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Abstract: Diphenyl selenide was converted into diphenyl selenoxide using N-chlorosuccinimide in 50 % aceto-
nitrile/water medium under different kinetic conditions and temperatures. The effect of the substrate and oxi-
dant were studied. The order with respect to the concentration of substrate and oxidant was unity. A decrease 
in polarity of the medium increased the rate of the reaction. Added sodium perchlorate had no effect on the re-
action, ruling out the possibility of participation of charged species in the rate-determining step. However, add-
ed acrylonitrile decreased the reaction rate considerably, indicating the participation of free radicals during the 
course of the reaction. Highly negative entropy, ΔS#, indicates a structured transition state. A suitable mecha-
nism in consonance with the observed facts is proposed. 
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Introduction

1)

   No kinetic studies have been reported so far regarding 
the oxidation of diphenyl selenide, even though it re-
sembles diphenyl sulfide. However, the conversion of se-
lenide to selenoxide has been studied from the synthetic 
point of view [1]. In the case of diphenyl sulfide and 
S-phenylmercaptoacetic acid, much work has been 
reported. However, diphenyl selenide was found to be 
oxidized by N-chlorosuccinimide. N-chlorosuccinimide 
is a versatile oxidizing agent for many organic sub-
stances, including alcohols [2], secondary alcohols [3], 
Schiff's bases of Ni(II) complexes [4], and aldehydes [5]. 
A thorough literature survey showed that the kinetics of 
the oxidation of diphenyl sulfide by N-chlorosuccinimide 
[6], dioxiranes [7], and peroxyanion [8] have been 
reported. Similarly in the case of S-phenylmercaptoacetic 
acid, the oxidation using Mn(VII) [9], chloramine-T [10], 
potassium peroxodisulphate [11], Ce(IV) [12], oxalic 
acid-catalyzed Cr(VI) [13], EDTA-catalyzed Cr(VI) [14], 
pyridinium hydrobromide perbromide [15], perox-
ydiphosphate [16], peroxomonophosphoric acid [17], and 
N-chloronicotinamide [18] have been reported.
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  The purpose of present study was to understand the be-
havior of diphenyl selenide toward N-chlorosuccinimide 
because the behavior of diphenyl selenide is entirely dif-
ferent from that of diphenyl sulfide, even though both of 
them belong to the same group in the periodic table. 
Many oxidants that oxidize diphenyl sulfide are not able 
to oxidize diphenyl sulfide. This phenomenon is an ob-
servation we made during this study. Moreover, the oxi-
dation can yield different products, such as the selen-
oxide and selenone. However, in this study, the exclusive 
product was the selenoxide.
      

Experimental

Materials
  Diphenyl selenide was purchased from Aldrich Chemi- 
cal Company. N-Chlorosuccinimide (AnalaR grade) was 
purchased from Qualigens Chemicals. Acetonitrile and 
all other chemicals were of AnalaR grade. Triple-dis-
tilled water was used throughout the kinetic work.

Kinetic Analysis
  The kinetics studies were performed under pseudo-first- 
order conditions, keeping the concentration of diphenyl 
selenide in large excess over the concentration of N-chl- 
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Table 1. Pseudo-First-Order and Second-Order Rate Constants 
for the Oxidation of Diphenyl Selenide by N-Chlorosuccini- 
mide

[Sub] × 102

M
[Oxi] × 103

M
kobs × 104

sec-1
k2 × 104

1 mol-1sec-1

1.0 1.0 1.640 164.0
1.5 1.0 2.455 163.7
2.0 1.0 3.162 158.8
2.5 1.0 4.266 170.3
3.0 1.0 5.072 169.1
1.0 1.5 1.711 171.2
1.0 2.0 2.483 248.3
1.0 2.5 1.560 156.0

Acetonitrile - water = 50 % (v/v), Temperature = 40 ºC.

orosuccinimide. The progress of the reaction was fol- 
lowed by estimating the unreacted oxidant iodome- 
trically. The reaction was followed at three different tem-
peratures, viz., 308, 313, and 318 K. The pseudo- 
first-order rate constant for each kinetic run was eval-
uated from the slope of the linear plot of log titre vs. 
time, using the method of least squares. The second-order 
rate constants (k2) were obtained by dividing kobs by the 
concentration of the substrate. 

Stoichiometry
  A number of reaction mixtures containing the substrate 
in excess of the oxidant were kept under kinetic con-
ditions in a thermostat at 40 oC. Estimation of unreacted 
N-chlorosuccinimide indicates that one mole of diphenyl 
selenide consumed one mole of N-chlorosuccinimide.

 Product Analysis 
   The reaction mixture was left to stand for 24 h under 
kinetic conditions. It was then extracted with ether and 
the residue, after separation of the solvent, was analyzed 
using IR spectroscopy. Signals at 971 and 664 cm-1, cor-
responding to the selenoxide, were observed. 
  The product was further confirmed by Co TLC. The 
yield of selenoxide was 91 %, as determined by weight 
measurements of the reactant and product.

Figure 1. Plot of 4 + log kobs vs. 3 + log [substrate].
 [Oxidant] = 1 × 10-3 M; Acetonitrile - water = 50 % (v/v); 
Temperature = 40 oC; Slope = 0.965 r = 0.99.

Results and Discussion

  The reaction was studied under different experimental 
conditions. The reaction was monitored initially without 
any catalyst in acetonitrile - water at 50 % (v/v) as 
solvent. At a constant concentration of the oxidant and at 
constant temperature, the rate of the reaction increased 
steadily upon increasing the concentration of the sub-
strate, as shown in Table 1. A plot of log kobs vs. log 
[substrate] is linear with a slope of unity, as shown in 
Figure 1. This result is a clear indication of the fact that 
the reaction has a unit order dependence on the concen-
tration of the substrate.
  Similarly, the reaction was studied at different concen-
trations of oxidant at 40 oC, while maintaining a constant 
concentration of the substrate. The order with respect to 
the oxidant was one, as evidenced from the linear plot of 
log titre vs. time. Pseudo-first-order rate constants were 
calculated from the gradient of the straight line using the 
method of least squares.
  Variation of the ionic strength of the medium (maint- 
ained by adding sodium perchlorate) while keeping other 
factors constant had no effect on the reaction, as shown 
in Table 2. This obviously rules out the possibility of 
participation of charged species in the rate-determining 
step. The clear reaction mixture containing N-chlor-
osuccinimide and diphenyl selenide, when allowed to 
stand with a drop of acrylonitrile, became turbid and, 
within a few minutes, the entire reaction mixture turned 
viscous, showing that the oxidation process involves a 
free radical mechanism. This finding was further con-
firmed by the retarding effect of added acrylonitrile on 
the reaction rate, as shown in Table 2. 
  The acetonitrile composition in the solvent mixture was 
varied while maintaining the other variables constant, as 
shown in Table 3. The rate was found to increase consid-
erably upon increasing the acetonitrile content of the 
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Table 2. Effect of Ionic Strength and Acrylonitrile on the Rate 
Constants for the Oxidation of Diphenyl Selenide by N-Chloro- 
succinimide

[Acrylonitrile] × 102

M
[NaClO4] × 102 

M
kobs × 104

sec-1

0 0 1.640
0 1.0 1.309
0 1.5 1.319
0 2.5 1.312
0 3.0 1.368

1.0 0 1.584
1.5 0 1.315
2.5 0 1.182
3.0 0 1.092

[Substrate] = 1 × 10-2 M;     [Oxidant] = 1 × 10-3 M;
Acetonitrile - water = 50 % (v/v);  Temperature = 40 ºC.

Table 3. Effect of Solvent Composition on the Rate Constant 
for the Oxidation of Diphenyl Selenide by N-Chlorosuccini- 
mide

Acetonitrile - water
 % (v/v)

kobs × 104  

sec-1

40 1.265
50 1.640
60 1.793
70 8.993

[Substrate] =1 × 10-2 M ;           Temperature = 40 ºC; 
[Oxidant] = 1 × 10-3 M.

Table 4. Second-Order Rate Constants and Activation Parame- 
ters for the Oxidation of Diphenyl Selenide by N-Ch-lor-
osuccinimide

k2 × 103 mol-1sec-1

ΔH# kJmol-1 -ΔS# JK-1mol-1

35 ºC 40 ºC 45 ºC

9.97 16.38 38.33 112.37 77.80

[Substrate] = 1 × 10-2 M;   Acetonitrile - water = 50 % (v/v);
[Oxidant] = 1 × 10-3 M.             

medium. This result is due to the fact that the reaction is 
facilitated by an increase in polarity or nucleophilicity.
  The reaction was performed at different temperatures, 
viz., 308, 313, and 318 K, while maintaining the concen-
trations of the substrate and oxidant constant in a 50 % 
(v/v) acetonitrile/water medium. From the Eyring plot of 
ln (k2/T) vs. 1/T, the activation parameters were calcu-
lated; they are given in Table 4.

Mechanism and Rate Law
  The oxidation of diphenyl selenide by N-chlorosuccini- 
mide shows first-order dependence on both the substrate 
and oxidant. Added sodium perchlorate did not have any 
effect, whereas the presence of acrylonitrile retarded the 
rate considerably, indicating the involvement of free 
radicals. From the above facts, a suitable mechanism is 

  Rate = -d[NCS] =Kk[DPS][NCS]dt

  kobs =
-d[NCS] × 1 Kk[S]dt [NCS]

proposed involving N-chlorosuccinimide and diphenyl 
selenide. 
  The proposed mechanism and rate law are in con-
sonance with the observed facts.

Conclusions

  The oxidation kinetics of diphenyl selenide were stud-
ied systematically for the first time in full depth and a 
mechanism involving the free radical has been proposed. 
In the slow rate-determining step, the diphenyl selenide 
radical is formed by the abstraction of an electron from a 
chlorine radical. Finally, this radical gives the product se-
lenoxide through solvolysis. The reaction proceeds 
smoothly without catalyst. The orders with respect to the 
concentrations of substrate and oxidant were both one. 
The negative sign of the entropy change suggests that the 
transition state is more orderly when compared with the 
reactants.
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