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SPECTROPHOTOMETRIC STUDY OF THE FERRIC-THIUSULPHATE
COMPLEX. PART I

By J. Das anp D. PaTNaIK

Determination of the formula of the labile colonred eomplex,-forned by the reaction of thiosulphates
with ferric salts, by Lhe application of Job's methad of continnous variation t the optical properties
of the colsnred complex has been reiuvestigated due to the special nature of the decay curve. Three
agoeons solations of two ferric salts, one withn .t acid and two others with defferent acid contents, have
been nsed at two wave-lengths, 500 ing an:l 600 mu. The maximum absorption for the volume ratio
of 1:1 of eguimolecnlar solutions of ferric salt and thiosuiphate without any acid confirms the formuia
Fe'SO;. The volume ratio changed to 1 ;2 and 1 ;3 according to the different acid contents. This has
been explained as due to the diffcrence between the effective concentration anid the actual concentration
of 8042 ion. When acidic solutions of ferric saits were used, the absorpiions at zero-time for wave-
lengths 506 mp and 600 mu were not much different. But with solations containing no acid, the di-
fference was very high. The increase in absorption in case of aqueons sulutions containing no acid at
lower wave-length region is asciibed io the pulynnclear hydrolysis product Fe(OH)Fef*. Indication
for the existence of Fe{OH)4¥e?*(5,0,) has alsobeen given.

A coloured intermediate is p1oduced by thie reaction of thiosulphates with ferric saits:
The curve representing the rate of decay

FIG. 1 of this coloured intermediate, as obtained
100 by the plot of Lhe percentage of tramsinis-
ol sion against lime, was found to be of S-shape
9 (Patnaik and Mahapatra, Curr. Sci., 1855,

24, rg5). This is contrary to the observations
of Huldar and Banerjee (Proc- Nat. Inst.
Sei., 1048, 14, 1) and that of Page (Trans.

coloured complex, the absorptien due to the
complex just at the moment of mixing the
solutions of ferric salt and thiosulphate has
to be evaluated. This is done by extrapola--
t'an of the decay curve to zero-time. Since
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iy the extrapalativn value depends solely onslhe

nature of the curve, our S-shaped curves are

104 / .boupd to provide different values from those
,’ of Haldar snd Buncr-jee, and of Page. It can
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few poiuts up 1o the point of inflection, would give rise to negative transmission which
ca_nu_ot be accepted because cf the fact that the solution cannet have negative trans-
mission value at zero-time. Thus, reinvestigation of tle applicaticn of the Job’s
miethod to the determination of the formula spectrophotomietrically became necessary.

EXrErRIMENTAL

Unicam diffraction-grating §pectropho,lometer (Model 350) was used. The wave-
length was calibrated by the dyodinium-filter supplied with the instrument. Particular
care was taken to see that the intensily of the light beam did mot change during the
course of a run which was of not more than a few iniputes’ duration, mostly 100
seconds. The checking was doune by compariug at the end of each run withihe -
standard cell containing water for r100% transparency,

Quick-delivery pipettes were specially prepared so that the time of delivery of the
solution did not Jast for more than 1.3 seconds. Stirring by hand was cartied with a
special stirrer for 2 to 3 scconds. At the end of tlie 5th second readings were taken.
The refiability of the first reading at the 5th second was verified by a dichromate solution
for 3 seconds and then noting the 9% transmission a. the end of the sth second, which
was the same as the one taken without stirring. All the cells used were calibrated to
porvide the same transparency with standard one.

Ferric salts and soditn thiosulphate were of E. Merck Extra Pure guality or B.D.H.
Analar quality. Hydrochloric and nilric 2eids used were of Sckering-Kahlbaum ‘Pro-
analysi’ quality. All other reagents used for standardisation were of E. Merck Extra
Pure quality. Since copper contaminatjon accelerated the rate of decay, triple-distilled
water in all-pyrex distillation set was used. ’

Thigsulphate solution was standardised against standard potassium jodate solution,
Sqlutions of ferric salts were standardised icdimetrically {Patpaik and Mahapatra,
unpublished).

A thermoslat was maintained at 25° with fluctuation of +.0.1°. All solutions for
use were kept in stoppered Erlenmeyer flasks in the thermostat. It was observed that the
rise of-temperalure for a run lasting 3 minutes was 0.2°.

T'hree solutions of ferric salls in water, one without acid and the other two having
corresponding acid concentrations of o.18'and o0.25M were used. ‘The concentrations
of Fe"‘.‘_aud of 8;0,%" in their respective solutions {not the effective conceniration in the
mixture) were each of o.01M strengthi. For the application of Job’s method, the com-
posit'iqn of the mixture was varied in the' -manner, 11:1, 10:2,-2:10, 1:Ir, the
total volutne being always 12 c.c. In Table I the readings recording the rate of decay
for a set of three mixtures of different compositions are shown at two wave-lengths. For
ecohqmy of space r10 such readings have not becn recorded here. '

In Ta-‘b!es 1I and ITI the % transmissions at zero-time have been recorded for mix-
tures of different compositions of the two ious at the two wave-lengths, soomp and 6oomp.

Due to rapid hydrolysis of aqueous solutions of ferric salts, very fresh solutions were
used for experiments.



BIECTROPHOTOMETRIC STUDY OF FERRIC-THIOSULPHATE COMPLEX 245

TABLE I

Temperature = 25° + 0.1°

~ R - S, in.

T g gtomMNaSO i, See o oorMNuSOuseln. 9 €, of 0.0uHNesSi0n sl
Fe(NO;,); sslu. without acid. Fe(NO,); soln. ecntaining Fe(NOQz); soln, containing

0.1 M-HNO;. o0 25M.HNQj,
% Transmission at % Transmis;ior..l at - 9% T'rausmission at
500 tnp. 600 M. 500 mp. 600 mip. 500 mg. Goo mau.
§ sec. 13 oo 26,35 I 5o 23 00 38.00 35 50
10 14.50 28,50 24.25 25 75 3975 41.00
15 16.25 30.75 38,00 29 75 43-35 43.25
20 18.75 34.00 32.75 35-25 46.00 ) 45.75
23 22 00 3775 39.25 42.25 48.75 48 50
30 2575 43.35 47.00 49.75 51-25 57-50
3s 31.50 48 75 5425 57.75 . 5675 5425
40 37-50 54.75 €175 64.50 59-50 57.00
45 44.55 61 35 68 oo 70.50 62.00 60.00
50 5i.50 67.50 73.25 75.50 64.50 62.75
55 59.50 73.50 77.75 7975 66.00 65.50
6o 66.50 79.00 81.25 83.00 69 00 67.75
65 72.50 83.50 83 50 Bs 25 70.75 70.25
70 77-50 86.715 86.00 87.25 72.78 72.25
75 81.25 89 50 88.00 88 95 74 50 74.50
8o 84.25 91.50 8g.00 50.25 75.75 76.50
Bs 86.25 92.50 g0.00 S1.25 77.50 77.75
90 &8 oo 94.00 01.00 .g2.2§ 78.50 79.25
95 8g.50 ¢4 5 92.00 92.75 $0.00 %o 50
100 Q0 25 92 75 93 50 80 75 81.50
TABLE 1]

% Transmission al zero-time of Fe{NO,), solution.
Temp. = 25° + o.1°.

" Comp. of solr. (c.c,) Fesolns. withont acid,  Fe solns with 2.1M-HINO;. Pe solus. with o.25M-HNO;.

Fedt: 8,02, 500 mp. 6oo mp. 5C0 mp. 600 my. 500 mp. Goo wp.
11 1 48.50 68.00 76.50 77-75 89.00 8gc0
1o 2 31.00 4975 59.75 62.00 79.00 81.00

9 3 21.25 37.00 46 75 49.co fig.50 71.50

8 4 15.75 30.00 38.00 39.25 62.co 63.50

7 5 13.00 26.25 29 oo 31.50 54.50 56.00

6 6 12,25 25.25 25 75 26.50 48.75 “49-50

5 7 15.00 26.75 22.25 22.50 43-25 45.00

4 8 18 on 32.00 5Q,25 21 50 39 o0 40.20

3 -] 27.25 42.50 22.50 23.50 31.00 38.25

2 10 40.25 55-75 2g9.co 3t.00 38.50 39-50

T 1 66.25 77-59 49-50 51.00 52.00 53-50
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Tasry ITI

Q, . . ]
% Transnission at zero-time of Fe(Cl, solution.
Temp. = 25° £+ o0.1°.

;‘;’I‘:p O{;S::__ {c.c) :;2 ::l:'s’. witho;;a:u!. Te solns, with o.IM-H(‘l. Te solus. with o;zs!lf-HCl .
u, ™ 500 M. Goo . 50C mip. 650 mpu.

11 1 50.5% ’68.50 . 78 50 81.75 BR.so 92.07
10 2 32.2% . 50 0O €475 67 oo 81 75, 85.00
9 3 22.75 17.50 52.50 56.00 7575 7825
8 4 17.50 ar.50 44 00 46.75 6g.00 .7m's
7 3 15.00 27.25 35-50 3775 1.7 64.50
6. 6 14-50 26.00 30.50 32 50 56.25 59.23
5 7 16 50 28.50 " 26.75 28.15 50.25 53.25
4 8 20.21% 33-25 24.25 27.00 46.00 48.25,
3 9 27.%4 42.50 26 50 28.25 43.25 4525
z 10 41.25 57.00 33-25 35.00 4400 4b.00
1 i1 66,75 ) 78.50 53125 5375 55-50 55-75

DiscUusS8SION

From Tables IT and III the 9 transmission at both the wave-lengths appears fo be
minimum for the mixture of equal composition when solutions containing no acid of
both ferric salt and aquecus solution of thiosulphate are used. This suggests the
formula Fe*S,0), for the coloured complex and confirms the observation of Haldar and
Banerjee (loc. cit.). In case of the solutions of ferric salts containing o.1M acid, the
minimum was. found for a mixture of 4 c.c. of ferric salt solution and 8 c.c. of thio-
sulphate solution. TFor aeid content of 0.25M in the solution of ferric salts, the mini-
mum was observed for the ratio of 3:9. The experiments with acid solutions would
ordinarily suggest such fermulae as Fe(S,0;),~ and Fel(S:0,),* " for the voloured complex
under different H* concentrations. [n aqueous soiution of sodium thiosulphate, except
for the ion pair NaS,0, ' present to a very small extent, almost the whole of $,0,*
jons are available for formation of the complex according to the following reversible
reaction, suggested by Schmid (Z. physikal. Chent., 1930, 188, 321):

Ee®* + S0, = Fe'S.0, - [

However, with the ificrease in the concentration of H" ion, it is known that more and
mare of the ion pair HS,(),™ is.formed, thereby leaving less and less of free S,0;* for
the above reversibie reaction. So the effective concentration of the S,0,*" ion is not
the same as its total concentration. Thus, the change of the ratio from 1:1 to 1:2 or
1:3 is explained without having to ascribe such formulae as Fe(5:0,); and Fe(S,0,),"
for the labile coloured intermediate, I-iowever, in a subsequent communication, a
direct and simple experimental evidence will be furnished to prove beyond doubt that
the labile coloured complex possesses the formula ¥ e*S,0;.
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Haldar and Banerjee (lo¢. ¢it.) worked with aqueous solutions, while Pagé (loc. cit.)
with acidic solutions. When our resulis obtained with ugqueous as well as acidic solu-
tions,-as recorded in Tables II and TII, are scrutinised, it cam be seen that in case of
aqueous solation wilhout acid the % transmission a* zero-time increases very consider-
ably-vghen the wave-length is changed from 500 mp to 600 mp. Further, it can be noticed
that the difference between the tramsmissions at the two wave-lengths decreases with
decrease in the volumne of the solution uf ferric salt gnd increases again, showing that
the differgnce is dependent on both the solutions of tlhe ferric salt and the thiosulphate.
In case of acidic solutions of ferrie salts, 10 such marked ¢hange in the Stransmission
with the change of wave-length occurred, and further difference between the two
%transmissions was more or less the sume. The miniinum transwmission or maximum ab-
sorption for aqueous solutivns though occurs at 6:6 comrosition ratio of Fe® " :8,0,°”, yet
the absorption of 7:35 ratio (higher Fe ) is very much necarer to it than that of the 5:7
ratio (higher S$;0,%"). The question now arises as ta (he reason for the marked change
in the transmission in case of agueous solution without acid due to the change in the
wave-length. Formation of some complex would explain for such a change in absorption.
But the formation of any new complex at zero-time to any considerable extent would
not aliow the composition ratio of 6 :B to afford the maximum absorption. So it leads
to the inescapable ‘conclusion that some complex is formed in very low concentration
having high extinclion ceefficient.

In solutions of feiric salts the following equilibria are known to exist (Milburn and
Vosburgl, J. Anter. Cliem. Soc., 1955, TT, 1352),

Fe'* + H.O = lieOH?* + H* e (2)
2FeOH®* = Fe(OH),Fet* e 13)

reaction (3) preporderating at higher concentrations of Fe®* jon over reaction (2). “It
js evident that with the increase in coticentration of HY, the conceniration of FeOH®*"
would correspondingly decrease, and conseguently the concentration Fe(GH),Fe®*.
So in aqueous solution (he conceniration of this complex Fe{OH).Fe'* would be the
maximnm. Due lo the asrociation of two ferric ions, this complex would possess high
extinction coeflicient at Iouer wave-length regicn. In fact 60% of the differences is
agcounted for by the aqueous srolution of the ferric =alt at the required concentration.
And since differcnce in absorplion is also dependent on the volume of thiosulphate
solution, it is under invesigation whether the following reversible reaction

Fe!OH),Fet* + 8,0, == FelOH),Fe**(§,0,)

can also be taken intovaccount along with reaction (3). The existence of these comnplexes
would also explajn the reason for no marked change in %transmission when acidic
solutions were used. Also these would explain the dependence of the difference of
absorption on the concentration ofFe, OH™ and 8,0, ions. It has been noted from
the experimental data recorded in Tables J1 and 1II that in case of agueous solutio®
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of ferric salts the absorplion for the composition ratio 7:5 (higher Fe’*) has almost
the same absorption as the composition ratio 6 :6, while that for the composition ratio
5:7 fhigher S.0,>7) is away from the absorption for the composition ratio 6:6. This is
also explained as t.o Fe** ions and either one or none of the S,0,* ions are concerned
in the formation of the complex or complexes responsible for stronger absorptien iu
the shorter wave-length region of the visible range.
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