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Table 1 Properties of CL-20 cocrystals"*’
CL-20 cocrystal density /g - cm” CSD code

coformer 1 cocrystal  coformer 2

8a-CL-20/8H,0 / 1.981 1.000 PUBMII
2y-CL-20/4DMF 1.916 1.675 1.047 QISTANO1
8a-CL-20/4CO, / 1.987 1.560 OLADAH
4B-CL-20/2B-HMX 1.985 1.945 1.903 ZEBJOH
8B-CL-20/8TNT 1.985 1.853 1.655 Izuzuz
2y-CL-20/7DO 1.916 1.560 1.034 ZASWAT
16B-CL-20/16BL 1.985 1.804 1.413 ZASWEX
4B-CL-20/12HMPA 1.985 1.395 1.025 ZASWIB
4B-CL-20/4BTF 1.985 1.918 1.901 PEHSUS

Note; DMF is N, N-dimethylformamide; DO is 1, 4-dioxane; BL is y-butyro-

lactone; HMPA is hexamethylphosphoramide; BTF is benzotrifuroxan.
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Fig.1 Packing coefficients of CL-20 cocrystals and their pure

coformers
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Fig.3 Hirshfeld surfaces of CL-20 molecules in CL-20 cocrystals
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Table 2 The properties of HMX cocrystals"*’’

density/g - cm™

HMX cocrystal CSD code
coformer 1 cocrystal  coformer 2
4a-HMX/4PDA 1.840 1.552 1.031 ZEZHOD
4B8-HMX/4PDCA 1.903 1.599 1.397 ZEZGOC
B-HMX/2PNox 1.903 1.533 1.010 ZEZGIW
4a-HMX/4FA 1.840 1.634 1.170 ZEZHET
2B-HMX/4DNDA 1.903 1.640 1.389 RENPUV
4y-HMX/2H, O / 1.780 1.000 DEDBU]J
4a-HMX/4T, 1.840 1.709 1.367 ZEZHAP
6a-HMX/6Py 1.840 1.603 1.120 ZEZGUI
4a-HMX/4DAT 1.840 1.604 1.107 ZEZHIX

Note: PDA is 1,2-phenylenediamine; PDCA is 1,4-piperazinedicarboxalde-
hyde; PNox is 2-picoline-N-oxide; FA is 4-fluoroaniline; DNDA is bis-
2 ,4-dinitro-2, 4-diazapentane; T, is thieno [ 3,2b] thiophene; Py is 2-

pyrrolidone; DAT is 3, 4- diamintoluene.

6 J& 5 filt HMX 3t f 55 H 4l 25 43 1) e FR R B0
He#, B & 6 7] LU H R B-HMX/DNDA 4b, B A 2 iy
M HERR R EER A T W 4 4y 2 1], Hop a-HMX/PDA JE
s ) HE AR R Bl R o

1.0 I coformer 1
094 [ cocrystal
0.8 I cofor
0.7
0.6
0.5
0.4
0.34
0.24
0.1
0.04

packing coefficient

a-HMX/PDA  a-HMXIFA  o-HMX/Py SHMXIDNDA  a-HMXIT,
B 6 HMX It iy KRR 2l 41 5 i HE BUR 5K
Fig.6 Packing coefficients of HMX cocrystals and their pure

coformers
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Table 3 The properties of BTF cocrystals"*’’

density/g - cm™

BTF cocrystal CSD code
coformer 1 cocrystal  coformer 2

4BTF/4TNA 1.901 1.834 1.773 GEXMIH

4BTF/4MATNB 1.901 1.751 1.643 GEXMON

2BTF/2TNAZ 1.901 1.844 1.84 ZEVNUL

4BTF/4TNB 1.901 1.806 1.676 GEXMED

4BTF/4TNT 1.901 1.747 1.655 GEXMAZ

Note: TNA is 2,4 ,6-trinitroaniline; MATNB is 1-methyl-amino-2,4,6-tri-nitroben-

zene; TNAZ is 1,3,3-Trinitroazetidine; TNB is 1,3 ,5-trinitrobenzene.
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Fig.11 Packing coefficients of HMX cocrystals and their pure
coformers
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Table 4 The properties of TNT cocrystals

[25]

density/g - cm™

TNT cocrystal CSD code
coformer 1 cocrystal  coformer 2

2TNT/2 BN 1.654 1.661 1.489 URIJAH
2TNT/2Nap 1.654 1.430 1.140 URIHUZ
2TNT/4Ant 1.654 1.449 1.250 URIJEL
TNT/9-BA 1.654 1.614 1.622 URIJIP
4TNT/4Per 1.654 1.464 1.361 URIJUB
2TNT/2TT 1.654 1.632 1.604 URIKAI
8TNT/8DBZ 1.654 1.477 1.376 URIKOW
4TNT/4a-ABA 1.654 1.506 1.374 URILIR
4TNT/8a-ABA 1.654 1.444 1.374 URILOX
2TNT/2AA 1.654 1.524 1.409 URILUD
4TNT/8AA 1.654 1.476 1.409 URIMAK
4TNT/4DMB 1.654 1.435 1.207 URILEN
2TNT/2DMDBT 1.654 1.430 1.300 URIKUC
4TNT/4PA 1.654 1.496 1.353 URIKIQ
2TNT/2T, 1.654 1.604 1.367 URIKEM
4TNT/4PDA 1.654 1.509 1.031 URILAJ
4TNT/4Phe 1.654 1.422 1.210 URIJOV
4TNT/4TNB 1.654 1.640 1.676 NIBJUF

Note: BN is bromonaphthalene; Nap is naphthalene; Ant is anthracene; BA
is bromoanthracene; Per is perylene; TT is tetrathiafulvalene; DBZ is
dibenzothiophene; ABA is aminobenzoic acid; AA is anthranilic acid;
DMB is 1,4-dimethoxybenzene; DMDBT is 4, 6-dimethyldibenzothio-
phene; PA is phenothiazine; PDA is 1,2-phenylenediamine; Phe is

phenanthrene.
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Theoretical Research on Packing Structures of Energetic Cocrystals

ZHANG An-bang'’, CAO Yao-feng’, MA Yu’, ZHU Yuan-giang' ; ZHANG Chao-yang®
(1. College of Chemistry and Chemical Engineering, Southwest Petroleum University, Chengdu, 610500, China; 2. Institute of Chemical Materials, CAEP,
Mianyang 621999, China )

Abstract. Packing structures of the reported CL-20, HMX, BTF and TNT cocrystals were studied by Hirshfeld surface and finger-
print plot from densities, packing coefficients and molecular interaction contributions. Results show that the packing coefficients of
most energetic cocrystals are between their conformers. Energetic molecules in different energetic cocrystals possess different inter-
molecular interactions with neighboring molecules. The total percentage of O--H and O---O in CL-20 cocrystals are more than
70% , indicating the two interactions making cocrystals stable. O---H in HMX cocrystals plays an dominant role with the amount
of more than 50% . C---O and C---C in BTF cocrystals and TNT cocrystals are more than that in CL-20 cocrystals and HMX cocrys-
tals, which proves 7 packing is obvious in BTF cocrystals and TNT cocrystals.

Key words: energetic cocrystal; packing coefficient; Hirshfeld surface; fingerprint plot
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