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The kinetics of oxidation of methyl, ethyl and n-butyl acetates by bromate in aq. H2 04 is first or-
der in both [Br(V)] and [ester] and second order in [H+]. The rate increases with decrease in the dielec-
tric constant of the medium. From the effect of [H+] and [HOAc] 9n rate, Bto2 is established as the
reactive species. Electron releasing groups in ester moiety increase the rate and vice versa with a p*-va-
lue = - 2.1. A mechanism involving direct oxidation of ester before hydrolysis by bro~ate has been
proposed and verified. I

Potassium bromate, a powerful oxidant (redox pot-
ential of 1.44 V in acid media) has been widely
used in the oxidation of several organic functional
groups!">. It is known that aliphatic esters are oxi-
dised by oxidants like Ce{IV)6, Co{III)1, Mn{VII)8,
Mn{III)9 and Tl{III)1Oetc. by two distinct mechan-
isms: (i) Direct oxidation of ester and (ii) hydroly-
sis followed by the oxidation of the hydrolytic
products. It appears that kinetics of oxidation of
esters by bromate has not been investigated so far,
and hence the title investigation. Further it will be
interesting to know which one of these two me-
chanisms is operative in this case.

Materials and Methods
Potassium bromate (BDH, AR) was used as

such. All the esters used were of AR grade Me-
thyl acetate (BDH), ethyl acetate (BDH) and n-
propyl acetate (Reidel) were of the highest purity.
The reactions were carried out under pseudo-first
order conditions using ten-fold excess of [ester]
over [BrOi] in amber coloured bottles and fol-
lowed iodometrically for over 70% of the reaction.
The rate constants were computed from the linear
plots of log [oxidant] versus time.

Stoichiometry and products analysis
The products of oxidation were identified as

acetic acid II and the corresponding aldehyde/ke-
tone. The aldehydes/ketones were characterised
by co-TLC of their 2,4-dinitrophenylhydrazone
derivatives with those of the authentic ones using
benzene and methyl acetate as the solvent systems.

The stoichiometry of the reaction was ascer-
tained by equilibrating the reaction mixture con-
taining an excess of bromate over ester (in differ-

670

ent ratios) at 45°C for 24 hr, Imd estimating the
residual bromate in different sets. The reactions
followed the overall stoichiometric equation (1)

3RCHzCOOCH3 + BrOi --+ 3ClhCOOH
+3RCHO+Br-1 ... (1)

R= -H, -CH3, -C2Hs, -C31' -CH{CH3h
Results and Discussion

The experiments were cond cted in 0.50 mol
dm - 3 sulphuric acid under pseudo-first order con-
ditions, [substrate] ~ [oxidant]. Mercuric acetate
was added to the reaction mixture in order to pre-
vent the in situ formation of Br-. The kinetic re-
sults are summarised below.

Under the conditions [ester]t [BrOi] the order
in [BrOi] was unity. This was also verified by the,
initial rate method. The rate ~ncreased with in-
crease in [ester], and the order in [ester] was also
unity as revealed by the linear lot of log kobs ver-
sus log [ester]. This was found to be true for all
the esters studied. The rate increased with in-
crease in [H+] at fixed [ester] and [Br{V)] and the
order in [H+] was two, indicating the involvement
of two protons in the reaction (Table 1). For the
calculation of [H +] the second dissociation con-
stant of H2S04 was also taken I into account. The
increase in kobs with increase l' [H"l did not fol-
low Hammett's acidity function (Ho). A change in
the ionic strength of the mediu had no effect but
increase in acetic acid content of the medium en-
hanced the reaction rate. Further, plots of log k-Obs

against liD were linear with positive slopes (Fig.
1B) indicating involvement of a positive ion and a
dipole in the rate-determining step. That the oxi-
dation reaction did not involve free radicals was



C~R et al.: KINETICS OF OXID~TION OF ALIPHATIC ESTERS BY BROMATE

Table 1- Effect of[H +] 0 kOb' in Br03 -methyl acetate reaction
([Br03J= 3.00 X 10-3 mol dm='; [methyl acetate] = 5.00 x 10-2

moldm-3lHg(OAchl =(00 X 1O-2moldm-3;teIilp = 318K)

[H+] 1 +log[H+] kob,X 104 4+log kOb'

(mol dm") I
0.506 0.704 1.41 0.150
0.758 0.p9 3.07 0.487
1.01 1.90 5.37 0.730
1.21 1. 8 7.59 0.889
1.51 1. 7 11.2 1.05
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Fig. IA-(A) Plot of 4 + log k" versus 0* ([BrO) 1 =3.00 x 10-.
mol dm - 3; [ester] = 5.00 ~ 10-2 mol dm - 3; [H2S0~1= 5.00 x 10- I

moldm -3; temp = 3

1
8 K).(B)Plotofiog kOb~versusI/D

indicated by the ~bsence of polymerisation of
monomers like acrylpnitrile or acrylamide.

Since two protoI1s are involved in the rate-de-
termining step (see Bq. 2), the species

BrO) + 2H+ ~ BrO] + H20 ... (2)

Br02 is assumed to be the reactive species in the
present reaction. Such a reactive species was also
proposed by several other workers during the oxi-
dation of organic compounds by acid bromate 12.

This was further confirmed by the results of study
on the effect of die~ectric constant on rate. As the
reactions are conducted in 0.5 mol dm - J of
H2S04, it is most Itely that esters get hydrolysed
before oxidation. Therefore, it is important to
know whether the 1xidation is taking place before
or after hydrolysis. H~drolysis followed by oxida-

Table 2-Comparison of bimolecular rate constants (k") of hydro-
lysis and oxidation of esters

([Br03]= 3.00 x lO-J mol drn ":'; [ester] = 5.00 x 10-2 mol dm-J
[H2S04] = 5.00 x 10-'1 moldmv.temp = 318K)

Acetate k~ x 103 k~ X 104

(dm3mol-ls-l) (dmJmol-ls-l)
(oxidation) (hydrolysis)

1.80 3.06
10.5 2.95
12.5 2.62

1.27 2.10
21.2 2.30

Methyl

Ethyl
n-Propyl
Isopropyl
n-Butyl

CD
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tion is ruled out on following considerations: (i)
the rates of oxidation were several times greater
than the rates of hydrolysis under similar condi-
tions (Table 2). The rates of hydrolysis were mea-
sured in the absence of BrO;; and (ii) the order of
reactivities of acid-catalysed hydrolysis of acetates
follow the order: methyl> ethyl> n-propyl > n-bu-
tyl> isopropyl, while a reverse trend has -been ob-
served in the oxidation suggesting that the hydro-
lysis followed by oxidation may not be the likely
path (Table 2). Based on the above experimental
observations as probable mechanism, shown in
Scheme 1 as proposed.
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HBr02 produced in step (ii) gets further reduced
by a number of ester molecules giving finally Br "
ions. Taking step (ii) as the rate-determining, the
rate of disappearance of bromate is given by Eqs
(3) and (4)

f
d[BrO;] " _

- d' = k (BrO l][ester][ .

However,

'" (3)

[Br02j = K[BrO:1 JlH+F/[H20j
= K'[BrO:1 j[H+F

Therefore,

- d(BrO;] = k" K '[BrO~ ][H+flester]
dt

... (4)
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Table 3-Activation parameters for the oxidation of esters by
Br03

[ester] = 5.00 x 10-2 mol dm >'; [Br03]=3.00X 10-) mol dm-·.l
[H2S04] = 5.00 x 10-1 mol dm-.l; [Hg(OAchl1.00 x 10-2 mol

dm -3tenip = 318 K

e.; sn: so: tlst

Acetate (kJ mol-I) (JK-Imol-I)

Methyl 88.9 86.0 94.8 -27.7
Ethyl 99.9 97.l 90.-1 22.0
Isopropyl 111 108 95.7 38.0
n-Propyl 77.8 74.9 89.6 -46.2
n-Butyl 66.7 63.8 88.2 -76.7

Equation (4) provides satisfactory explanation for
all the experimental results. From Table 2 it is
clear that the order of reactivities of the esters is:
n-butyl > n-propyl > ethyl> methyl> isopropyl. This
could be due to the polar effects of alkyl groups as we
go from methyl to n-butyl acetates. The increase in the
polar effects may facilitate the hydride ion transfer to
the oxidant, thus increasing the rate of oxidation. If on-
ly polar effects are responsible for the order of reacti-
vities of these esters, then the rate of oxidation of isop-
ropyl acetate must be greater than those of n-propyl,
ethyl and methyl acetate. However, the reversal in
rates could be due to steric effects outweighing the po-
lar effects in the oxidation of isopropyl acetate in parti-
cular. The Taft's plot (log k" versus 0*) was linear with
a slope (p*) of - 2.10 (Fig. lA). The high negative p*
value indicates that probably a positively charged
reaction centre is developed during the course of the
reaction':'. The magnitude of p*-value indicates that
the oxidation of these esters proceeds by an ionic path-
way.

Activation parameters have been determined using
standard equations and the .va ues are presented in
Table 3, HiS.clear that oxidatio~ of these esters is en-
thalpy-controlled, the reacti09 having the highest
rate has the lowest activation efergy and vice versa.
The isokinetic temperature (13) fetermined from the
slope of linear1plot of liH t versu liS twas 400 K, well
above the experimental tempera ure range used (318-
328 K) supporting the conclusion that oxidation of
these esters by bromate is enthalpy-controlled. Con-
stancy of Ii G t values indicates ~hat all the esters are
oxidised by an identical mecha~sm.
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