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Table 1 Bond orders and bond dissociation energy (BDE) of
NG at the (U)B3LYP/6-31G " level

Mulliken bond orders BDE/kJ - mol ™'
cC—O0 C—0 O—NO, C—0 C—0 O—NO,
NG 0.2886 0.1615 0.1491 311.49 286.06 136.27
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£2 HMX [ (U)B3LYP/6-31G " & 4 4% il B3 i fik

Table 2 Bond orders and BDE of HMX at the (U) B3LYP/
6-31G" level

Mulliken bond orders BDE/kJ - mol ™'
compund

C—H C—N N—NO, C—H C—N N—NO,
HMX  0.362 0.237 0.160 368.94 248.44 197.73
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Table 3 Mulliken populations of various chemical bonds and BDE of spiro nitramines

No. compound Mulliken populations BDE/kJ - mol ™'
C—C C—N N—N N—NO, N—O C—H C—C C—N N—N N—NO,

(1) NSP 0.2274 0.1392 0.1854 0.3016 0.3732 191.79 147.57 134.35
(2) m-DNSP 0.2474 0.1182 0.1692 0.3010 0.3684 187.57 186.56 128.83
(3) o-DNSP 0.1965 0.0955 0.0035 0.1211 0.2930 0.3821 178.49 177.11 81.80 97.78
(4) TriNSP 0.2831 0.0407 -0.0180 0.1119 0.2920 0.3696 181.96 168.11 71.76 85.60
(5) TeNSP 0.0885 -0.0409 0.1062 0.2978 153.80 86.36 103.72
(6) TNSHe 0.0639 -0.0346 0.0976 0.2960 0.3835 121.59 92.59 97.32
(7) TNSH 0.1807 0.1499 0.3147 0.3838 197.65 140.71
(8) TNSO 0.3167 0.1686 0.1523 0.2964 0.3667 256.77 195.64 142.76
(9) TNSN 0.3176 0.1941 0.1637 0.3123 0.3714 262.80 271.29 132.59
(10) TNSD 0.2943 0.1787 0.1734 0.2927 0.3696 240.08 242.34 92.97
(11) TNSU 0.3113 0.2224 0.1730 0.3116 0.3701 275.18 285.31 160.67
(12) TNSDo 0.3273 0.2069 0.1737 0.3087 0.3653 304.85 317.57 158.41
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Table 5 Max bond length (R, ) and average bond length (R, )

max

of (PEG/NG/BTTN)/AP/HMX with different mass ratios (A)
mass Rave Rinax Rave Rinax Rave Rinax
ration (NG) (NG) (BTTN) (BTTN) (HMX) (HMX)
2.5:4.1:1.4 1.036 1.419 1.307 1.430 1.373 1.507
2.5:3.9:1.9 1.036 1.426 1.307 1.434 1.374 1.508
2.5:3.5:2.3 1.036 1.450 1.307 1.461 1.371 1.540
2.5:2.9:2.9 1.036 1.429 1.306 1.441 1.373 1.516
2.5:2.3:3.5 1.036 1.421 1.305 1.434 1.371 1.509
2.5:1.9:3.9 1.035 1.421 1.307 1.434 1.371 1.507
2.5:1.4:4.4 1.037 1.430 1.307 1.430 1.371 1.520
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R 3 S AR L 20 5| e A K 30, 9 T T3 i
= (PEG/NG/BTTN) : AP : HMX =2.5 :3.5:2.3
it H BRI o R A R R
4.2 %3 RBHNVRFERGEHIE. ABEEHE"

LA AT T R AT AR W IR ST 4 i QC-
CNDO/2 4, % Is % 5| & C—NO, B C 5
N 22 8] R BUR T 7 FHBE Ec 5 55 50 4 o 8% 3 JF 17 AR
Koy Ec B, F W] C—N BB BoE LAWT 245 % 4>
fift , SOAR IS 09 A B 0 S R A i /N L T A 7E COM-
PASS JyHESE R, X HMX B HOM 3 F Aok 45 50 10
PBX HE47 A [7) i 14 FIAS [7] ¢ J& 9 MD B 481, i MD ¢
PR LG 5] % i N—NO, 9 XU T-VE g Ey W10
Gt F ML 6 I3 7. HMX JH 3k PBX f 4t
HEG K N—NO, 1 N 5 N 2 ji] i) U5 1 11 F g
Ev v » B BE TH 75 00 /0 , WK 45 390 F oy, 00 9 38 38 K
17T 728 K, AR At ) ) JRRE R T T K R 45
TRV P e R /N B S B S, O, U T MD
TSP BT A5 6 0 5| 24 19 LD A BB P B P 1
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it Al &5 791 v B2 185 K, PBX (1) CED IR ¥k ik /N, 5 J8k B
Wit K 45 70 348 22 T /MR S B0 T SRR . I A IR
25 AL T T R R 1 BRI 8 A, 7 56 TR B I R
BRI . FA G T 51 A bW T R XU TR
HIfE A BoA BOR W & 1
4.3 HFHUSEESBREXR BEZMEZNEEHH"

TIPS B R R B PR — KT
NENUEN AR AR R (S IS TR N ey
R A AR KEZG 1 MD RERLR S . L 2004 4
A FRATLA B 41 B R B T 4
B A0 PBX gE45 MD B4l i i 1 24 40, sk 45
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To 0 ST T RAE M R A LR A R A K 45 2 Rl
PEBE LS HT T HEDM Y BRE 33 7,

MD B 53 2 B, /> 1 v 8 0 R 45 500 69 B AL, fi
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e G B AT Y .

&6 A[EE T HMX(100) 1 HMX(100) /F,,,, B9BU5 T
JHHE En_ F1 A SR RE% JE (CED)

Table 6 Energy E,_, and Cohesive energy density CED of
HMX(100) and HMX(100) /F,,,, at different temperatures

- Ex_n/k) + mol 7! CED/KJ - mol ™'
HMX(100)  HMX(100) /Fy3; HMX(100)  HMX(100) /F,y;,
245 156.0 150.4 0.8987 0.73986
295 154.8 149.8 0.8778 0.72732
345 154.1 149.2 0.85272 0.71478
395 153.2 148.4 0.82764 0.70224
445 152.6 147.1 0.80256 0.68552

K7 AR Py HIE T HMX/Fy5 i N5 N2 ] A XU T4
FIRE Ey_ MR RE®Z (CED)
Table 7 Energy E,_, and Cohesive energy density CED of

HMX/F,,,, for different concentrations

consistence/% Exn_n/k) - mol ™! CED/kJ - mol ™!
4.2 149.8 0.727
8.1 150.6 0.723
11.7 150.9 0.736
15.0 151.6 0.719
18.0 152.9 0.702

R8  AFHSE HMX/F,,,, 19 TR
Table 8 Mechanical properties of HMX/F,,,, with different

consistence of F,,,,

consistence  tensile modulus bulk modulus shear modulus

/% /GPa /GPa /GPa
0.0 12.6 10.4 4.8
4.2 7.4 6.9 2.8
8.1 7.3 6.5 2.5
1.7 7.6 6.4 2.4
15.0 7.3 6.4 2.4
18.0 6.8 6.2 2.2

SR, AN [l B R PBXs 1) MD LR 15 1) )
FYERE (3R 9) AT WL, Bl B2 TH i, AT 0 AR A A A
BB, 2 W] PBXs WIE s , BIAE “ 807 T, A R TR
TR HE DU R/ O 4 S Bk TR T
PBXs JE T FERI 451, 5 5L B0 S SL R AT
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Table 9 Mechanical properties of RDX/PS at different
temperatures

/K tensile modulus  bulk modulus shear modulus

/GPa /GPa /GPa

195 6.0 6.1 2.2

245 5.0 5.2 1.9

295 3.0 4.1 1.1

345 2.9 4.3 1.1

395 1.5 3.3 0.5
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Theoretical Studies on Sensitivity Criterion of Energetic Materials——From molecules, crystals, to composite

materials
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(Institute for Computation in Molecular and Materials Science, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: For nearly three decades, many microcosmic theoretical criterions on impact sensitivity of energetic materials at home
and abroad have been suggested by using quantum chemistry calculations and molecular dynamics simulations. In this article, we
mainly present some work on thermal decomposition mechanisms and sensitivity criterions of energetic molecules, crystals, and
composite materials by our research group. Among them, some studies and criterions on impact sensitivity of energetic crystals and
composite materials are reported for the first time.
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