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Table 1 Shape factors of some common energetic molecules
compound name TATB FOX-7 a-RDX B-HMX &-CL-20 ONC
CCSD refcode TATNBZ SEDTUQO3 CTMTNA12 OCHTET17 PUBMUUO02 CUGDIR
031—033 0.505 0.554 0.290 0.427 0.158 0.017
033 0.001 0.012 0.173 0.136 0.252 0.323
[ Z+6g3 0.495 0.434 0.537 0.438 0.590 0.660
average: 0.617 average: 0.073 average: 0.310
200} std. dev.:0.176 std. dev. : 0.060 200 std. dev. :@12
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a. distribution of 6,,-6,, b. distribution of 6,, c. distribution of 6,,%6,,
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Fig.3 Statistical distribution of different shape factors
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Table 2 Statistical means and Z-test results of crystal density
(d.) and packing coefficient (PC) for molecules of different

shapes under different thresholds

shape factor _— d /g-cm™ PC

range average Std.Dev. Z average Std.Dev. Z
9g1—9g3<0.1 9 1.550 0.266 3.01 0.696 0.024 0.86
6,,6,,<0.05 4 1.804 0.153 5.59 0.717  0.019 217
Hg]—HgSSO.OZ 3 1.799 0.187 4.78 0.724 0.016 2.33
0850.1 2828 1.415 0.133 2.67 0.692 0.025 5.80
6,,<0.05 1679 1.440 0.133 9.50 0.698 0.024 14.89
6,,<0.02 889 1.469 0.136 12.82 0.706 0.022 19.09
0.02<9g5S0.1 1939 1.390 0.124 -=5.53 0.685 0.024 -5.91
082+0g3<0.1 139 1.410 0.152 0.20 0.696  0.021 3.28
082+9g§0.05 8 1.303 0.134 -2.09 0.680 0.022 -1.02
6,,+6,,<0.02 0 — — — — — —
total samples 3798 1.408 0.142 — 0.689 0.026 —

Note: P(1Z1<1.96)=0.95, P(Z<2.33)=0.99. Std. Dev. is short for standard

deviation. The null hypothesis of Z-test is that the d_ or PC of samples

with or without slipping ability is higher than the total samples.
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b. confidence of t-test of different PC and shape factors
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Fig.5 Confidence of t-test of d_and PC of spheral and plannar
molecules under different threshold, where the null hypothe-
sis is that the samples’ values(crystal densities d. or packing
coefficients PC) in the row are less than those in the column
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0.80. X5 Bao 55X 36 4% B i K% Re (b & ¥ i
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ER (SN O T TS N
23 HFEREREBBEFERNXEE
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3 RFEJEAR P 755 T R TR A X A S 45 2R
Table 3 Results of x* test of different shapes and their crystal
slipping ability

shape factor sliping ability ,
X
range yes no yes/(yes+no)
0,,=0,, < 0.1 4 5 0.444 0076
031—0g3 > 0.1 1946 2023 0.490
6,,-6,, <0.05 3 1 0.750 o8t
031—983 > 0.05 1947 2027 0.490
0,,~6,, <0.02 2 1 0.667 .
931—933 >0.02 1948 2027 0.490
0,<0.1 1515 1313 0.536
¢ 81.10
933 > 0.1 435 715 0.378
0, <0.05 1026 653 0.611
¢ 169.9
ng > 0.05 924 1375 0.402
0, <0.02 627 262 0.705
8 211.9
033 > 0.02 1323 1766 0.428
0.05 < Ogj < 0.1 489 660 0.425
5.33
ng > 0.1 435 715 0.378
0g2+0g5 < 0.1 86 53 0.619 951
6.,+0,_>0.1 1864 1975 0.486
g2 “g3
6,,+6,, < 0.05 5 3 0.625 058
9g2+0g3 > 0.05 1945 2025 0.490
0,,+0,, < 0.02 0 0 — B
082+033 >0.02 1950 2028 0.473

Note: P_, (x’22.706)=0.1, P_ (x*>3.841)=0.05, P _, (x°>5.024) =0.975.
The null hypothesis of x*-test is that the shape of molecules and crystal

slipping ability have no correlation.

A% DI NCIR R AR LN Qi A ke ) | (E P Ve o4
T AEO09 BT, BRIE /7 5 fh ik iy vl i B 1 T
WA S . X R ONERIE 4 F SR 2 IR AR
HER, RS 2R ARMER AR,

Xt T TG 43, Bl 7 T8 3 30, 7T S
TR e 7E N, HL xR 50 0 45 R R I 238
ST A B 1, R I 4 T R AR AT R
e A, XEBEERNNFEIE S FRIEEZH
TE - T 2 R M AR B g TR HE B O B B A A
ST 43 F b P TR B Y 43 (0.05<6,,<0.1) F9E
ST 43 F (6,,>0.1) 5 AW B MR A7 A DG HE ARG 56,
X*=5.335, BD Al LAAE 0.975 A9 B 45 R - 1 92 43
TR AT RS AR OG o 3 U I R X T TR AR AR
(43 T8 T 43 A K A 2R AR A T K A J2 190 35 U ¥ %
DR NS+ R0 I S YRS e VE | S R S
T XTI 3 F OV TR R A 20 4y F ATl ik
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AN E B AT B . Tl «-RDX 1 e-CL-20 4 [
B-HMX -1 FE T, DALk o % 0 B2 45K

X T 6,+6,,<0.1 BZIE 73 7, v] BE R R 7 B
(Y BB AR, A DS B 4 IR A H A (& 2) , DT i
xR . TSIE AR B F B {E cHL0.05 B, x* FRE, X
FE SRR OR300 . BRI, AS R UE
1y b ) W 220 4 J2 A5 R0 AT I RS PR AR OGS

B UG AT L, BROE 43 F 5 AR T AR AE 4 2 (]
TR A OCHEAR 55, 1T 18 43 5 b 1A Rl i R 1k A A
K I TN TE I A X 4, OF T
R R T BB T B AT W RS I A, LR 4 TATB,
FOX-7 .LLM-105 4",
24 BREZEERRAFENEBENXBYE

K E T E R I ik Ge3t TRl RS AU B i B R AR
M) AR R 5 o RN HE R R B PC o A 1 DL, 45 R an 1l 6 it
AN TN AT I % 1 7 N1 1 o A< SR = S N5 e A o (T

500 T T T T T
samples with slipping ability

4001 average: 1.414

std. dev. : 0.13

300

200

100

100

200

300

400 average: 1.
std. dev. : 0.151
500 1 1 1 1 1
1.0 1.2 1.4 1.6 1.8 2.0 22

d /g-cm®
a. distribution of slipping ability and d_

Kl 6b  H PC 43 fii . M 6a Fil 6b i il DL 8 1k
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X —AF 58 45 St 5 Politzer fl Murray"' ™ & F % B
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FEH S RE AR B H BB DN DR R R RO R, B
Hao R o X g2 — DR A AR iy k& 3 CIRi:g:4
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[F1) T % 1Y) o 2 BE AR AR A ORI

3 4
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Al R R A e A IR RS

400 T T T
samples with slipping ability
300+ average: 0.692
std. dev. : 0.026

2001

1001

0
1001
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samples without slipping ability
300+ average: 0.686

std. dev. : 0.026

400 1 1 1 1
0.50 0.55 0.60 0.65 0.70 0.75 0.80

PC
b. distribution of slipping ability and PC

6 TN AS 5 OR T U RS A A A ol AN B R B PC Y 23 A A L
Fig.6 Distributions of d_ and PC of crystals with and without slipping ability

R4 ATIAL S AT AL R B0 A N M AR R B (B AG e 45 R
Table 4 Hypothesis test results for the crystal density and packing coefficient of crystals with or without slipping ability

d /g-cm™ PC
slipping ability count
average Std. Dev. z t average Std. Dev. z t
yes 1950 1.413 0.132 1.80 0.692 0.026 5.42
2.53 7.65
no 2028 1.402 0.151 -1.83 0.686 0.026 -5.32

Note: Std. Dev. is short for standard deviation. The null hypothesis of Z-test is that the d_or PC of samples with or without slipping ability is higher than the total

samples. The null hypothesis of t-test is that the d_or PC of samples with slipping ability are higher than which of samples without slipping ability.
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The Correlation Between the Geometric Shape of Neutral Nitro Molecules and their Crystal Properties: a
Statistical Study

HE Xu-dong'*, ZHANG Zeng-ming', ZHANG Chao-yang’, XUE Xiang-gui’
(1. Department of Physics, University of Science and Technology of China, Hefei 230026, China; 2. Institute of Chemical Materials, CAEP, Mianyang
621999, China)

Abstract: The packing structure of energetic crystals is one of the important factors affecting their sensitivity. A crucial mecha-
nism for reducing the sensitivity of energetic materials is buffering external stimuli through the slipping between molecular layers
within the crystal. It is very important to understand the inherent relationship between the geometric shape of energetic mole-
cules and their crystal properties for the better design of low sensitivity high energetic materials (LSHEs). This study used neutral
CHNO molecules containing nitro from the Cambridge Structural Database as samples. Hypothesis testing methods (including
Z-, t-, and x* tests) were employed to investigate the correlation between the geometric shape of molecules and their crystal den-
sity, packing coefficient, and slipping ability. The study shows that among spherical, planar and linear molecules: spherical
molecules have the highest crystal density and packing coefficient, but weaker slipping ability; planar molecules with high pla-
narity achieve a crystal density comparable to spherical molecules by a high packing coefficient, while also exhibiting stronger
crystal slipping ability, its confidence level of the x* test is close to 1; linear molecules perform less well than the former two.
Though some crystals with high crystal density and packing coefficient do not have slipping ability, general speaking, the crystal
density and packing coefficient of the crystals with slipping ability are higher than those without. Both Z-tests and t-tests indicate
a confidence level exceeding 0.95, suggesting that designing crystal structures conducive to intermolecular-layer slipping is not
contradictory to reduceing their sensitivity and increasing crystal density. Planar molecules have a higher crystal density than av-
erage, and it is strongly associated with crystal slipping ability, making them the preferred choice for designing LSHEs.
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