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Molecular Dynamics Simulation of CL-20/MAM Cocrystal
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('Shenyang Ligong University, Shenyang 110159 ,China)

Abstract : Eutectic technology serves as a crucial approach to balance high energy density and low
sensitivity of energetic materials. In this study, molecular simulation methods were employed to sys-
tematically investigate the formation mechanism and properties of the hexanitrohexaazaisowurtzi-
tane/methoxy ( methyl ) diazene oxide ( CL-20/MAM) cocrystal. Results of electrostatic potential a-
nalysis and configuration optimization indicate that stable hydrogen bonding interactions exist be-
tween the H atom on the five-membered ring of CL-20 and the O atom of the —NO groups in
MAM molecule,with a minimum interaction energy of —21.06 kcal/mol. The eutectic density predicted
via polymorph prediction is 1.668 g/cm’,which is close to the experimental value of 1.721 g/cm’.
Crystal morphology simulation reveals that the dominant growth lattice plane is (002 ) , accounting
for approximately 52.87% of the total surface area of the crystal. Radial distribution function
(RDF) analysis shows that distinct characteristic peaks can be observed at atomic distances of
2.28,2.46,and 3. 87 A,confirming that the eutectic molecules are stably bound through non-cova-
lent interactions, primarily hydrogen bonding and van der Waals forces. The CL-20/MAM cocrystal
exhibits low-energy structural characteristics and a stable crystal morphology , significantly reducing
the sensitivity of CL-20 while retaining its high energy density. These findings provide a theoretical
basis for the design of novel high-energy and low-sensitivity CL-20-based eutectic materials.
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Fig.1 Molecular structural formulae of CL-20 and MAM
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Table 2 Optimized energy values for each
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Fig.3 Initial and optimised spatial configurations of
No. 6 CL-20/MAM cocrystal
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Table 3 Comparison of simulated and experimental

structural parameters of CL-20/MAM cocrystal

ZH RAE SCRAEIST MR 2%
a/A 23.76 24. 54 3.18
b/A 8.15 8.08 0.87
c/A 23.23 24.05 3.41
WHE/(geem ) 1. 668 1.721 3.08
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Fig.4 CL-20/MAM cocrystal model diagram
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Table 4 Major growth planes of P,, space
group crystals of CL-20/MAM
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Fig.7 The equilibrium structure of CL-20/MAM
crystal supercell in the NVT system
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Fig.8 Temperature and potential energy time-history

curves of CL-20/MAM cocrystal supercell
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Fig.9 RDF diagram of CL-20/MAM cocrystal model

3.3 CL-20/MAM =t 5 3% EE BEAR AL & 5> 4

LR Z T, S5 ARG 3 A e S
55 CL-20 4 FVEH , FE 04k 20 [0 AH B 4 FH 9 4%
B, BEAS Bl 35 43 1 Y ME B 45 4 | U % AR (
N—N k) Ji Fl R v A e B B T REAR
S AESE F MAM f—NO 3715 CL-20
M FICH b H JE 78 2. 28 A Fl12.46 A ZME ik
8 SR SR VR AT A RS BN T, BT LR
M JIEE T I AR N—N BRI 2L S [ hEf
A CL-20/MAM 3 i i Ja s |

2% Zyuzin % EER FAE B , A i
53 #1 CL-20/MAM F 5 18 7314 Y 5 HERURRE &
B, 1T MAM A =2 0 A 25 0 AR LA AT
FEARIR R A, — & N—N Y sy ism 1L, 7
CL-20/MAM F: i N (2)—N(8) 8K Ik 3 45 45
F1.403 A, 5 T H Al N—N (8K 1.406 ~
1.419 A) [l 1% 5 408 3T X I8k A7 76 5 1 2k 322 fh
(N(8)—0(23) K Ky 2.786 A), X FiEAL Iy []
(ARCEE A FH T 8 38 Ao FE % B B 0 A 4 T R R
eV HEMRE R . R A ARHERR I BUE 1, CL-
20/MAM 25358 K 1,721 g/em’ 55 T CL-20 5
WA MAM P3RS YR % B (1,654 g/em’) , 3R
B MAM 5] ARAL T 73 FHERL 0, 18020 T
MBI IR A B TR R IR

4 ZEig

AR ICGE 3 5 F 3 Ty AL K fg R,
CL-20/MAM 3@ % s AL BE | 25 [ A 7Y | d AT
ARy F A BEAEHIEAT T REM5E, 458 %
],CL-20 5 MAM 43 2 [a] 7] 38 2 &0 B 1 3 1
eI R e AR TR 5 G, 1% 3 B 10 23 1] R



88 % M

¥ L X

¥ ¥ K %45 %

Ml S5 T S50 Bon R i i 2 F fa e vk
A AR A T AR5 428 1) 0 AT oK B BTtk — 25
SEY CL-20/MAM i 31 (B F7 AR s ZU ) AU A
FH XRS5 0 o TR B TR SR R 451
fesE M RS FREIEFRAR CL-20 AR [ A 4
Frism M RE L B L AH LU AL G0 Y B A 4 S RE AL
e}, 3 b SR W A e I R R S A A Dy T R B
FH . CL-20/MAM 3 5 (9 BF 55 1] A w35 BEAIG /%
KELG I T T SRR UL AR AL B AR A A R
SCRE S E R A R N S TR ML A

£ % 3Lk ( References ) :
(1] 3k, ToAlME, R IBEm, 5. AL/PTFE Hl%& 1.2 5 % it
FORRBERORE[T]. VTR A% 244, 2017 ,36 (4) :57 - 61.
Peng L X, Qiao X X,Zhu X L, et al. The method of Al/PTFE
preparation technology and the burning effect of energetic
fragment[ J |. Journal of Shenyang Ligong University,2017,
36(4) :57 - 61. (in Chinese)

[2] Liang W T,Sun X Y,Wang H, et al. Isothermal structural e-
volution of CL-20/HMX cocrystals under slow roasting at
190 C[J]. Physical Chemistry Chemical Physics,2023,25
(23) :15756 - 15766.

Sun X Y,Liang W T,Li X D, et al. Structural evolution of
CL-20/DNB cocrystals at high temperature; phase transition
and kinetics of thermal decomposition [ J]. Spectrochimica
Acta Part A ;Molecular and Biomolecular Spectroscopy,2023 ,
292 .122436.

[4] Jing SM,Deng J H,Li C,et al. High energy explosive with
low sensitivity ;:a new energetic cocrystal based on CL-20 and
BMDNP[ J]. CrystEngComm 2024 ,26(8) ;1126 - 1132.
Qiao S,Li HZ,Liu Y,et al. Two novel CL-20 cocrystals with
different performances obtained by molecular similarity com-
bined with hydrogen bonding pairing energy: an effective
strategy to design and screen energetic cocrystals[ J]. Crystal
Growth & Design,2024,24(5) :1977 - 1986.

Tan Y W,Yang Z W,Wang H J,et al. High energy explosive
with low sensitivity ; a new energetic cocrystal based on CL-20
and 1,4-DNI[J]. Crystal Growth & Design,2019,19(8) .
4476 -4482.

Guo D Z,An Q,Zybin S Vet al. The co-crystal of TNT/CL-

20 leads to decreased sensitivity toward thermal decomposition

(7]

from first principles based reactive molecular dynamics|[J].

(8]

[10]

[(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Journal of Materials Chemistry A,2015,3(10) ;5409 —5419.
Zhang X Q, Yuan J N, Selvaraj G, et al. Towards the low-sen-
sitive and high-energetic co-crystal explosive CL-20/TNT.
from intermolecular interactions to structures and properties
[J]. Physical Chemistry Chemical Physics,2018,20 (25):
17253 - 17261.

Hu Y B, Yuan S,Li X J,et al. Preparation and characteriza-
tion of nano-CL-20/TNT cocrystal explosives by mechanical
ball-milling method[J]. ACS Omega,2020,5(28) :17761 -
17766.

Liu G R,Li H Z,Gou R J,et al. Packing structures of CL-20-
based cocrystals [ J ]. Crystal Growth & Design, 2018, 18
(11):7065 —7078.

Liang W T,Sun X Y, Wang H, et al. Structural evolution of
CL-20/HMX cocrystals under high pressure[ J]. ACS Ome-
ga,2025,10(22) ;23139 —23149.

Fan J Y ,Han X X, Shi X R,et al. High-pressure structural e-
volution and intermolecular interactions in CL-20 and the CL-
20/HMX cocrystal [ J]. Physical Chemistry Chemical Phys-
ics,2025,27(40) ;21581 -21592.

YuY W,Miao S Y,Jia K H,et al. A new CL-20/1,4-DNP
cocrystal explosive with good comprehensive performance
[J]. Propellants, Explosives, Pyrotechnics, 2023, 48 (5):
€202200280.

Inoue K,Nishiwaki Y, Kumasaki M, et al. Synthesis of envi-
ronmentally friendly energetic cocrystal derived from com-
modity chemicals [ J]. Chemical Communications, 2024, 60
(94) :13963 - 13966.

Zyuzin I N, Aliev Z G, Goncharov T K, et al. Structure of a
bimolecular crystal of 2,4,6,8, 10, 12-hexanitro-2,4,6,8,
10, 12-hexaazaisowurtzitane and methoxy-NNO-azoxymethane
[J]. Journal of Structural Chemistry,2017,58 (1):113 -
118.

JEUR , ZE 28 1 ASF SCZR 450 ) R TR R e R X 0 7 T 12 7 YR
AT RS [ 1], Bh PR TR 2 2% 4, 2024 ,43 (3)
76 - 83.

Zhou X,Li M R,Fu Y D, et al. Study on corrosion inhibition
behavior of imidazoline laurate on copper in hydrochloric acid
solution[ J]. Journal of Shenyang Ligong University 2024 ,43
(3):76 - 83. (in Chinese)

Desiraju G R, Steiner T. The weak hydrogen bond:in structur-
al chemistry and biology [ M ]. Oxford; Oxford University
Press,2001.

Liu G R,Wei S H,Zhang C Y. Review of the intermolecular
interactions in energetic molecular cocrystals [ J ]. Crystal

Growth & Design,2020,20( 10) ;7065 - 7079.
(DTG ARFHE)



