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Table 1 Cell parameters and relative errors of CL-20/1,4-DNI, 1,4-DNI and &-CL-20 crystals

CL-20/1,4-DNI 1,4-DNI &-CL-20

exp.l1 calc. E/% exp. 17 calc. E /% exp.'20) calc. E/%
a/A 8.875 9.142 3.0 5.915 6.014 1.7 8.850 9.021 1.9
b/A 8.878 9.051 2.0 9.621 9.613 0.1 12.577 12.812 1.9
c/A 25.459 26.064 2.3 10.558 10.544 0.1 13.377 13.665 2.2
B/° 90.000 90.000 0 90.000 90.000 0 106.959 106.636 0.3

Note: exp. is the experimental value of the cell parameter, calc. is cell parameter after structural optimization, and £, is relative error.
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Fig.2 Phonon dispersion curves of CL-20/1,4-DNI, 1,4-DNI and &£-CL-20 crystals obtained by caculation
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Table 2 Division of vibration modes of CL-20/1,4-DNI, 1,4-DNI and &-CL-20 crystals THz
Phonon type Lattice 0-w, “doorway” o 2w, Internal A Internal B Internal C
CL-20/1,4-DNI 0-5.37 5.37-10.74 10.74-33.28 33.28-48.01 48.01-96.88
1,4-DNI 0-5.82 5.82-11.64 11.64-31.14 31.14-48.12 48.12-96.65
e-CL-20 0-6.43 6.43-12.92 12.92-30.27 30.27-47.26 47.26-93.09

Note: Lattice is lattice vibration region, “doorway” is “doorway” modes vibration region, Internal A is Internal A vibration region, Internal B is Internal B vibration

region, and Internal C is Internal C vibration region.
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Table 3 Contribution of each selected bond to phonon den-

sity of states in £-CL-20 crystals %
Selected  Lattice “doorway”

Internal A Internal B Internal C
bonds 0-w, w20,
N—N 18.87 42.42 39.43 39.26 0.006
Skeleton 12.83  40.06 49.57 33.69 7.94
O—N—O 87.01 58.45 43.21 38.47 0.004
C—H 5.81 11.11 37.21 43.62 99.99
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Fig.4 Phonon density of states of 1,4-DNI crystal
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Table 4 Contribution of each selected bond to phonon den-

sity of states in 1,4-DNI crystal %
Selected  Lattice “doorway”

bonds 00, w20, Internal A Internal B Internal C
C—NO, 8.82 16.25 13.87 26.87 0.03
N—NO, 11.22 18.05 17.34 19.07 0.01
Skeleton 30.69 41.33 42.02 46.20 9.20
O—N—O 67.19 55.66 39.95 40.16 0.01
C—H 15.22  12.52 36.88 29.37 99.94
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Fig.5 Phonon density of states of CL-20/1,4-DNI cocrystal
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Table 5 Contribution of each selected bond to phonon den-

sity of states in CL-20/1,4-DNI cocrystal %
Selected  Lattice “doorway”

bonds 00, w20, Internal A Internal B Internal C
C—N 2.82 3.79 3.45 7.00 0.01
N—N 15.78 32.97 35.75 32.71 0.01
Skeleton 17.39 35.48 49.78 31.43 8.30
O—N—O 81.53 62.22 39.75 42.07 0

C—H 8.53 11.53 36.14 40.10 99.98
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Fig.6 Phonon density of states of CL-20 and 1,4-DNI molecules in cocrystal and pure components, respectively
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First-Principle Studies on Phonon Spectra and Thermodynamic Properties of CL-20/1,4-DNI Cocrystal and
Co-formers

GUO Rong', DUAN Xiao-hui', LI Hong-zhen?, WU Bo'
(1. State Key Laboratory of Environment-friendly Energy Materials , Southwest University of Science and Technology, Mianyang 621010, China; 2. Institute of
Chemical Materials, China Academy of Engineering Physics, Mianyang 621999, China)

Abstract: Phonon spectra play an important role in studying the thermodynamic properties of solids and the microscopic process
of initiating chemical decomposition reactions, which can help to reveal the microscopic physical mechanism of initial thermal
decomposition mechanism, detonation performance and sensitivity. In this work, the density functional theory with dispersion
correction was used to calculate the phonon spectra and thermodynamic properties of 2, 4, 6, 8, 10, 12-hexanitrohexaazai-
so-wurtzitane (CL-20)/1, 4-dinitroimidazole (1, 4-DNI) cocrystal and co-formers. Through analyzing the phonon density of
states, the way in which the phonon mode stores and transfers energy was determined, the direction of thermal energy flow was
proposed, and the trigger bond and impact sensitivity order were predicted. The results show that the initial bonds of &-CL-20
and CL-20/1, 4-DNI cocrystal are predicted to be N—NO, bonds on CL-20 molecules; the initial thermal decomposition of
1,4-DNI may be related to the ring-opening of imidazole. By comparing the phonon density of states of CL-20 and 1,4-DNI mol-
ecules in cocrystal and its pure components. It can be found that the thermal stability of both CL-20 and 1,4-DNI molecules were
improved in cocrystal, so that the thermal stability of the cocrystal being superior to the co-formers. According to the "doorway"
mode phonon number and characteristic vibration frequency Aw,, the order of the impact sensitivity is predicted of to be £-CL-20
>CL-20/1, 4-DNI>1, 4-DNI, completely consistent with the experimental measurement results. The thermodynamic parameters
of CL-20/1, 4-DNI cocrystal and co-formers have been calculated by phonon spectra, at the same temperature, the order is
CL-20/1,4-DNI>£-CL-20>1,4-DNI. In addition, low-frequency phonons contribute the most to heat capacity(C,,, and the chem-
ical bond breakage caused by energy transfer may undergo a multi-phonon up-pumping process.

Key words: 2,4,6,8,10, 12-hexanitrohexaazaiso-wurtzitane (CL-20)/1, 4-dinitroimidazole (1, 4-DNI) ; phonon spectrum ther-
modynamic properties
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