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Abstract:
311++G(d,p) basis set, and three reaction channels were found. The geometries of the reactants, intermediates, transition

The reaction mechanism of CH,SH with radical CN+ was investigated by using B3LYP method with 6-

states, and products were optimized. Stationary points of the reaction channels were confirmed by the intrinsic reaction
coordinate (IRC) tracing. The energies of the species were corrected at CCSD/6-311++G(d,p) level. The calculated
results successfully explained the conclusions of Brian’s experimental study. The cleavage and formation of the
chemical bonds in the reaction process were discussed by the topological analysis of electronic density, and the
transition state with six-member-ring structure (STS) was found.
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CN-+CH,SH—CH,S - +HCN 1) REHGASESE B RA AR, Eid IRC IR
CN-+CH.,SH—CH,S - +HNC 2) EE, BN T 2 IS S N ) P TR R = Yy 1) 1% 42
CN-+CH,SH— +CH,SH+HCN (3) KA.

CN-+CH;SH— - CH,SH+HNC 4) TE R RGEE O, CN- B i EEH R C 5 e

R 4 ARV E R AHOS R (-157+7) (95
10).(=129+11) F (=69+13) kJ -mol™, 1fij CH,SH 5
CN - [ H 58 s A B I i A DL AR . AR SCR
P s, WY T CON- A i3S CH,SH J
Jof B IOURATL L, 15375 380 (%) Js 107 368 1 B 4% 38 3 114 i
NPEE S Brian ZE0S256 25 FAH— 2, i 0
I b AR AR 2 B A AR AT B, X2 SN A4 R B O
MLERHE 7 T BRI HEIA.
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- CH,SH+HNC (P3) (7)
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17, C(7T)—H(6) 8% A 4 5, H(6)—S (5) 5% i i
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FH, 0RO R B S P A
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S TR ) CHLSH /Y S JE 1 5 30T, TB A A 8] 44
IM2a. CH,SH th & 2B 1 %%, #idk B/ S i, i H |
FEITCN - N 5. Bk I TS2a B, N(7)—
S(5)EEWT R, N(T)—H(6) A= . 4 i PEAS TS2a,
IEEF S(5)—H(6)EE KA 0.1372 nm, N(7)—H(6)5#E N
0.1823 nm, S(5)—H(6) B4k LK B E Wi, N(7)—
H(6) 84 1, & /™9 P2a, Bl CH,S - Fl HNC. %5 —
# & P2a—TS2b—P2b (- CH,SH+HCN)jd #2. CH,S*
A HNC 2k )i, HNC H H(6) 581 S(5) AT F%,
N(D)—H6)#EZ K, S(5)5 H(6) 0] 2 #i 45 4
TERL S(5)—H(6)5#, £ C(8)N(T)H(6)4E/N, [F]i HNC
H C(8) )5 F 1] CH,S - FP 1) H(2)4E i, T Al ad 2%
TS2b. ZJ&, C)—HE)EZ Hi i EWiZ, HER)—C
8k A4, X R4 P2b, Rl - CH,SH Al HCN.
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Fig.1 The optimized geometries of reactants, intermediates, transitions states, and products
bond length in nm; bond angle and dihedral angle in (°); D is dihedral angle and the numbers in the following parentheses refer to atom

labels shown in the figure.

& 2 ] F Y, JOmiE (D, IM1—>TS1—P1 49.37 kI -mol™, 2 W #4 59.33 kJ -mol ™. 5 SCHkAH
TR AR 43.54 KT -mol™, AIXF TRV Y, ZiEE b, THEAS B A = AN 1E 0 KON IR R 174.48
B RN N 174.48 KT *mol™. W i@ (IDH IM2a—  112.37GEIE T 55 —4)  121.45GE & 11 45 — )l
TS2a—P2a 3 FL YA K 56.07 kJ *mol ™, 1ij P2a—  59.33 kJ-mol™, 55 Brian U752 {H (-157+7) . (=95
TS2b—P2b &I FEH #4224 169.60 kI -mol ™, A £10) . (=129+11)F1(-69+13) kJ - mol™ FEAW) &

X SN0 8 B 0 #4330 112,37 T 121.45 KJ - H IR A SNSRI N 2754y
mol™. [ NHIE (DY, W H— TS3—P3 M3 A% S0 3 18 Ay 5 35 22 F S #4538 1 (D 5
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80t 49.37 ‘ INEY AR R, R SCZAEAB R K AB SR Y 45 44
o LA &= H B A W T, S5 X
o :Cn,\smcy_,_n' 416 '-,: B ' R PER, B IRC %42 E AR EAR RAE AL FR N
'—é of %Azz_n??_so A “RE R P A (ETS) 224,
2 of vl Ll i ensmanc TE SN 8 38 (DA A, F 2 & S—H i
b (s C—H §) MIIF 201 C—H HE (s N—H H) i1
o civane”.  Bonsmnes g RS R REIE D 4 IM2a—TS2a—P2a
Tt P s AL, EL7E SN 8 T8 (1) 45 — A A7 e BR AR 25+ I
ST LR R Bl R, TR A S v il B e, b
M2 CHSHS CN-RsEH&HEAMIAMIER B g LA G TR I AR ST LR 3 3 (1)

Fig.2 Relative energies of the stationary points on the
reaction pathways of CH;SH and CN-
calculated at CCSD/6-311++G(d,p) level

TR B 22 R AR (43.54 kT - mol ™), T S W Tl iR 22
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TS2b—P2b (- CH,SH+HCN) f{{] J )i} #+ 22 (169.60 kI -
mol )FHXTHE R, FRATTT ™ P2b 7244 RO W AR R
R (B A ARDG /0N, 3 3 (D) Y B 42 B 41K, 1
ZEE R, B P3 B AE R B S T P1
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AN, g2 T, KA CN- Al TR C
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F IRC 342 F 00—, IS PR 5 — 2 gl 4 i
BB MIEN, 7 IRC &2 M —A i E T
] () S A TR L BRIE 26548, 78 IRC 212 FiZ I IE
S ER BB 2R A DX SRR Ol “ G5 A L U X AR
XA, IR IIE ST 25, ¥R 8% 1Y Hessian #H
FA: 1) — A AREAEL (ST A A) EL A MO/ B K B AR

IM2a—TS2a—P2a—TS2b—P2b 32 K F 47 HL 7

BN

231 R BE# ()% IM20—TS20—P2a ty 8 F 5 & 4 4h
Vil

X J52 I3 38 38 (1) IM2a—TS2a—P2a 33 T2 1 %%
ST AN, K 1 IRC Wi
A B S IRIMERT, Kl 3 &% BB AR
K.

M 1. E 3 a]F H, £ IM2a—TS2a—P2a i
i, N(7)JEF5edk I CH,SH Y S(5) 5 1-TE i Hh ]
A& IM2a, Bt LW E T, N(7)—S(5) S E s kb A v o
B PE N, N(7)—SG) BRI S S(5)—H(6)# 1]
H(6)E %, 1E S=—1.19 B} (S F/n KR AR FR), N(7) i
T 5 S(5)—H(6)F ¥ s AHIE, B T B3 I 4544
(STS2a), BP25— 2R 45l JEA, 24 S=-1.09 W}, 3% 4%
N(DJEF5H S(5)—H(6) R 2 H(6), N(7)—
H(6)TE . 24 R b 28 Py 1 P2 ETS2a J&, S(5)—
H(6)# K Z W7 K, [RIB N(7)—H(6)8# K% #4644,
WRZIE ™4 CH,S - Fil HNC.

Pl B o 55 B AR 1 R Bl AT LU Y, e

#1 IM2a—-TS2a-P2a FEHEXEINEFTEE p*
Table 1 Electron density at the critical points of

IM2a—TS2a—P2a
o
N(7)—S(5) S(5)—H(6) N(7)—H(6) STS2a
IM2a 0.0472 0.2204
-1.98 0.0212 0.2200
-1.29 0.0191 0.2199
~1.19(STS2a) 0.2200 0.0193
-1.09 0.2198 0.0196
0.00(ETS2a) 0.2091 0.0411
0.70 0.1449 0.0955
1.50 0.0210 0.3155

1S: reaction coordinate; %p: electronic density(a.u.)
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Fig.3 Molecular graphs on IM2a—TS2a—P2a in
reaction pathway (IT)

(®) critical points

IM2a—TS2a—P2a (3L T2 H, S(5)—H (6) %5 ¥ s &b
B p M 0.2204 ZEHiE/NF] 0.0210, FHH S(5)—H(6)
SBOR RS, K B K =W R, 7E S=1.09
BF, N(7)—H(6) ST LR T B, Bl S W i1 7, LB A
Ak p 1 0.0196 Z T K E 0.3155, & N(7)—H(6)
H e, BRI M"Y,
232 RN F P2a—TS2b—P2b By B F 5% & 45 4h
il

X} P2a—TS2b—P2b H 45 S s 17 HL %%
FER AN, 25 RH T3 2, 0l T4 F &, i 4
B . H(O) I F i X S(5) I+, S(5)—H(6) # & #i

4%, N(T)—H(6) BEZHH K, £ C@N(DHG)E/N,
CE)FFn] HR)FE, 16 N S=—3.84 5}, H(2)—
N(DFEIE B, I AT P45, RS LTS
H(2)—N(7)f 8 S F A, SR )5 H(2)—N(7) 54 4 1)
C®)BH#, S=—3.49 I, B T EIS TIOR3 8 25 44
(STS2b1), 24 S=-3.44 B}, C(8)5 H) i, ¥ il —
AISTCAEEH, &7 JEA ETS2b 2 )5, i C(8)—
H(2)8 1 45 45 F1 N(7)—H(6) B il 4k S A, BRI
B N(D—H(6) 5 5E T, 4 S=1.69 B, ik
N(7)—H(6) 8% 5 JL-FE 4, S=1.79 i}, N(7)—H(6)
WS, SOUHIE R, IR, C(O)—H(2) % Wi b
K, [ C(8)—H (2) %5 & i 4 46, e &I W™ 9 -
CH,SH 5 HCN.

¢ 2 R AT 1, 7F P2a—TS2b—P2b #%
A R, N(7)—H(6) 5 B a5 Ab iy 235 5 4 1 0
/N, BEBH N(7)—H(6) 58 B K 4 55, S(5)—H(6) # %
S HE g 28 P SR R, A S(5)—HI(6) 58 A ik
5% . 7ES=1.79 Bf, N(7)—H(6)5 i 24, 78 S=-3.44 i,
C(8)5 HQ) W H /s o g #y B S , C(8)—H(2)
SHtA R A PR 28 R TR O, B A, SR iR R Y
5. X C(1)—H(2)5, 78 ETS2b fig i A Z 01,
C(1)—H(2) 5 # s Ab W o7 25 BE AR AL R K, TEL T fig
HAT AT, CQ)—H(2)/ 8 5 i Ab i oy 2 i 34 147 8
JIN, SHER R B 5S, FE AR R T

TE P2a—TS2b—P2b i F 1, C(1)—S(5)5 5
N(7)—C(8) AL ABH &, UL 5 /347, P2a—

%2 P2a—TS2b—P2b TREFEKEEANEEZEEp

Table 2 Electron density at the critical points of P2a—TS2b—P2b

p
§ N(7)—C(8) N(7)—H(6) S(5)—H(6) C(8)—H(2) C(1)—H(2) ring critical points
P2a 0.4378 0.3155 0.021 0.2771
-3.94 0.4394 0.0366 0.2072 0.2769
-3.84 0.4392 0.0355 0.2081 0.2768 0.0063
-3.64 0.4357 0.0335 0.2095 0.2771 0.0064
-3.49(STS2b1) 0.4350 0.0321 0.2102 0.0068 0.2769 0.0065
-3.44 0.4349 0.0316 0.2105 0.0069 0.2769 0.0065
-3.24 0.4340 0.0298 0.2113 0.0072 0.2766 0.0066
-1.38 0.4401 0.0173 0.2149 0.0124 0.2706 0.0068
—0.83(STS2b2) 0.4389 0.0148 0.2155 0.0146 0.2686 0.0068
-0.77 0.4400 0.0146 0.2160 0.0149 0.2691 0.0068
0.00(ETS2b) 0.4403 0.0107 0.2163 0.0209 0.2629 0.0067
+1.50 0.4453 0.0060 0.2166 0.0455 0.2352 0.0059
+1.69 0.4465 0.0057 0.2166 0.0507 0.2295 0.0057
+1.79 0.4472 0.2167 0.0537 0.2260
+2.89 0.4647 0.2163 0.1553 0.1073
+4.88 0.4844 0.2159 0.2880 0.0180
+9.02 0.4844 0.2162 0.2859 0.0048
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Fig.4 Molecular graphs on P2a—TS2b—P2b in reaction pathway (II)

(®) critical points

TS2b—P2b i FE & N(7)—H(6)# 5 C(1)—H(2)5# /Y
Wi, S(5)—H(6)5E5 C(8)—HR)H I it 2.

£3 GHHTIER(S=-3.84—+1.69) NIRE AR HIIRIMER
Table 3 Topological properties of the ring critical
point in the structure transition region
(§=-3.84—+1.69)
s p Eigenvalues of Hessian matrix
A Ay As
-3.84 0.0063 -0.0037 0.0007 0.0249
-3.64 0.0064 —-0.0036 0.0022 0.0249
-3.49 0.0065 —-0.0036 0.0030 0.0247
-3.44 0.0065 —-0.0036 0.0033 0.0246
-0.90 0.0068 —-0.0043 0.0115 0.0213
—-0.83 0.0068 —-0.0043 0.0116 0.0214
-0.77 0.0068 -0.0043 0.0115 0.0214
-0.34 0.0068 —-0.0043 0.0112 0.0218
+0.00 0.0067 -0.0043 0.0100 0.0227
+1.50 0.0059 -0.0037 0.0023 0.0245
+1.59 0.0058 —-0.0037 0.0016 0.0244
+1.69 0.0057 —-0.0037 0.0007 0.0242

XA Fa et 8 X P 38 A b 1Y Hessian B FGEAR
TEAE I 20, S50 W36 3. I\ §=-3.84 I} FLICHIE
A, 7E IRC & 4% b 30 ek i 8] A B AR TR 1 i B oAR
g5y, 3| §=1.79 B 7S JCITH R, X B X AR P2a—
TS2b—P2b £ FE 1Y) “HEA I P X7, % PR d i b 1Y
Hessian HiFEASE(E A #6470 07, ARNEE A, 2B
MINEIR R PR /N AR Ak R 3, Bl R S B fig i
i ¥ 5 ETS2b Z | §=-0.83 Ab, i% &5 N P2a—
TS2b—P2b 145 H PR (STS2b2), J& T4 —2k
SER L IER.

3 & &

(1) #6317 CH,SH 5 CN- H H &5 i 1Y = AN
OB, IR R T Brian 250758 1o 524 Ay DY
AN TE, BRS T A RN I S (IR AR )
A, I I Nl A Y.

(2) CH;SH 5 CN- H H 2 52 L 4 4538 18 35 M ik
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