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Fig.1 Setup for preparation of CL-20/DMMD co-crystal
1—magnetic stirrer, 2—crystallizer,

3—thermostat water bath
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£1 CL-20/DMMD {F 14K 45 ¥ B4

Table 1 Crystallographic data for CL-20/DMMD

parameters CL-20/DMMD
formula Ci5HN,,0,4
temperature / K 293.15
stoichiometry 2:1

space group P2,/c

crytal system
a/A
b/A
c/A
a/(°)
B/(°)
y/(°)
V4

pl grcm™

VA

F(000)

GOF

R,.wR, [1>25(1)]
R,.0R, [1>25(1)]

monoclnicp
12.9853(11)
22.5824(15)
12.9397(12)
90

104.664(3)
90

4

1.883
3670.85(5)
2119

1.049

0.0410, 0.1066
0.0472,0.1118

a.

c. packing of CL-20/DMMD crystal from b axis

2 CL-20/DMMD 3 i 735 25 4 1 i 3 AR

W CL-20 4>+ 5 DMMD 2+ FZ A1 B T &8, H
M RA R C—H-- O & . 76 & BEW WP e i3t i
YE 25 ), O [6] ¥ B2 4y F [ A7 e 52 AR T, 40 F AR
H 73 2 S Wk . ik, CL-20 5 DMMD # T
[EMERRW, SRS A AR T 4
T [6) 9 45 5 AR R, 5L AT 4R RN P R 1) 1k B RR DL B
A7 J7 2T % HE S, O A SR RS B
9 1.883 g-cm™, b CL-20/TNT 3t 5 KE 25 ) % )%
(1.840 g-cm™) &',
3.2 CL-20DMMD % 2557

JFOB CL-20 . 7B DMMD Fil CL-20/DMMD 3t i
) SEM &l 4 Ir 7R .

& 4 7] LLE H, CL-20 5 DMMD J5URE B Y 43
F i IE 5 CL-20/DMMD 3t i 40 F 19 &4 2 B 8 AR T .
CL-20 {4 1K}y #% 4 £, DMMD & 6 #1L 0 JE , CL-20/
DMMD 3 iR SRy e 8 | 38 W] 3 o B R BB A 2800728 b
PR IE A, X AE 0 ST 45 1 2 ol o 14 M AR 285 188 v, A 3
PEUF o

b. packing of CL-20/DMMD crystal from a axis

d. packing of CL-20/DMMD crystal from c axis

Fig.2 Molecular unit structure and packing of CL-20/DMMD co-crystal
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Fig.3 The intermolecular hydrogen bond interactions of
CL-20/DMMD co-crystal (nm)
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§3400 20.0kV 69.0mm x70 SE
c. CL-20/DMMD co-crystal
B4 CL-20.DMMD ,CL-20/DMMD 3k i 39 $if iy 45 %]

Fig.4 SEM photographs of CL-20,DMMD, and CL-20/DMMD
co-crystal
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Fig.5 Powder X-ray diffraction patterns of CL-20,DMMD,

and CL-20/DMMD co-crystal

3.4 L5 ESHFT(IR)
JEOB CL-20  JFURF DMMD & CL-20/DMMD 1t &
B (8 L h 2T AR 1S an E 6 T o

intensity /a.u.
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3 g 8% 93
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Fig.6 Infrared curves of CL-20,DMMD, and CL-20/DMMD
co-crystal
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Fig.7 DSC curves of CL-20,DMMD, and CL-20/DMMD

co-crystal
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Table 2 The detonation parameters of six kinds of explosives

model Prax /8:cM™ D /m-st p/GPa
DMMD 1.550 7287 21.79
CL-20 2.044 9386 45.09
CL-20/DMMD co-crystal 1.883 9255 41.08
HMX39! 1.903 9048 40.55
RDX!39 1.816 8945 37.28
TNT! 1.654 7042 21.44

Note: p,.. is the maximum theoretical density, D is the theoretical detona-

tion velocity velocity, p is the theoretical pressure.

4 45

(1) SR i W75 & 1k i %% 15 8] CL-20/DMMD 1)
I KEL 5 o Hr R Wi 3 & B CL-20 5 DMMD LA
2V (BEIR L) iE i Sl 25 G T i, 8 P2, /c i & o

(2)CL-20/DMMD & (I8 5 R we ik, A W
YA AT CL-20 F1 DMMD f4 22 W AR L B 0 T 9
N

=]
>N HH o

(3)CL-20/DMMD & & i) XRD 177 5 il 2k A 3 1
s E B A B B ED CL-20/DMMD 3t 5 i 42 1
CL-20/DMMD & i i FT-IR J% % 5 J5 44 B CL-20 #il
DMMD 615 AH L, 2 5 ) ik W 7 S E R R A T
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U B 5 9 A 2 JFURE CL-20 . DMMD A7 B 581X ) .

(4)CL-20/DMMD 15 3 2 9255 m-s™, #& 1k
J& 41.08 GPa, % CL-20 ¥4 FIF F K, (A 1 22 P R 5
HMX .
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Preparation and Characterization of CL-20/DMMD Co-crystal Explosive

SUN Kang-bo'*, ZHANG Shu-hai’, HAO Yong-ping', BA Shu-hong', JIANG Xia-bing'
(1. School of Equipment Engineering , Shenyang Ligong University , Shenyang 110159, China; 2. School of Environment and Safety Engineering , North
University of China , Taiyuan 030051, China)

Abstract: The co-crystal of hexanitrohexaazaisowurtzitane (CL-20) and 2, 4-dinitro-2, 4-diazapentane (DMMD) was prepared
by co-crystallization in solution. It was characterized by single crystal X-ray diffraction (SCXRD) , scanning electron microscopy
(SEM) , powder X-ray diffraction(PXRD) , and fourier transform infrared (FT-IR), and differential scanning calorimetry (DSC).
The results show that CL-20/DMMD co-crystal belongs to monoclinic system with space P2,/c. Analysis of interactions in co-crys-
tal shows that the main forces between two kinds of molecule in co-crystal are hydrogen bonds and features a layered motif.
There is new crystal phase in the XRD pattern. The shift of peaks for CL-20/DMMD attributes to the formation of C—H---O hydro-
gen bonding in FT-IR pattern. Results of DSC show that the melting point of co-crystal is 180.8 °C, which is 21.5 °C and 120.9 °C
higher than that of CL-20 and DMMD. The main thermal decomposition peak temperature of CL-20/DMMD co-crystal is
240.1 °C, which increases by 3.5 °C compared with CL-20. The predicted detonation velocity and detonation pressure of
CL-20/DMMD co-crystal are 9386 m-s' and 45.09 GPa according to the theories of Rothstein and Petersen, respectively. They
are slightly lower than that of CL-20 and higher that of DMMD(D=7287 m+s™,P=21.79 GPa) ,HMX(D=9048 m-s™',P=40.55 GPa),
RDX(D=8945 m-s™', P=37.28 GPa), and TNT(7042 m-s™, P=21.44 GPa).

Key words: co-crystal explosive; hexanitrohexaazaisowurtzitane (CL-20) ; 2, 4-dinitro-2, 4-diazapentane (DMMD) ; preparation;
characterization
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