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INTRODUCTION

Bromate is a hypervalent oxyanion of bromine, which is
known as a versatile oxidizing agent [1-5] and brominating
agent depending on reaction conditions. It oxidizes reducing
agents and can be reduced to bromide and bromine. Bromate
reactions with natural and synthetic gastric juices have been
well documented in literature [6]. In addition, potassium
bromate is a strong oxidizing agent with redox potential of
1.44 volts in acid medium [7]. Probably because of this reason
bromate [Br(V)] is widely used as an oxidizing agent in synthetic
as well as in analytical chemistry. Its oxidizing ability can be
compared with reagents such as Ce (IV) [8], potassium iodate
[9], sodium periodate [10-12], N-bromoacetamide [13-28] and
N-bromosuccinimide [29-31], etc. have been earlier used in
oxidation of various compounds.

In past several decades, potassium bromate has been
widely used for the oxidation of a wide range of compounds
[32-34]. Banerji and Negi [35] described the kinetics of
oxidation of some aldoses and amino sugars by potassium
bromate in hydrochloric acid medium. The reactions appear
to proceed through the intermediate formation of bromate
esters followed by the decomposition of the esters to give
products. Hydrogen ion accelerated the rate of each reaction.

EXPERIMENTAL

Glycylglycine (E. Merck, analytical grade) was purified
by column chromatography and used in experiment. Potassium
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bromate obtained from E. Merck with highest purity and
analytical grade used as received, in stock solution. Acetic
acid (E. Merck, analytical grade) was purified [36,37] by
refluxing over chromium trioxide and acetic anhydride. The
solid that separated out was filtered off and the filtrate distilled
in an all glass quick fit apparatus and the fraction distilled at
118 °C was collected and used for all experiments. All other
chemicals were of analytical grade.

Kinetics and measurements: The kinetic studies were
carried out under pseudo-first order conditions with glycyl-
glycine concentrations always greater than the concentration
of KBrO3. The progress of the reaction was monitored by
estimating the unreacted concentration of KBrO3 by iodo-
metrically using freshly prepared starch as an indicator.

Stoichiometry: Stoichiometry studies were carried out
under the conditions [KBrO3] >> [GG] in the presence of
Hg(OAc)2. The reaction was allowed to go to completion and
the unreacted KBrO3 was estimated iodometrically. It was
found that one mole of glycylglycine required two moles of
KBrO3.

2HBrO3 + H2NCH2-CONH-CH2COOH →
2HCOOH + 2CO2 + 2NH4

+ + Br2 + H2O

Product analysis: The products of oxidation of glycyl-
glycine were identified as HCOOH, NH3 and CO2. Formic acid
was detected by conventional spot tests [38], while ammonia
was identified by Nessler’s reagent [39] and carbon dioxide
was detected by gas evolution apparatus.



RESULTS AND DISCUSSION

The kinetics of oxidation of glycylglycine (GG) by KBrO3

was investigated at different concentration of glycylglycine,
conducted under the conditions [KBrO3] << [GG], the reaction
was allowed to go for completion. The progress of the reaction
was monitored by estimating the unreacted [KBrO3] at different

intervals of time. The plots of 
a

log
(a x)−

 [where ‘a’ and (a-x)

corresponds to the concentration of KBrO3 at zero time and at
time ‘t’] vs. time were found to be linear passing through the
origin Fig. 1 indicating first order dependence of rate in
[KBrO3]. From the slops of such plots pseudo-first order rate
constants (k′) evaluated were independent of [KBrO3],
conforming the first order dependence in [KBrO3]. The rate
increases with increasing in [GG].
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Fig. 1. Oxidation of glycylglycine by KBrO3; [KBrO3] = 5 × 10-3 mol dm-3;
[GG] = 5 × 10-2 mol dm-3; [Hg(OAc)2] = 1 × 10-2 mol dm-3;  [AcOH]
= 10 % (v/v); Temp. = 313 K

The plot of log k′ vs. log [GG] (Fig. 2) was linear with n
= 0.42 (r = 0.97) indicating fractional order dependence of
rate on [GG]. No altering of order in glycylglycine further
increasing [GG], the reaction obeying the Michealis-Menten
kinetics (Table-1). The rate of oxidation of glycylglycine was
not altered with the increase in ionic strength (addition of
NaClO4). The reaction rate was found to increase with increase
in concentration of AcOH content varied by the addition of
10-25 % (v/v) AcOH in the reaction.

Comparison of rates of oxidations of glycylglycine and
glycine revealed that the rate of oxidation of glycine is faster
than glycylglycine (Table-2).
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Fig. 2. Effect of [GG] on k2 in KBrO3-GG reaction; [KBrO3] = 5 × 10-3 mol
dm-3 ; Temp. = 313 K

TABLE-1 
ORDER IN [GG] IN THE OXIDATION OF GLYCYLGLYCINE  

BY KBrO3 IN AQUEOUS ACETIC ACID MEDIUM 
[KBrO3] = 5 × 10-3 mol dm-3; [Hg(OAc)2] = 1 × 10-2 mol dm-3;  

Temp. = 313 K; [AcOH] = 10 % (v/v) 

102 × [GG] 
(mol dm-3) 

k' × 103 min-1 2 + log [GG] 3 + log k' 

2.5 4.9 0.40 0.690 
5.0 6.5 0.70 0.813 
10.0 7.6 1.00 0.881 
15.0 9.4 1.18 0.973 
20.0 11.2 1.30 1.053 

 
TABLE-2 

COMPARISON OF RATE OF OXIDATION OF 
GLYCYLGLYCINE WITH THAT OF GLYCINE 

[KBrO3] = 5 × 10-3 mol dm-3; [Hg(OAc)2] = 1 × 10-2 mol dm-3;  
 [AcOH] = 10 % (v/v); Temp. = 313 K 

102 × [GG] 
(mol dm-3) 

103 × k' 
(min–1) 

102 × [Glycine] 
(mol dm-3) 

103 × k'  
(min-1) 

2.5 4.9 2.5 8.6 
5.0 6.5 5.0 10.8 
10.0 7.6 10.0 11.9 
15.0 9.4 15.0 14.5 
20.0 11.2 20.0 17.8 

 
The kinetic study of the reaction is studied at different

temperature from 313 to 323 K. The substance concentration
was changed at each temperature to follow Michealis-Menten
kinetics. To determine the activation parameters, the reactions
were carried out at different temperatures. Using the Arrhenius
equation the activation energies (Ea) were calculated and from
these values thermodynamic parameters were evaluated for
the rate limiting step have been computed as follows:

Reactive species and mechanism: Potassium bromate
exists in following forms in acetic acid solution viz., BrO3

–

and HBrO3. The possibility of BrO3
– as the reactive species

is ruled out in the present investigation as observed, that
increasing the ionic strength results no change in the rate of
oxidation. As the reaction were conducted in the presence of
excess of Hg(OAc)2, which eliminates Br+ via complexation,
thus any possible oxidation due to Br2 is eliminated. Therefore
in the present investigation KBrO3 quickly protonated [40-45]
to produce HBrO3 is acting as a reactive species in the oxidation
of glycylglycine and glycine using KBrO3 in acetic acid medium.
It supported by the acetic acid effect data on rate of the oxida-
tion. Increases in the acetic acid content increases in the rate
of oxidation increases.

H+ + BrO3
– 

KP
 HBrO3

Glycylglycine exists as Zwitterions, cation, anion and
neutral molecule depending on the pH of the medium [46-49].

Under the experimental conditions (pH > 3.4) zwitterion
form of glycylglycine is supposed to be the reactive species
of glycylglycine. Addition of olefinic monomer such as
acrylamide or acrylonitrile did not induce polymerization
confirming the absence of free radicals in the reaction mixture.

The first order dependence of rate on [KBrO3] and fractional
order dependence on [GG] suggest that the reaction might
occur via the formation cyclic bromate ester and in the slow
rate determining step it dissociate to give final products. On
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Proposed mechanism:
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the basis of observed kinetics results, products of oxidation
and above discussion, the reaction of oxidation of glycylglycine
by KBrO3 may be written as:

2HBrO3 + H2NCH2-CONH-CH2COOH →
2HCOOH + 2CO2 + 2NH4

+ + Br2
 +H2O

The proposed mechanism is also in accordance with the
observed stoichiometry, the rate equation in consonance with
the mechanism proposed is given as:

3 3d[KBrO ] kK[GG][KBrO ]
Rate

dt 1 K[GG]

−= =
+ (1)

3

Rate kK[GG]

[KBrO ] 1 K[GG]
=

+ (2)

Reciprocal of eqn. 2 yields:

3[KBrO ] 1 1

Rate Kk[GG] k
= + (3)

According Lineweaver Burk’s plot of 10-3/k2 vs. 1/[GG]
should be linear with positive slope and intercept on Y-axis.
This has been observed in the present investigation (Fig. 3),
supporting the proposed mechanism. From the intercepts and
slopes of [KBrO3]/rate vs. 1/[GG] plots at various temperatures
activation parameters (Table-3) were calculated.
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Fig. 3. Lineweaver Burk’s plot of 10-3/k2 vs. 1/[GG]

TABLE-3 
ACTIVATION PARAMETERS FOR THE  

OXIDATION OF GLYCYLGLYCINE BY KBrO3 

Substrate Ea  
(kJ mol-1) 

∆H#  
(kJ mol-1) 

∆G#  
(kJ mol-1) 

∆S#  

(J mol-1 K-1) 

Glycylglycine 99.6 97.1 113.6 -52.7 
Glycine 94.7 92.1 122.2 -96.1 

Comparison of rates of glycylglycine-KBrO3 reaction with
glycine-KBrO3 reaction revealed that the rate of oxidation is
faster in case of glycine (Table-2). The difference of reaction
rates may be due to the (i) increased distance between the
functional groups, which result in weaker electrostatic effects
(ii) glycylglcine (pK1 3.2 and pK2 8.2) is weaker both as an
acid and a base when compared to glycine (pK1 2.4 and pK2

9.8). Thus the oxidation of dipeptide glycylglycine is expected
to be slower than the monomer, which is observed in the present
study. Similar observations were also made in the oxidation
of glycylglycine by other oxidants like, NBS [50], Ce4+ [51],
PMS [52], CAT [53], BAB [54], Mn(III) [55], BAT [56] and
NBP [57].
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