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Fig.1 Optimized configurations of 3 complexes without external electric field
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Table 1 Trigger bond lengths of HMX in complexes with dif-

ferent external electric fields

external electric field L/A

/a.u. I I} I

-0.010 1.445 1.430 1.451

-0.005 1.390 1.417 1.416
0 1.374 1.392 1.392
0.005 1.366 1.382 1.392
0.010 1.351 1.377 1.378
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Table 2

electric fields

Intermolecular interaction energy (with BSSE corrected) and bond dissociation energy of HMX with different external

external electric field

mol™'

AE/K) - mol™ Egpe /K -

method
/a. u. I I | | I I

B3LYP 29.73 46.58 46.97 161.08 174.50 185.52
-0.010 M06-2X 45.23 73.00 61.99 216.31 235.89 245.83

B3LYP 37.59 33.76 38.24 179.41 191.00 201.08
~0.005 M06-2X 54.02 59.01 58.90 238.07 257.36 261.88

B3LYP 16.91 29.91 39.78 200.83 214.26 206.02
0 M06-2X 21.47 47.49 64.26 259.21 282.01 268.74

B3LYP 30.46 26.35 31.87 219.74 228.74 217.40
0.005 M06-2X 38.84 31.14 40.44 281.04 294.47 282.43

B3LYP 47.22 48.96 48.53 246.81 237.44 228.03
0.010 M06-2X 57.19 58.88 57.98 310.54 303.30 293.55
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(Egpe) of HMX and external electric field

The relationship between bond dissociation energy
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Table 3 Charges of nitro groups in complexes

external electric field/a.u. [ I I

-0.010 0.0068 —0.0458 -0.0059

-0.005 0.0296 -0.0800 -0.0760
0 -0.1276 -0.1351 -0.1502
0.005 -0.1528 -0.1594 -0.0373
0.010 -0.2079 -0.0503 -0.0954
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Fig.3  Shifts of electron density for configuration I with different external electric fields
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ESP(kJmol’) ESP(kJ-mol ) ESP(kJmol’)
350.00 350.00 : 350.00
29000 290.00 £ 29000
230.00 3 230.00 23000
170.00 F 170.00 170.00
110.00 110.00 110.00
50.00 50.00 50.00
-10.00 -10.00 ; -10.00
70.00 y -70.00 -70.00
130.00 -130.00 -130.00
190.00 -190.00 -190.00 >
250.00 -250.00 -250.00 o
a. -0.010 a.u. b. -0.005 a.u. c. 0 a.u.
ESP(kJ-mal’) ESP(kJ-mol)
350.00 350.00
290.00 290.00
230.00 230.00
170.00 170.00
110.00 110.00
50.00 50.00
10.00 -10.00
70.00 -70.00
130.00 -130.00
190.00 -190.00
250.00 -250.00
d. 0.005 a.u. e. 0.010 a.u.

B4 RIFSNLE T MR TR H

Fig.4 Electrostatic surface potentials for configuration I with different external electric fields
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Table 4 The maximum and minimum electrostatic surface potentials of complexes

Vinax ! Vinin
external electric field/a. u.
I Il I
-0.010 297.591/-219.124 324.101/-212.426 315.394/-205.146
-0.005 235.371/-170.837 275.131/-167.385 255.174/-157.498
0 261.454/-141.750 215.074/-118.646 206.125/-118.813
0.005 302.838/-186.364 283.161/-175.854 267.345/-189.301
0.010 349.184/-224.844 297.336/-228.007 293.901/-227.413
Note: V. .. and V . are the maximum and minimum electrostatic surface potentials, respectively.

F£5 N—NO, K J5 1k 1F #r i 4% A

Table 5 The maximum local positive electrostatic surface potential of selected N—NO, bond

external electric field/a. u. Ve, mox /- mol”
I I I
-0.010 154.674 (-4.059) 182.489 (16.619) 177.900 (20.184)
—-0.005 119.591 (-39.142) 172.180 (6.31) 196.870 (39.154)
0 158.733 165.870 157.716
0.005 140.859 (=17.874) 162.054 (-3.816) 147.478 (-10.238)
0.010 125.457 (=33.276) 143.227 (-22.643) 73.166 (-84.55)
Note: V, ., is the maximum local positive electrostatic surface potential, values in parentheses are increments compared with V, .. of no external electric field.
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Theoretical Investigation into the Effects of External Electric Fields upon the Sensitivity of HMX/MDNI Complex

HAN Gang'’, GOU Rui-jun', ZHANG Shu-hai', WU Chun-lei' , ZHU Shuang-fei'
(1. School of Chemical and Environmental Engineering, North University of China, Taiyuan 030051, China; 2. National Key Laboratory of Applied Physics and
Chemistry, Xi'an 710061, China)

Abstract: To investigate the effects of external electric field on sensitivity of HMX/MDNI, different external electric fields (-0.010-
0.010 a.u.) were employed on M06-2X // B3LYP/6-311 ++G (d, p) level by quantum mechanics method. The intermolecular
interaction, trigger bond energy, electron density topological, electron density shifts and electrostatic surface potential of complexes
were considered with different external electric fields. It shows that trigger bond length is shorter and bond dissociation energy is
larger with the increasing of external electric field along the positive direction, while the trend is opposite along the negative
direction. The correlation coefficients for 3 complexes (by B3LYP) are 0.995, 0.977 and 0.982, respectively. Quo,are decreasing
with the negative external electric fields, indicating the sensitivity is increasing. Electron density topological analysis shows that there
are weak hydrogen bond interactions between HMX and MDNI with external electric fields. Electron density shifts analysis shows that
positive external electric field strengthens the trigger bond. Electrostatic surface potential indicates that sensitivity of explosive is
decreasing in the positive external electric field, while increasing in the negative direction.

Key words: sensitivity; external electric field; electron density shifts; density functional theory; HMX/MDNI
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