TR SREM B A RE = LR NS S S TR

XEHS:1006-9941(XXXX)XX-0001-07

TR SRMBSBRE=ZZ2E _RNEMR . &S5

TRE. T R PRk, KA, KDY

(P KFrFEZER, K )M 510006)

OE: TS RE AR Sy — R 5

O REAA R T i e 4 % TR P A

» A BETE A [m) 4508 4 552 T

YELGPRALRT AR o SR B EL A ik S Ak 1 o T A S PR (LR g VR A P A K PR ok B TV L T 0l e R 5 SR B K N = 2 0

Wz (dabco) J5 ik

DAC-4 HAT ABX, 45 Bk 454 | J& 57 97 Pm3m 28
AR L2 3 4.91 k)-g7".8.43 km-s” fi1 32.6 GPa.

A S 06 U, e A X /N T 86% 414 T A7 G

HESES: T)55;064

TTRR AL, 34 T #0927 85808 % e #4 K (H,dabco) (NH,) (CIO,) , (i #k DAC-4) .
SRR, iR 2 9% B 1.86 g-ecm ™,
F RSP HT U , DAC-4 43 fift W (H IR HE A 106 °C, B 3 | T AR 24 (75 °C) o )
2, DAC-4 JEA N 38
KBRS o T ES B A REMRE 5 BT A 24 5 R 5 S PRl
XHERFRERG: A

X 5 £k B S AT 36 0 BT SR T
DAC-4 A7 50 5 0 SR S PR R, O gk

LI R AL 0.18% , R TS MR L (9 30%) .

DOI1:10.11943/CJEM2024166

0 31 5§

fL£R+$E{%IATL¢§¥E TS REARE, o
HAANLERED T AR TR S R A DL RE T
e s Hrp, ?iaﬂ]IfSA? 2018 4F4ILIE T —
KARfL o & REM B — 2> TESERT SRE AR R
JEORE RIS ) A5 A1 AR RE 1k B REPERE 5 TR Y
SE R BT T R . IR A LR B T
A TP ES 7 B AL TE BT 85 7 X &2 B B k5 T
ABX, 5 BB 5 i A 45 4 T TR 1R PR S RE AL R . I
ot ARG S Tl ity — 2 5 7 e S80H A 1 ke ) i e A8 —
PR AL f A5 R, BE LRI 9 1A 52 B g 4B % P i [] i
PR W5 AU T s ) R AE R LA 5 BB ] 5 10
DU AR 30T A0 Kok 25 B S R DT TR A 1
Fean, bR Ve E W IR B = O B A AR (AR

Wi BH: 2024-06-30; f£E B : 2024-07-28

W 4 H R B H#3 - 2024-08-16

BEETE : H R T MR 4 (U2341287) )7 M BE 3
P41 (2024A04)6499 ) Hl H 1L 2 5 4% kAR FHATF AL 55 9% (231gzy001)
EER/ M TREO995-), T LA, EENFZITE T &
AE AR & 5 MM BFSE o e-mail : yuchx7@mail2.sysu.edu.cn,
BREBEA: RKMEMEOISI-) 9 8 AR, FENRE
LB T VR AR DLHG T A A 7R AR T T AL L D RE A ORE AN
e A EL % . e-mail : zhangwx6@mail.sysu.edu.cn

DAP-4) , He 45 = A 71 e it 3 AR A S P A, B R AZ
BT RAT) Tz O s R LA N B SRR B Y
I A K 245 T IC 7, I B I FH R R v i G AL e
FEF HOphURR 1Y) SRR — A 25 K RN 22 R T 1 S T A
Gy AT FES RS RE A R LA PERE PR A R . L,
FE DAP-4 LA 1 3 ad 228 A4 4 R LR AR AT A
BAEN BALEH 3, ] 3R A5 — R B B A R i B RE Y
%é)ﬁﬁ?%ﬁmé‘ﬁﬁﬂﬂ”*“,HEPB@*&'Wh/*%
WA AE R A HEEE R A S — A LA L7 K Ag?
B BALZ 43, W] DAAR T R HLOR R BEROE ME  A T
PO R 2 B e i OAE X440 W) T LA R T
E R AR AL T dn, DL R ARAE Sy X A48
A3 F S ER T  Re M RER] A i I i (50%) DL RS
TNT AH 2 (4 45 35 PE AR, BLA P 7™ A I Sl 4cn) 1 3% %
BRI AL BRL T (1 R RO S i R R R RE O DA R
HRAE A X 450 A BB 43 T A5 5K 3 RE AT RS, iy iR
B = 20 TR SR (RTFR DAN-2) A G T TNT B 48
o 2 Tk A AR P R T LB R 2 B 3k 5.43 k)-g”!
7.566 km-s' fi123.4 GPa) 5K AY BRI E (>360 N) ,
AWM AR mRE AR . AL RFFE S I IRER
W2 PIE T X5, T4 0 T8 ek 5 Re MR
5 G T AR RIS T AR 1 AR R FRATT DL = 2 0
(DABCO) AR A 2K Ik, & 1 T DAC-4

SIR AR : FRRM, AR, J5 ek %8 . 20 A5 R & B M ORE UG B2 = 20 - #e l  AE A 5 TERE D & BEM BL, DOI:10.11943/CJEM2024166.
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), DOI:10.11943/CJEM2024166.

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK XXXX HF & XX & & XX# (1-7)



2

TR AR Dy RE R AT B, B/

&Y. 2 Rh T B X4 it 55 25 53 i Ak
TEPESCR  RGMEGE T DAC-4 45 H Fae M B K 1
RE AN MR o R T4 Bk 20 25 4 1) B BH 25 1 5 2% 4 91
7 2y e SR e 7 ) A T AR AR RO 0 h
BT 2 1 K SR PR TR R

1 SLIEE 4

1.1 XA SIS

KA = 2 e (99% , 1l 3 v b AL BR B
WA BRA ) s EIEREN (99% , |1 32 5o bk AR AL R B4y
HIRAFD) ;8K (25% , 1122 s bR LB B0 4 BR
NED) ERIR (36%, 1) .

A - X R R A 34X, H A Rigaku Smartlab 3
kw 3 X 5 26 B S AT 594X, 8 [E Bruker D8 VENTURE; 22
AT, $E 7 OZM 552-EX; BAM JEE 482 Jak i {3, 4 72
OZM FSKM10.,
1.2 LW

DAC-4 H. @k 1 & B K 1 mmol 1 = & M — i
(112 mg) .75 pL A2 K M 10 mmol AR HI (1 g) I
fifte T 10 mL iy & B FoK 7 UKOK W 19 2510 T S k%
fiftJ5 BN 2 mLFRER R, M5 T =R T # i Bt
], W W TP A 3 B O S R BT L A B AT BT R XA
RATH MY DAC-4 B FRE

DAC-4 #; K B9 & A% : K 1 mmol B = & M — %
(112 mg) .75 pLIZE K 10 mmol IS ER N (1 g) i
T 10 mLAY B 7K IR KOKR I B 2500 T PR
fif J5 B2 A1 mLAGE R, B S A 20 mL oK & B
(0 °C), Hr i K& DAC-4 B K, =R 80%.

U A TE TR B R R 0 A L J5 A AR T TP 2R 2 AT
i B SR TR A3 il i AR

B X 2R AT B 52 5 - R FH Bruker D8 VENTURE
AT S ASC U B IR 00 AT B i RE T A AR R fk
Mo Ko 4 4 (1=0.71073 A) . % SHELXS 2 )5 i
BB T AT A A, IR SHELXL 42 5 W5 d5c /N —5fe
AT ARG 18 o T A AR SR TR R A A 1) S TR
MBS H . i A5 Uy 2B B, JF % R T
e A7 7 1 A

PR PERE . R OZM 552-EX 22 $W HT ICR 46
AP RAE B 5 mg A EWE NS . FREL
5 mg B E 2 RS TR EE R 10 C-min™' il B
il 2 3 2 400 CA 2 F T E A7 .

BAM JEE 482 J8% F I 3 : SRl OZM FSKM 10 JE $2 Ja%

Chinese Journal of Energetic Materials, Vol.XX, No.XX, XXXX (1-7)

JEEASOE b A5 4 2 A7 R 48 8% UK, i R AE 6 U 56
A S B A o 1K AT

W P S B < 2ok R IR A SE T DAC-4 1Y
WPk, HU100 mg MBE S, 20t T & fH @ L A5
A3 5 E TR RN N 43% . 67% . 86% F1 100%
25 CfH it % iR B e — BL A AR B — I

2 ZHR5WiE

2.1 SHRIE

i B XA S 4 BT, 6 DAC-4 11 i 1A 45 1
HEAT TR R B9 . IR BOHE S 45 M RS 18 S B0
%1, DAC-4 45 Fh T 207 5 Z Pm3m 28 [AIRE, i 2 50
}a=6.9863(1) A, V=340.99(2) A3, Z R 1, f k2%
JE(D) K 1.863 g-cm™, K1 /R T DAC-4 11 it IR 45
P, 76 AR R MRS T B O T A A PR AL T
IR G PR A T A AR AR A 48 TR AR AR i
7 i P4 g 0 7 B, PR A o B X R A T A R
R 16 BT, = O B A T R,
FE 48 A IR BB E R T . 5 DAP-47E &
F 574 K 52300 = 5 0 45 # A AL 3 i e 3 )
FR 189 7. 05 & AR 25 K AN AUA Al F DAC-4 AT 38 R 11
R E P I8 T T L A% o [R]E  BE IK PERE L TE R S
B 75 v HAT b R
2.2 AR

N FE AL A ) DAC-4 (34 0 i Pk BE L 7 25 U

R1 DAC-4 1 S IR B a5t 1 2 %K
Table 1 Crystal data and structure refinement details for
DAC-4

compound DAC-4
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

CCDC No. 2360784
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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: 1) T, is onset decomposition temperature. 2) T, is peak decomposi-

tion temperature.
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Table 3 Comparison of detonation performance of DAC-4 and some classic explosives

compound plg-cm™ D/km-s"  P/GPa H,/ 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'*1 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: 1) p is the crystal density at 298 K. 2) D is the calculated detonation velocity. 3) P is the calculated detonation pressure. 4) AH, is the calculated molar en-

thalpy of formation in solid state. 5) Q is the heat of detonation. 6) OB is the oxygen balance based on CO,.7) FS is the friction sensitivity.
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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 for ener-
getic materials
CLC number: T)55;064 Document code: A DOI: 10.11943/CJEM2024166
Grant support: NSFC (U2341287), Guangzhou Science and Technology Programme (2024A04)6499), Fundamental Research
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The first instance of chlorate-based molecular perovskite energetic materials, namely DAC-4, was obtained by a convenient
self-assembly reaction via mixing sodium chlorate, aqueous ammonia, and triethylenediamine (dabco) , then acidizing the
aqueous solution. DAC-4 exhibits excellent theoretical detonation performance, a much enhenced thermal stability, and a much
reduced hygroscopicity than ammonium chlorate, hence provides a promising candidate as an applicable energetic materials

especially for emergency status.
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