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A NEW VOLUMETRIC METHOD FOR T:A:E ESTIMATI.ON OP 
'tHIOCARBAMIDE 

Bv P:a~KASH CHANDRA GUPTA 

A aew metbod for the 'IQiumetric: determination r,t thioc:arbamir'le 'lrith iodiaeaud bicarbonate 
ll11ffer fa desc:ribed. 

Several methods have been proposed from time to time for tbe detertninatiou 
of thiocar.bamide, mostly based on its desulpburisation or complex formation with 
metal ions or its oxidation with various oxidising agents. None of them has 
been found to be entirely satisfactory. Most of the methods require utremely 
dilute solutions of thiocarbamide to be titrated and are ve1·y sensitive to slight 
variation of experimental conditions or are time-consuming. Tbe external end-point 
used in Volhard's metho~. is not sufficiently sharp to provide accurate results. 
Oxidation with perruanganate does not afford a satisfactory means of determining thio­
carbamide (Cuthill and Atkins, /. Soe. Chem. Ind., 1937, 88, ST). Cntbill et al. also 
observed that in oxidi..tioa with chloramine-T in neutral solution, the oxygen cO'Dsnmp­
tion was less thar:i ''the theoretical quantity. Moreover, oxidation with cbloramine-T 
·proved to be too sensitive to slight varia,tions in experimental conditions to be nseful. 
Oxidation with alkaline hfpojodite is ~lso not very satisfactory, and oxidation. with eerie 
sulphate or potassiuLIJ llichromate in acid solution reqttires boiling under reflux and 
bas other unsatisfactory. features (Cuthill and Atkin.s, Zoe. cit.). That Mahr·s method 
(Z. antll. Chem., 1939, 1t 7, gz), employing bromide-bromate mixture does not yield 
accurate or reproducible resulls bas been shown by Appa Rao and Neelakantam 
(Indian]. Phann., 1952, 11, so). The iodimetric metbod of Werner (]. Ckem. Soc., 
1912, 101, .u66} ·though simplest in technique and therefore most extensively used for 
thiocarbamide estimations, suffers fr.:Jm the disadvantage that the eud points are not 
always sharp and the results are accurate only when the amount of thiocarbamide 
present tloes not exceed o.:z g./litre. Later modifications of tile ioditnetric method by 
Cuthill and Atkins (loc. cit.) also did not prove very useful. In view of these facts, 
tbe determination of thiocarbamide was reinvestigated. 

The oxidation of thiocarbamide by iodine was tried under diverse experimental 
conditions in various media. It has now bteo {ound that thiocarbamide can be 
estimated more accurately in dilute or strong solutions by using iodine in presence 
of a bicarbonate buffer. The end-point of the reaction was observed by all tbe 
following three techniques, which further adopted the present reaction to a 
variety of conditions in whi.ch thiocarbamide might have to be estin1ated : 

(a) Visually-disappearance of Iodine colour itself or tbe blue colour with starch 
IOlution. 

(b) Potentiometrically-when a suddeb fall in the l:t M, F'. of the system ~urs 
near the eqUi\l'aletj~e point. 
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{c) By employing exC"ess of oxidaot and back-titrating the excess of iodint. 
with standard arsenious oxide solutioD. 

The rorrespooding amounts of thiocarbamide and iodiDe showed that the thio· 
carbatDide was completely · o.xidised to urea aud sulphate. The reaction involved 

may be represented as : 
NaHC01 

CS(NH2)a + 4l, + H,O ---+ CO(NH1la + Na,SO •. 

The effect of the quantity of bicarb'lnate as well as the concentration of tobio­
carbamide over a wide ri:IDge hu been investigated. Experiments were also 
conducted takiDg an excess of iodine solution, adding to ,it a known V0J11me of 
thiocarbamide solution and titrating back the excess oKidant with arsenious oxid~ 
solution. The use of arsenious oxide itt these estimations is of great ·advantage 
as it is obtainable in a very pure form and its solutions are stable even on. long standing 
(Analyst, rgso, 75, 577) ; besides it serve!'i as a direct primary standard for a ra-pjd 
and accurate dett:rmination of iodine. This eliminates the ueecl of prior stancJard­
isation of iodine jsolution. As will be seen from the results . (Tables I to Vi) 
thiocarbamide can be accurately estimated by all rhese technique&. 

ExPJtRIMENTAr. 

Titrations usin.g Starch End-points (Visual obser-va.tio11. of end·PO'ittt).-In E'ach c.ase1 

iodine solution (20 c.c.) of knowiJ strength was taken in a lSO c.c. conic.al flask and.-'-. 
ro% solution of 'Analar' NaHCOJ (2o c.c:.) added. Thiocarbamide solution was then 
added dropwise from the burette and the eud-point observ~d . visually a~. usual by 
adding starch solution near the end-point. Results are presented in Table I. 

CS(SH,Js 
soln. iakeJJ-

O.I1'70 g./ litre 
o.468o 
o.76oo 
I-1624 
:r.:u:llo 
:r.998o .. 

TABLB I 

{Eud-point observed visually) 

Iodine soln. Bq. vol. of thiocarb-
(:ro c.c. taken). amide soln. 

0.01392 N u-Bs c.c. 
o.ossoo 22-40 

o.o8giJ 22-40 

0 09391 15·40 

" 
I4.8o 

II 8-95 

0-1040 g.go 

o.u59 g./lit,re .99-o8% 
0.4673 9984 

0·7572 ~.63 
I .I.6os 99.83 
1.2075 99-63 
1 ·9970 99·94. 
I 9992 roo'.o8 

Potentio111etric Titf'tztion.-A Ni-Fe cell capable of produci.J;Jg .. a. cousta11t- P.Oteatia.l 
of 4 or 6 volts, was employed as a convenient and reliabl~ sour~e of.cPJl'ent-for tbe 
potentiometer for preliminary adjus~ments, and li. moving coil mir:ror-g~vanome.ter wid! 
lamp and scale, for :finer adjustments, were included in the.cir'cuit thro.ugh a.doubJe ;Pole 
doable-throw switch. The 'unknown ceJl' \vas made of three parts: (i) a platinum wire 
Vlltich served as an indicator electrode, (ii) ·a saturated calomel eTeetrode~ sening as 
the referezrce electrode, aad (iii) the salt bridge, . o~taiued by filling a jelly_¢ 3% 
JIIIBr in a saturated potassium chloride solut'ion. Cambridge :(Pye} tnl!trument in which 
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the E.M.F. was read directly on the dial was employed as the poteulio.11etric system. 
The instrument was a]ways standardised prior to actual experiments, with the help of 
a Weston cadmium cell. The end· point or the equivalence point was detected quite 
easily by a sudden and large change iu potential which occurred very dose to tbe 
equivalence point or by calculating AE/6. V, i.e., the change in E.M.F. per unit volume, 
as proposed by Hostetter a11d Roberts(] . • 4me~. Chem. Soc., 1919, It, 1337l, AE/6 V 
being maximum ne.lT. the equivalence (>Oint. 

The potentiometric titrations of thiocarbamide against standard iodine. solutions 
were performed in the following mauner. To au aliquot of iodine solution, taken in 
a rso c;c. Pyrex beaker, a known volume of the burfer (viz., a to% solution of sodium 
bicarbonate) was added. The titration vessel \'\·as ker>t in colc1 water to avoid any 1055 
of iodine. 'rhe platinum electrode was dip!Jed into the solution. The 'un:known c:ell' 
was placed in position A or B and the initial E.M.F. was measured by adjusting 
the slide-wire contact to zero deftection in the galvanometer. The thiocarbamide 
solution was run in slowly dropwise and after each addition the sol.ation was stirred well 
and tbe potential value notetJ. Near tbe equivalence point, the titration \\'as performed 
with dropwise addition of the thiocarbamide solution with vigorous stirriug, In the 
be~inoing a gradual decrease in the potential was observed which showed a sadden fall 
al the equivalence point. After this the E.l\:LF. changed very slowly when an excess 
of the thiucarb.11nide solution was added. Observations of a typical experiDlent Cma1ked 
with an asterisk in Table Ill) are represented in Table II. lnft.nenc:e of {1) sodianJ 
bicarbonate buffer added, (ii) tbio~:arbamide :onc:entralioD anJ (iii) iodine coneentr&tiom 
was investigated. The results of various experiments have been sammarised ill 
Tables III, IV and V. 

TABLE II 

[0.09391 N-lodioe soln. (zo c.l·.) + ro% NaHC0, 1zo c.c.} ] 

'fbiocarba- Il/MVS. ~E/~V. Thiocarba· E/Mti'S. ~EI~V. Thio("arba· E./MVS. ~E/.6V. 
mide added. mideaddrd. mide added. 

4·70 6o.oo 
o.oo c:.c. 368-s S-00 c:.c. 3.51·3 8.8o c.c. ,]01..0 

3-00 fioo 153-0D 
0.,50 367.0 6.oo 3453 8.go 2Bs1 

].00 7.10 lllj-otl 
1.01» 365·5 ;.oo 338.2' 900 .. l.S,.-4 

3·30 n.6o JS•So 
2.00 362.2 s.oo 326.6 !J·SO 149-S 

z,g-:. 24.00 :zo.oo 
J.OO 359·3 8.,'i0 J1'4.6 JO,OO 1'39·5 

J.JO Jl.oo JO.!ifll 

4-00 3.56..0 8.7(1 J07.D J'I.OO 1290 

"' VC?I· of thiocarbamide solo. eqqivaieat to the iodiae sola. taken. 
Observed -= g.oo c.c. Calc. = 8.9449 c.c. 

TABLB III 

Effect of sodiu911. bicarboffal~ adtl~d. 

Thiocarbamid' oiOin, added = 1.998 g./Jitre. 0.9391 N-Jodine soJn. tal:em o::: 20c.~. 

ro'% NaHCO. added fc.c.) o0o s.o 10.0 •:~o.o JO.o 40.0 so.o 6o.o 70.11 
CS(NHs)s found (g/lih"e) r.8424 1.98,56 r.98sfi 1.oB,56 r.98s6 •4156 1.9156 u;Msfi 

. " 9M 99•4 99·4 q9.4 99·4 99-f 99-4 119-f. 
• Pall details of tbis experlmeats are preseated ia '.table n 
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It has been observed that whereas too small an amount of the bicarbonate 
causes incompletP. oxidation of thiocarbamide, too large an excess of it has little adverse 
effect on the acct1racy of the resu1ta. Presence of small amouuts of sodium carbonate 
interferes. 

1'ABL• IV 

E/Ject tJ/ tlliocarbflmid• concent,.atioll. 
Amount of thiocarbamide Jlmoaat o1 thiocarbamide 

Taken lg./litreJ. Foand. Taken (g./litJe) Found. 
---~ o.u,o O.IIS9 g./litre 99:09% Joi634 1.t6os1'./litre P9·83% 

It .. I .u~o 1·1107.5 gg.64 
0.468o 0.4673 gg.Ss 1.998o 1·9970 99·94 
o.;6oo o.;s;:r 99.64 .. l..gpfl IIIO..ol 

TA:BU v 
Effect oj iodine concentration. 

Tl:iioc:arbamide Iodineo soln. u1ed. T b i o c: a r b a m I d e to u ii 4. 
&Oln. taken 

A. o.4~o g.litre o.osso N o.46jo2g.f1itre gg.lsCX. 
., o.o8882 0.4668 99·77 

II. I-9980 o.osso 1.99;6 ~.86 
., O,Dg]9I I.g86o 99·40 

Back-titrations of Excess OxidtJnt against Arsenious Oxide.-In certain experi­
ments, a known !excess) volume of iodine solution was taken, to which was added 
a ro% sodium bicarbonate and a knoVI•n volume of thiocarbamide solution. The excess 
iodine was titrated potentiometrically against a standard solution of arse11ious 
oxide. The difference between the initial (blank) and final titre wlues of AssO• 
corresponds to the iodine consumed, and therefore a direct determination of thio­
carbamide caD be achieved. 

A.o. + 2l1 -t- zH.O ¢ As.Oa + 4HI 

or CS(NH.). = B I= 2 As.O,. 

The results of these experiments are represented in Table VI. 

TABI..It VI 
S. No. Thiocarbamide present. 'l'hJoc:arbamide "ioand. 

I. o.468o g./litre 0.4692 g./litre 100.20% 
t. .. .. . . 
.1·. .. .. .. 
4o 1.2r20 I.U45 .. 
!: .. 1.::nr31'i 99·!M 

Jl " 
.. 
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