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Fig. 1 The isomerization reaction of azide forl, 5-diamino-tet-

razole (DAT)
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Fig. 2 Optimized geometry structure for 1, 5-diamino-tet-
razole (DAT) with B3LYP/6-311G

Selected bond lengths and angles of the optimized geometry for DAT by B3LYP/6-311G calculations

bond bond lengths/nm bond bond angle/(°) bond dihedral angle/(°)
C(1)—N(4)  0.134 C(1)—N(4)—N(3) 105.51 N(2)—N(3)—N(4)—N(5) 0.02
C(1)—N(5)  0.136 N(4)—N(3)—N(2) 111.98 N(3)—N(4)—C(1)—N(5) 0.00
C(1)—N(6)  0.135 N(3)—N(2)—N(5) 104.92 C(1)—N(4)—N(5)—N(6) 0.00
N(4)—N(3)  0.141 N(2)—N(5)—C(1) 108.71 C(1)—N(6)—H(7)—H(8) 179.98
N(3)—N(2) — 0.131 N(5)—C(1)—N(4) 108.88 N(2)—N(5)—N(9)—H(10)  62.93
N(2)—N(5)  0.142 N(9)—N(5)—C(1) 125.90 C(1)—N(5)—H(9)—H(11) 116.02
N(5)—N(9) 0.138 N(6)—C(1)—N(5) 123.23 N(4)—C(1)—N(6)—H(8) 0.03
N(9)—H(10) 0.101 C(1)—N(6)—H(7) 119.78 N(5)—C(1)—N(6)—H(7) 0.05
N(9)—H(11)  0.101 H(7)—N(6)—H(8) 120.75
N(6)—H(7)  0.100 N(5)—N(9)—H(10)  112.00
N(6)—H(8)  0.100 H(10)—N(9)—H(11) 112.83
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Table 2 NBO charges of 1,5-diamino-tetrazole (DAT)
element charges element charges
Cc(1) 0.516 H(7) 0.404
N(2) -0.98 H(8) 0.406
N(3) ~0.053 N(9) -0.635
N(4) -0.377 H(10) 0.368
N(5) ~0.126 H(11) 0.368
N(6) ~0.774
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Fig.3 Cycling reaction of azide for1 ,5-diamino-tetrazole ( DAT)
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Table 3 The optimized geometric parameters of the reactant, transition state and product for azide isomerization at B3LYP/6-311G

level of theory

matter  bond bond lengths/nm bond bond angle/(°) bond dihedral angle/(°)

CNgH, N(2)—N(3) 1.147 N(2)—N(3)—N(4) 162.42 N(2)—N(3)—N(4)—C(1) 0.00
N(3)—N(4) 1.258 N(3)—N(4)—C(1) 106.72 N(4)—C(1)—N(6)—N(5) 180.00
N(4)—C(1) 1.422 N(4)—C(1)—N(5) 117.42 N(6)—C(1)—N(5)—N(9) 0.00
C(1)—N(5) 1.305 N(5)—C(1)—N(6) 128.24 C(1)—N(6)—H(8)—H(7) 180.00
C(1)—N(6) 1.355 N(9)—N(5)—C(1) 114.06 C(1)—N(5)—N(9)—H(11) 121.95

TS N(2)—N(3) 1.174 N(2)—N(3)—N(4) 140.59 N(2)—N(3)—N(4)—C(1) 0.39
N(3)—N(4) 1.315 N(3)—N(4)—C(1)  105.39 N(4)—C(1)—N(6)—N(5) 180.00
N(4)—C(1) 1.427 N(4)—C(1)—N(5) 118.35 N(6)—C(1)—N(5)—N(9) 0.13
C(1)—N(5) 1.305 N(5)—C(1)—N(6) 126.14 C(1)—N(6)—H(8)—H(7) 179.77
C(1)—N(6) 1.348 N(9)—N(5)—C(1) 116.78 C(1)—N(5)—N(9)—H(11) 120.08

DAT  N(2)—N(3) 1.307 N(2)—N(3)—N(4) 111.98 N(2)—N(3)—N(4)—C(1) 0.02
N(3)—N(4) 1.410 N(3)—N(4)—C(1) 105.51 N(4)—C(1)—N(6)—N(5) 180.00
N(4)—C(1) 1.341 N(4)—C(1)—N(5) 108.88 N(6)—C(1)—N(5)—N(9) 0.02
C(1)—N(5) 1.364 N(5)—C(1)—N(6) 123.23 C(1)—N(6)—H(8)—H(7) 179.98
C(10)—N(6) 1.350 N(9)—N(5)—C(1) 125.90 C(1)—N(5)—N(9)—H(11) 116.02
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Theoretical Studies on Kinetics of Isomerization Reaction for 1 ,5-Diamino-tetrazole

HE Piao', ZHANG lJian-guo', MAN Tian-tian' , WANG Kun', ZHANG Shao-wen’
(1. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China; 2. School of Chemistry, Beijing Institute
of Technology, Beijing 100081, China)

Abstract: The electronic properties of 1, 5-diamino-tetrazole( DAT) and isomerization reaction kinetics were studied based on densi-
ty functional theory. The geometry structure, vibration frequencies, natural bonding orbital, and zero point energy (ZPE) of station-
ary points involved in the reaction was calculated at B3LYP/6-311G level of theory. The intrinsic reaction coordinate theory (IRC)
was used to obtain the minimum energy path (MEP). The reaction potential energy curve was obtained by calculating the single
point energy with CCSD (T) method. The rate constants are evaluated from 200 to 1000 K using transition state theory (TST), TST/
Eckart and Canonical variational transition state theory (CVT). Results show that N(4) and N(9) in DAT molecule participate easily
in coordination with metal atoms, forming a series of coordination compounds. The isomerization reaction for DAT displays azide-
cyclization mechanism. At gaseous case, the reaction is exothermic and spontaneous, with lower reaction activation energy.

Key words: physical chemistry; 1,5-diamino-tetrazole( DAT) ; density functional theory; cyclization mechanism; dynamics
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