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Table 1 Physical characteristics for the triazolium salts

Compounds Melting point/°C Decomposition temperature/°C Impact sensitivity/ (kg-cm)  Density/ (g+cm ~3)
1,2 ,4-triazolenitrate 137 182 >200 1.64
1,2 ,4-triazoleperchlorate - 285 144 1.96
1,2 ,4-triazoledinitramidate 75 120 98 1.66
1,2 ,3-triazolenitrate 110 125 >200 1.57
1,2 ,3-triazoleperchlorate 73 200 <5 1.79
1,2 ,3-triazoledinitramidate 61 80 - 1.66
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Scheme 1 Structural formulas of some energetic salts

Drake %5 338 T = W40 S50R TR 725 S0 R A0 — W B B B T2k ( U Scheme 2) | 2 1 5
AT, FEWAE R A v, i Hp B 255 i T AR 2 5 A5 3 4l i

i

(/N HX N
] —— ¢ x-  X=NO,,Cl0,, N(NO,),
HN—N HN—N ’ .

N
PN HX . HNZONH o X=NO,,CIO,, N(NO,

Scheme 2 Synthesis of triazolium salts with no substitution
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Scheme 3 Synthetic routes of triazole
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Scheme 4 Synthesis of 1,2 ,4-triazolium nitrate and perchlorate
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Table 2 N(C)-NO, bond dissociation energies calculated by B3P86/6-31 + G™ , and its symmetry point and

predicted impact sensitivity of the nitro-triazole compounds

Compounds Bonds BDE/(kJ-mol ") Sym Com Bonds BDE/(kJ+mol =) Sym
1 N,-NO, 194.96 CS 11 C5-NO, 596.50 CS
2 C4-NO, 629. 14 CS 12 C5-NO, 596. 34 CS
3 C5-NO, 644. 69 cs 13 C5-NO, 514.37 cs
4 N,-NO, 335.94 Cl 14 C5-NO, 569.96 Cl
5 N, -NO, 398.53 CS 15 C;-NO, 573.22 CS
6 N,-NO, 354.42 Cl1 16 N,-NO, 317.13 Cl
7 C4-NO, 623.36 CS 17 C;-NO, 591.70 CS
8 C5-NO, 628.00 Cl 18 C5-NO, 601. 14 Cl
9 C4-NO, 549.94 Cl 19 C;-NO, 578.92 Cl

10 N, -NO, 385.43 CS 20 C5-NO, 608. 38 CS
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Scheme 5  Synthesis of the triazolium salts using 1-(2-azidoethyl)-1,2 ,4-triazole as the starting material
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Scheme 6  Synthesis of the triazolium salts using 1-methy-1,2,4-triazole and 4-amino-1,2,4-triazole as the starting

materials
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Scheme 7 Synthesis of the triazolium salts using the triazoles containing amino substituent as starting materials''®
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Scheme 9  Synthesis of the triazolium azolate salts
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Scheme 10  Synthesis of the tetrazolium salts using 1,5-diamino-1H-tetrazole as starting material
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Scheme 11 Synthesis of 1-ethyl-4,5-dimethyl-tetrazolium tetranitratoaluminate
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Scheme 14 Structural formulas of some new energetic salts
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Progress in Synthesis of Energetic Ionic Salts of
Triazole and Tetrazole Compounds

GUO Yunyun, YE Zhiwen "
(Institute of Chemical Engineering ,Nanjing University of Science and Technology , Nanjing 210094 , China )

Abstract Over the past decade, energetic ionic salts of triazoles and tetrazoles have been studied widely.
Insensitive, stable and environment friendly energetic ionic salts of high-formation enthalpy and high-density
have been synthesized to meet the requirement of multi-functional materials in the fields of explosives and
others. The research background, synthesis and performance of some energetic ionic salts based on triazole
and tetrazole are reviewed, which can provide a reference for the research of energetic ionic salts.
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