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Scheme 1 Synthesis of ANQ and its energetic coordination

compounds'*’
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Scheme 2  Synthesis of energetic coordination compounds
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Scheme 3  Synthesis of MSC and its energetic coordination

compounds™
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Table 1

dination compounds 1-11

Physical and chemical properties of energetic coor-

compound T,/°C IS/) FS/N ESD/) Reference
1 176 3 10 0.03 [26]
2 134 <1 16 0.50 [26]
3 148 <1 <5 0.01 [26]
4 239 2.5 60 0.20 [27]
5 263 2 24 0.50 [27]
6 243 1 <5 0.035 [27]
7 273 1 <5 0.30 [27]
8 268 1.5 20 0.70 [27]
9 186 3 <5 0.02 [27]

10 186 2 24 0.07 [28]

11 258 10 <60 0.10 [28]

Note: T, temperature of exothermic peak, which indicates decomposition,
IS, impact sensitivity, FS, friction sensitivity, ESD, electrostatic dis-

charge sensitivity
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Scheme 4 Synthesis of TACo'*”
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Scheme 5 Synthesis of 1-ATRI, 2-ATRI and their energetic

coordination compounds'*”’
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Scheme 6 Synthesis of ATCA and its energetic coordination

compound"*'
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Table 2 Physical and chemical properties of energetic coor-

dination compounds 12-16

compound T 1S/) FS/N ESD/) Reference
12 235 27.9 cm 18% [29]
13 167 1 0.45 0.10 [30]
14 166 1.5 2 0.04 [30]
15 188 3 6.75  0.07  [30]
16 230 5 72 0.50  [31]

Note: T,,temperature of exothermic peak, which indicates decomposition;
IS, impact sensitivity; FS, friction sensitivity; ESD, electrostatic dis-

charge sensitivity
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Scheme 7 Synthesis of CP"*?/
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附注
与表头中的单位不一致？

感谢您指出的问题，此处引用的文献测试方法为GJB5891.22-2006与GJB5891.24-2006（正文中已提及），与大部分英文文献中测试方法不同。

lenovo
附注
添加表注：2）The test data is based on GJB5891.22-2006 and GJB5891.24-2006, so the units are different.

lenovo
附注
在第一行物理量的右上角添加上角标“1）”，在第2行27.9cm和48%的右上角添加上角标“2）”，然后将标注Note:修改为两条注释1）Td-----2)The test data is based on GJB5891.22-2006 and GJB5891.24-2006, so the units are different.
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Scheme 9 Synthesis of 1-MTZ, 2-MTZ and their energetic

coordination compounds"*"’
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Scheme 10 Synthesis of 1, 1-dtp-H,0, 1, 2-dtp, 2, 2-dtp

and their energetic coordination compounds"**’
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Scheme 11 Synthesis of energetic coordination compounds

based on 4-ATRI and 2,2-dtp"**’
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R 3 OTREALEW17~41 1Y HALYE B
Table 3 Physical and chemical properties of energetic coor-

dination compounds 17-41

compound  T,/C 1S/) FS/N  ESD/) Reference
17 309.69 209 cm  12% 0.54-0.64 [32]
290.77 17.0cm  24% 0.99-1.18 [33]
19 213 1 60 0.10 [34]
20 211 25 54 0.08 [34]
21 206 7 72 0.20 [34]
22 234 2 72 0.10 [35]
23 231 1 54 0.33 [35]
24 222 1.5 18 0.10 [35]
25 257 1.5 64 0.30 [35]
26 186 1 <5 0.015 [36]
27 176 1 <5 0.05 [36]
28 137 2 <5 0.025 [37]
29 169 1 <5 0.06 [37]
30 92 2 <5 0.09 [37]
31 146 <1 10 0.15 [37]
32 146 1 40 0.15 [37]
33 151 3 3.75  0.65 [38]
34 158 <1 15 0.368 [38]
35 146 2.5 4 0.226 [38]
36 146 2.5 28 0.317 [39]
37 165 2.5 32 0.368 [39]
38 215 2.5 1 0.047 [40]
39 242 <1 0.75 0.037 [40]
40 177 <1 0.45 0.25 [41]
41 163 <1 0.75 0.27 [41]

Note: T,,temperature of exothermic peak, which indicates decomposition;
IS, impact sensitivity; FS, friction sensitivity; ESD, electrostatic dis-

charge sensitivity.
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Scheme 18 Synthesis of [ (H,NTz"**Pyr) ,Fe(MeCN),][CIO,],
and [ (H,NTriTz"?Pyr),Fe(H,0),][ ClO,],"**

x4 TR AY 42~45 AL TR
Table 4 Physical and chemical properties of energetic coor-

dination compounds 42—45

compound  T,/C 1S/) FS/N ESD/) Reference
42 233.49 8.5% 183+27 0.0625 [23]
43 232.77 12.4£2.6 195%26 0.0625 [23]
44 237.4 23.4+6.2 69%18 0.0625 [42]
45 244 .4 16.4+5.5 195x28 <0.025 [42]

Note: T,,temperature of exothermic peak, which indicates decomposition ;
IS, impact sensitivity; FS, friction sensitivity; ESD, electrostatic dis-

charge sensitivity.
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Review on Laser Sensitive Energetic Complex Primary Explosives

ZHANG LU, WANG Ting-wei, WANG Xiao-jun, ZHOU Zun-ning, LI Zhi-min, ZHANG Tong-lai, ZHANG Jian-guo
(State Key Laboratory of Explosion Science and Technology s Beijing Institute of Technology s Beijing 100081, China)

Abstract: As a new initiation technology, laser initiation can effectively solve the safety problems existing in traditional initiation
methods, such as stray current interference. As the energy output carrier in laser initiation sequence, the laser-sensitive primary
explosive is an important part of the laser initiation system. At present, complex laser-sensitive primary explosive has becomes a
research hotspot. The synthesis of energetic complexes with chain nitrogenous compounds, triazole, tetrazole, and tetrazine as
ligands and the development status of laser initiation properties were summarized. The advantages and existing problems of vari-
ous agents were analyzed, some laser initiation mechanisms were summarized, and the development of new laser-sensitive pri-
mary explosives in the future was prospected. It is pointed out that the development of new nitrogen-rich ligands is still an impor-
tant direction for the future research of laser sensitive energetic complex primary explosives.

Key words: nitrogen-rich energetic complex; laser sensitivity ; chain nitrogenous compounds;triazole energetic complexes; tetra-
zole energetic complexes;tetrazine energetic complexes
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Laser Initiation Detonation
The synthesis and properties of new types of laser sensitive energetic complex primary explosives were reviewed, including

chain nitrogenous compound, triazole, tetrazole and tetrazine complexes. The development in the future was also expected.
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