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Abstract The mechanism for the reaction CH,SH with NO, was investigated at the HL//B3LYP/6-311+
+G(2df,p) level on single potential energy surface. All stationary points involved in the title reaction were
calculated at the B3LYP/6-311+ +G(2df,p) level. Frequency calculation and intrinsic reaction coordinate
(IRC) analysis at the same level were applied to validation of the connection of transition states. The results
show that CH,SH+NO, system has four dominating reaction channels. Firstly, CH,SH and NO, take the
carbon-to-nitrogen approach forming an adduct HSCH,NO; (a), followed by C—N bond rupture along with
H(1)—0(2) bond formation leading to the major product P1 (CH,S+ #rans-HONO). This process with a bar-
rier height of 124.1 kJsmol '. HSCH,NO, (a) can undergo the C—O bond formation along with C—N bond
rupture to HSCH,ONO (b), and the barrier height is exceedingly high, 238.34 kJemol . b will take subse-
quent conversion and dissociation to products P2 (CH,S+ ¢is-HONO), P3 (CH,S+HNO,) and P4 (SCH,OH
+NO). All the channels are exothermic reactions and the reaction energy of generation is —150.37,
—148.53, —114.42 and —131.56 klJemol ', respectively. The channel R—a—TSa/P1—P1 is the major
channel for the reaction of CH,SH with NO,. Apparent activation energy for the major channel is
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—91.82 kJemol '. The fitted three-parameter expression for the major channel (R—a—TSa/P1—P1) is
KVTSCT=g83x 107" 4exp(12789.3/T) in the temperature range of 200~3000 K, in which k takes unit of

3 -1_-1
cm emolecule s .
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Table 1 Electronic structure energies (£), zero point energies (ZPE), total energies (E7), relative energies (ER) of the reactants, isomers,

products, and transition states and imaginary frequency (v) of TS

Species E%a.u. ZPE%/a.u. E‘/a.u. Eg/(kJemol 1) viem™!
CH,SH —437.5653376 0.031136 —437.5342016
NO, —204.9144319 0.008774 —204.9056579
R (CH,SH+NO,) —642.4797695 0.03991 —642.4398595 0
a —642.5717205 0.049607 —642.5221135 —215.96
3a —642.4633427 0.046579 —642.4167637 60.64
b —642.5703188 0.047574 —642.5227448 —217.62
b* —642.5707318 0.047874 —642.5228578 —217.91
P1 (CH,S+trans-HONO) —642.5419361 0.044804 —642.4971321 —150.37
P2 (CH,S+cis-HONO) —642.5411821 0.044751 —642.4964311 —148.53
P3 (CH,S+HNO,) —642.5299156 0.046474 —642.4834416 —114.42
P4 (SCH,OH+NO) —642.5356921 0.045725 —642.4899671 —131.56
TSa/P1 —642.5225786 0.047748 —642.4748306 —91.82 329.9i
TSa/b —642.4760448 0.044712 —642.4313328 22.39 578.2i
TSb/b* —642.550364 0.046333 —642.504031 —168.48 354.3i
TSb*/P2 —642.5069873 0.044441 —642.4625463 —59.56 990.5i
TSb/P3 —642.5124968 0.046384 —642.4661128 —68.93 537.6i
TSb/P4 —642.4969155 0.044497 —642.4524185 —32.97 1676.1i
’TS —642.4408018 0.044414 —642.3963878 114.13 483.1i

“ At the HLlevel; * at the BSLYP/6-311+ +G(2df,p) level; at the HL+ZPE level.
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Figure 1 The optimized geometrical structures for all the stationary points and transition states in the title reactions at the B3LYP/6-311

++G(2df,p) level [bond length (nm)

, bond angle (°)]

The experimental date in square brackets {ref. [24] for NO,; ref. [25] for NO, trans-HONO, cis-HONO}. The calculated date in brackets {ref. [5] for CH,SH at the
B3LYP/6-311G(d,p) level; ref. [9] for CH,S at the B3LYP/6-311+ +G(d,p) level; ref. [12] for isomers HSCH,NO; (a) at the G2(MP2) level}
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Table 2 The energy information (kJemol ~') with the
B3LYP/6-311+ +G(2df,p), ZPE correction at HL level
Channel 1 Channel 2 Channel 3 Channel 4
AE? —91.82 22.38 22.38 22.38
AE? 124.14 238.34 238.34 238.34
AE, —150.37 —148.53 —114.42 —131.56
AH, —161%5 —159+5

¢ AEf: Apparent activation energies (channel 1: Ergyp;—ERr, channel 2—4:
Ersan—ER); AElf: Rate dominative step potential barriers (channel 1: Etsypi—
E, , channel 2—4: Ergyn—E,); AE,: Reaction energies; AH,: The estimated
reaction enthalpy which derived from the formation enthalpies of reactants and
products {NOy: (33.100.8) kJemol ', trans-HONO: (—78.83+1.34) kl
mol !, cis-HONO: (—76.74%1.34) kJemol . in ref. [26]; CH,SH: (165+5)
kJemol ™', CH,S: (11525) klemol ™. in ref. [12]}. Reaction enthalpy AH; for
CH,SH-+NO,—CH,S+HONO which derived from calculated data {—165.9,
at the G2(MP2) level; —141.9, at the CBS-4 level; —151.2, at the CBS-Q
level; —118.4, at the B3LYP/6-31+G(d) level. in ref. [12] (kJemol ', 298

K)}.
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Figure 2  Potential energy profile for the CH,SH-+NO, reac-
tion at the HL//B3LYP/6-311+ +G(2df,p)+ZPE level
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Figure 5 Fitted Arrhenius plots of the rate constant calculated
at the HL/B3LYP/6-311+ +G(2df,p) versus the reciprocal of
temperature (K) over the range of 200~3000 K (channel 1)
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