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(Glaxo, AR) was used throughout this work. Acetic
acid was purified by standard procedure.
Kinetic runs
These runs were carried out with solutions of 1.25
mol dm - 3 HCI in 60% acetic acid at .u = 1.26
mol dm - 3. In a typical run, [Cr(VI)] and [TI(I)] were
2.0 x 10 - 4 and 3.0 x 10 - 4 mol dm - 3 respectively
and kinetics were followed spectrophotometrically at
360 nm by mixing the thermally equilibrated reactant
solutions and transferring the reaction solution to a 1
cm cell kept in the thermostated cell compartment.
The temperature was maintained at 25 ± 0.1 0C.Kinetic results could be reproduced to ± 5% and runs
were usually followed upto 80% of the reaction.

Results
Since oxidation of HCI by Cr(VI) in the absence of
TI(I) was marginal (0.8% in 50 min), no correction for
the oxidation of hydrochloric acid was made.
Stoichiometry
Different reaction mixtures were prepared in 60%
acetic acid containing 1.25 mol dm - 3 HCI at.u = 1.26
mol dm - 3 and analysed after keeping them for over 3
hr at 25°C. Chrornium(VI) was estimated spectrophotometrically at 360 nm while TI(m) was found as
difference of total oxidant titrated by iodometry with
2.0 x 10 - 3 mol dm - 3 thiosulphate. The results indicate a 2: 3 stoichiometry for Cr(VI) oxidation ofTI(I) in
these solutions (see Eq. 1).
2Cr(VI)+ 3TI(I)= 2Cr(m)+

3TI(m)

... (1)

Order of reaction
The reaction followed second order rate law at
[TI(I)] in the range of 1.0 x 10-4 to 3.0 X 10-4
mol dm-3 and [Cr(VI)] in the range of 2.5 x 10-4 to
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4.5 x 10 - 4 mol dIn - 3.Since [Cr(VI)] was followed by
spectrophotometry, its concentration was close to
that of TI(I). The kinetic study was restricted to the
narrow range of reactant concentrations because of
the low solubility of TI(I) in 60% acetic acid containing 1.25 mol dm - 3HCI.

Table

1-Effect

of Varying [H+] and [Cl-] on
Chromium(VI)-Thallium(I)reaction

[Cr(VI)]= 2.0 x 10-4 mol dm-3; temp. 25°C;
[TI(I)] = 3.0 x 10 -4 mol dm - 3;solvent medium: 60% acetic acid.

[Cl-]

Effect of added products
The effect of added products, Cr(ill) and Tl(ill),
was studied at # = 1.26 mol dm - 3, [HCI] = 1.25
moldIn-3,
[oxidant]=2.0xlO-4
moldm-3
and
[substrate] = 3.0 x 10-4 mol dm-3. Under these conditions, no variation in second order rate constant
was observed. In case of runs involving non-equivalent concentrations of reactants, the rate constant (k)
was evaluated using Eq. (2) with a and b representing
the initial [Tl(I)] and [Cr(VI)] respectively and xrepresenting the decrease in reactant concentration in time
t. Rate constants were determined graphically, the
second order plots being linear over 80% of the reaction (Fig. 1).
... (2)

3bl2) ) log [b(aa(b-3XI2))
x)
k= [ ~a2.303

Effect of chloride and hydrogen ions
At fixed [reactant], [H+] and [Cl-] and #= 1.26
mol dIn - 3,the second order specific rate constant (k)
increasedwithincreasein[CI-]and/or[H+](Table
1).
The orders of reaction in [CI-] and [H +]were 1.2 and
2.0 respectively.

o

o

40

50

60

time(min)

t'ig. I-Second order plot of chromium(VI)-thallium(l) reaction
in 60% acetic acid containing 1.25 mol dm - 3hydrochloric acid at
25°C ([Cr(VI)]= 2.0 x 10-4
mol dm-3,
[Tl(I)]= 3.0 x 10-4
mol dm-3,,u= 1.26 mol dm-3)

(moldm-3)

k
(dm3mol-1s-l)

[H+]= 1.25 mol dm-3
0.25
0.50
0.75
1.00
1.25

0.91
1.6
2.9
5.0
6.3

[W]
(moldm-3)

k
(dm3mol-1s-1)

[Cl-]= 1.25 mol dm-3
0.50
0.75
1.00
1.25

1.0
2.3
3.5
6.3

Effect of added vanadium( V)
The effect of added V(V) on the reaction was studied by taking into account the absorption due to both
V(V) and Cr(VI) at 360 nm in runs where [TI(I)] was
greater (1.5 times) than [Cr(VI)]. Under the condition
[Cr(VI)] > [TI(I)], the absorption at 360 nm was regarded as due to the Cr(VI) exclusively, that due to
V(V) being neglected in view of the very much higher
E of the former over that of V(V). In the presence of
added V(V), the stoichiometry and the effect of added
products remained the same as in the absence ofV(V).
Second order rate constant (k)in 60% acetic acid containing 1.25 mol dm -3 HCI in the presence of V(V)
first increased till added [V(V)] exceeded that of the
[Tl(I)] used; while, with further increase in [V(V)], the
k-value progressively decreased. Hence, the order of
reaction was determined in the two ranges of increasing and decreasing kin the presence ofV(V). In the increasing range of k([V(V)] < [TI(I)]), the orders in
[Cr(VI)], [TI(I)]and [V(V)]were 0.85,1.0 and 0.60 respectively while in the decreasing range of k
([V(V)] > [TI(I)]), the orders were 0.91, 0.90 and
- 1.0 respectively. In almost all runs, second order
plots were linear practically throughout the 80%
reaction range at all [V(V)]used. Such a behaviour of k
was not observed in 40% acetic acid solution in the
presence of 1.25 mol dIn - 3HCI and kdecreased continuously with increase in [V(V)].
In view of the distinctive effect of added V(V) on the
reaction, the spectra ofTI(I) and V(V) were examined
in 60% acetic acid containing 1.25 mol dm - 31ICI, individually and also together as mixed solution in the
range of 250 to 350 nm. In the presence of both TI(I)
and V(V), there was a distinct change in the spectrum
and the low intensity absorption bands of TI(I) and
V(V)were replaced by a high intensity band at 252 nm
(E - 8200), the latter being presumably due to the interaction between V(V) and TI(I). Furthermore, a detailed study of the Job's curves5 in respect of this sys495

INDIAN J. CHEM., VOL. 27A, JUNE 1988

tern at 2~0, 260 and 270nmeachshowed the composition of the V(V)-TI(I) complex as 1: 1, 1: 1, 2: 3 and
1:2 in 60~70,
80 and
solutions
presenc~
of 1.25
mol 90%
dm - acetic
3HCI acid
in each
case. in the
I

i

Effect of'fvtn(Il),
reaction i

Ce(III), Th(IV)

and U( VI) on the

Signifi¢antly, added Mn(II), Ce(III), Th(IV) and
U(VI) i~ the concentr~tion range of 0.5 x ~0-3 to
1.5 x 10 13 mol dm - 3dId not affect the reactIOn.

The ra e data in 60% acetic acid containing 1.25
DiSCUSSiti n
mol
dm - HCl parallel the results of an earlier studyj b
in 3 mol 4m - 3HCI solution with respect to reaction
order, effl::ctof added products and the influence of
CI- ions. fIowever, with respect to H + ions, the order
earlier s
Cr(VI) an
in
the Plro
romate2,

yj b.In the presence oflarge [Cl-] and [H +],
Tl(I) mainly exist in the form of chlorochent
case , is
two
as againstchloride,
one found
in the
r03Cland
thallium(I)
TICI,
re-

I

do not influence the reaction to any significant extent.
If Cr(IV) was implicated in the mechanism, the presence of Mn(II) ions in the reaction solution would
have caused substantial changes6 in stoichiometry
and rate constant.
The application of the steady state approximation
to the reactive intermediates, TI(II) and Cr(V), of
Scheme 1 leads to the rate equation (3) which is in
agreement with the experimental results and the experimental second order rate constant (k) may be
identified with the constant factors in Eq. (3) at fixed
[H+] and [Cl-]. InEq. (3), Kj and K2 are theequilibriurn constants of formation of Cr03CI- and TICI respectivelyand ko is a constant given by Eq. (4), kj, k2,
k3 and k4 in Eq. (4) being the rate constants of the

-
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in prior e ilibria in the present case. The experimental results ead to the mechanism shown in Scheme 1
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different steps shown in Scheme 1. An alternative
pathway, almost identical to that of Scheme 1, except
that the reactive intermediates, Cr(V) and TI(II), are
formed in an irreversible step in contrast to the reversible step of Scheme 1, can also be conceived. However, both Cr(V) and TI(II) are usually formed in reversible steps 7 in noncomplementary electron transfer reactions of Cr(VI) and TI(I) and Scheme 1 is
therefore preferred.
In the presence of added V(V), it is observed that
the Cr(VI)-TI(I) reaction is accelerated till the added
[V(V)] is slightly greater than [TI(I)]. Thereafter, further addition ofV(V) lowers the rate constant. In view
of the rate law of Scheme 1, the nature of the distinctive effect of V(V) on the reaction needs to be understood. The experimental kinetic and spectroscopic
results confirm the formation of a 1: 1 V(V)-TI(I) species and it is this species which is responsible for the
initial rate acceleration in 60% acetic acid containing
1.25 mol dm-3 HCl. The active reductant under
these conditions is a (V02TICI)+ species. Once the
latter is completely formed, the rate constant is lowered on the further addition ofV(V) because the latter
manifests a specific cation effect on the Cr03Cl-TICI reaction. Perhaps the V(V )-V(IV) cycle is now involved. That the influence ofV(V) on the reaction is
specific arid limited to this ion is shown by the fact that
the reaction is unaffected by ions of different valences
and sizes such as Mn 2 +, Ce3+, Th4+ and UO~ + in a
range of concentrations from one to four times that of
the reductant. Because of the specific cation effect,
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2-Effect
of Added Vanadium(V)
Chromium(VI)-Thallium(I)Reaction at 25°C

[V(V)] x W
(mol dm-3)
0.0
1.0
2.0
3.0
4.0
5.0

6.9
8.3
10
12
14
11

7.5

8.3

(dm3mol-1s-l)

(a) [Cr(VI)]=2.0XlO-4
moldm-3;
60% acetic acid solution.
(b) [Tl(I)]=3.0x

/(l

k"'C

k">b

(dm3mol-1s-l)

on

(dm3mol-1s-1)

5.0
7.7
8.7
9.6
8.8
8.3
[HCI]=1.25

1.9
1.8
1.7
1.5
1.4
1.3
moldm-3;

10-4 mol dm-3•

(c) [Tl(I)] = 2.0 x 1O-4moldm-3•
(d) [Cr(VI)]=2.0 x 10-4 mol dm-3; [Tl(I)]= 3.0 x 10-4
mol dm ~3; [HCl] = 1.25 mol dm - 3; 40% acetic acid solution.

(I)

However, there has been no evidence of any V(N)
during the reaction under a variety of conditions but it
is also true that any V(N) formed will be short-lived in
the pregence of several powerful oxidants in the reaction.
In 40% acetic acid containing 1.25 mol dm - 3 HCI,
there is no evidence of any V(V)-TI(I) complex formation and hence the rate decreases with increase in
[V(V)} (Table 2), again reinforcing the specificity of
V(V) effect. As would be expected, there is no initial
acceleration of reaction because no complex is
formed in these solutions of higher dielectric constant. It is also apparent from the results of Table 2 that
added V(V) decreases the rate much more efficiently
in the absence of complex formation in 40% acetic acid solution than in solutions where the complex formation is facilitated.
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