 obtainable from 
100 g of pyrolusite = 10x 50 x 1000 x WI - w2 g 

A x 35.5 

Precautions 

(1) To ensure complete and rapid decomposition of the ore by cone. HCI, it 
should be finely powdered in an agate mortar. 

(2) To avoid the absorption of moisture by the powdered ore, it should be 
immediately transferred to a small stoppered weighing bottle. 

(3) To make the apparatus airtight, all connections should be made with ground 
glass joints. 

(4) CO2 should be passed at a very slow rate otherwise some iodine might be 
lost from the solution. 

(5) Before discontinuing heating at the end, disconnect the delivery tube to 
avoid back-suction of the absorption solution. 

Exercises 

199. Why is a stream of CO2 passed through the decomposing mixture? 

200. What arc the contents of the guard tube? What is its function? 

201. Why is the conical flask kept immersed ill ice-water? 

202. What is the use of Pyrolusite in glass industry? 

203. In what pbysical state does Pyrolusite occur in nature'? 

6.4.2 Determination of available oxygen in pyrolusite by KM nO 4 

Theory 

A known weight of the pyrolusite sample is treated with a known excess of an 
acidified solution of a reducing agent, such as (a) ferrous sulphate, (b) sodium 
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oxalate, or (c) sodium arsenite. An equivalent amount of the reducing agent is 
oxidised as per the following reactions: 

(3) MnOZ + 4H+ + 2e ~ Mn2f + 2HzO 

(b) 

(c) 

Ft?+ -. Fe3+ + e] x 2 

Mn02 + 4H+ + 2e -- Mn2+ + 2H20 

C20~- -- 2C02 + 2e 

Ml102 + 4H+ + 2e -- Mn2+ + 2H20 

AsO~- + H20 ---4 AsO~- + 2H+ + 2e 

(6.25) 

(6.26) 

(6.27) 

The excess of the reducing agent is detemlined by titrating with a standard solution 
of KMIl04, which itself acts as indicator: 

(a) MllO;:j + 8H+ + 5e ----+ Mn2+ + 4H20 

(b) 

Fe2+ ----+ Fe3+ + e] x 5 

Mn04 +8H+ + 5e --- M112+ + 4H20 I x 2 

C20~- --- 2C02 + 2e] x 5 

(6.28) 

2Mn04 + 5CzO~- + l6H+ - 2Mn2+ + lOC02 + 8H20 (6.29) 
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(c) Mn04 + 8H+ + Se -- Mn2+ + 4H20] x 2 

AsO~- + H20 -- AsO~- + 2H+ + 2e J x 5 

159 

2Mn04 + 5AsO~- + 6H+ -- 2Mn2+ + 5AsO~- + 3H20 (6.30) 

Procedure (with sodium oxalate) 

Reagents Required 

1. Standard sodium oxalate solution (N/lO) 

2. Standard potassium pennanganate solution (N/lO) 

3. H2S04 (10%) 

Take two 2S0-ml conical flasks. Add the following reagents to each: 

(i) About 0.1-0.15 g finely pulverised, dry and accurately weighed (by 
difference method using a weighing bottle) pyrolusite sample 

(ii) 40 ml of standard N/l0 sodium oxalate solution (with a pipct) 

(iii) 40 ml of approximately 10% H2S04 (with a measuring cylinder). 

Place a small funnel in the mouth of each flask and keep them on a hot plate. Boil 
the contents gently until no black particles are visible in the flasks. Dilute the 
resultant dirty solution (usually milky) to about 100 ml and titrate slowly with N/lO 
KMn04 solution until a light pink colour appears. The amount of sodium oxalate 
consumed by pyrolusite is a measure of MnOz or available oxygen. 

Precautions 

(1) Due to presence of impurities, the solution after boiling may sometimes be 
coloured brown which interferes with the end-point. In such a case, the 
solution should be filtered before use. 

(2) During boiling, the concentration of H2S04 should not exceed 20% 
otherwise it may lead to decomposition of oxalic acid into CO and CO2, To 
avoid this, some water may be added to the flask during boiling to make up 
for the loss. 

Observations and Calculations 

Flask A 

Weight of sample 

Volume of Nil 0 sodium oxalate added 

:: wA g 

:: 40ml 

Let the volume of N/lO KMn04 consumed == 

Therefore, volume ofN/lO sodium oxalate used against 
wA g of pyrolusite == (40 - VA) ml 

and weight of MnOz in wAg of sample = 
(40 - VA) x 43.47 

g 
10 x 1000 
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Therefore, % MnOZ 

and % Available Oxygen 

FlaskB 

Weight of the sample 

Volum~ ofN/lO sodium oxalate 

Let the volume ofN/lO KMn04 used 

Therefore, % Mn02 

and % Available Oxygen 

Hence mean value of 

% Available Oxygen 

Exercise 

= 

= 

43.47 
x -- x 

WA 

(40 - VA) x 43.47 

100 x wA 

(40 - VA) x 8 
= == °A 100 x wA 

= wB g 

= 40 IllI 

= VB 1111 

= 

= 

(40 - VB) x 43.47 

100 x wB 

(40 - VB) x 8 
-::---- == °B 100 x wB 

100 

204. Which of the three reducing agents suggestt~d, namely ferrous sulphate, 
sodium oxalate or sodium arsenite is better and why? 

6.4.3 Determination of available oxygen in pyrolusite by Kl03 (Andrews 
titration) 

Reagents Required 

1. Standard potassium iodate solution (O.2N) 

2. Potassium iodide solution (O.1M) 

3. Conc. HCI 

4. Carbon tetrachloride 

Theory 

In pre selKe of a large excess of HCI, Mn02 can oxidise iodide to iodine 
monochloride, via the intermediate formation of iodine: 

Mn02 + 4H+ + 2e -- Mn2
+ + 2HzO 

2r -- 12 + 2e 

(6.31) 
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Mn02 + 4H+ + 2e --- Mn2+ + 2H20 

12 + 2Cr ----'" 21CI + 2e 

Mn02 + 4H+ + 12 + 2C)- - Mn2+ + 2ICI + 2H20 (6.32) 

Thus the overall reaction may be written as 

Mn02 + r + 4H+ + C)- -----+ Mn2+ + ICI + 2H20 (6.33) 

or Mn02 + KI + 4HCI - MnCI2 + ICI + KCI + 2H20 (6.34) 

However, in presence of excess iodide, the reaction stops at the iodine stage 
(reaction 6.31). Thus, when to a known weight of the pyrolusite sample taken in a 
stoppered bottle is added a known excess of KI (titrated with standard KI03) and 
the mixture is shaken in presence of a large excess of HCI, a part of iodide is 
oxidised by Mn02 present in the pyrolusite sample. The excess ofKI is determined 
by titrating the resultant mixture (which may contain either I - and 12• or 12 and 
I CI) with the standard K103 in presence of chloroform or carbon tetrachloride when 
the iodide is first oxidised to 12, 

2103 + 12H+ + IOe ----.. 12 + 6H2O 

2.-- 12 + 2e] x S 

2103 + 12H+ + lOr -- 612 + 6H2O 

or 103 + 6H+ + 5r - 312 + 3H2O (6.3S) 

which is further converted to ICI : 

103 + 6H+ + CC + 4e - ICI + 3H20 

12 + 2Cl- -- 2ICI + 2el x 2 

103 + 212 + 6H+ + SCC - SICI + 3HzO (6.36) 

The disappearance of the colour of iodine in the organic layer indicates the 
end-point. The result is calculated from the amount of KI taken and the amount left 
after reaction with pyrolusite. 

Procedure 

Transfer 0.IS-O.2 g of finely powdered pyrolusite sample to an iodine titration 
flask. Add 30 ml of about O.IM solution ofKl (AR) and 30 ml of conc. HCI. Stoppa 
the flask and shake vigorously until the solid has dissolved. Now add about S ml 
ofCCI4 and titrate with O.OSM (0.2N) KI03 solution until there is no trace of violet 
colour of iodine in the carbon tetrachloride layer. Let the volume ofKl03 used be 
VA m!. 



162 Applied Chemistry 

Blank - In another flask, take 30 ml of the same Kl solution and 30 ml cone. HCi. 
Add 5 ml ofCCI4 and titrate with 0.05M KI03 solution in the same way as before. 
Let the volume of KI03 used be VB ml. 

Precautions 

(1) After each addition ofKI03 from the burette, the tlask should be stoppered 
and shaken vigorously. 

(2) The concentration ofHCI should never be less than 3.5-4 N at the end-point. 

Observations and Calculations 

Weight of sample taken = wg 

Volume of 0.2N KI03 used in Blank = VB ml 

Volume ofO.2N KI03 used against sample = VA ml 

Therefore, Mn02 in w g sample " (VB - VA) ml of 0.2 N solution 

% of Mn02 in sample 

% Available oxygen 

Exercises 

43.47 
= (VB - VA) x 0.2 x 1000 g 

= 

= 

= 

(VB - VA) x 0.2 x 43.47 x 100 

1000 x w 

(VB - VA) x 0.2 x 8 x 100 

1000 x w 

(VB - VA) x 0.16 

w 

205. What is the equivalent weight of KI and KI03 in the determination? 

206. Why is vigorous shaking required during the titration? 

207. What happens if the concentration ofHCI is lower than that recommended? 

6.5 Calcium Carbonate Minerals 

Calcium carbonate occurs in nature in different fonns - colourless, white to 
coloured materials and physical state being anything from a soft amorphous mass 
to hard rocks: 

(1) Dogtoothspar, kelandspar, Nailheadspar and Salinspar are varieties of calcitt~ 
crystal and used as phosphors. kelandspar is transparent and used in optical 
instruments. 

(2) Marble is also crystalline and is' used for building, omamental, monumental 
and statuary purposes; as chips, abrasive for soaps and for neutralisation of acids. 

(3) Chalk contains 90% calcite and may be soft, incoherent and porous to hard 
and crystalline. It is used for whiting, crayons, scouring and polishing prepara tions. 

(4) Limestone is most widely distributed and is the Illost important source of 
CaC03. It usually contains MgC03 in amounts which may vary from traces to that 
present in Dolomite (containing CaC03 and MgC03 in equimolar amounts). Iron 
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oxide, aluminium oxide, silica (free or combined as clay or feldspar) and sulphur 
(as pyrites, FeS2' or gypsum, CaS04) arc other important minor constituent,> 
present in limestone and dolomite. 

These minerals are used for a variety of purposes-building, whitening, 
manufacture of lime, portland and natural cements, fertiliser, soft glass, refractory 
material (dolomite), as a flux in various metallurgical processes, source of CO2, 
railway ballast, macadam in lithography, cement concrete and asphalt concrete, in 
agriculture, as a solid diluent carrier in pesticides (dolomite). 

The value and suitability of tile mineral for any particular commercial purpose 
depends on the physical state of the mineral and to a large extent on the amount of 
CaC03, MgC03 and the amounts and nature of other impurities, for which a 
complete analysis of the mineral will be ideal. For routine work, however, the 
analysis oflimestone and dolomite includes the following determinations: 

(i) Available carbon dioxide 

(ii) Loss on ignition 

(iii) Impure silica or acid insoluble matter 

(iv) Combined oxides (A120 3 + Fe203) 

(v) CaO, and 

(vi) MgO. 

(i) Available Carbon Dioxide 

A known weight of the powdered sample is decomposed by heating with syrupy 
phosphoric acid. Using a curren! of CO2 -free air, the CO2 evolved from the sample 
is led through a water absorbent (anhydrous CaS04) into weighed bulbs containing 
KOH solution. 

(6.36) 

The increase ill the weight of KOH bulbs gives the weight of CO2, The percentage 
available CO2 

= 

(ii) Loss Of, 

Increase in the weight of KOH bulbs x 100 
weight of sample taken 

(6.37) 

A weighed amounl of Ihe powdered air-dried sample, taken in a porcelain or 
platinum crucible, is dried at 110°C for 1 hour and the loss in weight, on percentage 
basis, is reported as superficiallY adsorbed moisture. The temperature of the 
crucible is then slowly ra ised 10 1 GOO-I 1 OO°C and the sample is ignited to constant 
weight. The percentage loss on ign i [ion is a rough measure of the carbonate in the 
sample. 

(iii) Impure Silica or Acid Insoluble Maller 

It is determined by adding 1; 1 HCl to about 1 g of the sample ill a covered porcelain 
dish and heating on a water bath to dryness. The dry mass is then digested with 
5-10 ml cone. HCI for about 5 minutes and diluted with distilled water. The 
resultant mixture is heated on a water bath for about 10 minutes and 11ltered using 



164 Applied Chemistry 

an ashless filter paper. The residue is washed with hot water, ignited along with the 
filter paper in a weighed silica crucible, cooled in a desiccator and weighed. The 
amount of the residue on percentage basis is repOf'ted as Impure Silica or Acid 
Insoluble Matter. 

(iv) Combined Oxides 

The combined filtrate and wasbings from the above determination are boiled with 
a few drops of conc. HN03 (to convert any Fe2+ to Fe3+). About 1 g NH4CI is 
dissolved in the contents, followed by the addition of 2-3 drops of metbyl red 
indicator. The solution is again beated to boiling and 1:1 ammonia solution added 
dropwise till tbe colour is just yellow. Boiling is continued for 2-3 minutes. Iron 
and aluminium are precipitated as bydroxides : 

Fe3+ + 30H- -~ Fe(OHh 

A13
+ + 30W -- A1(OHh 

(6.38) 

(6.39) 

The precipitate is filtered, washed with bot water, dried and ignited 

[2 Fe(OHh -- Fe203 + 3H20, 2AI(OHh -- A120 3 + 3H20] 

in a silica or platinum crucible to constant weigbt. The percentage of 

mixed oxides = Weight of residue 100 
Weight of sample taken x 

(6.40) 

(In addition to Fe203 + A120 3, the residue may contain Ti02, Mn304, AIP04 and 
FeP04)· 

(v) Calcium Oxide 

6.5.1 Determination of the amount of calcium in limestone 

Reagents Required 

1. Standard potassium permanganatc solution (N/lO) 

2. Ammonium oxalate solution (8%) 

3. 1: 1 ammonia solution 

4. Dilute H2S04 
5. Dilute HCI 

6. Dilute HN03 
7. Silver nitrate solution 

8. Metbyl red indicator solution 

Theory 

Calcium in a solution of limestone or dolomite (from whicb acid insoluble matter 
and oxides of iron and aluminium bave been removed) is precipitated as calcium 
oxalate by adding ammonium oxalate in a medium made slightly alkaline using 
ammonia: 
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( 

CI 00 12

- + Ca2+ ___ 

coo J 

coo 
I ~Ca 
COO/ 

White precipitate 
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(6.41) 

The precipitate is filtered, washed free of oxalate and chloride ions, and dissolved 
in dilute sulphuric acid: 

COO, 
I ""'-Ca 
COO ./"" 

COOH 
+ H2S04 --.. I + Ca2 + SO~-

COOH 
(6.42) 

The oxalic acid liberated, which is equivalent to calcium in the original solution, 
is titrated with a standard solution of KMn04 : 

COOH 
I - 2C02 + 2H+ + 2el x 5 
COOH 

Mn04 + 8H+ + 5e - Mn2+ + 4H201 x 2 

COOH 
5 I + 2Mn04 + 6H+ --- lOC02 + 2M1l2+ + 8H20 (6.43) 

COOH 

Procedure 

Add 2 drops of methyl red indicator to the combined filtrate and washings from 
the ammonia precipitation (removal of Fe203 and AI20 3) and acidify with dilute 
HCI (indicated by appearance of red colour). Reduce the volume to about 200 ml 
by evaporation. To the hot solution add slowly about 25 ml ofa hot 8% ammonium 
oxalate solution with constant stirring with a glass rod (A slight precipitate appears 
due to tbe large excess of ammonium oxalate added). Add 1:1 ammonia solution 
dropwise until tbe red colour of tbe solution changes to yellow. Stir vigorously for 
2-3 minutes and keep undisturbed for half an hour to let tbe precipitate settle down. 
Filter by decantation through a Whatman filter paper No.40 (540). Wash the 
precipitate repeatedly with about 5-ml portions of 0.1 % ammonium oxalate 
solution until the filtrate is free from cbloride (filtrate does not give a precipitate 
with AgN03 solution acidified with dilute HN03). Then wash the precipitate with 
small amounts of cold distilled water until the filtrate is free from oxalate ion 
(filtrate does not decolourise bot very dilute KMIl04)' Now place tbe funnel in tbe 
moutb of a 250-ml measuring flask, pierce a hole in the filter paper witb a glass 
rod and wash down the precipitate into the flask with warm distilled water. Pour 
some dilute H2S04 on the filter paper to dissolve any precipitate sticking to it. Now 
shake tbe flask to dissolve the precipitate (add lUore H2S04, if necessary) and make 
up the volume upto the mark. Pipet out 50 ml of this solution into a titration flask, 
add about 10 m! of dilute H2S04, heat to about 60·C and titrate with N/lO KMn04 
solution until a light pink colour appears. Take concordant readings. 
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Alternatively dilute the combined filtrate and washings to a known volume (say 
2501111). Take 50 Illi of this solution, precipita Ie calcium as oxalate, filter and wash 
free from chloride and oxalate, in a manner described above. Transfer the filter 
paper, along with tbe precipitate, to a titration flask, add 20 Ill) of dilute H2S04 and 
about the same volume of distilled water. Shake to dissolve the precipitate, warm 
to about 60°C and titrate with N/lO KMn04 solution. 

Precautions 

(1) The washing liquid should always be taken in the beaker in which 
precipitation was carried out and then it should be transferred to the filter 
paper. 

(2) A fresh portion of tbe washing liquid should be used only when the first 
portion has com pletely passed through tbe filter paper. 

(3) For testing tbe tiltrate for tbe presence of chloride or oxalate, a few drops 
of tbe filtrate should be collected directly from the funnel. 

(4) Any precipitate sticking to the filter paper may be loosened by forcing on 
it a jet of distilled water from a wash bottle. 

(5) Any precipitate sticking to the beaker after washing shonld be dissolved in 
dilute H2S04 and transferred to the measuring flask. 

Observations 

Weight of the sample taken 

Volume of calcium ion/oxalate solution prepared 

Volume taken for each titration 

::: 

::: 

:: 

:: 

::: 

wg 

250m} 

SOml 

Vml 

N2V2 

Let the concordant volume of N/l0 KMn04 used 

N1V1 

(calci 11m) (KMn04) 

Therefore, Nl 

Strength of calcium solution 
in terms of CaO 

Weight of calcium (as CaO) in w g 
of the sample 

% of calcium (as CaD) in the sample 

1 
V ,- -x 

10 

V 
10 x 50 

:: 
Vx28 
10 x 50 g/l 

v x 28 250 
= 10 x 50 x 1000 g 

v x 28 250 100 
= ----x--x 

10 x 50 1000 w 

V x 1.4 
::: 

w 
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Exercises 

2080 Why is it necessary to wash tbe precipitate of calcium free of chloride and 
oxalate ions? 

209. What improvement in the procedure is required for analysing do]om ite, or 
limestone with higher magne.siull1 content? 

210. How is magnesium oxide detennined ill limestone Of dolomite? 
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POLYMERS 

The ability of carbon to form successive carbon-carbon bonds, i.e., catenation, has 
been used by man to synthesize giant molecules, macromolecules or better known 
as Polymers, which find extensive use (in all walks of life) as plastics, fibres, 
elastomers (rubbers), adhesives, etc. 

The smaller and simpler substances which act as starting materials for the 
synthesis of polymers are know~\ as Monomers. Bifunctional monomers (those 
baving only two reactive sites) polymerise to give linear or branched molecules. 
Presence of poly functional monomers during the process of polymerisation may 
cause cross-linking of chains and thus result in the formation ofa three-dimensional 
network. 

Monomers containing a double bond coml'ine without loss to give a product 
which is an exact multiple of the starting monomeric material, e.g., polymerisation 
of ethylene: 

nCH2 = CH2 

(monomer) 

a suitable catalyst 
-------'--------+~ +CH2 - CHZ+';­

beat/light/high pressure 
(polyethylene) 

The process is known as Addition Polymerisation and the resulting product is 
called a 'homopolymer'. 

Simultaneous addition polymerisalion of two different monomers gives rise 
to Copolymers which have properties intermediate between the homopolymers. 
formed from individual monomers but different from the properties of their 
mechanical mixture. 

Example,' 

He-eH2 
n r§J + nCH2 = CH - CH - CH2 ---- -(-ell - CH2 - eH2 - eH - eH - eH2 in 

Butadiene G~ Styrene butadiene rubber 

Styrene (Copolymer) 
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Monomers (identical or different) with suitable functional groups may interact 
with the elimination of Sill a II and simple molecules such as water, ammonia, Hel, 
H2S, methanol, etc., to give the polymer. Such a process is called Condensation. 
Polymerisation. Notable examples are: 

IleXRIlH"thylt'lIt' Nylon 6. 6 
<hallUlle 

Trrylene 

If the reactant molecules have lIIore than two functional groups, the 
polymerisation process results in cross-linking between different chains which 
serves to turn the entire substance, in SOllle degree, into a single three dimensional 
network. The most notable example of this type is the condensation between phenol 
and formaldehyde: 

HO OH ~"I OH 

@+ H CHC-~ -r$r CH'-):--CH'-$-
CH Z (Hz 

~CH' -0-CH,4;-
OH ~ OH 

Bakelite 

Classification of Polymers 

Based on eharacteristics, intended use and performance of the finished product, 
polymers are broadly divided into three main categories: (i) plastics, (ii) fibres, 
(iii) elastomers. 

Plastics are a wide variety of polymer-based composite materials which 
possess appreciable mechanical strength (they have stiff chains at room 
temperature) and are characterised by plasticity, i.e., they can be fonned or moulded 
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into useful sbapes by application of heat and pressure. Materials which possess 
plasticity at some stage during their formation are also included in this category. 
Based on their thermal behaviour, plastics have been subdivided into Thermo­
plastics (that soften and flow on beating) and Thermosetting or thermohardening 
plastics (that set or harden on heating). 

A fibre is any material whose minimumlengtb is at least 100 times its average 
diameter which.~hould be less than 0.25 mm. Fibres are natural (cotton, silk, wool) 
or artificially prepared (polyamides, polyeskrs, polyacrylics) long-chain polymers 
with average molecular weight of 15,000 or more. Fibre-forming materials are 
characterised by high softening or melting points, a bigh degree of resistance to 
chemicals and solvents, high tensile strength and vay high rigidity or stiflness. 
They, however, undergo irreversible deformation. 

Elastomers or rubbers are polymeric materials characterised by a very high 
degree of reversible Of elastic defofmation. They can be stretched to several times 
(7 to 8) their original length, but regain their previous sbape or dimensions when 
the stretching force is removed. The molecular chains of elastomers exist in 
randomly coiled stale and their elastic behaviour can be compared to tbat of the 
spring of a chest expander which uncoils and recoils on application and removal, 
respectively, of an elongating force. The glass-transition temperatures of 
elastomers are very much below their use temperature. 

Exercises 

211. Give the accepted abbreviations, com mon trade nallle( s), starting materials, 
structural/repeating unit, class and aUeast two important applications of the 
following polymers: 

Cellulose acetate, cellulose nitrate, ethyl cellulose, epoxy resin, phenol 
fonnaldelJyde, polyacryonitriIe, polyamides, polycarbonate, polychloro­
prene, polyethylene, poly(ethylene terephthalate), polyisoblltylene, 
polyisoprenc( cis), poly(methyl methacrylate), polypropylene, poly­
s! yrene, pol y(tetra fl uoroethylene), pol y(vinylacetate) pol y(vinyl al cohol), 
poly(viny\ chloride), poly(vinylidene chloride), silicones, urea-formal­
dehyde resins and ullsalurateed polyesters. 

212. Why is cellulose nitrate called 'Mother of Plastics '? 

213. What is the minimum requirement for a substance to act as a monomer? 

214. Outline the types of copolymers that can be obtained from two monomers 
M j and M2. 

2] 5. Differentiate between thermoplastic and tbermost~Uing materials and give 
examples. 

2] 6. What are the structural requirements of a polymer to be useful as a 
fibre-forming material? 

217. Why do the molecular chains of elastomers gd recoiled when the stretching 
force is removed? 

218. What is Glass-Transition temperature? Discuss its significance. 

219. What is elastic range? How can it be widened? 
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220. What are the chief physical characteIistiC', t''.j:tcted of an elastomer? How 
are these achieved in a new product throllz-:;n 'Molecular Engineering'? 

221. How does the chain structure of rubbers <.~ompare with lhal of plastics? 

7.1 Preparation of Polymers 

Some of the important techniques employed for the production of polymers are 
outlined below: 

(a) Bulk Polymerization 

A free radical catalyst or initiator is dissolved in the monomer which is then heated 
aud stirred in a suitable vessel. The polymerisation is exothennic and dissipation 
of heat through cooling may be required. As the reaction progresses, the system 
becomes viscous makhlg stirring difficult. The method is economical and the 
product is of high purity. The lechnique is used for preparing polyvinyl chloride 
(PVC), polystyrene (PS) and po!ymethymethacrylale (PMMA). 

(b) Solution Polymerisation 

The monomer and catalyst (free radical, cationic or anionic) are dissolved in a 
suitable incrt solvent. The resulling solution is heated and stirred. The presence of 
solvent helps in heat dissipation and in controlling viscosity. The solvent Illay 
interact and reduce the molecular weight of the product whose isolation from the 
solution is uneconomical unless it is insoluble. The technique is employed where 
the polymer is to be used in solution form such as in the case of adhesives and 
surface coatings. Polyacrylonitrile, polyisobutylene and certain block copolymers 
are produced by this method. 

(c) Suspension Polymerisation 

A solution of the catalyst in the monomer is dispersed as fine droplets in an inert 
solvent, usually water. To stabilise the suspension, water-soluble protective 
colloids such as polyvinyl alcohol, methyl cellulose or starch are added and the 
mixture is kept stirring cOlltinuously. The problems of heat dissipation and 
viscosity increase are absent. The method gives a fairly high molecular weight 
product in the form of easily separable beads that can be filtered or centrifuged and 
waterwashed to remove the protective colloids. The technique is employed for the 
production of PVC, PS and styrene divinylbenzene copolymer (used for maki:lg 
ion-excha nge res ins). 

(d) Emulsion Polymerisation 

The particle size of the monomer is reduced to colloidal dimensions by more 
vigorous stirring and use of synthetic surfactanls (anionic, cationic or non-ionic) 
in place of protective colloids used in suspension polymerisatioll. Usually waler 
solnble catalysts such as persulphate or bydrogcn peroxidc are used. Thermal 
dissipation and viscosity problems are absent. Both the rale of polymcrisation and 
the molecular weight of the product formed arc very high. The product, which is 
in the fonn of fine particles dispersed in water (called latex), can be used directly 
as adhesive or an emulsion paint, or it can be isolated by coagulating with an 
electrolyte. The technique is employed for the industrial production of PVC, 
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polychloroprene (PCP), polybutadiene, polyacrylates and polymethyl metha­
crylate. 

(e) Melt Polycondensation 

The reactants are heated together in exact stoichiometry above the melting point 
of the product, at which temperature the starting materials and the product must be 
thermally stable. Oxygen has to be excluded from the reaction chamber to avoid 
oxidation a1 the high temperature. Increase in viscosity makes removal of the 
by-product extremely difficult towards the end (unless high vacuum is appJied) 
which may prevent formation of a high molecular weight product. The molten 
polymer is usually sent directly for spinning, extrusion, etc. The technique is 
usually applied for the preparation of polyesters alld polyamides. 

(1) Interfacial Polycondensation 

The reaction takes place at the interface between solutions of the reactants in 
immiscible solvents. Increasing the interface by thorough agitation of the two 
solutions substantially increases the rate of polymerisation. Exact stoichiometry is 
not necessary and a high molecular weight product can be easily formed. Being 
very simple, the method is widely used for the production of polyamides, 
polysesters, polyurethanes and polysulphonamides. Difference in the reactivity of 
materials can be utilised to prepare ordered copolymers which otherwise are very 
difficult to produce. The technique is however limited to reactants having highly 
reactive functional groups that can readily react al the ambient temperatures. 

7.1.1 Conversion oJ(a) methylmethacrylate, and (b) styrene 
into the corresponding polymers 

Reagents Required 

1. Methylmelhacrylate monomer 

2. Styrene monomer 

3. Lauroyl peroxide [dodecanoyl peroxide, (CllH23COO:hl 

Theory 

Methyhnethacrylate and styrene can be bulk-polymerised by heating in presence 
of a peroxide catalyst: 

nCH2 

CH3 

I 
C 

I 
Lauroyl peroxide 

or Benzoyl peroxide 

COOCH3 

Methylmethaerylate 

nCR-, = CH -© 
Slyrcnl' 

La\lroyl peroxide or +­
Benzoyl peroxide 

CH3 

I +- CHZ - C ----\-

I 
COOCH3 

Polymethylmethaerylalc 

CHZ - CH in 

© 
Polystyrene 
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Procedure 

(a) Polymerisation of methyimetllllcrylate 

Add a pinch (20-30 mg) oflauroyl peroxide to 3-4ml of mcthylmetbacrylate taken 
in a bard glass test tube and shake to dissolve. Using a damp stand, secure the test 
tube in a water bath maintained at 60°C. As the polymerisation progresses, the 
liquid ill the test tube slowly stllTts thickening fllld in about one hour changes to a 
transparent solid. 

(b) Polymerisation of styrene 

Heat a solution of lauroyl peroxide (20-30 mg) in styrene (3-4 ml) taken in a test 
tube at 100°C in a boiling water bath. During the course of about one hour, the dear 
monomer liquid gradually changes to a colourless solid. 

Precautions 

1. The experiment should preferably be carried out in a fume-cupboard as the 
monomer vapour is toxic. 

2. The monomers should preferably be freshly distilled. 

Exercises 

222. Why should the vinyl monomers (e.g., methyl methacrylate, styrene, etc.) 
be distilled before polymerisation? 

223. Explain why the softening temperature of polystyrelH: is lower than that of 
polyethylene although the fonner contains polar groups. 

7.1.2 Preparation of Nylon 6,6 and Nylon 6,10 and to draw 'hem 
ill the form of a thread 

Reagents Required 

1. HexametbyIelle diamine solution (~ 1 %) 

2. Adipoyl chloride solution (~2%) 

3. Sebacoyl chloride solution (~ 3%) 

Theory 

When an aqueous solution of the diamine is carefully brought in contact with the 
solution of the diacid dichloride in an organic solvent (immiscible with water), tbe 
reactants diffuse to tbe interface where the polycondensatiol1 reaction takes place: 

(i) 

o 0 
II II 

nH2N - (CHZ)6 - NH2 + nCI C - (CH2)4 - C - CI ----"'~ 
Hcxamcthylcne 

diamine 
Adipoyl chloride 



174 

(ii) 

Applied Chemistry 

o 0 
II Ii 

H t- NH· {CH2)6 . NH C - {CH2)4 - C -t,;- CI + (2n - 1) HCI 

Nylon 6,6 [Poly(hcxa mcthylcneadipamide)] 

o 0 
\I II 

nH2N - (CHZ)6 - NHZ + n CI - C - (CH2)g - C - Cl 
Sebacoyl chloride 

o 0 
II II 

H -t- NH - (CH2)6 - NH - C - (CH2)8 - C -in CI + (2n - 1) HCl 
Nylon 6, 10 [ Poly (hexamelhylencS(~bacamide) J 

The pol ymer film, which is insoluble in both the solvents, is formed at the 
interface and, using a pair of forcep&, can be drawl! out in the form of a thread or 
a rope. 

Procedure 

Place about 50 ml of the solution of the appropriate diacid dichloride (in CCI4) in 
a IOO-ml tall-form beaker. Carefully pour about 25 ml of the aqueous solution of 
hexamethyielle diamine along the sides of the beaker so that it foo11s a separate 
layer over the heavier CCI4 solution layer. When the polymer film appears at UIC 

interface, hold it gently at its centre with a pair of forceps and lift out of the beaker. 

o 

-A 

C 

Fig. 7.1 Preparation of Nylon 'Thread 

A Talt-I<mn beaker 

C - Hcxlwlethylene diaminc 
solution in water 

E - Mechanical wind-up device 

B - Diacid dichloride solution in CCI4 

D - Nylon thread 



Polymers 175 

As it comes out in the form of a thread or rope, wrap it around a thick glass rod or 
a lest tube. 

For continuous and automatic wrapping of the thread, a mechanical or an 
electrical wind-up device may be placed up the beaker. 

Precautions 

1. Hexamethylene diamine is corrosive and irritates the skin. So care should 
be taken to avoid its contact with skin. 

2. The addition of the diamine solution should be very slow and along the sides 
of tbe beaker so tbat tiJe lower layer of tbe acid chloride solution is not 
disturbed and tbere is a clear surface of separation between the two layer~. 

3. lfthe thread is not easily drawn, tbe beaker should be placed ill a water bath 
whose temperature should be very slowly raised, otherwise the solutions 
may get mixed. Rise in temperature will increase the rate of polymerization 
resuIting in a rapid increase in the length of the polymer chain. 

Exercises 

224. How are tbe Nylons named? 

225. Explain why the softening point of Nylon 6,10 is lower thall that of Nylon 
6,6. 

226. How is molecular engineering lIsed to prepare Nylons ot'very high melting 
points and high tensile strength? 

227. What is meant by 'The Nylon Rope Trick''? 

7.1.3 Preparation of Hexamethylene diamine-Adipic acid salt 

Reagents Required 

1. Adipic acid 

2. Hexamethylene diamine 

3. Absolute ethyl alcohol. 

Theory 

When an alcoholic solution of hexamethylene diamine is mixed with an alcoholic 
solution of adipic acid at room temperature, tbe salt of tbe diamille and diacid in 
tbe ratio of 1:1 (calkd the Nylon 6,6 sail) soon separate out: 

H2N . (CH2)6 . NH2 + HOOC' (CH2)4 . COOH ~ 

[ H3N+ (CHz)6N+H3] [-OOC' (CHZ)4 . COO- I 

Significance 

In order to produce a high molecu)arweight nylon from the polycondensation o( a 
diamine with a diacid, the two reactants mllst be taken in stoichiometric amounts. 
This stoichiometry can be easily achieved by preparing a balanced salt of the 
diamine and the diacid. Therefore, the preparation of the salt usually constitutes 
the first stage ill the manufacture of nylon by melt condensatioll technique. 
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Procedure 

Add 55-60 ml of absolute alcohol to 7.3 g of adipic acid taken in a 250-ml conical 
flask and dissolve by warming. Cool to room temperature and add to it a solution 
of5.9-6.0 g ofhexamethyIene diamine dissolved inlO Illl of absolute alcohol. Mix 
and let stand. A white crystall inc solid starts separatillg out. After about two hours, 
filte.r and wash the precipitate with cold absolute alcohol. 

To recrystallize, dissolve the salt in the minimum amount of bot water. Cool 
chilling and filter. Wash the solid with cold absolute alcohol and dry in air. Yield 

12 g, m.p. 196-197°C. 

Precaution 

Contact of hexa1l1ethylene diaminc with skill should be avoided because it is 
corrosive. 

Exercise 

228. In the preparation of the balanced salt, why the amount of diamine taken is 
slightly more than the exact stoichiometry. 

7.2 Molecular' Weights or Polymers 

Polymers have high molecular weights, which may vary from 10,000 to several 
millions. The molr"lllar weight of polymers is related to the chain length and the 
extent of cross-1wking between different chains, The extent of cross-linking 
depends 011 the l'OlllTHtration (during polymerization) of the monomer having 
functionality higher than two and increases with increase in the functionality. Both 
the chain length and tbe extent of cross-linking depend Oil the H:activity of the 
lllonomers and increase with tbe reaction time in case of condensation 
polymerisation which proceeds via the step-growth mechanism. In case of addition 
polymerization, which follows a chainlllecllanism, the length of tile chain depends 
on the rdative' rates of propagation and termination reactious, A high molecular 
weight results if the ra Ie of propagation is much more than the rate of termination 
step. The actual length of the polymer chain in both cases depends 011 the ralldom 
encounter between the monomer and tbe reactive site of the chain. Because of this 
randomness, some polylller chains may grow longer than the others. The product 
will thus not be a single chemical species but a mixtun: of chains of different lengths 
and therefore of different molecular masses. A polymer sample is !hns an 
inbomogl'1leous mixture of different molecules and tbe range of molecular weight'> 
is fairly wide, Therefore, the experimentally determined molecular weight of a 
polymer sample is always some sort of ,Ill average of the molecular weights of the 
molecules present. The kind of average depends on the method of measurement. 
The two most commoll averages used are the number average and the weight 
average. 

Number-Average Molecular Weig"t 

The Number-Average mokcuIcIf weight, M,l' is defined by the expression: 
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Total mass of the polymer sample 
Number of molecules present in the sample 

177 

where nb flz., n3, etc. are the numbers of molecular species having molecular mass 
Mb M2, M3, etc., respectively. 

A solution of known concentration is obtained by dissolving a weighted 
amount of a polymer sample in a suitable solvent. Each molecule of the sample, 
regardless of its size or weight, makes an equal contribution to the depression in 
freezing point (Cryoscopy), elevation in boiling point (Ebullioscopy), osmotic 
pressure (Osmometry) and lowering ill vapour pressure. Measurement of all 
appropriate Colligative Property thus affords the Number Average Molecular 

Weight, Mil' Another method by which Mil is determined is the End-group 

analysis method. 

Weight Average Molecular WeiR/tl 

The weight average molecular weight, M W' is defined by the mathematical 

expression 

WjM j + W2M2 + W3 M3 + -

WI + W2 + W3 + -
? ) ? 

111M! + 112M2 + 113M3 + -

nlMj + 112M2 + n,M3 + - -

J:.I1M2 
I I 

J:. l1iM i W 

when WI = fljM!, represents the totallllass of the species baving molecular weight 
M 1 ; 

W2 = 112M2, the total mass of the species baving molecular weight M 2, and 
so on, and 

W = total weight of the polymer sampk. 

Weight-average molecular weight is determined by Light Scattering and 
Ultracentrifuge/Sedimentation-velocity techniques which depend mainly on the 
size/weight of the polymer molecules and only to a small extent on their number. 

Determination of the average molecular weight by all the above-mentioned 
methods (except the end-group analysis method, which is applicable only ill a few 
cases) is the job of specialists, and expensive equipment is required. But the 
advantage is that tbe determination is not dependt'nt on any previous measurement. 
These methods are thus absolute and serve as the llltjmat~asis for a third type of 
average termed as Viscosily-AveraRe Molecular Wei,l?lil, M". 

Exercises 

229. What is meant by 'Living' and 'Dead' polymers? 

230. Explain the term 'Degree of Polymerisatioll'. 
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231. A polymersample of hypothetical composition contains 10 molecules of 
mol. wt. 103 each, tOO molecules of mol. wt. 1(14 each and 10 molecules of 
mol. wt. 105 each. Calculate the number average and weight average 
molecular weights. Also comment on the relative importance of low mol. 
wI. molecules and high mol. wt. molecules in the two types of averages. 

232. What is the significance of determination of molecular weight of a polymer? 

233. What is meant by 'Degree of polydispersity '? 

234. Why and how is the molecular inhomogeneity of a polymer sample 
reduced? 

7.2.1 Determination of the molecular weight of tl polystyrene 
sample by viscometry 

Reagents Required 

Polystyrene sampk; Benzene or toluene. 

Theory 

Addition of even a very small amount of a polymer to a solvent of low viscosity 

causes a sharp increase in its viscosity. The magnitude of increase ill viscosity 

depends, in addition to other factors such as concentration and size and shape of 

the solute molecules, 011 the molecular weight of tilt' polymer. Mathematical 

manipulations have reduced the problem of dett'nmnation of the molecular weight 

of a polymer to a few silllple viscometric measurements on the pure solvent and 

solutions of known concentration of the polymer in that solvent. 

The ratio or the coefficient of viscosity of the solution (1)J to the coefficicnt 

ofvisco:-;ity of the pure solvent ('10)' al the same temperature, is known as vIscosity 

ratio or Relative Viscosity (11,) which, by using expression (4.11, p.87), can be 

written as 

II., 
(7.1) 1]1' = 

'10 

Where P,I' and Po are the densities of the polymer solution and the solvent 

respectively, and l,. and to are the corresponding efflux times for the now of some 
specified volume of the two through the same capiIlary (Viscometer) of narrow 
bore and a long efflux time of about 200 seconds (section 4.2.1). For a dilute 
polymer solutioll (C < O.S g/lOO IllI), the density of the solution may be taken as 
equal to thaI of the solvent, i.e., P.,· = Po' 

Then (7.2) 

Dividing (11s - 110)' the increase in viscocity of the solvent due to the presence 

of the solute, by 110' the viscosity of the pure solvent, gives Specific Viscosity 

Ibp , of the polymer solution: 
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115 - 110 "ls 
1 lisp 

110 110 

= 11r - 1 
ts 

1 
to 

(7.3) 

The ratio of the specific viscosity of the solution to its concentration C, expressed 
in grams per 100 ml (g/dl), is called Viscosity Number, Reduced Specific Viscosity 
or simply Reduced Viscosity, 11red. Therefore, 

. :2P. 
llred = C (7.4) 

Whereas bothllr and 'lsp vary sharply with concentration, the variation of llred 

with concentration is somewhat less and regular, and the plot of 1lred versus 

concentration is a straight line (Fig. 7.2) given by the equation 

llsn 
11 - -=- = mC + constant red - C (7.5) 

where m is the slope of the line. 

1 
u 0 

-' 0. ./ 
V\ .// 

~[l_/ ___ ----,," [11} 
..,. 

C (gIlOOmO ..,. 

Fig.7.2 Plot of Reduced Viscosity versus Concentration 

The value of the constant is given by the intercept 011 the ordinate obtained by 
extrapolating the graph to zero concentration (infinite dilution). This constant 
which becomes independent of concentration is the limiting value of the reduced 
viscosity and is termed as Limiting Viscosity Number or Intrinsic Viscosity, [ 11 }. 

Mathematically, [11 I = lim (lll1') 
- . C ....... o C 

or ~ c = mC + [1] J (7.6) 
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For linear polymers, thc intrinsic viscosity [ 11 J and the molecular weight M 
are gcncrally found to obey the Mark-Kuhn-Houwink (~mpcrical equation 

[ll] "" KM" (7.7) 

where K and a are constants for a particular polymcr/solvent/temperature system. 
K and a values are known for many systems some of which are given in Table IX. 

For most systems, a lies betwecn 0.6 and 0.8 and K )( 104 lies betwecn 0.5 and 5. 

Procedure 

(a) Preparation of Polymer Solution 

Weigh accurately 500 ± 1 mg of thc wcll-dried powdercd polystyrene and transfer 
quantitatively to a 100-ml measuring Oask. Add 90-95 Illl of the solvent (benzene 
or toluene), stopper the flask and suspend it in the thermostat maintained at 25 :!: 

0.1°C. Shake occasionally to dissolve the sample. When the solution has acquired 
the temperature of the bath, add more solvent to fill the ilask up to the graduation 
mark. Alternatively, take t.he weighed polystyrene (500 ± 1 mg) ill a small bottle 
and add] 00 ml of the solvent. Cover the mouth of the bottle with an aluminium 
foil and screw the cap tighHy. Mount the bottle 011 an electric shaker and agitate 
until the solution is complete. [Dissolution may be facilitated by using a Shear-disk 
stirrer, p. 285 j. 

Filter the polymer solution through a coarse porosity sintered glass filter 
without suction inlo a suitable glass-stoppered clean dry container. 

c 

R 

Fig. 7.3 Ostwald Viscomeler 

C - Capillary arm 

Ml - Upper mark 

R - Reservoir 

M2 - Lower mark 
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Concentration of this solution is 0.5 g/100 ml (0.5%). Make solutions oflower 
concentrations (0.1 %,0.2%,0.3% and 0.4%) by appropriate dilution of the above 
solution with well-filtered solvent. 

(b) Measurement of Flow Time with Ostwald Viscometer 

Wash the Ostawald viscometerwith chromic acid/sulphuric acid mixture, tap water 
and then with distilled water and dry in an air oven. Pipet 20 ml oftbe well filtered 
solvent into the wide arm (reservoir, R) of tbe viscometer (Fig. 7.3) and attach it 
to tbe mounting support in the thermostat. Allow 5-10 min for attainment of 
temperature. Using a rubber ball, force air into the wide ann so as to raise the level 
of the liquid into the capillary ann above the higher mark M l' Then release the 
pressure and with a timer, measure the time iII which the liquid meniscus moves 
from the upper mark Ml to the lower mark M2. Repeat to get five values and use 
the average as the flow time to' 

Now remove the viscometer from the thermostat and pour out the liquid from 
the wide ann, as completely as possible. Properly clean the viscometer, dry it and 
fill it with 20 ml of olle of the solutions and determine the flow time as before. 
Similarly, determine the flow times for solutions of different concentrations, 
properly cleaning and drying the viscometer whenever the solution is to be 
cbanged. 

Precautions 

(1) Tbe viscometer shouhl be free of dust residues and other foreign maHer. 

(2) All measurements should be made using a constant volume of the liquid, 
otherwise the effective pressure head will vary from OIle solution to another. 

(3) The viscometer should be mounted in such a way as to keep the capillary 
perfectly vertical throughout the experiment, otherwise the pressure head 
will vary even with tbe same volume of the liquid. 

(4) A change ill temperature changes the structure of the sol utioll and hence the 
viscosity. Since in polymersolutiolls tbe equilibrium is reached very slowly, 
the solutions should be hetd at the predetermined tempe.rature in a 
thermostat (regulated to 0.1 0c) for sufficient time to establish equilibrium 
in solution (True viscosity values are values thaI do not change with time). 

(5) Mouth suction should be avoided. 

(6) Level ofliquid on the capillary sid{~ should be raised by forcing air into the 
wide arm rather tban pulling air out of the capillary, otherwise tbe liquid 
may get into tbe rubber tubing and contaminate the system. 

(7) Formation of air bubbles should be avoided. Any bubble in the solution 
should be removed by manipulating the solution with pressure bulb (rubber 
bulb). 

(8) Efflux time of the pure solvent should not be less tban 100 sec. 

(9) Measurements should be made at 4 to 5 different concentrations of the 
solution. 
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(10) The solutioll cOllcentration should be restricted to a range for which 11r is 

1.1 to 1.5. 

Observations and Calculations 

Temperature of thermostatic bath == 

Solvent used = 

Value of constants for I.he styrene/solvent/25°C 
system from the table k == 

a == 

Volume of liquid used for each measurement 

Polymer Flow time Relative Specific 
Solution (sec.) viscosity viscosity 
Concentration Average of 5 lIs ts IIsp =Ilr - 1 
C(g/ dl) measurements 11r= -=-

110 to 
t1 +t2+t3+t4+tS 

5 

Pure solvent to 

0.1 lSI 

0.2 tS2 

0.3 '."3 

0.4 t,,, 

0.5 Iss 

Determination of Intrinsic Viscosity 

Reduced 
viscosity 

l1sp 
'1red '" C 

Plot the various val ues of reduced viscosi ty aga inst the corresponding 
concentrations and extrapolate the graph to zero concentration (Fig. 7.2). Read the 
value of intercept OIl Ille ordinale. Record it as the value of flj] = 

Calculation of MoleCII/ar Weiglit 

Substitute the value of [q], K and a in equation (7.7) and calculate the value ofM 

[11] = KM' 
log [11] 

logM 

logK + a logM 

log [11] - log K 

a 

[
log [11] {l- log K] 

M == Antilog 
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Exercises 
235. How are the values of K and a occurring in equation (7.7) detennind ? 

236. What IS Ubbdohde Suspended Level Viscometer (USLV)? Describe its 
working and its advantages over Ostwald Viscometer. 

237. Under what conditions is the intrinsic viscosity [ 1] ] independent of the 
molecular weight of the solute? 

238. Why is a higher solution conccntration ( for which I]r > 1.5) not desirable? 

239. Why is the plot of llred versus C extrapolated to zero conccntration? 

240. With reference to a particular polymer, how is the power of solvation of 
different solvcnts compared? 

241. What is the nature of the IlloI.Wt. determined by Viscometry? How is it 

related to Mil and Mw? 

242. What is meant by Thcta Temperature and Theta solvent? 

243. With a suitable example, describe the delennination of mol. wt. ota polymer 
by End-group Analysis. 

244. Writing the polymerisation reactions for the formation of Polyesters from 
(I)-hydroxy acids and formation of carboxy terminated polybutadiene 
(CTPB) from bntadiene in presence of an azo initiator, predict the number 
of carboxyl groups per molecular chain in each case. 

245. 1.232 g of a CTPB sample dissolved in toluene-ethanol mixture required 
2.9 ml of 0.0965 N KOH for neutralisatjon to phenolphthalein end-point. 
Calculate the molecular weight of the sample. 

7.3 Testing and Characterisation of Polymers 

Testing and characterisation of polymeric materials is essential for detenniniIlg 

their suitability for a particular application. The manufacturers and processors 

need it for quality control such as maintaining product uniformity and for assessing 

the performance of Hew materials in relatioll to the existing ones. Processors and 

lIsers wanting to better understand the hehaviour of the pol ymeric materials under 

various conditions are naturally interested in knowing their chelllicalnature. 

Polymeric materials are very complex ir,natme. Their high Illo\ecularweights, 
molecular inhomogeneity and their chemical inertness often present difficulties in 
their identification which therefore requires special techniques and the use of 
advanced methods of analysis. The problem of characterisation is further 
complicated by the market availability of an extremely wide range of materials and 
the presence of compounding materials such as plasticizers, stabilizers and fillers 
(which change the physical properties of the product) and thus a complete 
identification of polymeric materials may nol always be possible. 

It is, however, possible to make a positive identification as to the class of 
polymer (such as polyolefinc, polyamide, polyester, etc.) to which a given sample 
helongs, by carrying out s01l1e simple tests and correlating their results. 
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Application of these tests to the identification of a few most common polymeric 
materials is described in the following pages. 

A. Physical Tests 

Physical examination of the polymeric materials includes the observation of their 
colour, rigidity, solubility, density, etc; and the behaviour on dry heating and 

combustion. These tests help in preliminary sorting out and in some cases permit 

direct conclusions. 

1. Visual Examination 

Observation 

(a) Completely transparent 

(b) Opaque milky-white 

(c) Light pastel shade 

Indication 

PC,PMMA,PS 

PTFE 

PF absent 

2. Touch the sample with hand-A waxy feel indicates PE or PTFE. 

3. Rigidity tests 

(a) Scratch the sample with finger-nail 

(i) Sample gets scratched or 
dented 

(ii) Fingernail is scratched. 

A soft thennoplastic or rubber 
(CA, CN, CR, PE, PMMA, PS, 
PV Ac, PV AI, PVC, SI). 

Hard plastic or thermoset (EP, 
PF, UF, UP). 

(b) With a sharp knife, cut a thin silver from the edge of the sample 

(i) Shows a 'soft cut' and gives a 
smooth and dean silver. 

(ii) Hard to cut, produces 
powdery chips. 

A thennoplastic 

A thermoset 

(c) Press a hot needle or metal rod against the sample - Melting 
indicates a thermoplastic. 

(d) Try to compress and stretch the material - Flexibility indicates a 
rubber (PIP/NR, PCP/CR, SI). 

4. Floatation Test (Density) 

The test is based on Archimedes principle (p.108 ), from which it follows that a 
material will float in a liquid of the same or higher density. Suspend the sample in 
each of the following liquids separately and observe whether it sinks or floats in 
the liquid 

L t : Water (p =1 g/ cm\ 

LZ : Saturated MgCI2 solution (p = 1.34 g/ cm\ and 

L3 : Saturated ZnCl2 solution ( p 2.01 g/cm\ 

(i) Sample floats in waler Materials with density <1 
(PE, SI, NRIPIP). 
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(ii) Sample sinks in water but 
floats in MgCI2 solution. 

(iii) Sample sinks in MgCI2 
solution but floats in ZnCIZ 
solution 

(iv) Sample sinks in ZnCI2 
solution. 

Precautions 

185 

Materials with density 1-1.34 
(PA, PF, PMMA, PVAc, PVC, 
PS, PCP, CA, EP, UP). 

Materials with density 
1.34-2.ot (CN, CA, PVC, PF, 
,ETP, UF, PVC, EP, UP). 

Materials with density> 2.01 
(PTFE, EP, UP). 

(1) Any air bubbles appearing on the surface of the sample should be 
completely removed. 

(2) The sample should not swell in the liquid. 

Exercises 

246. How do air bubbles appearing 011 the surface of the sample affect floatation 
test? 

247. Is the floatation test applicable to foams? Why? 

248. Identify two other factors that affect density of a pol ymeric material. 

249. How is the approximate density of a polymer sample determined by 
tloatation test? 

5. Solubility Test 

For testing the solubility of a polymeric material in a particular solvent, take about 
0.1 g of the powdcTcd sample in a small beaker and add 5-10 ml of the solvent. 
Stir with a shear-disk stirrer (p.180). Appearance of streaks or 'schlieren' 011 

stirring is an indication of solubility. Alternatively, heat the sample with the solvent 
in a test tube on a water bath. Decant or filter, if any insoluble particles (fillers or 
other additives) are left, then divide into two parts: 

(i) Evaporate olle part on a watch glass - any residue left is the dissolved 
material. 

(ii) Drop the second part into excess of a non-solvent for that material -
the dissolved material is reprecipitated. 

Precautions 

(1) The sample should preferably be in the finely powdered state. 

(2) Safety glasses sbould be used while heating, and the mouth of tbe tube 
should point away from the face. 

(3) Heating should be very slow to avoid spraying out of tbe liquid due to 
sudden boiling up. 

Exercises 

250. What are the factors governing the solubility of a polymeric matetial? 
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251. Why and how is a polymeric material brought into finely divided state? 

252. What is dry ice? Why is it added during grinding of a polymeric material? 

253. What is shear-disk stirrer? What is it used for? 

6. Thermal Behaviour 

On heating without direct exposure to flame, some linear polymers may become 
visually soft or rubbery before melting when they can now. The softening range 
and the polymer-melt temperature (PMT, defined as the temperature where a 
polymer sample becomes molten and leaves a trail when moved across a hot metal 
surface with moderate pressure) provide a good clue as to the nature of the material. 
Changes in the pbysical state (swelling, colour change, decomposition, etc.) during 
beating and response of the escaping vapour to pH paper are also helpful in deciding 
tbe nature of tbe material. More indication is available from observed behaviour 
of tbe polymeric material when inserted into name. 

(a) Softening or Melting Range of the polymeric material is most. conveniently 
determined with the help of a moditled Dennis Bar or a Hot Stage. It consists of a 
metal bar along which a linear temperature gradient from 50° to about 400°C is 
created by means of resistance heaters. The polymeric material is directly placed 
on the bar in the form of 

(i) a thin nJm, 

(ii) findy ground powder spread uniformly, or 

(iii) a solid plug manipulated by hand. 

The temperature at which the solid leaves a trail or at the boundary between the 
solid and molten material is read directly from the scale aUa{~hed to the bar. 

(b) Pyrolysis or pH Paper Test: Take a small amount of powdered sample in a 
pyrolysis or ignition tube and place at it'> open end, a piece of moist pH paper (or 
litmus paper). Holding the tube with a clip, heat it with a Bunsen burner at low 
heat. Observe any changes in the physical state of the material and the change in 
the colour of the pH paper. 

(c) Flame or Combustion Test: Holding with a pair of tweezers or tongs, insert a 
small piece of the sample into a low nOll-luminous flame of Bunsen burner and 
observe the ease ofignitioll, tlammability of the sample in and out of tile flame and 
the odour of any volatiles. Also observe if allY droplets fall off during melting or 
burning. 

Precautions 

(1) Heating should be very slow. 

(2) During heating, the open end of the ignition tube should be kept away from 
face. 

(3) Eye shields or safety glasses should be used during pyrolysif'. or burning of 
tbe sample. 

(4) The fumes may be toxic and so the ignition or combustion tests be better 
performed in a fume-cupboard. 
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B. Chemical Analysis 

Under this heading are included the tests for hderoatoms and confirmatory tests 
for the presence of some groups and some specific polymers. 

1. Bei/stein Test 

Take a stout and freshly cleaned copper wire. Turn one of its euds to get a loop. 
Insert the loop into a non-luminous Bunsen Ilame and heat until it imparts no colour 
to the Ilame. Put a small amount of the ma terial under test on the loop (Of bring the 
heated loop in contact with the sample, some of which adheres to the loop) and 
introduce it again into the name. No appearance (or absence) of a green or 
bluish-green flame confirms the absence of PVC, PCP and PTFE [HaJogen­
containing polymers give a positive tes!. Certain plasticizers and flame-proofing 
agents contain halogens and give a positive test]. 

2. Lassaigne Test 

Dry a freshly-cut pea-sized piece of sodium metal by pressing between the folds 
of a filter paper and transfer to a soft-glass ignition tube. Heat it gently until the 
sodium melts. Add carefully 50-100 mg of the finely powdered sample and reheat, 
first gently and then strongly, until the reaction subsides and the tube becomes red 
hot. Plunge the red hot tube into a china dish containing 10-15 ml distilled water. 
Carefully stir the contents of the china dish with a glass rod and then boil for a few 
minutes. Cool and filter, or separate the liquid with a pipd or by decantation. 
Preserve the liquid called Lassaiglle's Extract (L.E.) or sodium extTact for testing 
N, Ct, F and S. 

Precautions 

(1) Safety glasses should be used while heating, and the mouth of the tube 
should point away from the L1ce. 

(2) The sample must be completely dry. Any moisture will vigorously reacl 
with sodium. 

(3) The plunging of red hot ignition tubc into water in the china dish should be 
carried out behind a wire-gauze. 

(a) Test for Nitrogen: Take 1-21111 of L.E. in a test tube and add a few drops of 
the freshly prepared ferrous sulphate solution. If no green prtcipitate is observed, 
add 2-3 drops of sodium hydroxide solution and boil quickly. Cool and add dilute 
sulphuric or hydrochloric acid to dissolve the green precipitate: 

(i) Appearance of a blue or bluish-grccn colour indicates the preseHce of 
nitrogcn (PA, CN, UF indicated), 

(ii) Apptarance of a blood-rcd colour indicates the presence orboth Nand 
S (Casein indicated). 

(b) TestforSulphllr: 

(i) Add a few drops of sodium nitroprussidc solution to 1-2 ml of L.E. A 
violet colour that slowly fades on standing indicates sulphur (Casein 
or vulcan is cd rubbcr). 
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(ii) Acidify 1--2 ml of L.E. with acetic acid and add a few drops of lead 
acetate solution (2M). A black precitate indicates sulphur. 

(c) Test for Chlorine: Acidify 1-2 ml of L.E. with dilute nitric acid, boil for 1-2 
minutes (filter if a precipitate is formed) and add a few drops of silver nitrate 
solution (2%). A tlaky-white precipitate soluble in excess of ammonium hydroxide 
indicates chlorine (PVC or PCP present). 

(d) TestforFlllorine 
(i) Acidify 1-2 IllI of L.E. with dilnte hydrochloric acid and add a few 

drops ofCaCI2 solution (1M). A gel-like precipitate indicates tluorille 
(PTFE present). 

(ii) Heat about 0.5 g of finely divided sample in a fusion tube and cool. 
, Add 3-4 ml of cone. sulphuric acid. Non-weltability of the walls of 

the test tube indicates fluorine (PTFE present). 

3. Test for Silicon 

In a nickel crucible, fuse 40-50 mg sample with about 100 mg NaOH or a mixture 
of about 100 mg sodium carbonate and about 10 mg sodium peroxide. Cool, 
dissolve in a little water and boiL Acidify with dilute nitric acid and add 1-2 drops 
of ammonium molybdate solution. Heat nearly to boiling, cool and add a drop of 
benzidine solution, followed by a drop of saturated sodium acetate solution. A blue 
colour indicates silicon (SI). 

4. Group Tests 

(1) Moliscb'5 test for Cellulose: Dissolve or suspend the sample in 1-2ml acetone 
taken in a lest tube. Add 2-3 drops of a 5% (w/v) solution of a-naphthol in ethanol 
and shake to mix. Hold the tube in an inclined position and, using a dropper pipet, 
carefully add about 1 IllI of COliC. sulphuric acid down the sides so as to form a 
separate layer under the acetone solution, without mixing with it. Note the colour 
produced at the interface: 

Red to red-brown Cellulose acetate 

Green Cellulose nitrate 

(2) Lanthanum nitrate test for Acetate: In the pyrolysis lest, insert into the mouth 
of the tube a cotton plug moistened with water. Remove the cotton plug after 4-5 
minutes, wash il with 1-2 m! distilled waler, collect the washings ill a lest lube and 
add 

(i) 0.5 illl oflanihanum nitrate solution (5%, w/l') 

(ii) 4-5 drops of iodine solution (p.3) 

(iii) 4-5 drops of 1 N ammonia solution. 

Appearance of it deep blue colour indicates acetate (CA or PVAc). 

3. Gibb's Indophenol test for Phenol: Immerse a filter paper ill a saturated 
50lu1ion of 2,6-dibrollloquillone-4-chlorimide in etiler and tben dry in air. Place 
tbe sample in a pyrolysis tube and cO\Jer its mouth with the paper prepared above. 
Heat the lube foJ' -2 minutes. Remove the paper and moisten wilh 1-2 drops of 
ammonia solution. A blue colour indicates the presence of phenol (PF, PC, EP). 
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(4) ehromotropic acid test for Formaldehyde: Slowly lieat the sample with a few 
crystals of chromotropic acid and 1-2 ml COliC. sulphuric acid for 8-10 minutes. 
Appearance of violet colour indicate formaldehyde (PF or UF). 

(5) Diphenylamine test for Nitrate: Add 1-2 drops of a freshly prepared solution 
(0.5% w/v) of diphenylamine in concentrated sulphuric acid to the plastic sample 
or its solution or suspension in acetone. Appearance ofa dark blue colour indicates 
nitra te (eN). 

Exercises 

254. Explain the clwmical principles Oil which the Beilsttin's test for detection 
of balogens is based. 

255. Giving cbcmical reactions, explain tbe chemistry ofL"lssaigne's test [or the 
detection of N, S, el, F. 

256. How can the formation ofNaSeN during fusion with sodium be avoided? 

257. Describe the chemistry of silicon test. 

258. What are 'Virgin' polymers? 

259. What arc the main types of additives or compounding agents present in the 
processed polymers? How arc thesc removed? 
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7.3.1 Identification of individual members from a select group of PE, PMMA, PETP, PTFE and PF 10 

0 

Test Observations 

PE PMMA PETP PTFE PF 

1. Colour Usually Opaque milky- Usually black or 
transparent white dark brown 

2. Touch Waxy feel Waxy feel 

3. Rigidity test TP TP TP TP TS 

4. Solvents p-Xylene Acetone Nitrobenzene Insoluble Insoluble 
Chloroform Cbloroform Trichloroacetic 

acid 

5. Non-solvents Acetone Methanol Acetone 
Diethyl ether Diethyl ether Methanol 

6. Floatation Test Floats in Ll Sinks in L1 Sinks in Lz Sinks in L3 Sinks in Ll 
Floats in L2 Floats in L3 Floats or sinks in 

L2 

7. Pyrolysis Test ~ 

(i) m.p. 105-150·C 120-150·C 250-265·C 325°C Does not melt 
~ 
[ 

(ii) Pbysical Becomes clear Swells, Decomposes Charring, (J 

change decomposes with decomposes with 
::::-
~ 

crackling sound cracks c:;; • 
..... 
~ 
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(iii) Residue Wax-like grease Dark brown 

(iv) Litmus paper Unchanged Unchanged Turns red Turns red 

Flame Test 

(i) Ease of Ignites readily Ignites readily Burns in flame Does not bum 
ignition 

(ii) Out of flame Continues burning Continues burning Continues burning -

(iii) Flame colour Yellow, blue­
centre 

(iv) Odour of 
Vapour 

(v) Dripping 

Burning candle 

Burning droplets 
fall off 

or extinguishes 

Bright light, blue Bright, blue-edged -
centre 

Fruity 

Burning droplets 
fall off 

Aromatic 

Droplets fall off 

Pungent, HF 
odour 

Black 

Unchanged or 
Turns blue 

Difficult to ignite 

Extinguishes 

Sooty 

Phenolic 

9. Hetero Atom Test F 

10. SpecifIC Tests 
(a) o-Nitrobenzaldehyde test for PETP - In the pyrolysis test, cover the mouth ofthe tube with a filter paper moistened 

with a saturated solution of o-nitrobenzaldehyde in dilutc NaOH solution (2N). A bluish-green colour indicates 
PETP. 

(b) Millon's test for PF -Boil the sample with about 1 ml of Millon's reagent (p.6) for 2-3 minutes. Appearance of a 
red colour indicates PF. 

(c) PF gives a positive (blue colour) indophcnol test (p.188) for phenol and a positive violet colour chromotropic acid 
test (p.189) for fonnaldehyde. 

'"tl 
~ 
~ 
~ 
3 

-\0 -
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lndentification ofindividUilI membersfrom a select group ofCA, CN, PA, PC and UF 7.3.2 \C 

N 

Test Observations 

CA CN PA PC UF 

1. Colour Usually Usually 
transparent transparent 

2. Rigidity test TP TP TP TP TS 

3. Solvents Chlorofonn, Ethyl acetate, Fonnic acid, Insoluble Insoluble 
Acetone Acetone Dimethyl 

fonnamide 

4. Non-solvents Methanol Methanol Methanol 
Diethyl ether Diethyl ether Chlorofonn 

5. Floatation Test Sinks in L} Sinks in Lz Sinks in Ll Sinks in Ll Sinks inL2 
Floats or sinks Floats in y Floats in Lz Floats in L2 Floats in L3 
in Lz 

6. Pyrolysis test 

(i) m.p. 125-175°C 80-90·C 200-260"C 220-250°C Does not melt ~ 
~ 

(ii) Physical Decomposes Decomposes Becomes clear Colourless Charring :::-: a 
change violently viscous liquid, \) 

decomposes 
;::. 

~ 
1:;' 

~ 



(iii) Residue Black Brown ~ 
~ 

(iv) Litmus paper Turns red 
~ 

Turns red Turns blue Unchanged Turns blue ~ ... 
'" 

7. Flame test 

(i) Ease of Ignites readily Burns vigorously Difficult to ignite, Difficult to ignite Difficult to ignite, 
ignition crackling sound chars with white 

edges 

(ii) Out of Continues Continues Extinguishes Extinguishes 
flame burning burning 

(iii) Flame Yellowish green Bright white Blue flame with Bright sooty Bright yellow 
colour with sparks yellow tip 

(iv) Dripping Burning droplets 
fall off 

(v) Odour of Vinegar, burning Brown vapours, Blue smoke, Amonia and 
vapour paper pungentN02 odour of burning formaldehyde 

smell wool or hair 

8. Heteroatom test N N N 

9. Specific Tests 
(a) CA gives a positive (red to red brown ring) Molisch's test (p.188) for cellulose, a positive (deep blue colour) 

Lanthanum nitrate test (p.188) for acetate, and a red colour in the chromotropic acid test (p.189). 

(b) CN gives a green ring in the Molisch's test, positive (blue colour) Diphenylamine test (p.189) for nitrate, and a red .... 
colour in the; chromotropic acid test. \0 

VJ 



(c) In the o-nitrobenzaldehyde test (p.191), Nylon 6,6 (PA) gives a deep mauve colour. 

(d) Press a cold metal rod against heated (softened) material and then withdraw. From PA, threads are easily formed. 

(e) Lime water test for PC: Heat the sample with a 10% solutionofNaOH for a few minutes and filter. Treat the residue 
with dilute sulphuric acid and pass the vapours into freshly prepared lime water. The lime water turns milky. 

(f) PC gives a positive (blue colour) indophenol test (p.188). 

(g) UF gives a positive (violet colour) chromotropic acid test (p.189) for fonnaldehyde. 

7.3.3 Identification of individual members from a select group of PS, PVAc, PVAI, pvc and EP 

1. 

2. 

3. 

4. 

5. 

Test 

Colour 

Rigidity test 

Solvents 

Non-solvents 

Floatation test 

PS 

Usually 
transparent 

TP 

Benzene 
Chloroform 

Methanol 
Aliphatic 
hydrocarbons 

Sinks in Ll 
Floats in L:! 

Observations 

PYAc 

TP 

Methanol 
Acetone 

Dietbyl ether 
Petroleum ether 

Sinks in Ll 
Floats in L:! 

PYA! 

TP 

Water, Dimethyl 
formamide 

Methanol 
Acetone 

PYC 

TP 

THF, Cyclo-
hexanone 

Methanol 
Acetone 

Sinks in Ll 
Sinks or floats 
in L:! 

EP 

Light coloured 

TS 

Insoluble 

Sinks in Ll 
Sinks or floats 
in L:! 

\0 
.t.. 

~ 
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6. Pyrolysis test ~ 
'< 

3S-8SoC 7S-90·C 
::i 

(i) m.p. 70-1S0·C Does not melt ~ .... 
'" 

(ii) Physical Brittle Melts Melts, 
changes appearance, decomposes 

melts 

(iii) Residue Brown Brown Dark brown 

(iv) Litmus Unchanged Unchanged Unchanged Turns red Unchanged 
paper 

7. Flame test 

(i) Ease of Ignites readily Ignites readily Ignites readily, Difficult to ignite Burns in flame 
ignition material 

decomposes 

(ii) Out of Continues burning Continues burning Continues Extinguishes Continues 
flame burning or burning or 

extinguishes extinguishes 

(iii) Flame Bright sooty, Yellow, sooty, Shiny Yellow Yellow, black 
colour Yellow flickers, Dense smoke green-edged, smoke 

Dense smoke sooty 

-\0 
V1 
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(iv) Odour of 
vapour 

(v) Dripping 

Heteroatom test 

Odour of Vim'gar 
illuminating gas, 
sweetish 

Burning droplets 
fall off 

Irritating Pungent HC! 
smell 

CI 

Pungent phenolic 
odour 

9. SpecifIC tests 
(a) (i) Drop the sample on a hard surface - A characteristic 'metallic' ring (sound) indicates PS (Compare the sound with 

that from a known PS sample) 

(ii) In the flames test, blowout the flame and smell the dense smoke. Characteristic odour of styrene (compare with the 
smell of styrene monomer). 

(b) (i) PV Ac gives a positive (deep blue colour) Lanthanum nitrate test (p.188) for acetate. 

(ii) Pour a few drops of diluted iodine solution (p.3) over the sample. A red colour that intensifies 0n washing indicates 
PVAc. 

(c) PVC - Shake the polymer sample with tetrahydrofuran and filter off the undissolved material. Add methanol to 
precipitate the polymer and filter again. Boil the polymer with 1-2 ml pyridine and to the hot solution add 3-4 drops 
of a solution (2% w/V) of NaOH in methanol. A reddish-brown colour or precipitate indicates PVc. 

(d) (i) Add 1-2 ml cone. H2S04 to a small amount of the sample taken in a test tube. Then add about 1 mI cone. HN03. 

Carefully add down the sides of the tube an aqueous solution (5% w/v) of NaOH so as to form a separate layer at 
the top of the acid solution. A red colour at the interface indicates EP. 

(ii) EP gives a positive (blue colour) indophenol test (p.188). 
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7.3.4 Identification of individual members from a select group of NRIPIP, PCPICR, Sf, SH and UP ~ 
~ :: 
~ 

Test Observations 
... 
'" 

NR/PIP PCP/CR SI SH UP 

1. Colour No charncterstic colour due to presence of fillers White to dark 
brown 

2. Rigidity test Flexible rubber Flexible rubber Flexible rubber TP TS 

3. Solvents Aliphatic and Ketones Insoluble Alcohol, hot soda Insoluble 
aromatic orNH4OH 
hydro-carbons solution 

4. Non-solvents Ketones, acid 

5. Floatation test Floats in Ll Sink in Ll Floats in Ll Sinks in ~ Sinks in Ll 
Floats inLz Floats in L3 Floats in L2 

6. Pyrolysis test 

(i) m.p. 75-85 DC Does 1I0t melt 

(ii) Physical Softens, becomes Decomposes on Decomposes on Softens, melts 
change sticky strong heating strong heating 

(iii) Residue White powder 

(iv) Litmus paper Unchanged Turns red Unchanged Turns red 
..-
\0 
~ 



7. 

R. 

Flame test 

(i) Ease of ignition Ignites readily 

(ii) Out of flame Continues 
burning 

(iii) Flame colour Dark yellow, 
sooty 

(iv) Odour of 
vapour 

Heteroatom 

Characters tic 
burnt rubber 

Burns in flame 

Continues 
burning or 
extinguishes 

YeHow orange 

Burnt rubber 

CI 

Very difficult to Burns readily 
ignite, 
glows in flame 

Extinguishes 

Yellow, grey 
smoke 

Si 

Continues 
burning 

Dark yellow, 
sooty 

Cha racte rs tic 
odour of burning 
sealing wax 

Burns in flame 

Continues 
burning or 
extinguishes 

Shiny, sooty 

Pungent 

9. Specific Tests 

(a) Dissolve or suspend the sample in CCI4 and add Wij's solution (p.7) dropwise. Decolorisation ofWij's solution indicates 
unsaturation - NR, PCP. 

(b) Test for SH 

(i) Heat the sample at 150°C for a little over half an hour - The horn-like residue is insoluble in alcohol. 

(ii) Alcoholic solution of shellac turns litmus red. 

(iii) Dissolve a known weight in neutral alcohol and titrate against NllO KOH in presence of phenolphthalein. Acid 
value (p.lOl) of 60--70 indicates shellac. 

..... 
\0 
00 

::t. 
"1:;: 

~ 
[ 
9 
'" ~ 
r;;' 
~ 



8 

MISCELLANEOUS 

8.1 Ume 

Lime is a very important industrial material which is largely used for the 
manufacture ofbIeaching powder, glass, sulphite pulp, soda lime, calcium carbide, 
washing soda and caustic soda. It is also used for structural purposes (cement and 
mortar), for white washing, in textile industry, in sugar refining, for cooking rags 
in paper manufacture, for water softening, for tanning of leather, for preparation 
of NH3 and as a very good ferti! izer for soil. 

Lime is the product of calcination of lime stone: 

(8.1) 

There being several varieties oflimestone, the limes prepared from them show 
corresponding variations in composition. The type of analysis required on a given 
sample depends to some extent on the use for which the sample is intended. Though 
routine analysis includes the same determinations as are carried out. on limestone, 
thert~ are certain specific uses which depend on the caustic value of lime (CaO 
content), and the impurities including CaC03 are not available for reaction. It is 
therefore often desirable that available CaO content of lime be determined. 

8.1.1 Determination of available lime orfree CaO in industrial lime or in milk 
of lime or determination of caustic value of agricultural lime iodi­
metrically 

Reagents Required 

1. Standard iodine solution (N/1O) 

2. Standard sodium tbiosulphate solution (N/1O) 

3. Freshly prepared starch solution. 

Theory 

A known weight of the powdered sample is slaked with boiling water when CaO 
content reacts: 

CaO + H20 ----+ Ca(OHh (8.2) 

A measured excess of iodine solution is then added wh(~n the base reacts with 
iodine: 
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12 + 2e ---- 21-

212 + 40H - ---l> 201 - + 21 - + 2H20 

or 2Iz + 2Ca(OH}z -- Ca(OIh + Cal2 + 2HzO 

(8.3) 

(8.4) 

The excess ofiodinc is back-titrated with a standard NaZSZ03 solution using starch 
solution as indicator near the endpoint: 

12 + 2e ------'" 2T 

2 S20~- ---- S40g- + 2e 

(8.5) 

Procedure 

Transfer about 0.2 g of powdl'red aud accurately weighed (by difference method) 
lime sample to an iodilll' titration flask. Add about 100 ml of boiled-out distilled 
watl'f. Heat nearly to 60°C. Stopper and boil for 5-10 minutes (in the analysis of 
milk of lime, use 10 ml of the sample and omit boiling). Cool and add 40 IllI of 
standard N/tO iodine solution. Stopper the flask and shake until the whole of lime 
has dissolved. Titrate against N/lO NaZS203 using starch solution as indicator. 
Analyse one more sample in the same way. 

Observations and Calclllations 

Weight of 1st sample 

Volume ofN/lO iodine solution added 

Let the volume of N/lO Na2SZ03 solution used 

= wig 

= 40ml 

= Vl ml 

Therefore, volume of Nil 0 iodine solution 
used against WI g of sample 

or Weight of CaO in the sample = 

= (40 VI) ml 

1 28 
(40 - VI) x 10 x 1000 g 

(40 - VI) 28 
= ----x -x tOO 

10 x 1000 WI 
Therefore, % lime in the 1st sample 

(40 -VI) 
0.28 = Al = ---x 

WI 

Weight of 2nd sample = wzg 

Let the volume of Nil 0 Na2SZ03 used = V2 ml 

Therefore, % lime in the 2nd sample 
(40 - V2) 

x 0.28 = Az = 
w2 
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Therefore, mean % available lime 

Precautions 

CO2-free distilkd water should be used and excessive contact with atmosphere 
should be avoided (A sodalime guard tube may be used to prevent absorption of 
CO2 from atmosphere). 

Exercise 

260. How do the impurities ofCaC03 and MgO affect the estimation? 

8.1.2 Determination of available lime (after extraclion with sucrose solution) 
with standard acid 

Reagents Required 

1. Standard hydrochloric acid (N/lO) 

2. Sucrose solution (10%) 

3. Phenolphthalein indicator solution 

Theory 

A known weight of the sample is slaked by boiling with water (reaction 8.2). Both 
calcium oxide and hydroxide arc then extracted with SULTose solution and filtered. 
CaC03• MgO and other impurities arc left behind. The base ill filtrate is then titrated 
with standard acid using phenolphthalein indicator. 

OH- + H+ -~ H20 (8.6) 

Procedure 

Add about 25 ml of boiled-out distilled water to about 0.5 g accurately weighed 
(by difference method) lime sample taken in an iodine titration flask and boil for 
5-10 minutes. Cool, add a few clean dry glass beads and about 100 ml of a 10% 
sucrose solution. Stopper the tlask and shake for 1 minute after every 5 minutes for 
a period of half an hour. Filter, by suction, through a Buchner fUIUlel. Wash the 
residue 3-4 times with 1O-ml portions of a 5% sucrose solution. Collect the filtrate 
and washings in a 250-ml measuring flask and make up to the mark with boiled-out 
distilled water. Take 50 ml of this solution in a titration flask. Add 2 drops of 
phenolphthalein indicator and titrate with N/10 HCI solution until the pink colour 
disappears. Take concordant readings. 

Observations and Calculations 

Weight of sample taken = wg 

Volume of lime solution prepared = 250 Illl 

Volume taken for each titration = 50ml 

Let the concordant volume of 
N/IO HCI used = AmI 



202 Applied Chemistry 

NlVl = NzVZ 
(CaO) (Hel) 

Nl x 50 
1 

= 10 x A 

Nl 
A 

or = 
10 x 50 

Therefore, strength of lime solution 
A 

x 28 gil 
10 x 50 

Weight of CaO in w g of the sample 
A x 2R 2';0 

= ---- x 
1000 g 10 x 50 

% Available lime 
Ax28 250 100 

= x -- x 
10 x 50 1000 w 

A x 1.4 
= -

w 

Precautions 

1. Same as for Experiment 8.1.1 (p. 20 I). 

2. While adding the sugar solution to lime, the tlask should be continuously 
rotated to avoid granulation oflime. 

Excercises 

261. What is the function of sus crose in the experiment? 

262. What is the purpose of adding glass beads? 

263. Why docs MgO not interfere in the estimation of lime by this method? 

264. (a) What is meant by slaking of lime? 

(b) What are the factors that affect the rate of slaking reaction? 

265. How does long exposure of a lime sample to atmosphere affect its available 
lime? 

266. What is meant by the tcnns Milk of Lime and Lime Water'! 

267. What is meant by 'Soft' and 'Hard' limes? 

268. How are limes classified? 

8.2 Plant Nutrients 

Of the various elements that are known to be essential for the proper growth and 
reproduction of plants, Nitrogen, Phosphorus and Potassium are required in 
relatively large amounts and so are known as major clements or macro-nutrients. 
A deficiency of one or more of these clements in soil may limit the growth of a 
partkular plant or crop and may thus decrease soil fertility. 
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8.2.1 Nitrogen 

It is generally present in soil as alllmoniulll and nitrate ious, and as organic nitrogen 

compounds. The NH;t and NO.3 ions arc uot held firmly by soil and are easily 

leached away duc to excessive irrigation or by rain water. The nitrogen content of 
soil therefore may get depleted either due to leaching or due to crop raising. 

It is estimated that a region with moderate rainfall receives 5 to 7 pounds of 
nitrogen (a solution of nitrogen oxides formed by lightening) per acre per year. 
This amount is much less than required and has to be supplemented by 

(a) Planting legume crops occasionally 

(b) Applying organic manures such as animal wastes or compost. 

(c) Using commercial fertilizers: 

(i) Synthetic ammonia or one of its derivatives namely NH4C1, 

(NH4)2S04, NH4N03, NH4H2P04 (which provides phosphorus 

also). 

(ii) Other inorganic salts - NaN03,Ca(N03)z 

(iii) Nitrogen in the organic form such as urea (NHz'CO'NHz) 

(iv) Calcium cyanamide which reacts with water slowly and forms urea 

CaCNz + 3H20 ---3> Ca(OH}z + NH2·CO·NH2 (8.7) 

For a proper and economical application of manures and fertilizers, a 
knowledge of their nitrogen content as well as thaI of the soil is necessary. 

8.2.2 Determination (if the tota/nitrogen cOlltent (if soil, manure or a fertilizer 

Reagents Required 

1. Standard sulphuric acid (N/lO) 

2. Standard sodium hydroxide solution (Nil 0) 

3. Sodium hydroxide solution (SWirl) 

4. Concentrated sulphuric acid 

S. Salicylic acid 

6. Zinc dust 

7. Potassium sulphate 

8. Anhydrous copper sulphate 

9. Sucrose 

lO. Ferrous sulphate solution 

1 L Metbyl red indicator solution 

12. Red litmus paper 
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Theory 

In the absence of nitrate, nitrogen in the sampk is determined by same prot:edure 
as used for coal (p.132). Nitrate-nitrogen, however, is lost during digestion with 
cone. H2S04: 

- + 4N03 + 4H ----+ 4N02 + 02 + 2H20 (8.8) 

This loss is prev'enled by treating the nitrate-containing sample with a mixture of 
salicylic acid and COliC. H2S04 in cold, when the whole of nitrate is used up in 
nitrating salicylic acid: 

OH 

COOH COOH 

+ NOi+H+ conc + H2 O !II (8.9) 
H2 SO4 

N0 2 

Zinc dust is then added which reacts with sulphuric acid to produce nascent 
hydrogen which reduces nitrosalicylic acid to amino salicylic acid: 

Zn + 2H+ --+ Zn2+ + 2H (8.10) 

OH OH 
COOH 

6H - (8.11 ) 

The latter is decomposed during dig<.:stion with COlle. H2S04 , forming 
ammonium sulphate: 

OH 

2 

COOH 

+ 27H2S04 -- (NH4hS04 + 14C02 + 26S02 + 30H20 

(8.12) 

During the digestion stage, nitrogen in other forms (ammoniacal nitrogen and 
organic nitrogen) is also converted to ammonium sulphate. Distillation with NaOH 
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and absorption ofliberated ammonia into standard acid followed by back titration 
of txcess of acid completes the total nitrogen detennination (p.133). 

Procedure 

(a) Detection of nitrate 
Shake about 5 g of finely ground representative sample with about 25 1111 of hot 
distilled water and filter. To 11111 of this solution in a test tube, add 1 ml of freshly 
prepared knous sulphate solution and cool. Add along the sides of the tube a few 
drops of COliC. H2SO-l taking cafC 1101 10 disturb the solutioll. Formatioll of a brown 
or a reddish-coloured ring at the junction of the two liquids indicates the presence 
of nitrate. 

(b) Determination of nitrogen 
When nitrate is absent, proceed as for the determination of nitrogen ill coal (p.133). 
In tbe presence of IIi/rate, proceed as under: 

Transfer a known weight (0.5-5 g, depending upon the nitrogen content) of 
the sample into a Kjcldahl's flask. Mix 2 g of salicylic acid with about 40 1111 of 
conc. H2S04 in a beaker and add the acid mixture to the Kjeldahl's l1ask, in one 
lot so that it covers the whole ofth{'. sample at once. Immerse the flask in cold water 
and allow the reaction to proceed for about half all hour, occasionally shaking the 
reaction mixture. Tah' out the Kjeldahl's J1ask from the cold bath and add 1-2 g 
zinc dust ill small portions with constant shaking. When the reaction subsides, heat 
gently until the frothing ceases. Add about 10 g of K2S04 and either 0.2 g of Se 
powder or 0.5 g of anhydrous CuS04 or 0.3 g of cupric selenite dihydrate 
(CuSeO}·2HzO), followed by about 10-15 m! concentrated H2S04 and proceed as 

described on page 133. 

Precautions 

1. An appreciable rise of temperature during the digestion of the salllple with 
sulphuric acid-salicylic acid mixture should be avoided as it may lead to 
loss of nitrogen. 

2. See prt~Cautiolls 1 to 6 (page 133-4). 

Observations and Calculations 

Same as for nitrogen in coal (see page 134-5). 

Excercises 

269. How does the slow addition of add-mixture to the nitrate sample affect the 
dete rminat ion? 

270. Name some other organic compounds that form nitroderivatives under the 
condit ions of the experiment. 

271. Name some other organic reagent that is employed in place of zinc for tlle 
reduction of nitrosalicylic add. 

272. What is meant by 'Crop Rotatioll ,., What is its advantage"? 

273. What is 'Organic Fannillg'? What are its advantages? 

274. What is compost? How is it obtained? 
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27S. What is tbe effect of application of excess fertilizer? 

8.2.3 Phosphorus 

On all average, a tOll of good soil holds about a pound of phosphorus. The whole 
of this phosphorus may not be in a form that call be taken up by the plants, yel the 
determination or the total phosphoms content of the ';oi1 is important because a 
decrease in it will point to a fall in the availability of phosphoms to plants. Luckily, 
the orthophosphate JOI1, which is an availahle form of phosphorus, is held 
tenaciously by t.he soil and is not easily removed by leaching as is 11K case with 
nitrate, chloride and sulphate. However, with the introduction of intensive 
agriculture, more and more phosphorus is taken up by the plants into tbeir foliage 
and fruit and, as it is not replenished by nature, its deficiency has to be overcome 
by the application of a fertilizer containing calcium phosphate and/or amlllonium 
phosphate. The usefulness and the value ofa krtiliurwill depend on its phosphorus 
content lind hence the IIl~ed for its determination. 

Phosphate rock is the principal raw material for the manufacture of 
superphosphate, a water soluble mixture of Ca(H2P04h and CaS04, which is 
obtained by treating finely ground rock phosphate with roughly an equal amount 
of sulphuric acid. Determination of Caj{P04h content of the phosphate rock is 
essential for fixing the price of the rock and for exploring the economic feasibility 
of the manufacture of superphosphate from the rock. 

Prepll ration of Soilltion 

(a) For Soil and Fertilizers - Take about 2 g of accurately weiglled and findy 
ground representative sample in a Kjeldahl's tlask alld add about 25 Illi of conc 
HN03. Boil gently for about hatfau hour to remove all the easily oxidisable organic 
mailer. Cool and add about IS ml of 70% pcrchloric acid. Boil again until the 
solution becomes almost colourless and dense while fumes appear. Continue 
boiling for another 5 minutes and cool slightly. Add about 50 ml of distilled water 
and boil for a few minutes. Cool and filler into a 2S0-ml measuring nask. Wash 
the residue with hot water and make up the volume upto the mark. 

When organic matter content is small, the following method with aqua regia 
may be adopted: 
(b) For Phosphote Rock Take about 2 g of accurately weighed and finely· 
pulverised (to pass a 60-l\Ie:;h sieve) representative sample of phosphate rock in a 
2S0-ml <:onical tlask. Add ahout 25 ml diluk aqua rq;ia (1 part cone. HCI + 1 part 
cone. HN03 + 2 parts distilled water) and boil gently until the evolution of brown 
fumes stops. Cool and filler into a 250-ml measuring Llask. Wash the residue with 
bot distilled water and make the volume upto the mark. 

8.2.4 Determination (~f phosphate content of the given soil extract, fertilizer 
solution or phosphate rock solution 

Reagents Required 

1. Standard hydrochloric acid (Nil 0) 

2. Standard sodium hydroxide solution (N/lO) 
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3. Ammonium molybdate solution (5 tlr,) 

4. Cone. HN03 

5. Amlllonium nitrate 

6. Potassium nitrale solutioll (l%orO.l M) 

7. Phenolphthalein indiciltor solution 

8. Methyl red indicator solution 

Theory 

When an excess of ammoniulll molybdate solution is added to the phosphate 
solution in lhe presence of nitric acid, a yellow precipitate of varying composition 
from (NH4hP04'12Mo03 to (NH4hP04·12MoOy2H20 is obtained. Upon 
suitably washing the precipitate with dilute KN03 solution the acid is completely 
removed and the precipitate is cOllverted to ammoniulIl phospho-molybdate with 
the composition (NH4hP04·12MoOj. 

PO~- + 3NH;j + 12MoO~- + 24H+ ---'jo (NH4hP04' 12MoOj + 12H20 

or 

(NH4h [PM012 °40 ) (8.13) 

The washed precipitate is then treated with a known excess of standard NaOH 
which dissolves the precipitate as per the following reaction: 

(NH4hP04· 12Mo03 + 23NaOH ~ 

(8.14) 

The excess ofNaOH is titrated with standard ariJ using phenolphthalein indicator. 
The amollnt of phosphate in the given solution is calculated from the volume of 
the stanJard alkali consumcJ, using the reaction (8.14) which indicates that 1 
gram-atom of phosphonls is equivalent to 23 gram-moles of NaOH. 

Procedure 

Pipet out 20 ml or a suitable aliquot (corresponJing to 12-50 mg P20 S) of the given 
solution into a 250-ml glass-stoppered t1ask. AJd about 8 g of NH4N03 and 5 Illl 
of concentrated HN03. Shake to dissolve and dilute to ahout tOo ml with distilled 
water. Take about 50 Illi of a freshly prepared 5% ammonium molybJate solution 
into another Ilask. Heat both the solutions 011 a water bath to II temperature of 
40·45°C anJ, while sbaking continuously, aJJ the ammoniulll molybJale solution 
slowly to the phosphate mixturt'. A yellow precipitate appears. Now fit the flask 
with the glass stopper, shake vigorously for about 10 minutes and allow 10 stand 
for half an hour on the water bath (40-45"C). Filter by decantation through II 

Whatman filter paper No.5. Now transfer, as tar as possible, lhe precipitate to the 
filter paper and wash the tlask and the Im~cipitate repeatedly with small amounts 
of 1 % KNOj solution until the filtrate is no longer acidic. Now return tbe 
precipitate, together with the filttr paper, to the tlask in which precipitation was 
carried out. AJJ with a pipet, 40 Illi of Nil 0 NaOH solution. Stopper the flask and 
shake to Jissolve the yellow precipitate (If the whole of the precipitate is not 
dissolved, a further measured amount, say 1 () ml, of Nil 0 NaOH should be adJed). 
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Dilute to about 100 ml, add 2-3 drops of phenolphthalein indicator and titrate with 
N/l0 HC! until the pink colour is completely discharged. 

Precalllions 

(1) Perchloric acid should not be added to samples containing t~asily oxidisable 
organic matter, olhelWise an explosive reaction might take place. 

(2) If there is a turbidity in tbe ammonium molybdate solution, it should be 
filtercd before usc. 

(3) The kmperature of the solution should not be allowed to go beyond 45°C. 

(4) Thc washing liquid should each time be taken first in the tlask ill which the 
precipitation was carried out, well shaken so that the whole of thc inncr 
surface of the flask and any precipitate sticking to it is thoroughly washed 
and then it should be poured over the precipitate on the tilter paper. 

(5) A second fraction of the washing liquid should be used only when the first 
fraction has completely passed through the filter paper. If the two fractions 
are allowed to mix, the washing will remain Incomplete. 

(6) The standard sodium hydroxide solution must be free from sodium 
carbonate. 

(7) The alkali solution should be added 10 the flask through the funnel in which 
filtration took place so as to dissolve any precipitate remaining on its sides. 

(8) The fUllnelthen should be rinsed into the tlask witll distilled water. 

Observations lind Calculations 

Weight of tile sample taken 

Volume of tile extract prepared 

Volume of extract taken for determination 

Volume ofN/lO NaOH added 

Volume ofN/lO Hel used 
for titrating excess of alkali 

Hence volullle of N/lO NaOH left ullused 

Or volume of N/lO NaOH consumed by ammoniulll 
pilospilomolybdate obtaincd from 20 Illi of extract 

== 

= 

= 

= 

== 

= 

= 

wg 

250 ml 

20ml 

40ml 

A ml 

A Illi 

(40-A) ml 

From reaction (8.14) 

23 g-Illole of NaOH 

Or 23 liters of 1 N NaOH 

= 1 g mole of (NH4hP04'2Mo03 

= 31 g p:::: 71 g P20 S 

Or 1 liter ofN/lO NaOH 
71 

= 23 x 10 g P20S 

Or (40 - A) ml N/l0 NaOH 
71 (40 -A) 

= 23 x 10 x -1000 g PzOs 
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Hence phosphate content of 
20 ml of extract 

71 
23 x 10 

209 

(40 -A) 
gPz°'j x 

1000 

71 (40 - A) 1000 . ---- x 1000 x 20 g PzOs/htre 23 x 10 
Or strength of extract 

Or % of PzOs in soil 
or fertilizer 

71 
23 x 10 

71 ---
23 x 10 

x 

x 

(40 - A) 1000 250 ----x --x --x 
1000 20 1000 

(40 -A) 
x 1.25 

IV 

Results of phosphate rock are gencrally reported ill terms of % of Ca3(P04h, 

PzOs 9! Ca3(P04)Z 
(142) (310) 

71 155 

100 
IV 

155 (40 -A) 1000 
Strength of extract 23 x 10 x 1000 x 20 - gil of Ca3 (P04h 

155 (40 -A) 
% ofCa3(P04)2 in phosphate rock = 23 ~- 10 x IV x 1.25 

Exercises 

276. Why is it necessary not to heat th(~ solution above 4YC? 

277. The filtrate from the ammonium phospholl1olybdatc precipitate is ycllow 
coloured. What does it indicate? 

278. What test should be performed to be sure that the filtrate contains no acid? 

279. What is a fertilizer? 

280. List the dements known to be essential for plant growth? 

281. What is meant by N-P-K value of a fertilizer? 

282. What is the general composition of a phosphatc rock? 

283. What does B.P.L. stand for'! 

284. What is meant by availabk or assimilable phosphorus? 

285. How is citrate-insoluble phosphorus determined'! 

286. List the forms in which nitrogen, phosphorus and potassium are generally 
absorbed by plants. 

8.3 81eaching I)owder 

Bleaching powder, also called 'Chloride of Lime' or Bleach in trade, is the most 
commonly used materi •• 1 for bleaching cellulose, cotlon yarn and tex/ile and linell. 
It is a very important and cheap commercial product, used widely as a disinfectant 
for potable water, [or making wool unshrinkabk, in petroleulll refining, in the 
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mauufacturt' of chloroform, in laboratory as a source of oxygen aud chlorine, and 
as an oxidising agent. 

Ii is prepared by passing chlorine gas over slaked lime at a temperature of 
35-45° (considerable amounts of chloratt' being fooned at higher temperature). 
Majority of its reactions can be conveniently explained hy assuming it to be a mixed 
calcium hypochlorite-chloride (Ca(OCI)CIJ. However, X-ray examination has 
shown bleaching (lowder to be a mixture ofca1ciu1l1 hypochlorite [Ca(OClhAH20 J 
and basic calcium chloride [CaClz·Ca(OHh.HzO I, some free slaked lime being 
also present. Hypochlorite is the actual constituent which is responsible for 
Iib(~rati()n of C1 2 when bleaching powder is acidified: 

(8.15) 

The bleaching, oxidizing or disinfecting value of a sample depends 011 the 
percentage of chlorine thus liberated, i.e., grall1[" of chlorine liberated from 100 
grams oftbe sample when treated with diluted acid. This is referred to as' Ava ilabk 
Chlorine' or 'Bleaching Chlorine' and forms the basis on which bleaching powder 
is marketed. 

Continuous decomposition of bleaching powder during storage is its cbief 
drawback. Being bygroscopic, it absorbs moistllrt~ from atmosphere and evolves 
chlorine: 

ocr + Cl- + Ca2
+ + H20 ---->- Clz + Ca(OHh (8.16) 

Due to this deterioration on standing, a sample of bleaching powder may always 
contain less amount of chlorine than what is expected and therefore, before use, 
every sample must be analysed for its effective or available chlorine. 

8.3.1 Determination of the percelltage (~r'A vailable Chlorille' ill a givell sample 
of bleaching powder by Bunsen's method 

Reagents Required 

1. Standard sodiulIl thiosulpbate solution (N/lO) 

2. PotassiulIl iodide solution (10%) 

3. Dilute H2S04 

4. Freshly prepared starch solution 

Theory 

The bleaching powder solution or suspension is treated with an excess of KI 
solution and then acidified with dilute H2S04: 

OCI- + 2H+ + 2e ------0'> CI- + H20 

(8.] 7) 
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The liberated iodine is titrated with a standard solution of sodium thiosulphate, 
using starch solution as indicator near the end-point: 

12 + 2e -- 2I~ 

(8.18) 

Procedure 

Remove and discard outside layer of the sample (which may have lost some 
chlorine). Mix the sample well, quickly transfer to a stoppered bottle and weigh. 
Transfer about 4 g of it to a porcelain mortar and weigh the bottle again. Put some 
distilled water on to the sample in the mortar and with a pestle rub the mixture to 
a smooth cream. Add more water, grind with the pestle, let settle for a while and 
decant the milky solution into a 500-ml measuring flask. Grind the residue with 
more water and pour off the liquid into the measuring flask as before. Repeat the 
operation ulltil the sample is quantitatively transferred to the flask. Add distilled 
water to make up the volume upto the mark and mix well. 

Transfer 50 ml of the above solution or suspension (with a mechanical pipet, 
burette or a measuring cylinder) to a 250-1111 conical flask containing about 25 ml 
of a 10% solution of KI. Add 10 1111 of dilute H2S04 and run in, from the burette, 
standard Nil 0 Na2S203 solution until the colour of the solution becomes very light 
yellow. Add 2 ml of freshly prepared starch solution, mix and complete the 
titration to the disappearance of blue colour. Repeat to get concordant readings. 

Precautions 

(1) During weighing, the sample bottle should be kept stoppered otherwise 
chlorine evolve.d due to the decomposition of the s<1mple may corrode the 
material of the balance. 

(2) The solution, being unstable, should be titrated immediately aner its 
preparation. 

(3) The solution should be well shaken before each aliquot is withdrawn for 
titration. 

(4) Chlorine vapours being hann ful, tbe solution should not be sucked into the 
pipet with mouth. 

(5) The bleaching powder solution sbould not be acidified in the absence of KI 
otherwise some. chlorine will be. lost. 

(6) If iron is present in the sample, phosphoric acid should be used in place of 
H2S04 to prevent the reaction of iron with iodide. 

Observations and Calculations 

Initial weight of the sample bottle 

Final weight of the sample bottle 

::: WI g 

= w2 g 
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Weitght of sample taken 

Volume of solution prepared 

Volume of solution taken for 
each titration 

Concordant volume of N/l0 
NaZS203 used 

Nl VI 

(Bleaching Powd{~r) 

Therefore, amount of chlorine 
per litre of the sol ution 

Or % Available Chlorine 

Exercises 

= 

= 

= 

= 

= 

= 

= 

= 

= 

(wI -- w2) g 

500ml 

50ml 

Ami 

N2V2 

(NazS203) 

1 
- xA 
10 

A ----
10 x 50 

A x 35.5 
W-;sog 

A x 35.5 500 100 ---- x -'--' x -----
10 x 50 1000 (wI - w2) 

A x 3.55 
(wI - w2) 

287. Write the ionic reaction representing the formation of bleaching powder. 

288. Explain why starch-iodine blue colour reappears a fler the end-point if a ce. tic 
acid is used instead of sulphuric acid for aciditication. 

289. In this estimation, can H2S04 be replaced with HCI? 

290. Outline the method that is considef(~d to be more accurate than the 
iodometric method. 

291. What is meant by bleach liquor'? How is it prepared? 

292. Describe the process of bleaching doth. 

293. List the important specifications for a good bleaching powder. 

294. What is the French Scale for re.porting the strength of a bleaching powder 
sample? 

295. List some other reagents that arc commonly us{~d as bleaching agents. 

8.4 Surface Tension 

The molecules present in the surface of a liquid experience a resultant downward 
pull because the number of molecules below the surface, Le., in the bulk of the 
liquid is much larger than the numb(~r of molecules above it, Le., in the vapour 
phase. Consequt'ntly, the moleCUles in the surface tmd to be drawn inside, with 
the result that the liquid surfaC(~ tends to contract and behaves as if it were in a state 
of tension. This tension or force which acts along the surface of the liquid, 
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unifonnly in all directions, is known as Surface Tension. Numerically, it is equal 
to the force ill dynes/cm acting along the surface at right angles to any imaginary 
line in the surface and is designate.d by y (gamma). 

As a consequence of surface tension, the drops of a liquid or bubbles of a gas 
are spherical in shape - rain drops and mercury drops are common examples. 
Sma'lIer drops coalesce to give bigger drops because the process involves decrease 
in surface area (The phenomenon is utilized in collecting split Hg droplets). 

The rise of a liquid into a capillary tube, which is wetted by the liquid, is 
directl y proportional to the surface tension of the liquid. Common exam pies of the 
phenomenon are rise of oil in the wick of a lamp, rise of underground water on to 
the surface of eartb, rise of ground water tbrougb the capillaries of plants to the 
twigs and leaves. Surface tension of a lubricant is important in capillary or wick 
lubrication methods. 

High surface tension leads to superbeating and bumping or spurting during 
boiling (Sugar and starch increase the surface tension of water and arc mainly 
responsible for bumping ill cooking pots). Decrease in surface tension of water, 
due to certain salts or oils in the boiler, bell'S in the rapid formation of steam bubbles 
but may lead to priming and foaming (wet steaming) which is prevented by 
spreading on the surface of water a layer of castor oil which increases the surface 
tensioll. 

Surface I.ension of the liquid is utilized ill transferring the liquid from the 
condenser to the evaporator in the heat-pipe exchange for waste heat recovery. 

Surface tension measurements were used for investigating molecular 
structures through parachor values. The method is no longer in usc. 

Measurement of Surface Tension 

The capillary rise method for measurement of surface tellsion, which gives most 
accurate results in absolute terms, is not in common use as it is extremely laborious, 
time consuming and requires a large alllount of liquid. 

Oftbe .uethods based on comparison with liquids of accurately known surface 
tension, the torsion balance or tensiometer method is the quickest and requires only 
a very small amount of tilt' liquid; but if water is to be used as the standard liquid, 
the room must be free from organic vapours which interfere by impairing the 
water-air interface. This method is commonly used for industrial measurement. 

The Drop Number Method, because of its practical convenience and a good 
degree of reliability , is commonly eml'loyed for laboratory measurement of surface 
tension. 

8.4.1 Determination of surface tension of a liquid, say CCI4, benzene, alcohol 
etc., by drop number method 

Theory 

The metbod is based on the principle thai wben a liquid is allowed to pass through 
a capillary tube, held vertically, at such a slow speed that the drops fall off the tip 
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of the capillary under their own weight and are not pushed away by tbe kinetic 

force of flow or vibrations, the weight of a drop is approximately proportional to 

the surface tension of the liquid. Thus, if two liquids with surface tensions YI and 

Y2 are passed through the sallle capillary tube, then 

(8.19) 

where wI and Wz arc mean weights of their drops fallillg off the capillary end. 

lt is often more convenient to count the number of drops formed from a given 
volume of a liquid than finding the weights of sillgle drops. Let tll and tlz be the 
number of drops produced when equal volu1l1e~ (V ml) of the two liquids are 
allowed to fall through the sallie capillary. Then. 

the mean volume of a drop of one liquid 
V 

and, the mean volume of a drop oUhe second liquid ::::: 
V 
tlz 

If PI and pz respectively be the densities of liquids 1 and 2, then the mean 

weights WI and Wz of their drops are given by 

V 
WI = - PI and WI 

nl 

Then from equation (8.19) 

YI 

Yz 

V 
P2 

n2 

(8.20) 

One of1he liquids is usually water whose surtilce tension and density. at different 

temperatures, are accurately known. The density of the liquid under test 1m,), 

determined by spt~cific gravity bottle. 

The capillary tube, through which the drops of liquid fall, forms tile lower part 
of a pipet--as shown in Fig. 8.1 - imd is then called a Drop or Staiagmo-
meter. 

Requirements 

1. A wide-mouth recdving bottle with a tiglltly fitting I1lbbcr stopper having 
two holes through which pass a stalagllllJll1etcr and a glass tube 

2. A slllall rubber tubing with a sCH'w·pinch··('ock 

3. A clamp stand 

4. A Ihermometer 

5. A thermostal (or a beaker full of water) 

6. Distilled water, and 

7. The liquid whose surface tension is 10 be measured. 
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Fig. 8.1 MCilsurcmenl of Surface Tension 

Procedure 

A Wide-moulh receiving b01i1e 

13 - Tiglllly filling rubber slopper 

C - Stalagmometer 

D Glass tube 

E - Rubber tubing 

F - Screw-pinch -cock 

Ci -Illermostal 

II I ,iquid under test 

1- Clamp 

TI - Thermometer 
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Thoroughly dean the stalagmometer and the receiving bottle, first with alkali and 
then with chromic acid mixture. Finally. rinse several times with distilled wakr. 
To the lop of the stalagmometer, attach the rubber tubing with the screw­
pinch-cock. Immerse the lower end of the stalagmoilleter into distilled waler and 
suck through the rubber tubing until the level ofwatcr rises above mark X. Close 
the screw-pinch-cock, and fit the rubber stopper carrying the stalagmoilleter and a 
glass tube into the mouth of the receiving bottle. Placc the whole assembly in the 
thermostatic bath and hold the stalagmometer vertical with the help of a clamp. 
Allow the stalagmomcter to attain the temperature of the bath. Slightly open the 
screw-pinch-cock and count the number of drops as the liquid meniscus falls from 
the mark X to the mark Y. Repeat the process to record a number of observations, 

Take out the wholc asscmbly from the hath and dismantle the stalagmometer 
from the receiving bottle. Rinse the stalagmometer, the glass tllhe and the bottle 
with alcohol and dry. Now fill the stalagmometer with the liquid under test, mount 
it onto the receiving bottle and replace in the bath. Determine the number of drops 
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for the fixed volume of the liquid between the two marks X and Y, as with water. 
Repeat to take a number of readings. Record tire temperature of the bath. 

For determination of Density 

Properly clean the specific gravity bottle, rinse it with water, dry and weigh. Now 
fill it with distilled water and weigh. Empty the bottle, rinse with alcohol and dry. 
Fill it with the liquid under test and weigh. 

Precautions 

(1) After washing the stalagmometer perfectly free from any trace of grease, it 
should be ensured tbat its tip does not come in contact with bands or the 
working table. 

(2) While closing the screw-pi ncb-cock, care should be taken that the liquid 
meniscus does not fall below the mark X. 

(3) The number of drops per minute should not exceed 10 otherwise they may 
not be properly formed. 

(4) While coullting the drops, all vibrations or disturbances of the 
stalagmometer should be avoided. 

(5) To avoid evaporation from the surface of drops, a small amount of the liquid 
should be taken in the receiving bottle and the drop formation should be 
close to the surface of the liquid. 

(6) As far as possible, the temperature of the bath should remain constant. 

(7) Only those observations should be taken into account for which the drop 
numbers do not vary by more than 0.5. 

Observation and Calcillations 

Temperature of bath 

Surface tension of water at t °C 

Weight of empty specific gravity bottle 

Weight of specific gravity bottle -I water 

Weight of specific gravity bottle + liquid 

Therefore, 
Density of liquid 

= 
Density of water 

Surface tension of the liquid 

PI 

P2 

y]= 

y) . 

= 

= 

= 

w3 - WI 

w2 - WI 

PI n2 
(8.21 ) y" ._--

- P2 ni 

w3 - WI n2 
---x 
w2 - WI nl 
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Liquid 

Water 

Test Liquid 

Exercises 

No. of drops 
from fixed volume 

1 

2 

3 

4 

2 

3 

4 

Mean 

296. Why is the lower end or tip of the stalagmometer flattened? 

297. What is the function of the narrow capillary in the stalagmometer? 

298. Why is the stalagmometer tube graduated above and below the bulb? 

299. What is the effect of tempera lure on the surface tension of a liquid? 

300. What is the glass tube meant for? 

301. What is Interfacial Tension? 
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302. Why is the value of interfacial tension between two immiscible liquids less 
than the value for the liquid with higher surface tension? 

303. What is parachor? 

304. What are surface active agents? 

305. What is surface energy? 

8.S Electroplating 

Electroplating or electrodeposition, usually defined as the production of metallic 
coatings on solid object~ by the action of electric current, is the most important and 
widely used method for producing metal-to-metal coatings. The technique of 
eJectrodeposition has been applied. 

(i) to provide decorative finish to jewelry, cutlery, table ware, light fixtures, 
musical instruments, etc. (Ni, Cr, Ag and Au being the common choices). 

(ii) to provide prokction against corrosion to a variety of industrial articles 
[Bumpers and most other parts of automobiles have an inner flash plate of 
Cu (for good adhesion), an intermediate layer of Ni (for corrosion 
protection), and a thin top film of Cr (primarily for appearance) or a thick 
Cr plating (for corrosion protection)J. 
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(iii) for repair of WOnt-out articles or building up of under-size machine paris 
(Fe, Ni and Cr commonly used). 

(iv) for e1ectrocleansing (p.220), e\ectrostripping (1'.297) and electropolishing 
(p.295). 

(v) for extraction and refining ofm{'tals (Al, Cu, Ph). 

(vi) For electrotyping (manufacture of duplicates from original printing plates 
and blocks -- thin shdls of Cu, Ni or Cr backed by alloy lead) and 
Electroforming(forming metallic objt'cts sHch as sC'ulplures, busts, bells for 
musical instrulllents by electroplating a removable mandrel or matrix - ell 
and Ni usually used). 

(vii) for depositing rubber linings on metal sbeets for usc in cbemical plants. 

Tbe essential requirements of an electroplating syskm are: 

(1) A source of direct current such as a storage battery or a dry cell, tbough an 
electroplating power unit whicb permits control of current and voltage 
should be preferred. 

(2) A solution containing salts of coating metal taken in glass, plastic or 
rubber-lined metallic tank (plating solutions can be prepared in laboratory 
by dissolving requisite amounts of salts in water or by mixing with water 
appropriate bath concentrates marketed by supply houses). 

(3) An allode usually of the plating metal while the object to be plated is made 
the c(lthode. 

011 passing the current, metal ions from the solution migrate to the catbode (the 
object) where tbey get discbarged and deposikd as metal. An equivalent amollnt 
of metal dissolves from the anode and passes into tbe solution as ions, thus keeping 
the composition of the plating bath unchanged. 

Tbe potential E of an electrodl' for processes at reversible equilibrium 

(Mz+ + Ze ~ M, a condition in which no net reaction lakes place) is given by 

tbe Nernst equation: 

RT 
E = Eo + 2.303 2F log II JI.t+ , .•... (8.22) 

where R is the gas constant, T tht~ absolute \(~ll1perature, Z tbe valency of the metal 
ion MZ+ being deposikd, F the Faraday constant and Eo the standard electrode 
potential at unit activity of tbe depositing metal ions (I1M'+ = 1). Under actual 

deposition conditions, almost every electrode reaction becomes irreversible to 
some extent when the electrode is said to be polarised. This polarisation or 
irreversibility causes the potential of the anode to become more noble and tbe 
cathode potential less noble. The resulting increase in the dl~posjtjoll potential is 
known as 'overvoltage'. The electrodt~position of metals from aqueous solutions 
is mainly limited by their decomposition potentials, their hydrogen over-voltages 
and several other polarisation phenomena. Tbe magnitude of over-voltage can be 
reduced by increasing temperature, cOllcentration and agitation of the })Iating bath. 



Miscellaneous 219 

The physical properties of the deposit such as hardness, porosity, grain size, 
uniformity, smoothness, ductility, etc., are a complex function of the current 
density, temperature, the nature of the surface to be plated, the nature of the plating 
metal, the bath composition, tbe presence of impurities and additives, and 
maintenance of uniform bath conditions during the plating process. The exact 
function of eacb of these factors is not fully understood. 

Inlerdiffusion with interlocking grains (formation of an alloy hut not 
inter-metallic compound) of tbe substratc (the object to be plated) and the plating 
metal provides good adhesion. For achieving maximum adhesion between a given 
substrate and plated 111m, it is absolutely necessary that lue surface to be plated 
sbould be perfectly free of all grease, dirt, scale, rust and other foreign mailer. 
Otherwise, a non-adherent, less-durable deposit will result and peeling off or 
blistering of the deposit may occur. 
The Mechanical means of SlIrface Cleaning indude 

(i) Scrapping and wiping of soil and grease with rags. 

(ii) Chipping with chisels and rubbing with smooth wire-brushes. 

(iii) Abrasive cleaning with sand papers, abrasive doth and grinding wheels, 
and 

(iv) Sand blasting. 

The Chemical cleaning involves use of 

(i) Emulsion cleaners - The surfilce to be plated (the 'work') is immersed 
kerosene suspended in a soap solution (hot or cold) and agitated. Mincral oils are 
removed by this process. 

(ii) Alkaline cleaners such as solutions of NaOH, Na2C03, Na3 P04, NaZSiOj • 

etc. (or some proprietary mixtures) which function through saponification of grease 
and oil (vegetable and animal). Cleaning is done by simple immersion or making 
the work cathode in an electrolytic bath (Electro-cleansing) when liberatioll of a 
gas provides scrubbing action. 

(iii) Organic solvents such as trichloroethylene, benzene, etc., which remove boil! 
types of oils (mineral and vegetable). The work is dipped in boiling solvt'llt, thell 
in cold solvent and finally withdrawn through vapour. 

Pickling involves treating the work usually with an acid (or mixture of acids 
in presence of some in.llibitor) which rapidly dissolves the surface films (oxides 
and scale) but attacks Ihe base metal very slowly or 1101 at all. The type and strength 
of the acid dt~pends on the metal to be pickled and th,~ amount of scale. The work 
is then rinsed in running water. 

On a small scale (such as in laboratory or in a shop), the objects are shifted 
manually from one bath to another for cleaning, rinsing, pickling, etc. This is not 
possible in industry since a very large number of objects are to be bandied 
simultaneously. Tht~ various baths are arranged in the desired order and the whole. 
process of dipping the objects into a particular bath, raising from the bath and then 
shifting to the next one is automatt~d. 



220 Applied Chemistry 

8.5.1 Electroplating of copper on a Copper plate 

Apparatlls : A glass or plastic plating tank with a wooden or plastic lid, electrode 
suspension bar sets (bus bars), a stirrer, a rheostat (a variable resistance), an 
ammeter, a voltmeter, a one-way key, four copper plates (almost of the same 
dimensions) connecting wires, pieces of sand paper, cleaning and pickling baths. 

Plating Bath Composition 

Copper sulphate (CuS04·5HzO) 

Sulphuric acid 

Conditions 

Temperature 

Theory 

Cathode current density 

Voltage 

200-250 gil 

50-75 gil 

20-500 C 

0.02-0.1 A/cmZ 

1-1.5 V at start, 

2-2.5 V maximum 

When electric current is passed through a solution ofCu2
+ ions in dilute acid, using 

copper electrodes, the following reactions occur: 

(i) Cupric ions migrate to the cathode where they are discharged and deposited 
as elemental copper 

1+ ~ Cu- + 2e ,___ Cu (metal) (8.23) 

(ii) An equivalent amount of copper from the anode dissolves and passes into 
solutioll as Cu2+ iOlls 

Cu ~,==="" Cu
2

+ + 2e (8.24) 

thus maintaining electrical neutrality and keeping the bath composition unchanged. 
The added sulphuric acid provides good bath conductivity and prevents the 
formation of basic copper compounds. 

Preparation of tlte Plating Bath 

Sweep and wipe the empty plating tank to remove dust and other solid particles. If 
any oil or grease is seen, fl'1ll0Ve it with a rag drenched in keroselle, benzene or 
Na2C03 solution. After rinsing with water, wash with acid pickle (HYYr) H2S04), 

Again rinse several limes wilh fresh water amI finally wilh distilled waleI'. 

Fill the tank about two-thirds wilh distilled water, add Ihe requisite amollnt of 
copper sulphate and dissolve by stirring with a glass rod. Carefully add the requisite 
amount of concentrated sulphuric acid slowly and with constant stirring. 

Preparation of file Electrodes 

Clean all the copper plates hy dipping them in hoI 2% NaOH sOiuti()(l followed by 
rinsing ill hot water. Wash ill running tap water and then agitate eacb plate [or 20-30 
seconds in acid pickle (1 (JIYr, H2 S04, 2-YYr HN03 and 1 % HC), all by volume). 
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Wash them well ill running tap water and dry. Clean one of the plates with a 
piece of fine sand paper, wash it with running tap water and then with distilled 
water and dry. Use it as the experimental plate (the ohject to he electroplated). The 
other pIatt's may he used as anodes or a cathode for testing the connections. 

Setting lip tlie Circuit 

Draw a line diagram showing the scheme of cOllnections (Fig. 8.2). Clean the ends 
of the connecting wires with sand paper. Remove the plug from the key K and 
connect the power supply (battery), the key, the rheostat, the electrolytic bath 
(alongwith suspension bars and 3 copper plates) and the ammeter in series. 

E--~<:"":' 

Fi~. 8.2 Electroplating 

A - i"tmmeter 

C - Cathode bus-bar 

E - Electrolytic bath 

G - Copper Plates 

K - One wav key 

S - Stirrer 

{h'7,*",--- H 

8- 8altery 

D Anode bus hars 

F - Glass or Plaslic tank 

II - Lid 

R - Rheostat 

V - Voltmeter 
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Also connect the voltmeter in parallel. Provide the electrolytic bath with a stirrer 
for agitation of the plating solution. 

Testing the Connections 

Find the area of both the sides of the cathode plate dipping into the electrolyte and 
calculate tbe strength of tbe curren! to be passed. Put the plug ill the key and adjust 
the value of the current approximately equal to the calculated val Ut. See that the 
current remains constant for about 5 minutes. Remove the plug, take out the central 
plate (cothode) and inspect its surface. The connections are correct if a red copper 
deposit is seen. 

Electroplating on the Object 

Replace the central plate with the experimental plale (or the object to be 
electroplated) and put the plug into the key. Note the reading of the ammeter al 
5-minute intervals and see that it remains constant. I f necessary, adjust the curren! 
by manipulating the rheostat. After 30 minutes, remove the plug from the key. Lift 
the cathode plate carefully out of the bath and rinse it immediately in dilute 
sulpburic acid. Then wash it thoroughly in running tap water, rinse ill distilled water 
and dry. 

Observations and Calculations 

Area of both sides of the ca thode 
dipping in the electrolyte x cm2 

Current required for a good deposit :: 0.02 x-OJ x A 

Precalltions 

(1) The experimental plate (or the object to be electroplated) must be cleaned 
tboroughly. Afterwards, it should not be handled with bare hands but with 
a piece of dean paper or dean rubber glove~. 

(2) All connections must be clean, tight and free of corrosion. 

(3) The experimental plate must be connected to the negative pole of the 
battery. 

(4) Th~' plates (electrodes) should not touch each other. 

(5) As far as possible, the curren! should remain const;llIt. 

(6) The central plate. must be. remove.d very carefully without rubbing it against 
tbe slit of the lid. 

(7) The plate must be ri1lsed in dilute H2S04 as S001l as it is removed from the 
electrolyte, otherwise the deposit will turn black. 

Exercises 

306. What will be the effect of using an impure copper auode for copper 
electroplating? 

307. What will he the effect of using an anode of a material other than the plating 
metal? 
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308. What is the most inexpensive and easy test of cleanliness ofa metal surface? 

309. What is the advantage of agitating the solution during cleaning or pickling? 

310. What is the most important requirement for obtaining a good finish in 
eke tropIa ling? 

311. What is Electropolishing? 

312. What is meant by Periodic Reverse Plating? What is its effect? 

313. What are brighteners? Name the most common brightener added to acid 
copper bath. 

314. Giving suitable examples, explain the terms 'quicking' and 'striking'. 

315. Outlin(~ the conditions for eleclrodeposition of alloys. How is brass 
electrodeposi ted? 

316. What is meant by Throwing Power of an electroplating bath? 

317. How is copper stripped from the surface of steel? 

318. What is Electrosalvagil1g? 

319. With the belp of suitable examples, explain Electroless Plating. 

320. What is the main difference between dectroplaing and electroless plating? 

321. Why and how are plastics electroplated? 

322. Mention the chief characteristic and one formulation of the plating bath for 
electroplating Cu, Ag, Rh, Cd, Ni and Cr. 

323. Describe in brief other methods of applying metallic coatings. 

324. List some of tbe advantages of electroplating over other metbods of 
applying metallic coatings. 

8.5.2 Determination of electrochemical equivalent of copper 

Apparatus A timer ill addition to the apparatus used ill 
Experiment 8.5.1 

Bath composition 
and conditions: Same as in Experiment 8.5.1 

Theory 

When electric current is passed through a solution ofci+ ions in dilutc sulphuric 
acid, Cu2+ ions migratc to the cathode and are deposited as metallic copper: 

)+ 
Cu~ + 210 ---- Cu (metal) 

The amount of copper deposited call be calculated by using Faraday's first law of 
electrolysis which states that the amount of a substance deposited or liberated at 
an electrode is directly proportional to the quantity of electricity passed through 
the solution. 

Mathematically, W n Q 

or W == ZQ (8.25) 

where, W::: weighl ill grams of the substance deposited, 
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Q = quantity of e1ectridty in coulombs passed through the solution, and 

Z = electrochemical equivalent of the substance. 

When Q = 1 coulomb, 

W=Z 

Thus, the electrochemical t'quivalent of a substance is equal to the grams of the 
substance deposited hy passage of 1 coulomh of electricity. Since the quantity of 
electricity Q is equal to the product of the current strength I in amperes and the 
time t in seconds for which the current is passed, equation (8.25) hecomes 

w= 2ft (8.26) 

The electrochemical equivalent of copper can the.rd'ore be determined by 
measuring the weight of copper deposited by passage of a known currt~nt I through 

the solution ofCu2+ ions for a known duratioll oftime t and substituting the values 
in equation (8.26). 

Procedure 

Proceed as in Experiment 8.5.1. After thoroughly cleaning and drying the 
experimental plate, weigh it accurately. After testing the connections, replace the 
central (cathode) plate with the experimental plate. Put the plug into the key and 
simultaneously start the timer. Take several readings of the current strength during 
the course of the experiment. After exactly 30 miuu\("s, take out the plug. Lift the 
experimental plate carefully out of Ihe batb and rinse. it immediately in dilute 
sulphuric acid. Then wash in rUIIning tap water, rinse ill distilled water, dry and 
weigh accurately. 

Observations and CalclI/lllions 

Area of both sides of the cathode 
dipped in electrolyte 

Current required for good deposit 

Initial weight of the experimental plate 

Final weight of the experimental plate 

Weight of copper deposited, W 

Strength of CUHl'IlI 

Mean value, / 

Time for which current is passed 

= x cm 2 

= 0.02x 0.1 xA 

::: Wig 

= w2g 

(W2 - Wi) g 

= (i), (ii), (iii), (iv), (v) 

= 
0) + (ij) + (iii) + (iv) + (v) A 

5 

t seconds 

Electrochemical equivalent of copper, 2 = Wz - wJ 

J x 
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Precautions 

(1) Same as in Experiment 8.5. t. 

(2) The electrolyte should be fresh and free from impurities 

(3) The weighings must be accurate. 

(4) Take at kast 5 ammeter readings and usc the mean value for calculating the 
result. 

Exercises 

325. 

326. 

327. 

328. 

329. 

What is meant by plating efficiency? 

How long will it take a current of 1 ampere passing through a copper plating 
bath to deposit 1.5875 g of copper'? 

[1 Faraday:::: 96,500 coulombs, Eq. wt. of copper:::: 31.75 gJ. 
') 

A current of 0.1 A/cm- of the cathode surface is passed for 1 hour througb 
a cyanide copper bath. Find the thickness of copper deposited on the 
(·athode. [1 Faraday:::: 96,500 coulombs, Eq. wI. of copper 63.5, density of 
copper, d:::: 8.9 g/cm3

, Plating efficiency of the bath:::: 90%]. 

State Faraday's second law of electrolysis. Currcnt from thc same battery 
is passed through solutions of silvcr nitratc and copper sulphate connccted 
in scries. If 2.697 g of silver is dcposited, find the weight of copper deposit. 
[Eq. wI. of silver 107.88, Eq. wI. of copper:::: 31.70]. 

Describe the use of silver coulometer for measuring the quantity of 
electricity passing through a circuit. 
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ANSWERS TO EXERCISES 

1. A primary standard is a substance that is available in pure state, or whose 
purity with respect to the active component is known, and remains stahle 
during storage, drying and weighing so that its standard solution ( a solution 
of definite normality) can be prepared by diluting its accurately weighed 
amount to a definite volume. 

Examples 

(i) For acid-base reactions: 
(a) Na2CO) (Mol. wt. 106, Eg. wt. 106 for half neutralisation and 53 for 

complete neutralisation) 

(b) Sodium tetraborate, Na2B407·lOH20 (Mol. wt. 381.42, Eg. wt. 
190.71) 

(c) Potassium hydrogen phthalate, KH CSH404 (Mol. wt. and Eg. wt. 
204.22). 

(ii) For precipitation reactions: 
(a) AgN03 (Mol. wI. and Eg. wI. 169.89) 

(b) KCI (Mol. wt. and Eg. wt. 74.557) 

(c) KSCN (Mol. wI. and Eq. wI 97.185) 

(iii) For redox reactions: 
(a) K~Cr207 (Mol. wL 294.22, Eg. wI. 49.035) 

(b) SodiuIll oxalate, Na2C204 

(Mol. wI. 134. 0], Eq. wI. 67) 

(iv) For complexometric titrations: 
(a) Disodium salt of EDT A (Mol. wI. 372.25, Eq. wI. 186.125) 

(b) CaCO) (Mol. wt. 100, Eq. wt. 50) 

2. A solution of slightly higher cOllcentration than desired (say N/8 or N!9) is 
first prepared. It is then standardised by titrating against a standard solution 
of a suitable primary standard. The solution of definite normality is then 
prepared by appropriate dilutioll. 

of sodium oxalate solution 3.35 gil 
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Eq. wI. of sodium oxalate 

Normality of sodium oxalate solution, Nt 

Volume of sodium oxala Ie solution taken, VI 

Volume of unknown KMn04 solution used, V1 

N1V1 
(Sod. oxalate) 

1 )0 
20 x -

== 67 
3.35 
67 
1 

20 

:::: 20ml 

:::: 19 ml 

= NZV2 

(KMnO..j) 

= Nz. x 19 

Therefore, N2, the nonnal ity of the given solution 
19 

1 
20 

Normality of desired solution, N3 

Volume of the solution desired, V3 

Let the volume of the givell 
KMn04 solution to be diluted 

Then NZVl 

1 
19 x V2 

1 
20 x 500 x 19 oc 

500 III I 

= V2 ml 

= N3 V3 

1 
20 x 500 

= 475 ml 
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Thus, 475 ml of the given solution should be diluted to 500 1111 to get N/20 

KMn04' 

4. Solutions prepared in boiled-out distilled water are more stahle, i.e., they 
can be stored for much longer durations without any appreciable change in 
strength because boiling of water 
(i) Removes dissolved oxygen whicb when present \\lay slowly react with 

many reducing agents. 
(ii) Removes dissolved carbon dioxide which interferes in acid-alkali 

reactions and Illay slowly decompose many reagents. 
(iii) Destroy bacteria that may slowly deteriorate many solutions due to 

biochemical activity. 
5. 20 g ofNaOH pellets are dissolved in 20 tnl of boiled-out distilled water by 

stirring with a glass rod. The solution is transferred to a pyrex glass tube, 
closed with a stopper covered with tin foil and allowed to stand undisturbed. 
Sodium carbonate, being insoluble in concentrated solution of sodium 
hydroxide, settles down. To prepare approximately N/l0 NaOH, about 8 Ill! 
of the supernatant liquid is taken out with a graduated pipet and diluted to 
1 litre with boiled-out distilled water. I Exact normality is detennined by 
standardisation with potassium hydrogen phthalate]. 
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6. Because the permanganate solution is decomposed by the organic matter 
present in hoth the filler paper and the rubber tubing. 

7. (a) The concentration equilibrium constant 

[L]1 x [M r x 
Kc = 

" [Atx[Btx 

and the partial pressures equilibrium constant 

[pL]1 x [pMr x 
K p = ~--=----'-----,----

[pA t x [pB]l> x 

(b) Kp = Kc X (RT)/l.lI 

where, I1n = No. of moles of gaseous products No. of moles of 
gaseous reactants 

R Gas constant 

T = Absolute temperature 

8. (a) The rates of forward and backward reactions arc equal. 

(b) The free energy of the reactions is equal to the free energy of the 
products, i.e., the free energy change of the process is zero. 

9. Equilihrium is characterized by constllncy of some properties but it is not 
the only requirement. When some of the properties of a system are constant 
but equilibrium dot;s not exist, the system is said to be in a steady state. In 
the experimental determination of calorific value of a gaseous fuel by Boy's 
Gas Calorimeter, the following conditions characterise the steady state: 
(a) Air/fuel mixture under constant pressure burns at a constant rate. 
(b) The rate of flow of water through the copper tubing becomes constanl. 
(c) The inlet and outlet temperature becomes constant. Though the 

temperature is not uniform throughout, it does not change with time. 
However, it is an open system; tbe fuel and air are continuously entering, 

chemical change (combustion) is taking place and the products of combustion 
(C02, H20 and Nz) are continuously leaving tht; system. Equilibrium can exist 
only in a closed system (a constant amount of matter) at a uniform temperature. 

Another example of steady state is boiling of water ill an open pan at constant 
temperature. The vapour pressure of water remains constant (equal to the 
atmospheric pressure) but the amount of water in the pan is continuously 
decreasing. 

to. (a) A positive value of I1H indicates that the dissociation of NZ0 4 (a 
colourless gas) to give N02 (a gas with a reddish-brown colour) is an 
endothermic reaction, i.e., it proceeds with absorption of heat. 
Heating the above system will tend to raise its temperature. In accord 
with Le Chatelier's principle, the equilibrium should shift in the 
forward direction so that a portion of heat that caused the temperature 
rise is absorbed. The forward shift will lead to formation of more N02 
and therefore all increase in the intensity of the reddish-brown colour 
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is expected. Similarly, on cooling a reversal of the above process is 
expected, i.e., the intensity of the reddish-brown colour shonld 
decrease, 

(b) That the predictions art correct can be shown by taking two i(kntical 

glass bulbs (1 OO-ml round-bottom flasks may bt used), tilling them 

to equal pressure ofN02 and dosing with tightly fitting stoppers. On 

immersing one of the bulbs (A) ill ice-water and th,' other (B) in 
boiling water, it is seen that the colour in bulb A starts fading while 

in B it starts intensifying. If the Iwo bulbs are now taken out and 
immersed in the same water bath at room temperature, it is seell that 
the intensity of eolour in A increases and tbat in B decreases until the 

two bulbs have identical colour:,. 

It must, however, be ensured thai initial preSSlIft's (and therefore the 
concentrations) of N02 in the two bulbs are exactly equal, and 

sufficient lime should be allowed for the equilibrium to be reached. 

] 1. They help in predicting the effect of cbanging the conct'ntratillIl of one or 
more of tile reactants or the produCb, temperature and pres~ure 011 the state 

of equilihrium of a givell s ysll'm. With this knowledge, optimulll condItions 
for getting maximum yield of a produci can he cho~ell and thus the process 
can be made most economical. 

The equilibrium 

represents the well-known industrial process (Haber proce:,s) for the 

manufacture of ammonia. 

(a) Effect a/pressure: Increase in pressure over a system decreases the 

volume. The total number of 1l1ole~ per unit volume therefore 

increases. This change can be cOllnteracted in pari if ~omc N2 
combines with H2 to form NH3 (as production of ammonia represcnts 

a decrcase in moles fmm 4 to 2). Therefore, in accordance with Le 
Chatel in's principle, increase in pressure will increase the yield of 
ammonia (Increase in pressure shifts the equilibrium in a direction in 
which the total number of mole~ of ga~eous substances decreases). 
As it i~ expensive to build high pressure equipment, a compromise 

pressure of 350 a tmosphere is chosen. 

(b) Eflect or temperature' Innea:-,c in tl'lllperaturc or a system at 
equilibrium make" the reaclion proceed in a directioll in which heal 

is ah~orhcd [Er.. ]O(a)!. In accord witb Le Chatclier's principle, 
therefore, rise in temperature will favour dissociation of ammonia 

and will thus lead to decrease in yield. Allow temperature, however, 
the rate of reaction dl'cr('asl'~, So, a compromise It'mpcratllfe of 
500'C is cllOSt'l! alld a cataly:..1 (Fe) is llsed to further raise the rate of 

reaction. 
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12. (i) Formation of insoluble substances; made of knowledge 
of solubility product principle, solubility product constant and the 
common ion effect. 

Examples 

(a) Removal of metal ions from industrial wastes: 

Cu2+ + Ca(OH}z _---> ci+ + Cu(OH}z ~ 

(Ksp == 8 x 10-6
) (Ksp == 2 x 10-19

) 

ZnZ+ + Ca(OH}z <1-----. ci+ + Zn(OH}z ~ 

(K,p == 3 x 10-17 ) 

(b) Water softening by lime soda process 

MgZ+ + Ca(OH}z <1-----. Ca2
+ + Mg(OH}z ~ 

(K,p == 9 x 1O-1Z
) 

• 2Na+ + CaC03 t 

(Ksp == 5 x 10-9
) 

(c) Phosphate conditioning of boiler-feed water: 

(Ksp = 2 x 10-5
) (Ksp = 1 x 10-27

) 

Oi) Addition of a reagent tliat will combine witlt one of the ions to form 
a weakly ionized compound 

Examples 

(a) Neutralisation of acid and alkali: 

NaOH + HC] <I--

(b) Dissolution of precipitate of metal hydroxides 

Fe(OHh + 3H+ <1-----. Fe3+ + 3HzO 

(iii) Formation of complexes 

(a) Dissolution of precipitates: 

AgCI(s) + 2NH40H 

Cu(OH)z (s) + 4NH40H <I--

Z+ 
~ [ Cu(NH3)4] + 20H- + 4HzO 
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2+ 
Zn(OHh (s) + 4NH40H -;. ==:=-. [ Zn(NH3)4] + 20W + 4H20 

(b) Removal of cyanide from industrial wastes: 

4-
FeS04 + 6CN- «---- ~ [Fe(CN)6] + SO~-

231 

(iv) Formation ofa gaseouspNxluct: The gas formed leaves the sphere 
of react.ioll and the reaction is forccd to completion, c.g., dissolution 
of mctallic sulphides such as FeS ill HCI 

FeS + 2H+ +-----' Fc2+ + H2St 

(v) Oxidation and reduction: Olle or more of the iOlls involved are 
destroyed, e.g., oxidation of cyanide in industrial wastes by 
chlorination in alkaline medium: 

13 A . h d 'd d "b h C 2+ d Z 2+ I . mmOnlU1l1 y roxi e oes prcClpltate ot u all n as tIe 
corresponding hydroxides: 

_---. Cu(OHh(s) + 2NH! 

but excess NH40H reacts with the precipitates dissolving them by forming 
complexes [Ex. 12 (iii) aJ. 

14. Reactions in which the products do not combine to reproduce the reactants 
are tenned as irreversible reactions, 

Examples 

(i) The decomposition of KCI03 into potassium chloride and oxygen 
even in a closed vessel: 

2KCI03(s) -- 2KCI(s) + 302(g) 

KCI and 02 do not rcact to form KCI03. 

(ii) The decomposition of ammonium nitrite: 

NH4N02(s) ~ N2(g) + 2H2°(g) 

N2 and H20(g) do not react to fonn NH4N02. 

15. The volume ofHI03 added to flask B is 10 mlmore than that added to flask 
A and C. Therefore, addition of 10 ml less distilled water to flask B gives 
same volume of the total solution and bence tbe same bisulpbite ion 
concentration in all the three flasks, 
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16. Addition or more water will decrease the concentration ofbotb the reactant'> 
(HI03 and NaHS03). This is expected to reduce the rate of reaction and 
appearance of bl ue colour should be dela yed. 

17. Many reactions are known to occur in two or more elementary steps. In such 
cases, the product(s) of one step hecome(s) the reactant(s) for the next step. 
Such reactions are known as consecutive reactions or complex reactions. 

The rates of the various steps generally ditTer from one another. It 
is apparent that the rate of the overall reaction call1lot be faster than the step 
which takes place at slowest rate. The slowest step, in the sequence of 
various steps, is called the 'rate-determining' step because its rate will be 
approximately equal to the rate of the overall reaction. This approximation 
is called the Principle of bottle-neck. 

In the reaction between HI03 and NaHS03, the rate-determining 
step is 2.17 : 

3HS0:3 + HI03 -- 3HS04 + HI 

18. A clock reaction consists of a series of consecutively occun'ing reactions. 
The reaction goes on for a period of lime without giving any evidence of its 
occurrence until a sudden colour change or formation of a precipitate 
indicates' that the reaction has gone to completion. The reaction between 
H10:l and NaHS03 is a clock reaction whose completion is indicated, ill 
presence of starch solution, by the sudden appearance of the blue-black 
colour. 

19. The saw dust which is produced ill considerable amount in a saw mill 
remains suspended in air in a findy divided state. Because of the very large 
surface area al which oxygen is in contact with combustible particles, the 
combustion, if initiated, will take place at II very fast rate and may cause an 
explosion. 

20. (i) A li!ittl pink colour very slowly (over a period of 5-10 minutes) 
appears Oil the surface of the particks due to the formation of Hg12: 

HgCl2 + 2KI ------>- HgI2 + 2KCl 

(red) 

But as the surfilce area of contad between the reactants is very small, 
only a slight reaction takes place. 

(ii) Oil grinding, the particle siLe of !he reaclants is reduced. Fresh 
surface, therefore, gets exposed and mOTe reaction takes place. The 
intensity of the colour will thus go on increasing as grinding is 
continued and finally the whole material will become red. 

(iii) 011 addition of water, KCI will dissolve but not HgI2 which will 
appear as ,I red pftTipitate. 

(iv) On addition of lllOTe KI, the red precipitate will slowly disappear 
') 

hecause of formatioll of Hglr complex: 
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21. (i) 

2KI + HgI2 --.. 2K+ + HgI~- (Coiourle.'>s) 

Atmospheric oxidation of r - to 12: 

_ + ltv 
4J + 0z + 4H ----.... I2 + 2HzO 

(ii) ChlorinatioJl of methane: 

CH4 + Cl2 ~ CH3CI + HCI 
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(iii) Decomposition of N02 inio nitric oxide and atomic oxygen in the 
photochemical smog formation: 

N02 -~ NO + (0) 

22. According to Law of Mass Action, the rate of a reaction at any given instant 
depends on the concentration orlbe reactants at that instant. As the reaction 
progresses, mme and more of the reactants arc converted into products. 
Thus the concentration of the reactants falls with time and so docs the rate 
of reaction. 

23. The speed of a reaction is important as it determines whether the reaction 
will be of allY practical nse to us. 

24. For determining the concentration or a reactant at a particular instant during 
the course of a reaction, it is necessary to completely stop the reaction or 
reduce its velocity to a very low value so that the concentration of t~le 
reactant does not change during the cour"e of the titratioH. Addition of 
ice-cold water reduces the temperature which causes a marked decrease ill 
the rate of the reaction. The process is knowll as Freezing (or arresting) the 
reaction. 

25. (1) Decomposition ofH20,2 in aqueous solution: 

I 
H20 2 --- H20'f- 2 02 

(2) Decomposition of ammonium nitrite in aqueous solution: 

NH4N02 -~ 2H20 + N2 

(3) Inversion of cane sugar in presence of dilute acid: 

(Glucose ) (f'ruc!osc) 

(4) The rate of death of ll1icro-organism~; by a disinfectant is approxi­
mately proportional to the concentration of live microorganisms 
remaining. 

(5) The rate of decomposition of organic matter in the B.O.D. te~l is 
approximately proportional to the organic matter remaining. 

(6) Decay of radioactivt material. 
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26. Molecularity of a reaction is defined as the number of molecules involved 
in the step leading to the chemical reaction. For simple reactions, it is equal 
to the order of the reaction except when one of the reactants is present ill 
large excess. For example, in the hydrolysis of methylacetate with dilute 
add, 

CH3COOCH3 + H20 ~CH3COOH + CH30H 

(large excess) 

One mole{'ulc of methyl acetate react') with one molecule of water and so 
the moleclIlarity of the reaction is 2. However, as discussed on page 22 
(Expt~riment 2.3.2) and verified experimmtally, it is a first order reaction. 
Such a reaction is known as a Pseudo-unimolecular reaction. 

For a complex reaction occurring in several steps (elementary 
reactions), each step has its own Illolecularity depending upon the number 
of molecules of the reactant or reactants taking part in that step. 
Mokcularity has no significance for tbe overall reaction. 

The order of a complex (multi-step) reaction is given by the order of 
the rate-detennining st(~P, i.e., the slowest step in the sequence of various 
steps illVO\wd in that reaction. The order bas to be measured experi­
mentally. Neither the order 1I0r tbe moleclllarity of a reaction can be 
predicted from the stoichiometric equation of the overall reaction, 

27. This is done to arrest tbe reaction at the instant wb(~n the concentration of 
residual alkali is to he determined. On adding the reaction mixture to 
ice-cold HCI (a known excess), tbe residual alkali is instantaneously 
neutralised and the saponification reaction altogether stops. The excess acid 
does catalyse the hydrolysis of ethyl acetate witb water to produce acetic 
acid, but this reaction is extremely slow at low temperature (ice-cold) and 
does not cause any appreciable error. 

28. (a) A rt~actioll between two reactants becomes a first order reaction when 
one of the reactants is present in large l~xcess. The cOllcentration of 
this reactant remains practically unchangeed and so docs not affect 
the rate of the reaction. 

(b) The rate constant for a second order reaction bttwl'en two rca('tants 
A and B to give products is given by equation (2.37): 

k = 2.303 I b (II - x) 
l (a _ 1» og a (I> - x) 

where a and b are the initial concentrations of A and B, respectively. 
If A is taken in large excess, a will be much larger than both band 
x, Then in the above equation, (0 b) and (11 -x) can be replaced by 
a, and we get 

k 2.303 I b'l/ -- og -----
I'a a·(b-\) 



Answers to E"Kercises 235 

or 2.303 log b ak = k' 
-t- b-x= 

which is the equation for a first order reaction in respect of B, i.e., in 
respect of reactant taken in smaller quantity. 

29. (1) Saponification of esters: 

CH3COOC2Hs + NaOH --- CH3COONa + C2HsOH 
(Blhy) acetate) 

(2) Decomposition of ozone to oxygen: 

203 ~302 
(3) Conversion of ammonium cyanate into urea in solution: 

NH4CNO ~ H2N· CO· NH2 

30. The rate constant for a third order reaction is given by 

k = _1_. x (20 - x) 
) 2 

2a-t (a - x) 

where a is the initial concentration of e.ach of the reactants and x is the 
decrease in the concentration of each of the reactants in time t. 

31. For a third or higher order reaction, thrt~e or more reacting particles 
(molecules or ions) must interact (collide) simultaneously. The probability 
for such a situation to occur is very low. Therefore, third or higher order 
reactions are extremely rare. 

32. Third Order Reactions 

(1) Oxidation of nitric oxide to N02: 

2NO(g) + 02(g) --- 2N02(g) 

(2) Rt~duction of FeCI3 by SnClz: 
2FeCI3 + SnClz --- 2FeCI2 + SnCI4 

Fourth Order Reaction: 

Thermal decomposition of potassium chlorate, represented by the equation 

4KCI03 ~ 3KCI04 + KCI 

is a fourth order reaction. 

33. Reactions whose rates do not depend on the concentration of the reactant" 
but remain constant throughout are said to he zero order reactions. 

Examples 

(i) Photochemical reaction between equimolar mixture of H2(g) and 
CI2(g) confined in a tube dipping in water: 
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(ii) III the biological waste treatment, the speed of waste utilization per 
unit mass of enzyme or bacteria (V /E) is fOllnd 10 be independent of 
wasle or substrate concentration (5) over fairly large ranges of 
cOllcentration. 

34. It is the time in which the cOllcentration of the reactant/reactants is reduced 
to one half of its/their initial value. 

35. The half-life period of a first order reaction IS given by 

tllZ= 2.303 log _0 _ _ 2.303 Jog (/ 
-k- a-x k· a 

a - 2 

= 2.303 I 2 = 0.693 
-k- og k 

which docs not contain any cOllcentration term. Hence the half-life period 
of a tlrst order reaction is independent of the initial cOllcentration of the 
reactant. In general, the half-life period or time required for completion of 
any definite fraction of a reaction with equal initial concentration of all the 
reactants is given by 

1 
t1l2 rx a(1t - 1) 

where n is the order of reaction. 

36. A study of chemical kinetics helps in 

(i) Regulating or making a reaction proceed at the desired rate. 

(ii) Comparing tbe relative strengths of acids (Experiment 2.3.3), 

(iii) Understanding the mechanism (description of various elementary 
steps) of various reactions. 

37. The cOllvers.ioll of ammonium cyanate into urea has been 

NH4CNO ~ H2N· CO· NH2 

found to be a second order reaction. Evidently, the balanced chemical 
equation, which shows only one reacting molecule, doe's not trudy 
represent the conversion. 

The reaction bas been suggested to proceed via the following steps: 

(i) NH4CNO ~ NH4 . NCO 
(Ammoniulll isocyanate) 

(ii) NH4 ·NCO ~H-N = C :: 0 + NH3 

(J'J'J') H NCO N·H slow L N '0 H - = == + 3 ---.. tIZ - C - N Z 
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The last step, being the SIOWl>st, determines the rate of reaction. Since it 
involves two molecules, the order of the reaction is 2. 

38. Methyl orange indicator has structure I in neutral medium. In alkaline 
medium, it exists as II which is orange and in acidic mediulll, it exists as III 
(red). 

~ow 

II (Orange or yellow) 

03S-@-~ -N =C;= 
H 

III (red) 

39. Methyl red is yellow in alkali but red in add: 

(yellow in alkali) 
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40. Phenolphthalein has structure I in neutral or acid medium and is colourless. 
In presence of dilute alkali solution, I is converted to II which loses water 
to give III (resonating ion having red colour). A large excess of a strong 
alkali converts IiI into IV which is again colourless. 

I (Colour less) II 

III (re d ) 

~ Excess aH-

a- 0-

'Q~ 
C 

~ "OH 0--coo-

IV (Colourless) 
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41. Na2C03 is available in market ill Analytical Grade form and is quite stable. 
NaOH samples can absorb C02 from atmosphere and so often contain small 
amounts of Na2C03 as impurity. 

42. The solution should be heated to boiling to speed up the hydrolysis of metal 
salts so that the titration can be completed more rapidly. 

43. Mineral Acidity arises from 

(i) Hydrolysis of certain salts present in water (reactions 3.4 & 3.5) 

(ii) Contamination with drainage from industrial area. 

(iii) Waters receiving drainage from sulphide ore mines contain 
considerable amounts of H2S04 resulting from wet oxidation of the 
ore: 

2FeS2 (s) + 702 + 2HzO b~2FeS04 + 4H+ + 2S0~­
(iron pyrites) 

(iv) Acid rains in the areas where atmosphere is highly polluted (contains 
a high percentage of S02)' 

44. Both acidity and alkalinity are expressed in terms of CaC03 Whose 
equivalent weight is 50. 1 ml of N/50 solution, therefore, corresponds to 
1 mg acidity or alkalinity and tbe calculations become simple. 

45. If the sample is alkaline to phenolphaleill, it should be neutralised with 
approximately 0.05 N H2S04, If the sample is acid to methyl orange, a slight 
excess of pure CaC03 should be added. 

46. The pH of the solution should not excc,ed 7.2 otherwise Ag+ will not be 
precipitated because of complex formation: 

AgCI + 2NH;t + 20W -----.. [Ag(NH3h r + CI- + 2H20 

47. The excess of the titrant that must be added before the eye call detect tbe 
colour change due to the reaction between the titrant and the indicator is 
called the indicator blank. This must be determined and substracted from 
all titrations. To an aliquot of distilled water, equal to tIle volum.e of sol uti Oil 

at the end-point, is added the same amount of K2Cr04 indicator as is used 
in the actual determination, and the volume of AgN03 required to produce 
a visible amount of Ag2Cr04 is determined. 

To avoid the indicator blank in the chloride ion detennination, 
prepare the indicator solution as follows: 

Dissolve 5 g of KZCr04 in a little distilled water. Add AgN03 
solution until a definite red precipitate is formed. Allow to stand for 12 
hours, filter and dilute to 100 ml. 
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48. The solubility product of Ag2Cr04 increases with rising temperature and 
more AgN03 will have to be added to gel the end-point. To avoid this, the 
titration should be pcrfonncd at room temperature. 

49. (i) To remove tbe colour and to clarify I.he sample, it is sbaken 
thorough I y with a few drops of alumina cream [ Al(OHh suspended 

in water, prepared by adding NH40H to Al2(S04h and washed free 
of chloride, sulphate and ammonium ions] followed by decantation 
or filtration. 

(ii) Interference due to H2S may be removed by adding a crystal of 
ZnS04' In case it is not successful, the sample is acidified witb 
H2S04, boiled for a few minutes and neutralised with NaHC03 
followed by dilution with distilled water to original volume. 

50. Most accurate results arc obtained by calculation from complete mineral 
analysis of the bard water sample (Equation J.28) but it is a very tcdious 
job and such type of analysis is rarely dOlle. Of ,III olher methods, EDTA 
method gives the hest results, is less cumhersome lind less time consuming. 

51. Although Ca2+ (like Mg2+) reacts with Eriochrome black-T indicator to 
form a wine red complex: 

Ca2+ + H11l2- ---->- Caln- + H+ , 
Wille red 

tbe colour changc [rom wine red to pure blue is not sharp with calcium 
')+ 

indicator complex as with magnesium indicator complex. Therefore, Mg-
ions have to he added if not pH'sent in tbe hard water. 

52. (i) A small amount of the compIexometrically neutral magnesium salt 
of ETDA (Na2MgY) is added to the hufkr solution. 

(ii) A small amount ofMgCI:z may be added to the EDTA solution before 
it is standardised. 

53. At higher pH values, CaC03 or Mg(OH)z may get precipitated and the dye 
(indicator) may change its colour. At lower pH values, the Mg-indicator 
complex hecomes unstable and a sharp end-point cannot be obtained. Tbe 
pH value is adjusted to about 10 by using a huffcr solution of 
NH4Cl/NH40H. 

54. (a) Using equation 3.28 (p.47) : 

7+ t'M 7+ Tol<ll hardness = 2.5 x ppm of Ca- + 4.12 x ppm 0 g-

2.5 x 20 + 4.12 x 48.6 

50 + 200 = 250 ppm 

Alternativel y 



Answers to Exercises 

Impurity ppm epm 

20 20/20 = 1 

K+ 39 39/39 = 1 

Mg2+ 48.6 48.6 
=4 

12.15 

Na+ 23 23/23 = 1 

SO~- 96 96/48 =2 

HCOi 183 183/61 =3 

CI- 35.5 35.5/35.5 == 1 

Thus, Calcium hardness 

Magnesium hardness 

Total hardness 

As alkalinity is less than total hardness, 

Hardness 
(ppm) 

1 x 50::: 50 

Alkalinity 
(ppm) 

4 x 50::: 20(J -

3 x 50 :::: 150 

== 50 ppm 

::: 200 ppm 

250 ppm 
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Carbonate hardness (CH) == Alkalinity (Equation 3.29) 

= 150 ppm 

Therefore, Non-carbonate hardness (NCH) = 250 - 150 

(b) 

Impurity ppm 

Mg2+ 24.3 

Ca2+ 40 

HC03 305 

Thus, Calcium hardness 
Magnesium hardness 
Total hardness 

epm 

24.3 
=2 

12.15 

40/20 =2 

305/61 ::: 5 

As alkalinity is more than total hardness, 
Carbonate hardness (CH) 

Hence, there is 110 permanent hardness. 

= ]00 ppm 

Hardness 
(ppm) 

Alkalinity 
(ppm) 

2 x 50::: 100 -" 

2 x 50::: 100 -

5 x 50::: 250 

200 ppm 250 ppm 

::: 100 ppm 

== 100pplll 

== 200 ppm 

== Total hardness 
(Equation 3.30) 

::: 200 ppm 
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55. 

56. 

Applied Chemistry 

Volume of water sample taken 100mi 
Vol ume of N/50 HC) used before boiling 
Volume ofN/50 HCI used after boiling 
Mehyl orangt~ Alkalinity before 

boiling (Experiment 3.1.3, p.42) = 5
1
0 x 

= 10.0 ml 
= 0.2ml 

1 

Methyl Orange Alkalinity 
after boiling 

Therdore, Temporary hardness 
of the sample 
Volume of water sample taken 
10 ml of alkali mixture 
Tilt'refore, 20 ml alkali 
mixture 

Hence volume of alkali 
mixture added 

Also, filtrate 

10 x 100 x 50 x 1000 

= 100 ppm 

1 1 
= 50 x 0.2 x 100 x 50 x 1000 

2 ppm 

100 -- 2 == 98 ppm 
100 ml 

.. 8 ml N/lO Hel 

.. 16 IllI N/lO HCI 

51! 16 IllI N/lO HCI 

.. 161111 N/lO alkali 

.. 13 1Il1 N/lO HCI 
Ill! 13 ml N/lO alkali 

Therefore, volunH: of N/lO alkali used ill precipitating permanent hardness 
in 100 Illi of the water sample = 16 - 3 = 3 IIlI 
Therdore, 
Pennallent hardness of the sample 

t 1 
= "lO x 3 x 100 x 50 x 1000 

57. Volume of water sample taken 
Volume ofN/50 NaOH added 
Also, filtrate 

150 ppm 
1.00 Illl 
25 ml 

.. 21ml N/50 HCI 

Therefore, volume of N/50 NaOH 
used for precipitating magnesium 
hardness of 100 ml of water sample 

Therefort.\ Magnesium hardness 
of tbe water sample 

58. (i) Lather factor 

(ii) Strength of soap solution 
1000 IllI S. H. W. 

.. 2J lIlI N/50 NaOH 

::: 25 - 21::: 4 ml 

1 1 
= -- x 4 x - x 50 x 1000 

50 100 
= 40 ppm 
= Volume of soap solution used 

against 70 ml of distilled water 

=0.5ml 

.. 0.28 g CaC03 
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Therefore, 70 1111 S.H.W. 

But volume of soap solution used 
to precipitate hardness of 70 Illl 

0.28 7 
iii 1000 x 0 g CaC03 

iii 19.6 mg CaC03 

of S.H. W. = 20.1 - 0.5 = 19.6 ml 

Hence, 

or 

19.6 ml soap solutioll 

1 ml of soap solution 

(iii) Total hardness 

iii 19.6 mg CaC03 

iii 1 mg CaC03 
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70 ml hard water sample iii 14.5 - 0.5 = 14 ml soap solution 

iii 14mg CaC03 

Therefore, Total hardness 

(iv) Permanent hardness 
70 Illl boiled water 

Therefore, Penn anent hardness 

14"CI = 14 x 1~0 ppm 200 ppm 

200 )( ~"F = 20"F 
10 

iii 5.4 - 0.5 iii 4.91111 soap solution 

iii 4.9 mg CaC03 

4.9°CI = 4.9 x ]~O ppm 70 ppm 

= 70 x ~oF = 7°F 
10 

(v) Temporary hardness = 14 - 4.9 = 9.1 "CI 

9.1 x 
100 7 ppm = 130 ppm 

130 x ~oF = 13°F 
10 

59. (a) NOz oxides r to free iodine in acidic medium: 

2NOz + 4H+ + 21- ------- N20 Z + 2H20 + 12 
(2NO) 

N20 2 is oxidised back to NOz by atmospheric oxygen: 

2Nz0 2 + 2HzO + 02 ------- 4NOz + 4H+ 
(4NO) 

Thus, it remains no longer possible to get a pennancnt cnd-point as the blue 
colour keeps OIl reappearing dnc to the formation ofI2 in a cyclic process, 
and higher results are obtained. 
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(b) Fe3
+, when present in amounts above 10 mg/l, also interferes by 

oxidising r to free 12 and leads to higher results: 

2F()+ + 2r "'_ -.::". 2Fe2+ + I2 

60. Fe2+, SO~- and SZ- react with iodine, reducing it to iodide, and thus produce 

lower results: 

2F 2+ I ._--" 2F· 3+ 21-
e+2~e+ 

SO~- + 12 + H20 -------+ SO~- + 21- + 2H+ 

S2- + 12 -- S + 21-

(H2S + 12 ---- S + 2r + 2H+) 

61. The D.O. ill a sample is utilised to oxidise M1l2+ to Mn4+ [MnO(OHh or 
Mn02'H20: reaction 3.52 or 3.52 a] in alkalinc medium. This process is 
known as fixation of oxygen. When acidifed, MnO(OHh gives back all 
equivalent amount of oxygen: 

+ 1+ 1 
MnO(OH}z + 2H -- Mn- + 2HzO + "2°2 

62. When a 200 ml sample is used for titration, the number of ml of N/40 
NaZS],03 used directly gives the D.O. in ppm. 

63. At a constant temperature, the mass of a gas dissolved by a given amount 
of a solvent is proportional to the pressurt~ o[the gas in equilibrium with the 
solution. Henry's law is applicable when 

(i) the tt~mperature is not too low, 

(ii) the gas pressure is not very high, and 

(iii) the gas does not dissociate ill or chemically react with the solvent. 

64. A, volull1t~ of sample bd()re dilution::: 10 ml 
8, volume of sample after dilution = 600 ml 
Db the D.O. of diluted sample at the start of expcriment ::: 3.9 mg/l (p.59) 
D2, the D.O. of the dilutt~d sample after 5 days = 2.1 mg;1 
B.O.D. of the sample (Eq. 3.63) 

= 3.9 ~ 2.1 x 600 108 mg/l 

108 ppm 
65. The B.O.D. test is widely used 

(i) In determining tbc pollutional strength of dOllwstic and industrial 
wastes, 

(ii) In choosing and dcsigning the treatment method for reducing tbc 
pollutiona\ strength of such wastes, 

(iii) In evaluating the purification capacity of natural water courses into 
which such wastes are 10 be discharged, and 
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(iv) In evaluating the efficacy of various units of the treatment process. 

66. Being a first order reaction, complete BOD will be exerted only in illtinite 
time and determination becomes impracticable. The 5-day incubation 
period is practicable and the BODs values can be used for many 
considerations as they represent a fairly large percentage (70 to 80%) of the 
total BOD. 

Also, beyond the 5-day period, significant errors may be introduced 
due to the growth of nitrifying bacteria (which, in raw sewage or primary 
effluent, are present in insufficient numbers to oxidise any appreciable 
amounts of reduced nitrogen in the first five days) which consume oxygen 
in oxidizing reduced nitrogen (reaction 3.57) which is nonnally present in 
sewage. 

67. It should be prepared from distilled water by seeding with a small amount 
of domestic waste water to provide a mixed population of bacteria. A 
phosphate buffer should be added to maintain the pH at about 7. Phosphate 
also serves as a lIutrient. Salts like FeCl3 and NH4CI should be added to 

. N + K+ 2+ supply lIutnents and small amounts of a, and Ca should also be 
added to serve as trace elements needed for the growth of bacteria. Finally, 
it should be saturated with oxygen. 

68. (I) Although the dichromate reflux method is preferred because of its 
superior oxidising ability, applicability to a wide variety of samples, 
and ease of manipulation (as compared to the use of KMn04, 
Ce(S04)Z, KI03, etc.), certain compounds like 

(i) straight-chain aliphatic hydrocarbons, 

(ii) low molecular weight fatty acids, 

(iii) pyridine, and 

(iv) aromatic hydrocarbons 

resist oxidation. 

(2) Chloride ions, usually present in sewage in appreciable amounts, 
interfere because of their oxidation under the conditions of the 
l'xpnimeut. 

69. (1) Oxidation of straight-chain aliphatic hydrocarbons and low 
Illo\eculai weight fatty acids is effl~ctively achieved by the use of 
Ag2S04 cata!yst. ?yridine and aromatic hydrocarbons are however 
not oxidised. 

(2) Interference due ;,) chioride ions is removed by comp1exing with 
HgS04: 

(very s. 'ghtly dissociated) 

70. The pH of the reaction mixture should be adjusted between 3 and 4 using 
acetic acid. At neutral pH, some forms 01 cGmbined chlorine residuals do 
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not react with KI. However, H2S04 should not be used as it increases the 

interference by Fe3
+ and N02". 

71. Fe3+, N02', manganese in valences above 2 and organic sulphides. 

72. At low pH, monochloramine also reacts in tbe first step and interferes in the 
determination offree chlorine residuals. At high pH, dissolved oxygellgives 
a colour and interferes. 

73. Interference due to Cu2+ is overcome by complex formation with EDTA. 
By complex formation with trace metal catalysts, EDTA retards the 
oxidation of the DPD indicator by dissolved oxygen. 

74. Chlorint~ Demand of a water sample is thl' amount of chlorine in mg that is 
reduced to CI- or convert(~d into other less active forms by the impurities 
present in 1 litre of the sample. 
Chlorine Demand = Chlorine applied - Residual chlorine. 

75. Chlorine-reactable materials likdy to be present in watl~r may be divided 
into tue following categories: 
(a) Organics - Hydrocarbons, phenols, amines, humic acids, etc. 

(b) Inorgallics - Ferrous, Manganous (Mn2 +), nitrite, sulphide (S::- or 
H2S), sulphite, cyanide, ammonia, etc. 

(c) Living organisms Bacteria, algae, protozoa, etc. 

76. (i) Organics and cyanide undergo substitution, addition and oxidation 
reactions with chlorine forming a variety of compounds (some 
chlorinated watas have been found to contain as many as sixty 
different chlorinated and othn organics). 

(ii) I . d . I'k F "t M 7+ S7- SO"- NO-norgamc re uClllg agents 1 e e-, n-, -, :3 and :: arc 

oxidised to Fe3+, MnOZ, ekmental S, SO~- and NO.3 respectively 

while chlorine. is re.duce.d to CI -. 

(iii) NH3 undergoes a variety of reactions with Cl2 giving products like 

NH::CI, NHCIZ' NCI3, NZ, NOl", NO.3, etc. 

(iv) Clorine destroys living organisms by reacting with enzyLlcs prescnt 
in their cells. 

77. (i) Chlorine dosage - 0.1 to 0.2 mg/ I free chlorine residuals. 

(ii) Contact period - 30 minutes. 

(iii) pH range - 6 to 7. 

78. Frec chlorinc is readily dissipated in tll(' distribution system and does not 
afford complete protectioIl against bacteria due to short contact period. In 
order to prolong bactericidal adion, free chlorine residuals arc converted 
into more stable chioramilll's (reactions 3.70 & 3.71) by adding a little 
ammonia or ammonium sulphate to chlorinat(~d water. This process is 
known as stabilising the chlorine. 

79. Break-point chlorination is chlorination of a sam pie to the extent that all the 
ammonia prt~sent in the sample is converted into N2 or its higher states (like 
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NzO, N0z, N03, NCI3, etc.) and is marked by a minimum in the curve 
obtained by plotting residual chlorine versus applied dosage of chlorine 
(Fig. 9.1). 
Explanation 

When a small amount of chlorine is applied to a water sample containing 
reducing materials (FeZ

+, Sz- etc.), it is readily used up and so there is no 
residual. This stage is shown by part AB of curve II (for impure water). As 
the amount of chlorine applied is incrt'ased, it starts reacting with organics 
and also with ammonia which produces chloramines (reactions 3.70 & 
3.71). Mono - and dkhloramines arc disinfectants and are determined as 
combined chlorine residuals. Part BC of the curve thus shows an increase 
in the amounts of these chloramines. Any further increase in chlorine dosage 
decomposes the chlofamilles possibly via the following reactions: 

4NHzCI + 3CIz + H20 -----» Nz + NzO + lOHCI 

2NHCIz + 3CIz + 4H20 ----» 2NOz + lOHCI 

CI 2:NH3 MOLE RATIO 
0.0 0.5 1.0 1.5 2.0 

A B Chlorine applied (mg /I ) ---""" 

Fig. 9.1 Break-point chlorination 

The amount of the combined chlorine residuals thus decreases along the curve CD. 
Point D indicates almost complete decomposition of chloramilles. At this stage, 
known as Break-point Chlorination, there is I11llrked decrease in tbe residual 
chlorine ( a minimum in the curve). A higher dosage of chlorine appears as free 
chlorine residuals and lolal chlorine residuals starl increasing. This is shown by the 
part DE of the curve. 
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Significance 

A chlorine dosage higher than Break-point chlorination means that the 
chlorine demand of all the chlorine-reactablc materials has been completel y 
met with and free chlorine residuals are available for bactericidal action. It 
also signifies complete dccomposition of NH3, removal of colouring 
material and modification of taste and odour of the water sample. 

80. Treatment with chlorine before filtration of the sample is known as 
Prechlorination. A higher chlorine dosage is required to satisfy the chlorine 
demand offilterablc matter. This increases the cost but the quality of water 
obtained is superior as the chlorinated products with unpleasant tastes and 
odours may be adsorbed during filtration. 

Postchlorination, i.e., chlorination after filtration is cheaper than 
precblorinatioll (due to lower chlorine demand) but the treated water may 
have unpleasant taste and odour. 

81. Jackson turbidimetry (also known as Visual turbidimetry) is based on 
measuring the interference caused to tbe passage of Light through the 
sample. In this method, the depth (thickness) of the sample required to 
obscure the image of a standard candle or bulb is measured visually" 

Nephelometric turbidity is based on measuring, with a Photoelectric 
device, the intensity of light scattered by the sample at right angles to the 
path of the incident light. As the errors of personal judgement are avoided, 
the results are more reliable. 

82. The Coefficient of Fineness of a suspension is the number obtained by 
dividing the weight of the suspended matter in a sample, in ppm, by the 
turbidity of the sample. A greater than 1 coefficient indicates a suspension 
coarser than tbe standard, while a suspension finer than the standard is 
characterised by a coefficient less tban one. 

83. The U.S. Geological Survey have arbitrarily fixed at 100 the turbidity of a 
water sample containing 100 ppm of SiOz, hy weight, in such a state of 
fineness that a hright pIa tinum wire of 1 mill diameter can just be seen when 
held at a depth of 100 mm below the surface of the sample, with the eye of 
the observer being 1.2 m above the wire. 

The apparatus consists of a graduated rod, known as turbidity rod, 
having a lmm thick platinum wire inserled into it at rigbt angles near one 
end, and 11 wire ring placed, directly above and at a distance of 1.2 m from 
the platimum wire, near the other end. The rod is lowered vertically into the 
sample as far as the wire may be seen through the ring. 

The level of the surface of the sample on the graduated rod gives the 
turbidity of the sample. The method is used for testing the degre", of fineness 
of the silica standard. 

84. HgClz (Mercuric chloride) 

85. In addition to causing aggregation of finely divided particles dispersed in 
solution, the, coagulants help in the removal o( 

(i) True and apparent colour, 
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(ii) Harmful bacteria, algae and other planktons, 

(iii) Taste and odour-producing substances. 
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86. Flocculant aids are substanaces which do not act as coagulants but when 
present along with a coagulant increase the rate of flocculation. They arc of 
two types: (a) Naturally occurring materials like Bentonite (a form of clay). 
(b) Synthetic polymeric lI1atcr~~ls like pn1vacrylamide (which acts very 
effectively in concentration range 0.01- O.lmg/l). 

87. A 50'?;', solution of aluminium sulphate for usc as a coagulant is available 
in the market under the trade name of 'Liquid Alum'. 

88. Th(~ velocity distribution across the tube (capillary or jet) diameter docs not 
become uniform immediately as all clement of liquid fnters the lUbe. A 
correction factor to minillllSC the error due to tbis drawback is known as 
'Inlet Correctioll'. The magnitude of the correction factor decrease:; with 
increase in the length of the tube and with dccrease in its diameter. 

89. Though RWl and RW21l1ay be llsed for determining relative viscosities of 
oils having an efllux lime as low as 30 scconds, for greater accuracy a longer 
thaI: 200 - seconds efllux time is recommended. This reduces the 'Kinetic 
Energy Correction' which depends OIl Ihe volume rate now, v It 

90. U::: 600 seconds 

L = 780 seconds 
H = 420 seconds 

Viscosity Index of the unknown oil 
L - u LH x iOO 

780 600 x 100 
780 - 420 
180 
360 x 100 

50 

91. For every degree risc ill temperature, there is a decrease of roughly 2% in 
the coefficient of viscosity of most of liquids. 

92. Lubncants with high Viscosity Index suffcronly a SIll a II change in visl'osity 
with change in tcmperature. Such lubricants can therdore be used over 
widely varying temperatures and are termed as 'all weather lubricants'. 

93. (i) Silicones 

(ii) Polyglycol etber~ 

(iii) Diesters or triesters 

94. Viscosity Index ora lubricating oil is illlproved by adding hexanol or linear 
polYlIlers like polyisobutylcncs, poly-mcthacrylates, pol y ( alkyl styrenes), 
etc. It has been suggested that linear polyll1er~ function in the following 
ways: 

(i) Rise in temperature illl'fCflSeS the soluhility of polymer ill the oil. The 
increased concentration of the polymer raises the viscosity of the oil 
and thus compensates for the decrease in the viscosity of the oil itself. 
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(ii) Tbe polymers are ill the coiled form; with rise ill temperature, tbe 
polymer particles tend to uncoil more and this increases tbe viscosity 
of the oil. 

95. It is that state of a liquid when its viscosity does not change with rise in 
temperalme. 

96. Such a luhricant can be prepared by adding appropriate amount of a suitahle 
I inca r-polym er Viscos it y-Index im prover. 

97. Freezing mixture 

Icc ... water 
lee + common salt 
lee + CaCI2 
Solid CO2 + acetone 

For temperature down to 

32°F 
lOoF 

-l5"F 
70°F 

98. It is the highest temperature at which an oil docs 1I0t move whm the standard 
jar containing the oil is kept ill a horizontal position liJf 5 seconds. Pour 
point is taken 10 he S"F higher tban this. 

99. For oils containing wax, pour point is the kmperaturc at which 
crystallization of wax bas gone to such an extent that the oil will stop 
tlowing if cooled further. This temperature is known as 'Wax pour point'. 
For oils free from wax, pOllr point is the temperature at which the viscosity 
is so lhat the oil will stop Bowing, if cookd further, due to further 
inLTcase iii bcosity. This temperature is known as 'Viscosity pOllr point'. 

100. The 'Viscosity pour point' of an oil can be lowcred by lowering the 
viscosity of the oil. Tbis can be donc either by removing SOllle of the 
Illore VISCOUS constitucnts of the oil or by adding a component oflower 
viscosity. 

(h) 'Wax pour point' can be lowered either hy dcwaxing or by addidng a 
suitable pour point depressant. 

101. Pour point depressants are materials which, when added to oils containing 
wax, get adsorbed on tbe surfaCt' of wax crystals during the initial stages of 
crystal formation. They thus reduce the size of the wax crystals. They also 
alter the crystal structure in such a way that the amount of oil held by the 
crystals by adsorption or by entrainment is reduced. Both these effects 
enhanCl' the oil now at lower temperature and thus reduce the 'Wax pour 
point' of the oiL 

102. Parallow is an important pour point depressant which, when present in 
concentrations of 1 to 2 per ccnt, may reduce the 'Wax pour point' of an oil 
hy 50°F or more. Paratlow is a poly-alkyl naphthalene and is prepared by 
condensing dllorinat(~d wax with naphthalenc in the presence of anhydrous 
aluminium chloride which acts as a catalyst. 

103. Air is a bad conductor of heat. It ensures very slow and uniform temperature 
change wllether tbe oil is hdng heated or cooled. 

104. S.I.T. is the temperature at whicb ignition occurs (witbout the introduction 
of a tlame) when an inl1ammahle liquid is allowed to fall in drops into a hot 
metal crucihle. 
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Prescnce of moisture 105. (a) 

(b) Vapour pressure of the oil higher vapour pressure means lower flash 
and fire points. 

(c) Whether the test is made by open-cup or dosed-cup method. 
Open-cup methods givt hightr /lash and nfl' points. 

(d) Any drafts over the (esting device in case of open-cup methods will 
tend to raise the flash and fire points. 

(e) In case of dosed-cup methods, an increase in the ra tio of the air space 
to the surface of the oil exposed increases the flash and fire points. A 
/lash is observed when the atmosphere inside tbe cup contains about 
2 % of oil vapour by volume. 

(f) Rate ofht~ating affects the time available for the vapour to diffuse into 
air and hence affects the nash and fire points. 

(g) Frequency of application or test !lame 

(h) Variations in the time of opening the shutter 

(i) Variations in tbe size of 1lJ(' test name 

(j) Variations in the rate of stirring temperature distribution is uneven 
if the stirring is too slow. Too rapid stirring produces splashing. 

106. Presence of water may raise or lower the nash point. The steam formed 011 

heating may prevent the vapour from igniting and hence raise the nash 
point. However, steam-distillation oflow molecular weight constituents of 
the oil will tend to decrease the !lash point. Oils containing water way split 
and sputter on heating and thus make the determination of the Hash point 
extremely difficult. 

107. Free water from an oil may be removed by 

(a) Settlement and decantation 

(b) Centrifugal action 

(c) Absorption by usual dehydrating agents such as anhydrous NaZS04, 
anhydrous CaCI2, etc. 

(d) Filtration througb a filter paper containing Plaster of Paris. 

(e) Oils which do not lose more volatile portions on heating may be dried 
by passing a gentle current of air through them at 100°C. 

108. 'Freaky' !lash is the tenn used for the production of irregular t1ashes below 
the true nash point of an oil. Contamination of an oil with slllall amount" 
of volatile organic substances is responsible for tbis. 

109. Fatty oils on heating may undergo thermal decomposition. Evolution of 
vapours of decomposition products and traces of free ratty acids present in 
the oils gives rise to freaky llashes. Flash point<; of ratty oils vary between 
300-500°F. 

110. Flash Point 'Closed' is determined by heating the oil in it closed cup; 
test-name is injected into the cup through an opening produced temporarily 
and ignition of vapour takes place inside the cup. Thus, the vapour is not 
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fret' to diffuse to the atmnsphne. Accurate and reproducible resulls are 
obtained. 

Flash Point 'Open' is determined by healillg the oil in a cup without 
cover. The surface oflhe oil is tbus exposed to atmosphne. There. is loss or 
vapour which is enhanced hy allY drafts over the testing device, The resull<; 
are not Icprnducihle and are higher, by as much as a few to 5(tF, than those 
ohtained wilh dosed-cup methods. Cleaveland Open-Cup i5 the commol\ 
accepted devin, 1'01' measuring Ilash points ablwc 175°F. 

11 i. In the Abel's apparatus, the oil cup is surrounded by <Ill air jacket which is 
heated by a \valer bath. The telllper;,\me rises slowly al a rate of about 5°F 
per minute. Very precise results ':re obtained. The method is however slow 
and is recommcnded for oils flashing up to 120°F. Inthe Pensky-Marten's 
method, the air jllCkel surrounding the oil cup is healed electrically or by 
gas burner directly. The rate of heating is higher (10 ± 1°F/minute). It is 
most suitable and most cOIlllllonly used method ['or all oils !lashing above 
120°F. 

112. Air being it bad conductor of heat, it helps in controlling the cooling rate. 

113. High-viscosity oils have leSi> ability to penetrate rubber. So, 011 a tilllt basis, 
there is some j llstification for the belief thai the deteriorating action of 
mineral oil on rubber diminishes with increase in viscosity. However, if 
sufficient time ii> allowed, swelling is sure to occur. 

1] 4. The anilinc point of all oil decreases with the increase in the percentage of 
its aromatic ('outcn\. Anilinc point is therefore inversely rdated to the 
aroma lic content of the oil. 

115. Paraffin-ba:,e type lubricating oils as a class have the highesl aniline points. 
The range of their aniline points depends on the degree of refinement. 

116. Aniline-point thennonwters arc availahle in the following three different 
fa ngcs: 

(i) -38 to + 4,,)0,.-. 
'-~ 

( ii) 25 In 105°C 
(ii i) 90 to 170°C 

117. A diesel fuel with it high aniline point will ha\ e low aromatic content. This 
will giv{> illl easy start to the cngine and will reduce knocking. The ignitioll 
quality of a dil'~el fuel is also reported in terms of Diesel Index which is 
rdatul to tht' aniline point by the following expressioll: 

D ' II' A 'I' "oF' API IHlIVily , H.';,t' lWt' x::: III II\(' !lOlllt III ' x ,~=--.Q ... ~-
IOU 

For high-spced diesel fuel, the aniline poillt ~hollld be above J(,ctF 

II K The oil s()lIH'lim('~, ma \i cOllta illllVltcrials, othn than till' free acids, that lila y 
be easily hut slowly allacked by the alkali. Pmk colour appear" at the 
cud-point due to Ihe ildditioll o[an extra drop of alkali. In it few second, this 
aikali i~ COll~lIll1<'d by the easily reactabk matcrial~ illld the pink colour 
lade~ awav. 
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119. The esters ill the oil lIlay be. hydr()lys(~d by lill' ll10btufe present and thus 
higher erroneous results may be obtained. 

120. Appearance of a green or bluish-green colour indicates that the sample 
contains basic constituents; the total base value can then be determined by 
titrating the sample with N/lOO alcoholic He!. Al1he end-point, the colour 
changes from green to orange or yellowish-orange. 

121. The presence of moisture spoils the Wij's solution by decomposing lei: 

lei + HzO ~ Hel + HIO 

122. Sunlight catalyses the decomposition orIel into '2 and elz: 

II v 
2Iel ---3> 1Z + ell 

123. To prevent the leakage of el2 or Iz vapours that may be formed hy 
decomposition of leI. 

124. Pycnometers are vessels (5-15 ml capacity) with capillary necks (Fig. 9.2) 
in which a definite volume of a I iquid can be weighed. The volume error in 
adjusting the meniscus being extremely slIlall as compared to the total 
volume of the liquid being measured, the resulls are very precise. For 
determining the sp. gr. of a liquid, the pycnometer is calibraled wilh water. 

I \y 
Fig,9.2 Pycnometer 

125. Yes, for this purpose, the legs of the riders are bent to form hooks. Other 
riders can be suspended from the hooks (Fig. 9.3). 

126. It is the product of rider mass and Ihe distance from the fulcrum to the rider, 
as marked on the beam. 

127. The weight of the unit (large) rider is kepi equal to the weight of waler 
displaced when the plummet is just completely immersed ill water at the 
temperature of calibration. Levelling of beam with unit rider at mark 10 
indicates asp. gr. of 1. Since the beam is divided inlo 10 equal parts, any 
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Fig. 9.3 More than one rider al Ihe same mark 

other position of unit rider on tbe beam gives tbe first digit after d(~cimal in 
tbe value of sp. gr. of the liquid under test. When tbe various graded riders 
differ by a faclor of 10, Iheir positions on the beam directly give the 2nd, 
3rd and 4th digit after decimal in the sp. gr. value. No caleula tions are thus 
required. 

128. When the density is less than 1, the weight of the liquid displaced by the 
plummet will bl~ less. In order to achieve balance, the weight on the beam 
will have to be reduced. This means that the unit rider, which is placed at 
mark 10 or suspended from the hook in case of water, must be movcd to 
another mark on the beam, and the graded riders be placed at appropriate 
positions. When the density is greater than 1, the weight of the liquid 
displaced will be more. Therefore, in order 10 balance the beam, tbe weigbt 
on thl' bcam will have to be increased. This means lila lone unit (large) rider 
will be kepi at position 10 and another unit rider and/or lighter riders will 
be place.d at appropriate points. 

129. For highl y volatile liquids. the Westphal balance test is conducted at a lower 
temperature at which the vapour pn:ssure of the liquid is very low. For 
viscous liquids, ou the other hand, the experiment is conducted al a higher 
temperature, sufficient to pennit all accurate reading. A thermostat is used 
for maintaining the temperature. 

130. Variolls agencies notably ASTM and American Institue of Petroleum have 
published cOllvCfsion tables with the help of which the observed sp. gr. at 
any tt~mperature can be corrected to tbe standard temperature of 60/60°F. 

131. Tbe average val ue of coefficient of expansion of oils has been accepted as 
0.000348 per dl~grt;e F. On this basis, the expansion capacity to be provided 

132. (i) Steam Turbine lubricants 

(ii) Gear lubricants 

1000 Iitres x 100 F x 0.000348/F 

34.8 Ii tlt~s. 
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(iii) Crank Chamber oils. 

133. (i) The I ubricant should be refined in such a way as to eliminate the polar 
impurities whether initially present or formed ill the early steps of the 
refining process. 

(ii) Such additives should be used as have minimum emulsifying 
characteristics. 

(iii) The oil should be stable towards oxidation under the conditions 
imposed upon it. 

(iv) The lubricant should be protected againt extraneous contamination. 

134. 'Soluble Oils' are oil-in-wateremulsions, stablised by an emulsifying agent 
such as sodium salt of a carboxylic or sulphonic acid. The ratio of oil to 
water in the emulsion is 1I0nnally of the order of 1:20 to 1:60. Since they 
contain a large concentration of water, they have a much higher specific 
heat and latent heat of vaporisation than anhydrous oils. So they are used 
to good advantage in machine shops during cutting, grinding, etc., of metals 
where cooling rather than lubricity is of paramount importanc(c. 
They are usually opaque, having milky appearance, but transparent soluble 
oils (cutting oils or culting oil emulsions) have also been made which have 
the practical advalltage thaI they do not mask the work from the vision of 
the operator. 

135. Excessive foaming (forming 01 oil-air emUlsion) of the lubricating oil is a 
very serious problem in diesel I'ngines, aircraft engines and automatic 
transmissions. Substances which suppress foaming are called defoamants 
or antifoams. Silicones are tbe most eflrclive anlifoams (concentrations of 
about 10 ppm are used). Other anti foams are potassium oleate alld sodium 
alkyl esters of sulphuric acid. 

136. The cone will penetrate to a greater depth and thus the observed penetration 
number of the sample will be higber. 

137. The cone Willllot fall freely and so the test will show lower penetration 
numbc.r. 

138. The penetration number of a grease depends mainly on tbe stOlcture and 
interaction of the gelling element, the amount of soap and nonsoap thickner 
present and to some extent Oil the viscosity of the lubricating oil present. It 
js also affected by the bandling procedure during manufacture of grease, 
the temperature of filling tbe containers and the rate of cooling. 

139. It is the separation of a liquid lubricant from a lubricating grease for any 
cause. 

140. In a grease, the soap crystallizes in the form of threads (fibres) baving 
lengths of the order of 20 or more times their thickness. Most soap fibres 
are microscopic in size and the grease appears smooth. However, when the 
fibre bundles are large enough to be seen with naked eye, the grease acquires 
a FIBROUS appearance. The fibrous stOlcture is also noticeable when the 
grease is pulled apart. Greases having tbis fibrous structure tend to resist 
being thrown off gears and out of bearings. The most common example of 
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a FIBROUS grease is sodium-base grease. Pertolatum also has fibrous 
structure. 

141. It is a mixture of oils and waxes stabiHsed by a third component and is 
obtained from still residues of paraffin base crudes after fractionation. It 
does not leave an oily stain on paper as wax is the external phase and oil 
the internal phase. It can be used as a grease. 

142. It is the name given to a soap ill which the soap crystal or fibre is formed 
by Co-crystallisation of a nonnal soap (such as meta II ic strearate or oleate) 
with a complexing agent (such as metallic salts of short chain organic acids 
like acetic acid or lactic acid, or the inorganic salts like carbonates or 
chlorides ). 

143. A comp1exing agent usually increases the dropping point of a grease. 

144. (i) Weight of coal sample, Wj '" 2.5 g 

Weight of empty crucible, w2 

Weight of crucible + sample, w3 
Weight of crucible + sample, after 
heating at lOS-lIO·C, w4 

Loss in weight (Moisture) 

Therefore, % Moisture 

And weighl of crucible + residue, 
after ignihon (Ash), Ws 
Weight Ill' Asb 

Tberei{)re, % Ash 

(ii) Weight of sample, WI 

Weight of empty crucible, w2 

Weight of crucible + sample, w3 
Weight of crucible + sample, after 
heating al 950 ± 20·C, w4 

Loss in weight, = w3 - w4 

19.35 g 

21.85 g 

21.765 g 

21.85 - 21. 765 

'" 0.085 g 

0.085 100 34 
2.5 x . 

19.595 g 

19.595 - 19.35 

0.245 g 

9.245 x 100 
2.5 

'" 2.5 g 
19.345 g 
21.845 g 

20.873 g 

21.845 - 20.873 

= 0.972g 

9.80 

Theretore, % Volatile Matter (Y.M.) =' Q.;;2 x 100 - % Moisture 

(iii) % Fixed carbon (F.e.) 
38.88 - 3.4 = 35.48 
100 - % [Moisture 

+ Volatile Matter + Ash] 
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100 - [3.4 + 35.48 + 9.80] 
51.32 

Calorific value (Equation 5.3) = 82 x F.C. + a x V.M. 
(GoUlel's formula) 
82 x 51.32 + 80 x 35.48 
7046.64 cal/g 
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145. Presence of HCI prevents precipitation of cbromates, carbonates and 
phosphates which are insoluble ill neutral solutions. Also the precipitate 
formed in presence of HCI is coarse and consists ('f large crystals which 
arc more readily filtrable. But excess ofHCI should hc avoided as solubility 
of BaS04 increases due to the fonnatioll ofbisulphalc ion: 

However, in presence of excess of Ba2
+, the solubility of BaS04 in a 

solution containing HCI upto 0.05 N is negligible. 

146. During precipitation of an insoluble salt, some substanccs normally soluble 
in the mother liquor arc carried down. This contamina lion of the precipitate 
with salts which arc othemj~;e soluble is known as l'oprecipitation. Nitrate, 
ifpresenl, has to be decomposed by boiling the solution with a large excess 
of HC) before precipitation. Coprecipilation of BaCI2 may however be 
reduced by carrying out the f'.ecipitatioll at (i) boiling temperature, (ii) low 
concentration of BaCI2 and sulphate solutions, and (iii) slow mixing of the 
two solutions with COllSl1111 stirring. 

147. Due to loss of acid during digestion, the concentration ofthe boiling mixture 
with respect to ammonia Illay become 100 large and at the prevalent higb 
tempexatllle, loss of ammo Ilia due to volatilisation may take plan:. To avoid 
this, sufficient sulphuric acid "hould be added during digt:stion so that 
10-15 g or it r('maills in the free state at the end of digestion. 

148. HgO and Hg have been reported to be the best catalysts but their presence 
leads to the formatioll of mercuro-ammoIliutn compounds which are not 
completely decomposed by NaOH. So after digestion, 25 1111 of an 8% 
sodium thiosulphafe solution or a 4% K2S solution is added which 
decomposes the mercuro-ammoniulll compounds and removes mercury as 
sulphide. 

149. Zinc reacts with alkali to (i)fln hydrogen gas whose evolution helps ill the 
regular ebullition (boiling) during distillation: 

"211 + 2NaOH -----'" Na:zZnOz + Hz 

150. (a) (i) Weight of coal sample 

Weight of CO2 formed 
Weight of H:P formed 

Therefore, % carbon (C) 

(equatioIl5.9) 

= 0.24 g 

= 0.792 g 
= 0.0216 g 

12 weight ofCOz 
x ------ x 100 

44 weight of sample 
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% Hydrogen (H) 

(equation 5.8) 

12 
= -- x 

44 
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0.792 x 100 = 90 
0.24 

2 weight of H20 
= -- x x 100 

18 weight of sample 

2 x 0.0216 x 100 = 1 
18 0.24 

(ii) Weight of coal = 1.4 g 
Volume of N/lO H2S04 taken = 50.0 ml 
Volume of N/lO NaOH used to neutralise 
excess of acid = 10.0 ml 

Therefore, volume of excess N/lO H2S04 = 10.0 ml 
Volume of N/lO H2S04 
neutralised by ammonia '" 50 - 10 ml = 40.01111 
Therefore, % Nitrogen(N) (equation 5.25) 

ml of acid neutralised x normality x 1.4 
weight of coal 

1 
40 x - x 1.4 

lO -----=4 
1.4 

(iii) Weight of coal 
Weight of BaS04 fonned 
Therefore, % sulphur (S) 

(equation 5.19) 
32 
233 

32 

x 

= -x 
233 

= 3.2g 
= 0.233 g 

Weight of Ba S04 
--------- x 100 Weight of coal 

0.233 x 100 '" 1 
3.2 

Hence % Oxygen (0) 
(equation 5.26) = 100 - [C + H + N + S] 

= 100 - [90 + 1 + 4 + 1] 

= 4 
Gross calorific value 

(equation 5.4) = 1~0 [8080C + 34460 (H - ~) + 2240 s] 
'" 1 ~ [ 8080 x 90 + 34460 (1 - ~) + 2240 Xl] 

= 1 ;)() [727200 + 17230 + 2240] 

= 7466.70 C;}I/g 
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Net ca~orific value (N.C.V.) 9H 
(equallon5.5.) = G.C.V. - 100 x 5'67 

7466.70 
9 x 1 

100 
7466.70 - 52.g3 
7413.'67 caUg 

x 587 
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(b) Proximate analysis is essential to a~sess the suitability of a coal for a 
particular domestic or industrial purpose whereas ultimate analysis is 
essential to calculate the heating value of coal. 
Proximate analysis is comparatively cheaper and simpler as against 
ultimate analysis which is very tedious and the cost of equipment 
needed is vay high. 
However, the two types of analysis are complimentary and, taken 
together, provide necessary and sufficient data to decide about the 
quality of coal. 

151. Cuprous chloride solutioJl being a reducing agent is oxidised to an 
appreciable extent and acquires a greenish black colour on standing: 

2CuzCIZ + 4HCl + 02 ~ 4CuClz + 2HzO 

Addition of copper turnings, wire or gauze to the storage bottle reduces the 
solution back to CU2Cl2 and the solution acqlliH~s a straw yellow colour: 

CuCl2 + Cli ------.. CU2Ci2 

152. As it is not practicable to shake the apparatus, the rate of absorption of the 
flue gas constituents would be quite slow. In order to achieve speedy 
absorption, the surface area of contact between the gas and the absorbent 
solution is increased by placing a large number of glass tubes or beads in 
the pipets containing the absorbent solutions. 

153. Water may preferentially dissolw some constituents of the nUl' gas lind thus 
change its composition. The solubility or gases in water is considerably 
reduced due to the presence or NaC!. 

154. They impart a colour (reddish) to the confining liquid so that its level in the 
water-jacketed burette lIIay be conveniently observed. 

155. The oxygen absorbent, i.e., alkaline pyrogallol solution can absorb both 
CO2 and 02' Hence the gas sample should be passed through this solution 
only after the CO2 content has been removed. Also, the carbon monoxide 
absorbent, i.e., acid cuprous chloride can react with both 02 and CO. So the 
gas sample should be led to this solntion aner removing 02' 
Thus, in order that only one constituent be removed by each absorbent, it is 
important that the nUl' gas should he brought into contact with various 
reagents in the fl)llowing specific sequence or order: 

(i) CO2 absorbent - KOH solution 

(ii) 02 absorhent -Alkaline pyrogallol solution 

(iii) CO absorbent - Acid cuprous chloride solution. 
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156. Pyrogallol, also known as pyrogaJlic acid, is 1,2, 3-1rihydroxybenzene and 
its structural formula is 

OH 

~OH 
~OH 

157. Acidic gases in Ih(~ flue gas ~alllple, if present, read with alkali: 

H2S + 2KOH --------» K2S + 2HzO 

SOz + 2KOH·-----;. K2SO:, + H20 

HCN + KOH ------30 KCN + H20 

They are th(~refore absorbed along with CO2, Thus higher results for CO2 
are obtained. 

158. These gases are not absorbed by any of the three absorbents used. Unless 
special modificatiolls are made in tht~ Orsal apparatus to measure their 
amounts, they will be reported as Nz. Hence the resulls of N2 will be higher. 

159. Temperature and pressure of the l'xperimelll affect the total volume of the 
gas ·hut nol the perl'enlage compositi01l provided they (T & P) remain 
constant throughout the experiment. This is b(~cause the effect of deviation 
of some constituent'> from ideal behaviour within normal temperature and 
pressure ranges is negligible. However, the rate of absorption may slightly 
be affected. 

160. The water -Jacket selves the purpose of a thermostat It helps in keeping 
the temperature constant during the experiment. 

161. Jnstrumentalmethods Orsa! apparatus 

1. Methods 
(a) Mass spectrometry 
(b) Gas chromatography 
(c) Low temperature fractional 

distillation 

1. Analysis by Orsat apparatus is 
also known as constant pre­
s~ure volumetric analysis or 
chemical absorption analysis. 

2. They produce detailed analysis 2. 
of the sample 

Scope is lim iled to the analysis 
of COz, 02, CO and N2 (H2 & 
a few hydrocarbons with spe­
cially equipped laboratory 
Orsat apparatus) yet the infor­
mation available is quite 
useful for regulating com­
bustion. 
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3. Require \c:;s dInrl on Ihe pc'!"! 
of Ih" operator and r(,~lllts arc 
oblai'lcd quickly_ 

4. Capital ill\'(:stml'lIt is v;::ry high 

5, The apparatus is complex and 
demands greater maintenance. 
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1. Th'~ procedure is cumbersome 
and (illl<: consuming. 

4. Tht: apparatus i" illexl't'll:-.ive. 

5. Till' apparatus is very simple 
and main1<:nance cost is 

negligible. 

162. A fuel gas is il fud:n lil,' ga:;,.'ullS slaw, h cOl1tains ~,)ml' (,rille ':(Jlllbusrihle 
gases like or ollln hydflxarbol1s. Small anwulllc; or 
non--cumllllstible gases like . N2 ;,m] 0:-: may abo be pr~SCII1. C;ilmiflc 
value may vilfy from about 10no k (';;1/111

5
10 1200() k cal/lIl~, 

Flue gas IS Ihe lenn used for the products (If comhusticlJi of a fuel, 
coming Oil! of the exhilu:'.t pipe ol'an automobIle or Ihe chimu( y ofa furnace. 
Its Imjor ctlllstitllcnt IS N2 (usually more than 50'1r,). Co~, CO and 02 are 
prest'1H 1I1 vary Hlg am()!1HiS depending upolllilc eXlrlll ,)(" combustion. Small 
amounts ofS07, ullburn! illld/ur bydroC'ari)()lls may also be present. They 
have bibh sensible heat Ihill can he ulili~ed with the llclp of rcgc!lt'rators. 
C;~I()llflc value is very low alld incr'.~a~c~ wilh tlJI.' amount orco, e.g., Blast 
Furnace gil:" that contallls up to 2j';( CO has a calorific valuc of about SOO 
k cal/m

3 

163, TillH. reqliiruilo dCC()lllPO~,t' Illl' ir:lll ore with aeilJ decrease, sharply ·.viti! 
the deer,'as( in !hi par!il.'k si/(' of 111'. ore. Ten minutes or proper grinding 
ill an agate mortar otten SilVC:, hours of tr,'<llmen! with acid. 

164. (1) Any orgilni.- matter,ls";ociated with the ore :~ oxidiscd 10 CO2 during 
roosting. 

(2) Roasting also decomposes any pyrites presl'llt in the ore and removes 
sulphur as S02: 

---'lo 2FcO + 4S02 

4FeO + 0", -----30 2Fc203 

(3) Any arsenic impurity is also removed as oxide: 

4As + 302 -----3> 2As203 

165. When a large: exees" of SnCI~ is added during reduction, a much larger 
amount of HgCI2 will have to he added 10 remove Ihe excess of SnCI2. This 
means wastage of reagents. Also, a very thick or heavy precipitate of 
Hg2C!2 wi!! be formed whlcil slowly reacts With the oxidising ilranl 
(K2Cr207 or KMn04) amI also reduces [errie complex frollll'd during Ihe 
reactionieading In inaccurate resul!~. 

166. III all tht}hree cases, the Hg2C12, forllled initially, immediately reacl~ with 
more SIl-+ iOl\s present lorming grey or black mercury inlhc findy divided 
state, which reacts with the oxidising tHrallt and also slowly reduces Fc3

+ 

in presence of CI- ions, tbus giving inaccurate results. 

Hg2Ci1 + Sn2
+ ------>- 2Hg + Sn4

+ + 2lT 
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2Hg + 2Fe3
+ + 2cr- ----.. Hg2Clz + 2Fe2

+ 

167. (a) To avoid the atmospheric oxidation of Fe2+ 10 F(,3+ which is quite 

appreciable in hot solution. 

(b) To avoid the precipitation of Hg on the addition of HgCI2. 

168. II indicates that stannous chloride has not been added in excess which 
means that reduction of Fe3+ to Fe2+ may be incomplete. 

169. H3P04 complexes thc Fe3+ ions formed during the titration and thus 
removes the yellow colour due to FeCI3. This makes detection of the 
end-point easkr. 

170. Internal Indicator: A substance that can be added to the reactionlllixture 
to indicate the equivalence point of the titration. 

Example: Phenolphthalein in acid-alkali litfiltion. 

External Indicator: An indicator which is 1I0t added 10 the reaction 
mixture. Rather, a drop of the reaction mixture is removed and mixed with 
a drop of the indicator on a glaZl'd tik. 

Example: KSCN is lIsed as external indicator for testing complete 
reduction of Fe3 + during the reduction of iwn ore solution with Z1I and 
H2S04, 

Self indicator: When olle of the H'actants itself acts as indicator and no 
external substanCl' is required. 

Example: In the titration of oxalic acid with KMn04' the titrallt itself acts 
as indicator. 

171. Tbe external indicator lIsed is a solution of potassiulll fcrricyanide 

K3IFe(CN)6\' 

Preparation: A small crystal of K3[Fe(CN)61 is washed repeatedly with 
distilled water to remove the superficial coating of the ferrocyanide, The 
washed crystal is then dissolved in distilled water to get an approximately 
0.1 per cent solution. 

172. The indicator solution is taken in the form of drops on a dry glazed tile (A 
glass rod or a dropper may he used). The dichromate solution is then added 
in small portions to the iorn ore solution and after each addition, a drop of 
tbe reactiolllllixture is removt'd with a clean glass rod and thelllllixed with 
one of the drops of the indicator. A deep blue colour appears: 

3-
3F(,2+ + 2[Fe(CN)6] ---;. Fe3[Fe(CN)6h 

Ferroferricyan ide 

(prussiun blue) 

Potassium f('frof(:rricyanidc 
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As the addition of dichromate solution is continued, the concentration of 
Fe2+ ions decreases, and on testing with a fresh drop of the indicator a 
bluish-green and thm green colour appears. The titratiOll is complete at a 
stage when a drop of tbe iron solution on being mixed with a drop of the 
indicator on the tile shows no trace of green - a slightly brownish tint 
superimposed on the yellow is observed. 

173. (1) To get good drops, the glazed till' should be perfectly dry (A piece of 
blotting paper may be used for drying). 

(2) After each testing, the glass rod must be washed with distilled waler 
otherwise some indicator solution sticking to the tip of the glass rod 
will get transferred to the reaction III ixture and spoil it 

(3) Each lime the glass rod is dipped into the reaction mixture, some Fe2+ 
ions are removt,d and consequently lower results will be obtained. To 
reduce this loss, testing should be started near the end-point, i.e., after 
the first titration, the dichromate solution should be rull into the Fe2+ 
ion solution, without testing, to within O.S III I of the previously 
determined end-point. Then the dichromate solution should be added 
dropwise, testing the reaction mixture after each addition. 
This helps in two ways: 
(a) Number ()fwithdnl\~als for testing is reduced. 
(b) Concentration of Fe-+ ions near the cnd-point is very small and 

so loss of iron is not appreciable .. 

174. (1) Detection of the end-point is quite cumhersome. 

(2) Lower results are obtained because of loss of Fe2+ during testing. 

17S. It will immediately react with Fe2+ ions producing the deep blue colour of 
ferroferricyanide. The ferrous ions thus combined willnol be available for 
oxidation and also the detection of the cnd-point will not be possible. 

176. The hydrogen bubbles escaping the solution may carry along with them 
appreciable amounts of iron ions. When the bubbles pass through the narrow 
tube of the funnel, majority of Ihem break and the loss of iron is reduced. 

177. A.R. zinc reacts very slowly with dilute H2S04, Copper sulphate increases 
the rate of dissolution ofZn and thus tll(' production of hydrogen, by setting 
up a galvanic cell. 

178. Wilen HCI is present, some KMn04 may be consumed in the oxidation of 
CI- ions: 

+ ~+ 
Mn04 + 8t1 + Se ----'Jo Mn- + 4HZO] x 2 

2CI- ------» Ciz + 2el x S 

2MnO;j + 16H+ + lOCI- ----'Jo 2Mn2+ + SCI2 + 8H20 

Thus KMn04 titration may give higher results. 
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17\). Many iwn ores are wry difficult to decompose by H2S04, So the solution 
ba~ 10 he prepared in HC!. If it is to be titraled with KMlI04, the following 
methods may be u~cd: 

(il) The iron ore solulioll is reduced with SnCI2/HCI (excess SnCI2 being 
removed the HgCI?). The solution is the!l titrated with standard 
KMn04 ill presence ofZimmennlllU\-Rcinhardt reagel\t (MnS04'4H20 
l water + H2S04 + H3P04) which is also known as preventive 
solution. Presence of excess of M1I2+ reduces th{~ oxidising power of 
KMn04' Also the reducing power ofFe2

+ is increased by the presence 
of phosphoric acid whkh complexes Fe3

+ ions. Thus the possibility 
of the oxidation of CI- wilh Y..MIl04 b reduced. 

(b) The best method is to expeJ Hel by evaporating the iron ore solution 
with H2S04' 

2H(F:~CI4) + 3HZS04 -....... Fe;Z(S04h + SHCI 

and dissolving the residur ill dilute H2S04 followed by reduction wilh 
zinc and H2S04, 

180. Redllctie'il with amalgamated Zilh' is mu.:n more rapid tban with zinc and 
H2S04: 

2Fe3+ + Zn ---joo 2Fe2+ + Zn2+ 

As no hydrogen is evolved, I.bere is no loss of iron. 

181. AR granulaled zinc is taken in a beaker and covered WiUl a 2{lo solution of 
HgCI2. The mixture is stirred with a glass rod for about 10 minutes. The 
solution ;s then decanted and the residual zil1<: amalgam formed is washed 
repeatedly with distilled waler by decantation. 

182. 1. Sulpburous acid or S02 (Na2S0,/H2S04) 

2. HzS 
3. Titanous chloride (TiCI3) 

4. MglHzS04 

183. Both As(IlI) and Sh(lll) react with 12 as per the following reactions: 

H3As03 + 12 + H.P ----... H3As04 + 2H+ + 21-

H3SbO., + 12 + Hp --" H3Sb04 + 2H+ + 2£-

Thus, if arseaie and antimony arc present in the trivalent state, II part of 
iodine Iiberalell by copper will be used lip and the results will be lower. 
Though the reactions arc reversible, the backward reaction, namely, the 
oxidation of I - by As(V) and Sb(V) above a pH of 3.2 (maintained by 
buffer) is not appreciable and so no interference is caused. 

184. Even when present ill (race allloulIll;, NO.2 and nitrogen oxides cause very 

marked interft'fcllce hy oxidising I - to 12: 
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NOz + 2H+ + e -- NO + HzO 1 x 2 

21-~ Iz + 2e 

2NOz + 4H+ + 21-~ 2NO -/. Iz + 2HzO 

Nitric oxide is readily oxidised by air to NOz 

2NO + 0z --- 2NOz 
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which in turn reacts anew with iodide to form more iodine and NO and the 
cycle is then repeated. For this reason, when the solution is titrated with 
thiosulphate in presence of starch, tht~ blue colour returns again and again 
and no pennanent end-point can be obtained. 

NOz + 2H+ + 2r ------» NO + 12 + HzO 

185. Both nitrate and nitrogen oxides arc eliminated by heating with urea in acid 
medium 

2NOz + NHz . CO ·NH2 + 2H+ ---io> 2N2 + CO2 + 3H20 

6NOz + 4NH2 · CO· NH2 --- 7N2 + 4C02 + 8HzO 

NOz + NO + NH2 · CO . NH2 -- 2Nz + COZ + 2H20 

Nitrous acid (nitrite in acid medium) can also be eliminated by treating the 
solution with sulphamic acid: 

HNOz + NHz . S03H ~ N2 + HZS04 + H20 

186. Any iron present if, the ore or alloy gelS oxidised to Fe3
+ during preparation 

of solution. Fe3
+ oxidises I" to 12: 

Thus, results will be high. 

Fez+ 1 x 2 
J 

12 + 2e 

2F,,2+ I 
" + 2 

187. Ethylenediaminetetra-acetic acid (EDTA) and pyrophosphate form 

I . h F 3+ h . h F' 2+ d I 'd' {' stronger comp exes WIt e t an WIt e al1 t IUS avol lllter erencc 

by Fe3+. 

188. Atmospheric oxidation of 1 - is catalysed by low pH, 

21-~ 12 + 2e 1 x 2 

0z + 4H+ + 4e --- 2HzO 

4r + 02 + 4H+ -- 212 + 2H20 

Cu + iOIl, nitrite iOI1, nitrogen oxides and sunlight. 
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189. (a) 

(b) 

At low pH values As(V) and Sb(V) will interfere by oxidising 1-. 

The reaction between Cu2+ and r goes to completion only under 
conditions whne CuI remains insoluble. If the pH is very low, CuI 
dissolves, the reaction becomes reversible: 

2Cu2+ + 2r- ~ 2Cu+ + 12 , 

and results are inaccurate, 
(c) Low pH catalyses atmospheric oxidations of 1-. 

190. On adding KI to Cu2
+ solution, a white precipitate of CuI is formed but the 

white colour is not visible because of brown colour of 13 produced by the 

reaction of liberated iodine with excess 1- : 

12 + r -----l> 13 
19]. A small amount ofI2 gets adsorbed on the surface of CuI. On the addition 

of thiocyanate, the surface layers of CuI are converted into less soluble 
cuprous thiocyanate: 

CuI + CNS- -----+ Cu(CNS) + r 
In the process, the adsorbed iodine gets desorbed (which intensifies the blue 
colour) and is immediately titrated to the disappearance of tlle blue colour. 

192. Reappearance of blue colour at the end-point indicates 

(a) the occurrence of one or more of the factors that catalyse atmospheric 

oxidation ofI- (Ex.188) 

(b) reaction between the oxidising agent and 1- is slow and sufficient 
time has not been allowed. 

193. Tap water contains considerable amounts of CI - ions which interfere with 
the estimation. 

194. (i) It prevents the hydrolysis of Fe3+ ion 

(ii) It discharges the brown colour of ferric alum indicator. 

195. Nitrous acid, if present, will react with tbiocyanic acid and produce a red 
colour which may be mistaken for the end-point. 

196. A.R. nitric acid is diluted with an equal volume of distilled water and boiled 
until it is perfectly colourless. Boiling expels any lower oxides of nitrogen. 

197. As a drop of thiocyanate solution is added to Ag + ion solution containing 

Fe3
+ iOIl, a reddish-brown cloud is first formed which quickly disappears 

on shaking because of its reaction with Ag + ion: 

3 )t 

Fe + + scw -- [Fe(SCN)r 
rcddi sh brown 

+)+ 3+ 
Ag + Fe(SCNt -- AgSCN + Fe 
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As the concentration of Ag + ions decreases, the above reaction becomes 
slow, i.e., the reddish-brown colour disappears only slowly when the 
end-point is approaching. 

198. Some Ag+ ions get adsorbed on the surface of the flocculent precipitate of 
AgSCN and escape reaction unless vigorously shaken. Thus a premature 
end-point may be obtained and the results will be low. 

199. (i) The stream of CO2 drives the CJz produced to the conical flask 
containing KI solution. 

(ii) It dilutes CIZ and thus helps in more efficient absorption. 

(iii) It also inhibits the back-suction of KI solution into the distillation 
flask. 

200. The guard tube contains some glass beads moistened with KI solution. Any 
trace of Clz or l z vapour that escapes absorption in the conical flask is 
retained by the Kl solution in the guard tube. 

201. Clz gas coming from the distillation flask will raise the temperature of the 
KI solution which may lead to some loss of iodine. 

202. It is used for bleaching the yeJlow colour due to the presence of FeZ03' 
MnOz imparts a purplisJl colour which by combination with yellow colour 
makes the glass appear colourless. 

203. It occurs as a black-coloured rock. 

204. Both sodium oxalate and sodium arsenite (prepared from A.R. AsZ0 3) are 

more cOllvenient because they are stable in air and are primary standards. 
Ferrous sulphate is not a primary standard and is oxidised by atmospheric 
oxygen. So the operation has to be carried out in the absence of air. Sodium 
arsenite though poisonous, costlier and preparation of its solution being 
cumbersome, gives more reliable results tball sodium oxalate because 
oxalic acid is decomposed at higher temperatures into CO and COz. The 

extent of decompositioJl al a sulphuric acid concentration below 20% is 
however very small. 

205. (a) The half cell reaction for the oxidation of iodide to iodine mono­
cbloride is given by 

r + cr ------+ lCI + 2e, 

which shows that there is 2-c1ectron change per iodide ion. 

Mol. wt. of KI 
Hence the equivalent weight of KI == 2 

166 
2 

83 
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(b) The half edt reaction for iodate is given 

I0:i + 61-1+ + Cl- + 4e ~ lCI + 3H20 

which shows 4-e1ectron cbange per iodatt: iOll. 

H I . I . b KIO Mol. wI. 214 5 ence t le equ\va enl welg lof 3 = ----.' "'--- = 3.5 
4 4 

206. Iodine is only slightly soluble in water but highly soluble ill the organic 
layer which is immiscible with water. A drop of KI03 added from the 
bureHe remains in the aqueous layer and the reaction between 12 and Kl03 
willnol take place unless Ihey are brought into intimate contact by vigorous 
shaking. 

207, At lower Hel concentrations, the rate of reaction near the end-point 
becomes very slow and may lead to an over consumption of KID3. 

208. Any chloride and/or extra oxalat(~ ions contaminated with the precipitate 
will consume extra KMnD4 solution and thus the results will be higher. 

209. When magnesiulll content of limestone is high, magnesium oxalate gets 
coprecipilated with calcium oxalate. In such a case, redissolve the precipitate 
of calcium oxalate on the filter paper and in the, beaker in 20-25 ml of hot 
dilute HCI. Dilulc to about 100 ml and precipitate with about 5 ml of hot 
8% ammonium oxalate and proceed as per tile normal procedure. 

210. The combined filtrate and washings from the oxalate precipitation (calcium 
estimation) are diluted to II known volume (say, 250 ml). 50 tnl of this 
solution is titrated with a standard solution of EDT A al a pH around 10, 
using Eriochrome Black-T as indicator (3.3.2). The results arc reported as 
Magnesium oxide. 

211. Please see Table X. 

212. Cellulose nitrate (celluloid) was the first plastic of industrial significance 
discovered about the middle of the nineteenth century by Hyatt of New 
York. 

213. Tbc minimum requirement for a substance to act as a monomer is to have 
two bonding or reactive sites, i.e., it must be atlcast bifunctional. 

214. The following type.s of copolymers are possible from two monomers M J 
and M2 : 
(a) Random copolymers: 

-Ml -M2 -Ml -Ml -M2 -Ml -M2 -M2 -M2 -M2 -MJ 
(b) Alternating copolymers: 

-M1-MZ -M J -M2-M J -Mz --MI-M2-

(c) Block copolymers: 

-MJ-MJ--M J -MJ --M2-M2-M2-M2 -MI-Ml -MJ-M1 -Ml 
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(d) Graft copolymers: 

M2 

I 
M2 M2 

I 
M2 M2 

I I 
(i) -Mj-MI-MI-MI-Mj-MI--Ml-

I Ml 
M2 I 

Ml I Ml 
I M2 I 

Ml I M[ 
I M2 I 

Ml MI 

I I 
(ii) - M2 - ~2 - M2 - M2 - M2 - Mz - M2 - M2 -

I 
MJ 

I 
Ml 

I 
MI 

I 
Ml 

215. Thermoplastics 

(i) They are usually formed in 
one slage by addition poly­
merisalion of bifunctional 
monomers. 

(ii) They consist of long 
straight-chain or branched-chain 
molecules with lIegligible cross­
links. 

Thermosetting plastics 

(i) They are often prepared in two 

stages by condensation polymeri­
salimI of monomers, some of which 
must have more than two bonding 
sites. 

(ii) They have linear chains before 
curing. Because of the presence of 
functional groups, heating during 
the second slagI.' (curing process in 
presence of additional monomer and 
usually a catalyst) causes cross-links 
between adjacent chains and leads to 
the fonllation of tIlH~e-dimellsioIlal 
space networks. 
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(iii) Individual chains are held 
together by weak secondary 
forces (cohesive forces) which 
break eaisly by heat Thenno­
plastics, therefore, soften 011 

ht~ating, when tbey can be given 
the desired shape, but harden on 
cooling. I f beating is restricted 
to below decomposition temp­
erature, the process of soft­
ening, resbaping and hardening 
can be repeated any number of 
times withollt any significant 
change in mechanical proper­
ties, as the beating or moulding 
process does not change the 
cbemical structure or the mole­
cular weight of the material. 
Thermoplastics are thus rever­
sible and can be reclaimed from 
wastes. 

(iv) They are ofte.n soft, less 
brittle, weak and usually havt~ 
low molecular weights. 

(v) They swell and finally 
dissolve in many liquids such as 
organic solvents. 

(vi) Examples: PloyethyIcne 
(PE), polystyrene (PS), poly 
(vinyIcbloride) (PVC), poly 
(tetranuOToetbylcne) (PTFE), 
polyamides (PA), cellulose 
acetate (CA), cellulose nitrate 
(CN), poly (villylacctate) 
(PVAc). 
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(iii) Cross-links formed bt;tween 
adjacent cbains durillg curing or 
processing change the cbemical 
structure and increase the molecular 
weigbt of tbe material. Tbes.e 
plastics therefore, are dimensionally 
stable, do not soften on heating and 
can not be reshaped. Their seUing is 
irreversible. Also, tbey cannot be 
reclaimed from wastes. At very bigh 
temperatures, they get charred and 
may be broken down to smaller, 
meltable and soluble fragments. 

(iv) They are characteTised by high 
molecular weights and are usually 
hard, strong and more brittle, 

(v) In their partially set form, they 
dissolve in many solvents but in the 
processed form, they lire insoluble 
though they may swell to a large 
extent. 

(vi) Examples; Phenol formalde­
hyde resins (PF), urea fonnaldehyde 
resins (UF), unsaturated polye.ster 
resins (UP), epoxy r('sins (EP). 

216. (i) High lJIolecular weigbt and long molecular chains. 

(ii) Absence of bulky sidechains that prevent alignment and dose 
packing. 

(iii) Structural regularity and stiffening units such as a licyc1ic or aromatic 
rings in the cha ins to provide a high degree of crystall inily, and 

(iv) Polar groups ill the repeating units to impart high inter-chain cohesive 
forces. 
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217. Under a stretching force, the randomly coiled molecular chains of 
elastomers straighten out and achieve a certain degree of alignment or 
crystallinity (ordered arrangcmcnt) causing a decrease in entropy. The 
chains spontancously rdurn to the original random state of higher entropy. 

218. Cooling of all amorphous polymer incH incrcases its viscosity to such an 
extent that alignment of molecules to produce a crystal lattice is not 
possible. Ovcr a certain temperature range (of about 1O-20·C interval) 
during the process of cooling, the coefficient of viscosity of the liquid 

approaches that of a solid (- 1013 poise) and the polymer gradually 
acquires the characteristics of glass (or thermoplastic) such as hardncss, 
stiffness and brillleness. The average of this tempe.rature range is taken as 
the Glass-Transition Temperature, Tg. 

Whl'n all amorphous linear polymer is heated, at a temperature around 
Tg, a freef vibratory motion or long segments of molecules begins and the 
polymer gradually changes from the glassy to lhe highly elastic rubbery 
state. 

These changes being reversible, the glass-transition temperature 
determines whether a particular polymeric material will behave as a glass 
(hard and stiff plastic) or elastomer at a given tempt~rature. In Table A arc 
listcd the approximate Tg values for some of the polymers from which it is 
clear that rubbers have their Tg considerably below room temperature, 
Whereas Tg for plastics is much above room temperature. Tg for fibres is 
also substantially higber than room temperature. 

Tahle A: Tg values for some polymers 

Rubbers TgCC) Plastics & Fibres TgCC) 

Polybutadiene -85 Polystyerenc > 100 

Natural rubber -70 PMMA 100 

Butyl rubber -70 PVC 80 

PoiychloroprclIe -40 Nylon 6, 6 SO 

Silicone rubber -120 PETP 80 

219. On cooling to a temperature around its Tg, an elastomer becomes hard and 
brittle. On heating, on the other hand, it becomes sticky and then changes 
to a highly viscous [luid state al a temperature reported as flow temperature 
Tf (or PMT). The temperature range CT./? _. Tf ) within which the polymer 
exhibits its elestic properties is called its Elastic Range or 'Use tempt'rature 
range'. The range can be widened by lowering Tg and elevating Tf : 
(i) T.<: can be lowered by (a) copolymcrising witb sllllIll qUlln/ilies of II 

suitable cnmonomer, (b) compounding with a plasticiser (a mutually 
compatible high boiling liquid), and (c) Milling or oxidative 
lI1usticatioll (which reduce (lie clillinlclIglll). 
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(ii) Tf Ciln be increased by cross-linking (e.g., through vulcanisation). 

220. Molecular cngineering of polymers mealls isolation of a Hew product with 
desired properties through manipulation of the length of molecular chains, 
location and degree of cross-links, the nnmber and size of branches and the 
na lUre ofthc repea ling unit. 

An optimum combinalion of softncss, stretchability, resilience and 
toughness can he achieved in 11 new elastomer by providing for chain 
tlexibility, free st'gmental mobility and resistance against slipping of chains 
(pc.nnanent defonnation) under prolonged stretching. 

While tbe chain flexibility is achieved by avoiding stiffening units sucb 
as alicyclic or aromatic rings in the molecular chains, free segmental 
lI10bilily can be imparted by 

(a) selecting repeating units containing C-C and C--O-C linkages around 
whicb free rotation is possible, 

(b) reducing interchain attractiv(~ forces by avoiding polar groups, amI 

(c) increasing interchain frec volumc by inst;rting small sidechains which 
prevent dose packing. 

Asuitable number of cross I inks is provided (through vulcanisatioll) to guard 
against penn anent deformation through slipping of molecular chains past 
one another. Degree of rigidity can be controlled by varying the degree of 
cross-J inking. 

221. Tbc structure of rubbers is intamediatc between that ofthennoplastics and 
thermosets and can best be described as a loosely-linked network where the 
interebain linkages are comparatively low. It allows considerable exten­
sion to occur, without breaking the chemical bonds, when subjected to a 
tensional stress. 

222. Vinyl mOnOn1«:'TS usually contain hydroquinolle as inhibitor to prevent 
polymaisation during handling or storage. Therefore, tbe inhibitor should 
be removed before polymerisation as otberwbe it may not be possible to 
initiate the polymerisation process. The inhibitor call be removed either by 
distillation under reduced pressure (to avoid polYIIltl'isation due to excess 
beating) or by washing with 95% KOH solution (using a separating fUllnel) 
followed by washing with water and drying over anhydrolls CaClz or 

NaZS04' 
223. In polystyrene, the bulky phe.nyl groups attached to the chains prevent a 

closer approach afthe polymer chains and hrllce lessen the attractive forces 
he tween thelll. 

224. The term Nylon is the generic name given to long cbain synthetic poly­
amides. Individual members of the group are designated or distinguished 
by two numhers - tbe first indicating the. I1Umbff ofC-atoms inlhc diamine 
monomer while the second indicating that number in fhe diacid monomer. 
Thus, the nylon made fromletramelhylcnediamine (containlllg 4 C-atollls) 
and seback acid (containing 10 C-atollls) is known a~ Nylon 4,10. Nylons 
made from w-amino acids or from lactams are designated by just one 
number which is the number of C-atoms in the monomer: 
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lelramethylene diaminc Schacic acid 

o 
II 

H -{- NH . (CH2)4' NH - OC(CH2)S - C -h, OH + (2n - ]) H20 

Nylon 4, to 

Nylon 6 

-- .------- -f NH(CH2)SCO 1-
Nylon 6 

('apro laclam 
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225. Nylons art~ crystalline and have high melting points. This is explained on 
the basis of extensive hydrogen bonding between the adjacent ella ins 
through > NH and C=O groups. Lengthenillg of the hydrocarbon part ill 
the chain 'dilutes' the hydrogen bonding resulting ill lowering of melting 
or softening point: 

Nylon type 

lI1.p. CC) 
Nylon 4,6 

308 

Nylon 6,6 

265 

Nylon 6,10 

220 

226. Mdting point and tensile strt'llglli of Nylons can be increased by (a) 
increasing the extent of bydrogen bonding by shortening the hydrocarbon 
chain in the diamine and the diacid (as disscussed above), and (b) 
introducing stiffening groups in the cbains, e.g., 

(i) Poly(ethylellt'terephtbalamide) melts ahove 400·C: 

n H2N(CH2hNH2 + n CIOC --@-- COCI 

ethylene 

diamillc 

rcrephrhaloy/ 

chlonde 

Oi) 

o 0 
II II 

H f NH - (CH2}z NHC-@-C -h CI + (2 n - I) HCI 

Nylons prepared from aromatic diamint~s and aromatic diacids (called 
aramides) melt above 500·C and have very high tensile strength: 

nH2N -@- NH2 + nCIOC -@-COCI ---

Phcnylcllc J.ammc 
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o 
H -f NH--@-NH-~~CO -h, CI +(2n-l)HCI 

Poly (parapheny leneterephtalamide) 

(Kclvar) 

227. In the beaker method of Morgan and Kvolek (p.174-5) for the formation of 
Nylons from a diamine and a diacid-dichloride, an almost inexhaustible 
t.bread or rope can be drawn from the transparent solution. As the rope seems 
to come out o[nothing, it is called 'The Nylon Rope Trick'. 

228. About 20% excess (than needl,d for stoichiometry) hexamethylene diamine 
is used to prepare a salt rich in diamine. Being more volatile (b.p.90-92°C/14 
mm), the diamine may be lost during drying of the salt. Some loss also 
occurs during polycondensation. 

229. Addition or chain polymerisatioll of vinyl monomers involves three main 
steps: 

(a) Initiation or Activation in which the monomer is converted into an 
activated en!ily by the action of heat, light, or by the addition of an 
initiator (a catalyst - free radical or ionic): 

R R 

I * I A + CH2 = CH --_.-l> A - CH2 - CH* 

Initiator monomer activated entity 

(b) Propagation or Growth in which the activated entity adds on to a new 
mOllomer Uliit to produce a new activated entity, a product capable of 
further interaction with the illitialmonomers: 

R R R R 

I "i I I * 
A - CH2 - CH + CH2 = CH ---l> A - CH2 - CH2 - CH2 - CH 

This step may be repeated a very large number of times to give 

R 
I 

A ---{- CH2 - CH 

(c) Chain Termination, which may occur by a variety of mechanisms 
such as: 

(i) recombination of the initiators at the surface of the vessel. 

(ii) combination of an activated entity with the initiator. 

(iii) combination of two activated entities. 

(iv) disproportionation. 

(v) e1iminatioIl. 

(vi) reaction with an impurity, 

results in stopping the growth of the polymer chain and gives what is known 
as Inactive or 'Dead' polymer: 
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R 
I 

A + CHz - CH in 

R 
I 

CH2 - CH+ + A· --» 

R 
I 

A + CHZ -CH in 
'Dead' polymer 

R 

I 
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CHZ -CH-A 

Chain growth may temporarily stop wht'll all tilt monomer units art used 
up. This happens particularly in case of polymtrisation of carefully purified 
reactants (say styrene) by anionic initiators represented as A-H+ 

[NHz Li (Lithium amide), C4H9Li (n - butyilithiulll), CWHgNa (Sodium 

naphthalene)] or by Ziegler-Na\ta catalyst (Et3AlrriCl3rriCtl - coordi­

nation catalyst). The chains do not 'die' when the monomer units disappear. 
The product is known as Active or 'Living' polymer. 

A + CH2 - CH f,j-+m 

@ 
At the end of the reaction, the polymer may be 'killed' by the addition ofa 
tenninating agent, e.g., water: 

A + CfI, CJ;/" m fI+ MOB 

'Dead' polymer 

The method is used for the preparation of Block Copolymers Of 

Stereospecific polymers. 
In case of condensation or step-growth polymerisation (p. I 69), the 

growing polymer chain continul;s to have one active group at each elld and 
the polymt'r dot'S not 'die'. Chain lengthening, however, may stop due to 
decreased activity as a result of incrtase in the size and molecular weight 
of the polymer and due to cyclization. 

230. The degree of polymerisatioll (DP) represents the number of repeat 
structural units in a givcn polymer mol(~cule. It thus specifies the length of 
the pol ymer cha in. The degree of polymcrisat ion, x, may be calculated from 
the expressions: 
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or 

x '" 
No 
N 
M 

Mo 
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(i) 

(ii) 

where No =: number of monomer molecules before polymrrisation, 

N = number of molecules present in the polymer product, 

M:;-: molecular weitht of the polymer, and 

Mo = molecular weight of the monomer units. 

In view of the inherent molecular heterogeneity ofa polymer product, it will 
be more appropriate to call x as the Average D(:gree of Polymerisation. 
Evidently, !lit: value calculated using expression (i) is a number average 

(x,,) and thaI calculated from expression (ii) will be a number average or a 

weight average (.i';,,) depending on whether the molecular weight M of the 

polymer is a number average Mil or a weight average Mw' 
Polymers arc tennc.:d as High Polymers or OligojJo/ymers accordingly as 
the average degree of polymerisalion is high or low. 

231. Number Average Molecular weight, 

10 x 103 + 100 x 104 + lOx 105 

10 + 100 + 10 

201 x 104 

= 16750 
120 

Contribution oflow mol. wt. (103
) moleeuks 

N b . . Mol. wt. 0 um er tractIOn x x 1 0 
M" 

10 lO3 
120 x 16750 x 100 '" 0.4975% 

Contribution of high mol. wI. (105) molecules 

10 105 

120 x 16750 )( 100 
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Weight Average Molecular Wcight, 
7 

LnjM; 
M~v= --­

LN,Mj 

10 x (103)': + JOO x (lO4)2 + 10 x (105)2 

lOx 1 03 + 100 x lO4 + 10 x 1 05 

54731 

Contribution of low mol.wt. (103
) moleculcs 

W . . MoLwL 0 
1. traction x ----=.-. X 1 0 

Mw 
3 3 

JO x 10 x ~x 100 0.0091% 
201 x 104 54731 

Contribution of high 11101. wI. (lO5) moleculcs 

10 x 10
5 

x ~ x 100 = 909()01, 
54731 . n 201 x 

277 

As is evidcnl from the results, the contribution of low mol. wt. 
molecules towards Mil is much larger (0.4975%) than towards Mw 

(0'()091 %) while that of high mol. wI. Illolecules is Illuch larger towards 
- -
M,,,, (90.9091:,) than towards Mil (49.75{iO. 

232. Many oflhe important properties ora polymer such as mechanical strength, 
softening tempera ture, mel I viscosi( y, solubil it Y ill a particular solvent, etc., 
directly depend on the molecular weight (or degree of polymerisalioll, DP) 
of the molecules composing the material. Every polymer has its own 
Threshold Value (TV) of DP (or mol. wI.) below which it does not possess 
any sirength. Similarly, when a fairly high molecular weight (different for 
different polymers) is reached, the mechanical strength becomes more or 
less constan1. For most of the polymers, the useful range of mol. wt. varics 
from 20,000 to 200,000. During the preparation of the polymer, therefore, 
tile , olYllleri~;a\i~)n process is continued until the mol. wt. of tile product has 
rcachd Iht' I,,,cful range. Thus, the determination of the mol. wI. is an 
important step in the preparation of the polymer. 

233. As the mol. wI. defel'm incd by anyone of the different methods (p.176) is 
a Iways some s,'rt of ;,ll aVl rage, it does not convey anything about the spread 
of the molecular \wlght or molecular inhomogeneity or polydispersity. 

Polymer samples with III ,al'll' mol. wI. average (whether M,l' Mw or Mv) 

Illay contain molecules will, ltIUtT lown or much higher 11101. wi. than the 
average, and thus may dilTer ill "Lllll' or the propcrtiet>. Therefore, to 
properly know a polymer, bOlh its avenge mol. wI. and the spread of mol. 
wi. must be known. 

If all the molecules in a polymer sam pie are of the same size, 

Mil = Mw·How(,VCf,whculhereisasizedislrihlJlioll,Mw > MII(asshowll 
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in Ans. 231 ahove) and the ratio Mw I Mil' termed as tbe degree of 

polydispersity, gives a rough but quick indication of the molecular weight 
- -

distrihution. M w I Mil values for typical polymers range from 1.5-2 to 20-50. 

234. In order to have some sort of certainty about Ihe behaviour of polymer 
sample under the usc conditions, the mol.wts. of the individual molecules 

of tbe sample must be quite close to the average mol. wI., or the degree of 

polydisperisity must be low (Mwl Mil < 1.2). Since tbis value is very high 

in as prepared polymers (Ans. 233 above), the molecular inhomogeneity of 
the sample is reduced by Fractionation. Fractionation is also needed for 
determining tbe values of K and a (Ans. 235). 

It is the process of ohtaining fairly homogeneous mol. wI. samples, wilh 
progressively increasing or decreasing average mol.wts., from a highly 
polydisperse system. A non-solvent is slowly added to a dilute polymer 
solution until a turbidity appears due to the precipitation of the highest mol. 
wt. molecules. This is allowed to settle and then separated by decantation 
or centrifugation. To the remaining solution, more non-solvent is added and 
the whole process repeated. The fractiolls so obtained are usually 
redissolved and refractionated. 

235. Changing equation (7.7) to the logrithmic form, we get 
log III I = log K + a log M 
Thus, a plot of log 1111 versus log M will be a straight line whose slope and 
the intercept on the ordinate represent the values of a and log K respectively 
(Fig. 9.4). 

r 

en 
o 
-l 

a= 
Log K AS 

'--'------_._._. __ .-
Log M 

Fig. 9.4 1)101 of log II] I versus log M 

Since a polymer sample is never availahle in a truely mOllodisperse 
state, it is fractionated to obtain a number of fractions tbat have a narrower 
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molecular weight distribution than the original sample. The average 
molecular weights Mr, M2, M3, etc., of these fractions are then determined 
by one of the absolute methods such as Light Scattering or Ultracentrifuge, 
and the corresponding intrinsic viscosity I 11 11 , I 11 12, 1 11 13, etc., are 

also measured and plotted to get the graph. 
236. Also called Ubbelohde Dilution Viscometer, it is an improvement over the 

Ostwald Viscometer. In it, the bottom end of the capillary is above the level 
of the liquid (Fig. 9.5) and so the pressure head is independent of the volume 
of liquid in the reservoir. 

-E 

--J 

I--il+--C 

R 

Fig.9.5 Ubbelohde Suspended Level Viscometer 

(' - Capillary arm 

J OUler Jackel 

M 1 - Upper mark 

E - Exit hole 

R - Reservoir 

Ml - Lower mark 



2RO Applied Chemistry 

Working: Properly clcan and dry the viscometcr and pipet 20 ml of the 
well-filtered solvent into the dilution chamber or reservoir R. Suspend the 
viscometer in the thermostatic bath. When the temperature equilibrium has 
been reached, g(~ntly force the liquid from the reservoir illto the other side. 
When the outer jacket J is almost filled, close the exit hole E with your 
thumb and increase the pressure. on the liquid to raise its level above the 
higher mark M Ion the capillary. Release the pressure and open tbe exit hole 
and, using a timer, measure the time ill which the liquid meniscus moves 
from the upper mark M 1 to the lower mark M2. Make 5 measurements and 
take the average as the How-time to for the solvent. Remove the viscometer 
from the thermostat and pour out the solvent. Properly dean the viscometer, 
dry it and pipet 20 ml of the concentrated polymer solution (0.5 g/dl) into 
the reservoir. After attainment of temperature equilibrium, determine the 
flow time ts as before. 

Now add with a pipet 5 IllI of the appropriate solvent into the dilution 
chamber and mix the solution thoroughly by repeatedly forcillg it into the 
outer j,!('ket and then rekasing it. Again, measure the now time. Repeat the 
measurements after further appropriate dilutions of the solution. 

Advantages of USL V over Ostwald viscometer 

Ostlovald Viscometer USLV 

1. 

2. 

The effective pressure head 
varies with the volume of the 
liquid in tbe viscometer; so to 
get reproducible and accurate 
results, all measurements 
must be made with a constant 
volume of the liquid. 

The experimental procedure is 
tedious and more time COII­

suming as the viscometer has 
to be emptied, cleaned and 
refilled eVt~rytime the mea­
suremt:n! is to be made with a 
solution of different COIl­

centratioll. 

1. 

2. 

The bottom end of the capillary 
being above the level of the 
liquid, the pressure head is inde­
pendent of the volume of the 
solution in the reservoir. 

Only one standard solution is 
needed in the beginning. New 
concentrations are achieved by 
adding appropriate volumes of 
the pure solvent and mixing 
within the viscomerter itself (en­
suring, however, that the re­
servoir level always remains 
below the capillary bottom end) 
This saves a lot of time and 
labour. 

237. If the molecules of the solute in a solution behave as hard spheres, intrinsic 
viscosity is independent of the molecular weight of the solute. The value of 
a, the exponent in the Mark-Houwink equation (7.7), then becomes equal 
to zero, i.e., r I) ) = KAlI = K. Examples: 
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(i) All globular proteins 

(ii) Highly branched glycogen whicb is nearly spbere-like. 

238. For two liquids witb diffelent drainage (efflux) times, the average prcssure 
heads are different and the relationship (7.2) becomes approximate. For 
good results, therefore, the referellce liquid should have approximately the 
same drainage time as thc. liquid under test. Hence the difference in the 
efflux time for solution (ts ) and for pure solvent (to) should not be very high 

or llr = Is Ito should not be higher than 1.5. 

239. Extrapolation of the graph ofll red versus C to zero cOllcentration eliminates 
the effect of concentration Oil the viscosity of the solution. 

240. Under otherwise identical conditions (at a given mol.wt., degree of 
polydispersity, extent of branching and temperature), tbe value of the 
exponent a in equation (7.7), and hence the value of [ II], is a measure of 
the quality oUhe solvent. Large values of {/ amI [ 11 J indicate a good solvent 
whereas lower values of a and [ '1 1 indicate a poor solvent. Examples: 

Polymer Solvent Value of {/ Quality of 
at 30°C solvent 

Poly (vinyl chloride) chlorobenzene 0.59 poor 

tetrahydrofuran 0.83 good 

Poly (vinyl acetate) methonol 0.60 poor 

acetone 0.72 good 

241. The Viscosity Average Molecular Weight, M", as is the lIlol, wI. calculated 

from Mark-Hollwink equation (7.7) called, is inlluenceo by tbe shape of lhe 
polynlt'r mokcules in solution which depends on the solvent-solute 
interactions. M" is a complicated average given hy the empirical equation 

- = (2: 11; M; 1 + all/a 
M" '" M L. 11; ; 

wbere (/ is tbe exponent in equation (7.7). Tbe value of M" lies 

somewhere between Mil and Mw ( Mil < M" < Mw ) but is nearer to Mw 

which is therefore preferred for calibration, i.e., [or the determination of 
- -

constants K and II (Ans.235). For a = 1, Mv = Mw' 
242. For a giVl'1l polymer/solvent system, the temperature below which the 

solvent behave as a nOll-solvent and above which it behaves as a poor 
solvent is called Flory Theta (0) Tt'lIlperature. At this temptrature, tbe 
association forces (cohesive forces between the polymer segments) arc 
equal to the solvation forces (solwnt dispersion fOf(.'(~s) aud the polymer 
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moleculcs are just al thc point of incipient precipitation : under ~uch 
conditions, the exponent a in equation (7.7) acquires a value of 0.5. 

Examples: 

Polynwr/:-,o!venl system 

Polyslyrcne!cyclohexanc 

Polyisobutylcne/benzenc 

PolyacryJic acid/Diox/inc 

Pol ymeth y Imethacry la Ie/acctone 

Theta temperature 

34°C 

24°C 

30°C 

25°C 

The solwllt at theta temperatmc is called Theta Solvent for that 
polymer. Solvent alld non-solvent mixtures in suitable proportions have 
been found to behave like theta solvents for sonH~ polymers. 

243. It is a cbemicalmethod used for the determination of mol. we of polyesters, 
polyamides and other liJwar polymers which conla ill a reactive group alone 
or both ends of the polymer chain. The method gives Ilulllber-averagt mol. 

wI. and is particularly useful fordetermillatioll ofMI! values less than 25,000 

at which range other methods becomt less rdiablt. Tbe limitation is that 
tht mechanism of polymer formation must be known with ctrtainty so that 
tlIt location of reactive groups can be pn'dicted. Losses of end-groups by 
side-reactions, production of additional end-groups by bralKhing and 
solvent inttrference are SOillt of the sourcts of error. 

The experimental procedure ustd depends on tbe nature of tlIt 
end-group prestnt. The ll1ol.wL of polymtrs containing - COOH groups is 
determined by titrating a known weight ofthe. polymer dissolv('.d in an inert 
solvent against a standard solution ofKOH using pbenolphthaltin indicator. 

Observations and Calculations 

Let the wI. of polymer dissolvtd ::: wg 

VOIUlllt of KOH consumed Vml 

Normality of KOH solution ::: N 
Number of moles of KOH that have VN 
reacted with w g of polymer 

:::: 
1000 

Henee the number of moles of VN 
::: 1000 In the polymer weighiug IV g 

VN 
::: 

1000 x n 

where n is tht numbn of -COOH groups ptr chain. 

244. (a) Formation ofpo~vester: 

nHO - (CH2)n - COOH - ..... 
(,) - hydroxy acid 
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HO (CH2)a . COO --I(CH2la COO 1" _ 2 -- (CHZ)a ----- COOH + (n - 1) H20 
Polye,lcr 

No. of- eOOH groups per chain - 1. 

(b) Forlllilfion of polyblltadiene 

HOOC- R - N = N - R - COOH ---- N2 + 2· R 
;\z.o inili"tor 

2· R-COOH + nCH2 = CH -CH 0= CHZ 
Butadiene 

COOH 

----,)0 HOOC-R + CH2 - CH = CH - CHZ -),,- R - COOH 
CTPfl 

. . No. of - COOH groups per chain 

245 Wt. of sample, 

Vol. of KOH used, 

2 

W = 1.232 g 

V = 2.91111 

Normality of KOH solution, N '" (>.0965 

No. of carboxyl groups p('r molecule, n '" 2 

W x 1000 x n 1.232 x 1000 x 2 = 8805 
Mil '" V x N 2.9 x 0.0965 

246. Air bubbles 011 the surface of tile material tend to decrease its density. 
247. Because orgas bubbles entrapped ill their hody, foams have lower apparent 

density. So, Hoatatioll test is not applicabie. 
248. (i) The absence or presence of branching and its extent (depending on the 

method of preparation of the polymer) greatly affecllhe density ofthe 
polymeric material. 

(ii) The other important faclor is Ihe nature and amount of fillers (paper, 
fabric, carbon black, glass IIbres, silica, etc.) compounded in the 
polymeric material. 

249. Two miscihle liquids of different densities are mixed in various proportions 
to give II continuous range of density. The sample is then lowered in 
mixtures of gradually increasing density. The mixture iII which the sample 
just Lloats gives the density of tile sample. For polymers lighter than water, 
methanol-water mixtures in different proportions may be used. 

250. The solubility of a polymeric material depends very much on its chemical 
nature and the nature of the solvent. The solubility in a particular solvent 
largely decreases due to all increase in 

(i) the degree of cross-linking, and 

(ii) the molecular weight of the pnlymn 
Increase in the degree of crystallinity and hydrogen bonding also tend to 
decrease the solubility. 

25 L Use of polymer in the finely divided state usually facilitates ils dissolution 
and offers better and quick responses to most other te~ls. The polymer is 
brought into finely divided slate by grinding in prescnce of dry ice. 
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252. Dry ice is the name given to solid CO2 as the solid passes into the gaseous 
state without liquification (sublimation). During tbe grinding process, a 
polymeric material may get over-heated and may even soften. Cbilling by 
dry ice prevents softening and makes tough aud elastic materials become 
brittle so that they can be easily grinded. 

253. A shear-disk stirrer is a stainless steel shaft terminated by a steel disk 
(0.5" - 1" dia, 1/8" - 3/16" thick). It can be attached to a motor for 
rotation at high speed. Its use substantially increases the rate of polymer 
dissolution, 

·A 

1;ig.9.6 Shear·disk :Olirfl'f 

A - Sleel shaft B· Sleel disk 

C - Variable speed molor 

254. When the copper wire is heated alone in the bunsen flame, the volatile 
impurities are losl and a film of pure copper oxide is formed on the wire. 
On subsequent heating in contact with the polymer, the halogen present in 
the polymer reacts with the copper oxide producing the corresponding 
copper halide. 

2Cu + 02 ~2CuO 

Heat 
CuO + 2H + 2X ----;. CuX) + H20 

(Volalil~) 

Copper halides are volatile and impart an intense green or bluish-green 
colour to the flame. 

255. On fusion with sodium, N, S and halogens present in tbe polymer are 
cOllverted into corresponding ionisable inorgllnic compounds to which the 
ionic tests of inorganic qualitative analysis can be applied: 
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Heat 
C, H, 0, N, S, Cl, F, + Na ~ NaCN + NaS + NaSCN + NaCI + NaF + NaOH 

(Present in the polymer) 

(a) Test for nitrof,?en 

On heating the alkaline Lassaigne's extract with ferrous sulphate, cyanide 
is converted into fcrrocyanide: 

FeS04 + 20W ---~ Fe(OHh + SO~-

Fe(OHh + 6CW ~ [Fe(CN)6t- + 20H-

A part of Fe(OHh is oxidised to Fe(OHh: 

1 
2Fe(OHh + "2°2 + H20 --- 2Fe(OHh 

Both ferrous bydroxide and ferric hydroxide get dissolved on addition of 
dilute acid (HC) or H2S04) and the ferric ions released react with 
ferrocyanide forming ferriferrocyanide resulting in blue or bluish-green 
colour: 

3[Fe(CN)614- + 4Fe3+ -->0 Fe4[Fe(CN)6h 

When both Nand S are present, the SCN- formed react with ferric ions to 
produce blood-red colour: 

Ft)+ + SCN- ------>0 [Fe(SCN)]2+ 

(b) TestJorsllfpllllr 

(i) The violet colour appears due to the reaction between sulphide and 
nitroprusside: 

S2- + [Fe(CN)sNOj2- ----.. [Fe(CN)SNOS]4-
(Violet) 

(ii) Sulphide reacts with lead acetate to produce a black precipitate oflead 
sulphide: 

S2- + Pb2+ ~ PbS 
Black ppt. 

(c) Test for chlorine 
J 

Interference due to CN -/S--/SCN - is diminated by boiling L.E. with dilute 
nitric acid: 

CN- + HN03 -----» HCN + NO} 

S2- + 2HN03 -->0 H2S + 2NO} 

or 3Sz- + 8HN03 ---;. 3S + 2NO + 6N03 + 4HzO 

SCN- + 2HN03 ----7 HS04 + 2NO + HCN 
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. 
CC reacts with AgN03 to precipitate AgCI which dissolves in NH40H: 

CI- + AgN03 ~ AgCI + NOj 
(while ppt.) 

AgCI + 2NH40H --» [Ag(NH3):r Cl- + 2H20 

(d) Test for fluorine 

Fluoride in the L.E. reacts with CaCI2 to give a gel-like precipitate ofCaF2: 

2F- + CaClz ~ CaF2 + 2CI-

256. When both Sand N are present in the polymer, an excess ofNa should be 
used during fusion. This will decompose thiocyanate if formed: 

NaSCN + 2Na --+ NazS + NaCN. 

257. UpOll fusion, Si in a sample is converted into NazSi03. Dissolution followed 
by acidification changes it to silicic acid: 

Na2Si03 + HzO + 2HN03 -----... H4Si04 + 2NaN03 

Ammonium molybdate converts silicic acid into silicomolybdk acid: 

H4Si04 + 12MoO~- + 24H+ ~ H4[SiMo120 40] + 12H20 

The silicomolybdic acid reacts willI benzidine in acetic acid solution to 
produce 'molybdenum blue' and a blue-coloured oxidation product of 
benzidine. 

258. Polymers are said to be 'virgin' when they are in their pure form and, after 
their isolation and purification, no {~xtraneous material has been added to 
modify their characteristics. 

259. The main compounding agents are: 

(a) Plasticisers: These are usually low mol. wI. high-boiling liquids or 
non-volatile materials added to 'virgin' polymers. Througb partial 
neutralisation of intermolecular forces of attraction between different 
chains, they improve t1exibility and workahility of tbe polymeric material. 
However, chemical resistance and tensile strength of the material is 
somewhat lowered. 
Examples: NOll-drying vegetable oils, tricresyl phosphate, dibutyl 
phthalate, dioctyl sebacate, etc. 

(b) Fillers: They are materials usually added to reduce shrinkage Oil 

setting and cost of the finished product, and to improve the opacity, hardness 
and tensile strength. 
Examples: Saw-dust, paper llUlp, cotton fibre or rags, carbon black, ZnO, 
AI powder, etc. Some special characteristics can also be imparted through 
the addition of suitable fillers, t~.g., 

(i) Heat and corrosion resistance -Asbestos 

(ii) Extra hardness - Mica, carborundum, silica 

(iii) U.V. deactivatjon - Carbon black 
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(iv) Stoppage of X-rays - Barium salls. 

(c) Stabilisers: These an' the suhstances added to protect the finished 
product from therm;}l, oxidative and photodegradation. 
Examples: Salts of calcium, barium and lead, organotin compounds, 
amines, etc 

(d) Colollring agcnts: These are suitable organic dyes or opaque 
inorganic pigments added to impart attractive colours to the finished 
products. 
Removal of Compounding Agents 

(a) Organic agents such as plasticisers, dyestuffs and somt: of the 
stabilist'rs can be removed by extraction with ether or some other 
solvent in which the polymer is not solnble. The sample in the 
powdered state is heated with the solvent under rdlux. A Soxhlet 
extractor, if available, should be preferred, 

(b) For removing fiflers, inorganic stabilizers and opaque inorganic 
pigments, the sample is dissolved in a suitable solvent, dissolved 
components are removed by tiltratioll, and the polymer is recovered 
from the solution by addition of a lion-solvent. 

260. CaC03 does not reacl with iodine and so does not interfere. MgO reacts 

very slowly and so slightly higher results may he obtained, 
261. Both calcium oxide and calcium hydroxide are more soluble in sucrose 

solution than in waler. CaC03 is relatively insoluble and is removed by 
filtration. 

262, Glass beads help ill grinding of lime a!ld thus facilitate its extractioll with 
sucrose solutioll. 

263. Firstly, MgO dot'S not react with water to any great extent, except 011 long 
standing. Secondly, solubility of Mg(OHh is very very low and any small 
amount formed is retained by the filter paper. 

264. (a) Slaking is hydration nfquick-lime to give calcium hydroxide (reaction 
8.2). Wbl'll lumps of quick-lime are added to water, 

(i) about 2 parts by weight of quick-lime react with 1 part of water. 

(ii) the lumps disintegrate and crumble to give a fine powder called 
'Slaked' or 'Hydrait'd' lime. 

(iii) about 2,75 Kcal of heat are evolved per kg of lime slaked. 

(iv) the breaking of lumps and convCfsion of water into steam due to the 
high heat of reaction produce crackling and hissing sound. 

(v) the volume of slaked lime is about 2 to 3 times the volume of 
quick-lime used. 

(b) The rale of slaking reaction decreases with 

(i) increase in the percentage of MgO 

(ii) increase in the amount of other impurities 
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(iii) increase in lump size 

(iv) decrease in porosity 

(v) decrease or increase in the temperature of calcination of lime-stone 
during manufacture oflime. 

265. Quick lime slowly absorbs moisture and CO2 from atmosphere: 

CaO + H20 ~ Ca(OH)z 

CaO + CO2 ~ CaC03 

Its available lime therefore goes on decreasing on continued exposure to 

air. 
266. A suspension of slakcd lime in wakr is termed as milk of lime. Its filtrate, 

which is the clear aqueous alkaline solution of calcium hydroxide is known 
as lime wakr. 

267. When Iime-stoue is calcined at low tempt'ratuee, the decomposition of 
CaC03 is incomplete. The product, which IS porous and whose volume is 
not much less than tbat of tbe originallillle··stone, is known as 'soft' lime. 
Because of lower CaO content, soft limes slake. slowly. 
Calcination oflime-stone at bigh t('mperature produces a more compact and 
dense product which is known as 'Hard' or 'Over-burnt' lime. Some lime 
reacts with SiOz and Alz0 3 producing silicates and aluminait's. Chemical 
reactivity or raIl' of slaking reaction is lower because of decreased surface 
area (due to bigher density) and lower CaO content. 

268. On the basis of amount of CaO present and the nature of the associated 
materials such as MgO, Sial and Alz0 3, limes are classified as: 
(a) Fat or Higll-calcium Limes 

(i) eontain about 95% CaO and small amounts of impurities like MgO, 
SiOZ, Alz0 3, FeZ03, etc., 

(ii) slake rapidly with evolution of large amounts of heat lllld a large 
increase ill volume, 

(iii) have good sand-carrying capacity and mortar sets to II strong mass. 

(b) Lean or Low-calcium Limes 

(i) contain 70~WflJ CaO, the rrmaining being MgO, SiOl , FC203 and 
Alz0 3, 

(ii) 'slake slowly with smaller increase ill volume, require less water and 
evolve Irss heat, 

(iii) havt~ low sand-carrying capacity and mortar develops lower strength. 

(c) Magnesium Limes 

(i) contain 1O-25{:i, MgO; the percl'l\tage of impurities like Si02> Alz0 3 
and FeZ03 being small, 

(ii) slake slowly with less evolution of heat aud Irss expansion as 
compared to fat limes, 



Answers to Exercises 289 

(iii) have lower sand-carrying capacity; mortar is plastic, can be easily 
worked, sets slowly to a harder but more smooth surface; so used as 
finishing coat in lime plastering. 

(d) Dolomitic or High-magnesium Limes 

(i) contain 25-40% MgO, 

(ii) slake very slowly with very little expansion and evolution of heat. 

(iii) are too costly to be used in masonary work; mainly used as nux in 
metallurgical operations and for production and repair of basic 
refractories. 

(e) Hydraulic Limes 

(i) contain 70-90% CaO, 10-30% clayey matter (Si02 + AlZ03 + FeZ03) 
and less than 2% MgO, 

(ii) slake very slowly with very small expansion and evolution of heat, 

(iii) set under water without shrinkage (do not crack) and arc used as 
inferior grade natural cements, 

(iv) are further graded into: 
Feebly hydraulic 
Moderately hydraulic 
or Semihydraulic 

10 -15% clayey maUer 
15-20% 

Eminently hydraulic 20-30% 
269. There may be some loss of nitrogen on addition of the acid-mixture if the 

whole of the sample does not come ill immediate contact with salicylic acid. 
270. Phenol or benzoic acid may be added to fix the nitrate nitrogen in the form 

of the corresponding nitroderivative but they are less satisfactory than 
salicylic acid. 

271. After the reaction of the sample with acid mixture, anydrous sodinm 
thisoulphate is added which reacts with HZS04 to produce S02: 

S20~- + 2H+ ) S + S02 + H20 

The SOz so produced reduces nitrosalicylic acid to aminosalicylic acid: 

OH 

~ .. _COOH Y +3S0z + 

NOz 

OH 

6- COOH Y + 3H2S04 

NHz 

272. It is the process of raising crops on a soil alternately in such a way that one 
crop increases concentration of a particular nutrient that is depleted by the 
other. Thus planting of legume crops (peas, beans. grams, etc.) increases 
the nitrogen content of soil and so this crop may be alteTllated with wheat 
or other crops needing large amounts of nitrogen for their growth. 
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273. Organic farming includes the use of crop rotation and organic manures such 
as animal wastes for increasing soil fertility. For organic fanning to be 
feasible, fanners must have plenty of livestock. An organic manure of 
recent discovery is obtained by drying algae, fungi and mosses and 
converting them into powder. Large scale organic fanning ma y direct! y hel P 
in energy conservation and also reduce environmental pollution. 

274. Compost is a cbeap organic manure containing appreciable amounts of 
nitrogen and phosphorus. It is easily prepared by the fanners on tbe farm 
by burying waste plants, leaves and animal dung in pits and covering tbcm 
witb soil, wbere anaerobic decay takes place. 

275. With a hope to increase the crop yield, fanners tend to overfertilize tbeir 
fields. Use of fertilizers more than the optimum amounts 

(a) leads to economic loss 

(b) may become toxic to certain plants 

(c) may increase weeds, and 

(d) may become the cause of environmental pollution -nutrients drained 
from fields to lakes cause eutrophication (excessive algal growth). 

276. Heating the solutions abovt: 45°C may hydrolyse molybdate to molybdic 
acid which will be filtered along with ammonium phosphomolybdate and 
will consume additional alkali. Hence, the results will be higher. 

MoO~- + 2HzO ;:\ ===:': HzMo04 + 20W, 
(MoO} . H 20. while ppl.) 

277. Tbe yellow colour indicates tbat tbe precipitate of ammonium phos­
phomolybdate is in the finely divided state and is not being retained by the 
filter paper. The precipitate should be made afresh. 

278. (a) The filtrate should not decolourisc 1 ml of distilled water containing 
1 drop of Nil 0 N aOH and 1 drop of phenol phthalein. 

(b) The colours produced by 5 drops of filtrate and 5 drops of washing 
liquid (1 % KN03) witb one drop of methyl red should match. 

279. Any organic or inorganic material of natural or synthetic origin which is 
added to the soil to supply elements essential to plant growth and thereby 
increase the crop yield is known as a fertilizer. 

280. In addition to C, Hand 0, some or all of the following elements are known 
to be essential for the proper development of one or more plants. 

(a) Macro-nlllrients Nitrogen, phosphoms and potassium are needed 
ill reIativdy large amounts. 

(b) Secondary nutrients - Calciulll, Mg and S are needed in relatively 
slIlaller amounts. 

(c) Micro-nutrients Fe, E, Mn, Cu, Zn, Co, Se, Mo and CI are needed 
only in trace amolluts. 
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281. The N.P.K. value of a fertilizer represents the percentage of N, PzOs and 
KzO equivalent to nitrogen, phosphorus and potassium respectively, present 
in the fertilizer: 
Thus, the N-P-K value of urea = 46.6-0-0 
Diamtnonium phosphate = 21-53-0 
K2S04 = 0-0-54 

282. The principal component of the majority of phosphate rocks is Fluorapatite 
ICa3(P04h·3CaF2)' Other substances that may be present include small 
amounts of CaC03, CaClz, CaS04, MgC03, silica, FeZ03, Alz0 3, 
combined water and organic matter. 

283. B.P.L. stands for Bone Phosphate of Lime and is the trade name for the 
Ca3(P04h content of phosphate rock. A rock with high B.P.L. ('ontent 
fetches higher price. 

284. Phosphorus in soils and in fertilisers is generally present as orthophos­
phates water soluble amll10nium phosphate and lI1oIlo('alcium phosphate 
[Ca(HzP04hl, less soluble basic calcium phosphate [Ca3(P04hl- though 
other forms of phosphate and organophosphorus compounds are also 
encountered. Available or assimilable phosphorus includes only that part of 
total phosphorus which the plants can absorb from the soil. There is no 
general agreement on the best chemical method of measuring phosphonts 
availability and the various procedures proposed for available soil­
phosphorus are: 

(a) Extraction with water followed by extraction with neutral amll10nium 
citrate solution 

(b) Extraction with dilute acid 

(c) Extraction with fluoride 

(d) Extraction with bicarbonate 
2~5. A known weight of the powdered sample is first (~xtracted with ~cveral 

successive small portions of distilled water. The residue is then extracted 
"villl a ncutral solution of ammoniulll citrate under prescribed conditions. 
The n:siduc is thcn decomposed with aqua regia and the phosphorus content 
delll millcd and reported as citrate-insoluble phosphorus. The difference 
betw('u. tht' lotal phosphorus and citrate-insoluble phosphorus is a measure 
of the 3\ailabk phosphorus. 

286. Nitrogell - NH1, NO.3 

Phosphorus - H2PO~ 

Potassium - K+ 

287. 40W + Ci l ~ 2C)Cr k ,0 + 2e 

40H- + 2Cl2 ----'i> 20C)- + 2Cl- + 2HzO 

288. When moist bleaching powder is allowed to stand, some chlorite (CIOz) is 

formed which reacts very slowly with iodide ill presence of acetic acid: 
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CIOz + 4H+ + 4e ----+ CI- + 2HzO 

21- ------ 12 + 2e] x 2 

This slow liberation of iodine causes the colour to reappear at the end-point. 
In presence of sulphuric add, however, the above reaction is complete in 
2-3 minutes and a stable end-point can be obta ined. Since chlorite is also a 
bleaching agent, it need not be differentia ted from hypochlorite. 

289. When strongly acidified with HCI, calcium chlorate, which is usually 
present in small amounts and is not a bleaching agent, also reacts slowly 
with iodide liberating additional iodine and 

CIO) + 6H+ + 6e --" CI- + 3HzO 

2r -->0 12 + 2eJ x 3 

CIO:; + 6H+ + 6r ----l> CI- + 31z + 3HzO 

thus high(~r results are obtained. 
290. The arsenite method is considered to be more accurate than the iodometric 

method as there is no risk of the interference from chlorate. To 50 ml of the 
sample solution in a conical flask, add a known excess of 0.1 N AsZ0 3 
solution. Mix well by shaking and tilra te the excess AsZ0 3 with 0.1 N iodine 
solution, after adding 2 ml of freshly pn~pared starch solution. Calculate 
available chlorine from the amount of AsZ0 3 consumed. 

291. Bleach liquor is the trade lHllI1e for a clear 'Hypochlorite solution' generally 
used for bleaching purposes. It is made by shaking bleaching powder with 
distilled water, allowing the 'mud' to settle down and decanting off the dUll 

supernatant liquid. It generally contains from 20 to 35% available chlorine. 
A relatively wt~aker (10-15% available chlorine) but more stahle bk:ich 
liquor is prepared by passing Clz gas into a cold solution of NaOH. 

292. The cloth is dipped into the bleach liquor and then drawn through vats 
containing dilute HCI or HZS04. To remove excess of chlorine from cloth, 
it is drawn through an anticblor bath containing Na2SZ03 or NaHS03 
solutioll. Finally, it is freely washed with wah'r, squeezed, dried and 
calendered. 

293. 1. It should contain at least 35% available chlorine. 

2. A 6% suspension of it in distilled Wii tn, thoroughly stirred for 15-20 
minutes, should settle dear within one hour so that bleach liquor may 
be prepared without much loss of Clz. 

294. The strength of a bleaching powder sample in French or Gay-Lussac 
Degrees indicaks the lllllnl'er of Iitres of Clz gas, measured at O°C and 760 
mill pressure, that call be obta ined from one kg ofthe sample (100 French 
Degrees = 31.78% elz). 

295. (1) Hydrogen peroxide 
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(2) Ozone 

(3) Chlorine gas 

(4) Benzoyl peroxide (C6HS·COOh 

(5) Nitrosyl chloride (NOCI). 

293 

296. The lower end of the capillary tube is flattened, grouud and polished 
carcfulIy to get a large dropping surface with a sharp boundary. 

297. The capillary slows down the flow of the liquid through the tip. The final 
adjustment of the rate of fall of the drops however is made by regulating 
the screw-pinch-cock on the rublwr tubing. 

298. The passage of the liquid mcniscus may not exactly coincide with the marks 
X and Y when thc drop falls. The cOllsequent error can be e!imina ted with 
the help of graduation. The number of divisiolls through which the liquid 
meniscus passes for the formation of one drop is determined. Let it be 5. 
Also, let the first drop formation commence at the 4th division below mark 
X and the last drop fall wht'll the liquid meniscus is 2 divisions below the 
mark Y. Then the correction factor for the number of drops is 

(+ 4 - 2)' ~ = + ~ drops, that is 2/5 (::: 0.4) should be added to the 

number of drops counted to get the true number of drops {<mlled from a 
volume of liquid betweenlllarks X and Y. 

299. The glass tube serves as an air-vent so that the pressure in the receiving 
bottle remains the same as the atmospheric pressure. 

300. Rise in temperature of a liquid increases the kinetic energy of its molecules. 
This decreases intermolecular forces of attraction, resulting ill a decrease in 
surface tensioll. At the critical temperature of a liquid, its surface tension 
vanishes altogether since, at this temperature, the surface of separation 
between tbe liquid and its vapour disappears completely. 

301. It is the force of tension that always exists along the surface of separation 
between any two phases of different nature, e.g. the interface between 
immiscible liquids, between solids and gases, and between solids lInd 
non-dissolving liquids. Surface tension is only a specific case of interfacial 
tension whcn a liquid is in contact with air saturated with the liquid vapour. 

302. The unbalanced forces of attraction acting along the surface of each liquid 
(individual surface tensions) are partly compensated by the forces of 
attraction that the molecules of one liquid have for the molecules of the 
other. 

303. Parachor is equal to the molecular volume of a liquid at 11 temperature at 
which its surface tension is ullity. II is both an additive as wdl as a 
constitutive property. 

304. All such substances which when added to a solvent (particularly water) 
decrease its surface tension are called surface active agents or surfactants. 
Examples - soap and alcobol decrease the surface tension of water. 

305. As a liquid tends to have minimum surface area, any attempt to increase the 
surface area will require some work to be done. The amount of work 

J 
required to increase tbe surface area of a liquid by 1 cm- is known as tbe 
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,) 

surface clIergy of the liquid. It. is expn'sscd ill ergs/cm-. Surface energy is 
llumerically and dimensionally equal to surface tension \dynes/cm). 

306. The impurifies are usually precipatated as sludge hut lI1<1y affect Ille coating 
cl]{lfactcristics due to change in the composition of Ihe bath and due to 
codepositioll. 

307. Should tlw anode be of a non-corroding OJ noble metal, it willllot dissolve 
and so the composition of the electrolyte will change. 
Example: If a platinulll anode is used in mpper plating, the reaction at the 
anode is the oxidation ofwatn: 

The cathode reaction (8.23) being the deposition of coppel' 

(Cu2+ + 2e ;;;,,==::- Cu), the cOllcentratioll of Cu2
+ ions in solutioll will 

decrease while that of H+ iOllS will incrt'ase. In order to maintain uniform 
conditions, appropriate amounts of copper sulphate and alkali will have to 

be added from titne 10 time (0 make lip the shortage of ci+ and to 
neutralise Ihe extra H+ produced. 

308. Put SOIlle water on the surface. it will not bead (separate into drops) if the 
surface is dean. 

309 (i) Agitation belps the acid or alkali to penetrate all crevices and cracks 
Oll the surface. 

(ii) It improves cleaning or pickling effect by mechanical rubbing action. 

(iii) It prevents local dilution of the solution near the surface beillg cleaned. 
310. For achieving a real good finish, il is essenlial that plating should he done 

on a polished bast. PoliShing is accomplished by holding the article against 
a rapidly revolving buff ll1adl' of many thicknesses of linen, coUon cloth, 
wool or I'd!. The buff receives frequent applications of a polishing 
composition of wax or grease and fille grit - tripoli, emery or rouge -
depending on the nature of surface and the degree of polishing desired. 

311. It is all electrolytic operation used for polishing the base metal surt:1ce or 
for obtainiug a high luster on finished articles for decorative purpose. The 
metal surface is made the anode in a suitable polishing solution (usually 
acetic acid, phosphoric/chromic acid, phosphoric/sulphuric acid or 
sulphuric/citric acid mixtures). Dissolution of protuberant points or areas 
kads to marked smoothening and brightening comparable 10 that resulting 
from buffing, in many cases at mueb lower cos!. Electrolytic polishing is 
particularly suitable for removing small scratches and imperfectioIls. 

312. Periodic short-time reversal of the direction of current during electroplating 
is termed as Periodic Reverse Plating. The resulting alternate plating and 
de plating (polishing) process greatly improves uniformity and smoothness 
of the plated 111m. 

313. Brightfners are complex proprietary materials added to Ihe plating bath for 
depositing bright coatings on matt surfaces. They arc usually organic 
('ompounds such as aldehydes, ketones, formates, citratt'S, tartrates, lactose, 
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dextrose, saccharine, thiourea and its derivatives, organic sui phonic acids, 
etc., or colloidal substances such as glue, gelatin, albumin, etc. Reactions 
involved are very complex and the brightener's fUllction is not fully 
understood. An accepted theory is that these substances reduce grain size 
due to simultaneous deposition. 

An overdosage of brighteners may result in a brittle, stressed, less 
corrosion-resistant deposit that may easily peel off the base metal. 

In copper plating, tht, common brightener is 1 g of phenol (as sulphonic 
acid) per litre of the plating solution. 

314. Chemical attack on a metallic surface by the corrosive environment 
(electrolyte), or electrochemical displacement during electro-deposition of 
more noble metals on less noble-metal-articles (such as deposition of gold 
and silver on copper or copper and nickel on iron) result in nOll-adherent 
coatings and contamination of the bath. 'Quicking' and 'Striking' are the 
two processes generally employed to overcome these difficulties. 

(i) In the 'Quicking' process, the article (made o[copper, brass orGerman 
silver) to be electroplated is first dipped in a quirking solution (usually 
cOlltaining mercuric cyanide in sodium or polassium cyanide 
solution). Due to electro-chemical displacement, a very thin film of 
mercury is deposited on the surface of the article. This film 
satisfactorily resists the corrosive action of the plating bath during 
e1ectrodeposition. 

(ii) In the 'Striking' process, the article to be plated is made cathodic 
immediately on immersion into the bath which is initially operated for 
a short duration at high current density. This step may be accomplished 
in a separate 'strike' bath, containing a low concentration of ions to 
be deposited, and then the article is shifted to the main plating bath. 
For deposition of copper on iron articles, the 'striking power' of tbe 
cyanide bath is greatly enhanced by the addition of Roch~'lIe salt 
(sodium potassium tartrate, NaKC4H40 6 ·4H20). 

315. Alloy deposition is codeposition or simultaneous deposition of two or more 
metals. The necessary conditions are that 

(i) the deposition potentials of the metals shonld be close, 

(ii) the polarisation curves (cathode potential versus current density) of 
the metals concerned should be similar, and 

(iii) the metal ions sbould be replenished in a proportion to their rates of 
deposition. 

Deposition of brass 

Deposition potentials of copper (+ 0.34 V) and zinc (- 0.77 V) are brought 
closer together by adjusting their ion concentrations through complexing 
with KCN. Due to the difference in the dissociation c01lslanls of 

3- ")-

[CU(CN)4] .and [Zn(CN)4r ' the concentrations of Cut and Zn2
+ in 

solution are around 10-27 Illolellitre and 10.18 mole/litre, respectively. At 
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the.se conce.ntrations, the deposit potflltials for both the metals are about 
-1.30 V. 

316. 'ThrowlI\g power' of an electroplating sys\t'm is a qualitative measure of 
its abil ity to deposit metal on the entire surface of the article. The percentage 
ratio of the thinnest and thickest deposit is usually taken as a rough measure 
of Throwing Power. 

It depends on the current density distribution which is a fUllctior. of the 
geometry of the cell (Le., the size and shape of the electrodes and the 
intervening distance) and polarisation (influenced by current density, 
concentration of dischargeable ions and thdr transport velocity). 

The throwing power is said to be micro (Micro-throwing Power) if the 
metal deposit occurs preferentially in pores and scratches and macro 
(Macrothrowing Power) wlwlI a dl'posit of relatively uniform thickness is 
produced on an irregularly-shaped cathoue. 

Conditions which improve one kind of throwing power lead to 

worsening of the other. Low polarisation due to high concentration of 
dischargeable iOIlS in acid copper baths improves microthrowing power 
(levelling and defect hiding characteristics) rendering these baths suitable 
for depositing copper in holes and pores as for printed circuit boards. Low 
concentration of dischargeable ions in cyanide copper baths, on the other 
hand, increases polarisa tion resulting in improved macrothrowing power. 
These baths are therefore employed to produce uniform copper deposits on 
irregularly shaped cathode surfaC(~s, e.g., production of an undercoat of 
copper on a car bUill per. 

317. The object is properly cleaned and suspended by iron wires from the anode 
bus bar into an dectrolytic bath composed ofNaCN (90 gil) and NaOH (10 
gil). An iron sheet is used as cathode and current from a 6 V battery is passed 
through the circuit. Copper starts dissolving from the surface of the object 
which is carefully watched. When the stripping is complete, the object is 
quickl y removed from the bath, washed in running tap wakr and dried. 

318. Electrosalvaging is a process of re.pairing parts worn out due to continual 
use, or mis-machined and undersized parts. The part is built up through 
electroplating Fe, Cu, Ni or Cr, usually to a thickness greater tban necessary, 
and then machined to size. 

319. Three types of e1ectroless coatings are distinguished: 
(i) Immersion of Displacement Coatings 

Simple immersion of an Objl~ct of more active metal than ions in solution 
can produce deposits that are acceptable for certain purposes. Example: 
Copper is almost instantaneollsly deposited on small iron or steel articles 
or steel wires when immersed in a copper sulphate - sulphuric acid bath 
(5 wt% each). 

(ii) Non-catalytic Chemically-reduced Coatings 

Solutions of a salt of coating metal, and a reducing agent are sprayed on the 
object from a dual spray gun. Silver mirrors are produced by using the 
following solutions: 
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(a) Silver nitra te 10 g/l 
Aqueous ammonia (28 wI %) 4.5 g/l 

(b) Hydrazine sulphate 20 g/l 
Sodium hydroxide 5 gil. 

(iii) Catalytic Chemically Reduced or Catalytic Electroless Coatings 

The coating obtained is uniform over the entire surface even if the shape of 
the object is highly complex (deep: y recessed areas, the inside of tank ca.s, 
pipes, etc.) and even nOll-conductors such as glass and plastics can be plated. 
The process is however limited by the requirement that the metal being 
deposited should itself act as catalyst. Nickel plating has received maximum 
commercial applications (e.g., black nickel plating on aluminium sheets for 
solar panels) though several other metab (such as Co, Cu, Au, Ge, etc.) can 
be plated in this manner. 

An e1ectroless acid nickel bath (pH 4-6, 90-100°C) consists of a nicke:l 
salt (usually chloride), a reducing agent (usually sodium hypophosphite) 
alld all organic acid buffer to prevent deposition of nickel phosphite. 

An alkaline bath (pH 10-11, 65-75°C) consisting of nickel sulphate, 
sodium hypophosphite and pyrophosphate produces corrosion resistant 
coatings, semi-bright ill appearance, that arc somewhat superior to 
e\ectrodeposited coatings. 

320. Electroplating is an ekctrolysis process brought about by passage of 
external current through an e1eclrolyte. Only reduction reaction occurs at 
the object to be plated (Cathode) while I.lle oxidation reaction occurs at the 
other ele.ctrode (Anode). ElccllOl~ss plating is a redox process in which no 
current is involved. Both reduction and oxidation reactions occur at the 
surface of lhe object to b(~ plated. 

321. Plastics arc electroplated for lIlaking rdkclors, electrical condensers, 
gramophone records and for use in electroforming. Phellol formaldehyde 
and urea fonnaldehyde are two of the commoll pla~lic~ 1I10s1 ~uited for 
electroplating. Electroplated plastics are very attractive and light in weight. 
Electroplating of plastics involves the following steps: 

(i) Treatment with 1111 organic solvent followed by conditioning orc-tclling 
by dipping, for a few scconds, in a bath of chromic-sulphuric acid (fOF 
achieving good adhesion between plastic and metal). 

(ii) Activation by immersion in a colloidal solution of till or palladium 
(nuclei of tin Of palladium get deposited on the surface). 

(iii) 

(iv) 
322. (i) 

Electroless plating of Ni, Co or Cu by immersion for 20-30 minutes, 
in the respective elcctroless bath (the material becomes electrically 
(·onducting). 

Electroplating with the desired metal. 
Copper: Cyanide eoppcr baths have high macro-throwing power. 
They are also used as strike baths (p. 296). The Rochelle salt bath 
produces a semi-Iusterous, finer and denser plating. 
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Formulation 

Copper cyallidt~ (CuCN) 25 g/l 

Sodium cyanide 30 g/l 

Sodium carbonate 

Sodium bydroxide 

25 gil 

adjust to 
IJH 10-11 

Applied Chemistry 

Rochelle salt 45 g/l 

T em pera ture 50-70· C 

Voltage 6V 

Anode Copper 

Cathode 0.02-0.04 
Current density 

? 
Ajcm-. 

(ii) Silver: It is electroplated mostly for decorative purposes on jewelry, 
table ware, reflectors and art works, and for engineering purposes an 
electronic equipment, for electrical contacts and for aircraft bearings. 

Formulation 

KCN 

AgCN 

30-45 gil 

25-30 gil 

30-60 gil 

Temperature 

Cathode CD. 

Anode 

25-30· C 

0.005-0015 
A/cnl 

Silver 

(iii) Rhodium: It provides bluey white, absolutely ulliamishable coatings 
of high decorative value. Very thin coatings (0.02S--D.l ,.un) are 
deposited on nickel or silver plated objects - jewelry, tableware, 
reflectors and electrical contacts. 

Formulation 

RllOdiull1 sulphate 1 gil Temperature 

Ammouium sulphate 30 gil Cathode CD. 

H2S04 60 gil Voltage 

Cathode Ni or Ag 
plated object Anode 

Time 20-30 seconds 

15· C 

0.06-0.1 
A/cm2 

2V 

Thin Pt strip 
or carbon rod 

(iv) Cadmium: It is a soft metal used for rust-resistant coatings on hand 
lools and marine applications. The following formulation has good 
macrothrowing power and produces coatings which appear like that 
of silver: 

Cd(CN}z 40 gil Voltage 1-3 V 

NaCN 50 gil Cathode C.D. 0.1-0.04 A/cm 2 

NaOH 25 gil Temperature 3S·C 

Anode Cadmium in combination with iron. 
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(v) Nickel: Nickel provides rust resistant and very hard coatings for 
corrosion prt~vention, electro-salvaging, electro-typing and 
electro-forming. Coatings from Watt type formulation 

NiS04 . 6H20 300 gil Temperatllfc 45-6O"C 

NiCI2 ·6H20 

Boric acid 

45 gil 

40 gil 

Voltage 

Cathode C. D. 

1.5--4.5 V 

OJ13-O.1 A/cm2 

have low internal stresses and high ductility. They are dull grey in colour 
but can bl~ brightened by buffing or by adding naphthalene disulphonic acids 
and diphenyl suI phonates as brighteners to the plating bath. 

(vi) Chromium: Chrome plating is done, usually 011 an undercoat of nickel, 
for both decorative and industrial (for longer life and resistance to 
corrosion) purposes. The best formulation is 

Chromic acid (Cr 03) 250-300 gil Temperature 30-40· C 

2.5-3 gil 

Anode Lead 

with periodic addition of chromic acid. 

Cathode C.D. 0.008-0.01 
? 

Alcm-

Efficiency 1 Stir; 

323. (i) Hot dipping: The method is limited to the production of coatings of 
low-melting metals such as Zn, Sn, Pb, Al. The metal! ic work or object 
is dipped for a short time in molten hath of the coating metal. The 
composition of the coating is not uniform and its thickness is much 
greater than electro-plated coatings. Coated parts are heat treated to 
form an alloy be.tween the coating and substrate. Galvanising (wilh 
Zn) of iron and steel articles and tinning of cooking utensils is most 
COIllmon. 

(ii) Diffusion or cementation: The method is well adapted to small pieces 
(nuts, bolts, screws, etc.) which are packed in large numbers in 
coating-metal powder, the system made gas-tight and rotated about 
one axis so as to tumble the powder over the surface of the article. 
Heating the system, below the Inelting points of the two metals 
involved, during tumbling leads 10 aIloy formation by diffusion. Thc 
coating is of unifonn thickness but uneven composition.lt is hard and 
more brittle than pure metal coating. Sberardising (Zn), calorising or 
alonising (AI) and cilromising (Cr) are most common. 

(iii) Cladding: In order to combine the strength of alloys and corrosion 
resistance of pure metals, alloy sheets are covered, on one or both 
sides, with very thin sheets of pure metal, in the form of a sandwiteh, 
and hot-rolled togethcr to achieve firm and permancnt bonding. Ni, 
Cu, AI and Ti are often used to clad mild steel, Cu, AI and their alloys. 

(iv) Flame spraying or metallizing: The coating metal (usually Zn, Sn or 
Ph) ill the form of wire is fed through a melling flame (e.g., 
oxy-acctylene) and blown, in the form of finely divided liquid 
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(v) 

Applied Chemistry 

particles, on to the base metal surface roughened by sand blasting. 
Bridges, shiphulls, large surfaces of irregular shape are coated by this 
method. 

Vapour deposition: Coating metal is vapourised by heating electri­
cally in high vacuum chamber and vapours led to the surface to be 
coated. The method, being very expensive, is limited to the coating of 
high strength parts for missiles and rockets. 
An alternative method is the decomposition of va pours of volatile 
metal compounds on the base metal surface, e.g., tungsten is coated 
by the decomposition of its hexachloride and nickel by decomposition 
of nickel carbonyl. 

324. (i) 
(ii) 

Coating thickness can be very easily controllt~d to fraction of a 11m. 

It is the most convenient method for applying coatings of high melting 
metals such as Cu, Ni, Cr, Ag, Au, Pt, ell'. 

(iii) The intermediate layer between the coating and the base metal (formed 
in the case of hot dip or diffusion process) is absent. 

(iv) The electroplated coatings have fine structure and improved hardness, 
water resistance, electrical and tbermal conductivity, solderability, 
rdlectivity, etc. 

(v) The process adds beauty to the product. An electroplated article is 
inexpensive when compared with the cost of the same artiele made of 
the metal used for plating. 

325. In most cases of electroplating, the cum"nt does not produce the theoretical 
amount of metal deposit as calculated from equation (8.26). Some current 
is lost ill liberation of hydrogen along wilh metal. The ratio of the actual 
metal deposit to the theoretical (expressed in %) is called the pia ting 
efficiency. 

326. Weight of copper deposited, w 

Current strength, I 

= 1.5875 g 

= 1 A 

Electrochemical equivalent of copper, Z 
Eg. WI. of copper 

1 Faraday 

From equation (8.26), 

time, 

327. Cathode currclIt dellsity 

w 

Z x I 

Let the surface area of cathode 
Curn~lIt strength, J 
Time, ( 

Electrochemical equivalent, Z 

31.74 
96500 g/ coulomb 

1.5875 x 96500 
31.75 

= 4825 sec. 
= 1 h 20 min 25 sec. 

0.1 A/cm2 

= x cnl 
0.1 x x A 
1 hour = 60 x 60 sec 
63.5 

96500 g/ coulomb 
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Theoretical weight of copper deposit 

'" ZIt 

Plating efficiency 

63.5 x 0.1 x x x 60 x 60 
96500 

90% 

g 

:. Actual copper deposited, w 
63.5 x 0.1 x x 60 x 60 x 90 

Density of copper, p 

Vol ume of devosit 

Thickness of deposit 

96500 x 100 

8.9 g/cm3 

weigh~ _ 
Dellsity .- wi P 

Volume 
Surface area 

63.5 x 0.1 x x x 60 x 60 x 90 
96500 x 100 x 8.9 x x 

63.5 x 0.1 x 60 x 60 x 90 
96500 x 100 x 8.9 

0.02396 cm 

em 

W/x 

P 

em 

301 

g 

328. When the same quantity of electricity is passed through a number of 
electrolytes, the weights of different substances deposited or liberated at the 
electrodes are directly proportional to the equivalent weights of the 
substances. 
Wt. of silver deposited 

Eq. wI. of silver 

Eq. wI. of copper 

WI. of copper deposited 
Wt. of silver deposited 

:. WI. of copper deposited 

2.697 g 

107.88 

31.80 

Eq. wI. of copper 
Eq. wI. of silver 
31.80 
107.88 x 2.697 

0.795 g. 

329. A silver coulometer consists of a weighted platinum or silver vessel 
containing an aqueous solution of pure silver nitrate. While the vessel itself 
acts as catbode, tbe anode is pure silver rod. For measuring tbe quantity of 
electricity passing through a circuit in a given time, the coulometer is 
connected in series with the circuit. After electrolysis, the vessel is emptied, 
washed, dried and weighed. 
The quantity of electricity passed through the circuit 

1 Faraday .. 
= E W f '\ x Increase III weIght of vessel 

q. t. 0 SI ver 

= Increase in weight of the vessel x ~~~.~~ C 
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Table I Density, surface tension and viscosity of water at some temperatures 

Temperature Density Surface tension Viscosity 
CC) (g/ml) (dryness/em) (centipoise) 

5 0.99999 74.92 1.519 

10 0.9997 74.22 1.308 

15 0.9991 73.49 1.140 

16 0.9990 73.34 1.110 

17 0.9988 73.19 1.082 

18 0.9986 73.05 1.056 

19 0.9984 72.90 1.024 

20 0.9982 72.75 1.002 

20.20 1.000 

21 0.9980 72.59 0.981 

22 0.9978 72.44 0.958 

23 0.9976 72.28 0.936 

24 0.9973 72.13 0.914 

25 0.9971 71.97 0.894 

26 0.9968 71.82 0.874 

27 0.9965 71.66 0.855 

28 0.9962 71.50 0.836 

29 0.9960 71.35 0.818 

30 0.9957 71.18 0.801 

31 0.9954 71.02 0.784 

32 0.9950 70.86 0.768 

33 0.9947 70.71 0.752 

34 0.9944 70.54 0.737 

35 0.9941 70.38 0.723 

40 0.9922 69.56 0.656 



Table II Solubility of oxygen (mgll) in fresh and saline water in equilibrium with air at atmospheric pressure 
).. 

~ 
Tem~ Chloride "" ::: 
CC) content 0 200 500 1000 5000 10000 25000 =:.. ,.... 

(mg/l) "" 

0 14.62 14.55 14.43 14.24 13.73 12.89 10.66 

5 12.77 12.74 12.70 12.62 12.02 11.32 9.44 

10 11.29 11.26 11.23 11.16 10.66 10.06 8.45 

15 10.08 10.06 10.03 9.97 9.54 9.03 7.64 

16 9.87 9.85 9.83 9.76 9.34 8.84 7.50 

17 9.67 9.65 9.61 9.56 9.15 8.67 7.36 

18 9.47 9.45 9.42 9.37 8.97 8.50 7.22 

19 9.28 9.26 9.23 9.18 8.79 8.33 7.09 

20 9.09 9.08 9.04 8.99 8.62 8.17 6.96 

21 8.92 8.90 8.87 8.83 8.46 8.02 6.84 

22 8.74 8.73 8.70 8.66 8.30 7.87 6.72 

23 8.58 8.57 8.53 8.49 8.14 773 6.61 

24 8.42 8.40 8.38 8.34 8.00 7.59 6.50 

25 8.26 8.25 8.22 8.18 7.85 7.46 6.39 

26 8.11 8.10 8.07 8.03 7.71 7.33 6.29 

27 7.97 7.95 7.93 7.89 7.58 7.20 6.18 

28 7.83 7.81 7.79 7.75 7.44 7.08 6.09 

29 7.69 7.68 7.65 7.62 7.32 6.96 5.99 

30 7.56 7.54 7.52 7.49 7.19 6.85 5.90 

31 7.43 7.42 7.40 7.36 7.07 6.73 5.81 

32 7.31 7.29 7.27 7.24 6.96 6.66 5.72 
(;J 

8 



Temy Chloride 
CC) content 0 200 500 

(mgIJ) 

33 7.18 7.17 7.15 

34 7.07 7.05 7.03 

35 6.95 6.94 6.92 

40 6.41 6.40 6.39 

50 5.48 5.47 5.45 

1000 5000 10000 

7.11 6.84 6.52 

7.00 6.73 6.42 

6.88 6.62 6.31 

6.36 6.12 5.84 

5.43 5.24 5.02 

25000 

5.63 

5.55 

5.46 

5.08 

439 

t.l 
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Table III Specific gravity (p;C) of ~)me common liquids 

Liquid Sp. Gr. Liquid Sp. Gr. 
(p20) 

4 
(p;O) 

Methyl alcohol O.8iO Acetic acid 1.049 

Ethyl alcohol 0.791 Benzene 0.8707 

Glycol 1.113 Toluene 0.866 

Glycerol 1.261 Aniline 1.022 

Methyl acetate 0.933 Carbon disulphidc 1.263 

Ethyl acetate 0.901 Carbon tetrachloride 1.594 

Diethyl ether 0.708 Chloroform 1.483 

Acetone 0.791 

Table IV Surface Tension (dynes/em) of some common liquids in contact with air 

Liquid / Temperature CC) 10 20 30 40 

Methyl alcohol 22.6 

Ethyl alcobol 23.14 22.27 21.43 20.60 

n-Propyl alcohol 23.78 

Glycol 47.7 

Glycerol 63.4 

Metbyl acetate 24.6 

Etbyl acetate 23.9 

Diethyl ether 17.0 15.93 

Acetone 28.8 23.70 21.16 

Acetic acid 28.6 27.60 

Benzene 30.22 28.88 27.56 26.26 

Toluene 29.7 28.44 27.32 26.13 

Aniline 42.9 

Carbon disulpbide 44.10 32.3 26.5 

Carbon tetrachloride 28.4 26.77 25.53 24.41 

Chloroform 28.5 27.10 



Table VI Specific gravity, acid value, saponification value, iodine value, melting points and drying characteristics of some oils, fats and waxes ~ 

Sp.gr Acid saponification Iodine Melting point 
0 
0\ 

60/60 F" value value value CC) 

Fats 

1. Beef tallow 0.943-0.952 0.25 195-200 35-45 42-48 

2. BUller 0.935-{).940 0.5-35 220-230 2&-45 28-35 

3. Coconut 0.925-0.927 2.5-10 245-270 8-10 23-27 

4. Palm 0.920-0.925 9-10 195-205 50-60 27-43 

Waxes 

1. Bees wax 0.958-0.970 5-10 75-125 6-10 60-70 

2. Carnauba wax 0.99-1.0 2.5-3 80-90 13-15 80-90 

3. Chinese wax 0.96-0.98 80.90 1-2 8Q...85 

4. Paraffin wax 0.867-0.910 3-4 50-70 

Oils Drying characteristics 
1. Anwala 0.918-0.921 165-185 95-100 Non-drying 

2. Castor 0.960-0.970 0.1-D.3 175-185 80-90 Non-drying 

3. Chinese wood (tung) 0.94O-D.945 2 190-200 150-I70 Drying 

4. Cod liver 0.925-930 5-{) 170-190 135-170 

5. Corn (Maize) 0.915-925 190-195 105-125 Semi-drying 

6. Conon seed 0.922-0.925 0.6-0.9 190-197 100-115 Semi-drying ;J:.. 

7. Groundnut (peanut) 0.910-0.915 185-195 85-95 
:g ---. 

8. Linseed 0.930-0.940 1-3.5 190-195 165-195 Drying a 
9. Mustard 0.915-0.920 170-180 95-120 Semi-drying 

(") 
;::--

10. Olive 
~ 

0.915-920 0.3-1.0 185-200 75-95 Non-drying ~ 
(;; . .... 

(Contd.) ~ 



Sp.gr Acid 

60/60 F" value 

11. Perilla 0.93O-D.937 

12. Rapeseed 0.913..{).918 0.4-1.0 

13. Seasame 0.920-0.925 9-10 

14. Soyabean O. 924..{). 927 0.3-1.8 

15. Sunflower 0.924..{).926 10-11 

16. Whale oil 0.916..{).925 1.2-2.0 

saponification Iodine 

value value 

190-195 185.,..200 

170-180 95-105 

185-195 105-115 

190-195 120-125 

185-195 120-135 

190-200 110-145 

Drying 

Characteristics 

Drying 

Semi -drying 

Semi-drying 

Semi-drying 

Semi-drying 

~ 
~ 

i 
~. 

..... 
o 
-.J 
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Table V Viscosity (centipoise) of some common liquids 

Liquid / Temperature CC) 10 20 30 40 

Methyl alcohol 0.69 0.593 0.510 0.449 

Ethyl alcohol 1.466 1.200 1.005 0.834 

Glycol 19.9 9.3 

Glycerol 10.69 6.29 
poise poise 

Methyl acetate 0.384 0.356 0.320 

Ethyl acetate 0.512 0.455 0.410 0.367 

Diethyl ether 0.268 0.240 0.220 0.199 

Acetone 0.331 0.293 0.270 

Acetic acid 1.222 1.040 

Benzene 0.757 0.647 0.561 0.495 

Toluene 0.710 0.590 0.525 0.471 

Aniline 6.5 4.46 3.16 

Carbon disulphide 0.366 0.348 0.330 

Carbon tetrachloride 0.968 0.847 0.736 

Chloroform 0.563 0.510 0.464 

Table VII Flash Points and Boiling points/l3oiling ranges of some liquids 

Liquid Flash Point Boiling point! 
dosed * cIIPCF) Boiling range CF) 

A. Organic compounds 

Acetic Acid (glacial) 105 (110) 245 

Acetone 0(15) 134 

Diethyl ether -20 95 
Ethyl alcohol 55 173 

Methyl alcohol 55 (60) 147 

Ethylenc glycol 230 (240) 387 

Chlorofonn Non-flammable 142 

Benzene 12 176 

Tolucnc 40(45) 232 
n-Hexane -7 156 

(Contd.) 



Appendir 

Table Cont.". 

Liquid 

n-Heptane 
n-Decane 

B. Petroleum and its fractions 

Petroleum crude 
Petroleum ether 
Gasoline 
Naphtha (painters) 
Naphtha (solvent) 
Kerosene 
Diesel 
Gas oil 

C. Lubricating oils 

Spindle 
Light Machine 
Turbine 
Air Craft Engine 
Motor 
Cylinder 
Transformer Oil 

D. Vegetable oils 

Castor 

Coconut 

Corn 

CoHon seed 

Linseed 

Olive 

E. Waxes 

Palm 

Ground nut 

Pe rry ill a 

Rapeseed 

Tung 

Turpentine 

Peraffin 

Camauba 

Flash Point 
closed * cupCF) 

25 
115 

20-90 
-50 
-50 

20-45 
100-110 
110-120 
130-150 
+ 150 

170(200) 
320(370) 
(400) 
(420-470) 
(450) 
(535) 
340 

450(540) 

420(510) 

490 

590 

435(535) 

440 

420 

540 

520 

550 

550 

95 

390(430) 

540(600) 

• Figures in parenthesis. wherever given, represent the open cup Flash Point 

309 

Boiling point/ 
Boiling range CF) 

208 
344 

100-160 
100-400 
210--325 
300-400 
350-550 
400-600 
400-750 

550-750 

6()U 

300 

> 700 
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Table VIII Pour points ("F) of some oils 

Oil Pour point Oil Pour point 
CF) CF) 

Castor -15 Kerosene -50 to-60 

Olive 20 Diesel -22 to -30 

Rapeseed 10 Lubricating oil 
Tallow 40 for aircraft o to 10 

engine 

Whale 30 Transformer 20 

Table IX Intrinsic viscosity-molecular weight constants (K and a in equation 7.7) for some 
polymer/solvent systems 

Polymer Solvent T em pera ture K x 104 a 

CC) 

Polystyrene Benzene 25 1.02 0.74 

30 1.10 0.735 

Toluene 25 1.1 0.72 

30 1.1 0.725 

Po)yisobutylene Benzene 30 6.1 0.56 

Toluene 30 2.0 0.67 

Polyvinyl acetate Acetone 25 1.88 0.69 

30 1.02 0.72 

Natural rubber Benzene 30 1.85 0.74 

Toluene 25 5.0 0.67 

Polymethyl Acetone 25 0.75 0.7 
methacrylate 30 0.7 0.7 

Toluene 25 0.75 0.71 

30 0.7 0.72 



Table X Answer to Exercise No. 211 
::t:.. :g 

S. Polymer Abbrevia- Trade Starting S tructural/ Class* Important application(s) !':> 

5.. No. tion name(s) material(s) Repeating unit ~. 

1. Cellulose CA Plastacele Cellulose/ 'CH20R TP/F Spectacle frames, semi-permeable 
acetate Kodapak Acetic- I membranes, toys, textiles, photo-
(R=COCH3) Tenite anhydride CH-O graphic films. 

2. Cellulose CN Celluloid Celluosel I \ TP Photographic films, sheeting, toys, -CH CH-O-
nitrate (R = N02) Nitron HN03/H2S04 

\ / 
lacquers, explosive (gun cotton), solid 

CH - CH propellant for rockets. 
3. Ethyl celluose EC Ethocel Cellubse/ I I (R = C2Hs) Campco NaOH!C2H.5Cl RO OR TP/A Coatings, adhesive, wire insulation, 

toughening agent for plastics. 
4. Epoxy resins EP Araldite Bisphenol- N CH, 

Epon Epichloro-
~~-@-O-CH2-fH. CH,O-

TS Adhesives, surface coatings, laminates, 
hydrin foams. 

(uncured) OH 

5. Phenol PF Bakelite Phenol! OH TS/A Radio cabinets, impregnating resins, 
formaldehyde Formica Formaldehyde -r$r CH2- electrical components. adhesive. 

6. Poly (acrylo- PAN Orion Vinyl CH2 - CH2 - CH- F Textiles, strengthening agent for 
nitrile) Acrilan cyanide I cements. 

Zefran eN 
7. Polyamides PA Nylons Diamine/diacid 

or aminoacid 
Nvlon 6 PA6 Capron £-Aminocaproic -NH(CH2)sCO -

acid 
Nylon 6, 10 PA6,1O Thermo- Hexamethylene -NH(CH2)6NHCO(CH2)8CO-1 TP/F Food packaging, ropes, tyre cords, 

comp diamine/ unlubricated bearings, gears, textiles. 
sebacic acid 

Nylon 66 PA66 Zytel Hexamethylene -NH(CH2)6NHCO(CH2)4CO-
diamine/adipic 
acid 

\;.) ..... ..... 



8. Polycarbonate PC Merion Bisphenol-b! CH3 TP Safety helmets, ball bearings, lenses, 
w ..... 

Lexan diphenyl -o-@-t -@--O-C- insulators. photographic film. N 

carbonate , II 
CH3 0 

9. Polychloroprene pcp Neoprene Chloroprene - CH, -c..CH-CHz- E/A Automotive parts, tank linings, 
Perbunan I adhesive, coatings, binder for rocket 

a fuels. conveyer belts. 
10. Polyethylene PE Pentothene Ethylene -CHz - CHz-

Alkathene TP/A Pipes. packaging, radiation shields, 
Poly-Etb 

Ethylene- -CH2-Cti2-C-C-@- C- 0-
linings, coatings. housewares, fibres. 

11. Poly (ethylene- PETP Terylene F Textiles, tyre cords, electrical insula-
terephthalate) Mylar glycol/tere- II II tors. magnetic recording, conveyor 

Dacron phthalic acid 0 0 belts, tapes (films). 
Econol CH3 

12. Polyiso- PIB Vistanex lsobutylene I TPfE Electrical insulators, viscosity index 
- CH2-C-

butylene I improver, pipes and rubes. 
CH3 

13. Polyisoprene PIP Natural Latex of H3C..... /H E Adhesive, gaskets, tyres, hose. cable 
(cis) rubber hevea tree c=c covering, footwear. 

or Isoprene -H,c/' "CHz-

14. Polymethyl- PMMA Plexiglass Methylmeth- CH3 TP Lenses, wind screens, attractive sign-
methacrylate Lucile acrylate I boards. TV -screen guards. 

-CIl2-C-
Perspex I 

COOCH) 

15. Polypropylene PP Pro-Fax PP Propyiene -CH2-CH- TPfF Sterilizable medical equipment, pipes 
Poly-Pro I and rubes, fibres and filaments, elec-

ill3 tronic components. 
16. Polystyrene PS Lustrex Styrene -CH,-CH- TP Pipes. foams, lenses, containers. insu- ~ 

Styron @ lation for refrigerator and air condi- ~ 
Dylene tioners. ::::-: 

17. Poly (tetra- PTFE Teflon Tetrafluoro TP Electrical insulation at high tempera- ~ 
fluoroethylene) Fluon ethylene - CF2 -CF2 - ture, gaskets, tubes, seals, non-stick C) 

Halon cookware finishing, unlubricated gears. ;:::-

~ 
1:;' 

(Contd.) 
... 
~ 
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18, Poly (vinyl- PVAc Vinylite Vinyl -CH2-CH-
acetate) Gelva acetate I 

00CCH3 
19 Poly (vinyl- PVA! Gelvatol Polyvinyl -CH2-CH-

alcohol) acetate I 
20 Poly (vinyl- PVC Kohinor Vinyl 

OH 
-CH2-CH-

chloride) Geon chloride I 
CI 

21. Poly(vinylidene- PVDC Saran Vinylidene 
-CH:-CCI:-chloride) chloride 

22, Silicones SI Pvrotex CH3SiCI3! CH3 
Dow- (CH3):SiCI2/ I I 
Corning (CH3)3SiCI -5i-0-5i-0-

I I 
CH3 

23 Urea-formal- UF Ureal - NH-CO-N-CH:-NH-CO-
dehyde resins f ormaJdehyde I 

CH: 

I 
24 Un,aturaled UP Dupon Unsaturated 

-O-OC-CH=CH-COOCH:-CH::-polyester.-: Aropo] diacids! 
diols 

• A - Adhesive, E -l'Iastomer. F Fihre, I - Luhricanl. 11' - Thermoplastic T5 - Thermoset. 

TPiA Adhesive, lacquers, component of inks, 
gramaphone records, 

TPiF Textile fibres, protective colloid, 
adhesive, photosensitive films, 

TP Conveyer belts. electrical insulations, 
pipes for cherruclli plants, gas & oils, 
shoes, raincoats, 

FiTP Pipes & fittings for hot corrosive 
materials. packaging film. screens. 
upholstery. carpets. filter cloth, 

lJEITS Lubricants. water repellents. antifoarns. 
rubbers. high temperature electrical and 
electronic insulators, encapsulating 
resins, 

TS/A Textile finishing, paper coating. 
adhesive for furniture, laminates, 
electrical accessories. foams, 

TS Fibre reinforced plastics. boats. hulls. 
aircraft components, laminates_ 

~ 

~ 
~ 
l::l. .... ' 
'" 
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Elelectrotyping 218 
Emulsion cleaning 219 
Emulsion polymerisation 171 
EI11ulsion'iHI2 
End-group analysis 282-3 
Energy of activation 15, 26-8 
Epoxy resins 183-4, 187, 194-6 
Equilibrium 9, 228 
Equil,ibrium constant 10-13 
Eriochrome black T 2, 50 
Essential clements 202, 290 
Ethyl cell ulosc 169, 311 
Explosive rang 93 
External indicator 262-3 
Extreme prcssure additives 82 

Factors aflecting the rate of reaction 14-20 
Faraday's first law of electrolysis 223 
faraday's second law of electrolysis 225, 

301 
Fat limes 288 
Fatty oils 82-3, ]() 1-2 
Ferrous in iron ore 141 
Fertilizer 203, 290 
Fibres 169 
Fibrous grease 255 
Filler~ 286 
Fire point 92 
Fire Triangle 92 
First order reaction 21, 245 
Fixation of oxygen 57, 244 
Fixed carbon 127, 256-7 
Fixed oils 83 
Fixcd solids 77, 79 

Flammable liquids 93 
Flash point 92 
Floatation test 184 
Floacculant aids 249 
Flollcculalion 73 
Flue gas 135,261 
Fluid film lubrIcatIOn 82 
Fourth order reaction 235 
Fractionation 278 
Freaky flash 251 
Free chlOrine residuals 64-7 
FreeZing mixtures 250 
Friction 8! 

Galvanising 299 
Gas locks 93 
Gay-Iussac degree 292 
Gelling agents 115 
Gibb's indophenol test 188 
G lass transition temperature 170, 271 
Goutel's formula 127, 257 
Graft copolymers 269 
Greases 115 
Gross calorific value 127 

Haber process 229 
Half life period 236 
I-lard lime 288 
I lard ness 45 
Hehner's method 48 
Henry's law 56, 244 
High polymers 276 
Higher calorific value 127 
Homopolymer 168 
Ilorrock's test 68 
Hot dipping 299 
Ilydraulic limes 289 
Hydrodynamic lubrication 82 
IIydrogen in coal 128 
Hydrometer 108-9 
llydroxide alkalinity 40-2 

Ignition source 92 
Imhoff cone 80 
Immersion coatings 296 
Indicator blank 239 
Indicators 2 
Industrial cleaners 93 
Inherent mOisture 122 
Inlet correction 86, 249 
Inorganic acidity 100 
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InterfacIal polyconuensation 172 
Intc:rfacial tension 2')3 
Int\:rnal indicntor 262 
Intrinsic viscosity 179 
Invert el1lulsions 112 
Invt::rslon ofeanc sugar 233 
Iodine solution 3 
Iodine valuc 103-6 
Iron orcs 140 
Irreversible reactIons 231 

Jackson's turbidimetry 72, 248 
Jar tcst 74 

Kj\:ldahl's I1ldhod 132 
K incmalic vIscosity 86 
K inctlc energy correction 86, 249 
KOC[tsdocrlcr /lumber I () I 

Lassaignc's test 187, 284-6 
Lather factor 49,242 
Law of chemical equilibrillm I () 
Law of mass actioll 14 
Lean lime 288 
Lc Chatclicr's principle 10-13. 228-9 
Lime 199 
Limes 289-90 
Limestone 163-65, 288 
Lime water 288 
Limiting vIscosity number 179 
Liquid alum 24') 
Living polymer 275 
Lower calorific value 128 
Lubricating oil. greases & emulsion 81 

rVlaero-nutriellts 202. 290 
Macrothrowing pOIVt::r 296 
Magnesium hardness 47-54 
rVlagnesium limes 288-9 
Marble 162 
Mark-llauwink equation 180 
Melt polyconcicn,atlon 172 
Metal/ising 299 
Methyl orange acid:ty 38-9 
Methyl orange alkalinity 41-2 
Methyl orange ll1dicator 2.237 
Methyl red lIJelicawr 2.237-8 
M icro-Ilutricnts 290 
M icrothrowlIlg power 296 
Milk ofiime 288 
Mineral acidity 239 
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MIxed anilinc POlllt 96 
Moisture COlllellt 122 
Molccular enginecrtng 272 
Molecular ht::tcrogcnclty 176,277-8 
Mokclilar lVeights J 76 
Mol isch's test 188 
Monolller I 6S. 2eS 
Mother or plastIC;; 17(j. 2()8 

Natural fibres 170 
Natural rLlbh~r 19X-9. 310. 312 
Ncphclollletl'lc turbiditv 72. 24X 
Nernst equatIon 11 X 
Net calortfic valuc 128 
Nelltralisation number 98 
Nickel platll1g 299 
Nitrogen in coal 132 
Nitrogen tr1 fertilizer 203 
Nitrogen in flue gas 136 
Non-cal'bonate hardness (NCI/) 47 
Non-drying oils 105.306 
NPK value291 
NUl11bel'-avcragc molecular weight 176 
Nylon (). 6 169 
N)lon rope trick 175.274 
Nyloll salt 6.6 175 
Nylons 272-4 

Oiliness 82 
Oils 82 
01igopolymers 276 
Open-cup Ilash poillt 252. 308-9 
Ordcr of reaction 21 
Orcs & alloys 140 
Organic acidity 38. 98 
Organic Emning 290 
Orsat apparatus 137 
Ostwald vIscometer 1 XO, ::n9-XO 
Overl'elttllsatlon 2<)0 
Overvo I tag.: 218 
(h) gCIl demand 56 
Oxygcn in coal 134 
Oxygen in nue gas 136 

Parachor 293 
Parntlow 250 
/'c'llt::traliGI1 number 116,255 
Penetrometer 117 
Pensky-l'vIarten's flash point 252 
Permanent hardness 47-51 
Petrolatum 120,257 
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PhL'nolforl11aldchydc resin I hC), 18,1-5. 
190-1, 311 

Phl'nolpilthalcin acidity 39 
J'ilcnolpil!ilaklll alkalinity 4() 
Phenolphthalein indicator 2, 238 
Phosphate conlenl 201l-8 
I'lwspll,IlC rock 2()h 

Pickling 21 q 

I)Llnt nu!nents 202 
Plastics 1()9 
I'lasticiscrs 286 
I'ioscuilic's equ<l!ion 85-6 
Polarisation 218 
Plllyacrylonitrik 311 
l'olyal11ilics 185, 187, I n-'L 31 1 
I'olycarhonak 184, 188, 11.)2-4, :112 
l)oIY'chlolopn:nc 185, 1117-8, 198-1.),312 
Polyethyicne 168, 184, 1')0- L :112 
Poly (eill> ielle.' lcrcphtilalalllidc) 273 
Poly I c!!l\ kill' ierepilatlwlatc) 185, 190-91, 
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i'olvI,ol1utl'icnc .312 
i'olvisoprenc I CIS) 18,/, I '!X-'), 312 
1)0Iyn1l:rs IIl8 
I)oly (mdhvll11ctilacrylate) 172, 184-5, 

190-1, 3 12 
1'011' (p,lr<lphenyknc!crcphthnl-am ide) 27-1 
Polypropylenc 312 
Polystyrene 172, 17X, 184,195-7,312 
Poly Itctr,lIltlol'octhyknc) 184-5, 187-88, 

I ()o- L 312 
P()ly (1Ii1Y! accl<llC) liN-S, IXi( 1')5-7.312 
Poly (vinly alcohol) 184, 195-7.312 
I'lll\ (vinyl cillondc) 184-5, I il7-8, I ')S-7. 

312 
Pui) (\'illililcllc chloride) J 12 
P,lS! chlorillation 2·18 
Pour pOln! 89-91 

I'our pOint depressants 250 
Pre-chlorination 2~8 
Prll1lary sWildards 226 
i'ro,illl<ltc alia lysis 121 
I'scudounll1lo!cculur reactions 23~ 

Pycnol11cter 1m.:, 253 
PyrolUSite 153 

()ulckll1g 19) 
l)ulck Ime 187-X 

Ram/Dill l'OPO Iy mcrs 211K 
I<ate C()II.,t;11I1 21 

Rate oi'reactlon I(),. 1·\ 
Reduced VISCOSIt\ 17') 
IZet!\\()()t! viscometer 87-8 
1(L'latlvc dellslty 178 
Residual chlorille 64 
lZevcrsc plating 2Sl4 
RL~vcrsiblc rcactlons l) 
Izhodiul1l platii1g 298 
RocllCllc sail 298 
Rul)bers 170 

Saponification lUI 
Saponification valuc I () 1-1 03 
Second order !'!.:actlOn 28 
Sccondary Illltncnts 2')() 
Sell indic;ltor 262 
SClllidry In).' oil" IO·L 306-7 
Sdlkablc solids 77. 80 
Shellac / ')8-<) 

Shear-disk ,tir!'!:r ISO. 185.284 
Slglll Ii C<lllL'C "I 

,Iud value' '-)l) 

deidlty 38 
albllilit) .19 
aniline pOint l)6 

ash contcnt 123 
break-poillt chlorination 148 
chcmical oxygen ckl1lanci (C()f)) 61 
chlorIdc content 43 
clOUd 8:. pour poinls l)tI 
CO, In \\ alcr 36 
Coagulation 7..J 

density and spced'ic gray 1\\ I 117 
dissolved o,ygen (1)0) 5(, 
dropping pOint II ') 

11<Ish point 93 
harliness -I') 
Iodin!.' valu!.' I (leI 

molecular \VCIl.',ilts of polymers 17X. 
27X 

nylon salt formation 175 
penetration tcst 116 
saponllic<lliOIl vallie 101 
sulphur III coal 129 
turlllClity 71 
VISCOSlly &. viscosity lillie., Xc! 
volatiic manner 126 

Silicolles 18-1. 188, j98-lJ 
Silver me &. alloy, 151 
Silver plating 2')8 
'iiaklllg of IIIIIL' 2g; 
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Soap titration 49 
Soft lime 288 
Softening range 186 
Sol id point 92, 250 
Solids 76 

oxyger in water 56, 303 
polymers J 85 

oxygen in water 56, 303 
Solubility product 230 
Soluble oils 255 
Solution polymerisation 171 
Spalling 124 
Sparking 126 
Specific gravity 107 
Specific reaction rate 21 
Specific viscosity 178 
Spol1laneous ignition temperature (SIT) 

250 
Stabilisers 112 
Stalagmometer 214-5 
Standard hard water 3 
Steady state 228 
Steam emulsion number (SEN) 113-4 
Step-growth polymerisation 275 
Striking 295 
Strong acid number 100 
Styrene-butadiene rubber 168 
Sulphur in coal 129 
S;;rface area 14-5, 19 
Surface cleaning 219 
Surface energy 293-4 
Surface tension 212 
Surfactants 293 
Suspended solids 76, 78 
Suspension polymerisation 171 

Temperature cocft/cient 26-7 
Temporary hardness 47-8, 51 
Terylenc 169 
Thermoplastics 170,269-70 
Thermosetting plastics 170, 269-70 
Theta solvent 183,281-2 
Theta temperature 183, 281-2 
Third order reactions 235 
Threshold energy \5-6 
Threshold value 15 
Throwing power 296 
Tmning 299 
Titration solvents 7 
Total acidity 38 
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Total alkalinity 40-42 
Total chlorine residuals 65 
Total dissolved solids 79 
Total hardness 47,51 
Total iron 141, 145 
Total moisture 123 
Total nitrogen 203 
Total solids 76 
Turbidity 7 

Ubbelohde suspended level viscometer, 
USLV 279 

Ultimate analysis 127 
Unsaturated polyesters 184-5, 188, 195-7 
Unworked grease 116 
Ureaformaldehyde resin 184-5, 187, 189, 

\92-4 

Vapour deposition 300 
Velocity constant 21 
Virgin polymers 286 
Viscometry 86-7, 177-82,279,281 
Viscosity 82, 84, 178 
Viscosity-average molecular weight 177, 

282 
Viscosity index 84 
Viscosity index improvers 249 
Viscosity pour point 250 
Viscosity temperature curves 84-5 
Viscous-static 89, 250 
Volatile matter 125 
Volatile solids 77, 79 
Volhard method 44 

Water 34 
Water emulsion test 113 
Wax POUf point 250 
Weight-average molecular weight 177 
Westphal balance I 10 
Wet steaming 213 
Wij's solution 7, \05,253 
Winkler's mothod 56 
Worked grease 116 

Yield value 116 

Zero order reaction 235 
Ziegler-Natta catalyst 275 
Zimmermann-Reinhardt reagent 264 
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