
 
 

79 | w w w . e j a r . c o . i n  

 
 
 
 
 

“STUDY ON KINETICS AND MECHANISM OF OXIDATIVE                             

DE-CARBOXYLATION LACTIC ACID BY SELENIUM DIOXIDE IN 

WATER ACETIC ACID MEDIUM” 

 

 S.K. Singh1, H.D. Gupta1, Santosh K. Singh1*, Sapna Pathak1, Nishu Gupta1 

Govt. T. R.S. (Auton.) College, Rewa (M.P.) India 
 

Received:   22/05/2015 Revised: 06/06/2015 Accepted: 12/06/2015 
 

Abstract 
The kinetics of oxidative de-carboxylation of lactic acid by seleninium dioxide 

(SeO2) has been investigated in water - HOAc medium. The reaction is of pseudo first-

order in [SeO2], first order in [LA] and first order in [H+] ion. The velocity of the reaction 

increases with increase the Di electric constant of medium and solvent polarity. Effect of 

temperature has been studied and thermodynamic parameters are calculated and a suitable 

mechanism has been suggested. 
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INTRODUCTION 

Kinetics aims fundamentally at the details of the process in which a system 

converts from one state to another and the time required for the transformation. 

Hence, chemical kinetics provides information about the rate of reaction on possible 

pathways, by which the reactants are transformed into products. Thus, the 

fundamental of objective of the study of the kinetics of chemical The kinetics of 

oxidation reactions and the investigation of the reaction mechanisms from the 

kinetic data have been always the most interesting subjects in chemistry. In any 

   April 2015-Jun 2015, Vol. I , No. II 79-87                                                  e ISSN    2394-9449 

Electronic Journal of Advanced Research 
An International Peer review E- Journal of Advanced Research 

www.ejar.co.in 
 

http://www.ejar.co.in


 
 

80 | w w w . e j a r . c o . i n  

kinetic investigation, one may be interested to arrive at (i) the relationship between 

the rate and the various factors like concentrations of the reactants, temperature, 

reaction medium etc., and, (ii) interpretation of the empirical rate laws in the light of 

the mechanism proposed [1].  

In present paper we have explored the oxidative de-carboxylation of lactic 

acid by selenium dioxide. The potential of selenium dioxide as an oxidizing agent 

for organic compounds was first realized in the early 1930's by Riley [2]. Since this 

initial discovery, selenium dioxide has found wide application as a selective reagent 

in organic synthesis [3]. Literature survey revealed that selenium dioxide has been 

used as oxidant to oxidized ketones[4-14], alcohols[15-25], aldehyde[26], paraffin’s[27-28], 

desoxybenzoin[29-30], Esters[31-32], substituted mandelic acids[33-34], olefins[35-41], 

amines[42-48] etc. The recent literature surveys also revealed that lactic acid have 

been oxidized by various oxidants viz.  Pyridinium chlorochromate[49] (PCC), 

tripropylammonium fluorochromate (TriPAFC)[50] Vanadium (V)[51] and Ce (IV)[52]   

etc. However, no work seen on above topic/entitle, all these facts are inspired to me 

to explore mechanistic path of this problem first time.  

EXPERIMENTAL 

Materials 

Selenium dioxide (Loba) solution was prepared by dissolving a weighed 

quantity of pure selenium dioxide in distilled water. Solution was standardized 

iodometrically. The iodine liberated was titrated against standard sodium 

thiosulphate solution using starch as an indicator. The stock solution of lactic acid 

(sigma 98%) was used to solution, prepared by dissolving a calculated quantity of 

the lactic acid in glacial acetic acid. Other Reagent was used analytical grade and 

doubly distilled water was used throughout the experiments.  

Kinetic measurements 

The reactions were carried out under pseudo first-order condition by taking a 

known excess of [Lactic acid] over [SeO2] at 313 K. The glass stopper reaction flask 

made of Pyrex glass containing lactic acid, acetic acid and in other flask; solution of 
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selenium dioxide with other reagents was kept together in a thermostat maintained 

at a desired temperature with an accuracy ±0.1. When the two flasks attained the 

temperature of thermostat, a required volume of selenium dioxide was pipette and 

transferred to reaction flask. At the instant half of selenium dioxide solution was 

added to the reaction flask, zero time was noted. Immediately 2 ml. aliquot was 

withdrawn into a flask containing 10ml. ice cold water and 10 ml. of 0.01 sodium 

thiosulphate solution along with 5ml. of 4N H2SO4. About 2ml of starch solution 

was added to it and then un-reacted sodium thiosulphate left was titrated against 

standard 0.01N iodine solution till a light blue color is developed. Aliquots were 

withdrawn at known intervals of time and concentration of selenium dioxide left un-

reacted was estimated iodometrically. 

These readings are the values of   (a-x) at time “t”. The experimental data 

were fed into the integrated form of equation for first-order reactions. The values of 

pseudo first-order rate constant obtained from the rate equation - 

 

 

The rate 

constant k was found fairly constant within the experimental error suggested that 

each reaction obeys first-order kinetics. 

In order to study the effect of varying concentration of sulphuric acid on the 

reaction rate, kinetic runs have been carried out at varying concentration of acid, but 

at fixed substrate and oxidant concentration, solvent composition and temperature. 

Stoichiometry and end-product analysis: stoichiometry of the reaction was 

ascertained by equilibrating the reaction mixture containing an excess of selenium 

dioxide over lactic acid and sulphuric acid, for 24 hrs. at, 313K. The un-reacted 

oxidant (selenium dioxide) was determined by iodometrically. The stoichiometric 

determinations have been suggested that 2:1 mole ratio for lactic acid, and oxidant 

(SeO2). 

k =
2 .3 0 3

t
lo g a

(a -x )
k =

2 .3 0 3
t

lo g a
(a -x )
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Acetaldehyde was formed as the end-product of oxidation of lactic acid, 

which were identified by the determination of melting points of 2,4-

dinitrophenylhydrazone  derivatives of oxidation products and existing conventional 

methods. 

RESULTS AND DISCUSSIONS 

The kinetics data have been collected for variant in concentration of oxidant 

(SeO2) at fixed concentration of other reactants and temperature. The linear plots of 

log (a-x) vs. Time, suggested that the first order rate dependency with respect to 

oxidant. The pseudo first-order rate increases with increase in the concentration of 

lactic acid, the plot of k1 versus [lactic acid] are obtained linear passing through 

origin (Fig.1). The double reciprocal plot between 1/k1 and 1/ [lactic acid] is 

obtained linear with passing through origin (Fig. 1). On the basis of above results it 

is concluded that the reaction follows first-order behavior with respect to the lactic 

acid. The plot of k1 versus [lactic acid] are obtained linear passing through origin this 

evidence ruled out the formation of a complex during the reaction. 

Table: 1 

Summary: Dependence of rate of oxidation reaction on the initial concentration 
of Oxidant (SeO2) 

 
 
 

[SeO2] = 2.50X10-3 (mol.dm.-3) 
 [LA] = 1.25X10-2 (mol.dm.-3) 
[H+] = 1.25X10-3 (mol.dm.-3) 
HOAc-H2O = 30%(v/v), 
Temperature = 313 K. 

[ SeO2]103 
(mol.dm.-3) 

Lactic acid 
 

1.00 9.11 
1.25 9.09 
2.00 9.18 
2.50 9.32 
4.00 9.33 
5.00 9.28 
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Reactions are fully acid catalyzed but velocity of the reaction slightly increases with 

increase the concentration of H2SO4 acid. The plot of k1 vs. [H2SO4] and plot of log 

k1 vs. log [H2SO4] is obtained linear with the positive unit slope, confirming that the 

reactions are fully acid catalyzed (Fig.3). 
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Table: 2 
THERMODYNAMIC PARAMETERS 

[SeO2]    = 2.50 x10-3 (mol.dm-3) 
[H+]    = 1.25 x10-3 (mol.dm-3) 
HOAc-H2O   = 30% (v/v)  
Temperature   = 313 K. 
 

 
Substrate Ea 

KJ mol-1 
A 

s-1 
∆H# 

KJ mol-1 
∆G# 

KJ mol-1 
∆S# 

JK mol-1 
LACTIC ACID 51.20 

±0. 56 
4.14 x105 

±0.89 
52. 78 
±0.92 

-89.39 
±0.27 

-108.39 
±0.71 

The first-order rate constant increases with increase composition of acetic 

acid i.e. rate accelerated with increase in dielectric constant of the medium. The plot 

of log k1 versus 103/D were obtained linear with positive slope (Fig.4). The presence 

of free radicals in the system understudy was tested qualitatively by addition of 1-2 

ml of acrylonitrile (monomer) in about 5-6 ml of the reaction mixture employing 

trapping method. The non-occurrence of turbidity and white precipitate clearly 

indicates the absence of free radicals in the system. Various activation parameters 

namely temperature coefficient, energy of activation (Ea), frequency factor (A), 

enthalpy of activation (ΔH#), free energy of activation (ΔG#), and entropy of 

activation (ΔS#) for each reaction are calculated for lactic acid–SeO2 system and 

according to the reaction mechanism, rate equation and order of reaction have been 

discussed. The iso-kinetic and Exner’s have been explained. 

MECHANISM 

In view of the above experimental kinetic data, facts and finding, a suitable 

mechanism has been proposed for the oxidation of lactic acid – SeO2 system as: 
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The finally derived rate of reaction is  

 
The derived rate equation (5) explains all the experimental facts, which are in 

good agreement with our experimental kinetic data i.e. the observed first order 

kinetic in [lactic acid], [oxidant] and [H+] ion etc. 
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