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Fig.1 The full in-situ IR spectra of CL-20 in heating process
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Table 1

major functional groups of &-CL-20

Assignment of the infrared characteristic peaks of

wavenumber of characteristic

groups peaks / cm™
asymmetric stretching of —NO, 1607-1608
symmetric stretching of —NO, 1329-1330
C—H stretching 3046-3047
C—N stretching 884

C—C stretching 831,820
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Fig.2 Temperature variation trend of —NO, asymmetric stretching vibration(a. Experimental results of in-situ IR peaks;

b. Change curves of absorption peak intensity vs. temperature; c. Relationship of peak intensity change rate vs. temperature;

d. DSC curve)
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Fig.4 Temperature variation trend of C—H symmetric stretching vibration(a. Experimental results of in-situ IR peaks; b. Change
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Table 2 Comparison of the changing trend of various func-

tional groups in CL-20 with temperature

TPT TMK1 Td TMRZ
groups

/°C /°C /C /°C
asymmetric stretching of —NO, 152 182 191 211
symmetric stretching of —NO, 152 181 193 211
C—H stretching 155 182 195 214
C—N stretching 162 182 197 214
C—C stretching 176 184 - -

Note: T, is the phase transition temperature. T, is the decomposition temper-
ature. T, ,and T,., are the temperature at maximum peak intensity

change rate in Z, and Z;, respectively.
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Fig.7 Comparison of infrared spectra of CL-20 after crystal-
line transformation (down to 25 °C) and its initial state be-

fore transformation (at 25 °C)
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Temperature Response Law of the Internal and External Groups of CL-20 Molecule Skeleton by In-situ
Infrared Spectroscopy

ZHAO Lang'’, SUN Jie*, SUl He-liang*, YU Qian’, YIN Ying®
(1. School of Material Science and Engineering , Southwest University of Science and Technology, Mianyang 621010, China; 2. Institute of Chemical Materials,
China Academy Of Engineering Physics, Mianyang 621999, China)

Abstract: To further understand the structural evolution law of internal and external groups of e-phase 2,4,6,8,10, 12-hexani-
tro-2, 4,6, 8,10, 12-hexaazaisowurtzitane (£-CL-20) molecule skeleton during the heating process, the temperature response
law of internal and external groups of £-CL-20 skeleton was quantitatively compared and analyzed by in-situ Fourier transform
infrared spectroscopy (in-situ FT-IR) and differential scanning calorimetry (DSC). Results show that the infrared absorption peak
intensity of external groups (—NO,, C—H) of ¢-CL-20 skeleton undergoes three change stages as temperature increases: linear
decrease (Z; ), accelerated decrease (Z; ), and second accelerated decrease (Zy ), which correspond to the thermal expan-
sion, thermally induced phase-transition and thermal decomposition process of CL-20 crystal, respectively. The C—N stretching
vibration inside the molecular skeleton also undergoes the above-mentioned three stages, but the initial temperature of Z, and Z,
regions are significantly higher than that of the external group, indicating that the external groups are more sensitive to tempera-
ture than internal groups, whether thermally induced phase-transition or thermal decomposition, while the internal groups of the
skeleton respond to temperature only at higher temperature. The temperature response characteristics of C—C stretching vibra-
tion inside molecular skeleton are even more complex. As temperature increases, the peak intensity of C—C stretching only un-
dergoes an accelerated reduction process, and a new characteristic peak of C—C stretching vibration is observed, which is
closely related to e-y phase transition, illustrating that the phase transition process makes the vibration mode of C—C bond
inside the molecular skeleton change significantly. After further heating, the relative proportion of the new characteristic peak
area is continuously increasing, showing that the change of the vibration mode inside the skeleton is still ongoing until the end of
thermal decomposition.

Key words: hexanitrohexaazaisowurtzitane (CL-20) ; in-situ FTIR spectroscopy;internal and external groups of skeleton ; tempera-
ture response law
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