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Fig. 1 Molecular structures of the nitropyrazole derivatives
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Table 1  Partial bond length(nm) and Wiberg bond order(a. u. ) (in parentheses) for some nitro derivatives at the B3LYP/6-311G ™" level
bond 2 9 12 16 20 22 23 24
N(T)—N(2) 0.1335(1.26) 0.1326(1.29) 0.1323(1.27) 0.1336(1.25) 0.1329(1.29) 0.1327(1.29) 0.1341(1.26) 0.1314(1.32)
N(2)—C(3) 0.1324(1.47) 0.1329(1.45) 0.1321(1.47) 0.1325(1.45) 0.1330(1.42) 0.1327(1.43) 0.1325(1.49)  0.1.333(1.42)
C(3)—C(4) 0.1409(1.31) 0.1404(1.33) 0.1408(1.30) 0.1406(1.32) 0.1396(1.35) 0.1398(1.32) 0.1411(1.22)  0.1428(1.21)
C(4)—C(5) 0.1376(1.54) 0.1375(1.46) 0.1372(1.50)  0.1376(1.53)  0.1379(1.45) 0.1382(1.41) 0.1389(1.29)  0.1399(1.30)
N(1)—C(5) 0.1363(1.23) 0.1359(1.20) 0.1376(1.15) 0.1365(1.21) 0.1371(1.17)  0.1368(1.19) 0.1363(1.17)  0.1372(1.14)
C(3)—N(0)0.1458(0.93)  0.1462(0.92) 0.1465(0.91) 0.1455(0.93) 0.1459(0.92) 0.1459(0.92) 0.1446(0.94) 0.1439(1.03)
C(5)—N(0) 0.1443(0.85)  0.1455(0.93) 0.1445(0.96)  0.1445(0.89)

N(1)—N(O) 0.1527(0.77)

C(4)—N(O) 0.1470(0.96)

N(7)—N(O) 0.1341(1.26)

C(4)—N(0) 0.1339(1.26)
C(5)—N(O) 0.1406(0.96)

2 i B N AT A ) R U A U A T UE BB T B BE R AR FR BG4
Table 2 Standard enthalpies of formation A;H’,average molar volumes V, theoretical densities p and the calculated values of D

and p for nitro derivatives of pyrazole

No. compound A¢H?/K) - mol ™' AE/eV V/em® « mol™"  p/g+cm”? D/km s~ p/GPa
1 1-nitro-pyrazole -115.65 5.68 73.47 1.54 6.76 18.37
2 3-nitro-pyrazole -173.86 5.58 71.98 1.57 7.02 20.08
3 4-nitro-pyrazole -167.17 5.58 74.19 1.52 6.86 18.81
4 5-nitro-pyrazole -172.56 5.25 71.49 1.58 7.05 20.34
5 1,3-dinitro-pyrazole -115.89 5.09 90.56 1.75 8.09 28.53
6 1,4-dinitro-pyrazole -121.64 5.14 93.65 1.69 7.92 26.77
7 1,5-dinitro-pyrazole -76.87 4.95 90.19 1.75 8.03 28.17
8 3,4-dinitro-pyrazole -169.57 5.30 91.27 1.73 8.16 28.88
9 3,5-dinitro-pyrazole -185.85 5.09 88.92 1.78 8.34 30.67
10 4,5-dinitro-pyrazole -193.81 4.71 89.44 1.77 8.33 30.43
11 1,3 ,4-trinitro-pyrazole -81.36 4.84 110.45 1.84 8.72 34.19
12 1,3 ,5-trinitro-pyrazole -66.48 4.95 108.06 1.88 8.83 35.51
13 1,4,5-trinitro-pyrazole -54.74 4.95 108.27 1.88 8.80 35.21
14 3,4,5-trinitro-pyrazole -138.63 4.76 107.21 1.89 9.00 37.09
15 1,3,4,5-tetratrinitro-pyrazole —-254.68 4.81 127.78 1.94 8.89 36.69
16 1-methyl-3-nitro-pyrazole —-210.01 5.54 86.20 1.47 6.62 17.11
17 1-methyl-4-nitro-pyrazole -216.49 5.49 90.71 1.40 6.42 15.52
18 1-methyl-5-nitro-pyrazole -202.16 5.03 86.25 1.47 6.60 16.99
19 1-methyl-3 ,4-dinitro-pyrazole -187.90 5.19 102.55 1.67 7.76 25.57
20 1-methyl-3,5-dinitro-pyrazole -205.37 5.14 102.81 1.68 7.77 25.65
21 1-methyl-4,5-dinitro-pyrazole -178.86 4.79 102.01 1.69 7.77 25.74
22 1-methyl-3 ,4 5-trinitro-pyrazole -152.95 4.76 119.84 1.81 8.52 32.37
23 LLM-116 -229.63 3.94 100.09 1.83(1.90)" 8.24 29.42
24 DNPP —224.42 4.79 111.90 1.78(1.865)" 7.81 26.75

Note: 1) values in parentheses are taken from reference[5]. Average volume from 150 single-point volume calculation at the B3LYP/6-311G ™ * level.

Chinese Journal of Energetic Materials, Vol. 18, No.3, 2010 (252 —256) A g At At

WwWww. energetic-materials. org. cn



TiF i M A SR A0 A 0 ) 5 ) R S A B BB 5

255

®3 AT 100 ~1000 K g AEE C, Jeds H,,
Table 3 Heat capacity C, and enthalpy H, at 100 -1000 K

for some nitro derivatives

1-methyl-3-nitro-pyrazole 16
T C S H T C S H

1-methyl-3,5-dinitro-pyrazole 20

P m m p m m
298 114.19 84.63 20.86 298 158.19 101.64 29.27
100 56.79 64.38 4.35 100 81.98 72.64 5.64

200 85.59 75.83 11.43 200 123.52 89.32 15.94
300 118.85 85.62 21.64 300 163.60 103.12 30.32
400 151.15 94.87 35.17 400 200.39 115.61 48.56
500 178.66 103.67 51.71 500 231.26 127.12 70.21
600 200.90 111.94 70.74 600 255.96 137.75 94.62
700 218.74 119.62 91.75 700 275.54 147.55 121.24
800 233.21 126.90 114.39 || 800 291.17 156.60 149.62
900 245.08 133.64 138.32 || 900 303.81 164.98 179.39
1000 254.95 139.94 163.35 1000314.14 172.77 210.32
1-methyl-3 4 5-trinitro-pyrazole 22 || 3-nitro-pyrazole 2

T G, S H., T G, S H.,
298  195.50 116.99 36.76 298 99.01 79.71 18.39
100  105.16 80.36 6.95 100 50.08 62.14  4.09

200 156.19 101.67 20.10 200 73.81 72.05 10.21
300 201.49 118.89 38.02 300 103.03 80.51 19.05
400  241.90 134.11 60.25 400 130.16 88.52 30.75
500 275.67 147.92 86.19 500 152.29 96.06 44.92
600 302.66 160.53 115.17 600 169.54 103.07 61.05
700 323.92 172.08 146.56 700 182.98 109.57 78.71
800  340.74 182.70 179.83 800 193.59 115.59 97.57
900  354.16 192.49 214.61 900 202.14 121.16 117.37
1000 364.99 201.55 250.69 1000 209.14 126.35 137.96
3,5-dinitro-pyrazole 9 1,3,5-trinitro-pyrazole 12

T G, S H., T G, S
298  134.74 93.78 24.99 298 172.76 109.55 32.50
100 69.47 69.32 5.06 100 92.58 77.41 6.34
200 103.87 83.29 13.69 200 136.73 96.03 17.84
300 139.48 94.99 25.88 300 178.19 111.19 33.62
400 170.95 105.65 41.46 400 213.83 124.66 53.29
500  196.38 115.45 59.88 500 242.34 136.83 76.16
600  216.13 124.45 80.55 600 264.34 147.88 101.55
700  231.35 132.70 102.97 700 281.18 157.94 128.87
800  243.19 140.28 126.73 800 294.12 167.13 157.68
900  252.55 147.26 151.54 900 304.20 175.56 187.62
1000 260.06 153.72 177.19 1000 312.15 183.33 218.46

1,3,4,5-tetratrinitro-pyrazole 15 LLM-116 23

T G, S H, T G, S H,
298  210.29 125.80 40.22 298 159.95 98.86 28.69
100 116.83 85.87 7.76 100 76.63 70.20 5.19

200 169.88 109.26 22.18 200 123.89 86.43 15.26
300 216.27 127.88 41.56 300 165.24 100.36 29.78
400  255.41 144.08 65.20 400 199.78 112.90 48.09
500 286.76 158.55 92.39 500 227.51 124.30 69.52
600  311.02 171.58  122.34 600 249.14 134.70 93.40
700 329.52 183.39 154.42 700 265.96 144.19 119.20
800  343.65 194.15 188.18 800 279.19 152.90 146.49
900  354.52 203.98  223.06 900 289.77 160.92 174.97
1000 362.97 213.02 258.96 1000 298.38 168.33 204.40
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Theoretical Study on Structures and Detonation Performances for Nitro Derivatives of Pyrazole by Density
Functional Theory

Yl Jian-hong’, HU Shuang-qi', LIU Sheng-nan®*, CAO Duan-lin’ | REN Jun’
(1. School of Materials Science and Engineering , North University of China, Taiyuan 030051, China; 2. School of Chemical Engineering and Environment,
North University of China, Taiyuan 030051, China)

Abstract: Twenty-four nitropyzarole compounds and their derivatives were investigated by density functional theory. Their
optimized geometries and electronic structures were calculated at the B3LYP/6-311G(d,p) level. Optimized geometries of these
compounds show that they have no imaginary frequencies,and they are stable on the potential energy surface. The heat capacity
and enthalpy of some typical compounds at different temperatures were obtained by statistic thermodynamics, and isodesmic
reactions were designed for calculating standard enthalpies of formation for the derivatives of nitropyzarole. The average molar
volume and theoretical density were estimated using the Monte-Carlo method based on 0.001 e - bohr =’ densigy space. Further-
more,the detonation velocity and pressure of the derivatives were estimated by the Kamlet-Jacbos equation. Results show that the
ring of pyrazole has some aromaticity and the detonation velocities of these compounds are between 6.42 and 9.00 km - s~'.
Detonation performances of these compounds show that they are very good candidates for energetic materials.

Key words: physical chemistry; energetic materials; nitropyrazole; nitro derivative; density functional theory; thermodynamic
property; detonation performance
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