
[Jour. Indian Chem. Soc., \Tol. 33, N'o. 4, ~956] 

SP.IKTROPHUTOMETRIC STUDY OF 'l'HE FERRiC-THIUSULPHA1'11 
COMPI,EX. PART I 

l]y J. DAS ANII D. PATNAJK 

Uetenninatic>Jl of the fol'lnul:l of the lab:le colourcll co:up!ex,-fonm:d by the reaction ·of tbiosulphatea 
with ferric salts, hy Lhe applic:nlion of Job's meth•Jd of c:ottllnuous variation t l the opfical pr ... pert(es 
of the cobared con•plex haq bceu reiuvestigated due to the special uature of the decny curve. T.brte 
aqueous solati:ms of two ferric salt9, one "·ithn .t acid aad two other~ with deffenmt acid contents, b~ve 
been ll~etl at two wa\"c-length,;, soo 1np ancl 6oo mp. The maximum absorption for the volallle ratio 
of I :r of eL]UirnnleL·ular !IO)utions of ferri~ s.tlt and thioRalphate witho11t auy acid c:onfirn1s the formula 
Fe•SO:J. The •·uJu111c: ratio changed to 1 =~and r :3 according to the different acid contentR. This has 
bten explained as due to the difference between the effective '-"<.>nc-entr~tiou and the actual t"ODC'enlr~tion 
of S,031- ion. \VIu::11 Rcidi<: solutious of ferric salts were uRerl, the absorplions at 7ero-tin1e for wave­
lengths soo no}' and 6oo mp \\'ere not much diflerent. nut with soluti~n~ C()ntaining no acid, the di­
fferent"e wa~ nr) l::if!h. ·rhe in~• ca•e in absorptiou i a case of aqueous solutious containing no add at 
lower waye-Jcz1gth regiou ;, UC"1ibed to tbe pulynaclea•· b~·drolysis product Fe(OH!,Fet~. Indic-ation 
for the f"xistenc" of Fe(OH)jl~ef+(S203) has ,dso.been given. 

A coloured intermediate is p1 0<1uced by the reaction of thiosulphates with ferric saits~ 
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Tl1e curve represe:ntiug the rate of decay 
of this coloured iutermt>diatc, as obtained 
by the plot of Lhe percentage of transmis­
sion agaiust Lime, wa5 found to be of S-sbapc 
(P .• tua.ik am\ ~IahaJlatra, Cun. Sci., xgss. 
2,, 195l. This is contrary to the observations 
of H..1ldar am\ Banerjee (Proc- Nat. Inst. 
Sci., 1948, 14, Il ancl that of Page (Trans. 
Faraday Soc., 1953, 49, 635' who u;ed 
optic:Jl methods for assigning the formula 
Fe .. S,O, to tl1is colonrcd complex. For the 
appEcation· of Job's method of continuous 
variation (A IJtl. cl!im., 1928, x, 9, IIJ) to 
Lhe determination of tbe formula of the 
coloured complex, the absorption due to .the 
coll!pkx just at the moment ·of mixing the 
solutions of fe1ric salt and thiosulphate has 
to be evaluated, This is done by extrapola7· 
t·an of the decay curve to zero-time. Since 
the e'i trapQ!atiun value depends solely on.the 
nah;;re of 1he curve, o.ur S-~haped curvt;s· are 

.bottJJd to provide different values from those 
of Haldar rond Dnue·jee, and of Page. It cari . 
be seen from l'ig. I, that ally u1deav.our to 
c~trapolate the curve, neglecting the first 
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few points up to the point of inflection, would give rise to negative transmis.sion which 
cannot be accepted because d the fact that the solution c-annt~t have negative traos­
mission value ~t ze:ro-time. Thus, reinvestigation of the application of the Job's 
111Hhod to the determination of the fonnulu spedrophotometrically becan1e nece~ry. 

EXI'KKIIIIENTAl. 

t!nicam diffraction-grating slnctror•ho.Lometer (1\Iodel sso) was used. The wave­
lcugth was calihrated by the tlyodil;ium-filter supplied with the instrument. Particular 
care was taken to see that th<: i11tensity o{ t11e light beam did not change during the 
course of l:l run which was of not more than a few miputcs' duration, mostly IOO 

seconds. The cbecking was done by comparh1g at the end of each ruu with the 
~tandard cell containing w11ter for Ioo% transparCllC"Y. 

Quick-delivery pipettE!' were specially prcparc.-c'l so that tl1e time of delivery of the 
solution did not last for more than 1.3 secouds. Stirdug by hand was carried with a 
special stirrer for 2 to 3 seconds. At tht: er.d of the sth second readings were ta'ken. 
Tile reliability of the first •eaciing at the sth second was verifietl by a dichromate- solution 
fur 3 seconds oud then 11Nil1g the % tr:n1smi~s=ou a, the end of the sth SfCOml, which 
:was the same as the one taken without stirring. All the cell!! used wue calibrated to 

pon•ide the satne transparency with stand:ud one. 

Ferric salts and sodium thiosulpl1ate we:re of E. l\lerrk Extra Pure qufllity or B.D.H. 
Analar quality. Hydrod•loric amlnitric ::~c:c1s us£d were of Sderitlg-Kahlbaum 'Pro­
aual'ysi' qnality. All other reagents used for ~tanda1·disation were of E. Merck Extra 
Pnre quality. Since copper rontamination acceleratEd the rate of decay, triple-distilled 
water in all-pyrex distillation set was used-

1'hi9sulphate solution was standardised against s:andnrd 
Sqlutions of ferric salts were standardi!;ed irdimetl"icall)· 
unpublished)-

potassium iodate solutioD. 
(Patnaik and Mahapatra,· 

A tbe.rmostat was maintaim:d at 25° with flnctuatiou of ±· 0.1 o. All solutions for 
use were kept in stoppered Erlenmeyer flasks in the thermostat. It was observed that the 
rise of-temperature fer a nm lasting 3 minutes was o.2°. 

Three solutions of ferric salts in water, one without acid and the other two having 
correspol)ding· add concentrations of 0.11\l·and 0.251\-l were used. The con..:enlratio~s 
of Fe-: _and of s.o.•- in their respectivc solutim1s {not the effective concentration iu the 
mixt~re) were each of. o.orM strength. :For the application of Job's method, the com­
position of the mixh1re was varied iu the· ·manner, n:r, ro:2,-2:1o, t":u, the 
total volume being always 12 c.c. In Table I the readings recordi11g the rate of decay 
for a set of three mi:xt'llres of different compositions are sl1own at two wove-lengths. Fol" 
economy of Space JIO Such readings have not been :record~d here. 

In Tables II and III the % transmissions at •zero-time 11ave bc;en recorded for mix· 
tures of. diiT~reut comtlositions of the two" ions at the two wave-lengths, soom,u. and 6ooJDp. 
llua t~ rapid hydrolysis of aqueous solutions of ferric salts, very fresh solutions were 
llSed for experiments. 
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TAnU I 

Temperature= 25° ± o.I" 

1'i01e. 6 c <". of o.mM-NasStO! soln. s c c Of O.OJM-Na,s,oJ snln. 9 c.e of o.otM-Naa-<;10 3 soln. 
added to 4 c-.c: of o.o1M- added to 3 c: c. of o mM· add.,d to 6 c.c, of o orM-

l~e(NO!la so!n, containing FeCN0113 s1ln. 1vilhout add. Fe(NOJia soln. C"Cntainiug 
o.IM-HN~- . o 25M-HN01. 

% Transn1ission at % Transnris;iou at - % 'l'rnusmlssio11 at 
• 

soo '""· 6oo IDI'· sao nt,.. 6oo n•l'· 500 tnl'. 6oo 1111'. 

s ... ,.c. 13 00 26.:rs 21 so 2J 00 38.oo 39 so 
JO 14-50 28.5o 24.2.5 25 7S 39 75 41-00 
15 16.25 30·75 :~l!.oo 2975 4J-:Z5 43-25 20 •S.;s J-\.00 32·75 35-25 46-0o 45-75 
:tS :u 00 37-75 39-25 4VtS 48-75 48 so 
3D 2.5 75 43-25 47-00 49 75 51.25 sr-50 
3.5 31-50 48 75 54 25 57·75 _56·75 54-25 
40 37-.50 54-75 f:I.75 64·50 59-SO 57-00 
45 44-iS 61 25 68 00 ;o.so 62.00 6o.oo so s•-so 6;.so 73-25 75-SO 64.5o 62-75 ss 59-50 73-5° 77·75 79 75 66.oo 6s.so 6o 66-so 79.00 81.25 8J.DO 69oo 67-75 
6s 72-SO 83-50 83 so !Is 25 70·75 70·25 jQ 77-50 86.75 S6.oo 87-25 72-75 72-25 
75 8J.25 89 so RS.oo 88 75 74 so 74-50 8o 84-~5 9I.5o 8Q.oo 510-~ 75·75 ;6.so 
8~ 56.25 92-!'0 go.oo 91-25 77·50 77·75 go 88 DO 94-00 91-00 . 92-25 78-so 79-:fS 
95 !!9-so 1;'4 S•' 92-0Q 92-i5 !lo.oo !!o so 

10" go 25 Q2 iS 93 so 8o 75 8r.so 

'l'ABI.E II 

% T-ransmission at ze-ro-time of FeCN0
3

)
0 

solulio11, 
Temp.= 25° ± 0,1°. 

'· C'omp. or solr.. (c.c,) Fe solns. without acid. Fe solns with o.IM·HN03. Fe solos. with 0-251U-HN01-
l-'e3t : F-~Od, •. :;com/'-. 6oomJ1-. 5CD llll'-- 6oom_.._ so6 mp. 6oo m,.. 

li 48.50 6l!.oo 76-so 77-75 llg.oo &Joo 10 ~ Jl.OO 49·75 59·75 62.DQ 79·00 81.00 
9 3 21-2.5 37-00 46 75 49-CO ~-so 7I-SO 8 4 15-75 .J0-00 J8.oo 39-25 6:.c:o 63-SO 
7 5 IJ-00 26.25 29 00 3'-50 54-50 56.oo 6 6 ]2"25 25·25 2 5 75 26.5'.'1 48·75 "49-50 
5 7 15-00 :::;6.75 22.2c; 2~-50 43-25 4~.00 
4 8 rB oo 32-00 ~q,25 2I 50 39 00 40.=-o 
3 9 27.25 42-50 22.5o 23-50 JI.OQ 38.z5 2 IO 40-25 55-75 29-00 JI.oo JS.so 39-50 

1[ 66.-25 'l7·:!JO 49·50 sr.oo 52.00 53-SD 
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TA:i3J,lt III 

% Tt'ans.mission at zef'o-time of FeCI, solutioll. 

Temp. = 25" ± 0-1°. 

Comp. ol soht (c. c.) 'l?c sotn;;·. "l'<ithout acHl. FB solns. with o rM-HC'l. Fe solns. witb o.2,;!\1-HCI . pea+ SsO u-1 . soo nw. iioo nil'· 6oo 1111'. SOC Ull'. ,sao tnl'- 6oo m,... 
II I S0-1S ,68-so 78 so 8I-7,!i 88.so 92.0~ 

10 2 J2-2,!j . so 00 ~4 75 67 oo 8t 75 . 85.oo 

9 J ~2-75 37-50 52-50 s6.oo 75 75 78 25 
8 4 17-SO 3r.so 4400 46·75 6g.OQ 7Jo25 

7 5 rs.oo 27-25 35·50 37 75 151.7~ 64.50 
6 6 14·50 16.r.o JO.SO 32 so s6.2:; 59-2!; 

5 '1 r6 so 2R.so 26.']5 28,25 so.:zs 53-25 

4 8 ~O.l!); 33-25 24·25 27.00 46.o(!· 48-25. 

3 9 27-?.~ 42-50 26 so 28.25 43-25 45-~5· 

2 10 41.25 .'i7-00 33-25 35-00 44 00 ¢.oo 

I II 66.75 ;B. so 5~·~5 53 75 55-SO 55-75 

DISCUSSION 

From Tables II and III the % transmission at both the wave-lengths appears to be 
nunimurn for the mixture of equal composition when solutions containing no add of 
both ferric salt and aqueous solution of tbiosulphate are used. This suggests the· 
formula Fe+s,o. for the coloured complex and confirms the observation of Haldar and 
Banerjee (Zoe. r::it.). In case of tbe solutions of ferric salts containing O.IM acid, the 
minimum was, found for a mixture of 4 c.c:. of fl!rric salt solution and 8 c.c. of tbio­
sulphate solution. I•'or ll'fid content of o.25M in the solution of ferric salts, the mini­
mum was observed for the ratio of 3: g. The e:Rperiments with acid solntions would 
ordinanly suggest such fo'tmulae as FeC52Ll.)s- and Fe(S20a)."- for the coloureJ complex 
under different H+ concentrations. In aqueous solution of sodium thiosulpltate, except 
for the. ion pair NaS20 1 · present to a very small extent, almost the whole of Sao~·­
ions are available for formlltion of the complex according to. th~ following reversible 
reaction, suggested by Schmid {Z. physi•kal. Chem., 1930, 118, 321): 

Cd 
However, with the itrcrease in the concentration of H+ iou, it i~ .. k!Jown that more and 
more of the ion pair HS~Oa- is.formec"', thereby leaving less and less 9£ free S>~032- for 
the above re-..·ersibie r~actiou. So the effective L'Oncentration of the s~o. ·- ion is not 
the same as its total concentration. Th11s, the change of tlur r:~tio from x: 1 to I :2 01· 

x :3 i!!o explf!ined withont havi.Dg to ascribe ;;uch formulae as Fe{S 20 3 : 2 - ;md Fe(S2 0 3)?­
fo-.: the labile coloured intermediate. However, in a <subsequent communication, a 
direct !lnd simple experimental evidence will be furnished to pi'Ove beyond doub~ that 
the labile coloured complex possesses the for.m11la Fe+S10a. · 
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Ha)dar and Banerjee (lo'C, ~;H.i worked with aqueous so!nti()ns, while Page (loG. cit.) 
with acidic solutions. When our reslllts obtained with u':)ueous as well as acidic solu­
tions, ·as recorded in Tables II and III, arc suutinbed, it can· be seen that in case of 
aqueous solution wiLhout acid the % trausmissioo a~ zero-time increases very consider­
ably-when the wave-length is changed fron1 soo ~,u to 6oo 1111•- Further, it can be noticed 
that the difference between the transmissiaiJS at Lhe two wave-lengths dacreases with 
decrease in the volume of the solution uf ferric salt 1-nd inctea.ses again, showing that 
the differe11ce is dependent on botl1 the solutions of the ferric salt nnd the thiosuiphate. 
In case ~f acidic solutions of ferric salts, no such marked .::ha11ge in the %transmission 
with the change of wave-length occurred, nnd fmther difference be~ ween the two 
%transmissions was more or less the slime. The minimum transmission or maximum ab· 
sorption for aqueous solntiuns though occurs at 6:6 com]:osition ratio of Fe"" :s~o~•-, yet 
the at-sorption of 7:5 ratio (higher Fe" ) is very much nearer to it tl1au that of the 5:7 
ratio (higllet· s.o,•-). The question 110w arises as to the reason for the marked change 
in the transmission in ca!!e of aqueous solution without acid due to the change in the 
wave.length. Formation of some complex would ex(Jlain for such a cllange in absorption. 
But thE! formation o: any new complex at zero-time to any considerable extent would 
not aliow the composition ratio of 6 :'0 to" afford the maximum absorption. So it leads 
to the inescapable 'conclusion th~t some complex is iormed in very low concentration 
having I1igh extinction coefficient. 

In solutions of fe1 ric salts the following equllibria are kuown to exist fl\:Iilburn and 
Vosburgll, f. Amer. CT1tnt. Soc., 1955, 77, 1352l, 

reaction ( 3) prcpo!'dernting at h1gher conceutrations of Fe~+ ion over reactiou (z). • It 
js e\·ident that with t11e increase il1 concentration of H+, the concentration of FeOH<+ 
wot1ld correspondingly decrease, aud consequently the conce:ntration Fe(OHhFeu. 
So in aqueous solution I he concentration of this complex Fe(OH),Feu would be the 
max1nmm. Dtle to the as~ociatiou of two fcrtil: ions, this complex: would posse:Ss high 
exLinction coefficient at lower wa\·e-lenglh regic-n. In fact 6o% of the differences is 

-accounted for by the aquea'us •olnt:on of the ferric salt at the required concentration. 
And since diffen nee in absoT]•lion is also de]JCtldlnt on the volume of thiosulphatc. 

_solution, it is under in vu;igal ion whether the following revcn;ible reaction 

can also be taken intooacco1mt along with reaction (J). The existenl:e of these complexes 
would also explain the reason fo1· no 111arked change in %transmission when acidic 
solutions were ~sed. Also these would exphiin the dependence of the difference of 
absorption on the coucentrotion ofFe .. I oH- and s.o.s- ions. It has been notec:I from 
the experimental data recorded in Tables II and III that in case of aqueous solutiotJ 
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of ferric salts the absorption for the composition ratio 7 : 5 (higher Fe ... ) ha~ almost 
the same absorption as the composition ratio 6:6, while that for'the composition ratio 
S: 7 (higher S20a"-l is away from the absorption for the composition ratio 6:6. This is 
also explained as t .1·o Fe'• ions and either one or none of the S20 3

3
- ions are concerned 

in the formation of tbe complex or complexes responsible for stronger absorption i-.1 
the shorter wave-length region of the vi&ible range. 
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