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Synthesis and investigation of 2,4, 6-trinitro-3,5-dihydroxyfluorobenzene and its salts
ZHANG Xingcheng"”, GUAN Xiaokun', LI Ying', ZHOU Qiuju', HU Wenxiang’, MA Jinchao’

(1. College of Chemistry and Chemical Engineering/Green Catalysis &. Synthesis Key Laboratory of Xinyang City,
Xinyang Normal University,, Xinyang 464000, China;
2. Space Systems Division, Strategic Support Troops, Chinese People’s Liberation Army, Beijing 100101, China;
3. School of Chemistry and Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)
Abstract: 2, 4, 6-trinitro-3, 5-dihydroxyfluorobenzene and its energetic ion salts were prepared using
3, 5-dimethoxyfluorobenzene and several nitrogen-containing organic bases as raw materials. The structures of these
compounds were characterized by nuclear magnetic resonance, mass spectrometry, elemental analysis, and X-ray
single crystal diffraction. The density of 3, 5-dimethoxyfluorobenzene and its energetic salts (some compounds have
crystal density) was measured using a true density meter, between 1.749~1.936 g/cm®; The thermal stability of
these compounds was studied using a comprehensive thermal analyzer, and it was found that their thermal stability
was poor. The thermal decomposition temperature was between 167.64~200.68 “C; The detonation performance of
these energetic compounds was predicted using EXPLO5 v6.01 program. The results showed that their detonation
velocities were 7.63~8.45 km/s, and detonation pressures were 23.4~32.3 GPa; In addition, through impact
sensitivity testing and friction sensitivity testing experiments on these energetic compounds, the results showed that
the impact sensitivity values of 2,4, 6-rinitro-3, 5-dihydroxyfluorobenzene and its energetic ion salts were 16~32 7,
and the friction sensitivity were 32~160 N. The above results showed that 3, 5-dimethoxyfluorobenzene and its

energetic salts had high density, good detonation performance, and high sensitivity values, but their thermal stability
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was poor and they had a lower thermal decomposition temperature.

Key words: fluorinated energetic ionic salts; density; detonation performance; 2,4, 6-trinitro-3, 5-dihydroxyfluorobenzene
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Rk Re M vk R E T AT RS Y
O B R 75 R A RS0 4 AF 5 #2010 4R
KAMLET f&0F5E 1T WA~ & BEAEA—C(NO,)  Fll—
CF (NO,), 4 5 RE AL & W0 A8 P i R, 45 2R 3%
B, A g R P R e e M T R P
e E L . Ak, SPEAR %538 45 i, C—F 81
5 i (485 kJ/mol) & F C—H i (1 5 B (75 kJ/
mol) , X W FH C—F i b C—H 8 2 A 3 & i E
EME S P, P3R5 BURS RB AL 6 vh i &
FHA LM & e S R E K RUR 5 A RIE
G REAL A R nT DU RO R S T REAL B
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a7/ S

Ry T G b B A A R AL S W PR i, AH
KT N X LR A&k tT TIR A MBS
3,3, 7, 7- M0 (-2 AL /N1, 5- Zfifk-1,5-—
&M (3, 3,7, 7-Tetrakis (difluoramino ) -octahydro-
1, 5-dinitro-1, 5-diazocine , HNFX) "' 2-%(-1, 3,
5-=43 54, 6- 4 EIR (2-Fluoro-1, 3, 5-triamino-
4, 6-dinitrobenzene , ZXC-8) /A1 5,5 - ( §l A
BB R )-3, 3'-7 (1, 2, 4% — k) (5, 5'-bis
(fluorodinitro-methyl)-3, 3’-bi(1, 2, 4-oxadiazole,
FDNM2-BOD)" " (& 1), W5 &, A5 hefe
B WA TR RE R (RN % FE A B Y

+[3,9-10,19
e '

Tk

FN  NF, NH, ONF o
o,N NO, °zN>L§\4 )
O,N— -NO, #N NO,
HZN:?:NHZ N’\HF
F,N”ONF, 0,
HNEX zxc-8 FDNM,-BOD

E1 HNFX.ZXC-8#1FDNM,-BOD {44
Fig. 1 The structures of HNFX, ZXC-8 and FDNM,-BOD
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AHEFE LA 3, 5 H AU BL U A SRR 3 i i
AN 25 B e Ab S g il 2% 2,4, 6- =g dE-3,5- 5%
FEHEOR, TFLL 2,4, 6- = fifdk-3, 5 "R IR M 5
RS LR E BB DL N 5 3 R BT e T
i SR AR R B T R AT X AR AT A
Xt R4S 2 5 Re AL A IR T T S5 R RAE XTI
SeAp AW R PR E e R SRR SR AT T
5% -

1 SEIGERSY

1.1 RXFI5EE

R -3, 5 AR UK ZE IR R Eh K
FEARER FR L R FRALAN = 2 i, b B SR A R
o] CHEFIHEE  IRZF- 6 s B R FNAS R B | 1624
M. DA IR A bt

X% - INM-ECZ600R/S3-600 M 4% 1 3 4z %
A%, Bruker D8 Venture X—BASEATHHY , TA Q600
TA Q2000 Z5 & #AHr il , Xevo G2-XS Qtof #
SRR 1R A B RS I A, ACCUPYC I 1345 42
H 2l SR B 4 1 T8 B, PE2400 11 ST % 43 #r
{¥, BFH 12 BAM fif 5 & & {% , FSKM 10 BAM
JEE 82 TR S5 LAl A A AR A S
1.2 A

T 5T RS R B -t R 4L i AR 3, 5-—
H AR L ORI Tt (B 2) , 15 3k &4 3,5-—H
AIE-2,4,6- = HHBEEUR , FELL 3, 5 I A -2, 4,
6 il A A SR AE SR R T PR TR 5 Y P i 2
3L f53 3,5- A2, 4, 6- =i 3L UK, Ba LU
3,5 FR K2, 4, 6- =i K N RN A 5 R
Jiie K KA R BRI A SR ST 4
Ho-1,2,4- =M K 2,5- 5 31,3, 4- = F M i
AR Y . Horh, — 33,5 TR 2,4, 6-
IR 4 B S AT R K KA R
A FEE ZXC-61,ZXC-62 F1 ZXC-63, 1fif — 4 F
3,5 A2, 4, 6- RS LR HAR il 5 — T
M ERPR N — 2 BN 2 N 4-20 561, 2,4 =R
W % 2,5- "G H 1,3, 4 A M A BT IV Y £ ZXC-
64.7ZXC-65.ZXC-66.ZXC-67 FZXC-63(E 2),
1.2.1 3,5Z9WAK2,4,6 ZAARK(2) 894 A&

VKK B G 19 #E R AR R 45.5 ¢ KNO,
(450.00 mmol) F1 3, 5- — B A KL HU K (14.04 g, 90
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F F
O,N NO, O,N NO,
Base
HO OH ———————» HO 0O Cation”
NO, NO,
ZXC-60
Cation =
)NLHZ H,N- \“/ “NH, Iy EJ ZN\K R/NHZ
H,N~ “NH, H,"  H,N“ “NH, H*
ZXC-64 ZXC-65 ZXC-66  ZXC-67 ZXC-68

E2 ZXC-60 REZHEEAI AR L
Fig. 2 The synthesis route of ZXC-60 and its salts

mmol) AR I A MR ER (220 mL) W, Bl e Bk &
TR H AR T BB IR G AR St £ 7 h, B SOV IR A
P A 150 mL vkoK Hr A R DTTENT H L 208
[ R 30 2 FH V2 K Wk T 3] v, T J8R s 75 TR 2 ]
T, 0 H bR k6 0 (2) (2548 g, I hy
97.29%). 'H NMR(600 MHz, DMSO-d;, 25 C)
8=4.04(s,6H) ; “C NMR (125 MHz, DMSO-d;,
25 °C) : 0=14643. 139.02~14248 (d) . 11006 . 9.79 ,
64.77;m/2(FAB+) :292.02[ C;HFN,O,+H ],
1.2.2 3,5=#4-2,4,6- = # & 5 R AR

TE VORI NG T30k ) 250 mL =59 Pﬁa—’fﬁ
AR 3,5- ZH 4 5E-2,4, 6- =i 5L )
(27.00 g,92.78 mmol) .y EZ (100 mL )%ﬁ?ﬁﬁﬁ
(80 mL) , il 58 J #A& F2 FHi 28 100 “CH 4k 2L [ )i
14 he MZERE EEGDESR T RH 53
B [ A, 22T R b5 ) ZXC-60 (8 [ 4
18.43 g, /% F 75.52%) . “F NMR (564 MHz,
DMSO-d,, 25 °C) : 6=—167.57(s) ; ®*C NMR (125
MHz,DMSO-d;,25 °C) :6=179.33(s) .154.19(1) .
122.53(d) o B TFAAE By CHFN,Oy: C 27.29,
H 0.78 .F 7.35.N 15.88; 5Mlifi : C 27.39 . H 0.77,
F 7.22 N 15.97,
123 3,5-= L2 4,6 =R KX _FmKH
(ZXC-61) 9 &%,

FIRAKEWESIBEFE T, 1] 100 mL &R Be
WA ZXC-60(516 mg, 2 mmol) . Jo 7k B (30

mL) M — K597 (1 mL, 20 mmol) . 52
—IKEYIMSE S AR S dE 5 h, A RETTE ™ A4 .
W UE TR LAk R, LR R R ZXC-61(631
mg, 7= % A4 95.90%) . 'H NMR (600 MHz,
DMSO-d;, 25 °C) : 6=7.29 (s, 2H) ; "C NMR
(125 MHz, DMSO-d;, 25 °C) :6=118.65,123.80.
156.52.,159.88; "N NMR (60.8 MHz, DMSO-d;,
25°C) :0=94.42 ,364.46,363.55, LIt N
C:HFN.O,, (329.15): C 21.77 .H 2.50.F 5.78 N
21.25; SZiifE . C 21.89, H2.45 F 5.7, N 21.28,
124 3,5-=%4-2,4,6-Z AR KA %
(ZXC-62) 84 %,

FIRAKEHESIBEFET , 18] 100 mL B i Be i h
WA ZXC-60(516 mg, 2 mmol) | J& 7K H B
(30 mL) A& K (25%,1 ml) . FR2/KmsE)sE , 4%
L 2 h, A R EUTIE . o TR O
Ko, &K ki ZXC62 (573 mg, 77 E K
96.46% )., “C NMR (125 MHz, DMSO-d;, 25 °C) :
8§=124.89.164.53; "N NMR (60.8 MHz, DMSO-
ds, 25 °C):0=13.16,364.70, H il 5 H N
CHFN.O,: C 24.20 .H 2.75.F 6.40 N 23.33; 521l
{5:C 24.25.H2.71.F 6.39 N 23.57,

125 3,5-—#4-2,4,6- =LA R E =M
(ZXC-63) 89 &%,

FWRAKIE R BEFE T, 1) 100 mL (BB
WA A ZXC-60(516 mg, 2 mmol) Tk HI i (30
mL) FK A (L mL) o FEKA BN E G , 4k i
FE2 h, ARV A . U8 TR R AR,
2K I Ay £h ZXC-63(624 mg, 773K K 95.41%) .
'H NMR (600 MHz, DMSO-d;, 25 °C): 6=6.00
(s,1H); ®"C NMR(125 MHz,DMSO-d;,25 °C) : 6=
99.77. 124.38. 160.77. 168.77; "N NMR (60.8
MHz, DMSO-d;, 25 C):0=43.62, 362.77. i
84 N CH,FN,O,: C 22.14 . H 3.00.F 5.81.N
29.86; Sl {E : C 22.03 .H 3.08 . F 5.81 N 29.97,
1.2.6 3,5-=#4-2,4,6- =k FIFEI % (ZXC-
64 ) #95Ph,

FWRAKE R BEFE T, 1) 100 mL (BB
WA A ZXC-60(516 mg, 2 mmol) . Tk HI i (30
mL) FIER R AR (191.0 mg, 2 mmol) , IN5E 5 , 4k %k
FipE 12 h, A KEDOE T E . g TR E A
Ko, & KW ok ZXC-64 (251 mg, 75 R N
77.95%) . 'H NMR (600 MHz, DMSO-d,,
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25°C): 6=6.88(s);“C NMR (125 MHz, DMSO-
dy, 25 °C) 60 =99.77. 122.41, 154.44 . 158.20,
N NMR (60.8 MHz, DMSO-d,, 25 °C) : 6=70.40,
250.19.273.62.361.02, HHEHE{E N C.HFNO;:
C 26.33.H 2.25.F 5.85.N 26.18; 5Zll{& : C 26.10,
H 2.19.F 5.90.N 26.09.

1.2.7 3,56=%K-2,4,6-Z A A K
(ZXC-65) 8 4 Ak,

FIRAKEHESIBEFE T, 18] 100 mL B i Be i
MM A ZXC-60(516 mg, 2 mmol) . Jo /K F i (30
ml) FIER R 1,3 — & FENER (502.4 mg, 4 mmol) ,
InoeE  AREEEFE 12 h, A R E DI, g T
PRAFH R R, 240 R R ZXC-65(316 mg, J7 3
H89.77%) . 'H NMR(Solid-State) : 6=12.79(s,
4H) . 3.16 (S, 1H) ; “C NMR (Solid - State) : 6 =
112.21.,126.72.156.14 . 161.55. 165.26; "N NMR
(Solid-State) : §=47.83.52.01.83.13.84.99.88.39
289.57. 358.71, HL it it B H A CHFNO;:
C 23.66.H 2.60. F 5.40, N 31.77; S {f : C
23.87.H 2.58 .F 5.39.N 31.82,

1.2.8 3,5-=%#4-2,4,6- = A R E A
(ZXC-66) &4 mk,

IR HE S BEFE T, 18] 100 mL B be i -
WA ZXC-60(516 mg, 2 mmol) . Jo 7k H (30
mL) 12 3 AR ER R £5 (221 mg, 2 mmol) , 158 )5 ,
YRS RE S h, AR ETIIE ™ A T uE TR B
R, & & ok ER ZXC-66 (301 mg, 7= R N
89.31%). 'HNMR(600 MHz, DMSO-d,, 25°C):
8=7.94 (br, 3H) .6.72 (br, 3H) ; “C NMR (125
MHz, DMSO-d;, 25 °C) : 6 =49.05 (MeOH) .
122.61, 154.74. 159.59. 160.28; "N NMR (60.8
MHz, DMSO-d;, 25 °C) :0=50.32.,92.94 ,249.34 |
263.88.360.20,360.26, BREHEAE N C.HFN,O;:
C 24.77 H 2.43.F 5.62 N 29.15; SZili{E . C 24.94
H 2.39.F 5.63.N 29.08,

1.2.9 3,5-=#%-2.4,6- = AR ELRLL,2,
4-= v 3 (ZXC-67) 89 5%,

TR HESIBEFE T, 18] 100 mL B Be i
MM A ZXC-60(516 mg, 2 mmol) . Jo/K F i (30
mL) fl 4-23-1,2,4- =1 (168 mg, 2 mmol) , Jill
SEJE L ARERIEFE S h, A R UTTE A . g TR
MR, LR A ZXC-67(216 mg, ;=% N
62.25% ). HNMR (600 MHz, DMSO-d;, 25 °C) :
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6=9.45 (s, 2H) ; “C NMR (125 MHz, DMSO-d,,
25 °C) ;6 =122.41, 144.43 . 150.19, 154.74; ®N
NMR (solid-State) : ¢ =68.61, 250.00, 252.17.
319.38.361.27, P it it 5 A CHFN,Oy: C
27.68 .H 1.87 .F 5.50 N 28.33; szl {& : C 27.68 . H
1.74.F 5.47 N 28.24,,
1210 3,5-=#42,4,6- = A HHKE3
H-1,2,4-=v 3 (ZXC-68) 96 %,
FIRAKWEHE S BEFE T, 9] 100 mL B be i -
MM A ZXC-60(516 mg, 2 mmol) . Jo 7K F i (30
ml)Fl 3,5 2 Hk-1,2,4- =M (198 mg,2 mmol),
e ia RS 5 h, A KRETIE 4. g T
PR OMR , 2RI ZXC-68(273 mg, 7 %
J 75.41%) o 'H NMR (600 MHz, DMSO-d;,
25°C): 0=11.48 (s, 2H) .6.86(s, 4H) ;"C NMR
(125 MHz, DMSO-d;, 25 °C) : 6=99.79.122.40,
151.67.154.85; "N NMR (60.8 MHz, DMSO-d;,
25°C) :6=109.21.156.96 .227.29 .360.20., FHigit
M CHFNO,: C 26.66. H 1.85. F 5.26.
N 30.78; 523 E - C 26.53 . H 1.95 .F 5.25 N 30.94,

2 #HR5E

2.1 EYHREEH

& ¥ ZXC-61.ZXC-65.ZXC-66 . ZXC-67 il
ZXC-68 My i It 5 R I [E] (LA AR AL DL 26 1, fh ik
SEF UL 3, i AR ZE B PRI S 8L 3R 2,

1 FEUAWHINMHESERENARETL

Tab. 1 The torsion angle value between the planes of

B

nitro groups and the benzene ring in different compounds

e O1-NI-C2-  O8N3-C6-  O4N2-C4-
C1/0) C1/() C3/()
ZXC-61  14.218(477)  14.218(477)  26.540(407)
ZXC-65  51.001(828)  41.056(788)  4.874(941)
7ZXC-66  41.457(293)  0.562(311)  50.365(270)
7ZXC-67  68.468(225)  55.252(234)  3.307(257)
ZXC-68  36.310(33) 3.436(362)  65.403(288)
3,5- " E-2,4,6- =R R OE R

(ZXC-61) 7 286 K B (1 il 14 %% B 4 1.909 g/cem’,
J& monoclinic it & C,, 25 [ B, B+ % 84~
. M TUAERESFTHZERMES . RRIZEAIL
TIESEARFATHY,JZIEE R 0.339 2 nm. C,-NO,F
I 5 AAL, O,-N,-C,-C, il Oy N,-Cy-C, By 5%
B R 14.218(477)° . C,-NO, V-1 5 K PRt S A
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(a) ZXC-61 (i C Hyri)

(b) ZXC-65 (I b 7 7))

(d) ZXC-67 (I b it [ J7 1))
G N
Beg
o
‘\:
9
< 6

B3 &AW ZXC-61,ZXC-65, ZXC-66, ZXC-67 F1ZXC-68 i B 7 45+ &
Fig. 3 Molecule structures of ZXC-61,ZXC-65, ZXC-66, ZXC-67 and ZXC-688

Y, HAA A O, N,-CmCy ol 26.540(407)°, CNO,
ST AN CoNO, - A28 13.977(273)°(F 1)

ME BAWLIAAR (1, 3- 8 JE K & A
4-5 51,2, 4- =M F1 3,5- a0 L1, 2, 4-Dumk 5
ZXC-60 4% BE /Rt 12 1 A7 e B, o 3,5- %%
He-2,4,6- HFEFEM 1, 3- A KM (ZXC-
65) J& monoclinic fii & P, &5 [, B b A 6
AT B R 1.748 4 g/em’, O-N-C,-C,,
Oy N,~Cy~C, H1 O, N,-C,-C, By FHEE £ 43 51}y 51.001
(828)°.41.056(788)° F14.874(941)° (£ 1) LA
E L CoNO, B R4 T AR 1 18 (1A
174 5.337(318)°) o BH B+ Ny FI N, AL B 1Y P4~
Ji 3 o SRR 5 B S B R SRR T AR 4 (81 3b) .
TE S o> TS v BH B T R B i 4 A
ANE 7 T HE B o BH 1 R0 BH 5 1 1 £ 0 )
4 50.899(185)°1170.144(201)° (& 3b) o

A HE N £ (ZXC-66) 1 J& monoclinic /i & ,
BHLZS A /E N Py, 7E 296.15 K I, FLRA 8 35 i oy
1.809 g/cm?, A~ b ML HALA 4470+ 5 ZXC-
6141, O,-N,-C,-C, #1 O,-N,-C,-C, L 4% 1 B 3
B 4y 5 Ay 41.457 (293)° F1 50.365 (270)°, i
O Ny-Co~C YL 4% 3 i 2 FEAIK, 0 0.562(311)°
(1), ATLFH,CoNO, K- LT 5 HE A

LT (Ao 2.596(173)°) . FAES FAIHE +
) - Tt R SO T (A AR 4.492.(97)°) (]
30) o ARG ERHEAR, JZRIRE R 0.327 9 nm.,

4G H-AH-1,2,4- =R (ZXC-67) Y fh AR
triclinic A F& P, 25 A1, 76 S AR B> 5 4 038
WA THES SR, 296 KT,
ZXC-67 By iR R 1.725 1 g/em’, B4 ML
T AN ZXC674rF . O;NiC,-C, Oy Ny-Cy=C, Fll
O,~N,=C,~C, By 4 #f1 43 51 iy 68.468 (225)° . 55.252
(234)"F13.307(257)" . ZRIF 5 FHE 1) — Wk 3R T
R 1, H A A o 82.555(62) (1 3d) o

£h 7ZXC-68 1 f A 45 ¥4 J& monoclinic i & , P,
73 (A RE, 7E 296 KB, BRI A B R 1.844 g/em’
A R 245 F . 3 7ZXC-68 5 ZXC-67
SERFAAL, FLPH Bt A — > =R fH R ZXC-
68 [ R P 55 = 2 (4 79 18T A1 {3 R 18.008(80)°, /N
T ZXC-67 h A5 =R BT /A o O,-N,-C,-
C, 1 O~ N,-Cy-C, 19 4 #7143 51 iy 36.310(33) F0I
3.436(362) , WAR/INTF ZXC-67 By % I A1 £f (3
1). ZXC-68 Fl1 ZXC-67 = [m] 4 I fA 1) 25 5% 1 B &
3,5 & H-1,2,4- =M 4 3k-1,2,4- Mk
Z— A, FEE R BRI N, A TR
fm VA HE AR AT DL 2 B = e R R R AT I A
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AR 5 T HES T, Herb AN [R5 1] HES A R B0 22 1)
f T A 24 82.921(90)°, AN TR J5 [a] b HE 81 i) = ik
%2 ZXC-61, ZXC -65, ZXC-66, ZXC-67 F1 ZXC-68 K] RIF LML IE R EESH
Tab. 2 Crystal data and structure refinement parameters of ZXC-61, ZXC-65, ZXC-66, ZXC-67 and ZXC-68

PR Z a1 IR AA R 79.793(81)°(# 3e) o

&Y gF= o FE/K ES 75 [a] B a/nm b/mm ¢/nm o)
ZXC-61  CH, FN,0, 1589.03 28577 monoclinic C,  2.3448(3) 0.903 14(11) 0.669 40(7) 90
ZXC-65 CH,FN,O, 140879 296.15 monoclinic P,, 0.91729(5) 0.86495(5) 1.729 08(9) 90
ZXC-66  CHFNO, 67441 29615  wiclinic P,  0.72598(3) 0.93595(4) 0.99185(4) 91.9520(10)
ZXC-67 CHFN,0, 75844 29615  wiclinic P,  0.74552) 0920002) 1.1714(3) 112.027(9)
ZXC-68  CHFN,O, 72443 29615 monoclinic P,  0.98641(5) 0.54278(2) 1.22779(6) 90
. 3 20 range for
A 1 i g
&Y BIC) YI(*) ﬁffﬁﬁ\/ VA (:7(%{) M/mm™  F(000) Radiation data Co!}lection/ Index ranges
_29<h<29,
7XC-61 10%4'384 90 1'3(831) 0 1 1909 019 824 (Azlg‘;ﬁ;’m 48552742 —10<k<l1,
: -8<I<8
102.783 6 1.337 86 Mo K -llsh<ll,
7XC-65 19) 90 iy I 17484 0166 7205, q9fe s 456~5278  -10<k<Io,
: -21<I<21
1044770 107.2380 0.618 96 Mo Kot ~9<h<,
7XC-66 ; : : 1 1809 0173 344 . 4275269  —ll<k<ll,
(10) (10) 4) (A=0.710 76) e
97.846 0.730 00 Mo K ~9<h<,
7XC-67 o o210 7 117251 0162 3883 0l 5585272 -lisksll,
’ —-14<i<14
_12<h<12,
zxces TP o0 03T sa 073 368 1910k, 3345274 —sskss,
: -15<i<15
Reflections  Independ Data/restraints/ Goodness-  Final R ind Final R indexes (Largest diff.
ey eflections ndependent ata/restraints oodness- inal R indexes  Final R indexes 1n 01y (107
collected reflections parameters of-fit on F [I1=26(1)] [all data] -
1397
7XC-61 7115 [R,=0.0465,  1397/0/124 1.093 5;3‘2(')05218’2 fé‘fﬁfﬁé 0.72/-0.89
R,,.=0.0327] = =
2730
R,=0.056 9, -
7XC-65 18500  [R,=0.0441,  2730/0/220 1.07 o174 fé 26016370;‘ 0.54/-0.53
R,,,=0.026 6] W= v
2518
R,=0.055 8, -
7XC-66 9353 [R.=0.0165,  2518/0/210 1.046 o196 4 fé 260%74& 0.65/-0.57
R,,.=0.0150] WA= e
2921
R,=0.048 3, -
7XC-67 14352 [R,=0.0213,  2921/0/243 1.057 o130 6 fé 2(')01531 63‘1 0.47/-0.45
R,,.=0.016 4] WA= e
2516
R,=0.035 3, -
7ZXC-68 7496 [R.=0.0226,  2516/1/227 1.157 o0 RO T 0671066
R,,,.=0.0237] WAL= e
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Fig. 4 TG-DSC curves of ZXC-60 and its salts
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Tab. 3 Comparison of detonation performance of some compounds

R, o dh ZXC-

Ew T,/C d/(g/em’)  AH/(kI/mol)’ v,/ (km/s) P/GPa’ 1S/J* FS/N"  OB/%
ZXC-60 167.64 1.936 0¢ —532.2 7.97 30.0 29 240 —27.38
ZXC-61 192.82 1.910 0" —626.9 8.26 32.3 24 160 —26.74
7ZXC-62 199.49 1.8380 —759.1 7.80 25.4 32 360 —40.40
7ZXC63 179.53 1.873 1 —432.8 8.45 30.2 16 240 —41.59
ZXC-64 220.68 1.865 8 —726.0 7.66 24.3 32 360 —44.72
ZXC-65 186.82 1.748 0¢ —518.9 7.84 24.5 20 160 —45.45
ZXC-66 195.83 1.809 0¢ —625.5 7.64 23.4 30 240 —45.10
ZXC-67 195.96 1.8480 —356.4 7.80 25.8 20 240 —48.41
ZXC-68 200.76 1.844 0¢ —523.0 7.63 23.4 27 240 —48.62
SA' 190 1.790 0 —485.4 7.51 24.90 — — —35.92
RDX' 204 1.8100 80.0 8.80 34.9 7.5 120 —21.62

b ARa AR b AR 286 K T g5 8 %
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2.3 I1BREMRE

HT%EEz RIie (DFT) B B3LYP ik,
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Sy [ A0 A2 1 (AHD L 4 F EXPLOS (v6.02) 84
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WGP 5325
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2,4, 6- = fif B HR S rg R py o BB AR, (L
HmAER

(3) fEX B REER H , ZXC-61 1 ZXC-63 AT
Fb RDX 5 /55 1) 8 B A il Jg% , W] A ZXC-61 Al
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