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Table 1

The total energies( £,) at 0K and zero point vibrational energies ( ZPE) of all kinds of molecules calculated at the level of
MP2/6-311g(d,p) in terms of isodesmic reactions (1) ~ (16)

compound  E,/hartree ZPE/hartree || compound  E,/hartree ZPE/hartree compound  E,/hartree ZPE/hartree
CH3
| >=N\
TNB -843.847344  0.107761 CHs -79.570857  0.074935 OH  -247.814959  0.100859
s o
TNT -883.041014  0.135681 NH, -95.583370  0.063593 —N—  -526.954370  0.109035
NH, ON_ NO,
PCTA -1084.288744  0.146861 NH, ~-111.583687 0.053304 >< -338.854669  0.095416
(|>H CHs
NPCTA ~1288.369588  0.149074 NH, —131.409206 0.039888 |_NH2 —134.786118  0.092992
ON NH,
LLM-105 -857.284754  0.119276 >_\— -360.838657 0.111438 I—NHQ ~-150.810815  0.082326
O,N 0
_ HN—L-NH
DNBF —897.808501 0.101029 —400.033861 0.139456 2 b -224.736685  0.061892
O,N NH, H
DADNBF -1008.281822  0.135893 H —416.073587 0.128649 H2N+NH2 -190.012716 0.110311
/=N\ /=\
TNAZ —785.00824 0.106971 NH2  _188.774654 0.085839 ~156.740315  0.108251
| N=N
RDX -895.428156  0.142819 HN—N—=NH; _205.962830 0.098116 HN  NH, -220.777604  0.060692
O,N 0
A
K6 -969.308605  0.122560 >——N\NH ~392.867677 0.088551 N=N —295.781650  0.064656
2 HN  NH,
02N NH2
ONC —1941.278438  0.149903 )=N_ Z376.858624 0.099287 ,'q -221.973124  0.087116
/ N\
HoN NH,
HN 0
CL-20 —1787.3232002 0.220294 N -303.016707 0.118921 -231.577842  0.100617
HN  NO, K
N, =327.533959  0.022129 HQN_NHZ —448.107119 0.102844 BN N _qg6.575565  0.056507
O —_—
>_/ 1L
N, O, —552.622931 0.039537 =N, —322.833361 0.105016 N=NUN_N  -436.416809  0.034355
OH 2 VZ
—N
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Table 2 Rigid or flexible, determined according to resonance
energies( E,) and strain energies ( E) of all kinds of explo-

sives based on isodesmic reactions (1) ~ (16)

compound Eg/K) - mol™  Eg/k) - mol™  “rigid” or*flexible”
TNB -120.0 - flexible
TNT -116.2 - flexible
PCTA -169.1 - flexible
NPCTA -138.4 - flexible
LLM-105 -103.8 - flexible
DNBF -36.4 - flexible
DADNBF -44.3 - flexible
Benzene -180.6 - flexible
N, O, -61.85 - flexible
TNAZ - 152.7 rigid
RDX - 155.5 rigid
K6 - 275.2 rigid
CL-20 - 372.7 rigid
N, - 123.6 rigid
ONC - 979.1 rigid
Ng(cube) - 895.3 rigid

3 XL EF R AN

te oy RAE i P I RE B (E,) il 2 AL AT L 9 Qo
S ML BO & X—NO, & 55 X—NO, (X =N
o O) #E M & fift BE#AR 7 B3LYP/6-31g(d, p) MK I
PEAT TR, IR BE ml gk 1 BE BT AE A T 2R AT T U
TRERILAR 4, R4 AW, KE25 70 7 /Y 5K I REBOR
LR AT B R o

wzCov(X,Y) (i)
o0,

XrfLQ, ,, WEEH KRB Cov( X, Y) , ALK
WIr 2% o0, 43010 x Fy B 05 WD 22

AR (i) SRXBEHE T Ho R RIE R g,
HoHs %HE 43 34 0.5570,0.7260,0.6595,0. 1927 Fl
0.7641, RIS Ha, AHSCHE R /ANIUT . M4k 58 (305K
F1fE) >l 3 Mulliken Hi, faf > 55 8 ( X—NO, , X = C
B N B 25 fif BE > HE B > 55 T H 2

PR AE (BOK 1 RE) BOAH C R B, B0 U645 00
T HIRIZE B A PR fe R o DA TNAZ S ], B8 40U 5%
fib iR i TNAZ 46 0 GPa Al 5 GPa # /K FEAE 1T T 19
ERSE B AR ILE S,

GRS AL AE TR, HRE B A2

il L v i 28 17, SRR/, 5K T E‘ﬁi"ﬁﬂo Xt
UL T TNAZ 4379 MBS 8 2 34 1, X Wi7R 46 v] B
TEAR R BARSE T o

B~ 85 50 7 11 Aol A 2 i ek v e S
AN T) 9 22 1) 1 OG 2R B ARG, 7T DL Y, B4R
5T ik v A LA B 3 1R O 5 B 45 A 91 5 R PRV R 2
[i] P A DG P A ELIR JE AN S SRR (I 1 ~ 1] 5, 2 AR
FHE KA 0.5570,0.7260,0. 6595,0. 1927,
0.7641) , T oA 3 6 FI 4 41 2 2 3 L 45 7T B 278 o 2
MIEE R (18 6, R PEAH R B 0.9996) .

BALSEIE (GA) ™ e WK BT 1 A WL A 1 ik
1% (heredity) (2 4% ( mutation) | H & 3% #& ( selection)
F1Z= 3¢ (crossover) %5 14 A 4% 3 4k ( natural evolution)
I3 = i i 14 RE A% ik ke 52 2% 1 0 A 18D R ) T S PLRR Y

0

® 3 EIMEPI ST (GAV) #1 MP2/6-311g(d,p) #1518 CL-20 2 Hi2k B 55 M R ) SOAR A UK 19 LE 42

Table 3 Comparison of gaseous enthalpies of formation of CL-20 and its linear isomer calculated according to groups additivity

values'method (GAV) and MP2/6-311g(d,p) method

isomers AH’ /K - mol™ AH® /K - mol ™! Eg+AH+A;H’(GAV) relative deviations
(GAV) (MP2/6-311g(d,p)) /k) - mol™ /%
}NOz
>N02 = C< x4+= N—x4+>CH—+—NH—+
—CH,—+—NO, x6+—NH,
388.81 383.80 -1.3
N02 =50x4+97.0x4+(-2.7)+58.0+
NS (=22.0)+(-41.5)x6+11.5=383.80
>NOQ
N
>No2
HoN
>N—x6+>CH—x6+—NO,%x6=97.0
CL-20 589.9 623.65 5.7
x6+(=2.7)x6+(-41.5)%x6=316.8
Note: 623.65 is the calculated value obtained by Eg+AH+GAV method.
Chinese Journal of Energetic Materials, Vol.24, No.1, 2016 (10-18) A A A www. energetic-materials. org. cn
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Table 4 Characteristic drop heights ( H') of typical explosives and the results of five criteria

compounds E,/eV Qno, /2. u. BDE/KJ - mol™ BO Eg(or Eg) /Kl - mol™ H5" /em
RDX 4.086 -0.1020 166.9 1.0202 155.5 28
DNBF 1.812 -0.3571 289.8 0.9225% -36.4 76
DADNBF 1.820 -0.5218 353.7 0.9629% -44.3 120
PCTA 2.759 -0.3348 255.3 0.9034 -169.1 200
NPCTA 2.421 -0.3295 253.8 0.9050 -138.4 67
LLM-105 2.043 -0.3925 282.2 0.9248 -103.8 117
TNT 3.060 -0.3538 260.6 0.9046 -116.2 98
TNB 3.079 -0.3449 284.9 0.9159 -120.0 71
TNAZ 3.124 -0.1490" 182.4 0.8522 152.7 30
K6 3.320 -0.0369 139.7 0.9292 275.2 25
CL-20 3.796 -0.0700 178.1 0.9565 372.7 20
ONC 3.253 -0.2707 227.1 0.8867 979.1 3)

Note: 1) -0.1490 indicates the nitro group’s Mulliken charge in N—NO,. 2) 0.9225 and 0.9629 indicate the bond orders of the N—O bonds in furazans, respec-

tively. 3) There is not experimental HE§P for ONC.

£S5 B TNAZ fik7E 0 GPa I 5 GPa /K FEAE T F 9L
o ) B 119 A2 1 fEL
Table 5 Changes of several criteria of modeling the TNAZ

crystal under the hydrostatic pressure of 0 and 5 GPa

p Eg QNOz B ER(OI‘ ES)
/GPa /eV /a. u. © /k) + mol™'
0 3.124 -0.1490 0.8522  152.7
5 2.022 -0.2037 0.3748  8077.8
relative deviation/% -35.3 36.7 -56.0 5190.0
220
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g, 100 o
T 8] .
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Table 6 Comparison of the experimental values ( H:”) of

cal

characteristic drop height and the predicted ones ( Hs, ) ob-

tained by genetic function approximation method for 11 explo-

sives
compounds HeP /em HS /em
RDX 28.0 26.8
DNBF 76.0 75.8
DADNBF 120.0 120.1
PCTA 200.0 200.0
NPCTA 67.0 66.3
LLM-105 117.0 115.8
TNT 98.0 99.2
TNB 71.0 71.6
TNAZ 30.0 30.4
K6 25.0 26.8
CL-20 20.0 19.1
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A New Sensitivity Criterion of Explosives: Bonding & Nonbonding Coupling Related Molecular Rigidity and
Flexibility

TAN Bi-sheng' , HUANG Ming', LI Jin-shan', LONG Xin-ping'
(1. Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621999, China; 2 China Academy of Engineering Physics, Mianyang
621999, China)

Abstract: Four sensitivity criteria of explosives, including the most likely transition method (the minimum energy gaps) , the mini-
mum bond orders, the weakest bond dissociation energies, Mulliken charges of nitro groups of X—NO,(X=C, N or O), were
reviewed. A new sensitivity criterion, named as “bonding & nonbonding coupling related molecular rigidity and flexibility” based
on the global stability of an explosive, was proposed for the first time. The correlations between the impact sensitivities and the cri-
teria of 11 typical explosives: 1,3 ,5-trinitrobenzene(TNB) , 2,4 ,6-trinitrotoluene (TNT) , 1,3 ,3-trinitroazetidine( TNAZ), 1,3,5-
trinitro-1,3 ,5-triazacyclohexane(RDX) , 1,3,5-trinitro -2-oxo-1,3,5-triazacyclohexane(K6), 2,4,6,8,10,12-hexanitro-2,4,6,
8,10,12-hexaazaisowurtzitane( CL-20) , 2-picryl-1,2,3-triazole (PCTA) , 4-nitro-22-picryl-1,2,3-triazole (NPCTA) , (2,6-diami-
no-3,5-dinitropyrazine-1-oxide (LLM-105) , 4,6-dinitrobenzofuroxan( DNBF) and 5,7-diamino-4 ,6-dinitrobenzofuoxan ( DADN-
BF) were compared. Results show that in the five kinds of sensitivity criteria, the correlation of the “bonding & nonbonding cou-
pling related molecular rigidity and flexibility” evaluation method is the highest. The combination of these criteria can improve the
ability to predict sensitivity. Strain energy is a form of the bonding & nonbonding coupling energy in explosive molecules, which
not only can be used to measure the sensitivity of explosives, especially for the explosives without nitro group, at the same time al-
so can be used to meaure the energy-stored level of an explosive and has important significance for the designs and evaluations of
new explosives.
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