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Fig.1 Optimized geometries of tetrazolium and eight dimers(atom C: @; N: @; H: o)
#1 8# N,CH,-N,CH, _REREMEN/LMEHSHMEBEERER
Tab.1 Geometry parameters and interaction energy of eight N,CH,-N,CH, stable dimers
gk R/ R R/ ARy ,/ AE/ AE ./ AE ., o/
nm nm nm nm (kJ -mol™)  (kJ+mol™") (kJ-mol™")
0.103 2 0.101 8 0.280 1 0.001 4 -141.58 -139.45 —134.58
A-a-34 0.104 7 0.102 0 0.273 4 0.002 7 -141.58 -139.45 —134.58
B-d-4 0.110 9 0.101 7 0.266 1 0.009 2 -104.84 -102.63 -102.43
B-d-1 0.108 5 0.101 7 0.2712 0.006 8 -61.63 -59.67 -59.54
A-c4 0.108 9 0.102 0 0.266 4 0.006 9 -117.46 -115.40 -113.89
A-d-4 0.107 6 0.101 7 0.267 9 0.005 9 -115.87 -113.85 -111.36
B-c-4 0.111 2 0.101 7 0.266 0 0.009 5 -105.93 -103.77 -103.90
A-c-3-1 0.113 4 0.102 0 0.262 7 0.011 4 -120.18 -117.77 -118.85
A-c-3-2 0.1135 0.102 0 0.262 7 0.0115 -120.18 -117.76 -118.90
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Tab.2 Results from NBO analysis and net charge transfer of eight N,CH,-N,CH, dimers

ZRE HE T HLE ZH T HE E/(k] - mol™") AQ/e
asd LP (1) N3 BD (1) HI4—N9 85.83 0,090 8
LP (1) N4 BD* (1) H8—NIO 42.04
B-d-4 LP (1) N4 BD* (1) H8—N9 260. 85 0.143 7
B-d-1 LP (1) N1 BD* (1) H8—N9 203.61 0.116 3
A-c4 LP (1) N1 BD* (1) H8—N9 209. 60 0.121 1
A-d4 LP (1) N4 BD* (1) H8—N9 179. 66 0.107 6
B-c4 LP (1) N4 BD* (1) H8—N9 264. 66 0.145 8
A-c-3-1 LP (1) N3 BD* (1) H8—N9 319.38 0.169 8
A-c-32 LP (1) N3 BD* (1) H8—N9 320.43 0.170 3
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Tab.3 Active energy of proton transition reactions for

eight N,CH,-N,CH, dimers

ZRk E/(K - mol ™) || Rk E/(KJ - mol™h)
B-d-4 3.96 A-d-4 9.02
A-a-34 12.66 B-c-4 4.45
B-d-1 1.66 A-c-3-1 3.53
A-c-4 5.16 A-c-3-2 3.53
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Study on the Intermolecular Hydrogen Bonds of Tetrazole Based
on Proton Conduction Mechanism

LI Huiping, YU Xiuli, GAO Pengjie, MAO Zhendong

(School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China)

Abstract; The geometric optimization and harmonic vibrational frequency for tetrazole dimers were carried out
by DFT at B3LYP/6-311 ++ G(2d,2p) level, in order to explore the relationship between the proton conduc-
ting and intermolecular hydrogen bond strength of tetrazole system. The structures, energy, natural bond orbit-
als and charge transfer of eight main N,CH,-N,CH, dimers were investigated. And then, the QST2 method
was employed in studying the dynamic process of proton transfer among the eight dimers at B3LYP/6-31 + G
(d) level. There were six transition states in the proton transfer processes among eight tetrazole dimers, and
their energy barriers were also calculated. The results showed that the N---H—N hydrogen bonds of tetrazole
dimers were the bridges which connected tetrazole and tetrazlium, and these hydrogen bonds showed strong in-
termolecular interactions and obvious red-shift characteristics. The interaction between the lone-electron pair
orbital of atom N and the anti-bonding orbital of N—H was the main source of the stabilization energy. The
strength of hydrogen bond was one of main factors affecting the proton transfer reaction’ s energy barrier, which
may directly affect the proton transfer rate of tetrazole system.

Key words: tetrazole; N---H—N hydrogen bond; DFT; proton transfer



