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Table 1 Comparison of the optimized values of MTNI unit cell parameter with the experimental ones
force field al/A b/A al/(°) B/(°) v/ ()
exp[w] 8.618299 17.711899 10.68730 90 90 90
compass 8.629376(0.13% ) 17.742740(0.17% ) 10.88670(1.86% ) 90 90 90
pcff 8.373490(2.84% ) 19.482980(10.00% ) 10.01578(6.28% ) 90 90 90
cvff 8.379790(2.77% ) 17.934060(1.25% ) 10.06510(5.80% ) 90 90 90

Note: The data in the brackets represents the deviation of MTNI unit cell parameter between the optimized and experiment values.
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Fig.1 The crystal structure of MTNI after optimization
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Fig.2 The crystal morphology of MTNI predicted by BFDH

model
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Table 2 The main planes of MTNI predicted by BFDH model

hkl multiplicity"’ dpa®’ distance/A total facet area/%

(010) 2 17.93 5.58 54.23
(110) 4 7.59 13.17 16.92
(111) 4 6.06 16.50 10.59
(002) 1 5.03 19.87 3.83

Note: 1) the number of a certain crystal face (hkl) of a grown crystal; 2) lat-

tice-plane spacing.
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Fig.3 The crystal morphology of MTNI predicted by growth

morphology model
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Table 3 The main crystal planes of MTNI predicted by growth

morphology model

hkl multiplicity g f:;.m0|,1 (/j,igstance ;?E;'/iif“
(010) 2 17.93 -14.68 14.68 68.20
(110) 4 7.59 -57.21 57.21 11.91
(111) 4 6.06 -74.42 74.42 7.83
(012) 2 4.85 -96.12 96.12 2.11

Note: E_ is the release of the bond energy when a structure unit is combine

with crystal face in the process of crystallization.

4.1.3 Equilibrium Morphology
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Fig.4 The crystal morphology of MTNI predicted by equilib-

rium morphology model
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Table 4 The main crystal planes of MTNI predicted by equi-

librium morphology model

hkl multiplicity  dyy f;(ujrf. mol™! (jli;tance :::;I/f;ocet
(010) 2 17.93 0.12226306 85.26 31.11
(110) 4 7.59 0.16991246 143.91 4.35
(111) 4 6.06 0.17351515 143.88 3.33
(121) 4 5.23 0.15981848 132.01 14.80
(012) 2 4.84  0.17285750  146.57 4.23
(022) 2 4.39 0.16606112 143.84 3.25
(200) 2 4.19 0.16647341 141.91 4.87
(211) 4 3.78 0.17167036 148.05 1.54

Note: E,  is the energy between both side of the surface atom when their

bond is breaking.
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Fig.5 Molecular arrangement on main crystal faces of MTNI
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Table 5 The interaction energy of MTNI in ethanol and the revised attachment

N Eun Eour Eure Ern Ance A Eu E
/k) + mol™! /kJ + mol™ /k) + mol™ /k) + mol™ /nm? /nm? /kJ » mol™ /k) + mol™
(010) 8654.43 7527.83 1186.48 -1246.36 227.19 84.34 -21.01 1657.62
(110) 8833.33 7796.05 1248.52 -1459.76 651.34 199.24 —-67.77 2318.29
(111) 11484.96 10344.30 1340.11 -1539.52 701.64 249.56 -89.07 2075.07
(112) 9101.73 8005.59 1340.49 -1584.84 961.90 312.18 -115.99 2325.68
Chinese Journal of Energetic Materials, Vol.23, No.5, 2015 (443-449) A fe A www. energetic-materials. org. cn



- -2 45 = i BE KW 14 5 PR 550 00 447

F 6 MTNITEPIER 59 AH AR T 6E B 1E J5 RO B 25 Ak

Table 6 The interaction energy of MTNI in acetone and the revised attachment

hkl EIO( ESllrf ESO‘\/ Eim Aacc AS\Hf Ea“ E;n
(010) 4050.55 7523.78 -3257.36 3041.49 227.19 84.34 -21.01 -4117.34
(110) 4401.51 7780.77 -3110.74 2842.22 651.34 199.24 -67.77 -4713.52
(111) 4414.87 7729.80 -3084.77 2854.61 701.64 249.56 -89.07 -4101.90
(112) 4487.63 7955.11 -3147.91 2828.34 961.90 312.18 -115.99 —-4473.43
R 7 MTINITE L BEE P BT AR R RE S A8 1E 5 1 B 2 fE
Table 7 The interaction energy of MTNI in diethyl ether and the revised attachment
hkl Eio1 Eqri Econy Eint A Aqurt Eau Exy
(010) 8432.43 7426.95 1145.43 -1285.38 227.19 84.34 -21.01 1710.16
(110) 8854.98 7631.63 1364.93 -1506.51 651.34 199.24 -67.77 2394.69
(111) 9695.93 8554.67 1097.13 -1053.02 701.64 249.56 -89.07 1391.20
(112) 9002.73 7920.27 1354.16 -1625.86 961.90 312.18 -115.99 2388.86
R 8 MTNITE LW LGP YA ELAE T RE B IE ) #Y B 25 RE
Table 8 The interaction energy of MTNI in ethyl acetate and the revised attachment
hkl EIO! ESUrf ESO‘V Eim Aacc AS\Hf Ea“ E5a“
(010) 8578.46 7512.48 1133.16 -1200. 34 227.19 84.34 -21.01 1595.63
(110) 8929.03 7795.52 1337.10 -1540.69 651.34 199.24 -67.77 2450.57
(111) 11467.62 10344.10 1324.49 -1525.47 701.64 249.56 -89.07 2055.33
(112) 9111.27 8048.55 1368.72 -1674.72 961.90 312.18 -115.99 2464.14
R 9 MTNITE Z 5 ke b B AR R RE S8 1E 5 A B 35 fiE
Table 9 The interaction energy of MTNI in dichloromethane and the revised attachment
hkl Elut Esurv' Eso\v Em( Aacc Asur[ Edt( Ef]ll
(010) 8581.31 7527.87 1132.18 -1210.92 227.19 84.34 -21.01 1609.88
(110) 8930.55 7734.19 1285.54 -1374.72 651.34 199.24 -67.77 2179.30
(111) 11443.43 10291.37 1296.20 -1440.34 701.64 249.56 -89.07 1935.67
(112) 9316.28 8210.62 1429.13 -1752.60 961.90 312.18 -115.99 2584.13
& 10 MTNI7E DMF th iy A0 GAF I 8 K48 1E )5 R B & g
Table 10 The interaction energy of MTNI in DMF and the revised attachment
hkl EKO( ESllrf ESOW Eint Aacc AS\Hf Ea“ EZ“
(010) 8601.98 7532.63 1021.22 -973.09 227.19 84.34 -21.01 1289.55
(110) 8842.65 7698.37 1286.59 -1428.90 651.34 199.24 -67.77 2267.85
(111) 11481.27 10343.84 3281.48 -5425.53 701.64 249.56 -89.07 7537.78
(112) 9094. 45 8005.69 1301.22 -1513.68 961.90 312.18 -115.99 2216.03
F 11 MTNITE HI s rb (4 A0 AT T RE S8 TE 5 A B 2 fE
Table 11 The interaction energy of MTNI in methanol and the revised attachment
hkl Elot Eaurf Eso\v Eum Aau Asurf Ean Eim
(010) 7982.83 7569.91 1127.13 -1841.34 227.19 84.34 -21.01 2458.93
(110) 8917.42 7817.82 1341.16 -1582.72 651.34 199.24 -67.77 2519.27
(111) 11534.67 10338.5 1388.55 -1580.94 701.64 249.56 -89.07 2133.32
(112) 9073.09 8005.58 1307.87 -1548.23 961.90 312.18 -115.99 2269.29

Note: E, is the total energy of the crystal surface and the solvent layer; E  ;is the energy of the crystal surface without the solvent layer; E., is the energy of the sol-

surl solv

vent layer without the crystal surface; E;, is the interaction energy between the solvent layer and the crystal surface; A, is the accessible solvent surface area

of the crystal face in unit cell; A, is the surface area of the simulated model in the (h k I) direction; E, is attachment energy; E3 is solvent-effected attach-

sur

ment energy; All energies in these tables are in kJ - mol~", area in A2, unless otherwise stated.
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Table 12 Comparison of the crystal morphologies obtained

by experiment and simulation software
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Abstract: To understand the crystal structure and crystal growth process of 1-methyl-2,4 ,5-trinitroimidazole ( MTNI) ,the crystal
morphology of MTNI in vacuum was predicted using the BFDH ( Bravais-Friede I Donnay-Harker) , growth morphology, and equi-
librium morphology methods in molecular simulation software Materials Studio (MS) and important growth crystal planes in mor-
phology were obtained. The analyses show that the (012) crystal plane is of a strong polarity, the (110) and (111) planes are of
polarity and the (010) crystal plane is of a weak polarity. The growth of the (012), (110) and (111) crystal planes is inhibited
in strong polarity solvents, the planes become appearance face, whereas the (010) crystal plane will gradually become smaller or
even disappear. In weak polarity solvents, the growth situation of crystal plane is just the opposite. The predicted crystal morphol-
ogy of MTNI in seven solvents, such as ethanol, acetone, ether, ethyl acetate, dichloromethane, dimethyl formamide ( DMF)
and methanol is in agreement with the crystal morphology obtained by experiment. After interreaction of MTNI with ethanol, di-
chloromethane and DMF, the crystal morphology of MTNI is spherical and the relative spherical degree is 1.12, 1.11 and 1.12,
respectively.

Key words: 1-methyl-2,4 ,5-trinitroimidazole (MTNI) ; crystal morphology; BFDH model; surface structure; simulation; attach-
ment energy
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