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Fig.1  Crystal structure of TKX-50 ( The white spheres repre-
sent the H atoms, the red spheres represent the O atoms, the
blue spheres are the N atoms, and the grey spheres are the C

atoms )
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S

Fig.2 Three dimensional hydrogen bonding network structure
of TKX-50( The white spheres represent the H atoms, the red
spheres represent the O atoms, the blue spheres are the N at-
oms, and the grey spheres are the C atoms. The cyan dashed

lines represent the hydrogen bonds)
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Table 1 The lattice parameters and unit cell volume (V) of

TKX-50 from calculation and comparison with experimental

values

method a/A b/A c/A B/(°)  V/A?
DFT-D ( this work) 5.563 11.490 6.437 96.19  409.05
Exp. ([2],173 K)  5.426 11.660 6.501 95.26  409.58
Exp.( [11],295K) 5.428 11.735 6.549  95.055 415.53
Exp. ([2],298 K)  5.441 11.751 6.561 95.10 417.86
Exp.( [2],100 K)  5.4872 11.5472 6.4833 95.40  408.97
LDA/CA-pZ |2 5.525 11.048 6.216 96.33  377.15
LDA/CA-PZ-OBS!'?)  5.483 10.580 6.087 97.16  350.33
GGA/PBE-D''?! 5.537 11.519 6.448 96.11  408.90
GGA/PBE-TS! "2 5.137 12416 6.820 96.17  430.17
GGA/PBE |2 5.084 13.148 6.977 96.36  463.48

PR T W g5 SEat - BF5E T 0~100 GPa |
TKX-50 Z5 kg i1k . R T 5 SE e 45 2R L8, 43 Bl 7E
& 3a. &l 3c |4 3e F1I& 3b & 3d & 3ffJ@/R T 0~
11 GPa 1 0~100 GPa fiy A% & HOA & ML 7R FRBE 1 7 1)
54k, B 3a. [ 3c & 3e AT LLE 1, HE RS
U WA AR, #E 0~100 GPa JE Jy 3t FE Y,
rn S E (I 3b (& 3d) A B AR BL (L 36) B 25 Bt R
FyvE A AR A o AN, AT LR B, S a il AR e R
4, b 7Y 5 R4
A fE AT A

2018 % H26% #1384 (46-52)



SR, dtht, RS,

T T
—m—exp.(by dreger,2017)
—a— this work

o
—_
—_

T

unit cell parameters /A
unit cell parameters /

a

100 T T T T
—m—exp.(by dreger,2017)
—— this work 4

T T
—m—exp.(by dreger ,2017)
—a— this work 4

99t
981

AIC)

97r
9%
951

0 2 4 6 8 20
pressure / GPa

a. 0-11 GPa

20
pressure / GPa

b. 0-100 GPa

700 0 2 4 68 10
pressure / GPa

c. 0-11 GPa

50 80

112 T T T T -
—m—exp.(by dreger,2017) 420F
—— this work

400

o3

volume / A

380r
360

340t

—m—exp.(by dreger,2017)
—&— this work -

T T T T T T

400
360
320F
280
A 240

—m—exp.(by dreger,2017)
—— this work 4

o3

volume /A

949 30 60 80 100 0 2
pressure / GPa

d. 0-100 GPa
sin A% 2 RO i ML AR BB T ) 19 22 4k

20

& 3

4

pressure / GPa
e. 0-11 GPa

10 200

2060 80 100
pressure / GPa

f. 0-100 GPa

6 8 20

Fig.3 Change in lattice parameters and unit cell volume with pressure
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Fig.4 Change in hydrogen bond and hydrogen-bond length in

TKX-50 with pressure
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Table 2 Elastic constants C;; at atmospheric pressure and high pressure of TKX-50 predicted from calculations GPa
P Cl 1 C22 C33 C44 C55 C66 CW 2 C1 3 CZ? Cl 5 C25 C35 C46
0 58.0 36.9 61.9 1.1 24.7 18.7 29.5 27.8 -3.7 11.5 -1.4 -5.3 -1.0
1 74.6 46.0 77.9 14.0 26.8 23.7 38.1 34.4 -1.8 17.9 -0.2 -7.5 -1.1
5 87.3 72.4 106.1 18.4 30.8 29.2 54.8 45.1 -0.08 289 -2.5 -123 -1.4
10 131.5 107.5 158.0 21.5 33.4 39.5 77.2 62.9 0.005 45.7 =27 -=17.7 =2.0
ol — [P 9 TR B0 IR 78K TKX-50 48 OS5
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Fig.8 E-V curve near equilibrium state of TKX-50
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Fig.9 Energy band structure and corresponding reciprocal lattice of TKX-50
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Structural, Mechanical and Electronic Properties of Dihydroxylammonium 5 ,5’-Bistetrazole-1,1’-diolate
(TKX-50) under High Pressures: A First-principles Study

ZONG He-hou', ZHANG Wei-bin', LI Hua-rong', ZHANG Lei’
(1. Institute of Chemical Materials, China Academy of Engineering Physics ( CAEP ), Mianyang 621999, China; 2. Software Center for High Performance
Numerical Simulation, Institute of Applied Physics and Computational Mathematics, Beijing 100088, China)

Abstract: The structures and mechanical and electronic properties of dihydroxylammonium 5, 5'-Bistetrazole-1, 1’-diolate
(TKX-50) were examined over a pressure range to clarify its structural and chemical stability at high pressures with a first-principles
method based on density functional theory using PBE functional plus vdW corrections( DFT-D). The intermolecular interactions un-
der high pressures were analyzed with the Hirshfeld surfaces and 2D fingerprint plots to clarify its change trend. The calculated lat-
tice constants, axial compressibility, and equation of state are in good accordance with the available experimental results. For the
first time, we predict the elastic constants of TKX-50 using a first-principles method. The predicted stiffness constants are ordered as
C,,(61.9 GPa>C,,(58.1 GPa)>C,,(36.9 GPa). The electronic energy band structures show that the band gap changes from a di-
rect one ( B-B) at 0 GPa to an indirect one at 50 GPa. The band gap at 100 GPa is also indirect (from G to B). The band gap de-
creases with respect to an increase in pressure, implying that the impact sensitivity increases with compression.

Key words: dihydroxylammonium 5, 5’-Bistetrazole-1, 1'-diolate ( TKX-50) ; first principles; mechanical properties; electronic
properties; high pressure; density functional theory plus vdW (DFT-D)
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