Y] 32 2 3R Acta Phys. Sin. Vol. 73, No. 14 (2024)

143101

B2k EAMEAT (Hydabeo)[K(ClO,),] 444
SREMENE—EREHFR

ZHAY FEEDY

Y4k EDT Rk

1) (BB TR 5 TSR, Fa 210094)
2) (MR RS T 20, fat 210023)

(2024 4E 4 H 7 HIRE; 2024 4F 5 A 24 HUCEMERR)

BT — PR ARG T (Hydabeo)[K(CLO,)s](DAP-2) ffATE 0—50 GPa JE J14E I T i A2
N S B A N R S R SN K o3 ) 1 o S B T A A DO = X [ e -1 = W A b AL BB sy N T RN
FRAE AR R4 K BIL, 7E 25 GPa it , A HLFH B T Hydabeo B ZEAR G544 & 48 T L. %) Hodabeo? il KOy, £
AT AR 118 500 S 24 43 B30 A0 A R T £y 1) T8 285 SR 7, AN TR 73 TR R AR T RE DR R Pa-3 72 ) B AR 1 R A5
R A8 55— D B A Bl RS TR 0 R s B AR b, & BRTEAR T 20 GPa i, DAP-2 1) 4 o J8% B %5 Tk ) 1
T/ T2 F 38 T 20 GPa b, 8 ol JE% R D) 52 30 1% 56 1 ) 8 i 2248 3 R a3 e dh, st gk ¢y
W R (B) B (B), BT8R (G) LALATIGE (Cly- Cy) PIREFE FE J7 AO8E K36 K, 2 Wl 7E 1R 1 VR
T AR 14 O R S A ) T R AR ) A R R U T T2 A A TE A TR 3 RN R T A R T

KR FREENERE, WRIZ R BLE, MRS, BFas, AR

PACS: 31.15.es, 61.50.Ah, 71.20.-b, 62.20.-x

1 5

O RE AR ZE 25 0 R SR A 0 T E K BT
ik, XA S R R AR BN, L5
5 REATRL, N =3 =7l (RDX). 2, 4, 6-
—HHAEH R (TNT) M E SR T AL L
B FRINEHSZ S A Y BT, I AkSEE e 3] 4
KU BEE RACEF R AR | IR F
MR i B — AU E REA RL AT B R A5
S YERE, fiE m e | IR | AR FI T RE 24
PESE, Rl S A i3 0 ST 2 A A R E LA S I g
SFEH R B R A B AR LS BRI A 5T
ML EHESD T, & REA BRI & R, R A
PLERE ST B R 73 08, Wef RGO A

i

*ER HRBIERES (S 11572160) 9% BhAYIRALL
t BIEVE#H. E-mail: xiao _jijun@njust.edu.cn
© 2024 FEYIEZS Chinese Physical Society

DOI: 10.7498/aps.73.20240477

S JRAAUHELL 1131 SR i 7 3K L6 k1 ) 35 47 7 B
T HRBE, HREE PERE AP R 2 S BB R AR 1Y
P, BRI T HSE— 25 A =N . Hedn CL-2001
SRR R B ZUMEE Y, (HJRIREE K, [RlE i T
TR K Z R LA 2 TG BRI T HAS o
I, SRR PERR | R RN AR 2 R AP R
i AT S FH ALK 24 ) — T PR AR

B ABX; B =0 iR S5 1Y 43 F 55 R
PR R P B L Al R AR T A2 BT G,
P A 09 B r 00071 phere 181k % 19 S A AR
D 2O Sl AT 2 BRIV G /7. 2018 4F, Chen
S5 U SE 43 B AR MR IO AL AR SRR
FAHUREL = —HeAe oK EE5 G —iE, &
B — R AN S RE T F 540 (Hydabeo) [M(C10,)s]
(M = Na*, K*, Rb*, NH; , 43I # DAP-1, -2,

http://wulixb.iphy.ac.cn

143101-1


http://doi.org/10.7498/aps.73.20240477
mailto:xiao_jijun@njust.edu.cn
mailto:xiao_jijun@njust.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 73, No. 14 (2024) 143101

-3, -4). A R Bk AL AT 5 HMX, RDX
SEALGE S RERRR Y SR R RE, T H A A A EE
YRGS B BT R AR A AR S . X AR
JRASAT LA 2 73 0 4 A TR0 20 2 2B 7 v o e
—ICARARSE A 7 TR, BT SRR
(O RERDRHR A TR %, [RIRTIE Y T 70 45 5ke™
T REM LU 25— 20

BT o ISR 2H 43 Al e | D RE AT Y 4
FREIE, REAFAE VLS F (A G F). T
PLIHE T (B AL FHEST) LAKRTEHLHES 7 (X B R
¥) CHEIAG TR AR, NGB — R 5
SHTRVESERT AL, A (Hypz) [Na(Cl0,),], (Hydabceo)
[NH;0H(C10y)s], YA & [Hydabeo] (HI0g),-2H,0
A 2220 AESEERRE Y, SRS RAT R R READRHEY
TR | R A S PR A XU BT S 5, R
AR PEAL B BT RHTT it 1) DG B AR (2529, Ry T 4k
FF RS R S BRI STV N, REWFIE
X BB IR AT AR T T T DR TE B0,
SR, AT BEES Bk U b9 £ LA e 4G
a8 LA B IS LR AR5 I, H R TS
% 1) (Hydabceo)[NH,(ClO,)s] (Bl DAP-4) 3 3.
2R, X HAUSE RSB ERE™ & REARL KA RERY
WFFEIN BAFAIXS [ =2, X E— e PR RE BRG] T34
Xof 33X 4l 4 T T R P

YEZGLE I R b, T4 32 3 v He S
FAF RN, A5 H W] Bk A A AR | SR G ak
O3 Al Ik AR Ak 4y B S S A AR 2 04 AR 2 T B RN
JERBE, BRI OC R B L ARG A, Rk, 42
TR AT 58K 25 78 i R H 94T =R AR
SRS AR, B REES BT (Hadabco)
[K(ClO,3] (A% DAP-2) AT BEEMERER . #vae
PEGE | ] A 1 B SO B A O (BRI R %
JE KRN 8.591 km/s, 35.2 GPa, 6.12 kJ/g),
O e SRR RE AT RE B ZE A Tl sk
LFHIFRE 18T 38 g 15034,

ASCLAES RO 5 RERT KL DAP-2 S RFFER 4,
is 9% Bz s BE (DFT) J5 ik, 58 7 HAE 0—
50 GPa #i7K L J1 T MR L1 | B F4540 LUK )
MR X AR T X DAP-2 fhiA 454
502 ERR AR, 1 B2 s T Hifd
SR AR X BT UR y DAP-2 7EZE R
AR R ol iyt — 25 o R AL T S R B
WS, WHARM R S IABEE T R SR,

2 ITHEI*

ASCH AT DET A48 R4kt g4 Sk B
FPA (VASP) 381 By -SRI B 7~ 22 8] A AR ELAE
FHR B 8P I 778 (PAW) B SEF T 4ads.
PEH DAP-2 1Y SE S 25 M iR G 451, 1%
SERYAESL JT A5 [ BE Pa-3 HEh &, AR AN o =
b= c=14.2910 AP, ZICE MR F M55 H
H(1s'), C(2s22p?), N(2s?2p?), O(2s22p*), C1(3s*3p°)
1 K (3s23pSast). H 3 e S X 45 S, F 1 I K
WrRE T BN 450 eV, A LM IXCRAE S WO T ol
DY 2x2x2 B Monkhorst-Pack PIA% fi. 15 45 4
b B, A% S B 0 B e iy, B
Rt B b/NT 1.0 x 1070 eV MG 732 H/N T
0.03 eV /A VEMIShRE. 7638 B I BE PR AL Al e %
Dy, SCEEERCT PBEMY PBE+D3* #1 PBEsol*
SRR S EE A AT AL, IR R R S
BILEEH, 458 W2 1. LU 0 GPa F itk as#rE
LR, FETATMISFRIERR IS T, L1 GPa 2l
[P, B KR 12 50 GPa. VASP
R RAT PR 22 400k ) B DR TR Y ) 22 1 .

# 1  DAP-2 RiS¥it A E 5550 E

Table 1.  The calculated and experimental values of

crystal cell parameters for DAP-2.

Method ao/A A% /() V/AP AVI%
Experiment®! 14.291 — 90  2918.689 —
PBE 14.530 +1.67 90  3067.650 +5.10
PBEsol 14.288 -0.02 90  2917.954 -0.03

PBE+D3 14.282 -0.06 90  2913.178 -0.19
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Fig. 1. (a) Schematic diagram of the polyhedral model for the unit cell of DAP-2; (b) schematic diagram of the ball-and-stick model
for the unit cell of DAP-2; (c) structure of the organic cation Hydabco?t. The atoms of K, O, Cl, C, N and H are represented by
blue purple, pink, green, dark gray, blue, and light gray, respectively, while N—H---O bonds are represented by cyan dashed lines.
Symmetry code: A: —z+1, —~a+1, —y+1; B: ~y+1/2, 2-1/2, x; C: 2 -1/2, y, —2+3/2; D: 2-1/2, ~2+1/2, —y+1; E: 2, y, 2z F: —y+1/2,

—z+1, x4+1/2.
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Fig. 2. Lattice constant a (a) and cell volume V (b) of DAP-2 crystal under different pressures.
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Fig. 3. Partial bond lengths in DAP-2 crystal under differ-

ent pressures.
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Fig. 5. Structural changes of organic cations Hydabco?*.
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Fig. 6. The average fractional coordinates of the centers-of-
mass (a) and Euler angle (b) of Hydabco?*" cation under dif-

ferent pressures.
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Fig. 10. Density of states of DAP-2 crystals under different

pressures.
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Abstract

The crystal structure, molecular structure, electronic structure and mechanical properties of molecular
perovskite high-energetic material (Hydabco)[K(ClO,)s] (DAP-2) under hydrostatic pressure ranging from 0 to
50 GPa are calculated and studied based on density functional theory. And the influences of pressure on its
stability and impact sensitivity of DAP-2 are investigated. As the external pressure gradually increases, both
the lattice parameters and the volume of DAP-2 crystal exhibit a monotonic decreasing trend. In the entire
pressure range, the unit cell volume shrinks by up to 40.20%. By using the Birch Munnaghan equation of state
to fit P-V relation, the bulk modulus B, and its first-order derivative B, with respect to pressure are obtained
to be 23.4 GPa and 4.9 GPa, respectively. The observations of the characteristic bond length and bond angle
within the crystal indicate that the cage-like structure of organic cation H,dabco?* undergoes distortion at
25 GPa. Further analysis of the average fractional coordinates of the center-of-mass and Euler angles for Hydabco?*
and KO;, polyhedron shows that within a pressure range from 0 to 50 GPa, both the average fractional
coordinates of the center-of-mass and the Euler angles exhibit fluctuations at 25 GPa, but the overall amplitude
of these fluctuations is very small. Based on this finding, it is speculated that the space group symmetry of the
crystal may remain unchanged in the entire pressure range. In terms of electronic structure, with the increase of
pressure, the band gap value increases rapidly and reaches a maximum value at about 20 GPa, followed by a
slow decreasing trend. Based on the first-principles band gap criterion and the variation of the band gap under
different pressures, it is demonstrated that below 20 GPa, the impact sensitivity of DAP-2 gradually decreases
with pressure increasing; however, when the pressure exceeds 20 GPa, the impact sensitivity exhibits a slow
increasing trend. In addition, the elastic constants Cj; Young’s modulus (E), bulk modulus (B), shear modulus
(G), and Cauchy pressure (Cjo — Cyy) all increase with pressure rising, indicating that the rigidity and ductility
of the crystal under pressure are significantly strengthened. According to the mechanical stability criterion, the
crystal maintains the mechanical stability throughout the pressure range.
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