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Table 1 Properties data of TNBI and its energetic salts
Compound N/ % OB/ % p/gcm™ T,/°C AH;/kJ-mol™  p/GPa D/m-s" IS/]) Ref.
6 35.67 —25.47 1.80 290 232 27.6 7840 5.7 [34]
12 40.23 -36.76 1.81 269 265 30.9 8471 >24 [43]
13 36.84 -23.06 1.81 186 -516 311 8362 >6 [21]
14 44.44 -38.07 1.79 220 184 30.0 8477 12 [43]
15 45.36 -51.82 1.80 328 -114 26.6 8070 >40 [21]
16 48.48 -51.91 1.75 206 171 26.8 8138 >20 [21]
17 51.21 -52.00 1.76 197 399 28.6 8377 >17 [21]
18 53.63 -52.07 1.71 152 639 28.1 8388 >6 [21]
19 43.24 —52.48 1.72 190 -330 24.8 7859 - [44]
20 42.24 -41.36 1.65 190 —-414 20.2 7345 >20 [45]
21 37.33 -74.62 1.63 286 297 19.6 7297 >40 [34]
22 35.14 -90.31 1.64 243 262 19.1 7302 >40 [34]
23 37.33 —74.62 1.72 255 471 23.4 7811 30 [34]
24 40.83 —73.28 1.68 260 459 22.5 7732 30 [34]
25 37.50 -71.39 1.70 306 1372 27.7 8189 >40 [34]
26 43.36 -56.60 1.79 202 489 27.1 8240 30 [34]
27 43.36 -56.60 1.76 177 632 27.0 8203 20 [34]
28 46.47 -56.40 1.73 214 460 24.8 8034 35 [34]
29 49.21 -56.21 1.75 256 428 25.2 8177 >40 [34]
30 47.01 -65.63 1.78 270 2009 33.2 8967 25 [46]
31 49.41 =53.30 1.84 290 20 26.0 8237 40 [47]
32 52.06 =39.65 1.54 184 478 19.6 7341 >20 [44]
33 54.47 —40.44 1.76 178 980 299 8638 30 [34]
Note: N is Nitrogen content. OB is oxygen balance (based on CO,) for C,H,O N, 1600(c-2a-b/2)/MW , MW=molecular weight. p is density. T, is decomposition

temperature. AH, is heat of formation. p is detonation pressure. D is detonation velocity. IS is impact sensitivity. The values of p and D were calculated by EX-
PLO 5.05 ( 7, 20-30, 33 and 34), CHEETAH 6.0 ( 13 and 15), EXPLO 5.04 ( 14, 16-19) and EXPLO 6.02 ( 31 and 32).
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Scheme 7 Synthetic route of bisimidazole compounds 36

and 37 as well as their analogues ™"’

Compound N/ % OB/ % p/gcm® T,/°C  AH;/kJ-mol™"  p/GPa D/m-s' IS/]) FS /N Ref.
35 32.75 -51.43 1.70 258 145 24.2 7604 >40 >292 [21]
36 40.70 =27.89 1.93 217 310 36.6 9012 15 160 [19]
37 38.72 -3.69 1.94 116 482 40.1 9350 3 20 [19]
38 40.46 -32.35 1.72 235 146 28.7 8137 >40 - [20]
39 44.09 -31.48 1.75 308 295 25.6 7939 >40 - [20]
40 41.88 -13.67 1.78 135 351 33.6 8715 8 80 [19]
41 44.98 -16.06 1.79 128 663 35.7 8916 5 80 [19]
42 39.20 -6.40 1.85 135 450 38.2 9169 6 80 [19]
43 48.73 -35.42 1.78 113 752 30.4 8499 30 240 [19]
44 53.00 —22.70 1.80 133 1554 35.4 8996 5 60 [19]
45 52.83 -40.95 1.85 203 1455 33.8 8899 10 120 [19]
46 45.65 -28.97 1.75 158 326 29.5 8409 30 240 [19]
47 48.11 -30.22 1.81 141 553 33.0 8786 25 160 [19]
48 52.33 -32.38 1.77 140 996 32.8 8898 9 80 [19]
RDX 37.84 -21.61 1.81 205 80 34.9 8748 7.4 120 [19]
HMX 37.84 -1.61 1.90 280 105 39.5 9320 7 120 [49]

Note: N is Nitrogen content. OB is oxygen balance (based on CO,) for C;H,O N,

1600(c-2a-b/2)/MW, MW=molecular weight. p is density. T, is decomposition

temperature. AH, is heat of formation. p is detonation pressure. D is detonation velocity. IS is impact sensitivity. FS is friction sensitivity. RDX is 1,3, 5-trini-

troperhydro-1, 3, 5-triazine. HMX is octahydro-1, 3,5, 7-tetranitro-1, 3,5, 7-tetrazocine. The values of p and D for 38 and 39 were calculated by EXPLO 5.05

and the others were calculated by EXPLO 6.01.
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Scheme 9  Synthetic route of azo-bridged imidazole energetic compounds 50-53 **’
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Review on Synthesis and Properties of Energetic Imidazole-bridged Azoles

LIU Ya-jing, ZHAO Bao-dong, WANG Ying-lei, GAO Fu-lei, LIU Wei-xiao, CHEN Bin
(Xi"an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: Due to the superior thermal stability, good modification and appropriate ring tension of imidazole based energetic
compounds, they were considered as an important research direction of high energy materials. This review summaries recent pro-
gresses of synthesis, property and application of energetic imidazole-bridged azoles, such as bisimidazoles, triazolyl imidazoles
and tetrazolyl imidazoles and their energetic salt derivatives. It was found that single or double bond linked bisimidazoles had
better thermal stabilities and mechanical sensitivities, higher densities and donation properties than their mono-cyclic imidazole
analogs, and could realize the balance between energy and safety which is difficult to be realized by introducing nitrogen-rich
energetic groups, connecting groups and formation of energetic salts into mono imidazolyl rings. On the other hand, bicyclic
azoles with two different nitrogen heterocyclic structures linked by C—C bond or C—N bond usually has the advantages of
combing the good properties of their related structure characteristics, making it an important direction for development of novel
high nitrogen and high energy compounds in the future. This review summarizes the recent advances in energetic imidaz-
ole-bridged azoles and proposes an efficient construction strategy for designing high nitrogen content, high energy and good safe-
ty based on triazolyl imidazole and tetrazolyl imidazole building blocks.
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CLC number: TJ55; O64 Document code: A DOI: 10.11943/CJEM2019294

(Tidhi: & %)

Chinese Journal of Energetic Materials, Vol.28, No.11, 2020 (1120-1130) A A AL www.energetic-materials.org.cn



