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Table 1 Dielectric constants( EPS) and dipole moments of the seven solvents
Solvent BEN TOL DCM DCE ACE DMSO W
EPS 2.247 2.379 6.02 8.93 10.36 20.7 78.39
dipole/D 0.00 0.34 1.83 2.90 3.24 4.45 2.09
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Table 2 Feature bond lengths of the explosive molecules in seven solvents A
explosive bond GAS BEN TOL DCM DCE ACE DMSO w
NQ N(4)—N(5) 1.381 1.362 1.361 1.345 1.344 1.342 1.340 1.340
TNAZ N(1)—N(5) 1.397 1.386 1.385 1.373 1.373 1.370 1.368 1.367
Tetryl N(16)—N(17) 1.401 1.390 1.390 1.378 1.378 1.376 1.373 1.371
HMX N(5)—N(6) 1.401 1.396 1.395 1.390 1.390 1.388 1.388 1.387
RDX N(12)—N(15) 1.423 1.412 1.411 1.399 1.398 1.395 1.390 1.390
TEX N(10)—N(16) 1.425 1.417 1.417 1.408 1.407 1.405 1.404 1.402
DINGU N(15)—N(18) 1.430 1.422 1.422 1.413 1.413 1.411 1.410 1.408
DINA 0(18)—N(19) 1.431 1.419 1.418 1.407 1.406 1.404 1.402 1.400
TATB C(4)—N(7) 1.437 1.430 1.430 1.423 1.422 1.422 1.421 1.420
CL-20 N(1)—N(10) 1.446 1.438 1.437 1.428 1.428 1.426 1.425 1.428
NTO C(8)—N(9) 1.451 1.448 1.447 1.443 1.443 1.442 1.441 1.441
NG O(11)—N(18) 1.453 1.445 1.444 1.435 1.435 1.428 1.426 1.424
2,4DNI C(10)—N(8) 1.456 1.450 1.450 1.444 1.443 1.442 1.441 1.440
Fox-7 C(8)—N(9) 1.463 1.429 1.428 1.422 1.421 1.421 1.419 1.419
TNA C(6)—N(14) 1.472 1.467 1.467 1.462 1.462 1.461 1.460 1.459
LLM105 C(7)—N(8) 1.474 1.469 1.468 1.462 1.462 1.460 1.460 1.459
TNC C(2)—N(9) 1.479 1.478 1.478 1.477 1.477 1.477 1.476 1.476
PA C(1)—N(8) 1.481 1.478 1.477 1.474 1.473 1.472 1.472 1.471
TNT C(6)—N(11) 1.485 1.483 1.483 1.481 1.481 1.480 1.480 1.480
TNB C(3)—N(11) 1.489 1.485 1.485 1.481 1.480 1.489 1.479 1.479
NM C(1)—N(2) 1.503 1.500 1.501 1.498 1.498 1.498 1.497 1.497
NE C(5)—N(8) 1.519 1.520 1.520 1.520 1.519 1.519 1.519 1.519
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Fig.2 Change trend of the feature bonds lengths of the explo-

sive molecules in seven solvents
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Table 3 Nitro group charges(e) of the explosive molecules in seven solvents
explosive GAS BEN TOL DCM DCE ACE DMSO \%\%
CL-20 0.042 0.051 0.053 0.063 0.062 0.063 0.063 0.094
TNC -0.078 -0.095 -0.092 -0.103 -0.102 -0.105 -0.105 -0.109
TNT -0.107 -0.124 -0.125 -0.143 -0.144 -0.148 -0.151 -0.151
TNB -0.118 -0.133 -0.133 -0.148 -0.148 -0.142 -0.155 -0.155
PA -0.139 -0.174 -0.174 -0.211 -0.213 -0.221 -0.224 -0.225
NG -0.144 -0.16 -0.16 -0.172 -0.175 -0.213 -0.215 -0.22
DINA -0.158 -0.183 -0.185 -0.21 -0.211 -0.218 -0.22 -0.226
NM -0.175 -0.211 -0.213 -0.236 -0.238 -0.241 -0.244 -0.243
TEX -0.202 -0.213 -0.213 -0.224 -0.221 -0.223 -0.225 -0.213
NE -0.232 -0.262 -0.263 -0.287 -0.287 -0.291 -0.294 -0.295
TNA -0.233 -0.252 -0.253 -0.276 -0.278 -0.282 -0.285 -0.287
NTO -0.241 -0.267 -0.268 -0.292 -0.294 -0.306 -0.302 -0.304
2,4-DNI -0.248 -0.281 -0.284 -0.316 -0.318 -0.325 -0.33 -0.331
RDX -0.282 -0.321 -0.325 -0.371 -0.375 -0.385 -0.375 -0.392
LLM-105 -0.291 -0.32 -0.321 -0.35 -0.351 -0.359 -0.361 -0.363
DINGU -0.319 -0.339 -0.34 -0.365 -0.361 -0.372 -0.37 -0.379
FOX-7 -0.331 -0.321 -0.324 -0.369 -0.373 -0.378 -0.386 -0.389
TNAZ -0.342 -0.373 -0.376 -0.41 -0.412 -0.421 -0.426 -0.413
TATB -0.402 -0.434 -0.439 -0.466 -0.467 -0.472 -0.478 -0.481
NQ -0.423 -0.487 -0.492 -0.548 -0.551 -0.56 -0.564 -0.565
HMX -0.447 —-0.481 -0.483 -0.514 -0.515 -0.525 -0.529 -0.528
TETRYL -0.462 -0.505 -0.508 -0.547 -0.547 -0.548 -0.549 -0.551
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0.4
-0.46
-048 11 BEN
z ® 0L
P Q050 1
© O]
6 =
Q -0.52 4
=
-0.54 1 DCM
*-w DCE
0BT o -
DMSO W
-0.58 T T T 1
0 20 40 60 80
EPS
B4 7 Ryl obodE 254 T WY 3 e f Ak e 3 B 5 NQ AUl 5 A {72 7 Bl 5] v i 42 4l il 26
Fig.4 Change trend of the nitro group charges of the explo- Fig.5 Change curve of the nitro group charges of NQ in seven
sive molecules in seven solvents solvents
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Table 4 Dipoles moments of the explosive molecules in seven solvents D
explosive GAS BEN TO DCM DCE ACE DMSO \\%
HMX 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
DINGU 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TNC 0.000 0.011 0.001 0.007 0.008 0.025 0.014 0.029
TNB 0.002 0.003 0.002 0.003 0.003 0.003 0.005 0.006
TATB 0.043 0.015 0.015 0.042 0.042 0.075 0.072 0.072
TNAZ 0.557 0.754 0.761 1.082 1.111 1.103 1.292 1.321
PA 1.625 1.916 1.929 2.205 2.225 2.287 2.303 2.304
CL-20 1.626 2.012 2.040 2.484 2.512 2.609 2.689 2.721
NTO 1.646 1.798 1.806 1.927 1.934 1.961 1.973 1.978
TNT 1.679 1.878 1.892 2.059 2.069 2.098 2.119 2.123
TEX 1.787 2.107 2.123 2.322 2.336 2.360 2.349 2.428
NG 2.347 2.817 2.849 0.042 3.435 2.485 2.510 2.511
DINA 2.502 2.978 2.999 3.598 3.610 3.718 3.365 3.718
TNA 3.118 3.758 3.797 4.474 4.520 4.679 4.764 4.814
NM 3.800 4.229 4.249 4.616 4.636 4.706 4.751 4.765
TETRYL 3.802 4.514 4.558 5.462 5.529 5.870 5.931 5.949
NE 3.989 4.438 4.465 4.867 4.891 4.972 5.019 5.037
LLM105 5.383 6.326 6.381 7.352 7.402 7.634 7.734 7.875
2,4-DNI 5.854 6.917 6.986 8.142 8.216 8.482 8.640 8.744
RDX 7.421 8.781 8.878 10.422 10.547 10.962 11.122 11.216
NQ 7.514 9.371 9.496 11.192 11.285 11.591 11.772 11.866
FOX-7 8.535 10.354 10.461 12.095 12.215 12.538 12.731 12.854
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Fig.6 Change trend of the dipole moments of the explosive

molecules in seven solvents
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Table 5 Solvation energy of the explosive molecules in seven solvents kJ -+ mol !
explosive benzene toluene DCM DCE ACE DMSO W
TNC -35.1 -28.0 -55.2 -56.5 -62.3 -64.9 -77.4
HMX -33.9 -36.0 -72.0 -73.2 -81.6 -87.4 -92.0
FOX-7 -32.6 -34.7 -65.3 -67.8 -74.5 -77.4 -79.9
NQ -31.4 -33.1 -63.2 -64.9 -70.7 -74.1 -76.6
CL-20 -30.1 -31.4 -67.4 -68.2 -77.0 -80.8 -97.9
DINGU -29.3 -31.0 -61.1 -62.8 -69.0 -72.8 -78.2
LLM105 -29.3 -31.0 -60.7 -61.5 -68.2 -71.5 -76.6
2,4-DNI -28.5 -30.1 -59.0 -60.7 -66.9 -70.7 -73.2
RDX -26.4 -28.0 -56.1 -58.2 -64.4 -68.6 -72.0
DINA -25.5 -27.2 -53.1 -54.4 -60.2 -65.3 -67.4
TETRYL -25.1 -26.4 -53.6 -54.4 -60.7 -64.0 -69.9
TATB -24.7 -26.4 -52.3 -53.6 -59.4 -62.3 -65.7
NTO -24.7 -25.9 -48.5 -49.8 -54.4 -56.9 -59.4
TEX -24.3 -25.9 -51.0 -51.0 -56.1 -59.0 -61.9
PA -24.3 -25.5 -51.0 -52.3 -57.7 -60.7 -64.0
TNA -23.8 -25.1 -49.8 -50.6 -56.1 -59.0 -62.8
TNB -22.2 -23.4 -46.0 —-47.3 -51.9 -55.2 -57.7
TNT -22.2 -23.4 -45.6 -46.4 -51.5 -54.0 -56.9
TNAZ -20.1 -20.9 -41.4 —-42.3 —-46.4 -49.4 -52.7
NG -19.2 -20.5 -41.0 -41.8 -56.9 -59.0 -63.2
NM -13.8 -14.2 -26.8 -27.2 -29.7 -31.0 -31.8
NE -13.0 -13.8 -25.9 -26.4 -28.5 -29.7 -31.0
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Fig.8 Change trend of the solvation energy of the explosive

molecules in seven solvents
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Table 6 Bond dissociation energy of the explosive molecules in seven solvents

explosive GAS BEN TOL DCM DCE ACE DMSO W

Tetryl 105.4 104.6 104.6 105.0 104.6 105.0 105.0 107.5
NG 122.6 120.9 120.5 120.1 119.7 129.7 129.7 130.1
DINA 123.8 123.0 123.0 123.0 123.0 123.4 123.4 123.8
CL-20 134.3 133.1 131.4 130.5 130.5 130.1 130.5 134.7
RDX 137.2 138.5 138.5 141.8 142.7 137.7 144.3 143.9
DINGU 141.0 137.7 137.7 136.0 135.6 135.6 136.4 135.6
TNAZ 148.1 148.5 149.0 150.2 150.2 150.2 150.6 151.0
HMX 154.8 156.5 156.9 160.7 161.5 161.1 162.8 163.2
TEX 163.2 163.2 163.2 165.3 164.0 164.4 164.4 165.3
NQ 177.4 186.6 187.4 197.9 198.3 200.4 201.3 202.9
NE 220.1 228.9 229.3 237.2 237.7 239.3 240.2 241.0
NM 222.2 231.4 232.2 240.6 241.0 242.7 243.5 243.9
TNC 228.4 236.8 228.4 229.7 229.7 228.0 227.6 233.5
TNT 235.1 238.1 238.1 241.8 241.8 242.7 243.5 244.3
PA 237.7 241.8 242.3 247.7 248.1 249.4 250.2 251.0
LLM105 246.9 247.7 248.1 250.2 249.4 250.2 250.6 252.7
TNB 254.8 258.2 258.2 262.3 262.8 257.7 264.4 265.3
FOX-7 256.1 251.5 251.5 248.9 249.8 248.9 248.1 248.5
NTO 256.5 259.8 259.8 264.0 264.0 264.8 265.3 266.1
TNA 261.5 260.7 260.7 261.5 261.5 262.3 262.3 263.2
TATB 270.7 266.9 266.9 266.1 266.1 266.1 265.7 266.9
2,4-DNI 272.4 279.1 279.5 286.2 287.9 273.2 274.1 274.9
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P alkali effects on the decomposition of HMX molecule: a compu-
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Solvation Effect on Coventional Explosives

JI Chun-liang'*, Ll Jie', LUO Yun-jun', ZHANG Chao-yang’
(1. Beijing Institute of Technology, Beijing 100081, China; 2. Institute of Chemical Materials, CAEP, Mianyang 621900, China)

Abstract. Effects of seven solvents on the feature bond lengths, nitro group charges, dipole moment, solvation energy and bond
dissociation energy of 22 common explosive molecules were investigated by the density functional theory ( DFT) and polarization
continuum model (PCM). Results show that the solvent molecules can polarize the explosive molecules and change the electronic
structure of explosive molecules so as to influence their geometric construction and energy. For the solvents with a dielectric con-
stant between 0 —10.36, as the polarity of the solvent increase, the feature bond length and solvation energy of explosive mole-
cules decrease, whereas the negative nitro group charge and the dipole moment increase.
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