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Fig.5 In-situ infrared spectra of ICM-101
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Table 1 The vibration assignments for ICM-101 in the re-

gion of 3200-1000 cm™

band / cm™ assignments
1588 ring

1565 —NO,(v,)
1521 ring

1489 ring

1385 —NO,(»,)
1300 C—N(v)
1245 N—N(v)
1154 C—0—C(»,)
1076 C—0—C(v,)
661 N—H(5)

Note: »_ =anti-symmetric stretching, », =symmetric stretching, v=stretching,

S=formation.
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Fig.6 In-situ Raman spectra of ICM-101
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b. Hirshfeld surface of ICM-101 at 170 °C

¢. Interaction of the Hirshfeld surface of ICM-101
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®2 AFRRETICM-101 S b A 2k
Table 2 Changes of hydrogen bonds in ICM-101 unit cell at

different temperatures

T . H--A  D—A angles
D—H/A

donor-H---acceptor . .
/C /A /A /)

30 0.938 2.137 2994 151.379
40 0.938 2.138 2.996 151.385
50 0.939 2.139 2997 151.392
60 0.940 2.141 2999 151.396
70 0.940 2.142 3.001 151.408
80 0.940 2.142 3.002 151.418
90 0.941 2.143 3.004 151.425
N(2)—H(1)---O(2) 100 0.941 2.145 3.005 151.436
110 0.942 2.146 3.007 151.442
120 0.942 2.147 3.008 151.452
130 0.943 2.148 3.010 151.459
140 0.943 2.148 3.011 151.468
150 0.944 2.150 3.013 151.472
160 0.945 2.151 3.015 151.479
170 0.945 2.152 3.016 151.489
30 0.938 2.094 2.548 108.214
40 0.938 2.094 2.548 108.209
50 0.939 2.094 2.549 108.203
60 0.940 2.095 2.550 108.197
70 0.940 2.095 2.550 108.193
80 0.940 2.094 2.550 108.188

90 0.941 2.095 2.550 108.181
N(2)—H(1)---O(3) 100 0.941 2.095 2.550 108.177

110 0.942 2.095 2.551 108.170
120 0.942 2.095 2.551 108.164
130 0.943 2.095 2.551 108.158
140 0.943 2.095 2.551 108.152

150 0.944 2.095 2.552 108.144
160 0.945 2.095 2.552 108.138
170 0.945 2.095 2.552 108.131
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i VAR HE AR 5K A ) AR G K 24 A ik A e
B RIS BA B SV AE 09 2 AR S5
YEZ), T S AR HE R B ) A B AR 2 5%, S80Ik
[ 4% 1] Sk BB I . ICM-101 5 LT i 2R Sk FH I 24
B4 LLM-105 . TATB .FOX-7 25 HE AR 7 26, 8 B A
A SURE VR FH DO 2% 5 4, b L AR ik Ry o R AT X L
(£3)o LAUA M=AbAl e R Ik R 40 /v
T ik R 2 R 45 1) S AR, 45 R R 45 1) Sk
KN KA ICM-101>TATB>FOX-7>LLM-105>¢g-CL-20,
Hrhe-CL-20 )8 TAEZ R HERR G540, A ik 45 1) 5+
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a. ICM-101 unit cell stacking diagram

.Compression

Expansion

b. Schematic diagram of negative expansion along the b axis

B8 iHFIEHT ICM-101 & #4028
Fig.8 Thermal expansion mechanism of ICM-101 unit cell

under induction

T3 TRVKE 24 it VAR A PR K R A X L
Table 3 Comparison of thermal expansion characteristics of

different explosive crystals

a, @, o ay p
crystal /105°C /107°°C /105 °C /105 °C! Jg-cm™
ICM-101 9.19 -0.92 5.21 13.80 1.990
LLM-105  3.33 6.85 3.01 13.20 1.880
TATB 1.87 1.93 18.85 23.47 1.890
a-FOX-7 2.18 12.71 4.29 19.38 1.885
B-FOX-7 0.84 16.89 3.85 21.88 1.885
£-CL-20!"%0 4,95 4.91 4.40 13.50 2.044
PERE AR N B2 0T 45 ) ) PR R KD, X 2 T

e-CL-20 /i i 3 B 7E = A db Bl 0y 1) 4 R 0 4 5 3
B9 (UL 9) o 17 5 A1 DU i J2 bR M FR 45 4 10 24 1 )22 9 32

pip e RVl R | E S R R o A I i B 7
N H TR AR S B K 32 T 2 A SR 45 7 )
B K R BB AR X BN . R AR AR 2 v T
553 F Z [6) B A0 X e £ A 25 0 B I e v 7 A B B
Wi, 5140 TATB AT FOX-7 B 4 F 18] 92 £ 43 5 29 4 180°
A 1390, 22 P S I 4% 25 4 X )22 ) A 5 il AS
PRI I )% R B #0023 B B K . AR, ICM-101 F
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e. ICM-101

B9 TR k24 04 & sfie LA R o e
Fig.9 Comparison of cell stacking structures of different ex-

plosives
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P T 08, IR UL, sk iRk, B AEAR T, IR

LLM-105 114 I YR HE R 45 44 e 43 ] I /3 B850, 43531
Sk 75°H1 68°, H AU M 245 ZE M Xt a b Bl T 18] 347 A
T oRZ w45 2 (8] A #ORE K R B3 N T TATB Fi
FOX-7. Jf H ICM-101 M R 25 #4) Sz &0 5 W) 2% 19 o5 ik
P (A5 AR bl 1 BT GO R U A e
TR 43 7 R e £y 1 ok 25 24 10 A0 K
P 7= A B I

4 4

(1)K HE AL XRD 4 A I 3 F Rietveld 4 il &
S5 FORG 15 SRR AR AT T BT 2 R B i HE 25 ICM-101
f R B P K R o 45 SRR T ICM-101 dl iR SR B
A3 4% ) S PR K L G b bl 5 B 1R K A e L EL
AR K 22 B0 2 X 0/

(2)38 2 %5 43+ [ /8 H 71 09 23 A g B 1T ICM-101
i LT b A & A R K AP . S5 SRR, A
FEKE ICM-101 43 FAH BLHR RIE B — A DU T A 454, Y
i 1 22 I K B, 7 T SRR ) B 3 K B AR B
R 5 DU T A 25 0 T 4 AR, 5 208 M b B O 1) i 46
FEI P 1R K 1 R

(3)#% ICM-101 L5 8 7Y 1) 28R kB HE 25 41 H , 45
Tk LA A R Y 2R M RS R 2
A, ER T G R M R 1 B RORE ELAE P Y 25 S, S BUE
2 AR K 1 45 1) SR B . JF FOY R AR AEZ
G35 53 (R AE G I ff B R J22 ) 1 3RO ik R 803
AR, T 224 AR X ST £ A /N I R I 45 45 R 6 AR
a.b.ch ¥ AT R, S BOL U K I B 25
I DA HEFR G5 40 £ 48 R T 2R HME R 24 B2 ik 14
eV DL K T S0 B I 24 45 40 AN ) S B0 g Ik 22 S 1k
X VR B A A 24 1 25 4 S ot i 3 By =k 2 ik 17
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Thermal Expansion Characteristic of a New Type High Energy Explosive ICM-101

TAO Yu-ting'?, XU Jin-jiang', ZHANG Hao-bin', YANG Zuo-yin®, LEl Ming®, SUN Jie'
(1. Institute of Chemical Materials, CAEP, Mianyang 621999, China; 2. State Key Laboratory of Chemical Resource Engineering , Institute of Computational
Chemistry , College of Chemistry , Beijing University of Chemical Technology , Beijing 100029, China)

Abstract: The thermal expansion characteristic of explosives under thermal stimulation affects the application of explosives. The
thermal expansion characteristic of [2,2'-bi( 1,3, 4-oxadiazole) ]-5,5’-dinitramide (ICM-101) was studied by using in-situ X-ray
powder diffraction, and the thermal expansion coefficient of ICM-101 was obtaind based on Rietveld structure refinement. Re-
sults show that there is reversible anisotropic under the high temperature expansion process of ICM-101. In the temperature range
of 30—170 °C, the thermal expansion coefficients of the unit cell parameters a, b, c¢ axis and volume V are 9.19x107 °C™',
=9.22x107° °C™", 5.21x107° °C™" and 13.8X107° °C™', respectively. The b-axis exhibits negative expansion characteristics. The unit
cell stacking structure of ICM-101 at different temperatures and its correlation with thermal expansion characteristics were stud-
ied via the method of molecular spectroscopy technology combined with theoretical calculations. Results show that the compres-
sion deformation of the four-membered ring structures of ICM-101 molecules under thermal stimulation is an important reason
for the linear negative expansion of the b-axis . Compared with other explosive crystals, the influence of unit cell packing on the
thermal stability of explosive crystal structures were analyzed. The thermal expansion anisotropy of explosive crystals with strong
hydrogen bonding layered stacked structure is more obvious. When the relative angle between molecules is greater than 100°,
the intra-layer hydrogen bonding network affects the interlayer interaction. On the contrary, it will affect the a, b, and c axis di-
rections and limit its thermal expansion.

Key words: [2,2'-bi(1, 3, 4-oxadiazole) |-5, 5'-dinitramide (ICM-101) thermal expansion characteristics; In-situ XRD ; Rietveld
structure refinement;cell packing
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