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2.2 TADN &R

1 10 ml 98% HURHIRZZ M2 T N =¥ HIHY 10 ml LR
Fife, 15 C PR IL IR, B IA 5 g (14. 87 mmol )
TAIW, 7 H g @i G , FHR 2 30 °C i 30 min, &
HIE 10 C B S RAEBEFE FEA 200 ml pKk/K Hr ,
24 h 5t g, Jas T, 15 81778 TADN 5.71 g, g
% 90% .

AcN NAc HINO, AcN NAc
Ac Ac AGO Ac NAc
NH O, O

TEESHT (%) : CuH, N0, 7M. C 39.44,
H 4.25,N 26.28; SZilffi:C 39.60,H 3.95 N 25.98,
IR(KBr); v(em™):1 570,1 290 (NO,), 'H NMR
(400 MHz,DMS0,50 C): 6§ 2. 11 (s,4 Ac),d 6.75
(s,2H),57.40 (s,4 H),
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Table 1 Bond distances

BREER

K1
Fig. 1

TADN F3 37 (ke 2 5]
Molecular structure of TADN

K2 TADN 7353Ef]
Fig.2  Packing of molecular of TADN

bond bond distance/ A bond bond distance/ A bond bond distance/ A
0(1)—N(7) 1.218(2) N(2)—N(8) 1.394(2) N(5)—C(5) 1.453(2)
0(2)—N(7) 1.216(2) N(2)—C(3) 1.459(2) N(6)—C(10) 1.366(2)
0(3)—N(8) 1.219(2) N(2)—C(4) 1.462(2) N(6)—C(1) 1.442(2)
0(4)—N(8) 1.222(2) N(3)—C(7) 1.380(2) N(6)—C(6) 1.451(2)
0(5)—C(7) 1.213(2) N(3)—C(3) 1.459(2) C(1)—C(4) 1.563(3)
0(6)—C(8) 1.220(2) N(3)—C(5) 1.458(2) C(2)—C(3) 1.575(2)
0(7)—C(9) 1.211(2) N(4)—C(8) 1.366(2) C(5)—C(6) 1.586(2)
0(8)—C(10) 1.220(2) N(4)—C(4) 1.453(2) C(7)—C(11) 1.479(3)
N(1)—N(7) 1.396(2) N(4)—C(6) 1.457(2) C(8)—C(12) 1.493(3)
N(1)—C(1) 1.471(2) N(5)—C(9) 1.359(2) C(9)—C(13) 1.503(3)
N(1)—C(2) 1.475(2) N(5)—C(2) 1.439(2) C(10)—C(14) 1.500(3)




55 4 Ji VESE DU O TR RN RO S ZEBE R A S AL 293

=2 HRagEE
Table 2 Bond angels
bond bond angel/(°) bond bond angel/ (°) bond bond angel/(°)
N(T)—N(D)—C(1)  114.52(14)  0(2)—N(T)—0(1) _ 125.71(17)  N(5)—C(5)—N(3) 101.42(14)
N(7)—N(1)—C(2)  115.91(14)  O(2)—N(7)—N(1)  116.62(16)  N(5)—C(5)—C(6) 110.75(14)
C(1)—N(1)—C(2)  115.08(14)  O(1)—N(7)—N(1)  117.52(16)  N(3)—C(5)—C(6) 111.02(14)
N(8)—N(2)—C(3) 119.24(15) 0(3)—N(8)—0(4) 126.14(18) N(6)—C(6)—N(4) 100.59(13)
N(8)—N(2)—C(4) 117.96(15) 0(3)—N(8)—N(2) 116.42(17) N(6)—C(6)—C(5) 110.01(14)
C(3)—N(2)—C(4) 116.65(14) 0(4)—N(8)—N(2) 117.31(17) N(4)—C(6)—C(5) 110.72(14)
C(T)—N(3)—C(3)  126.23(15)  N(6)—C(1)—N(1) — 110.90(15)  0(5)—C(7)—N(3) 119.90(17)
C(T)—N(3)—C(5)  119.88(14)  N(6)—C(1)—C(4)  103.49(14)  0(5)—C(7)—C(11) 121.46(17)
C(3)—N(3)—C(5)  107.84(13)  N(1)—C(1)—C(4)  110.68(14)  N(3)—C(7)—C(11) 118.63(17)
C(8)—N(4)—C(4)  121.76(16)  N(5)—C(2)—N(1)  108.27(14)  0(6)—C(8)—N(4) 119.28(18)

C(8)—N(4)—C(6) 128.93(15) N(5)—C(2)—C(3) 103.15(14) 0(6)—C(8)—C(12) 122.92(18)
C(4)—N(4)—C(6) 108.19(14) N(1)—C(2)—C(3) 111.63(14) N(4)—C(8)—C(12) 117.78(17)

C(9)—N(5)—C(2) 127.17(15) N(3)—C(3)—N(2) 113.08(15) 0(7)—C(9)—N(5) 120.59(18)
C(9)—N(5)—C (5)  123.32(15) N(3)—C(3)—C(2) 103.88(14)  0(7)—C(9)—C(13) 124.12(19)
C(2)—N(5)—C(5) 109.51(14) N(2)—C(3)—C(2) 106.14(14)  N(5)—C(9)—C(13) 115.26(18)

C(10)—N(6)—C(1)  122.08(15) N(4)—C(4)—N(2) 113.68(14)  0(8)—C(10)—N(6) 119.75(18)
C(10)—N(6)—C(6)  128.74(15) N(4)—C(4)—C(1) 103.42(14)  0(8)—C(10)—C(14) 123.18(17)
C(1)—N(6)—C(6) 108.95(14) N(2)—C(4)—C(1) 107.63(15)  N(6)—C(10)—C(14) 117.07(16 )
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Table 3 Atomic coordinates( x10*) and equivalent isotropic displacement parameters (A% x10°)

4 4 4 Ueq) x 4 4 4 Uleq) x
atom X x10 Y x10 Z %10 atom X x10 Y x10 Z %10
10°/nm’ 10°/nm’
o(1) 9126(2) -2980(1)  5267(1) 37(1) N(8) 6968(2) -783(1) 3511(2) 31(1)
0(2) 8061(2) -3679(1)  3679(1) 42(1) C(1) 10073(2)  —1753(1)  3983(2) 21(1)
0(3) 7115(2) -416(1) 4514(2) 40(1) C(2) 8777(2) -2481(1)  2146(2) 20(1)
0(4) 6003(1) -857(1) 2777(2) 40(1) C(3) 7901(2) —1598(1)  1996(2) 20(1)
0(5) 8294(1) - 178(1) -564(1) 30(1) C(4) 9191(2) -884(1) 3847(2) 22(1)
0(6) 8648(1) 1006(1) 3609(1) 30(1) C(5) 9677(2) -1206(1)  1294(2) 18(1)
o(7) 11081(2)  -2522(1) 359(2) 41(1) C(6) 10496(2) -733(1) 2464(2) 19(1)
0(8) 12431(1)  -2397(1)  4427(1) 30(1) C(7) 7753(2) -546(1) 144(2) 21(1)
N(I1) 9432(1) -2602(1)  3419(1) 21(1) C(8) 9388(2) 718(1) 3038(2) 23(1)
N(2) 7988(1) -1210(1)  3215(1) 23(1) C(9) 10356(2)  -2829(1) 924(2) 27(1)
N(3) 8396(1) -965(1) 1192(1) 19(1) C(10) 12166(2)  -1790(1)  3643(2) 22(1)
N(4) 9747(1) -209(1) 3151(1) 21(1) C(11) 6407(2) -545(2) -79(2) 33(1)
N(5) 9650(1) -2230(1)  1426(1) 19(1) C(12) 9953(2) 1341(2) 2234(2) 35(1)
N(6) 10998(1)  —-1459(1)  3341(1) 20(1) C(13) 10185(3)  -3865(2)  1153(2) 42(1)
N(7) 8815(2) -3108(1) 4173(2) 27(1) C(14) 13064(2)  —1382(2) 2966(2) 31(1)
Sk paring HNIW with concentrated nitric acid[ J]. Acta Ar-
[1] Kodama T,Tojo M,lkeda M. Hexaazaisowurtzitane derivatives mamentarii ,2002 ,23(1) ; 27 -29.
and process for producing the same [P]. WO 96/23792. [4] WBXfE0 MR, e-/SHY3E /S AR S 2% b 4 A
[2] Kawabe S,Miya H,Kodama T,et al. Process for the prep- PREER[T]. Blagimi,1995,40(23) : 2158 —2160.
aration of hexanitrohexaazaisowurtzitane [ P]. U. S. Patent ZHAO Xin-qi,SHI Ni-cheng. Crystal structure of g-hexa-
6297373, 2001. 10. nitrohexaazaisowurtzitane [ J ]. Chinese Science Bulletin,
(3] AR, THE . AR VA i 4 7S i Bk 7S WA e L 28 e 1995,40(23) : 2158 -2160.
[J]. =124 ,2002,23(1) ; 27 -29. (F#296 W)
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Thermal Decomposition of Emulsion Explosives

MA Zhi-gang, WANG Jin
(Anhui University of Science & Technology, Huainan 232001, China)

Abstract; The initial temperature and the maximum peak temperature of the exothermic decomposition
reaction of grade two and three coal mine permissible emulsion explosives at different heating rates are
tested by differential scanning calorimetry (DSC) . The kinetics parameters of the reaction for emulsion
explosives are calculated by Kissinger’'s method. With the help of these parameters,the rate constants of
the reaction at 120 °C ,150 °C ,250 °C are obtained ,indicating that with increasing the amount of KCl and
NaCl in emulsion explosives,the thermal stability of emulsion explosives increases. Some potential danger
in the process are analyzed and some problems on safety in the process of emulsion explosives are presented.

Key words: physical chemistry; emulsion explosive; decomposition kinetics; process safety
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Synthesis and Characterization of Tetraacetyldinitrohexaazaisowurtzitane

FANG Tao, SUN Cheng-hui, ZHAO Xin-qi
( Beijing Institute of Technology, Beijing 100081, China)

Abstract: Tetraacetyldinitrohexaazaisowurtzitane (TADN) ,an intermediate in the preparation of CL-20,
has been synthesized readily via the nitration of tetraacetylhexaazaisowurtzitane with HNO,/AC,0 mix-
ture. The TADN’s structure was determined by X-ray diffraction technique. Its crystal belongs to mono-
clinic, system and has space group P2,/n with parameters: a =1.12231(8) nm,b =1.41083(10) nm,
¢=1.12331(8) nm,Z=4,V=1.7395(2) nm’,d, =1.628 g + cm > ,8=102.039(2)°. The length of
C(5)—C(6) bond is 0. 1586 nm,a bit longer than that of normal sp° C—C bond and shorter than the
corresponding bond in CL-20. This is due to the fact that,in comparison with CL-20,the electron withdra-
wing effects of acetyl groups positioned in the two five-membered rings of TADN are weaker.

Key words:; organic chemistry; tetraacetyldinitrohexaazaisowurtzitane (TADN) ; synthesis; characteriza-

tion; X-ray diffraction



