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The results presented in Fig. 1 reveal that the
maximum and limiting quantity of TJ(III) con­
sumed is approximately 4 millimoles. It does not
become constant owing to a slow reaction between
TI(III) and HaOa. Since each mole of TI(III) in­
volves two electrons for reduction, the equivalents
of TI(III) consumed is eigllt. The same is the
amount of Ce(IV) consumed and hence the
limiting value of induction factor is one.

Following mechanism has been suggested1:

H.Oa+Ce(IV)~H02+H++Ce(III) .. (1)
HOi+Ce(IV)~H+ +Oa+Ce(III) (2)
2HOi+ TI(I1I)~2H+ +20.+ TI(I) (3)

One could also write HaO; in place of (HOi+H+)
in 'the above mechani~m. As soon as reaction (1)
occurs, there is a compeLtion between Ce(IV) and
TI(III) for HOi radical. If a large excess of TI{III)
is employed, reaction (2) can be suppressed and
reaction (3) only occurs. Thus the induction factor,
the ratio of the equivalents of acceptor reduced to
the equivalents of inductor reduced has a limiting
value of one.

Fig. 1 - Induced reduction of TI(III) by H.O. [Ce(IV)
added = 8 millimoles; H.O. added = 10 millimoles]

Fig. 2 - Determination of H.O. by Ce(IV) in presence of
Tl(III) [Tl(III) added=2 millimoles; H.O. added-4 milli­

moles]

There is a competition between reactions (2) and
(3) and when excess of H3P03 is present, reactions
(1) and (3) occur, while reaction (2) is masked.
Under this condition the limiting value of unity
for the induction factor is obtained.

The reduction of TI(III) perchlorate by H.O. is a slow
process but in the presence of Ce(IV) it becomes fast.
The induction factor has a value of one. A mechanism
has been su~~ested for the induced reduction of TI(III).
It is further observed that cerimetric estimation of
H.O. can be carried out even in the presence of TI(III),
if a lar~e excess of Ce(IV) (20-fold) is used.
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Ce(IV)-induced Reduction of Tl(III) by
Hydrogen Peroxide

THE reduction1 of TI(III) perchlorate byhydrogen peroxide is slow, but that of Ce(IV)
sulphate and perchlorate is fast·-4• If, however,
Tl(IU) and Ce(IV) are mixed and H.02 added, both
metal ions are reduced simultaneously. It is, there­
fore, a case of induced reduction. H.O., Ce(IV)
and TI(III) are respectively actor, inductor and
acceptor.

Tl(IIl) perchlorate was prepared by dissolving
Tl(IIl) oxide in 60% perchloric acid and filtering
through a sintered glass crucible to remove undis­
solved material. It was standardized iodometri­
cally5. O'OIM solution was prepared from this by
dilution. Ce(IV) sulphat:e was prepared by dis­
solving ammonium C,,(IV) pentanitrate in I·OM
sulphuric acid to yield 0·01 M solution and standar­
dized' against diammonium iron (II) bis-sulphate
solution.

H202 solution (0·01 M) was prepared by dilution
of 20 or 30% wfv H.Oa and standardized7 against
a Ce(IV) solution using ferrain as indicator. Several
mixtures containing 0'5-10 ml of TI(III) and 8 ml
of Ce(IV) solution were prepared. 10 ml of HaOa
solution were added to each of the mixtures. TI(IlI)
in the reaction mixtures was cetermined iocometri­
cally in the following way. The mixtures were
cooled in ice and then 5 ml of 10% solution of KI
were added. The liberated iodine was titrated with
constant and vigorous shaking against a standard
thiosulphate (O·OlM). The temperature throughout
the titration was kept low so as to eliminate a
reactionS between H202 (in the reaction mixture)
and the iodine (liberated). For this reason in any
other reaction mixture larger concentrations of
H20. had to be avoided. In any reaction mixture
the conditions were. maintained such that [H.O.]
> [Ce(IV)] and [Tl(Ill)] > [Ce(lV)). From the
Tl(lIl) so determined millimoles of TI(lH) consumed
were calculated.
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he reactions (2) and (3) have comparable rates,
w 'ch was proved by the determination of H202

wi h Ce(IV) in the presence of Tl(III). Solutior;s
of 202 were added to a mixture containing a knowrJ
ex ess of Ce(IV) and a fixed amount of Tl(I1I).
E ess of Ce(IV) was determined6 with Fe(I1). The
re Its are shown in Fig. 2. It follows that
ce 'metric estimation of H202 caT'. be carried out
ev 11 in the preser.ce of Tl(III) without ar.y inter­
fer ~ce, provided sufficied excess [more than twer.ty
ti es Tl(III)] of Ce(IV) is used. 11] other words,
re ction (3) is suppressed in the presen ce of large
ex ess of Ce(IV).

comparison of Figs. 1 afl,d 2 further reveals

thJ the ratio Ce(IV): Tl(lIl) required to make

re tion (2) predominant is larger than the ratio
Tl( II) ( Ce(IV) required to make reaction (3)
pr dominant. This suggests that reaction (3) is
fas er than reaction (2).

1. SHARMA, P. D. & GUPTA, Y. K.. J. chem. Soc. Dalton
(1975), 81.

2. tZAPSKI' c., BIELSKI, B. H. J. & SUTIN. N., J. phys.

Chem, 67 (1963), 201.
3. AHILMAN,H. A., MATHEWS, R W. & SWERSKI, T. J.,

J. phys. Chem., 75 (1971), 250.
4. IELSKI, B. H. J. & SAITE. E., J. phys. Chem., 66 (1962),

2266.
5. ltOLTHOFF, I. M. & BELCHER, R, Volumetric analysis

(Interscience, New York), 1957,370; SENGAR,H. G. S.
& GUPTA, Y. K., .f. Indian chem. Soc., 43 (1966), 223.

6. ltOLTHOFF, I. M. & BELCHER, R., Volumetric analysis
(Interscience, New York), 1957, 134.

7. !OLTHOFF' I. M. & BELCHER, R., Volumetric analysis
(Interscience, New York), 1957, 650.

8. IEBHAFSKY,H. A. & MOHAMMAD,A., ]. Am. chem. Soc.,
55 (1933), 3977.

,ineti!Csof Ag(I)-catalysed Oxidation of
lMethyl Mandelate by Peroxydisulphate

B. L. HIRAN, S. N. JOSHI & G. V. BAKORE

epartment of Chemistry, University of Udaipur
Udaipur 313001

Received 9 APril 1975; accepted 29 July 1976

(BDH) and potassium peroxydisulphate (E. Merck)
used were of Analar grades. All other chemicals
used were chemically pure. Potassium peroxy­
disulphate solution was freshly prepared and its
conce·!;tration checked by iodometry. The ionic
strength was kept constant at O·2M (NaOAc).

Procedure - The rate of reaction in acetic acid­
water (1 :1, vjv) was followed by taking out aliquots
of the reaction mixture at different intervals of time
determining the corcentration of peroxydisulphate
left ur.reacted by the method of Bartlett and
Cotmar4. Duplicate rate measurements were re­
producible to ± 5%. The reactions were carried
out at 35° keeping [Ag(I)] = 7·5 X 104M, [S20~-]
= 2·0x lO-3M ar,d [NaOAc] = O'2M (Table 1).

The reaction of peroxydisulphate proceeded at
the same rate in the dark and in diffused light.
Hence rates were measured in the diffused light.
Since Ag(I)-catalysed oxidation of various sub­
strates follows the same rate laws both in the
preSence and absence of oxygeI!.5-7,no attempt was
made to exclude oxygen from the system.

Following conclusions can be drawn from the
results of the present study:

(i) The r.eaction follows 1:1 stoichiometry up to
90% completion giving benzaldehyde, identified
as 2,4-DNP derivative and methar.ol, identified by
the chromotropic acid methods.

(ii) The reaction is first order with respect to
[peroxydisulphate]. There is no significant change
eVen by changing the initial [peroxydisulphate].
The values of k were obtair.ed from Eq. (1) employing
the method of least squares.

~l?20~-J= k[S 0 -] (1)dt 2 2 •••

(iii) AI'. increase in [substrate] increased the rate
constallt (Table 1).

(iv) The rate of reaction is proportior:al to [Ag(I)]
(Table 2).

(v) The rate constant increased with increasing
acetic acid percentage in the medium. A plot of
log k versus 1/ D is linear at low [CHaCOOH] having
a positive slope.

TABLE 1 - EFFECT OF VARYING CONCENTRATIONOF
METHYL MANDELATE

C ntrary to the general observation that the rate of
!lllv r-catalY!led oxidation by peroxydisulphate is in­
dep ndent of the [substrate]. it has now been found
tha the rate of oxidation of methyl mandelate is de­
pen ent on the concentration of substrate. Michaelis
and Menten type of rate dependence on the [substrate]
has een observed and this suggests a reversible forma­
tion of a complex between the ester and silver ions.
Th reaction products identified are benzaldehyde and
me anol. This is in contrast to the keto acids isolated
in e rlier studies.

[Substrate], Iv!

1·00
0·44
0·22
0·10
0'05
0,03
0·02

k X 104 (sec-I)

5·76
4,99
3·84
2·61
1'92
1-42
1-16

C NTRARY to the gereral observatior1,2 thatg(I)-catalysed peroxydisulphate oxidatiors are
ind pendent of [substrate], it has been four.d in the
pre nt study that the rate of s'lver-catalysed per­
oxy isulphate oxidation of methyl mandelate
dep nds on the [substrate]. This observation has
imp ications from the mechan.istic poid of view.

thyl mandelate required for the study was
pre~ared by the literature method3. Silver nitrate
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TABLE 2 - EFFECT OF VARYING {[Ag(I)] [SUBSTRATE]=2'0
X 10-2M}

[Ag(I)] k X 104k
X 104

sec-IK=[Ag(I)]
M 7,5

1·150·15
10'0

1'350·13
15·0

1·930·13
20·0

2·300·15
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