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a. Molecular structure b. Cell structure
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Fig.1 Molecular and cellular structure of FOX-7
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Fig.2 Diagram of simulation process
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Fig.3 Crystal morphology of FOX-7 in vacuum
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Table 1 Characteristic data of main growth surfaces of FOX-7 in vacuum
(hkl) n  dy/A surface area/A2  E, (total)/kJ-mol™"  E, (vdW)/kJ-mol™" E, (electrostatic)/k)-mol~' total facet area/%
(101) 2 5.915 87.827 -132.144 -109.883 -22.261 30.240
(101) 2 5.909 87.916 —188.465 -86.642 -101.823 16.290
(011) 4 5.715 90.891 -163.557 -100.659 -62.898 41.918
(002) 2 5.656 45.922 —239.288 -110.573 -128.715 3.244
(110 4 4.789 108.466 -198.328 -122.652 -75.676 7.453
(111) 4 4.412 117.753 -194.305 -129.958 -64.347 0.855
Note: h klis crystal face. n is multiplicity. d,, is lattice-plane spacing.
Eg/E;A/E;/E;I L‘j/ %%
(10-1 (002)
011) (11-1)
TS R
At e RIS
4 FOX-7 &> F 24 K a1 Y Connolly 1
Fig.4 FOX-7 Connolly surface of each main growing crystal face
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B SAE B2 K, 439k 1.660 F11.492, 3% B 3% 1A 09 3% M
HURE | 7 770 ] B fioh e AR A K, IR, A (0 1 1) i,
WEHRAECO 0 2)FCT 1 0) A X2 5, X 5K 4

[ Fr 45 RAR A
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Table 2 Surface area and parameter S values of FOX-7 crys-

tal surfaces

surface (101)

(101) (011)

(002) (110)

(111)

AM/A2 120.604 107.366 106.856 76.230 161.822 147.569

An /A2 87.827

S 1.373 1.221

87.916  90.891

1.176

45.922
1.660

108.466

1.492

117.753
1.253

Note: The value of S quantifies the roughness of the crystal face. A, is sol-

vent accessible area of unit cell crystal face. A, is the surface area of

the important crystal face (h k1) in unit cell.

4.2 BFIXF FOX-7 &4 T 55 B 22

SR & 15 B 25 fEAS TR A MD O 5 B FOX-7 76 /A
s S 52 M T A S AR S0 . U A i Y X )2 45 4
B 28 358 MD J5 0T 5805 BB A% 3k B #1424 - iR A
HEHE 16 1E B 6 RS AL 15303 ) 5 i 1Y E, 5445 3] 4 Fel
Y FUAE A b T AR SR E L, DA TR RS 2T A
KB AN 3 Fron o iAol YT HOE S B
4% i, W BAE S TR P U AE 4548 . 181 528 DMSO A
fil] \HH i .NMP .DMAC .EA H,0 .DMSO/H,0 5(1 1 0)
i T 1) 0L )22 G5 AR B R0 28 ok 4 - 20y ) 2 158 5 3k B
ST A AL S VR B R (R TS R R )R A
HE) B 3 B N [R] A R 500 0 R A AR A A T
A= A ELAE T 3 ASTR] DT 5 e & T B e

DMSO/H,0

B5 (11 0) &SR 25 2 T30 1 2 50 B W B 454

Fig.5 Adsorption equilibrium structures of (1 1 0) crystal plane and solvent after molecular dynamics calculation

F3 FOX-7EEFIEH T 14 & K & 5

Table 3 Crystal attachment energies of FOX-7 in solvents

solvent (h kD E,./kl-mol™ A, JA? Al A2 E/k)-mol™" IE'I/kl-mol™" total facet area/% aspect ratio
(101) -36.195 120.604 878.268 -4.970 127172 5.373
(101) -1677.086 107.366 879.156 -204.813 16.348 34.661
(01 1) -1704.216 106.856 908.911 -200.355 36.800 5.053
DMSO 2.161
(002) -1431.082 76.230 918.450 -118.777 120.510
(110) -1256.157 161.822 976.190 —208.231 9.901 35.967
(111) -1433.167 147.569 706.520 —299.343 105.037 18.946
(101) -850.762 120.604 878.268 -116.826 15.315 7.490
(101) -1105.910 107.366 879.156 -135.058 53.407 19.944
(01 1) -911.324 106.856 908.911 -107.139 56.416 20.640
acetone 2.245
(002) -1323.033 76.230 918.450 -109.810 129.477
(110) -1153.752 161.822 976.190 -191.256 7.075 51.926
(111) -1841.581 147.569 706.520 —384.647 190.341
Chinese Journal of Energetic Materials, Vol.29, No.11, 2021 (1132-1141) A A AL www.energetic-materials.org.cn



FOX-7 #£/\ i R [ %5 50 K 3 T 19 & 44 JE 46 80000 1137
238 3
(101) -873.806 120.604 878.268 -119.991 12.151 26.656
(101) -1151.349 107.366 879.156 -140.607 47.857 36.762
(01 1) -1154.992 106.856 908.911 -135.786 27.769 33.151
methanol 2.260
(002) -1316.786 76.230 918.450 -109.291 129.996
(110) -1589.050 161.822 976.190 -263.414 65.084 3.432
(11 1) —-1524.757 147.569 706.520 -318.473 124.167
(101) -1095.979 120.604 878.268 -150.500 18.358 14.338
(101) -1173.719 107.366 879.156 -143.339 45.126 35.598
(01 1) =1227.155 106.856 908.911 -144.270 19.285 22.337
NMP 2.887
(002) -1646.149 76.230 918.450 -136.628 102.659
(110) -1664.781 161.822 976.190 -275.969 77.638
(111) -1167.770 147.569 706.520 -243.910 49.604 27.728
(101) -1033.893 120.604 878.268 -141.974 9.832 63.832
(101) -1360.810 107.366 879.156 -166.187 22.277 26.239
(01 1) -1390.265 106.856 908.911 -163.446 0.110 9.929
DMAC 8.292
(002) -1397.391 76.230 918.450 -115.982 123.306
(110) -1664.956 161.822 976.190 -275.997 77.667
(111) -1048.484 147.569 706.520 -218.994 24.688
(101) -1034.637 120.604 878.268 -142.076 9.934 66.047
(101) -909.571 107.366 879.156 -111.080 77.384 4.868
(011) -946.412 106.856 908.911 -111.264 52.291 12.678
EA 9.378
(002) -1000.927 76.230 918.450 -83.075 156.212
(110) -1591.446 161.822 976.190 -263.812 65.481
(111) -788.416 147.569 706.520 -164.675 29.631 16.406
(101) -790.836 120.604 878.268 -108.597 23.544
(101) -1159.767 107.366 879.156 -141.635 46.829
(011) -1040.429 106.856 908.911 -122.317 41.238
H,0 9.835
(002) -1380.895 76.230 918.450 -114.612 124.675
(110) -1283.091 161.822 976.190 -212.696 14.366 82.833
(111) -870.465 147.569 706.520 -181.812 12.494 17.167
(101) -806.278 120.604 878.268 -110.718 21.424 23.122
(101) -1112.941 107.366 879.156 -135.917 52.548
(011) -1142.873 106.856 908.911 -134.361 29.194 19.693
DMSO/H,0 2.181
(002) -1193.185 76.230 918.450 -99.033 140.255
(110) -1248.209 161.822 976.190 -206.914 8.583 32.567
(11 1) -875.146 147.569 706.520 -182.790 11.516 24.618

Note: E,_ is the interaction energy between the solvent layer and the crystal face. A __isconnolly surface area exposed to solvent in unit cell. A_ is the total crystal

face area of the simulated model along the crystal face. E_ is the binding energy of the solvent to the crystal face. |E’_ | is the absolute value of the attachment

energy under the influence of solvent.
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H,0
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XN A S R 0 SRR TR 30 [ B AR AR R K AR
WA, an e 3 iR, b de KA R 9.835, i /ME N
2161, JH SEM WLEEAE A [m] i 7] v B 45 & B i 19 8 00
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Fig.6 Comparison of the predicted morphologies of FOX-7 with that in the experimental solvents
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Crystal Morphology Prediction of FOX-7 in Eight Different Solvent Systems

FAN Si-qi'*,GU Xiao-fei',DUAN Xiao-hui*, LI Hong-zhen'
(1. Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621999, China; 2. College of Materials Science and Engineering ,
Southwest University of Science and Technology, Mianyang 621000, China)

Abstract: The attachment energy (AE) model and molecular dynamics (MD) methods were used to predict the crystal morphol-
ogy of 1,1-diamino-2, 2-dinitroethylene (FOX-7) under vacuum condition and in eight solvent systems including dimethylsulfox-
ide (DMSO), acetone, methanol, N-methylpyrrolidone (NMP), N, N-Dimethylacetamide (DMAC), ethylacetate (EA), water
(H,0), and DMSO/H,O (V/V=2/1). By calculating the interaction energies between the solvent and crystal plane, and the at-
tachment energies under the influence of the solvent, the simulated crystal habit and its aspect ratio were obtained. The results
show that FOX-7 crystal has six important growth planes under vacuum: (1 01), (101), (01 1), (002), (110), (111).
Among them, the area of (0 1 1) plane accounts for the largest proportion, which is the most important crystal plane affecting
the crystal morphology of FOX-7. The influence degree of solvent on the aspect ratio of crystal is in the following order: DMSO<
DMSO/H,O0<Acetone<methanol<NMP<DMAC<EA<H,O. By recrystallization experiments, FOX-7 crystals have a bulk-like
shape in DMSO, methanol, and DMSO/H,O; a rod-like shape in acetone and NMP; a needle-like shape in DMAC and H,O; a
flake-like shape in EA. The theoretical prediction results are in good agreement with the experimental results, which proves that
the simulation of the crystal habit of FOX-7 based on the AE model can provide better guidance for the crystallization experi-
ment. Results in thermal properties show that the crystal surface morphology and internal defects affect the phase transition tem-
perature and thermal decomposition temperature of FOX-7. The fewer the crystal defects, the higher the a—p transformation tem-
perature. The larger the crystal aspect ratio, the smaller the particle size, and the lower the first decomposition temperature.

Key words: 1, 1-diamino-2, 2-dinitroethylene (FOX-7) ; attachment energy (AE) ; morphology prediction; molecular dynamics
(MD) ;thermal performance
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