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Abstract Two possible reaction channels for the reaction of CH,SH-+Cl have been studied at the
MP2(Full)/6-311G(d,p) and B3LYP/6-311G(d,p) levels. Geometries of the reactants, intermediates, transi-
tion states and products were optimized and IRC calculations were carried out. The computed results show
that the reaction proceeds through the addition of a Cl atom to CH,SH by either CI—C or CI—S combina-
tion to form initial intermediates. The cleavage and formation of the chemical bonds in the reaction path-
ways have been discussed by the topological analysis of electronic density. The “energy transition state” and
the “structure transition state” in both channels of the studied reaction have been found. The calculated re-
sults suggest the relationship between the reaction enthalpy and the “ structure transition region”.

Keywords radica reaction; energy transition state; structure transition state; structure transition region;
topological analysis of electronic density
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Geometry parameter: B3LY P/6-311G(d,p),
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Figure4 Gradient path of electronic density on reaction pathway (b)
(@) critical points; () ring critical points
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Tablel Electron density at the critical points on IRC in reaction (b)
S P [C(1)—S(2)] p [S(2—CI3)] P [S2)—H@4)] p[C()—HA) p (ring critical point)
IMb1 0.2463 0.0610 0.2254
—30 0.2478 0.0661 0.2214
—20 0.2433 0.0695 0.2160
—10 0.2311 0.0736 0.2013
—05 0.2256 0.0755 0.1841
0.0 (TShl) 0.2207 0.0778 0.1566
+0.4 0.2177 0.0795 0.1341 0.1315 0.1304
+0.5 0.2170 0.0799 0.1388
+1.0 0.2146 0.0819 0.1875
+2.0 0.2054 0.0878 0.2578
+3.0 0.1818 0.1008 0.2696
IMb2 0.1795 0.1242 0.2734

S—Reaction proceed; p—Electron density.

1E S=—25 W}, CI()—H(6)BE TR Tk, FLAk L mi Ak (1)
F, i %85 6 346 W7 189 K, CI(3)—H(6B) i (1) 51 J& 1 5. S=
—25—>S=+0.1 Kt FEATE IRC i&ft b L) B R 1
[ AT TE B IR 450, /& IRC & 1% EIRTEEH A H
DLENTH K Dk, FROA W 2 IMb2—TSbh2— Product
[y “ Gk b X . IMb2—TSb2— Product 2 AN A Gk 25 W
N (+71.50 kImol), HIERT UL, o IR HGRE E L AR
(N, 4 A Jek 0 X 3% B P Y TR AR K ((S= — 25—~ S=
+0.1). RZG5 R I JEX P 1R AL 1Y) Hessian 4 A
TEAE AT o0, 4559038 3. R s kb 1) Hessian RE
ARAEAE Ap 520 H AR /IS B K FE BB a3y, 1)
AR HIRAE B A (TSb2) Z B S=—0.54b, #k A, 1)

W RAB AR N FE IMb2—TSb2—Products ) “ 45 1)
HEA” (STS), JET “3 R4 iEs" .

A TR 5V 38 () P FL T R A 4 A, £ FI L
458 IMb1—TSbl—IMb2 13 F i % (— 158.72
kImol), gtk P X PR R S 20 S=
+0.4 BEHEAR/NEIR I, S5 X SR D — RL, R
ZRU(S=10.4) 4 45y id Y225 7. IMb2—TSb2— Products
BRI R B /b (7150 kdmol), 45 g 3k i (XI5 e () 7
IR K(S=—25—-S=+40.1), W& T e gt s
(S=—0.5). RIXF TS s 2 10 e, L4
Aok Y DX TR AR /) 6F 3 W A sl s B A [ B B, 45 i
PEX K.
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Table2 Electron density at the critical points on IRC in reaction (b)

S p [C(H—S(2)] p [S@—CIE) p [C—H(®)] p [CIE)—H®)] p (Ring critical point)

IMb2 0.1795 0.1242 0.2791
—30 0.1783 0.0540 0.2813
—26 0.1806 0.0494 0.2820
—25 0.1812 0.0483 0.2815 0.0189 0.0189
—2.0 0.1862 0.0434 0.2819 0.0210 0.0202
—1.0 0.2056 0.0369 0.2787 0.0319 0.0243
—05 0.2167 0.0346 0.2458 0.0469 0.0281
—0.3 0.2202 0.0334 0.2124 0.0590 0.0297
—0.2 0.2215 0.0326 0.1917 0.0672 0.0302

0.0 (TSb2) 0.2235 0.0310 0.1500 0.0890 0.0305
+0.1 0.2242 0.0303 0.1306 0.1028 0.0303
+0.5 0.2264 0.0781 0.1674
+1.0 0.2324 0.0459 0.2419
+15 0.2380 0.0326 0.2498
+20 0.2403 0.0238 0.2486

S—Reaction proceed; p—Electron density.

x3 gkl
Zil I?FZI-WHE

Table 3 Eigenvalues of the Hessian matrix of the ring point in

X (S= —25—~>S=+0.1) NI AL ) Hessian

the structure transition region

S P 1 A2 A3
—25 0.0189 —0.0174 0.0000 0.1015
—20 0.0202 —0.0181 0.0132 0.0978
—15 0.0218 —0.0195 0.0218 0.0958
—10 0.0243 —0.0220 0.0316 0.0934
—0.6 0.0273 —0.0249 0.0396 0.0910
—05 0.0281 —0.0256 0.0401 0.0917
—04 0.0290 —0.0262 0.0390 0.0939
—0.3 0.0297 —0.0265 0.0360 0.0980
—02 0.0302 —0.0264 0.0311 0.1041
—0.1 0.0304 —0.0260 0.0248 0.1115

0.0 0.0305 —0.0253 0.0168 0.1201
+0.1 0.0303 —0.0240 0.0000 0.1291

S—Reaction proceed; Ai—Eigenvalue of the Hessian matrix.
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