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Abskaet-The oxidation kinetics of methyl vinyl ketone and isopropyl methyl ketone by chloramine-T in aqueous 
alkaline solutions show first-order dependence on chloramine-T, both substrates and alkali. No effect of p- 
toluenesulphonamide was evident. Observed stoichiometry, negligible effect of ionic strength and a positive 
dielectric effect point to a mechanism involving interaction of enolate anions with chloramine-T in the rate 
determining step. Activation parameters and the isolation of the product formaldehyde are in agreement with the 
proposed mechanism. 

Less widely used but potent oxidant chloramine-T with 
high redox potential (Ercd = 1.138 V at pH 0.65) has 
recently been used in kinetic studies involving it as an 
oxidant, both in acidic as well as in alkaline media.‘” 
Oxidation kinetics of VMK and IMK by ceric sulphate in 
sulphuric acid solutions has already been reported by 
Singh”.” et al. The present communication summarizes 
the results of an investigation on the kinetics and 
mechanism of the oxidation of VMK and IMK by 
aqueous alkaline solutions of chloramine-T. 

MAW AND METHODS 
The materials employed were of highest purity available. Sub- 

strates and chloramine-T were E. Merck samples. Koch-Light 
(England) sample of p-toluene sulphonamide was used. All other 
reagents were of Analargrade. Chloramine-T solutions were stored 
in black coated bottles to prevent photochemical deterioration. The 
reaction stills were blackened from outside and doubly-distilled 
water was used throughout the experiments. 

The reaction was initiated by rapid addition of chloramine-T to 
already equilibrated alkali-ketone mixture with vigorous shaking. 
The kinetics were followed by examining aliquot portions of the 
reaction mixture for unconsumed chloramine-T iodometrically. 

RESULTS AND DLSCUSION 

Different sets of experiments carried out with varying 
ratios of chloramine-T to each ketone i.e. methyl vinyl 
ketone and isopropyl methyl ketone in presence of 0.2M- 
NaOH at 45” for 48 h showed that two moles of 
chloramine-T were consumed for oxidation of molar 
concentration of each ketone according to the following 
stoichiometric equations yielding formaldehyde as the 
product which was tested by conventional method.” 

CH$ZOCH=CHZ + 2CHIC6H4S02NNaCI + OH- + 2H20 

= 2CH&H.,S02NHZ + CH$OO- + ZHCHO + 2NaCl 
(1) 

CHJCOCH(CH3)2 + 2CH9C6H$OtNNaCI t OH- t Hz0 

= 2CH&H$SO,NH, t (CH,),CHCOO- •t HCHO 
t 2NaCI. (2) 

The oxidation was studied over a wide range of,con- 
centrations of reactants at constant alkali concentration. 

The rate data indicate first order kinetics in chloramine- 
T, methyl vinyl ketone and isopropyl methyl ketone. 

At constant ionic strength, an increase in alkali con- 
centration increases the pseudo-first order rate constant 
linearly, thus showing strong dependence of oxidation of 
methyl vinyl ketone and isopropyl ketone on alk$i con- 
centration. The plots of log k: against log [OH] gave 
straight lines (Fig. 1) with slopes O.% (methyl vinyl 
ketone) and 1.00 (isopropyl methyl ketone) establishing 
first-order dependence of both oxidation processes on 
hydroxide ion concentration. 

Ionic strength variation (affected by KCl) in both cases 
has an insignificant effect (Table 1) on the rate constants, 
while addition of methanol has negative effect (Table 2). 
p-Toluenesulphonamide, the reduction product of 
chloramine-T, however, had no effect on the reaction 
rates. 

Average values of energy of activation (AE) and 
entropy of activation (AS) were calculated from rate 
study measurements carried out at four temperatures 
(30-W) and were found to be II.05 K.cal/mole and 
-27.77 e.u. respectively (methyl vinyl ketone) and 
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Fig. l(a). Fist-order rate plots at 35°C. (isopropyl methyl 
ketone) = 4.00 x 10e2 M, p = 0.3 M, (NaOH) = 0.2 M and 
(chloramine-T)=0.84, 1.00, 1.25, 1.44, 2.00, 2.50 and 3.34x 

IO-‘M in A, B, C, D, E, F and Cl respectively. 
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Fig. l(b). Fist-order rate plots at 35°C (chloramine-T)= 
2.10 x lo-’ M, (NaOH) = 4.00 x lo-’ M, p = 0.2 M and (vinyl 
methyl ketone) = 1.00, 1.32, 1.67, 2.50, 3.32, 4.00 and 5.00x 

IO-’ M A, B, C, D, E, F and G respectively. 

8.50 K cal/mole and -40.81 e.u. respectively (isopropyl 
methyl ketone). 

Base catalysed oxidation is only consistent with the 
enolate anion mechanism. 

R\ 
HsC’ 

C=O+OH-Z= R ‘?-O+HzO 
Ha& - 

(3) 

where R = -CH=CHa or -CH(CHs)a. 
The oxidising property of chloramine-T is due to its 

four oxidising species, viz. chloramine-T itself, p- 
toluenesulphochloramide, dichloramine-T and hypoch- 
lorite ion. In an acidic medium, dichloramine-T pre- 
dominates over the rest of the species and any amount of 
it formed is converted to p-toluenesulphochloramide and 
hypochlorite ion. Thus in our case, possibility of di- 
chloramine-T acting as oxidising species is ruled out. 

In aqueous alkaline solutions, chloramine-T (CAT) 
hydrolyses” to p-toluenesulphochloroamide (CAT’) and 
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Fig. 2. Plot of log k; against log (OH-) at 35”, A, (chloramine- 
T) = 2.00 x 10m3 M, p = 0.3 M, (isopropyl methyl ketone) = 
4.00 x lo-* M; B, (chloramine-‘l’) = 2.00 x lo-’ hi, p = 0.2 M 

(vinyl methyl ketone) = 4.00 x IO-’ M. 

The relative amounts of CAT’ and CIQ- depend upon 
the pH of the solution.” it is, therefore, clear that one of 
the three oxidising species of CAT, viz. CAT itself, CAT’ 
and ClO- ion may react with enolic anion of the ketones 
used here in the slow and rate determining step. If CIO- 
is assumed to be the main oxidising species, the reactions 
would involve an interaction between two similarly 
charged ions and thus would correspond to a positive 
ionic strength effect which is contrary to our experimen- 
tal observations. Thus the possibility of ClO- acting as 
main oxidising species is completely ruled out. 

The insignificant effect of ionic strength on the rate 
constant in both reactions clearly indicates the involve- 
ment of at least one neutral molecule in the rate deter- 
mining step. Interaction of a neutral molecule with a 
negatively charged ion is, further, indicated by observed 
positive dielectric constant effect. These observations 
indicate that enolic anion of the ketones will interact 
with neutral molecule viz. either CAT or CAT’.” The 
rate law deduced by assuming CAT’ as the oxidising 

p-toluenesulphonamide (TSA) as follows: 

CH3C6H4S02N.NaCI + Hz0 G= CH3CsH,S02N*HCl + NaOH 
CAT’ 

(4) 

CH3C6H.,S02N.HCI + NaOH = CH3CaH,S02NH2 t NaCIO. 
TSA 

(5) 

Table I. Effect of ionic strength on the reaction rate at 35” 

LChloramine _rl= 2.00 x 10v3M [ChloramineZ] = 2.10 x 10-3M 

[Isopropyl methyl ketond =4.00~1O-~M fiinyl methyl k&o&J= 4.00~lO-~M 

~N~OH] = 8.3 X 10-2M LN~OHJ = 2.00 x 10 -2 

-1 
,u*(W ktlZ 102mio 

-1 
j.NM) ki x 102mi" 

0.10 0.50 0.10 1.08 
0.15 0.48 0.15 1.05 
0.20 0.47 0.20 1.18 
0.25 0.50 0.25 1.10 
0.30 0.52 0.30 1.30 
0.35 OS5 0.35 1.20 
0.40 0.55 0.40 1.32 

CL* Ionic strength adjusted by addition of KCI solution. 
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Table 2. Effect of solvent composition on the reaction rate 

EhloraAlineZ] = 2.00 X 10-h Ichloramine-P]= 2.10 x lr3M 

bsopropyl methyl ketand=4.00XlO -2M [vinylmethyl ketone]= 4.00~lO'~M 

LNaOH, = 2.50 X lo-'M [N~oH] = 4.00 x 10-2M 

p = 0.3M and Temp. 40. )1=0.2M and Temp. 35. 

MeOH k'lx103rni" 
-1 

MeOH k' x 103min-1 1 
% x 

0 16.33 0 22.90 
1'0 14.34 11.36 10 15 17.50 21.80 

15 9.23 20 16.10 
20 7.41 25 14.50 
25 6.17 30 12.12 

species predicts a zero-order dependence in hydroxide 
ion concentration which is contrary to our experimental 
observations. This rules out the possibility of the in- 
volvement of CAT’ in the rate controlling step. Now, the 
only alternative left is involvement of CAT itself as 
possible oxidising species in the rate determining step. 
The following mechanism for oxidation of both ketones 
viz. methyl vinyl ketone and isopropyl methyl ketone 
may thus be schematically represented 

where E = methyl vinyl ketone or isopropyl methyl 
ketone. 

The above derived rate eqn (6) shows first order 
dependence in chloramine-T, hydroxide ion and ketones. 
This also confirms that chloramine-T itself is un- 
doubtedly oxidising species. The results indicate that the 
transition state contains chloramine-T, hydroxide ion and 
the ketone. 

0 REFRRRNCES 

RCOCHJ + OH- 2 
Ii 

RC-CH2 + HZ0 
k-1 (-) 

(i) 

(E) enolate anion (8) 

where R = -CH=CH2 or -CH(CH& 

8 + CH3C6&S02NNaCI 2 Intermediate 0’) (ii) 
slow 

Y + CH3C,H4S02NNaCl rztProducts. (iii) 

By applying the steady-state approximation to enolate 
anion (8) and intermediate (Y) and making the assump- 
tion that k_, 9 k2[CH3CsH4S02N NaCIl, the following 
rate law is obtained. 
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