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Kinetics of the reaction between ethylenediamine and hydrogen peroxide have been studied 
in presence of sodiuta tungstate as catalyst. The total order of the reaction is found to be two, 
one each with respect to oxidant and t'eductant. The effect of concentration of catalyst, oxidant 
and reductant has been studied. The change of ionic strength has no appreciable effect on the 
reaction rate. The activation energy and the entropy of activation is found to be 4.7 Kcals and 
-58.2 E.U. respectively. The probable taechanism has been suggested. 

THE oxidation of several reducing ions by 
hydrogen peroxide has been carried out largely. 
Buntonl observed the oxidation of a-keto acids 

and a-diketones with hydrogen peroxide. The oxida­
tion of ~-flrmsaturated ketones2, fatty acids3, and 
fructose4 has also been carried out. Ross3 investi­
gated the mechanism of the oxidation of triethyl­
amine and hydrogen peroxide. Thiodialiphatic 
acid6•7, chloramine T8 and simple aldehydes have 
also been studied. 

Kahr and Benher10 used sodium tungstate as a 
catalyst for the oxidation of primary amines with 
H20 2• They, however, have not carried out the 
kinetic study of the reactions. The present paper 
reports a systematic kinetic study in order to 
investigate the rate of the reaction between ethylene­
diamine and hydrogen peroxide using sodium tung­
state as a catalyst. 

Preliminary experiment disclosed that the velocity 
of the react.ion in the absence of any catalyst is 
difficult to measure directly. However, the rate is 
enhanced by the introduction of sodium tungstate 
as a catalyst. 

Experimental 

The materials employed were that of the purest 
quality available. Preparation of all solutions were 
done with redistilled water. 

Calculated amounts of the reactants except H 20 2 

were pipetted into 250 ml conical flasks and kept in 
a thermostat. The standard solution of hydrogen 
peroxide was kept separately in the thermostat. 
Mter allowing sufficient time for the reactants to 
attain the temperature of the bath, requisite amount 
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of hydrogen peroxide was pipetted out in the reaction 
flask in order to start the reaction. 

Aliquots were withdrawn at suitable intervals and 
analysed for the amount of unreacted hydrogen 
peroxide using the method described by Rossi, 

1•1 

O·TO 

O·eo'-----..----.---..,..--..,----,.--.....,-.. 
110 '" 20 ... 0 . 10 80 100 

T 

Fig. 1. Plot of Log10 (H20 2) vs Time 
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Order of reaction : 

Oxidation of ethylenediamine was studied in 
presence of sodium tungstate. The tot;a} order of 
reaction was calculated employing the Os'Gwald's 
Isolanion meuhod. The experimental data a.re re­
corded in Table I. A plot of log [H20 2] vs. time for 
different concentrations of H20 2 gives the straight 
line establishing the first order in H20 2 (Fig. 1,). 
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TABLE 1 

A 
Hydrogen peroxide = [0.0050 M] 
Sodium tungstate =[0.0025 M] 

Ethylenediamme 

0.0250M 
0.0500 M 
0.1000 M 

0.577 
1.10 
2.48 

B 
Ethylenediamme = [0. 0500 M] 
Sodium tungstate= [0. 0025 MJ 
Hydrogen peroxide K 1 X 102 (mm-1 ) 

0.0025 M 0.633 
0.0050 M 1.10 
0.0100 M 2.99 

0.230 
0.220 
0.248 

The second order rata consta.nts have been calculated 
by the equation 

K = Kt 
2 [Ethylenediamine J 

where K 1 is the psuedo first order rate constants in 
H202• Order with respect to ehylenediamine was 
deoormined with the help of the following relatiion : 

K' 
log K! 

1 

n =- ------

0' 
Jog 0": 

where K'1 and K"t are the first order ratie constants 
obtained at two different concemrations of ethylene­
diamine 0' 2 and 0 112 respectively. The relatiion is 
applicable provided lihe concentration of substrate 
is at least ten times or more than lihe concentration 
of oxidant used. The value of n i$ 0 9. Thus the 
total order of the reaction is 1.9 which may be taken 
as two i.e., the velocity at any instant is proportional 
to the concentration of H 20 2 and ethylenediamine 
both 

Efleot of Etkylendiamine and Hydrogen peroxide con­
centration : 

The rate constants were obtained with different 
concentration of reactants. The results are recorded 
in Table 1. From the result it appears that the 

value ofre a[H20 2][Ethylenediaminel. 

E!fect of Sodium tungstate oonoentration: 

In order to determine the role of sodium tungstate 
as catalyst on the reaction rate, the value of rate 
oonsmnli was determined using different concentra­
tions of sodium tungstate. It has been observed 
that the rate is dependent on catalyst concentration. 
A plot of log K vs. log Na2WO, gives a straight line. 
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The slope of the curve is very nearly unity showing 
lihat the rate is Hnearly related to sodium tungsta'te 

concentration i.e.,~: aOwo,-- [Fig 2]. 

Influence of ionio Btrength : 

The reaction was carried out in the presence of 
potassium sulphate in order to see the effect of ionic 

Lot 10 'Na2 wo4 

:1!'1g. 2. Plot of Log 10 K 1 vs Log10 (Na.:aWO,). 

stl"ength on the reaction. It has been observed that 
a four fold increase in ionic strength has an insigni­
ficant effect on the value of the rate constant K 1• 

Energy and entropy o.f aotivation : 

The average value of the energy of activation (E) 
between the temperature 20° to J5° was found 4.9 
Kcals. The value of entropy of activation with 
E = 4 9 Kcals at 20° is -58.2 E.U. 

Discussion 

The total order of reaction between hydrogen 
peroxide and ethylenediamine in presence of tungsli&lie 
ion as a catalyst is very nearly two. The observed 
rate equation is then 

Since the rate constam is independenli of the ionic 
strength of the medium, the rate determining step 
should be between a neutral moleeule and an ion 
i.e., H 20 2 and W04- -. 

It has also been observed 11 that witr monotungstate, 
when hydrogen peroxide is weak, colourless mono­
basic ions with two atoms of active oxygen are formed. 
Thus 

W04--+2H20s ~ (HW06)-+0H-+H20 

(HW06)--+ W04--+20+H+. 
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Thus -.;he ethylenediamine reacts with the available 
oxygen in the following way: 

C~H2 CHaNHOH CH =N-OH 
r +20 -+ I +20 -+ I 
CHaNH2 CH2NHOH CH = N-OH 

+2H20. 

The presence of oxime, the end product in the reac­
tion mixture after the completion of the reaction has 
boon confirmed by the method reported in literature12• 
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