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Abstract The reaction mechanism of CH3SH with NO, was investigated by using the density functional
theory. The optimum geometries and frequencies of the reactants, transition states and products were com-
puted at the B3LYP/6-311+ +G(d,p) level of theory. Stationary points of the reaction channels were con-
firmed by the vibration analysis and the intrinsic reaction coordinate (IRC) tracing. The species energies at
all stationary points were corrected by single-point calculations at the G3B3 and CCSD(T)/6-311+ +G(d,p)
levels. The rate constants of the reactions were evaluated by means of the classical transition state theory and
the canonical variational transition state theory in which the small-curvature tunneling correction was in-
cluded. Five possible reaction channels have been identified for the title reaction. Based on the potential en-
ergy surface and the kinetics, it can be concluded that the major reaction channel is the hydrogen abstraction
of SH by N atom of NO,, leading to the formation of CH;S and HNO,. In the temperature range of 200~
3000 K, the overall rate constants are of positive temperature dependence, and the rate constant of channel
R—TSI—Pl can be described by the expression as VST =193 x 107 'ZIeXp( — 558.2/T)
cm’smolecule 'es .
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Figure 1 The geometries of reactants, transitions states and products (Bond lengths are in nm and bond angle and dihedral angle are in

degree; D is dihedral angle and the numbers in the following parentheses refer to atom labels shown in the figure)
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Table 1 The zero point energies (ZPE), total energies (E1) and relative energies (Eg) for various species in the reactions of CH;SH+

NO, system
. CCSD(T)/6-311++G(d,p) G3B3
Species ZPE%/a.u. > - -
Er’/au. Ex/(kJemol ) Er/a.u. Er/(kJemol )

CH3;SH+NO, 0.0547 —642.71040 0.00 —643.48770 0.00
TS1 0.0527 —642.68356 70.73 —643.45801 78.25
TS2 0.0534 —642.66878 109.69 —643.44762 105.64
TS3 0.0518 —642.66882 109.59 —643.44905 101.87
TS4 0.0502 —642.67280 99.09 —643.45151 95.38
TS5 0.0550 —642.63910 187.92 —643.42773 158.06
P1(CH3;S+HNO,) 0.0573 —642.68408 69.36 —643.46279 65.65
P2(CH;S+trans-HONO) 0.0555 —642.70049 26.11 —643.47586 31.20
P3(CH,SH+HNO,) 0.0529 —642.66899 109.13 —643.44962 100.37
P4(CH,SH+cis-HONO) 0.0511 —642.68376 70.21 —643.46164 68.69
P5(CH;S(O)H+NO) 0.0546 —642.69462 41.59 —643.49073 —7.97

“ At the BALYP/6-311++G(d,p) level; » CCSD(T)/6-311+ +G(d,p)+ ZPE.
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Table 2 The rate constants for the reactions of CH;SH+NO, at the CCSD(T)//B3LYP/6-311+ +G(d,p) level

T/K ke k° ke ks ks®
200 4282%x10° %8 2.898X 10 1.13x 1073 3.350X 10> 4.660X10"%°
298 4923 X102 6.924%X107% 2.16X 107 2.196X10"% 3.058X10°%
300 5.588X107 % 8.147X10 % 2.77%X1073! 2.660X 10> 4.881X10°%
400 6.228X10 2 6.619X 10 2 2.85%X10°% 4.773X 1072 1.974Xx10°%
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2000 6.214%X107"7 3.932x10°" 3.25%X10°"Y 3.068X 10 1% 638010 '®
2500 1.200x 10716 1.293X10 '8 8.07Xx10° " 8.748X10 '8 5.153% 10"
3000 1.538x 10716 2.869x 10 1% 1.43%X10° '8 1.764%X 10" 2.882x 10"
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Figure 3 The rate constant calculated at the CCSD(T)//B3LYP/6-311+ +G(d,p) level as function of the reciprocal of temperature over

the range of 200~3000 K
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Figure 4 The branching ratios of rate constant for the five reac-
tion channel over the range of 200~3000 K
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