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Kinetics of oxidation of methyl, ethyl, n-propyl, isopropyl, n-butyl and isobutyl acetates
by C03+ in sulphuric acid medium has been studied. The rate law is found to be:
d[C03+}total
kKKh[C03+]total [ester]
dt
= --uI+]{1+K [ester]}
The products obtained are formaldehyde, carbon dioxide and the corresponding aldehyde or
ketone from alcohol moiety. A mechanism involving formation of a complex between COOH2+
and the ester followed by disproportionation of this complex in a- slow step is proposed.

HE oxidation of esters by various oxidants,
bromine-->, Nvbromosuccinimides,
Cr(VI)3 and
permanganate! have been reported earlier.
From the results of these oxidation studies it is
clear that the ester - can undergo oxidation by
two different mechanisms: (i) direct oxidation of
ester by the oxidant and (ii) hydrolysis of the
ester followed by oxidation of the alcohol. However,
a mechanism which is compatible with the kinetics
and which' can also account for the products of
oxidation has not been reported so far. - Hence a
systematic kinetic study of the oxidation of esters
by C03+ has been undertaken to understand which
one of the above two modes of attack is most
likely in the present system.
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Materials and Methods
The esters (Riedel-De Haen AG or BDH) were
purified by standard methods just before use.
Other chemicals used were of AR grade. Cobaltic
sulphate was prepared by the anodic oxidation of
cobaltous sulphate'. Cobaltic sulphate solution (2'50
X 10-2M in 5M H2S04) and sulphuric acid solution
(2M) were taken in two different flasks covered
with black cloth and placed in a thermostat for
30 min. To prevent hydrolysis of the ester required
volume of the ester was directly added to sulphuric
acid solution with a micropipette just before mixing
it with cobaltic solution. The method used for
estimating the unreacted C03+ was the same as
reported earlier".
Carbon dioxide and the corresponding aldehydes
or ketones, in addition to formaldehyde were identified as the products of oxidation by their characteristic tests? and also by the TLC analysis of their
2,4-DNP derivatives. Aldehydes were estimated
gravimetrically as their 2,4-DNP derivatives.
It was found that six moles of C03+Wererequired
to oxidize one mole of the ester to give one mole
of formaldehyde and one mole of the corresponding
aldehyde or ketone from the alcohol moiety.
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Results and Discussion
Under the condition [ester] ~ [C03+],the order in
[C03~]was ~nity as seen from the plot of log (a-x)
vs trme (Fig. IA) from the slope of which the
pseudo-first order rate constants (k') were calculated.
From the slope of the plot of log k' vs log [ester]
(Fig. IB), the order in [ester] was found to be
fractional for. methyl, ethyl, n-propyl, n-butyl,
Isopropyl and Isobutyl acetates. The rate of oxi~ation of ester was found to decrease with increase
In [H+] at constant !-'-' indicating the presence of
the equilibrium C03++H20 ~ COOH2++H+. Since
the plot of k' vs 1/[H2SOJ Was linear passing
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Fig. 1 -- (A) Plot of log (a-x) vs time in min {[C03+] =
5'~ X 10-4 M;
[ester] = 0'04M; [H+] = 2'OM; temp. =
15 }; (B) Plot of 3 + log k' vs 3 + log [methyl acetate]
{[C03+]= 5'0 X 10-4M;
[H+] = 2'OM; temp. = 15°}; and
(C) Plot of 11k' vs 1/[methyl acetate] {[Co3+]= 5·0 X 10-4M;
[I-I+] = 2'OM; temp. = 15°}
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through the origin, COOH2+ alone Was assumed
to be the reactive species. The rates Were unaffected
by the addition of C02+ ions to the reaction system.
The rate of polymerization of acrylamide was found
to be greater in the presence of C03+ and ester
than C03+ alone indicating that intermediate free
radicals are involved in the oxidation reaction.
The rates computed for unit concentration
of
reactants (under similar conditions) in the case of
hydrolysis of ester, viz. methyl acetate (1·73 X 10-5
litre mol! ~ee-I) and oxidation (2·73 X 10-3 litre
mol'< see-I) shows clearly that the rate of hydrolysis
is very much slower than the rate of oxidation.
Hence it was assumed that the ester might be
getting oxidized directly by C03+. The plots of
1fk' vs 1f[ester] were linear with an intercept
indicating complex formation between the substrate
and the oxidant.
Based on the above experimental
results and to explain the products of oxidation
identified the probable mechanism shown in Scheme 1
is proposed.
Kh
C03++H20 ~ COOH2++H+
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Scheme 1

From the above
comes out to be

mechanism

the

rate

equation

_ dIn [C03+]total = k' =
kKK Ce~ter]
... (1)
dt
[H+]f1+K
esterj]
where k' is the observed rate constant.
Eq. (1)
accounts for the first order dependence of rate on
[C03+J and fractional order dependence on [ester].
Takir g the reciprocal of Eq. (1) we get
1
[H+]
[H+]
k = kKK [ester] + kKb
... (2)
Plots of 1fk' vs 1f[ester]
were l~near with ap
intercept indicating that the mechanism proposed IS
correct.
Another point in support of th~ ab.ove
mechanism is that if hydrolysis precedes oxidation,
only one aldehyde (by the oxidation of the alcohol
produced by hydrolysis) should have been detecte~.
Also carbon dioxide should not be evolved, as acetic

TABLE 1 -

I

ACTIVATIONPARAMETERSFOR OXIDATION OF
ESTERS BY C03+
[~Et,

Substrate

~Ht and ~Gt in kcal mol-I]
10 X k
litre
mol-I
sec-1
at 15°

Methyl acetate
Ethyl acetate
n-Propyl acetate
n-Butyl acetate
Isobutyl acetate
Isopropyl acetate
Error limits for ~Et
±2'5 e.u. respectively.

2·32
5·22
10·42
22·12
33·33
2·72

~Et

~Ht

~Gt

~St
e.u ,

24·2
23·5
21·6
19·2
17·9
26'2

23·6
23·0
21·1
18·6
17·3
25·6

17·7
17·2
16·8
16'4
16'2
17·6

20·6
20·0
14·7
7·6
3·9
27·7

and ~St are ± 0'85 kcal mol-I and

acid the other product of hydrolysis is well known
to resist oxidation by C03+. Values of the bimolecular rate constant k for all the esters were
calculated from the intercept of the plot of 1fk'
vs 1fCester] at different temperatures to evaluate the
thermodynamic parameters (Table 1).
From Table 1 it is clear that the order of
reactivity of the esters is as follows: isobutyl »-nbutyl > n-propyl > ethyl > methyl ~ isopropyl.
This may most probably be due to increase in
polar effect as we go from methyl to isobutyl
acetate.
This increase in polar effect may facilitate
the transfer of electron from the substrate to the
oxidant and thus increase the rate of oxidation.
If only polar effects were operative the rate of
oxidation of isopropyl acetate must have been
greater than n-propyl, ethyl and methyl acetates,
which was not observed. This could be due to
steric effects outweighing the polar effect in this
particular case. The higher rate observed in the
case of isobutyl acetate is probably due to +1
effect of the two methyl groups and less steric
hindrance when compared to isopropyl acetate.
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