1014 TR, MR 7R SRR R/ B

XEHS:1006-9941(2024)10-1014-06
DFERY SEMPEBRE=ZCE_SEHNAaR. Sl 5146
TR&, " R, Ak ke KA

(P RFHFEZFR, 77K 7N 510006)

WOE: RS RE AT RME S — RO MR T BB AT RL , R i AR IR A A i s M AR S i IE O (R 4 5 K
YE PR IR AR o SUR B B AT 5 AU Th P T H AR SRR (PR s W I e A R R ) L R Y o A 9 e VR A SR N 2K N = L
T (dabco) S5 #EATER AL , 345 T B B9 4> T 454K 3 B A1 KL (H,dabco) (NH,) (ClO,), (AT FR DAC-4) . X 5} £& 8 5 45 55 40 B e 9,
DAC-4 HAT ABX, VA5 6k 6™ 454 | J& T30 07 Pm3m s (IR, IR 22 %3 4 1.86 g-cm ™. DAC-4 47 B At 5 1 BRIS HE 25 MR fE L HOBR A g
ORI 43 531 4.91 k)-g7'.8.43 km-sT' F132.6 GPa, 224 Hr R W], DAC-4 43 fif W (E I 224 106 °C, 35 TR E (75 °C) . )
VR ST T, AR IR N T 86% S FAEIIE 240> 1, DAC-4 FEA A , 5 i 34 81V 0.18% , MR T 50 2 2% (14 T 30%) .
KW FRREL ;o T ESERT B AR A ARL BT E 2 WO M s R SRt

FESES: T)55;064 MR ERD: A DOI:10.11943/CJEM2024166

0 3§

FE3d 2L AF BB TR 208 R A e A RL,
HRAITES T ALAR P & DL e
Mtk AP aET, ok FRATTHI BN T 2018 4E 4 iE T —
FAR L G & RE M R — 0> FESER T S RE A R I
JEAF AR A TR R kv S BV RE S TR
S BT T e MR AL T
ATEHLEA B F BRI B 7 X 8B B & A F
ABX, 5 Bk 7 R iy 4% 285 #4917 T I BT S BE A RL . i
Fofr ARG T i — 25 BN i 5 A R ) A e R —
TR AR SRR BE DL AR Y AR S B e o 2 1k A ) it
PR o e T 5 RS i M R LA ) Rk 4 1Y)
P FE AR H I K KE 2 B SR AR A T
o, Hopn v e & W i AR i = 20 ke A A (a7 FR

Y im B 2024-06-30; f£E B : 2024-07-28

W 4 R B H : 2024-08-16

HEEWE: MEA KB %EE (U2341287) , )7 M i B33+ 1)
(2024A04)6499) FlI v 111 K 27 ey £ B A BHBIF Al 55 2% (231g2y001)
EEB M TREO995-), T LR E, EENFZITE T &
AE MR & 5 MCHEIESE o e-mail : yuchx7@mail2.sysu.edu.cn
BEBRKAEA: KAEMECI81-) T 8z LS, EEMRE
JC BT VR AR LHG T A 2 7R AR O T AL L D R A ORE AN
fiE b1 B4 . e-mail : zhangwx6@mail.sysu.edu.cn

DAP-4) , e 45 5 LT e it B AR A S5 8, H A A2
B T RATT 12 TR  FE 40 M LAE N B SE B 'l 4% B
JC T FACKEE 245 307 C 7, I B IO FH T R 0 v i G AL

BEF HOPhRR 1Y) SRR — A 25 R RN 2 R T 1 S T A
Gy Ay TSR & RE A R LA MERE PR AR . T,
FE DAP-4 3L iy I, 3 i o0AE A v 21 43 Bl DA AR A 2
B AR R BALALSY , m RS — FR A LA T AR BE 1Y
T4 & 4y FAS R0 S ae R b i i Mtk B
WA AE R A HEEE R A S — A TR L 98 K Ag?
B B4y, AT L T R LR R SRR L S i
PO H 2 B e i o OAE X4 40 W) AT LAY R T
B E R AR AL e dn, DL R ARAE Sy X 43T Y
a3 TS ER T Re M REA] AT i Y i (50%) DL RS
TNT AH 25 10 85 55 Pk g, B AT PR ™ A I il felon] ) % %
BRI AL BRL T (R R S R R R RE L DA R
HRAE R X 4100 & WA 4 T 85 8K 0 2 BEATRE), 4 il iR
B = 20 TR R (RTFR DAN-2) 1A 0T TNT 148
T R TR A R A LR R R 4 0 3k 5.43 K)-g
7.566 km-s"' F123.4 GPa) 5HALH EEIRIE (5360 N)
AN AR mRE UK . AL RS S IR ER
W2 P18 X5, 1Tl 4 0 T 85 50 5 ie MRk
s G TR AL A TR AR A AH L L FRATT DL = 2 Rk
(dabco) AR EN A2 K Ry J5RE, 2 & i T DAC-4 1k

SIRAST: TR IR, O R % r A58k 0T & RE MR MR 8 — 20 i & A S PR AR D] & fEM KL, 2024,32(10):1014-1019.
YU Chen-xi, YE Le, FANG Zi-luo,et al. Synthesis, Structure, and Properties of a New Molecular Perovskite Energetic Material: Triethylenediammonium

Ammonium Chlorate[)]. Chinese Journal of Energetic Materials(Hanneng Cailiao),2024,32(10):1014-1019.

Chinese _Journal of Energetic Materials, Vol.32, No.10, 2024 (1014-1019)

e

www.energetic-materials.org.cn



SR SRR M R AR = LM Sl B S R

1015

G k2 AT BOUD X ST A L 22 5 B R
PESTIS  RGMFIE T DAC-4 45 H Fae M B 1 1k g
AW AE o 3 T80 BRAT B 45 04 4 9 BH 25 7 554 R 91 O
2y A SRR e B W A T A B AR SR B0 O S
AR 25 19 3 S PR AR TR R e W)

1 SCIG#ER4y

1.1 XA S

KA = 2 e (99% , 1l 3 i bz AL RR B
WA BRA ) s EIREN (99% , b1 52 va bk AR AL R B4y
IR ;8K (25% , 1122 si AR LR B0 A BR
INE) s ERR (36% , 7 M) o

LS XM ARATIHL, H A Rigaku Smartlab 3 kw;
X 56 2% o S AT 5, 2 [ Bruker D8 VENTURE ; 22 #4143
BrA¥, $E 58 OZM 552-EX; BAM [ 45 3% & Y, $ 72
OZM FSKM10.,
1.2 KT TE

DAC-4 | i 1 A B % 1 mmol ) = & & — i
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Table 1 Crystal data and structure refinement details for
DAC-4

parameters results
formula C,H,,CI,N,O,
formula weight 382.64
temperature / K 80(2)

crystal system cubic

space group Pm3m

alA 6.9863(1)
v/A 340.99(2)

z 1
D./(g-cm™) 1.863

R, [1>20(D] 0.0873

wR, [1>20(D)]° 0.2547

R, (all data) 0.0949

wR, (all data) 0.2665

GOF 1.053
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Fig.1 The cell structure of DAC-4 (Among the 12 chlorate
ions at the edge centers, except for one that shows disorder
and atomic details, the remaining 11 chlorate ions are repre-
sented by large transparent green spheres. The spheres at the
8 vertices stand for disordered ammonium ions, and the tri-
ethylenediammonium cation is located at the body center..
The disordered regions are shown as partially faded for clari-
ty, and all hydrogen (H) atoms are omitted for convenience
of observation)
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Table 2 Thermal data of energetic perovskite from DTA
measurements

compounds T,/°C T,/°C

DAP-1" 344 361

DAP-2" 364 377

DAP-3" 352 369

DAP-4"% 365 383

DAC-4 100 106

Note: T, is onset decomposition temperature. Tp is peak decomposition tem-

perature.
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i1t Louisa ). Hope-Weeks # #f £ A 48 L 47 ML & BE#F
FHI AE, R AH, S-G9 200 2007 B2 (1) 3t
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AH,, = 1.127AEF,, + 0.046 (1)
TEASF R AL A W B 3 38 2 5 8 ORI R AT DA 0ot
Kamlet-Jacob’s J5 #2240 HEAT Fii >, ik (2) ~(4) .

D=1.010" (1 + 1.30p) (2)
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@ =31.68 N(MQ)'"” (4)
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Table 3 Comparison of detonation performance of DAC-4 and some classic explosives

compound p/lg-cm™ D/km-s'  p/GPa AH, /kJ-mol™ Q/k-g"! OB/ % FS/N
RDX® 1.80 8.80 34.9 70.30 5.74 -21.6 120
DAP-4'% 1.87 8.81 35.2 -483.96/+278.6'% 10.38 -27.9 36
DAC-4 1.86 8.43 32.6 -390.22 4.91 -43 36
DAN-2'"8] 1.68 7.57 23.4 -339.13 5.43 -49.5 >360
TNTH'® 1.65 6.90 20.0 -59.3 4.36 -74 360

Note: p is the crystal density at 298 K. D is the calculated detonation velocity. p is the calculated detonation pressure. AH, is the calculated molar enthalpy of forma-

tion in solid state. Q is the heat of detonation. OB is the oxygen balance based on CO,. FS is the friction sensitivity.

I 8 LA P S S B R R S P kA R TR T ™ 00% (5)
SN SO R N E f A o PR AT B SN G i R R D P VAT (T m,
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Synthesis, Structure, and Properties of a New Molecular Perovskite Energetic Material:
Triethylenediammonium Ammonium Chlorate

YU Chen-xi, YE Le, FANG Zi-luo, ZHANG Wei-Xiong, CHEN Xiao-Ming
(MOE Key Laboratory of Bioinorganic and Synthetic Chemistry , School of Chemistry, Sun Yat-Sen University , Guangzhou 510275, China)

Abstract: In recent years, molecular perovskite energetic materials have emerged as a kind of new-concept energetic materials,
offering a new approach to design practicable single explosives for different applications by rational assembling diverse ionic
components. Ammonium chlorate (NH,CIO,) is commonly used as an oxidizer benefiting from its high oxidizing ability, but its
high hygroscopicity greatly limits its application. By mixing sodium chlorate, aqueous ammonia, and triethylenediamine
(dabco) , then acidizing the aqueous solution, we have obtained a new molecular perovskite energetic material,
(H,dabco) (NH,) (ClO,) , (DAC-4). X-ray single-crystal diffraction analysis revealed that DAC-4 possesses an ABX,-type
perovskite structure belonging to the cubic space group Pm3m with a crystallographic density of 1.86 g-cm™. DAC-4 exhibits ex-
ceptional theoretical detonation performances, with detonation heat, velocity, and pressure of 4.91 kJ-g™', 8.43 km-s™', and
32.6 GPa, respectively. DTA showed that DAC-4 has a decomposition peak temperature of 106 °C, higher than that of ammoni-
um chlorate (75 °C ). Moisture absorption experiments demonstrate that DAC-4 remains nearly non-hygroscopic after being
stored for near 2 month at relative humidity below 86%, the weight of DAC-4 only increases by 0.18%, much lower than that of
ammonium chlorate (30%).
Key words: ammonium chlorate;energetic molecular perovskites;single explosives;hygroscopicity ;emergency supply
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