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ABSTRACT.  Kinetic studies on the vanadium(IV)—catalyzed oxidation of dimethylsulfoxide
by hydrogen peroxide in water and aqueous methanol and ethanol show that the reaction is a first
order in the concentration of dimethylsulfoxide and hydrogen peroxide, respectively. Activation

parameters are also measured for the oxidation of dimethylsulfoxide. It is suggested that the rate-
determining step is a process involving oxidation of dimethylsulfoxide as the result of nucleophilic
attack by the sulfur on the O—Q bond of vanadium(V)-peroxide complex.
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Fig.1. Changes of the infrared spectra of reactants

in nujol mull with time at ambient temperature: (1),
initial time; (2), infinite time.
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Fig.2. Dependence of the rate constants on [(CHs)z
SO) for the reaction of dimethylsulfoxide with hy-
drogen peroxide at 20, 25, 30, and 35°C, respectively.
(Hz0:) =0.02M, (VO{(acac)2) =1.00x10-3M, {HCIO,
=0.10M; ©, 20°C; O, 25°C; (0, 30°C; @, 35°C.
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Table 1. Pseudo-first~order rate constants of the reaction of (CHys), SO with H,0,

Trp | CORL B0D DogRd B0 DRl

20 0.20 2.00 1.00 1.00 0.95+90.23
0.26 2.00 1.00 1.00 1.31+0. 22

0.40 2.00 1.00 1.00 2.10+0.39

0. 60 2.00 1.00 1.00 3.02+0.52

0.80 2.00 1.00 1.00 4.321+0.15

1.00 2.00 1.00 1.00 5.82+0.20

1.20 2.00 1.00 1.00 6.8410.14

25 0.20 2.00 1.60 1.00 1.58+0.10
0.26 2.00 1.00 1.00 2.00+0.20

0.32 2.00 1.00 1.00 2.57+0.07

0.40 2,00 1.00 1.00 2.87+0.07

0.60 2.00 1.00 1.00 4.88+0.30

0.80 2,00 1.00 1.00 6. 284-0. 68

1.00 2.00 1.00 1.00 7.35+0.66

1.20 2.00 1.00 1.00 8.6640.83

30 0.20 2.00 1.00 1.00 1.97+0.15
0.26 2.00 1.00 1.00 2.70£0.19

0.32 2.00 1.00 1.00 3.2640.12

0.40 2.00 1.00 1.00 4.35+0.18

0.60 2.00 1.00 1.00 6.26+0.31

0.80 2.00 1.00 1.00 9.1140.28

1.00 2.00 1.00 1.00 10.69+1.15

1.20 2.00 1.00 1.00 12,74+1.40

35 0.20 2.00 1.00 1.00 3.05+0.18
0.26 2.00 1.00 1.00 3.684:0.14

0.32 2.00 1.00 1.00 4.68+0.22

0.40 2.00 1.00 1.00 5.99+0.16

0.60 2.00 1.60 1.00 9.611+0.62
0.80 2.00 1.00 1.00 12.76£0.62

1.00 2.00 1.00 1.00 16.93:4:1.08

. 1.20 2.00 1.00 1.00 20.04+1. 84
28 1.06 10.64 8.51 1.06 5.58 0.25+0.02
1.06 10.64 8.51 2.13 8.51 0.44+0.04

1.06 10.64 8.51 4,26 6.38 1.13+0.12

1.06 10.64 8.51 6.38 4.26 1.92+0.19

1.06 10.64 8.51 8.51 1.13 2.27:£0.19

1.06 10. 64 8.51 10.64 0.00 3.121+0.28

25 0.40 2.00 0.05 1.00 0.12+06.01
0.40 2,00 0.10 1.00 0.24+0.02

0.40 2,00 0.20 1.00 0.43+0.03

0.40 2,00 0.40 1.00 0.95+0.08

0.40 2.00 0.60 1.00 1. 604:0.01

0. 40 2.00 0.80 1.00 2.15+0.05

0.40 2.00 1.00 1.00 2,874+0.15
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Table 2. Second-order rate constants for the reaction
of (CH;3),S0 with HyQ,. [H;0,]=2.00x10-2M, [VO
(acac),]=1.00x10-3M, [HCIO]=0.10M

Temp., & X 105, 4H*, 48,

°C M-lgec-1 kealmol -1 cajmel~1K"!
20 5.944-0.43
25 7.211+0.58

11.9341.53 —32.71+0.09
30 ]10.88+0.62
35 |17.38%1.02
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Fig.3. Dependence of the rate constants on the hy-
drogen-ion concentration for the reaction of dimeth-
ylsuloxide with hydrogen peroxide at 28°C.
[(CH3):50)=1.06M, {H;0;)=0.11M, (VO(acac),)
=8.51 X10~*M.
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Fig. 4. Dependence of the rate constants on the
concentration of VO(acac), for the reaction of dim-
ethylsuifoxide with hydrogen peroxide at 25°C.
((CHy):S0)=0.40M, (H0:}=0.02M, [HCIO)=
0. 10M.
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Table 3. The observed pseudo-first-order rate con-
stants for the reaction of (CH3);SO with H,0, in
aqueous organic solvents at 25°C. [(CHg),SO]=0.40
M, [H;0.]=0.02M, [HCIOJ=0.10M, (VO(acac):]
=1.00x10"3M

corganic | H(V/V)  1/eX10  RuaX 10 sec”t
Methanol 30 1.54 3.74+0.15
40 1.65 4.7740.27
50 1.78 6.41+0.25
60 195  7.91+0.98
Ethanol 30 1.60 4.53£0.03
40 176 6.73%1.02
50 194 818:0.95
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Fig. 6. Arrhenius plot for the reaction of dimeth-
ylsulfoxide with hydrogen peroxide, [(Hy0;)=0.02
M, (VO(acac)s)=1.00%103M, [HCIO,) =0.10M.
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