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Abstract: The kinetics of oxidation of butane-2,3-ol by N-chlorosaccharin (NCSA)in 
presence of tungstophosphoric acid has been studied. The reaction follows identical 
kinetic being first order in each, NCSA, butane-2,3-diol, tungstophosphoric acid 
(TPA) and H+ concentration. The reaction is TPA and acid catalyzed. A negative 
effect of acetic acid is observed. Various thermodynamic parameters have been 
computed. Stoichiometric study revealed 1:1 mole ratio. On the basis of 
thermodynamic parameters and stoichiometry a plausible mechanism has been 
proposed and rate law has been derived.  

Key Words: Kinetics, N-chlorosaccharin,tungstophosphoric acid, butane-2,3-diol, 
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INTRODUCTION 

Mechanistic studies of reactions in solution have achieved commendable importance during the few 
decades. Oxidation reactions incorporating certain selective catalysis are of considerable academic 
and technological importance. The subject of chemical kinetics covers not only reaction rate but also 
covers a wide range of studies of the effects of the concentrations, temperature, catalyst etc. on 
reactions of various types. N-chlorosaccharin (NCSA) has been used as an oxidizing agent by several 
workers1-5. The kinetics of the oxidation of butane-2,3-diol has been studied with a number of 
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oxidizing agent6-10. In the recent years, studies of oxidation of various organic compounds by 
heteropoly acids and polyoxometalates especially those with Keggin type structure under 
homogeneous and heterogeneous reaction conditions11-19have attracted considerable attention of the 
researchers. Literature survey reveals that tungstophosphoric acid (TPA) due to its thermal stability 
and acidity make it efficient and eco-friendly catalyst in oxidation of organic compounds, such as 
aromatic amines20, aromatic alcohols21, cyclic alcohols22, allyl alcohols23, oximes24, styrene25 etc. It 
seems that there are no reports about TPA catalyzed oxidation of butane-2,3-diol by NCSA. The aim 
of present paper is to elaborate the catalytic effect of TPA & mechanistic pathways of oxidation of 
butane-2,3-diol by NCSA. 

MATERIALS AND METHODS  

All the materials employed in this investigation were of analytical grade. The stock solution of 
synthesized NCSA was prepared by dissolving its sample in 100% acetic acid (BDH). The solutions 
used were standardized iodometrically. De-mineralized distilled water was used for preparing the 
solution of hypo, butane-2,3-diol, tungstophosphoric acid and other reagents. 

The oxidation kinetic runs were performed under pseudo first-order condition. The experiments were 
carried out in a black coated stopper glass vessel to avoid any photochemical effect. A thermo-stated 
water bath was used to maintain the desired temperature within ± 0.1K. Requisite volumes of all 
reagents, except NCSA, were introduced into a reaction vessel and equilibrated at 303 K. A measured 
volume of NCSA, equilibrated separately at the same temperature, was rapidly poured into the 
reaction vessel. The progress of the reactions was monitored by periodically examining aliquots of the 
reaction mixture for unconsumed NCSA iodometrically using starch as the indicator. The 
stoichiometric results indicated 1 mole of diol consumes 1 mole NCSA as represented by the 
following empirical equation: 

           

R C C

OH OH

R +

H H

C6H4CO SO2NCl
R C O

H

2 + C6H4 CO SO2NH

 

Where R = CH3 

The end product from the oxidation of butane-2,3-diol was acetaldehyde and its presence confirm by 
existing conventional methods. These products were identified by forming their 2,4-
dinitrophenylhydrazone (DNP) which were characterized by their melting point (147 0C). 

RESULTS AND DISCUSSION 

Oxidation of butane-2,3-diol by NCSA in presence of TPA under the condition [NCSA] << [butane-
2,3-diol] [TPA] had the following kinetic feature. 

Order with respect to [oxidant] [substrate]: When the butane-2,3-diol are in large excess, the plots 
of log (a-x) vs time (Figure 1) are found to be linear, indicating first-order dependence on NCSA. The 
pseudo first-order rate constants in NCSA calculated at different initial concentrations of the reactants 
are found to be independent of the substrate concentration. The plot of k1vs [butane-2,3-diol] is 
initially linear passing through origin and tends to obtain limiting value, bending towards horizontal 
axis (Figure 2). Hence the reaction follows fractional order behavior with respect to the butane-2,3-
diol concentration. 
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Figure 1: The plot of log (a-x) versus time. Conditions are given in Table 1. 

 

Figure 2: Dependence of k1 on [butane-2,3-diol]. Conditions are given in Table 1. 

Effect of variation of [TPA]: The concentration of TPA was varied while the concentration of 
butane-2,3-diol and, [NCSA] kept constant.  Reaction is TPA catalyzed with in a limit. The plot of 
1/k1 vs. 1/[TPA] is obtained straight line  with positive intercept, indicate complex formation (Fig. 3 , 
Table 1). 

 

Figure 3: Double reciprocal plot depicting the dependence of the reaction rate on the concentration of 
TPA. Conditions are given in Table 1. 
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Table 1: Effect of variation of reactants on pseudo order rate constant k1 at 303K 

102 [Substrate] 
(mol dm-3) 

103 [NCSA] 
(mol dm-3) 

[H+] 
(mol dm-3) 

[TPA] 
(mol dm-3) 

% HOAc - 
H2O  

k1x104 (s-1) 

1.25 2.50 - 1.00 30 1.716 
1.66 2.50 - 1.00 30 2.186 
2.50 2.50 - 1.00 30 2.949 
3.33 2.50 - 1.00 30 3.412 
5.00 2.50 - 1.00 30 4.165 
6.66 2.50 - 1.00 30 4.694 
10.00 2.50 - 1.00 30 4.954 
1.25 1.00 - 1.00 30 2.972 
1.25 2.00 - 1.00 30 2.943 
1.25 2.50 - 1.00 30 2.949 
1.25 4.00 - 1.00 30 2.968 
1.25 5.00 - 1.00 30 2.957 
1.25 2.50 0.10 1.00 30 3.214 
1.25 2.50 0.20 1.00 30 3.626 
1.25 2.50 0.25 1.00 30 3.875 
1.25 2.50 0.40 1.00 30 4.217 
1.25 2.50 0.50 1.00 30 4.438 
1.25 2.50 - 1..25 30 3.214 
1.25 2.50 - 2.00 30 3.626 
1.25 2.50 - 2.50 30 3.875 
1.25 2.50 - 4.00 30 4.217 
1.25 2.50 - 5.00 30 4.438 
1.25 2.50 - 1.00 10 3.349 
1.25 2.50 - 1.00 20 3.246 
1.25 2.50 - 1.00 40 2.587 
1.25 2.50 - 1.00 50 2.149 

 

Effect of variation of [H+]: The catalyzed kinetics was observed by the addition of perchloric acid. 
On varying perchloric acid concentration there is an increase in reaction rate (Table 1).  The plot of 
log k1 versus 1/ [H+] (Figure 4) gave a straight line with positive intercept, suggesting that acid plays 
a complex role in the reaction system.  

 

Figure 4: Dependence of k1 on [H+]. Conditions are given in Table 1. 
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Effect of solvent on reaction velocity: The rate was studied at different concentrations of the solvent. 
It is observed that the rate decreases with increasing concentration of acetic acid. 

Effect of ionic strength and saccharin: The reaction rate was not influenced by the addition of 
chemically neutral salt. Hence the ionic behavior of slow step in the reaction mechanism is ruled out.  
Addition of saccharin (one of the reaction products), at constant NCSA, TPA and diol concentration, 
decreases the rate of reaction. This confirms that HOCl is the main oxidizing species. The retardation 
of reaction rate on the addition of saccharin suggests a pre-equilibrium step that involves a process in 
which saccharin is one of the products. If this equilibrium is involved in the oxidation process the 
retardation should be an inverse function of saccharin concentration. 

Effect of Product and Free Radical Inhibitor: Variation of saccharin, one of the products of 
oxidation, had negligible effect on the rate of reaction. The oxidation reactions of butane-2,3-diol with 
NCSA catalyzed by TPA at different initial concentrations of acrylonitrile have been investigated. 
The reaction neither induces polymerization nor retards the reaction rate which may be attributed to 
the inertness shown by free radicals. 

Effect of temperature: The effect of temperature on the reaction of butane-2,3-diol with NCSA in 
presence of TPA was also studied. The value of energy of activation, ΔS& ΔG were computed. These 
values are summarized in Table 2 along with the other parameters. 

Table 2: Thermodynamic parameters of Butane-2,3-diol-NCSA system 

Substrate Ea 
(kJ mol-1) 

A 
(s-1) 

ΔH* 
(kJ mol-1) 

ΔG* 
(kJ mol-1) 

-ΔS* 
(JK-1 mol-1) 

Butane-2,3-diol 66.70 2.479 x107 63.95 85.27 70.97 

 

Reactive Species and Mechanism: It was found that there was no appreciable reaction between 
tungstophosphoric acid and NCSA. The concentration of NCSA in the presence of TPA was found to 
be constant over a period of time. Hence it was likely that TPA is forming a complex with butane-2,3-
diol. The mechanism for the catalyzed reaction was likely to proceed through the formation of 
complex between TPA and butane-2,3-diol in a fast step which is being attacked by active species of 
NCSA and forming an activated complex, which is decomposed in a slow rate determining step. 
Based on the above experimental facts, the following mechanism for the TPA catalyzed oxidative 
degradation of butane-2,3-diol by NCSA is proposed. 

Based upon the experimental observations, the most probable mechanism is as following. 

 

 Therefore HOCl, H2O+Cl and NCSAH+ are the possible oxidizing species in acidic medium. The 
retardation of reaction rate with the added saccharin to the reaction mixture rules out the possibility of 
NCSAH+ as the reacting species. . Our experimental evidence indicates HOCl is  an oxidizing species. 
This leads to the postulation of the following overall mechanism and rate law. 
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Where R & R1 are CH3 

On the basis of the aforementioned steps involved in the proposed mechanism and at steady state 
approximation condition, the final rate law is derived as; 

 

This proposed rate law explained all experimental facts. 
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CONCLUSION 

Butane-2,3-diol is a vicinal diol. At first substrate formed a complex with TPA which is attacked by 
HOCl an active profile species of NCSA.  A ternary intermediate complex formed which is 
decomposes in a slow rate determining step and give the product. The reaction obeys Arrhenius 
relation-ship. The proposed mechanism is in good accordance with experimental findings.  
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