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a. Molecular structure b. Unit cell structure
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Fig.1 Molecular and unit cell structures of TKX-50(C, H,

O, N are represented by gray, white , red, and blue colors,

respectively)
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Table 1
rameters for TKX-50

Comparisons of experimental and optimized cell pa-

lattice parameter a/A b /A c/A a/(°) B/(°) y/(°)

experiment 544 11.75 6.56 90 95.07 90
PCFF 5.67 11.18 6.11 90 100.41 90
relative error/%  4.21 4.88  6.95 0 562 0

-163.42 kJ-mol”

>
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Fig.2 Interactions between TKX-50 molecules

Fz 2 TKX-50 % F b A B AEH K/

Table 2 Intermolecular interaction sizes of TKX-50
line color energy / kJ-mol™ length / A
blue -460.62 4.09
purple -316.68 3.84
brown -264.59 5.12
green —195.84 3.44
yellow -164.93 5.59
orange =164.01 6.64
red -163.42 7.31
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Fig.3 Morphology prediction diagram of TKX-50 in vacuum
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Table 3 The parameters of morphologically important faces

of TKX-50 in vacuum

(hki) multiplicity d,,/A  E,/kl-mol™" total facet area/ %
(020) 2 5.59 -172.79 28.72
(100) 2 5.58 -185.62 33.68
(011) 4 5.29 —222.43 35.65
(110) 4 4.99 —239.68 1.36
(1171) 4 4.18 -312.63 0.36
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Fig.4 Molecular stacking structure of TKX-50 habit faces
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R4 TKX-50 T2 AT A ¥ 0 0] Rt ARURT 2 1 i B
Table 4
phologically important crystal faces for TKX-50

Solvent-accessible areas and surface areas of mor-

(hkl) Al A2 Apal A2 S

(020) 40.76 34.05 1.20
(100) 79.75 68.25 1.17
(011) 86.97 71.95 1.21
(110) 110.86 76.27 1.45
(11 1) 122.83 90.94 1.35
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Fig.5 Formic acid/water molecular distributions of (0 1 1)

and (1 1 1) crystal faces after MD simulation
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5 TKX-50 7EA [ A AR LA TR /7K R 45 ¥ 700 v 1) i k0 )

TET 22 8] 4 A G AR P RE A 2 S A, 50 PO ) %y O S 2 T
POd e VRS ST ) AR B e S A G e
N AABCR S BRI, Y 707 b T ) 0 R
LM, AR EL AR TR 194 2 o (LR A, 5 70 ey B O 2000 2R e,
o T AR BRGNS o X T S AR R TR, SR G R
7R B AR M AR (11 1), P AR BN B
VEFIRERY AT #8I2 (0 2 0) o Fh T LA , A Rl FR HE
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Table 5 Energies and habits of TKX-50 in formic acid/water mixed solvent under different volume ratios

volume ratio of hkD) E,. E,. E,, E,. E g Eofor E;t total facet

formic acid/water /k)-mol™! / kJ-mol™ / kJ-mol™' /k)-mol™ /k)-mol™ /kJ-mol™! /kJ-mol™' area/%
(020) -451.58 10526.24 -10331.71 -646.11 -295.06 -308.91 -91.94 /
(100) 11014.74 21471.99 —-9235.98 -1221.28 -689.41 -483.27 -27.05 /

1/4 (011) 10445.29 21217.28 -9697.82 -1074.17 -697.47 -328.16 =78.70 /
(110) 10567.18 21758.54 -9792.01 -1399.35 -637.44 -715.01 —-14.45 76.11
(111 11546.63 22484.01 —8972.48 -1964.90 -768.33 -1150.96 -29.07 23.89
(020) -1140.16 10586.13 -10720.15 -1006.14 -336.92 -624.07 —46.88 /
(100) 10336.37 21669.73 -10176.25 -1157.11 -680.45 —424.92 —35.38 /

1/3 (011) 10592.04 21697.36 -9787.67 -1317.65 =729.92 -536.36 -46.12 /
(110) 10936.39 22305.07 -9979.85 -1388.83 -678.19 -659.74 -16.14 66.60
(111 10954.54 22288.43 -9325.99 —-2007.90 -796.94 —-1454.44 -22.86 33.40
(020) -2963.02 10392.48 -12780.29 -575.21 -336.61 -191.07 -100.81 /
(100) 15083.22 27100.55 -10821.46 -1195.87 -626.58 -529.09 -30.35 /

1/2 (011) 15278.75 27027.79 -10715.08 -1033.96 -692.01 -302.90 -84.08 /
(110) 8941.58 21757.84 —-11433.87 -1382.40 -745.86 -580.78 -17.18 59.25
(111 8856.21 22329.56 —-11443.45 —-2029.89 -777.78 -1199.59 -19.69 40.75
(020) -5991.30 10363.30 -15659.85 —-694.74 -350.81 -290.28 —85.85 /
(100) 5924.18 21745.70 —-14546.74 —-1274.77 -731.16 -648.36 -20.10 18.93

11 (011) 6054.78 21741.92 -14604.75 -1082.40 -746.16 —272.58 =77.60 /
(110) 5974.99 21806.25 —14487.60 -1343.66 -815.06 -467.96 -23.41 46.85
(111) 6307.53 22417.54 -14164.25 —-1945.75 -876.94 -1009.34 -31.83 34.22
(020) -10035.49 10351.56 -19653.47 -733.58 -383.71 —-287.83 -80.99 /
(100) 1117.34 21523.04 -19051.80 -1353.89 -777.25 -502.18 -9.83 31.71

2/1 (011) 1352.03 21525.99 -18951.43 —-1222.53 -785.24 -403.62 -58.85 /
(110) 2013.30 21895.49 -18478.90 -1403.29 -742.56 -737.10 -13.82 52.26
(11 1) 2100.41 22500.51 -18501.22 -1898.87 -942.57 -889.06 -38.60 16.03

i AR A 2 X (3) T B ST, (11 0) dw i

SR o A B W B E o SAR 3R A 1 Y
A JEAE AR R 5 5 2 A R R R N AR AR
U T o T A [ A i kR B T 5 T A A L
O F HL A DL R T - R 2 A 25 A Ty S R E
R (T 1 0) I STEHE K LEO 1 0)fim5IR
B Z 8 B AR BAE AR — k. egh,(110)
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Fig.6 Crystal morphology prediction of TKX-50 in formic acid/water mixed solvent with different volume ratios
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Fig.7 Crystal morphology of TKX-50 obtained by recrystalli-
zation from formic acid/water mixed solvent at temperature
of 298.15K and volume ratio of 1/1
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Table 6 Energies and habits of TKX-50 in formic acid/water mixed solvents at different temperatures
K kD E.. E. E. [ Ev Euee E., total facet
/ kJ-mol™ / kJ-mol™ / kJ-mol™ / kJ-mol™ / kJ-mol™ / kJ-mol™ / kJ-mol™ area/%
(020) =2963.02 10392.48 -12780.29 =575.21 =336.61 -191.07 -100.81 /
(100) 15083.22 27100.55 -10821.46 =1195.87 -626.58 =529.09 =30.35 /
298 (01 1) 15278.75 27027.79 -10715.08 -1033.96 -692.01 =302.90 —84.08 /
(110) 8941.58 21757.84 -11433.87 =1382.40 —745.86 -580.78 -17.18 59.25
(111 8856.21 22329.56 —11443.45 —2029.89 -777.78 -1199.59 -19.69 40.75
(020) —2887.50 10431.38 -12612.35 =706.52 —282.68 =376.32 —84.38 /
(100) 15305.28 27336.61 -10803.58 -1227.75 -561.08 -626.47 -26.21 /
308 (011) 15564.15 27175.40 -10706.63 -904.62 —663.45 —202.14 -101.39 /
(110) 8912.49 21867.24 -11605.12 —1349.63 —705.42 —588.45 —22.45 66.62
(111 8942.60 22428.53 -11540.07 —1945.86 =743.10 -1150.24 -31.82 33.38
(020) =2790.70 10349.80 =12417.36 =723.14 -345.30 =330.31 -82.30 /
(100) 15475.87 27373.97 -10842.76 =1055.34 =569.05 -446.09 -48.60 /
318 (011) 15518.29 27070.48 =10633.02 -919.17 =710.16 -169.97 =99.44 /
(110) 9207.55 21941.47 -11355.38 -1378.54 -680.77 -642.02 -17.80 72.43
(111 9265.15 22362.95 =11145.19 =1952.60 —785.79 =-1114.29 -30.84 27.57
(020) —2482.71 10478.27 -12303.65 -657.32 -322.14 —287.65 -90.53 /
(100) 15624.79 27365.81 -10701.08 -1039.94 -626.03 =373.72 -50.59 /
328 (011) 15774.00 27123.40 -10570.04 -779.35 -662.78 -77.53 -118.15 /
(110) 9197.19 21852.72 -11242.25 -1413.28 -734.11 -623.41 -12.21 81.02
(111 9392.48 22467.09 -11124.23 =1950.37 =778.77 =1119.08 =31.17 18.98
sur-H~sol-0
a. 298K 308 K
c. 318K 328 K
0 10 20 30 40

B8 TKX-507E A [F) i B

)
Fig.8 Crystal morphology predictions of TKX-50 in formic

T R /K TR A U AR v B A R A

acid/water mixed solvent at different temperatures
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Fig.9 The RDFs between oxygen atoms and hydrogen atoms
in (11 0) crystal face and formic acid/water mixed solvent

system
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Growth Morphology of TKX-50 in Formic AcidWater Mixed Solvent by Molecular Dynamics Simulation

ZHOU Tao, CHEN Fang, LI Jun, CAO Duan-lin, WANG Jian-long
(School of Chemical Engineering and Technology , North University of China, Taiyuan 030051, China)

Abstract: In order to study the effect of formic acid/water mixed solvent on the growth morphology of energetic ionic salt dihy-
droxylammonium 5, 5'-bistetrazole-1, 1’-diolate (TKX-50) , interaction energy between TKX-50 faces and formic acid/water
mixed solvent was calculated using molecular dynamics method. The growth morphology of TKX-50 in formic acid/water mixed
solvent with different volume ratios (1/4, 1/3, 1/2, 1/1 and 2/1) was predicted by modified attachment energy model, and the
effect of temperature on the crystal morphology of TKX-50 was simulated. The results show that changing the volume ratio of for-
mic acid/water in the mixed solvent can significantly change the crystal morphology of TKX-50. When the volume ratio of formic
acid/water is 1/2 and the temperature is 298 K, the crystal morphology of TKX-50 is relatively closer to spherical shape. Radial
distribution function analysis shows that hydrogen bonds, van der Waals forces and electrostatic forces exist between the (1 1 0)
crystal face of TKX-50 and the mixed solvent molecules.

Key words: dihydroxylammonium 5, 5'-bistetrazole-1, 1'-diolate (TKX-50) ; crystal morphology; attachment energy; mixed sol-
vent;molecular dynamics simulation
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