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Fig.1 Structure of imidazole
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Table 1 Effect of substituting group on imidazole energetic

compounds melting point

substituting group

No. R R2 & ” melting point/°C
1 H H H NO, 30324

2 H H NO, NO, 187-1881%4

3 NO, H H NO,  271-271.50*4
4 NO, H NO, NO,  232-2350%4

5 H CH, NO, NO, 74752

6 NO, CH, H NO, 144-14624

7 NO, CH, NO, NO, g5l

8 NO, CH, NH, NO, 245-246'25!

9 NO, CH, NHCH, NO,  135-136(%!
10 NO, CH, N, NO, 130-131!2%]
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Fig.2 Structure of biimidazole
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Table 2

compounds melting point

Effect of substituting group on biimidazole energetic

substituting group

No. R Rz 8 ” R5 Re melting point/°C
11 H H H H H H >3000*"]

12 H H CH, H H H 146-1471%7
13 H H CH, CH;, H H 113114177
14 NO, H H H H H >320027

15 NO, H H H H NO, >360027]

16 H H CH, H H NO, 294-295%7]
17 H NO, CH, H H NO,  206-208%"
18 H NO, CH, CH, H H 179-180%"/
19 H NO, CH, CH, H NO, 173-174'%
200 H NO, CH, CH, NO, H 174-175%7

21 NO, H CH, CH, H 176-1781%7
22 NO, H CH, CH, NO,  292-296'%

]

]

H 1
H ]

23 H NO, CH; H H H ]
H ]

H 1

]

252-254%7
24 NO, H CH, H H 251-2531%7
25 NO, H CH, H NO,  283-293!%
26 NO, NO, H H NO, NO, 182-186'%¥
27 NO, NO, CH; CH; NO, NO, 236!%]
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Fig.3 Structure of pyrazole
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Table 3  Effect of nitro on pyrazole energetic compounds

melting point

substituting group

No. R Rz 9 ” melting point/°C
1 NO, H H H 173-1762°!

2 H NO, H NO,  161-1621%*

3 H H H NO, 930

4 NO, H H NO, 683"

5 NO, H NO, H 170-1713°

6 NO, NO, H H 90-91[24]

7 N(D2 NOZ NO2 H 85[24,

4.2 BAEMIAENMMEDSELESYR B
Y56 7R 2 5 o P 26 5 BB AL & W A 40 T 1)
FITRAMES, MHER 4,3 P EAR
FEAE R Ol A (ER O AN 2 HY i Y 0 B 2 A
%, X 5 WA B DL e U A C . & H 11
Y IR 114 W e 6 A 5 0 04 e 3l R, K D R
Al A W B e 5 R — B, HE I 0T RE 55 7 A 5 R 2y

R4 R AL 2 RE AL S WA SR I
Table 4  Effect of methyl on pyrazole energetic compounds

melting point

substituting group

FHEFHEGAE S, NBFaBETURL, “#7%
TR T ER R T EHER R R (KT 1.5,
T RETE LA W T 25 8 HE A AR DU B9 ST B B AR )
F9 BBF 5 1T i 5 B A b R s P AR o T B A 3
5 BoREE SRR, ML S AR A e T AU T
LA R 0 A AT, T LA B 4 i
Z RO R T, MM A B AL B 7 1 -0 5] A
K A IR 0 (LR A R R e 5 R R R ) Y
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S S A L AR, 9 B 10,25 .26 1 31 45 4 Sk
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Table 5

melting point

Effect of amino on pyrazole energetic compounds

substituting group

No. R R2 & Y melting point/°C
23 H NO, H NH, 100-10124)
24 NO, H H NH, 132132]

25 NO, NH, NO, H 171173331
26 NO, NO, NH, H 19719934
27 NO, NO, H NH, 5813°]

28 NO, H NO, NH, 113035]

29 NO, NH, NO, NH, 195L36]

30 NO, NO, NH, NH, 133103%]

31 NO, NH, NO, CH, 159136]

32 NO, H CH, NH, 125032]

33 CH, NO, H NH, 149132]

34 CH, NH, CH, H 204-2052*

4.3 HEBRENMBEESELSYE RN
B BOPCHE X nk e 2 55 BE AL & WY s B e 31

# 6, WNFE6ALIFH R T—NO, —NH, fl—CH,

PAGR B —CN \—N, \—NNO,CH, ZFH U5 At mg

No- T R? R’ R* melting peisly "€ Pt AT DL /I B 1) WA s A P 288 b ek 5 g
8 CH, H CH, H 107,524
2 O No, R B L oTeseT2e F6 SCALIRICIERT M 2 AL 2 0 A 6
10 CH, NH, CH; H 204-205 24 o
1 CH, NO, H CH, 16016231 Table 6  Effect of other substituting group on pyrazole ener-
12 NO, CH, H CH, 96-97131] getic compounds melting point
13 CH, NO,  CH; H 123124024 No substituting group melting point/C
14 NO, NO, H CH, 20024 Y R2 R? R
15 NO, H H CH; 81-82024 35 NO, NNO,CH, NO, NH, gel%!
16 CH, NO, H H 133-13424] 36 NO, N, NO, CH, 9g[36]
17 NO, CH, H H 186-187%" 37 NO, NO, CN NH, 104035
18 H NO, H CH, 91-92[24] 38 NO, NO, N, NH, 12003
19 NO, NO, H CH, 20024 39 NO, CN N, CH, 131-133037)
20 NO, NO, NO,  CH, 91,3024 40 NO, CN NH,  CH, 218-220024]
21 NO,  CH, NO,  CH; 107-10824 41 H CN NH, NH, 256032
22 H NO, CH, CH, 114.624] 42 NO, CN H NH, 1350321
CHINESE JOURNAL OF ENERGETIC MATERIALS N XcEix 2016 % %24 % %28 (202-208)
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Table 7 Molecular structures and calculated detonation performance of designed explosives

No. name comp T./C p"/g-cm™ DV /km - s pe,’ /GPa  V,* /L - kg™
CN
—ami - - _di- O,N NO.
1 1-amino-4- cyano-3, 5-di N : 159.9 1.77 8.354 31.15 791.9
nitropyrazole
N—N
HoN
CN
- 4 - - -di- 02N NOZ
2 1-methyl-4- cyano-3, 5-di \%7/ 85. 1.71 7.646 25.54 739.1
nitropyrazole N—N
7/
NO,
- 5- - -di- NC N02
3 1-methyl-5- cyano-3, 4-di \%7/ 51. 1.71 7.646 25.54 739.1
nitropyrazole
N—N
H;C
NOZ
. 5 azido-3 . 4-dini. N; NO,
4 1-methyl-5-azido-3, 4-dini \%7/ a1 1.69 8. 069 28 34 788.7
tropyrazole
N—N
HiC
N3
_ . _ . _ dini. 02N NO2
5 1-amino-4-azido-3, 5-dini \%7/ 154.4 1.74 8.707 33.60 837 .4
tropyrazole
N—N
HoN
NOZ
CAamino. _trini _ ON NO.
6 1-amino-3, 4, 5-trinitropy ? \%7/ 2 112.7 1.88 9.192 39.00 719.3
razole N—N
HN”
02N\N/CH3
7 1- methyl-3, 5-dinitropy- 0N _A\_NO, 86.5 1.71 7.887 27.21 819.5
razolyl -4-methylnitramine /
N—N
HyC”
g0l 2,4 ,6-trinitrotoluene TNT 81 1.680 6.932 20.94 620.0

Note: 1) Caulculated by using methods from Ref. [38]; 2) Caulculated by using methods from Ref. [39]; 3) T, is the calculated melting point by using formula

(3), pis the calculated desity, D is the calculated detonation velocity, pcis the calculated detonation pressure, V/ is the calculated detonation volume.
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Molecular Design of Diazole Carriers for Melt-cast Explosives

YAN Tao', WANG Jian-hua', LIU Yu-cun', ZHANG Xiao-yu’, HUANG Ming’, CHANG Shuang-jun',

YU Yan-wu' , JING Su-ming'

(1. School of Chemical Engineering and Environment, North University of China, Taiyuan 030051, China; 2. Institute of Chemical Materials, CAEP,
Mianyang 621999, China)

Abstract; The melting point is an important indicator determining the explosives can become the carrier for melt-cast explosives.
To obtain the relationship between the molecular structure of explosives and the melting point, the relationship between the molec-
ular structure and the melting point of nitro diazole compounds was investigated. Change relation of the melting point and the par-
ent structure of explosive molecule, the number of substituting group and configuration was concluded and summarized. The regu-
larity between the structure of energetic diazole compounds and the melting point was obtained. Seven types of explosives with
low melting point were designed on the basis of pyrazole ring as the basic structural unit, of which the predicted melting point of
five explosives is lower than 120 °C. Results show that the predicted melting point of two kinds of energetic pyrazole compounds:
1-amino-3, 4, 5-trinitropyrazole and 1-methyl-3,5-dinitropyrazolyl-4-methylnitramine is 112.7 °C and 86.5 °C, respectively.
Their detonation performances are better than those of TNT.
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CLC number: T)55; 062 Document code: A DOI: 10.11943/j.issn.1006-9941.2016.02.016

=
o

Chinese Journal of Energetic Materials, Vol.24, No.2, 2016 (202-208) A gk A A www. energetic-materials. org. cn



