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Fig.1 Time course of 2-CEES degradation by sodium percarbonate/sodium molybdate at 20 °C
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Table 1 Degradation reaction rate constants at different temperature

HE/K 273 283 293 303 313

k/s =" (NayMo0,/2Na, CO,-3H,0,) 0.00490 0.00536 0.00603 0.00683 0.00783

k/s~'(2Na,CO43H,0,) 0.00037 0. 00068 0.00109 0.00210 0.00498
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Fig.2 Ink-(1/T) curves at different temperatures ( Na,MoO,/2Na,CO,-3H,0, ,2Na,CO,-3H,0, )

2.3 G REREN/ RN IR R XS 2-CEES [fif 1574

XEFSEBRIE T, — BEESE 30 min AR ISR S A S IR, O 1 9T 2-CEES [ R fif S i LB, 1]
FI LC-MS $ AN} 2-CEES 7E3 Bk RN/ FHRR SR Z b 520 30 min (T BE = )3 AT T 2087  IH 85 7 W) 2514
WnTR xR S AR 3 B

_CHCH,Cl ) CH,CH,OH O« CH,CH,0H ~ CH—CH,
0= = S 0=SJ
CH,CH; CH,CH; 07 CH,CH,4 CH,CH,
F=4pa F=4b e F=Hd
. . 141.0141
X 10° X10° =
141 P4a }100 | THb (M+H)*
12+ 36|
B 145.0297 3ol 1629960
10f (MH)* 28}
B ool B4t
% : — 'El:;ljb 20 -
06 170.9524 L6k
04r 123.0480 121
sk 08|
“L 04
0 IIII|AII,|IIIAIII\III|II|IIAIIIIII\IIO|l||l|l| 1L 1 ||ll‘|ll|||‘|l|
353565 75 85 05 105115125 135 145 155165 175 185 195 205 75735 65 75 8505 105 115125135 145 155 165 175 185 195 205
X103 X10° *
105.0384
90k F%C 161.0263 20}k F%d (M+H)+
80 184
70E 16 *127.019
60 14F (M+H)
C 12F
50 139.0437 % 1ok
B 40F (M+H)* =
YL 08|
301 06+
20¢ 145.0306 04
1oF 123.0487 { 02k 137.0634 159.0454
0 |||||Il|||ll|lll|lllll Il‘ll 1 lll\llllllllll“llll\llllll‘l‘llllllllllllllllllI

1 1 | 0
45 55 65 75 85 95 105115125135 145155165 175 185 195 205 45 55 65 75 85 95 105115125135 145155165 175 185 195 205
m/z m/z

3 R A

Fig.3 Mass spectra of the major degradation products
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KINETICS AND MECHANISM OF THE DEGRADATION REACTION
OF 2-CHLORORTHYL ETHYL SULFIDE BY SODIUM
PERCARBONATE/ SODIUM MOLYBDATE

ZHANG Lei XI Hailing WANG Qi ZUO0 Yanjun ZHANG Shugin
('The Institute of Chemical Defence,Beijing, 102205 , China)

ABSTRACT

The kinetics of degradation reaction of 2-chlororthyl ethyl sulfude (2-CEES) in sodium percarbonate/
sodium molybdate system and single sodium percarbonate were studied at different temperatures, and the
corresponding reaction rate was calculated. The reaction mechanism was proposed based on the analysis of the
degradation products by LC-MS and reactive species by ESR. The results show that both systems are first-order
reactions. The activation energy of sodium percarbonate/sodium molybdate on 2-CEES degradation is
8.36 kJ-mol ', and that of single sodium percarbonate is 44. 73 kJ+mol '. The activation energy was reduced
and the reaction rate was improved by adding sodium molybdate. The main degradation products are
C,H,S(0)C,H,0H,C,H,S(0)C,H,Cl, C,H;S (0,) C,H,OH and C,H;S(O) C,H,. The main reactive
species is singlet oxygen. The reaction mechanism is suggested to be a concerted reaction of hydrolysis and
oxidation.

Keywords: 2-chloroethyl ethyl sulfide, sodium percarbonate, sodium molybdate, kinetics, mechanism.



