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Abstract: Kinetic investigation in Rh(III) catalyzed oxidation of ethylene glycol in an 
acidified solution of potassium bromate  in the presence of Hg(OAc)2  as a scavenger, 
have been studied in the temperature range of 300- 450 C.  The reaction exhibits first 
order kinetics with respect to KBrO3 and catalyst Rh(III) while zero order kinetics with 
respect to substrate and HClO4. The influence of Hg(OAc)2, ionic strength and Cl- ion on 
the rate was found to be insignificant. Mercuric acetate is used in the reaction mixture as 
a scavenger for Br- ion to prevent parallel oxidation by bromine.  
A suitable mechanism in conformity with the kinetic observations has been proposed and 
the rate law is derived on the basis of obtained data. The various activation parameters 
such as energy of activation (∆E*), Arrhenius factor (A), entropy of activation (∆S*) 
were calculated from the rate measurements at 300, 350,400 and 450C. The rate law has 
been derived on the basis of obtained data. 
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INTRODUCTION: 
Potassium bromate (KBrO3) has been 
used to oxidized various compounds in 
acidic medium. [1-6]  Scant attention has 
been paid to activity of  KBrO3 in the 
presence of catalyst.[7,8] but the results 
have not been interpreted so as to reveal 
a clear picture of the mode of catalyzed 
process. The use of Rh(III) as a non-
toxic and homogeneous catalyst has 
been reported by several workers[7,8] in 
acidic medium. This prompted us to 
undertake the present investigation 
which consist of “Rh(III) catalyzed 
oxidation of ethylene glycol in an 
acidified solution of potassium bromate 
with mercuric acetate as a scavenger.” 
EXPERIMENTAL: 
Materials: An aqueous solution of  
ethylene glycol (E.Merck), potassium 
bromate (BDH, AR), NaClO4 and 
Hg(OAc)2 (E.Merck) were prepared by 
dissolving the weighed samples in triple 

distilled water. Perchloric acid (60%, 
S.d.fine) was used as a source of H+ ion. 
A solution of RhCl3 (Sigma Chemical 
Company) was prepared in HCl of 
known strength. Deuterium oxide (purity 
99.4%) was supplied by BARC 
(Bombay, India). All other reagents were 
of analytical grade were available. 
Sodium perchlorate was used to 
maintain the ionic strength of the 
medium.  Reaction vessels were painted 
black so as to prevent photochemical 
decomposition, if any. 
Kinetics:   A thermostated waterbath 
was use to maintain the desired 
temperature within        ± 0.1 0C.  
Requisite volume of reagents including 
substrate, were taken in a reaction vessel 
and thermostated at 35 ± 0.1 0C for 
thermal equilibrium. A measured 
volume of KBrO3 solution, which was 
also maintained separately at the same 
temperature, was rapidly poured into the 
reaction vessel. The kinetics was 
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followed by examining desired portions 
of reaction mixture for KBrO3 
iodometrically using starch as an 
indicator after time intervals.  
 
RESULTS AND DISCUSSION: 
The stoichiometry of the reaction was 
ascertained by equilibrating the reaction 
mixture containing an excess of 

potassium bromate over ethylene glycol                        
(in varying ratio) at 500 C for 48 hrs. 
Estimation of residual bromate in 
different reactions showed that one mole 
of ethylene glycol consumes two moles 
of bromate, according to the following 
stoichiometric equation is represented as 
follows (1):-  

 
CH2OH                                                    COOH 
            +   2BrO3

-         +    2BrO2
-     +   2H2O 

CH2OH                                                    COOH 
                 
Ethylene Glycol                     Oxalic Acid 
 
From the above equation, it is clear that 
oxidation product of ethylene glycol is 
oxalic acid.  Identification of the end 
product formed in the above reaction 
was carried out as follows:- 
Took about 2 ml. of the aqueous solution 
of oxalic acid, added 1 ml. of glacial 
acetic acid and 2-3 drops of aqueous 
CaCl2 solution. A white ppt. was 
obtained which is insoluble in acetic acid 
but soluble in dil.HCl. 
The insignificant effect of an increase in 
substrate (ethylene glycol) concentration 
on the reaction rate indicated zero order 
with respect to ethylene glycol. It was 

observed that the value of k1 (i.e. –dc/dt / 
[KBrO3] ) were constant at all initial 
concentrations of KBrO3, showing first 
order dependence on [KBrO3] (fig.1).  
First order dependence on [Rh(III)] is 
evident from the close resemblance 
between the slopes (          x 10-2 s-1 for 
ethylene glycol at 350 C) of (-dc/dt) vs 
[Rh(III)] plots (Fig.1) and the average 
values of experimental k1 values (       x 
10-2 s-1 for ethylene glycol at 350 C 
respectively). The first order kinetics of 
[KBrO3] and [Rh(III)] have also been 
confirmed by ‘least square method’ 
(Fig.2). 
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  Fig.-1: Plot between [Rh(III)] x 10-5 M (A) / [KBrO3] x 10-3 M (B)  vs. (-dc/dt) x        
             10-7  M L-1  for oxidation of Ethylene Glycol at 350 C. 
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Fig.2
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Fig.-2: Plot between [Rh(III)] x 10-5 M  vs. (a+bx) for oxidation for oxidation of  
                    Ethylene Glycol at 350 C. 
 
Variation of ionic strength of the 
medium, [H+], [Cl-] and mercuric acetate 
show negligible effect on the reaction 
rate as it is clear from the Table-1 . The 
negligible effect of mercuric acetate 
excludes the possibility of its 
involvement either as a catalyst or as an 
oxidant because it does not help the 
reaction proceed without bromate. 
Hence the role of mercuric acetate here 
acts as a scavenger[9-11]  for any bromide 
ion formed in the reaction and it helps to 
the parallel oxidation by Br2 which 
would have been formed as a result of 
interaction between Br – ion and BrO3

- 
ion. 

The rate measurements were taken at 300 
– 450C and specific rate constants were 
used to draw a plot of log k vs I/T, 
which was linear (Fig.3). The values of 
energy of activation (∆E*), Arrhenius 
factor (A), entropy of activation (∆S*) 
and free energy of activation (∆G*) were 
calculated from the rate measurements at 
300, 350,400 and 450C and these values 
have been recorded in Table-2.    
The reactive species of potassium 
bromate and Rhodium(III) chloride are 
HBrO3 and Rh+3 in acidic medium 
respectively. In acidic solution of 
KBrO3, quick formation of HBrO3   has 
been reported. [12]  

Fig.3
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Fig.-3: Plot between 4 + log [H+] vs.  8 + log (-dc/dt) for oxidation of Ethylene Glycol at 
350 C.  [KBrO3]  = 1.00 x 10-3  M,  [Hg(OAc)2]  = 1.00 x 10-3 M,   [KCl]  = 1.00 x 10-3 M, 
[Ethylene Glycol]  = 2.00 x 10-2 M, [Rh(III)] = 3.75 x 10-5 M,  [HClO4]  = 1.00 x 10-3 M,       
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The above statements lead us to suggest the following reaction scheme which gives us the 
details of various steps in the title reaction:- 
 
 
Rh+3     +     BrO3

-                                      [Rh-----OBrO2]+2 
                                                                            C1 
 
 
 
[Rh-----OBrO2]+2                              [Rh-----O]+1      +      BrO2

- 
         C2                                  rate determining         C2 
                                            step 
          
  
[Rh-----O]+1   +  R-CH2OH                          [Rh-----OH]+2    +  R-CHOH                                                       
 
R-CHOH       +   H2O                                    RCHO              +   H3O+  
 
[Rh-----OH]+2   +   RCHO   +  BrO3

-  +   H3O+                       Rh+3 +  RCOOH + 2H2O 
 
 
where  R  =  CH2OH   for ethylene glycol . 
 
Now considering the above slow  steps and applying  steady state treatment  with a 
reasonable approximation, the rate law may be  written in terms of consumption of  
[BrO3

-] as equation:-  
 
-d[BrO3

-] k2 K1 [BrO3
-] [Rh+3] 

     dt 
 
where  K1  =  k1 / k -1 

The rate law is in agreement with all 
observed kinetics. The proposed 
mechanism is in consistancy with the 
activation parameters given in table-2. 
The high positive values of change in 
free energy of activation (∆G*) indicates 
highly solvated transition state, while 
fairly high negative values of change in 
entropy of activation (∆S*) suggest the 
formation of an activated complex with 
reduction in the degree of freedom of 
molecules. 

Conclusions:  The experimental results 
as shown reveal that the reaction rate 

doubles when the concentration of the 
catalyst [Rh(III)]  is doubled. The rate 
law is in conformity with all kinetic 
observations and the proposed 
mechanistic steps are supported by the 
negligible effect of ionic strength which 
indicates the involvement of an ion in 
the slow and rate- determining step. 
Positive effect of acetic acid signifies a 
negative dielectric effect. From this 
investigation, it is concluded that HBrO3

 

and Rh+3 are the reactive species of 
KBrO3 and Rh(III) chloride  respectively 
in acidic medium. 

k1 
k-1 

k2 

+

+

=
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Table-1: Effect of Variation of Reactants on the Reaction Rates  for Ethylene Glycol 
at 350 C 

[Substrate]  
 

x 102 M 
 
 

[KCl] 
 

 x 103  M 

[HClO4]  
 

x 103 M 

[Hg(OAc)2] 
 

 x 103 M 

[NaClO4]  
 
   x 103 M 
   

(-dc/dt) x 107 

 

 mol l-1 s-1 
 

0.33 
0.40 
0.50 
0.66 
1.00 
2.00 

 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

 
 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

 
0.83 
1.00 
1.25 
1.67 
2.50 
5.00 

 
 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

 
 

0.83 
1.00 
1.25 
1.67 
2.50 
5.00 

 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

 

1.25 
1.25 
1.25 
1.25 
1.25 
1.25 

 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 

 
 

1.25 
1.25 
1.25 
1.25 
1.25 
1.25 

 
0.83 
1.00 
1.25 
1.67 
2.50 
5.00 

 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 

 

- 
- 
- 
- 
- 
- 
 
- 
- 
- 
- 
- 
- 
 
 
- 
- 
- 
- 
- 
- 
 
- 
- 
- 
- 
- 
- 

 
0.83 
1.00 
1.25 
1.67 
2.50 
5.00 

 

          1.66 
          1.54 
          1.44 
          1.54 
          1.38 
          1.36 
 
          1.48 
          1.54 
          1.58 
          1.52 
          1.65 
          1.54 
 
 

1.30 
1.54 
1.76 
1.62 
1.74 
1.78 

 
1.34 
1.26 
1.54 
1.42 
1.30 
1.60 

 
1.12 
1.54 
1.56 
1.30 
1.42 
1.32 

 
[Rh(III)]  = 3.75 x 10-5 M   ,      [KBrO3]   =   1.00 x 10-3 M. 
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Table-2: Activation parameters for acidic bromate oxidation of Ethylene 
Glycol 

 

             Parameters        Temp. / 0C             Ethylene Glycol   

             kr x 104 s-1                         30                     1.14  
             kr x 104 s-1                         35                     1.54  
             kr x 104 s-1                         40                     2.24  
             kr x 104 s-1                        45                     3.25  
             log A                 -                    9.463      
             ∆E*(kJ mol-1)          -                    54.717 
             ∆G*(kJ mol-1)         35                    75.582  
             ∆H*(kJ mol-1)         35                     80.550  
             ∆S*(JK-1 mol-1)       35                   -16.129  
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