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AHBRLFE]D ,JNM-ECZ600R/S3-# g IR IE 51X (600 M,
HA 7kl £ 4h) ()C404-)GY-60 I1 -F i, kA6 S
WA (e 5t A 0 R R ), X-H R AT ST A
(Bruker D8 Venture) BAM /&% & {3 (% [ BAM JZ& 48% Ji%
L) \AccuPyc I 1340 #7514 H sh K & ik H%
JEAL(EEZTL) . TA Q600 TA Q2000 #H 43 Hr {3 (4
B ) A5 43 A A A 2
2.2 XIgitFE
221 ML

ZXC-20 B & B FE 26 I Scheme 1.

Scheme 1 The synthesis route of ZXC-20

2.2.2 KEES
2.2.2.1 2,34-Z/-1,5-"HEXEHER

FE VKK #E S FE T, 17 500 mL ) = H B
MU He B AR (98%, 350 mL) A RS R 40 (70.7 g,
0.7 mol) . TPt s 1818 m2,3,4-=
ST (1)(70.8 g,0.4 mol) . 52,3, 4-=Flfil 3¢
RIEINTE )G KR R 12 THE E 80 Cla  dk&kdii £ 24 h,
R 5E 4 (TLC A .

FEAR R SN 58 4, B N TR A 0 0 18 00 T B4
FERVKOK T B B UK S e iR 2 B =R IR R E
HUUVE L us , R FR 43 28 K IR S vk ik = b i . i
R R T4 15 HARfb &9 2,3, 4- =91, 5- 1
FA(2),

'"H NMR (600 MHz,CDCl,-d,)8:8.79(m, 1TH) ;
“C NMR(125 MHz,CDCl,-d,)8:150.68-148.91(d),
143.10-141.33(d),133.24,118.07;"°F NMR(564 MHz,
CDCl,-d,)8:-124.20,-146.21, ESI-HRMS.C,H,F,N,O,,
[M*]52M{E : 222.9961, B {H : 223.0867 ; L S0 Bt
(%) (C,HF,N,O,) , SZ{E : C 32.47;H 0.46;F 25.67;
N 12.79; Bl E : C 32.45,H 0.45,F 25.66,N 12.61,
O 28.82,
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2.2.2.2  1%,5%-Z&-1°155%5°- Mg £-2,4,6,8-T0 E
#%-1,3,5,7(1, 3)-#[4]F & (3) & B

TE R RE B FE T, [ 500 mL AY = 11 5 B
MU AR A 8 (11.0 g,0.1 mol, 1.0 eq) , = &L i
(60.6 g, 0.6 mol,6.0 eq) F12,3,4-=9&-1,5- "3
#(2)(22.2 g, 0.1 mol, 1.0 eq) , BT A7 RN 58 )5 , ¥
SR Z IR 8 h s (TLC KN |, 2 7 56 42 o

FRAAR R BN 58 A Ja e 25 KA 3 v s, I A TE ok
MEERPLE 24, oL B Btk 59 30K B Ak K
22.48 g, 0% 76.99%) .

"H NMR (600 MHz, CDCl,-d,)8: 8.90(s, 1H),
7.47-7.50 (d, 2H) , 7.10-7.12 (dd, 4H) , 6.87 (s,
2H) ; "C NMR (125 MHz, CDCl,-d,) §: 157.82,
149.27-147.43 (d, C—F) , 141.42, 139.60, 132.13,
119.14, 113.85, 101.12; ESI-HRMS, C,,H,,F,N,O,,
[M*], S {f . 585.1187, FiE{H : 585.0336; JC K 43
Mr (%) C,,H,,F,N,O,,, {E :C 49.10,H 1.92,F 6.49,
N 9.61, B g {8 :C 49.33,H 1.72,F 6.50, N 9.59,
O 32.85,
2.2.2.3 ZXC-20H9& B

TE VKK W WG 10 PE S W W B 2 (98%, 150 mL)
IMAF] 250 mL By = LR RS 82 A R K
AR R A1 (20.2 g,0.2 mol, 6.0 eq) , 745 ilf R 811 58 & 1%
fift i 202 I AL S 9 3(19.4g,33 mmol, 1.0 eq),
M SR R Z A 2 E RN 3 h, AR R AR E
65 °CJa , i 13 h(TLC A ) .

R R RN 5825 W 2 H S 19 RV TR & P18 18
A i) B 45 1 ok K v A R AR AT L a0 A
BB FHZE K e = e PR JE WO A, TR A5 277 1) i
R AR B R ZXC-20 21.31 g, IR 4 83.96% .

"H NMR (600 MHz, CDCl,-d,):9.05 (s, 2H) ,
8.89 (s, 2H) , 7.45 (s, 2H) ; "C NMR (125 MHz,
CDCl,-d,) &: 152.35, 147.91, 146.14, 139.22,
135.38, 125.98, 121.42, 104.92; ESI-HRMS,
C,H,F,N,O,y, [M™ ], SZ i {4 : 764.3896; # it {H -
764.9739; JC % 4 M1 (% ) C,,HF,N,O,,, 5 I {A .
C 37.52, H0.89,F 4.78,N 14.85; Hlig{H :C 37.71,
H0.79,F 4.97,N 14.66,0 41.86,

3 #R5iTiE

3.1 HEWIXC-20 9 RBIEMFET
B ZXC-20 ¥y KB T oK C R LR L BR WIR &
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B 2% BA (0 AL ) MoK BT (A=0.071073 nm) &I, il
L EE 296 K, i 1A 25 44 38 2o L H2 7: i SHELXS-97 f#
B A 202 I e 40 B d5e o/ — 3 RS 18 FH SHELXL-97
FEFP o, B Tanl WL, —~ il — 4> F ZXC-20
43+ EtOH 4L 1, B i AR 2544 2l ZXC-20 - EtOH,, it
M5 ZXC-20-EtOH MY 5L/ % B 1.70 g-em ™ (Horp
ZXC-207E 105 C FHLRs /N af ¥ 51 % 25 °CJg , FHE
AN AT ZXC-20 W SEBR % B 1.912 g-cm ™), H
rhv R B T A G I £ R Al DT ) BE B C(24)—C(12)
=4.647 A;C(5)—C(18)=4.553A(C(5)F1 C(18) &4
S5 A IR A E Rk B T ) 5 C(2) —C(15) =
6.601 A(C(2)FIl C(15) 2 5 7 BT 76 2K BR (14 % 47
J5F);C(9)—C(21)=8.590 A (% A~ [a] 7] Ul W 2H 5 B
JIE G SF- T ik I f R R R ALY, 4 )k 89.943°
[ £C(7) —C(8) —C (9) —C (10) —C (11) —C (12) :
C(19)—C(20)—C(21)—C(22)—C(23)—C(24) ]

e 966
czzomo

a. crystal structure

b. crystal stacking diagram

BT LA ZXC-20- EOH i 1A 45 4 i i 1 i 1
Fig. 1 Crystal structure and crystal stacking diagram of
ZXC-20-EtOH
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F143.510° [£C(1)—C(2)—C(3)—C(4)—C(5)—C(6):
C(13)—C(14)—C(15)—C(16)—C(17)—C(18) ],
GRS W all O S I G (TP i (Y S )
(89.943°) , A 5+ (19 P A~ T B9 I /1 o 43.510°;
B & 1b A DL, ZXC-20 Ay fb A% ] 52 2 R MR (A ik i B
WSEILE)

F1 ZXC-20-EtOH 1 & k25088

Table1 Crystallographic data for ZXC-20-EtOH
crystal ZXC-20-EtOH

empirical formula C,,HF,N,O,,-EtOH

T/K 296

v/A 1524.5(16)

space group P1

alA 10.620(6)

b/A 10.641(6)

c/A 16.549(12)

a/(°) 75.188(12)

B/ 71.28

y /() 60.06

crystal system triclinic

M, 782.38

w/ mm' 0.160

index ranges -13<h<13,-13<k<13,-20<I<19
D./g-cm™ 1.704

Z 25

M,/ mm™! 0.160

F(000) 788.0

Ry, wR,[1>25(1)]
R,. wR,(all data)

R,=0.0778, wR,=0.2038
R,=0.1378, wR,=0.2472

3.2 AWIXC-20EBL R

ZXC-20-EtOH ) TG-DSC #h £k /& 2 fir s .
& 2 AT, ZXC-20 7 N, 4l L 5 °C -min™ (19 FF i i
RN IE 325.85 CH R4, B2k 5.79% , £

110 10
1004 .
904
804
70
60:
SOj
40:
301
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[4,]
heat flow / mW

325.85 C 4

2 ZXC-209 TG-DSCffi £k
Fig.2 TG-DSC curves of ZXC-20
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ZAEY T EH N OB AR R . #F 333.76 CHI
BT R iR TR AR AR, R WAL B W AE
333.76 CF &4 T il ZL 0 Ji 38 43 ff L g, 3% 28 B
ZXC-20 B A T4 0 = W 32 Mk T R 24
HNS (1 # fa JE (T,=318 °C)* (£ 2). 5 TATB %
HE it P25 A ], ZXC-20 15 58 4243 it 1 3% A # Ak 9
SR A (B 2) , TR A 58 4= 43 fff B OF R 75 22 5 15 4k
T 51 4/ b T 6 A kS 3k 0 i 28 2R G0 R ok R AR R G
EAEFE A

R2 ZXC-205 TATB™! PYX" \HNS™' [RDX"*fi 4 Bk 2 1
RE LL A
Table 2 Physicochemical properties of ZXC-20, TATB,
PYX, HNS and RDX

T pz) AH p4J D> 156) FS7)
compound d - ! - -

/°C /g-cm™ /kJ-mol™" /GPa /m-s7' /) /N

ZXC-20 333.8 1.91%  1000.6 29.5 8070 61 360

TATB 375.0 1.93 21.7 27.9 7880 175 360
PYX 373.0 1.75 43.7 252 7500 10 360
HNS 318.0 1.74 78.2 20.00 7000 5 240
RDX 230.0 1.82 92.6 35.2 8997 7.4 120

Note: 1) Thermal decomposition temperature. 2) Single crystal density
(298 K). 3) Enthalpy of formation. 4) Detonation pressure. 5) Deto-

nation velocity. 6) Impact Sensitivity. 7) Friction sensitivity. 8) Mea-

surement density.

3.3 ZIXC20WEEES5RE MR

iz F Gaussian 09 & B2 ¥E B3LYP/6-31+G**//
MP2/6-311++G** /K - 11545 2] ZXC-20 1Y #4 7 % 1R
B, O T AR R R N T ST B AR A B . R
EXPLOS5 v6.01 F2 J52° % ZXC-20 1Y 15 %5 1k e 3 47 T
i 45 0L 20 SR ] BAM B o J5 329 % ZXC-20 Y
i o R R R AT L AR R 2, T
FLd K TATB, PYX, HNS Fl RDX [y SCk [ 2 1 it 45 5
3 F # 2, W& 200 W, ZXC-20 B 4 & MRk
(p=30.7 GPa, D=8070 m-s™'), lt RDXfik—4& {H T
TATB. PYX Ml HNS. It 4b , ZXC-20 ) 4 W %5
(AH=1000.6 kJ-mol™) & TATB (A,H=21.7 kJ-mol™)
1 46.1 % , 1E By A BUKS B WK A6 78 58 4 43 fiff I 23 s o
LRI, X R K S HERE R G ARE A A ZXC-20 (f# 5
B 1S=61 ), JBE 2 )& FS=360 N) , % RDX,PYX Al
HNS 4 &% , {5 b TATB (1S=175 J, FS=360 N) & & —
230 B S LR A R .
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(1B 2,3, 4- =50 508 R JFORL 22 Gl 6 LB (7
fig b =25 ) W A5 2 H bR ik & 4 ZXC-20,

(2) H & A 4% K 245 3 ZXC-20 Y B0 . R A
X-5t 2% PR AT S ASORS I 43 BT LR 2 L S R R,
ZXC-20 f ik Jd T P1 25 [ B AL v=1524.5(16) A’,
Ja& = AR T 4 B Bl B I E ZXC-20 Y %% B
D.=1.912 g-cm™(298 K).

(3) 44 ¥ ZXC-20 1E 325.85 °CH} IF 14 4 i, 6
W5 05 A — AR 1 W, 3R ZXC-20 76 UL B B I 2
I3 3 ZXC-20 By THA R H N 8070 mes™! IR R
29.5 GPa, {5 T TATB,, H ff of; Jo B 2 4808 32 43 51 oy
61 J 1360 N, J&—Fh Ltk TATB 802 Mi 2 T 51 48 5 % 3
Tiif #HE 24

Bt b G ¥ ZXC-20 B A SCTERE S B0k B R st 3 LR Bk 2
T2 5 i = 9 R B4 S B 57 Bl 5 BT S 25 e Ak 27 1k T2 B
F4) 1S ] A 2 ORI 3 0 K 1 2 28 T 1 DAy AR S R i T
A P BE A 1 DR B9 A 7 XS = 5 38 Tl Y = 8005 5
HEAT B0 IR
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ZHANG Xing-cheng', ZOU Fang-fang’, GAO Chang', YANG Pei', HU Wen-xiang®, ZHOU Qiu-ju’

(1. College of Chemistry and Chemical Engineering , Xinyang Normal University, Xinyang 464000, China; 2. School of Chemical Engineering & Pharmacy ,
Wuhan Institute of Technology, Wuhan 430205, China)

Abstract: 1°, 5*-difluoro-1*, 1°, 3%, 3°, 5%, 5°, 7%, 7°-octanitro-2, 4, 6, 8-tetraoxa-1, 3, 5, 7 (1, 3)-tetrabenzenacyclooctaphane
(ZXC-20) was synthesized from 2, 3, 4-trifluoro-nitrobenzene by nitration, cyclization and nitration. The single crystal of
ZXC-20-EtOH was obtained by solvent evaporation method, and its single crystal structure was characterized by X-ray single
crystal diffraction. The density of the compound was determined by automatic densitometer. The thermal decomposition tempera-
ture of ZXC-20 were recorded on a differential scanning calorimeter (DSC). The detonation parameters such as detonation veloc-
ity and detonation pressure of ZXC-20 were calculated by EXPLO5 v6.01. The results show that the crystal belongs to P-1 space
group. Its cell parameters are a =10.620(6) A, b=10.641(6) A, c=16.549(12) A, V=1524.5(16) A*, Z=2, F(000)=788.0. The
actual density of ZXC-20 is 1.912 g-cm™ at 298 K. The thermal decomposition temperature is 333.76 °C. The crystal belongs to
P-1 space group. The theoretical detonation velocity and theoretical detonation pressure of ZXC-20 are 8070 m-s™' and
29.5 GPa, respectively, which are better than TATB. ZXC-20 is a potential fluorine-containing heat-resistant explosive.

Key words: heat-resistant explosive;synthesis; calixarene;fluorinated high-energy explosive ;detonation performance
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