Pl R SR S B BR T RE M RL B0 R A5 S5 P B 573

XEHS:1006-9941(2025)06-0573-08

MM SSBRESHKYT SEMBNER . EH 54

KEE AR KEALENE DAL

(. dhAkFFRESZALATIRFR, LW KE 030051; 2. AREIRBRKFMMEFER, ZAIT B/RIE 150001; 3. b WHEH

NEEARKARAGAEHG P EELHA R, LE KFE 030008)

HOE: AEN—FOR R R e T, SR RE A RLF 5T O DR L, R RN A R R R o RS SRR OE A E R A
R 5 B BUAS Ak & e A RH (C H,,N,),[Na(NH,) (ClO,), ]t,(DPE-1) H. #1715 ¥ 455k 5™ & REA B (C,H,,N,)K(CIO,), ], (PAP-2) , #If

587 DPE-1 FI PAP-2 ({2 25 K9 FRAR 2 1k R 35 PR BE RTWLAURR B o XS 2R o b 7 S 0 AT 36 W, DPE-1 LB AUSG 8K 454 L i Pa-3 75
(BB, PAP-2 ELA AL ER B 4544 , J8 Pnma s R DPE-T YA i i 9 25 BE 1 ML E 0 3k T,.,=368.9 °C .D=8858 m-s™',

p=38.4 GPa.IS>40 ).FS=20 N, 5 T {38 11 5 il {2 Ik X045 Bk 7

##(CH,,N,),[Na(NH,) (10,),]1,(DPPE-1)HH Hb ¥ A i B 4

B R AR XUEG BR A 45 A 23 ] b SR v AR Ak (R MBI AT M . PAP-2 5 TR R 4 Y BB KB T RE A ORL B A A 2 Y PR E 1k
(Tyee>280 °C) FE L BE Bt (MK D>8500 m-s™' FLEEE p>30 GPa) , {H {5 if B2 2 35 000 vy, R 5032 W) W A1 .

KEE . FREARE B BR RS BR ; BE s e A bk
FESES: T)55;064

XHERFRERG: A

DOI:10.11943/CJEM2025047

0 315§

B ER T — 2R 45 Ml 2y ABX, BT A A A 4
L = SNSRI T Y SR N GO A = S W N A
B G TR BRI A2 B BE ORI N TR HBE
b OB BRI A S T A Rk B S Bk T HE
ZRZER U N B BE AL 0 T T S R A RE I AR 1) K
SR YETERE IS 5 & BE M RL R KA

201 84F, Ll R 2B/ INBH FR 5K A A AT BN 1 0K 85 8k
W45 K N T RE AR . AR5 AT BB AR AR 1
MURBHZE o3 55 SR A PR 20 2 2H 2% BN BSR4 4 vy, il 15—
R AR T RE S £k, B (H,dabco) [M(CIO,),]
(DAPs %71 ,dabco=1,4- A2 IR [2.2.2]F ki , M=

s A HI: 2025-03-25; & E HH: 2025-05-15

W 4% H ki A #: 2025-06-05

EEWH: HRAARR A (22275169.22205049) BT 4 A
SRR B 4 (LH2021B006) Al 1l V6 45 #F 5¢ 4 B #F €1 %7 5 B
(2023KY591)

fEER Y RFEE(1996—) , L, F TP 8L & 68 7 7 0l TAF .
e-mail : zhangxinhui1119@163.com

BIEBER AN Dk E(1986-), B, #4%, T8 MNF IR LM
N5 TR ARG . e-mail : fengyongan0918@126.com

Na", K", Rb", NH,") , JF B¢ T 85 8k 8™ & 6e #4 % 0F 58 J7
Mo S, B2 AT 8 A B A B X AL, R
Ty il £ B8 T 2 1) e SRR L R S R T S BE A RE 1O,
Wezh T e J7 1) 0 & . WTE], 2020 45 H Ll K2 R/
KA I P AR X6 6] P A1 24 15 2 $i 38 A 18 FhAS Bk
REAT RHE 1T B, S P s e B 1 T BE S AR Y &
JRARGE T B AR BRI, B HE 1Y RS Bk AR
J& T LSBT A5 R R SRR B R A . 2023 4F  FRATIR
R BT I A AT — Tl e L 2 1) U5 Bk 0 78 5 BB A
B (CH,,N,),[Na(NH,) (10,),11,(DPPE-1)""%  #F 5¢
TESERA AR SRR RE . T RS R T 4 R A
Fb | AU 4k 1 235 ) 7 21 40 b % 428 91 PRI 38 K, Sy 1 e A
N Y iRt T 2l fe e . [WAF, g pt B TR 2%
sk B A AR Hp L K 27 gk S e AT BA 3 310 ST 4 T T e
MR Y B85 2K 5 AU & B MR (H,dabeo) [M (10,),]
(TDPI & DAI & %1 ,dabco=1,4- " A Z W [2.2.2]F
%t ,M=Na",K",Rb", NH,"), i F F s J 48 A A8 i
BV BRI, AT 2SS BT B RE A RL I D 2 A A
S AT A AN R G v R SRR R 1 RUES Bk R B e b R
MR DL R ) R 2 R B A Ry S (0 6 5 24 1) DPPE-1
e A R I, T e SR 3 1) B BT 1 BE M RL

SRR IR B URIE SR AN, AR L PURR BT R SRR ARG BRI RE ARG 5 R A S5 PERE 1. & BB KL, 2025, 33(6):573-580.

ZHANG Xin-hui, DENG Mu-cong, ZHANG Chun-jie,et al. Synthesis, Structure, and Properties of Two New Perchlorate-Based Perovskite Energetic Materials[J].
Chinese Journal of Energetic Materials (Hanneng Cailiao),2025,33(6):573-580.
ettt

CHINESE JOURNAL OF ENERGETIC MATERIALS 20254 % 334K Hed# (573-580)



574

K BRI, SRR BIXUS K&

T A A B AR R T T R TR S A LA B
W& BE M RHAY 22 AP, DL B0 TIE v LR Ok 5 R SR Ak
RN Z A A AEAE T 6 1 & i 25 0] DL 2 4% 45 40 fe 2L
R T AR R T AR R R . AN
SR BE 1) A5 BK B % BE MR R B I AF A BRI, )
an, [) FE 2 = X AR M 9 A LB, Hodabeo R1E &
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1.1 RAISEE

B = O R R SRR, B Al R H
BT 47 T A AR B A A BR A | 5 i SRR 6N, i SR A
Gy BT 4l SR W [ RS T R RE AR S BRA R 5 35%~
37% FhIR . 70%~72% e AR , 43 B 4, R W A 1 24 4k
Ak 273850 A R A R .

I %% : Nicolet iS-50 £ 4} S i 41X , f# [ Elementar
UNICUBEJCZ /3%, Bruker ADVANCE 11l 600 MHz
W AR ¥ k2 4R X, Bruker D8 VentureX-4fif 2k B & 1i
B, B A< P22 Smartlab9KW T X5 28 £ 5 AT 9L
(XRD) , f [l NETZSCH STA449F3 2= /i 49 i & #4
1, 2% 3 FE BB BFH 12 HL AR I 3K A, FSKM 10 &
P2 8% R 3R AY , Xspark10 & Hy J A8 8% BF 3R A%, EX-
PLO5 V7.01.01 £ % PERE T3 50 14, 18 [ IKA % 7 1
FEAS .
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Scheme 1 Synthesis of DPE-1 and PAP-2

1.3 BRAE

(1)DPE-1: = T , % 0.3946 g 35%~37% #h iR
HEABEA 10 mL 25 B 7oK 25 mL BB, A
=M T (2 mmol, 0.2243 g) il H: K AR R R RN R
B RLA: = S R TR A o 1) B R KIS oA
1k (1 mmol,0.0535 g) , K5 A 10 mL = & B2 4
% (6 mmol,0.7346 g), 5 s i B a] JE A% 1 €7 i
W ZwE UIE L8 UKOKIR A WVE U T8RS
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B A, = HE>90%, KR E 3~5d)/F .56
i W R T XS0 2k 5 AT S ASC I AR 45
DSC (5 °C +min™') :368.9 °C(dec.) : IR(KBr, v/cm™) :
3277.38, 3212.72, 3175.73, 3049.90, 1476.24,
1420.47, 1325.26, 1279.93, 1220.01, 1063.99,
1044.41, 889.70, 849.13, 805.28, 619.98; '"H NMR
(600 MHz, DMSO-d,, 25 °C)§:7.06,3.54;"”C NMR
(600 MHz, DMSO-d,, 25 °C ) §: 43.09; Anal. calcd
A A AL
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for C,,H,,CI,N.NaO,,:C 16.68,H 3.7,N 8.11; found
C 16.33,H 3.97,N 8.69,

(2)PAP-2: $£ R 1 (2 mmol, 0.1723 g) . & 1k %%
(1 mmol,0.0535 g) #l & & MR # (1 mmol,0.1386 g)
AR AE 10 mLK A, 976 60 °CF L 600 remin™' {1 i
R, BEJE , A 0.6976 g 70%~72% 5 H R ,
Sminf5Al BB EAAGEENIESHE. 200k .T
M A AR, R R >60% . JEREE 3~5dJ5, 5L
35 WY AR, T X560 42 50 A7 S S0 5 AR 25 4
DSC(5 °C-min™") :344.0 °C(dec.) ; IR(KBr, v/cm™) :
3246.85, 3121.30, 3038.08, 2820.73, 2415.21,
1596.63, 1559.35, 1465.48, 1440.30, 1383.61,
1086.95, 949.15, 862.67, 740.21, 626.05, 570.89;
'"H NMR(600 MHz, DMSO-d,, 25 °C)8:8.74,3.34,
0.01;"C NMR(600 MHz,DMSO-d,,25 °C)5:40.72;
Anal. calcd for C,H,,CI,N,KO,,: C 11.28, H 2.82,
N 6.58;found C 8.74,H 2.11,N 5.09.
1.4 #ZH5HERILE

KR LSS TR T ARG X 2R R
T 9 X5 2 AR AT 5 0E A7 45 0 2l B R AE . R 22
7R H P K DPE-1 A PAP-2 iy UV ER 2 1, &L
LN 50 mLemin™', BE FHRE A3 55,1015,
20 °C-min™', IR VL & 50~450 °C. % 1 BAM }L5E
1 J7 2 ) 1 o JRE RN EE R R EE . R EXPLOS V7
ARAEVE AR H 55 PR RE AR 2570

2 FR5WiE

2.1 BEEH

DPE-1 F1 PAP-2 [ H ¢ i AR 54l 91 TR 1. 5
ml X-5F 2 A7 B 0 el 245 SR A i A P AR B AR B e A R
BN A . W 1 s, DPE-T 2 i Y (it 045 Bk 7 4%
AR EE R 2.011 g-cm™, JB L 5 fh & , Pa-3 75 [
BELEASMPEE AT K o 14.2 A A HLEA
2 H,dabco® 1l A s 67 T 37 J5 7K & B %) 25 i Y
o, NH R Na™ 7 B E S B A B A7 g 19 BH 25 5~ DL 22 %
HEZ 19 5 2CAE T 37 7 (AR (4 T, T ClO, IR A X 37 A5
FH T HRIE NH, 1 Na™, PAP-2 J2& i (%) B 5T £k 4 4%
F, RS R 2136 g-cm ™, JBIEAC 5h &, Pnma 55 [
BB R & A 8 A4k Hopz™ D AL A HLEH
BT, KN B A FHES T, ClO, UE A X A7 S A, 4
K'5 64~ ClO, #i# , &4~ ClO, M # Wi~ K, H,pz* 1A
Fo T AR = e BT FAEZE b
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F£1 DPE-1 FI PAP-2 I S {2 Hi o
Table 1 Crystallographic data for DPE-1 and PAP-2
parameter DPE-1 PAP-2
formula C,,H,,CI,N;NaO,, C,H,,CLLKN,O,,
formula weight 874.18 425.61
temperature / K 150 150
crystal system cubic orthorhombic
space group Pa-3 Pnma
alA 14.2398 9.5346
b/A 14.2398 27.321
c/A 14.2398 10.1599
a/(°) 90 90
volume / A? 2887.43 2646.6
V4 4 8
p/g-cm™ 2.011 2.136
w/mm™! 0.724 1.078
[ 1808.0 1728
crystal size / mm® 0.2X0.15x%0.1 0.2x0.15%0.1

radiation MoKa 0.71073 MoKa 0.71073
reflections collected 27888 40405
unique reflections 983 2758
R, 0.0453 0.0989

e 0.0118 0.0376
R\[1z26(1)] 0.0448 0.0521
wR,[1220(1)] 0.1547 0.1144
R,[all data] 0.0480 0.0728
wR,[all data] 0.1578 0.1285
Goodness-of-fit on F? 1.268 1.096
largest diff. peak / hole 0.41/-0 0.41/-0.80
CCDC No. 2354495 2354496

X P b A KR f R AT T 4140 6 R A R 3 R
Ko MK 2a 2 AME gk g BT LA Y #E DPE-1
A H,dabco® J NH, " N—H 45 £ 3 ,NH, ) N—H
il Pk 35, H,dabco™ H iy C—N i 45 Iz 36, ClO 4 1Y
Cl—O AN X R 4 ¥ 30, ClOL /Y Cl—O 25 i i 31y,
1064 cm™ &b B 58 55 1% 12 620 cm ™ B2 8% K ClO S
Y RFAE I, 28 W] v R AR B ) 51 A, N—H i 4 4i 2y
K (3277~3050 cm™) 5 DPE-1 1 H,dabco® Fl NH,*
W) SEAEAH AT 5 th B 2b 7T LLE Y, 72 PAP-2 1A H,pz™
o N—H 1 45 3% 51, H,pz** ' C—H (CH) % {1 45 Ik
31, ClOJ 1 Cl—O A X PR 4 ik 3l , ClOL 1 Cl—O &
MESN, 1087 cm™ H1 626 cm ™ 1 ClOL R 14 22 B 55
AR AR AELE ,1597,1559 cm™ fi4 58 XL A R 185 BF 114
AR PR 2 B S, 5 R R C 7 45 H — 30, 2821 em T Y
C—HRB i — 2 LR UR G 1Y 56 B Pk . Kl 2¢ DPE-1
) C NMR &5 2 WH A 43.09 4b 1915 5 T8 T AUR 7
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Fig.1 Crystal structures for DPE-1and PAP-2: (a) molecular structure of DPE-1; (b) crystal stacking structure of DPE-1; (c) mo-
lecular structure of PAP-2; (d) crystal stacking structure of PAP-2
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Fig.2 FT-IR spectra of (a) DPE-1;(b) PAP-2; C NMR spectra of (¢) DPE-1;(d) PAP-2; PXRD patterns of (e) DPE-1;(f) PAP-2

Chinese Journal of Energetic Materials, Vol.33, No.6, 2025 (573—580)

N Rk www.energetic—materials.org.cn



Pl R SR S B BR T RE M RL B0 R A5 S5 P B

577

M = &M e rp ) S R B 5 8] 2d PAP-2 19 PC NMR
SRR UITE 40.72 /(55 H 8 T XU ¥ Fb R 19 v (1Y
R o R B0 IR B 5Ok R — Bk SR L R AR
SEPE AR SR SR S AT T B T AR AR XS AT
S, 25 R 2e f12f fras , 2 T A a2 56 ) A5
BB R XS 2 007 5 TRl i 5 B ) ] — 3, R )
5 = iR N AEE— 4R 5 I S — 2
2.2 BHRBEH

B BERERE R R S R R T T PR A IR E .
5838 1 228 A L (DSC) TG DPE-1 Fll PAP-2 Ay #4
o, B 3anf A, AETFHREFE N 5 C-min™' 1)
Z AT, DPE-1 (9 3 4 #4435 2 4 368.9 °C, 1= T4H
N 1) e SRR 1 B AS R RE A L DAP-1(344.0 °C)

Exot | —20 °C-min’
—15 C-min’ s
—10 °C-min"
—5°C-min”
- 399.6
>
=
=
2
5 389.9
2
250 300 350 400 450
temperaure / °C
a. DPE-1

3 DPE-1 f1 PAP-2 ) DSC Hh £k
Fig.3 DSC curves of DPE-1 and PAP-2

%2 DPE-1AIPAP-2 I3 12 B8
Table 2 The kinetic parameters of DPE-1 and PAP-2

I DAP-4(365.0 °C)™', i B & A T mif 399 48 38 A o A
i 5 (14 XU Bk 0 45 25 DPPE-1(161.3 °C)M'), B 48
Ak B S 20 43 X A5 ER BT % BB AR IR E A EE R
., A WL, DPPE-1 1 DPE-1 22 [i] /% 1 1k fig 4 45 23
[, 30 2 21 4 728 Ak ke TR T B AR i A ek R LR 24
A7, M 3b AT LAE H,PAP-2 4 5 °C-min” Jt i #
RN BRI E N 366.5 °C, i K T PAP-1
(371.0 °C)H", & T PAP-4(288.0 °C )" #il PAP-5
(341.6 °C)'" it & T DPPE-1. IL4h, NEFF PRI Y
R G ALRE , E— 238 T DPE-1 F1 PAP-2 76 A [] FH i 2k
R AR . FET Kissinger &l Ozawa ik
THA 3 2] (%) DPE-1 9% L AE R 205.3~205.7 kJ-mol™,
PAP-2 IS AL AE N 227.1~227.7 k)-mol ™.,

Exot
3
=
§ —_\/L
3 387.0
A
379.8
250 300 350 200 250
temperaure / °C
b. PAP-2

Kissinger’s method

Ozawa-Doyle’s method

E /kJ-mol™ IgA /s R, E /kJ-mol™ R,
DPE-1 205.3 15.88 -0.9921 205.7 -0.9929
PAP-2 227.7 17.76 -0.9775 227.1 -0.9795

Note: E_ is apparent activation energy. A is pre exponential factor. R, R , is parameter.

23 BESERRMER

SERAE A IR AT TR &5 R %K 3. |
F 3 AU, DPE-1 4 5 IR > 40 ), & 2Pk T AH X
Y B AR B BE K RE DAP-1 FIl DAP-4", L 5 T X
AR S5 K (1 DPPE-1""), 5 A, PAP-2 11 fi 5 &k
JE 03K 2 4 ), JE T X AL B R o R R RORR Y BB AL R
[Fi] o 7o SR L 10 5 RE AL L, 410 AN AS M R[], 7 A AR
AN 22 AP . DPE-1 Fl PAP-2 24 J@ T %of /B 422 i
T R X e L KA B R S BB A R R R S
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TR BE B 22 FA L BRI RR LA S ERE S REAL
R T B BR T B BE R R 38 2 B A R Y EE 4
JE A B R 25 R X R BB R S Ak T g
OB Y 3 5 R P . DPE-1 IR By R OEE B, 1
DPPE-1 Fil DPE-1 Z [H] [] B¢ 77 76 ) @ 19 1k g I8 45 =5
], Ay o ok WF il g 48 4 Pk gt R g 2 25 E T S
1M PAP-2 %5 i 14 J8% B U 8 7 L 0 7 10 ) 48 42 &
o R 2,

SR FHELE T 7 04l T DPE-1 F PAP-2 [ 4 35
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SRE R PRI SRR, BIUR 1k %

PERE &5 N3 3 FrR o 56 S0 A 1R 25 8 (X %
A5 RN E 5 89 A2 Bk 12 B EXPLOS V7 2 5 4 1R
T 15 %) DPE-1 A9 45 3 A 43 51~ 8858 m-s™' Al
38.4 GPa, B & & T i 300 O 12 38 A9 w55 AR ik A9 X004 £k
T RE A L DPPE-11"" J3 25 7 8 19 42 5 AR T BB /2 i
F AR E 7 (Clo,) BA 10,3 5% 1 A ek .
PAP-2 [k 22 MERE I & T DPE-1, th i T[] £ 51 (Y 2045
KW BE MR, 4248 (H,pz) [Na(ClO,),] (PAP-1)""
(H,pz)[NH,(CIO,),](PAP-4)""FI(H,pz)[Ag(ClO,),]
(PAP-5)""" JE 3 E5 3k 8993 m-s', K1k 40.75 GPa,
5 e XE 25 RDX A HMX A2 . A ik, DPE-1 il PAP-2
BJE T e i % A R, B R, DPPE-1 Y
A kAR 2 —2928.8 kJ-mol™, 5 H Al kR X ) B
X FE B R R AR B AR RE R A
e AR B 159 . B Aan, W) B S Bk B 5 RE A R 7E A
A7 5, F1 B AV B T AH TR A B0 (A X7 s R T )

R 3 DPE-1 1 PAP-2 By BRAL M B K b5t 25 M BE

o BLTER L () TDPI-2 A A= i ks M =1475.7 k)-mol "',
M e 58 R 5 AY AE KSR 232.2 k)-mol ™ A 22 3K
1707.9 kJ-mol™,

BT EXPLOS V7 (93 45 3 W 7R, DPE-1 (1 18
W EE R H,O.CH,0, HCI.N,.C.CO,.CO Al
NaCl, Jit & 5 b 5 5 4 14.85% .27.10% . 19.86% .
11.75% . 3.65% . 9.62% . 5.68% . 6.44% , B i lL N
98.95% , AR = # L H,0 .CH,O, . HCI N, b & , [#
1K= 1) & C F1 NaCl; PAP-2 B4R 2% 72 ) 52 H,0 |
CH,O,. HCI, N,. CO,. K,CO,, i & & 4 il K
16.06% .8.61% .23.77% .6.39% .23.73% . 16.21%,
B 94.77% , K AK W LA H,O . HCI,CO, K
F B R K,CO,. B LA WL, DPE-1 Fl PAP-2
F A R 25 T W) ol TC T T FE R EE R AR R AR Y
S FACE Y SR EE Y O TO R T E R ALE S
Yy, ¥ 0T A R a6 RE MR

Table 3 Physiochemical properties and detonation performances of DPE-1 and PAP-2

compound p/g-cm™ AH° / kJ-mol™ D/m-s™ p/ GPa T/°C IS/} FS/N EDS/)
DPE-1 2.01 76.9 8858 38.4 368.9 =40 20 1.2
PAP-2 2.14 232.2 8993 40.8 366.5 4 16 1.8
DAP-1!% 2.02 1013.7 9306 48.3 344.0 17 36 0.53
DAP-4% 1.87 1904.2 9588 49.4 365.0 23 36 —
PAP-11°] 2.07 646.5 8917 38.2 362.5 20 5 —
PAP-4!1"! 1.74 -537.7 8629 32.4 288.0 — — —
PAP-51%] 2.50 -514.0 8961 42.4 341.6 <10 <5 —
DPPE-11"% 2.88 -2928.8 5156 16.4 161.3 3.5 5 —
RDX 1.81 80.0 8795 33.8 205.0 7.5 120 —
HMX 1.91 74.8 9144 39.0 270.0 7.5 120 —

Note: p is crystal density. A;H® is calculated enthalpy of formation. D is detonation velocity. p is detonation pressure. T is Thermal decomposition temperature

impact sensitivity. FS is friction sensitivity. EDS is electrostatic sensitivity.
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Synthesis, Structure, and Properties of Two New Perchlorate-Based Perovskite Energetic Materials

ZHANG Xin-hui', DENG Mu-cong’, ZHANG Chun-jie’, HU Shuang-qi', FENG Yong-an'

(1. School of Environment and Safety Engineering, North University of China, Taiyuan 030051, China; 2. College of Shipbuilding Engineering, Harbin
Engineering University , Harbin 150001, China; 3. Collective Protection Equipment Research Institute , Shanxi Xinhua Chemical Defense Equipment Research
Institute Co., Lid. Taiyuan 030051, China)

Abstract: As an emerging high-energy substance, the development of perovskite energetic materials in both variety and quantity
has more urgency. The first perchlorate-based double perovskite energetic material { (C,H,,N,),[Na(NH,)(ClO,) ]|, (DPE-1)
and a single perovskite energetic material [ (C,H,,N,)K(CIO,),], (PAP-2) were synthesized by a solution-based method. The
chemical structure, thermal stability, detonation performance, and mechanical sensitivity of both DPE-1 and PAP-2 were system-
atically investigated. Single-crystal X-ray diffraction analysis shows that DPE-1 crystallizes in a double perovskite structure with
space group Pa-3, while PAP-2 crystallizes in a single perovskite structure with space group Pnma. Compared with the previous-
ly reported periodate-based double perovskite energetic material (C,H,,N,),[ Na(NH,)(10,),]{,(DPPE-1), DPE-1 exhibits signif-
icant improvements in the thermal decomposition temperature (T, =368.9 °C), detonation velocity (D=8858 m+s™'), detona-
tion pressure (p=38.4 GPa), impact sensitivity (1S >40 J), and friction sensitivity (F$=20 N). These results validate the feasibili-
ty of exploring high-performance, green primary explosives within the double perovskite structural framework. PAP-2 demon-
strates comparable thermal stability (T,,.>280 °C) and detonation performance (D >8500 m-s™', p >30 GPa) with other single
perovskite energetic materials in the same series, but its impact sensitivity is significantly increased and friction sensitivity is sig-
nificantly reduced.
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