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Fig.1 The unit cell structures of B-HMX, B- y- and £-CL-20 and CL-20/HMX cocrystal and their corresponding molecular structures
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Table 1
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Comparison of the calculated THz vibrational fre-

different polymorphs and vibration mode assignment

vibrational frequencies/THz

crystal - vibrational assignment
Y experiment?'MD  DFT 8
—NO, and —CH
1.77 1.70 1.57 . . .
rotations, ring rotations
—NO, wagging modes
B-HMX 2.49 2.48 2.50 2 vaesing ’
ring rotations
—NO, waggi d
2.88 2.80 2.81 » Wagsing modes
and —CH rotations
0.06 0.07 0.06 S
lattice vibrations
0.25 0.25 0.24
1.06 1.16 1.1 NO, wagging modes
B-CL-20 2 Wagging me
1.28 1.28 1.29 and —CH vibrations
- 1.64 1.62 NO, wagging modes
- 1.90 1.83 and —CH vibrations
1.05 0.98 0.96 —NO, rotations
1.52 1.61 1.63 —NO, rotations
—NO, vibrations out
1.67 1.71 1.74
y-CL-20 of plane modes
1.90 1.84 1.85 —NO, and —CH rotations
—NO, and —CH rotations,
- 3.40 3.34 L .
symmetric ring rotations
1.32 1.28 1.29
lattice vibration
1.43 1.43 1.63
—NO, vibrations and
1.75 1.75 1.80 .
£-CL-20 —CH wagging modes
—NO, and —CH
2.08 2.05 1.98 .
wagging modes
2.37 2.28 2.25 —NO, wagging modes
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Fig.2  The theoretical THz spectra of g-HMX, CL-20 with
different polymorphs and CL-20/HMX cocrystal
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Fig.3 Vibrational modes for the major THz spectra of g-HMX, B-CL-20, y-CL-20 and £-CL-20 (The THz value of MD simulation

is denoted only in figure for simulation)
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CL-20/HMX cocrystal

Vibrational mode assignment of the THz spectra of

frequencies/THz intensity

calculated
vibrational assignment

1.73 THz

MD  DFT
0.23 0.25 s lattice vibrations
0.499 0.47 s —NO, wagging modes in CL-20
—NO, rotation modes in CL-20;

1 112 m —CH, and —NO, wagging modes in HMX
1.47  1.42 m —NO, wagging modes in HMX
17 1.68 w —NO, vibrations in CL-20;

(1.70) —CH, wagging modes in HMX
297 2.9 m —NO, rotation modes in CL-20

and In-plane swing

227 THz

Fig.4 Vibrational mode of the major THz spectra of CL-20/HMX cocrystal
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Theoretical Studies for THz Spectra of CL-20 /HMX Cocrystal

AN Qing, DUAN Xiao-hui, SHI Lu, PEI Chong-hua

( State Key Laboratory Cultivation Base for Composites and Functional Materials, Southwest University of Science and Technology, Mianyang 621010, China)

Abstract: The improvement of physicochemical properties of explosives by the way of cocrystallization has become a research
hotspot in the field of energetic materials, the formation of cocrystal explosive is mostly driven by the intermolecular interactions,
and their energy level transitions are located in the detection range of THz spectra. In this work, taking hexanitrohexaazaisowurtzi-
tane( CL-20) /cyclotetramethylenete-tranitramine (HMX) cocrystal as the model system, the THz spectra of cocrystal components
B-HMX, CL-20, and CL-20/HMX cocrystal were theoretically studied by combining the methods of molecular dynamics simulation
and quantum mechanics. The assignment and analysis of vibration modes for characteristic peaks were carried out. The response of
different intermolecular interactions in THz spectra was confirmed. Results show that compared with the cocrystal components CL-20
and HMX, the new characteristic absorption peaks of CL-20/HMX cocrystal located at0.25, 0.49, 1.1, 1.47,1.73,2.27 THz and
3.7 THz respectively are found. Among them, the absorption peaks at 1.1, 1.47 THz and 1.73 THz are caused by intermolecular
C—H---O hydrogen-bond , whereas the absorption peak at 1.73 THz is mainly assigned as the heterogeneous intermolecular hydro-
gen bonds.

Key words: hexanitrohexaazaisowurtzitane (CL-20) /cyclotetramethylenete-tranitramine( HMX) cocrystal; Terahertz( THz) spectrun;
hydrogen bond
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