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Table 1. Comparison of lattice parameters after

structural optimization.

Lattice parameters CL-20/% MTNP/% CL-20/MTNP/%

Angle a/(°) 0.00 0.00 0.00
Angle 8/(°) 0.71 0.00 0.06
Angle v/(°) 0.00 0.00 0.00
Length a/A -0.03 -0.37 -0.39
Length b/A -0.36 ~0.40 0.49
Length ¢/A -0.02 0.12 0.05
Volume V/A3 -0.81 ~0.65 0.12

ARG S. DFT 10k 8 WU iR AL
N, LIZKFLE & pRELZE iR 25 3, andk 2 FioR.
R AT R A AR B B, W 3153 25 SR 5 S g i i
AR S B HEA TV . SR 43 S 3 W i e 5 3 1
SLEE AT —— X 1, B3 S 50 WS AR T RE S R
ZMIRSNERIER A EFHSE R, W MTNP il & 1
0.96 THz, JAJ&T 0.88 A1 0.91 THz PiibRENHR;
CL-20/MTNP 7£ 3.0—4.0 THz Y 5 #7 W Ui I )&
1 3.08 Fl 3.40 AL

CL-20 @ DFT calculation 114
q

16 + (a)

14 +

12 ¢

Intensity /(km-mol—1)

Absorption coefficient /cm~!
oo

'

0 N ! A . I P
0.5 10 15 20 25 3.0 35 4.0
Frequency/THz

N 20 (b) —— MTNP @ DFT calculation 414
g 18t )
° . 1 A2 ~
; 16} \/\/ 7
g 14t 1 1 {10 £
£ 12t ! : ; 1 '
k3 ‘ ! ! | 8 :é,
g w0p o | >
o z
+ 6 : +
? af 1 4 -
|
< 2?7 Bt 2

O il I 1 - . 1 P 2! I

0.5 10 15 20 25 3.0 35 4.0
Frequency/THz
24f (6)—— CL-20/MTNP ® DFT calculation] 18
22

N
o O
[
[N ()]

Absorption coefficient/cm—
[
I CRNCREN
[
(SIS
Intensity/(km-mol—1)

=== =-="3

L L L L
o [ V) [ oo

[

L]

05 1.0 15 20 25 3.0
Frequency/THz

[ SR N
T

.5 4.0

P = BT R OBR 2% WO S B DFT 50 45 5% (%
LI TR MWMBIENLE)  (a) CL-20; (b) MTNP; (¢) CL-20/
MTNP

Fig. 1. THz spectra and DFT calculations of the three ma-
terials (The dashed lines represent the main absorption pos-
itions): (a) CL-20; (b) MTNP; (¢) CL-20/MTNP.
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Table 2.  Experiment absorption center and DFT calculations of the three materials.

CL-20 MTNP CL-20/MTNP

Exp. Cal. Af Exp. Af Exp. Cal. Af

0.99 0.88(0.98) 0.11 0.59 0.53(1.91) 0.06 1.04 0.92(1.87) 0.12

1.31 1.33(1.47) 0.02 006 0.88(5.21) 00r 1.28 1.26(2.97) 0.02

1.43 1.43(1.62) 0 0.91(5.22) 1.53 1.57(5.65) 0.04

2.08 2.07(4.25) 0.01 1.40 1.54(5.52) 0.14 - 1.97(4.04) o1

2.50 2.68(6.59) 0.18 1.81 1.77(4.42) 0.04 2.24(3.99)

2.70 2.75(7.11) 0.05 2.18 2.16(9.05) 0.02 2.62 2.54(10.70) 0.08

3.75 3.48(12.88) 0.27 2.86 2.83(12.37) 0.03 534 3.08(10.66) 0.10
3.53 3.41(7.45) 0.12 3.40(16.55)

#: Exp. , Experiment/THz; Cal., Calculation/THz (km - mol '); Af, deviation between experiment and calculation.
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Fig. 2. Vibration mode of the three materails: (a) CL-20 at 1.33 THz; (b) MTNP at 0.88 THz; (c) CL-20/MTNP at 3.08 THz. For

clarity, only one molecule within the unit cell is shown. Gray, white, red, and blue colors represent carbon, hydrogen, oxygen, and

nitrogen atoms, respectively.
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Fig. 3. Decomposition results of three molecular vibration
modes: (a) CL-20; (b) MTNP; (c) CL-20/MTNP cocrystal.
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Fig. 4. Vibrational variations of functional groups after
cocrystallization: (a) CL-20; (b) MTNP.
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Abstract

Cocrystals represent an effective method to manipulate the physicochemical properties of materials at a
molecular level. However, understanding the relationship between their complex crystal structures and
macroscopic properties is a challenge. In this paper, by using terahertz (THz) spectroscopy to characterize non-
covalent interactions within crystals, the THz vibrational spectra of the CL-20/MTNP cocrystal are studied.
Firstly, the THz spectra of CL-20, MTNP, and the CL-20/MTNP cocrystal are measured at room temperature.
Both absorption positions and intensities of the cocrystals differ from those of their original components,
confirming the unique advantage of terahertz spectroscopy in cocrystal identification. Secondly, the THz
vibrational features of the three materials are calculated based on density functional theory (DFT). Then, the
experimental absorptions are matched with the calculated vibrations. Furthermore, a vibrational decomposition
method is employed to decompose the molecular vibrations into intermolecular and intramolecular vibrations.
The vibrational variations of the cocrystal compared with its original components are analyzed. The results
reveal that in the cocrystal, the intermolecular vibrational modes of both CL-20 and MTNP molecules have
changed compared with their raw materials. This indicates that the non-covalent interactions in the cocrystal
have changed the original intermolecular interactions of these molecules. Consequently, this enhancement
promotes the heat transfer between MTNP and CL-20 molecules, thereby improving the thermal stability of the
cocrystal. These findings in this study demonstrate that the THz vibrational spectroscopy technology helps
establish a relationship between the molecular structure of cocrystal and its macroscopic properties. This
research contributes to deepening our understanding of cocrystal systems and opens up a new way for designing

and optimizing materials.
Keywords: terahertz spectroscopy, density functional theory, vibrational decomposition, CL-20 cocrystal
PACS: 32.30.Bv, 33.20.Vq, 65.40.-b DOI: 10.7498/aps.73.20240944

CSTR: 32037.14.aps.73.20240944

* Project supported by the National Natural Science Foundation of China (Grant No. 22305198) and the Doctoral Foundation
of Southwest University of Science and Technology, China (Grant No. 21ZX7143).
# These authors contributed equally.

1 Corresponding author. E-mail: liuqc@swust.edu.cn

193201-7


http://doi.org/10.7498/aps.73.20240944
https://cstr.cn/32037.14.aps.73.20240944
mailto:liuqc@swust.edu.cn
mailto:liuqc@swust.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

KLt £ B FECL-20/MTNPE SR B ¢ 1

XNRE HE R BRI TR HW-F

Research on vibrational features of CL-20/MTNP cocrystal by terahertz spectroscopy

Liu Quan-Cheng YangFu ZhangQi DuanYong-Wei DengHu  Shang Li-Ping

5] Fi{5 B Citation: Acta Physica Sinica, 73, 193201 (2024) DOI: 10.7498/aps.73.20240944
TEZE[R]1E View online: https:/doi.org/10.7498/aps.73.20240944
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

R 25 ' T T DR SR 4531 P A O 5T e e i B0k ) S i e LAY

Application of terahertz spectroscopy in identification of transgenic rapeseed oils: A support vector machine model based on modified

mayfly optimization algorithm
PPz, 2024, 73(5): 058701  https://doi.org/10.7498/aps.73.20231569
p & p
YE B FC - Z'—(?EE%’E%E'&EFWCrCeT% BYTHZ G
Quasi-two—dimensional van der Waals ferromagnetic semiconductor CrGeTe, studied by THz spectroscopy

PFEEEAR. 2022, 71(23): 237303 hitps:/doi.ore/10.7498/aps.71.20221586

a —FUPAHR BOR AR 22 RO SE AT TS BARAU 73BT
Experimental study and simulation analysis of terahertz absorption spectra of « -lactose aqueous solution

YrH2E . 2021, 70(24): 243202  hitps://doi.org/10.7498/aps.70.20211716

T ISR T G R T PR AT

Spectral analysis and density functional theory study of tert—butylhydroquinone
YrEE2E4R. 2021, 70(5): 053102 https:/doi.org/10.7498/aps.70.20201555

HIEEA0 ) S W@ KU R P b Y O T

Density functional theory studies on the excited—state properties of Bilirubin molecule

PIFEAEA. 2020, 69(16): 163101 https://doi.org/10.7498/aps.69.20200518

2238 R IR DG 55 R M T B2 bR

Density functional theory calculation of spectrum and excitation properties of mer—Alq,

WIFEAEAR. 2020, 69(2): 023101 hitps://doi.org/10.7498/aps.69.20191453


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20240944
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20231569
https://doi.org/10.7498/aps.71.20221586
https://doi.org/10.7498/aps.70.20211716
https://doi.org/10.7498/aps.70.20201555
https://doi.org/10.7498/aps.69.20200518
https://doi.org/10.7498/aps.69.20191453

	1 引　言
	2 实验与方法
	2.1 样品制备与光谱测量
	2.2 理论计算
	2.3 振动分解

	3 实验测量和DFT计算
	4 讨论部分
	5 结　论
	参考文献

