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Table 1 The decomposition trajectory of s-tetrazine observed
in ab initio MD study

path observed reactions freqs
N—N N—N

1 H—C Ne—n—eH—¢ c—H—m N, +2HCN 84
N—N el

2 No reaction 16

Total 100

3.2 EFULEIE
3.2.1 HMBESTFHEHTHT

A B3LYP/6-311G(d,p) /KF T 158 e it 5%
(JLE IR) U7 1 BAT G, AR, PO 35 F C—N
K4 0.1336 nm ,N—N # K54 0. 1322 nm, HK
LI P8 (NBO) 43 B & B, 3F | C—N N—N 1}
Wiberg §8 25 73 Il Jy 1. 429 Fl 1. 444, 24 4b b e 5 58

(1.0) IR EXUHE (2.0) Z 8] H — B A e b 75 T fig
E(2) (W3 2) ", 3 B4 C—NN—N FI N Ji 5 F
14 DIC R X6 S e JEG ] 62 b A9 S B I A s A A . LA
oA B oy — ey 1, B — E R E T
R2 HNUESFHOBI_MEELIEMREE E(2)

Table 2 The part stabilization interaction

energies E(2) of s-tetrazine kJ - mol ™'

donor (i) acceptor(j) E(2) donor(i)  acceptor(j) E(2)
LP(N1) BD* (N3—C5) 42.26
LP(N2) BD* (N1—C5) 38.66
LP(N2) BD* (N4—C6) 42.26
LP(N3) BD* (N1—C5) 42.26
LP(N3) BD* (N4—C6) 38.70
LP(N4) BD* (N2—C6) 42.26

LP(N4) BD* (N3—C5) 38.70

BD(NI—C5) BD* (N2—C6) 79.24
BD(NI—C5) BD* (N3—N4) 86.15
BD(N2—C6) BD* (NI—C5) 79.24
BD(N2—C6) BD* (N3—N4) 86.15
BD(N3—N4) BD* (NI—C5) 102.76
BD(N3—N4) BD* (N2—C6) 102.76
LP(NI) BD" (N2—C6) 38.66
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Fig.1 Optimized structures of the reactant, the products and
the transition state (bond length in nm. arrow directs

imaginary vibration mode of the transition state)
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Table 3 The energy of the reactant, the products and the transition state and the calculated energy barriers (with ZPE) kJ - mol ™'

energy

energy barrier

R TS HCN N2 forward reverse
B3LYP/6-311G(d,p) —-778039. 84 -777879. 66 -245315.01 —287624.43 160.18 374.78
CCSD(T)/6-311G(d,p) -776111.74 -775956.12 —244705.65 —-286980.20 155.62 435.38
B3LYP/6-311 + G(2df,2p) -778111.12 -777941.59 —245334.48 —287650.63 169.52 378.01
G3MP2B3 -776556. 89 -776392.87 —-244834.85 -287127.75 164.02 404.58
G3B3 -777280. 10 -777112.90 —-245074.10 —287371.47 167.20 406.78
CCSD(T)/ 6-311 + G(2df,2p) -776566. 83 -776398.22 —-244838.22 —287132.44 168.61 410. 66
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Fig.2 The reaction channel and energy barriers of
the thermal decomposition of s-tetrazine

( corrected by the zero-point energies, in kJ + mol ")
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Rate constants of the thermal decomposition reaction for

s-tetrazine at different levels
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Thermal Decomposition Mechanism of s-Tetrazine by

ab Initio Molecular Dynamics and Density Functional Theory

XIONG Ying', SHU Yuan-jie', ZHOU Ge*, WANG Xin-feng' , TIAN An-ming’
(1. Institute of Chemical Materials, CAEP, Mianyang 621900, China; 2. Department of Chemisiry, Sichuan University, Chendu 610064 , China)

Abstract: By combining the ab initio molecular dynamics ( AIMD) method and density functional theory ( DFT) , the thermal decom-

position mechanism of s-tetrazine was studied. The dissociation channel was first simulated in a number of trajectories using the VASP

package based on ab initio MD method, then further examined by Gaussian 98 at the B3LYP/6-311G(d,p) level to locate the minimum

points and the transition structure. The high accuracy single point calculations were performed by B3LYP/6-311 + G(2df,2p) , G3MP2B3,
G3B3, CCSD(T)/6-311G(d,p), CCSD(T)/ 6-311 + G(2df,2p) and the rate constants were calculated by the microcanonical variational

transition state theory (WwVT). The studies suggest that s-tetrazine undergo concerted triple dissociation to form one N, and two HCN.

Key words: physical chemistry; s-tetrazine; density functional theory (DFT) ; ab initio molecular dynamics (AIMD) ; thermal decomposition



