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INTRODUOTION.

It has been observed by all that a deep violet colour is developed instantaneously
when ferric chloride solution is added: to sodium thiosulphate solution or wice
verss. Copper salts have an appreciable accelerating influence on this reaction
so that the deep violet colour disappears much more rapidly in the presence of
copper salts, than in copper-free solutions. When the reaction is carried out in the
presence of thiocyanates which serve as indicators for the ferric salts and also slow
up the reactions, very small amounts of copper can be detected, by comparing the
time of decolorisation by thiosulphate of a copper-containing and copper-free
ferric salt solution. This method was actually employed by Hahn and Leimbach
(1922) for the detection of small amounts of copper and the limit of identification
was found to be 0-029, copper. The appearance of the violet colour is usually
assumed to be due to an unstable complex formed between ferric chloride and sodium
thiosulphate, but the exact nature of it is not known very precisely. Holluta and
Martini (1924) tried to trace the initial acceleration of the reaction, ferric chloride-
sodium thiosulphate solutions, but were not successful. They, however, attempted

to explain the violet colour formation as due to a complex Fe(S,03), where the
complex ion is negatively charged. Schmid (1930) is of opinion that the complex
is Fe(Sg0g)" and not Fe(Sg0s), . He has also calculated the instability constant

of the complex Fe(S;04)t and gives its value as K = 66-6x10~3 at 18°C. where
x — (Fe***)(8,047) e : .

=I——~L ="~ The chief difficulty in determining the nature of the

[Fe(S404)7]

complex and its instability constant was to find out a suitable method to follow the
reaction. Although Schmid tried to solve the problem by potential measurement
at different fixed points in a glass tube through which flowed under constant pressure
a mixture of acid ferric-ferrous-chloride mixture and thiosulphate solutions, it is
expected that the e.m.f. noted by him may not be the true e.m.f. of the system
ferric chloride-sodium thiosulphate solutions under static condition. Moreover,
the potential recorded within such a small period of time (within 3 mins.) is not
expected to be the true reversible potentia] of the system. So we have tried to
follow the ferric chloride-sodium thiosulphath sreaction by colorimetric method.
By the help of a photoelectric colorimeter thé decrease in intensity of the violet
colour with time can be easily noted. Now this decay in colour noted in trans-
mission seale is found to give a linear relation with time. Considering the fact that
the development of the violet colour is very rapid compared to its decay, it can be
assumed that the concentration of the complex is greatest at zero-time. So if the
straight line obtained by plotting percentage transmission against' time be
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extrapolated to zero-time it will cut the transmission axis at a point where the con-
centration of the complex is greatest. Thus the amount of complex formed by mixing
known volumes of the reacting solutions is known in transmission scale. By applying
P. Job’s (1928) continuous variation method, it is now possible to know the nature
of the complex and also to determine its instability constant.

Theory :—The continuous variation method applicable to the imperfect mole-
cular and ionic aggregates is due to P. Job. According to it, the variation in one
physical property of a mixture of two solutions from which the complex is formed,
is studied against composition of one of the reacting constituent keeping the total
volume of the mixture constant. Frequently it so happens that a suitably chosen
property becomes a maximum or minimum for a mixture of & particular composition.
One is then to admit that this particular composition is the index of the formation
of a complex whose formula precisely corresponds to this ‘maximum composition’.
This method is called the method of ‘continuous variation’. Suppose the complex
which we want to study is formed according to the equation

mA+nB<=AmBn .. .. .. 1)

A solution of 4 of molar concentration C and of B of concentration C’, where C’ = RC,
are prepared. A volume 2 of the second is mixed with a volume (1—z) of the first,
and let us assume that this mixture is produced without any contraction or expansion
in volume.

Let Cq, U5 and Cg be concentrations of 4, B and Am.Bn respectively. For any
mixture, the following equations apply :—

ChxCi=KC, .. . )
C14+mCg = O(1 — 2) .. .. (3)
02+n03=RO’z . .. . .. (4)

The concentration Cg of the complex depends only upon the composition & of the
given mixture. It will be sufficient, therefore, in order to obtain the maximum
composition to write that

dCsfdz = 0 .. .. .. .. (6)

By differentiating equations (2), (3) and (4) and combining the resulting differential
equations with (2), (3) and (4) we get the general equation

"l R (Rm4n)z—n]™
mn-—l ‘nm—l (R_l)n+n—1

= K[n—(m4+n)z] .. (6)

When R =1, that is, for equimolecular solutions the left-hand side is zero. Now
K cannot be zero, therefore

Z(m4n)—n=0 o ’—”7;-_—.!—? . .. o M

Hence from a knowledge of the maximum composition «, the formula of the complex
can be determined from the ratio m/» taking the simplest values for m and .

‘When the solutions are not equimolecular, the maximum composition depends
both upon the concentrations of the two primary solutions and on the instability
constant K. The value of this maximum composition determines, with the help
of the equation (8), the instability constant K.

. The absorption of monochromatic light is a suitable property for this method,
because complex ions are often differently coloured from their components. Also
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the absorption of light is proportional to the concentration of the absorbing species
which is one of the necessary conditions of the continuous variation method.

Generally the value P of this property will depend in a more or less simple
manner on the concentrations Cy, Cs, Cy of the three constituents 4, B and AmBn
in solution giving P.= f(C,, O, (). When the property in question depends
only upon the concentration of the complex, as in our case, the value of the property
as a function of the composition of the mixture, passes through a maximum or
minimun fof the maximum composition itself, i.e. dP/dx = 0.

EXPERIMENTAL DETAILS.

Percentage of light transmitted due to the complex-formation was measured
with Lumetron photoelectric colorimeter model 400G of Photo-volt Corporation,
New York. The apparatus is so designed and calibrated that the scale gives per-
centage transmission directly. Reagents used were of extra-pure quality. All
solutions were made in copper-free redistilled water (tested for copper by Rubeanic
acid reagent). Solutions of sodium thiosulphate were standardised against standard
dichromate solution iodometrically. Ferric chloride solutions were also standardised
with standard dichromate solution using diphenylamine sulphonate as an internal
indicator. Dilute solutions were all prepared by diluting stock solutions of strength
N/10 kept in Jena bottles and were used immmediately after their preparation. The
absorption due to the complex in the visible region is between 450 mp to 550 mpu *
and so the measurements were made at two different wave-lengths 490 mp and 530 mu
Moreover, the absorption due to unreacted ferric chloride is negligible in this region.
Each measurement was carried out as follows:—

The galvanometer needle was set exactly on zero mark of the transmission
scale by means of zero adjustment knob. The power cord was then connected to a
six volt battery. On and off switch was then thrown off to the on-position and the
instrament was allowed to warm for a few minutes. Now the desired filter was
placed in the path of the light beam. The tube containing redistilled water was
placed in the light path and the needle was set exactly on 100 mark of the trans-
mission scale by means of the controlling knobs. The test tube containing redistilled
water was then replaced by & test tube containing a known volume (10 c.c. to 18 c.c.)
of one of the reactants. Definite volume of the other reactant was added from a
graduated pipette while stirring with a dry glass stirrer. The total volume of the
solution was 20 c.c. The initial stirring was continued for 5 secs. only and then the
stirrer was removed. The first reading was taken after 10 secs. Then after each
5 or 10 secs. the position of the galvanometer needle was noted for 30 to 80 secs.
Percentage transmission was then plotted against time and the straight line obtained
was extrapolated to zero-time. In this way different graphs were obtained by
mixing different proportions of the reactants and noting the transmission with time.
The transmissions at zero-time were then plotted against composition and the resulting
curve showed a minjmum. So from the position of the minimum in the curves.of
different equi-molecular solutions the formula of the complex was fixed. The in-
stability constant of the complex was then determined from the minima in the
curves of non-equimolecular solutions with the help of the general equation (6).

Each reading was repeated thrice and the results were found to agree within
half-a-division of the transmission scale.

* We dre grateful to Mr. B. Mukherjee, M.Sc., for kindly photographing the absorption
spectra of the complex.
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TaBLE 1.

Strength of FeCl, solution = M[756; Strength of sodium thiosulphate = M/[75; Wavelength
used = 490 mpu.

(a) Vol. of FeCly solution (b) Vol. of FeClg solution
in c.c. = 15. in c.e, = 14,
Vol. of Na-thiosulphate Vol. of Na-thiosulphate
solution in e.c. = 5. solution in c.c. = 6.
Time in secs. % trans. Time in secs. 9% trans.
10 30-5 10 250
20 35-0 20 32-5
30 410 30 40-5
" 40 470 40 48-5
50 54-0 50 56-5
60 60-0 60 84-0
70 86-5 70 71-5
80 73-0 80 78:5
30 79-5 90 84-0
100 85-0 100 89-0
(¢) Vol. of FeCly solution (d) Vol. of FeCly solution
in c.c. == 13, in e.c, = 12,
Vol. of Na-thiosulphate Vol. of Na-thiosulphate
golution in c.c. = 7. golution in c.c. = 8.
Time in secs. 9% trans. Time in secs. 9% trans.
10 23-5 10 21-0
20 30-5 20 31:5
30 39-0 30 415
40 47-0 40 51-5
50 540 50 60-5
60 61-0 60 685
70 68-0 70 753-5
80 75-0
90 80-0
100 85-0
(e) Vol. of FeCly solution {f) Vol. of FeCly solution
in e.c. = 1L in c.c, = 10.
Vol. of Na-thiosulphate Vol. of Na-thiosulphate
solution in e.c. = 9. solution in c.c. = 10.
Time in sees. % trans. Time in secs. % trans,
10 21-0 10 21-0
20 32-0 15 28-0
30 42-0 20 350
40 51-5 26 41-5
50 605 30 476
60 69-0 35 536
40 586
45 63-0
50 67-0
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(g) Vol. of FeCl; solution (k) Vol. of FeCly solution
in c.c. = 9. in c.c. = 8§,
Vol. of Na-thiosulphate Vol. of Na-thiosulphate
solution in c.c, = 11. solution in c.c, = 12,
Time in seca. % trans. Time in secs. 9% trans.
10 23-0 10 270
15 29-5 15 350
20 370 20 44-0
25 44-5 25 52-0
30 50-5 30 59-0
35 575 35 66-0
40 625 40 71-5
45 67-5 45 765
(i) Vol. of FeCly solution (j) Vol. of FeCly solution
in c.c. = 17, in c.c. = 6.
Vol. of Na-thiosulphate Vol. of Na-thiosulphate
golution in c.c. = 13, solution in c.c. = 14,
Time in secs. 9% trans. Time in secs. % trans.
10 31-0 10 316
16 380 15 395
20 47-5 20 48-0
25 53-0 25 560
30 62-0 30 63-5
35 87-0 36 69-5
40 73:0 40 745

(k) Vol, of FeCly solution in
c.c. = 8§,

Vol. of Na-thiosulphate

solution in c.c. = 16.

N

Time in secs. | 9, trans,

10 385
16 456
20 530
26 59-6
30 66-5

36 71-8
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TaAsLE 2.

Strength of FeCly soln. M[75.
Strength of NagS;04 soln. = M/[75.
Wavelength nused = 490 mp.

TaBLE 3.

Strength of FeCly soln. M/75.
Strength of NagSa0jg soln, M /|75,
Wavelength used = 530 mpu.

L/
Vol. of Vol. of |, o Vol. of Vol. of |, -
NagSy0y soln. | FeCly soin. | %4700 NaSaOpsoln. | FeCly soln. | %i70enmm
in c.c. 1n c.c. i c.c, in e¢.c.
5 16 23-0 5 15 20-0
6 14 180 6 14 168-0
7 13 16-0 7 13 13-6
8 12 12-0 8 12 12:0
9 11 10-0 9 11 11-0
10 10 8-0 .0 10 9-0
11 9 10-0 11 9 12-6
12 8 13-0 12 8 16-0
13 7 1556 13 7 200
14 6 19-0 14 6 24-0
15 5 230 156 b 30-0
TaBLE 4, TABLE 5.

Strength of NagS850g soln. = M[100.
Strength of FeCly soln. = M/[100.
‘Wavelength used = 530 mp.

Strength of NaySy 04 soln, = M/[50.
Strength of FeCly soln. == M/50.
Wavelength used = 530 mp.

Vol. of

Vol. of o i . Vol.of Vol. of |9%transmission
Nag840; soln. | FeCly soln. /“’}?:re‘fgféﬂg? Nay8,04s0ln.| FeCly soln. | at zero-time.
in c.c. in c.c. in ¢.c, . in c.c
5 15 42-0 2 19 310
6 14 31-0 4 16 10-0
7 13 25-0 5 15 65
8 12 22-5 6 14 4-0
9 11 21-0- -8 12 15
10 10 20-0 10 10 0
11 9 23-0 11 9 45
12 8 275 12 8 12-0
13 7 34:0 13 7 185
14 6 39:0 14 6 250
15 5 46-0
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TaBLe 6.

Strength of NagS8,;0g soln. = M/100,
Strength of FeCly soln. = M/50,
Wavelength used = 530 mpu.

TABLE 7.

Strength of NagSgOg soln. = M/[100.
Strength of FeCly soln. = M/50.
Wavelength used = 490 mp.

Vol. of Vol. of o .. Vol. of Vol. of .o
NaySgOg soln. | FeCly soln. ég“::f;“t‘fggn NagB;0g soln. | FeCl, soln, | /obransmission
in c.c. in e.c. - : in c.c. in c.c. at zero-time.

5 15 13 2 18 44
8 14 10 3 17 28
7 13 8 4 16 19
8 12 6 5 15 14
9 11 4 8 14 9
10 10 3 7 13 6
11 9 2 8 12 5
12 8 2 9 11 4
13 7 9 10 10 3
14 6 15 11 9 2
15 b 20 12 8 1
18 4 26 13 7 4
14 6 8
15 5 12
16 4 17

17 3 32-5
18 2 43

TABLE 8. TaBLE 9.

Strength of NagSg0g soln, = M/[500.
Strength of FeCl; soln. = M/[100.
Wavelength used = 530 mu.

Strength of NayS;04 soln, = M/50.
Strength of FeClg soln. = M/100.
Wavelength used = 490 mp.

Vol. of Vol.of |, P Vol. of Vol. of o transmission
NagSy0g soln. | FeClg soln, | /oTNSMISSIOn  yp g ( goln. | FeClg soln, | /07 R
in c.c. inac.c. &t zoro-time. 2 in c.c. in c.c. at zero-time,
2 18 45 2 18 420
3 17 31 3 17 29-0
4 16 22 4 16 21:0
5 15 20 5 15 180
.6 14 17 6 14 14-0
7 13 12 7 13 11-0
8 12 9 8 12 80
9 11 13 9 11 11-5
10 10 17 10 10 15-0
11 9 20 11 9 19-0
12 8 27 12 8 23-0
13 7 29 13 7 28-0
14 6 34 14 6 32-5
15 5 40 15 5 380
4
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TasrLe 10. TasrLe 11,
Strength of NaySy04 soln. = M/20, Strength of NagSgOy soln. M/250.
Strength of FeClg soln. = M/200. Strength of FeClg soln. = M/25,
Wavelength used = 530 mp. Wavelength used = 530 mu.
.
Vol of Vol.of |, . Vol. of Vol. of i
i transmission 9 transmission
Nay8;0g soln.] FeCly soln, |70 s NaySy0gsoln. | FeCly soln. | /0 e
gin o, b at zero-time. i e in c.e. at zero-time.
0-5 19-6 550 6-0 14-0 35
1-0 19-0 335 7-0 13-0 31
1- 185 23-0 8-0 12:0 26
2:0 18-0 195 9-0 11-0 19
26 175 14-0 10-0 10-0 15
30 17-0 12:0 11-0 9-0 12
35 165 10-0 12-0 8-0 11
4-0 16:0 7-5 13-0 7-0 10
45 155 50 14-0 6:0 8
50 15:0 9-0 15-0 50 7
56 14-5 13-0 16-0 4-0 17
6-0 14-0 17-0 17:0 3-0 22
7-0 13-0 27-0 17-b6 2-5 26
180 20 34
18-5 1-5 46
190 1-0 [}
TABLE 12.
Instability constant of the complex Fo(S404)F
Concentra-
tion of Wave- . -
I‘I{Txop- TFerric z R length | K _(instability Mean
: Chloride used. constant). K.
solution,
1 0-01M 0-4 2 530 m, 2:0x10-3
2 | oo | 095 05 | 530 ms | 343%10-3
3 oo 075 01 | 530 mp | 27x10~8 222 %10~
4 0-005M 0-225 10-0 530 mp | 2-19x10-3
5 0-01IM 0-400 2 490 mp 2:0x10-3
6 0-02M 0-6 0-5 490 mpu 2:0x10~2
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DiscUSSION.

Careful examination of the curves which present the studies with solutions of
different but equimolecular concentrations, reveal that the maximum composition &
is independent of the concentrations of the primary solutions and of wavelength
used, since all these curves show minima at the same point, i.e. ferric chloride-
sodium thiosulphate equal to 1 : 1. The instability constants determined at four
different concentrations of ferric chloride and sodium thiosulphate solutions are
fairly in agreement with each other considering the fact that the temperature was
not kept constant (varied from 24° to 26°C.) and in calculating the constant we
used concentration terms and not activities. It is also independent of wavelength of
light absorbed by the complex. Although our conclusion as to the nature of the
complex is in agreement with that of Schmid, our value of the instability constant
differs from that of the latter. A slight difference in the two values of the instability
constant is expected since Schmid’s value of K = 66-6x10-3 is at 18°C. whereas
our value is between 24° and 26°C. Such a large difference is, however, mainly due
to the different experimental conditions-and method employed by Schmid. More-
over, the potentials measured within such a short period of time and under flowing
conditions may not be the true reversible e.m.f. of the system. o it is expected
that our value of X is likely to be nearer the true value than that of Schmid.

In spite of the remarkable concordance observed in the above determinations
of K, the precision of these experiments must not be over-estimated. Though for
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the estimation of the intensity of the colour much improved and precise method
. has been employed yet it is not possible to determine the maximum composition

with a very great exactness. Let us determine, for the six experiments, the relative
error made in the determination of K. We have

_ C[(R+1)x—1P
K"’"“"’"‘"(R—l)(l—zx) .. . .. (8)
1 _ (R+1) 1
gk =2[Eretiits| - - @

It is found that the above values for dK/K are 40 dz, —38-5 dz, —16-5 dz, 11-2 dx,
40 dz, —40 dz. It is impossible to measure the maximum composition to more than
1-0%,, that is to say, that dz is at least equal to 0-01; the most favourable experi-
ment then entails an error of about 11-2%,. Thus the common idea that the inter-
mediate violet colour is due to the complex Fe(Sy0s)z which has found place even
in standard text-books (Text Book Of Qualitative Chemical Analysis by Vogel;
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Text Book Of Inorganic Chemistry by Partington) cannot be supported by physico-
chemical evidences.

SUMMARY.

1. The reaction between ferric chloride and sodium thiosulphate solutions, has been
studied by colorimetric method with the help of a photoelectric colorimeter.

2. The intermediate deep-violet colour developed by the interaction of ferric chloride and
sodium thiosulphate is due to the complex Fe(8,04)F.

3. The instability constant of the positively charged complex has been determined by
Job’s continuous variation method and the mean value is found to be 2-22x10-3 at
temperatures 24° to 26°C.

Our best thanks are due to Prof. P. B, Sarkar, for his keen interest, helpful suggestions, and
all laboratory facilities during the progress of the work.
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