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Fig.1 Schematic diagram of steric hindrance of molecules

during shear deformation
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Table 1 SHI of unit cell with different accuracy
different division accuracy SHI

n,=n,=50 0.128

n,=n,=100 0.126

n,=n,=200 0.1264

n,=n,=500 0.12576
n,=n,=1000 0.125712
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Table 2 Comparison of SHI and CS-RD results for 22 slip systems at = 0.1

No.  sensitivity shock plane / slip plane, slip direction  SHI" 7o T/GPa (7, -7)/r,  T/K(8ps) (NO,/RDX)/% (10 ps)
1 sensitive (210)/{120f<=210>* 0.7304 0.55 0.9 1177 3.67
2 (210)/{0-21}<100> 0.2668 0.44 3.0 1107 1.85
3 (210)/10211<100> 0.2663 0.44 3.2 1096 1.80
4 (210)/{010}<100> 0.4310 0.43 4.2 1101 2.63
5 (210)/{0-111<100> 0.2406 0.37 5.0 1132 2.80
6 (210)/10111<100> 0.2406 0.37 5.0 1128 1.82
7 sensitive (100)/{=1101<110>* 0.7296 0.69 1.0 1165 2.81
8 (100)/{110f<1-10> 0.5894 0.60 1.2 1173 3.76
9 insensitive (111)/10211<100>* 0.2842 0.47 3.3 1098 1.90

10 (111)/{0101<100> 0.4566 0.35 4.4 1071 1.19

11 (111)/{0111<100> 0.2565 0.58 5.6 1143 2.78

12 (111)/{010f<001> 0.2182 1.17 5.6 1163 3.38

13 (111)/{0-21}<100> 0.2835 0.42 5.9 1064 1.55

14 (111)/{001}<010> 0.3472 0.16 10.7 985 0.05

15 (111)/{0-10}<100> 0.2565 0.47 14.5 1115 2.41

16 insensitive (120)/{0101<100>* 0.4568 0.31 2.1 1094 1.44

17 (120)/{0-21}<100> 0.2832 0.40 2.6 1117 2.34

18 (120)/{-120}<210> 0.8786 0.92 2.9 1200 4.84

19 (120)/{0-10}<100> 0.2544 0.47 3.1 1140 2.28

20 insensitive (110)/{0101<100>* 0.4462 0.42 1.4 1093 1.63

21 (110)/{0-21}<100> 0.2756 0.41 2.1 1102 2.27

22 (110)/10111<100> 0.2486 0.45 3.5 1134 2.60

Note: All columns except "’ are obtained from the CS-RD experiment in An'*! paper. * means this slip system is the main slip system.
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Table 3 Comparison of SHI and CS-RD results for 22 slip systems at r=0.2

No. sensitivity  shock plane/slip plane slip direction  SHI " 7T/ GPa (7 aTo) /7o T/K (5 ps) (NO,/RDX)/% (8 ps)
1 sensitive (100)/{110f<1=10>* 0.6210 1.61 0.7 1199 21.2
2 (100)/{=110{<110> 0.7946 1.51 0.8 1185 17.2
3 (100)/{101{<10-1> 0.6384 0.47 2.6 1095 11.8
4 (100)/{=101}<101> 0.7986 0.43 2.6 1109 13.4
5  sensitive (210)/1120]<-210>* 0.7570 0.85 1.9 1131 11.7
6 (210)/{021{<100> 0.2831 0.45 2.3 1017 5.6
7 (210)/{010f<100> 0.4568 0.72 2.4 992 5.0
8 (210)/{0-21f{<100> 0.2832 0.40 2.7 1039 7.5
9 (210)/{011{<100> 0.2544 0.50 2.9 1054 9.3
10 (210)/{0-11f{<100> 0.2544 0.53 4.3 1054 8.9
11 insensitive  (111)/{021{<100>* 0.3206 0.65 2.6 1045 8.1
12 (111)/{010f<001> 0.2444 0.94 2.9 1056 8.1
13 (111)/{001{<010> 0.3716 0.36 3.5 986 5.1
14 (111)/{0-21{<100> 0.3209 0.36 3.8 971 3.9
15 (111)/{011{<100> 0.2888 0.73 4.8 1128 14.3
16 (111)/{010{<100> 0.5062 0.27 8.7 957 4.5
17 insensitive  (120)/{010{<100>* 0.5092 0.94 1.9 1018 5.3
18 (120)/{=120}<210> 0.8942 1.81 2.0 1167 17.2
19 (120)/{021}<100> 0.3180 1.10 2.5 1052 9.1
20 (120)/{011}<100> 0.2862 1.19 3.1 1092 10.4
21 insensitive  (110)/{010f<100>* 0.4862 0.38 1.2 979 5.1
22 (110)/{101f<10-1> 0.6412 0.75 1.2 1139 17.4
23 (110)/{021}<100> 0.3027 0.82 1.3 1041 7.4
24 (110)/{011}<100> 0.2722 0.78 1.9 1091 10.4
Note: All columns except ! are obtained from the CS-RD experiment in An'*! paper. * means this slip system is the main slip system.
R4 =011 8RN SHIY CS-RD 4R LK
Table 4 Comparison of SHI and CS-RD results for 8 slip systems with r=0.1
No.  sensitivity shock plane/slip plane slip direction SHI" T /GPa 7, -7,/GPa T/K (6 ps)  (NO,/PETN)/%
1 sensitive (110)/1100f<011>* 0.9722 1.19 1.66 960 1.5
2 (001)/{101f{<=101> 0.9750 1.38 2.28 910 1.5
3 sensitive (001)/{101f<=111>* 0.7747 1.03 1.93 826 0.8
4 intermediate (111)/{110f<001>* 0.6792 0.76 1.02 830 1
5 (100)/{100f<001> 1.0000 1.6 1.77 1000 2.6
6 (101)/{110<001> 0.6722 1.08 1.76 820 0.75
insensitive,
7 intermediate (101)/{110f<1=11>* 0.6912 0.45 1.04 690 0.2
8 insensitive (100)/{110f<1-11>* 0.6968 0.49 0.69 725 0.2

Note: All columns except " are obtained from the CS-RD experiment in Zyben'*! paper. * means this slip system is the main slip system.
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x5 r=0.170} 8N R R Y SHIE CS-RD 253 1L 55

Table 5 Comparison of SHI and CS-RD results for 8 slip systems at =0.17

No. sensitivity shock plane/slip plane slip direction ~ SHI" TonTo/GPa  7..-7/GPa T/K(6 ps) (NO,/HMX) /%
1 insensitive (110)/{100f<010>* 0.3498 2.51 2.15 1204 1.9
2 (110)/{111{<01-1> 0.3429 3.24 1.71 1194 2.3
3 insensitive (011)/{111f<1=-10>* 0.4885 2.84 1.21 1125 1.2
4 (011)/{001}<010> 0.2388 2.88 2.06 1202 1.5
5 (011)/{101}<010> 0.4348 3.14 1.46 1190 1.0
6 sensitive (010)/{011<11-1>* 0.2384 2.46 2.83 1301 5.1
7 (010)/{001}<100> 0.3342 2.72 3.89 1414 6.4
8 (010)/{100t<001> 0.5439 3.00 4.21 1384 5.7

Note: All columns except "’ are obtained from the CS-RD experiment in ZHOU'' paper. * means this slip system is the main slip system.

x6 SANTEIFE AN SHI8 psitAYTEEE LK 10 psif # NO,/RDX & 1
Table 6 SHI of the five main slip systems, temperature at 8 ps, and NO,/RDX content at 10 ps

No. shock plane/ slip plane slip direction SHI T/K (8 ps) (NO,/RDX)/% (10 ps)
A (210)/{120f{<=210> 0.7304 1177 3.67
B (100)/{=110f{<110> 0.7298 1165 2.81
C (111)/{0211<100> 0.2842 1098 1.9
D (120)/{010{<100> 0.4569 1094 1.44
E (110)/{010{<100> 0.4462 1093 1.63
08 . T r T T 0.8 T T 40
+1180 —-—SHI '
o7 =" ] 07 " 1
—=—SHI 11160 —A—NO | RDX /% at 10 ps 3.5 a
0.64 —o—T/KatSps_ 0.64 i =)
¥ 1% 130 ®
& 05 phe S < 05 I o=
— s & ——s {25 X%
0.4 1120 x 04 ¥ 3
= 20 =
0.3 11100 0.34 i o
— 1 =
02 0.2 A 1.5
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a. SHI of the five major slip systems of RDX

compared with the temperature at 8 ps after shock
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b. SHI of the five major slip systems of RDX

compared with NO,/RDX content at 10 ps after shock
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Fig.6 SHI of the five main slip systems of RDX compared with the temperature at 8 ps and NO,/RDX content at 10 ps after

shock
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%7 RDX.PETN.BTF.TNTZE 22 MK 48 55 T T 19 SHI Jz
SHIYE
Table 7 SHI of RDX, PETN, BTF, TNT in 22 low-index

crystal plane slip systems and the average SH/ values

shock plane /slip plane

dlip direction TNT RDX BTF PETN
(210)/{1201<-210>*  0.0909  0.7304  0.9628  0.9622
(210)/{0-21t<100> 0.0674  0.2668  0.6237  0.7804
(210)/1021{<100> 0.0675  0.2663  0.6374  0.7822
(210)/{0101<100> 0.1334  0.4312  0.9867 1

(210)/{0-111<100> 0.0591 0.2406  0.5585  0.7074
(210)/{011}<100> 0.0591 0.2406  0.5585  0.7074
(100)/{-110}<110>*  0.0683  0.7296  0.9631  0.9618
(100)/{110{<1-10> 0.0713  0.5894  0.9435  0.9682
(111)/{0211<100>* 0.0737  0.2842  0.6391  0.7862
(111)/{010f<100> 0.1413  0.4566  0.9888 1

(111)/{0111<100> 0.0645  0.2565  0.5589  0.7104
(111)/{0101<001> 0.5360  0.2183  0.9994 1

(111)/{0-211<100> 0.0736  0.2835  0.6274  0.7853
(111)/{0011<010> 0.0033  0.3472 1 1

(111)/{0-10t<100> 0.0645  0.2565  0.5589  0.7104
(120)/{0101<100>* 0.1366  0.4569  0.9875 1

(120)/{0-211<100> 0.0684  0.2832  0.6423  0.7972
(120)/{-120t<210> 0.0899  0.8786  0.9697  0.9747
(120)/{0-10t<100> 0.0593  0.2544  0.5761  0.7223
(110)/{0101<100>* 0.1351  0.4463  0.9869 1

(110)/{0-21}<100> 0.0681  0.2756  0.6491  0.7922
(110)/{0111<100> 0.0590  0.2486  0.5682  0.7166
Average SHI values 0.0924 0.4428 0.7940 0.8707
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Fig.7 SHI comparison of 22 slip systems based on 10% com-
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%8 PETN.BTF.RDX.TNTH Hy,
Table 8 H,, of PETN, BTF, RDX and TNT

compounds MF Hyy /cm
13(Ref)!1?/,14.5(Ref)!13),
PETN C,HgN,O,, ,
15(Ref)!1#1, 16(Ref)112]
BTF CNOy 21(Ref)!15
19(Ref)!14),27 (Ref)!14),
RDX C,HN,O, ) )
28(Reh)!71,31(Ref) 14!
TNT C,H;N,0O 65(Ref)!8!,98(Ref) 17

Note: 1) The drop hammer mass is 2.5 kg.

TS SRR . 5B 5 FE 2003 48 D) i s
B BR B & B T 0 — R R Sk
B ry ek R A g A % i, DL RDX fh AR B2 5 19
H.C.N.O J& 6, 104 7 4 o 42 2 4 o 15
&9,

S I G AN [R) B BT 2 4% X 2 (] o7 BEL 48 250104 52
R T &R EE TR 0.1 B (1% SHIL 25 3 0L
#10.

2 10 AT A5 Ji 2 AR bR BE 09 18 B8 01 A 23 28 1k o
At R R U B R X A RO R R
(C) . (D) . (E) iy =5 [8] 457 BH 48 £ A7 /N T U 58 R
(A) .(B) Y= ] o7 PHAE %L

i 7% o T2 42 2R Allinger B 11845 3 .

£9 H.C.N.OMJFE T4

Table 9 Atomic radius forH, C, N, O A
system H C N O

Pauling 1.1 1.72 1.5 1.4

Bondi 1.2 1.7 1.55 1.52
Allinger 1.62 2.04 1.93 1.82

Hu 1.08 1.49 1.41 1.4

F10 AFEEFLRL SHITHE S
Table 10 SH/I with different atomic radius

shock plane/ sli
No. P P Pauling  Bondi

Allinger Hu
plane slip direction 8

A (210)/{1201<=210> 0.6462 0.6732 0.7304 0.6391
B (100)/{-110}<110> 0.5572 0.6088 0.7298 0.5414
C (111)/{0211<100>  0.1598 0.1972  0.2841 0.1532
D (120)/1010f<100> 0.2651 0.3244  0.4569 0.2515
E (110)/1010f<100> 0.2571 0.3163  0.4461 0.2445
4 it

Wit T & 6e bRk 2 B 7 B 4G Btk IR
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Methodology Design for Calculating Steric Hindrance Index as a Descriptor for the Shock Sensitivity of
Energetic Materials

CUITao', LIU Zhi-han*, XIE Wei’, XUE Xiang-gui®
(1. Department of chemistry , College of Science , Shanghai University, Shanghai 200444, China; 2. Materials Genome Institute , Shanghai University ,
Shanghai 200444, China; 3. Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: Molecular dynamics simulation is an important method to predict the shock sensitivity of energetic materials, yet it is
computationally expensive and needs to use force fields that may be unavailable. Here, an algorithm was designed and imple-
mented in a computer program in Python for calculating the Steric Hindrance Index (SHI), which is a descriptor for evaluating
shock sensitivity. The algorithm 1) compresses the crystal unit cell of an energetic material keeping the molecular unit rigid to
simulate deformation under shock; 2) establishes a new rectangular coordinate system for the specific slip system and rotates the
cell to deal with general shock directions and slip systems; 3) assigns molecular units to layers based on the coordinate of their
centroid; 4) calculates the overlapped area of each two adjacent layers after projection along the slip direction; and 5) obtains
SHI by normalization of overlapped areas. For PETN, BTF, RDX, and TNT at a compression ratio of 0.1, the calculated average
SHI are 0.8707, 0.7940, 0.4228, and 0.0924, respectively, which is consistent with the decreasing order of impact sensitivity
mentioned in references. SHI classifies the slip systems in line with those based on molecular dynamics simulations, yet with bet-
ter computing efficiency and methodological applicability.

Key words: shock sensitivity ; energetic materials;steric hindrance index;algorithm and program
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