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Table 1 The imaginary frequencies(cm™) and their corresponding vibrational modes at the transition states

TS11 TS12 TS21 TS31
2084.941 370.66i 480.561 1023.23i
X Y z X Y V4 X Y V4 X Y V4
H1 -0.10 0.24 0.00 -0.07 0.06 0.18 -0.16 0.14 —0.04 0.10 0.99 0.00
N -0.06  -0.04 0.00 0.02 -0.02 0.01 -0.35 0.30 0.20 -0.01 0.06 0.00
Cl 0.07 0.02 0.00 -0.04 0.07 -0.04 -0.11 0.10 0.07 -0.01 -0.12 0.00
S -0.01 0.00 0.00 -0.24 0.16 -0.08 -0.06 -0.05 -0.02 0.00 0.00 0.00
C2 -0.06 0.51 0.00 0.65 -0.47 0.32 0.68 -0.24 -0.27 0.00 0.01 0.00
C3 0.06 -043 0.00 0.00 0.01 -0.09 0.00 -0.07 0.04 0.00 0.00 0.00
H2 0.11  -0.68 0.00 0.22 -0.21 0.05 0.21 -0.12 -0.06 0.01 0.01 0.00
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Ex(au.) Eusyp(a.u.) Ewgasorfaun.)  E/kJ+mol™

HNCS 0.018579 -491.676129  -490.913639

CH 0.013375 -76.617570 -76.426527

R 0.025102 -568.293699  -567.340202 0.0
M11 0.036839 -568.339501 —-567.392659 -137.7
TS11 0.031933 —568.288095 —-567.336637 9.4
M12 0.037480 -568.360184  —-567.420554 -210.9
TS12 0.035447 -568.353401  -567.405568 -171.6
M21 0.039366 -568.376606 —567.423778 -219.4
TS21 0.035858  —568.309691  —-567.387652 -124.6
NCS 0.007045 -491.031796  —-490.272789

C,H, 0.025227 —77.331427 —77.141054

P12 0.020991 -568.363403  -567.413843 -193.3
IM31 0.040245 —568.355399  -567.406207 -173.3
TS31 0.030845 -568.236964  —-567.344203 -10.5
P3 0.029302 —568.319950 —-567.370582 -79.7
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Theoretical Study on the Mechanism and Dynamics for the Reaction of HNCS with
C.H(XeII) Radical *

LIU, Peng-Jun** DU, Qi-Shi® CHANG, Ying-Fei* WANG, Rong-Shun®

(‘Department of Chemistry, Hainan Normal University, Haikou 571158; *Department of Chemistry, Tianjin Normal University,
Tianjin 300074; ‘*Institute of Functional Material Chemistry, Faculty of Chemistry, Northeast Normal University, Changchun
130024)

Abstract The reaction mechanism of HNCS (isothiocyanic acid) and C,H(X?I]) radical has been investigated by
using the density functional theory(DFT) at the BBLYP/6-311+G ™ * level. The single point energies along the
minimum energy path have been further refined at the UQCISD(T)/6-311+G " * level. The dual-level direct dynamics
method was employed to gain the information of potential energy surface for the reaction of HNCS with C,H(X?IT)
radical. The rate constants were calculated over the temperature range of 250~2500 K by using variational transition
state theory, and the small-curvature tunneling is included. The results show that the reaction mechanism of HNCS
and C,H(X?I]) radical involves three path and NCS+C,H, are main products. It is found that the rate constants of the
reaction are positively dependent on temperature. The variational effect for the rate constant calculation is very
small in whole temperature range and the small-curvature tunnelling effect is only important in the lower temperature

range. The reaction is exothermic.

Keywords: HNCS, C,H(X?[])radical, Direct dynamics, Rate constant
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