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Fig.1 The schematic diagram of calculation model construction
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Table 1 The parameters of HATO crystal layers

(hki) a/A b/A c/A a/(°) B/(°) y/(°) Nuaro
(020) 31.50 27.27 20.89 90.00 90.00 98.44 2400
(11 -1) 30.81 24.36 18.98 90.00 90.00 74.74 1536
(01 1) 3272 25.17 22.63 90.00 90.00 85.79 2304
(110) 31.50 24.36 22.48 90.00 90.00 93.77 1920
(100) 32.68 25.20 21.04 90.00 90.00 90.00 2304

Note: Nyaro indicates the number of HATO atoms.
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Table 3  Results of the lattice parameters of HATO optimized

by three force fields

parameters a/A b/A c/A a/ (%) B/(°)  y/(°)
experiment 5.44 11.75 6.56 90.00 95.07 90.00
COMPASS  8.46 8.84  6.83 90.00  114.62 90.00
PCFF 5.67 1118 6.11 90.00  100.37 90.00
CVFF 5.53 13.06  6.47 90.00 90.59  90.00
-0.645
<|J- 0.255
0.187 ) 0.262
0147 —N Ny PP ]
|| & W
N /0 \
0164 N N 0403 O
-0.342 I H
o 0.308

B 2 HATO £ GGA-PBE/DNP 1% ) Mulliken i, fuf
Fig.2 The Mulliken Charges of HATO crystal calculated at
the GGA-PBE/DNP level
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Table 4 Comparison of the experimental and calculated values under the different solvent density g-cm”
solvent water dimethyl sulfoxide methanol ethanol ethyl acetate  tetrahydrofuran  trichloromethane
experiment 1.00 1.10 0.79 0.79 0.90 0.89 1.48
PCFF 1.02 0.87 0.76 0.77 0.94 0.83 1.51
deviation/% 2.00 —-20.90 -3.80 -2.53 4.44 -6.74 2.03
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Fig.3  The structures of three additives optimized by PCFF

force field
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Table 5 The important growth faces and related parameters of

HATO in vacuum

(hki)  multiplicity 7}\“ fk‘J‘ ol tota! /f;fet
(020) 2 5.45 -131.42 53.97
(11-1) 4 4.09 -327.06 18.79
(011) 4 5.41 -418.94 15.12
(110) 4 4.83 —-430.66 6.14
(100) 2 5.39 —-448.99 5.98

Kl 4 2 HATO TL78 8 v i 0 i 08 J i 2/
KM, HATO B e 2 K AR, K&
N 4.69, KT RKAF HATO [l B &5 SEAF 3182 T 4
AEREE SE(A(4)) . A0 20) (11 -1),
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FET IO KRS o O T N O b R AR K A T %) 2 T
SERFFAE R 8 1A )R] R 3 E ARAT Ak, B IAL 4
WA, AT RIS R R ] R FE S T B S S
A7 pei, 32 AR e A 3 T M B A, AR X T T 1) 2 1A R T
VR T R P, R TE(0 2 0) (01 1),
(11 0) K5 A ] 33 50 W8 RT3 5900 X i T ) A= 41 o 4
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Fig.4 The crystal morphology of HATO predicted in vacuum

condition and the corresponding growth faces
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Table 6 The modified attachment energies of HATO growth faces in different solvents k) -
(hkl) water dimethyl sulfoxide methanol ethanol ethyl acetate  tetrahydrofuran  trichloromethane
(020) =79.20 -96.94 -95.14 -98.03 -89.62 -99.91 -97.15
(11 -1) -8.41 -122.34 -70.12 -97.28 -118.74 -168.49 -196.23
(011) -58.32 -236.35 -155.06 -175.85 -261.04 -305.43 -304.51
(110) 76.07 -126.23 -61.97 -93.93 -171.38 -249.41 —240.41
(100) -28.66 -192.09 -149.16 -180.46 -238.15 -317.15 -305.89

-\

L/D=6.06 LID=2.99
a. water b. dimethyl sulfoxide
o /‘“‘ €\
- w s/
—
LiD=297 LID=2.30
c. methanol d. ethanol
— N\ i g7 A
LID=3.74 LID=4.20 LID=4.26

e. ethyl acetate f. tetrahydrofuran
5 HATO TEAS [R50 o i i T8 500 285 2R B KR AR L

Fig.5 The crystal morphologies of HATO predicted in differ-

g. trichloromethane

ent solvents and the corresponding L/D
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3.4 FMFAEEGET RN

FET A5 WA 0 45 A 68, HATO & 1 78 A
) S i 350 o B B 5 BB HEAT THBIE S5 R NE 7 PR,
& OE S B 5 R, v HATO R [8 78 hn 7 v 9 i
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Table 7 The modified attachment energies of HATO growth

mol™

faces in different additives k) -
(hkD) SLS SDBS a-CD
(020) -182.381 -185.351 -241.208
(11 -=1) -446.684 -459.905 -591.701
(011) -577.894 -594.212 -727.974
(110) -594.337 -609.316 -760.902
(100) -619.358 -626.847 -769.856

3.5 ZWmK
SR P 00 - S5 3 590 3k A0 1 405 W 35 4K 4% T HATO
TEIK TR LR ) A+ —obe BE AR AR R 4 HDRS 5
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Fig.6 The crystal morphologies of HATO predicted in differ-
ent additives and the corresponding L/D
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Fig.7 The scanning electron microscope images of HATO

crystals
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Crystal Morphology Prediction of Dihydroxylammonium 5,5’-Bistetrazole-1,1’-diolate Under Different Growth
Conditions

LIU Ying-zhe, BI Fu-giang, LAl Wei-peng, YU Tao, MA Yi-ding, GE Zhong-xue
( State Key Laboratory of Fluorine & Nitrogen Chemicals, Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: To accurately predict the crystal morphologies of dihydroxylammonium 5, 5'-bistetrazole-1, 1'-diolate ( HATO, also
known as TKX-50) under different growth conditions, the PCFF force field parameters were systematically validated and modified.
The attachment energies of HATO crystal surface were calculated by the molecular simulation method. The crystal morphologies of
HATO in vacuum, in seven solvents (water, dimethyl sulfoxide, methanol, ethanol, ethyl acetate, tetrahydrofuran and trichlo-
romethane), and in three additives (sodium laurylsulfonate, sodium dodecyl benzene sulfonate and dextrin) were obtained.
Results show that the crystal morphology of HATO in a vacuum is long flaky, consisting of five cryatal faces, (02 0), (11 -1),
(011),(110) and (100), among them, cryatal face (0 2 0) is the most important, occupying the 53.97% of total surface ar-
ea. In the polar solvents, including dimethyl sulfoxide, methanol, and ethanol, the morphological importance of (0 2 0) cryatal
face decreases, the crystal morphology of HATO is improved. In the three additives, the crystal morphology of HATO is still long
flaky. The predicted structure of crystal morphology of HATO is in good agreement with the experiments, it can provide theoretical
guidance for the crystal morphology control of HATO.

Key words: dihydroxylammonium 5,5'-bistetrazole-1,1’-diolate(HATO) ; force field parameters; attachment energy; growth con-
dition; crystal face
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