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Table 1 Crystallography data and refinement parameters of
BCNAF

empirical formula CeCi, N, Oy
formula mass 443.06
temperature/K 293(2)
wavelength/A 0.71073
crystal system Monoclinic
space group P2,/n

a/A 7.5846(14)
b/A 8.4227(15)
c/A 12.324(2)
al/(®) 90

B/(°) 90.880(4)
/(%) 90

VA3 787.2(2)

Z 2

D./g - cm™ 1.869
F(000) 440

index ranges -8<h<9, -8<k<10, -9<iI<14
reflections collected 4334
data/restraints/parameters 1457/0/127
goodness-of-fit on F? 1.072

final R indices [1>28(1) ]
R indices (all data)
largest diff. peak and hole

R, =0.0558, wR, =0.1356
R, =0.0697, wR, =0.1458
0.449 and -0.301e. A

45 A ) BCNAF g iy ok ik . e+ 45
I 1 RN, SRR E 2 iR, R L
i MRS TR 2 2R 4,

T2 AWM mEMERTR CI(1)—C(3)
HEON(4)—C(3) #M N(5)—C(3) s 57 N
1.716(3)A,1.563 (4)A,1.533(4)A, H¥, Cc—Cl
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Fig.2 Crystal packing map of BCNAF ( Dashed line indicates

the intermolecular halogen-bonding interaction)
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Table 2 Select bond length of BCNAF

bond Iength/A
Cl(1)—C(3) 1.716(3)
N(1)—C(1) 1.291(4)
N(1)—O(1) 1.357(4)
N(2)—C(2) 1.291(4)
N(2)—0(1) 1.377(4)
N(3)—N(3A)* 1.246(5)
N(3)—C(1) 1.401(4)
N(4)—O(3) 1.171(5)
N(4)—0(2) 1.210(5)
N(4)—C(3) 1.563(4)
N(5)—0(4) 1.190(4)
N(5)—O(5) 1.200(4)
N(5)—C(3) 1.533(4)
C(1)—C(2) 1.429(4)
C(2)—C(3) 1.486(4)

Note: a: —x+2, —y+1, —z+2.

&3 BCNAF Byt /3 A
Table 3  Select bond angle of BCNAF

bond angle/(°) bond angle/(°)
C(1)—N(1)—O(1)  105.6(3) N(1)—C(1)—C(2) 109.2(3)
C(2)—N(2)—0O(1) 105.6(3) N(3)—C(1)—C(2) 133.2(3)

N(3A)*—N(3)—C(1) 112.1(3) N(2)—C(2)—C(1) 108.3(3)
O(3)—N(4)—0(2) 128.8(4) N(2)—C(2)—C(3) 119.8(3)
0(3)—N(4)—C(3) 116.0(4) C(1)—C(2)—C(3) 131.9(3)
0(2)—N(4)—C(3)  115.0(4) C(2)—C(3)—N(5) 110.8(3)
O(4)—N(5)—0(5)  127.4(4) C(2)—C(3)—N(4) 108.4(2)
O(4)—N(5)—C(3)  116.3(3) N(5)—C(3)—N(4) 104.3(3)
0(5)—N(5)—C(3)  116.3(3) C(2)—C(3)—CI(1) 113.3(2)
N(T)—O(1)—N(2)  111.3(2) N(5)—C(3)—CI(1) 110.6(2)
N(D—C(1)—N(3)  117.6(3) N(4)—C(3)—CI(1) 108.9(2)

Note: a: —x+2, —y+1, —z+2.
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Table 1 Torsion angles of BCNAF
bond angle/(°)
C(1)—N(1)—O(1)—N(2) ~0.3(4)
C(1)—C(2)—C(3)—N(4) 2179.3(3)
C(2)—N(2)—0O(1)—N(1) 0.0(4)
N(2)—C(2)—C(3)—CI(1) 117.9(3)
O(1)—N(1)—C(1)—N(3) 178.9(3)
C(1)—C(2)—C(3)—CI(1) -58.2(4)
O(1)—N(1)—C(1)—C(2) 0.5(4)
O(4)—N(5)—C(3)—C(2) 16.5(4)
N(3A)*—N(3)—C(1)—N(1) 174.1(3)
O(5)—N(5)—C(3)—C(2) -164.5(3)
N(3A)*—N(3)—C(1)—C(2) -8.0(5)
O(4)—N(5)—C(3)—N(4) ~100.1(4)
O(1)—N(2)—C(2)—C(1) 0.3(4)
O(5)—N(5)—C(3)—N(4) 79.0(4)
O(1)—N(2)—C(2)—C(3) -176.6(3)
O(4)—N(5)—C(3)—CI(1) 143.0(3)
N(1)—C(1)—C(2)—N(2) ~0.6(4)
O(5)—N(5)—C(3)—CI(1) -38.0(4)
N(3)—C(1)—C(2)—N(2) ~178.6(3)
O(3)—N(4)—C(3)—C(2) -90.9(4)
N(1)—C(1)—C(2)—C(3) 175.9(3)
0(2)—N(4)—C(3)—C(2) 86.1(4)
N(3)—C(1)—C(2)—C(3) ~2.1(6)
O(3)—N(4)—C(3)—N(5) 27.3(4)
N(2)—C(2)—C(3)—N(5) -117.1(3)
O(2)—N(4)—C(3)—N(5) -155.8(3)
C(1)—C(2)—C(3)—N(5) 66.8(4)
O(3)—N(4)—C(3)—CI(1) 145.4(3)
N(2)—C(2)—C(3)—N(4) -3.1(4)
O(2)—N(4)—C(3)—CI(1) -37.6(4)

Note: a: —x+2, —y+1, —z+2.
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Scheme 2 Isodesmic reaction of BCNAF

&5 BCNAF FILH & KF 25 1 e 1 4

Table 5 Energetic properties of BCNAF and other explosives
AH D
d. p f, solid P

comp /g em™ /K - mol™ /m s /GPa
BCNAF 1.869 816.5 8400 30.8
BFNAF!™* 1.865 175.8 8492 30.5
RDX[?*] 1.82 70 8640 33.8
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Crystal Structure and Thermal Stability of 4 ,4'-Bis( chlorodinitromethyl) -3 ,3’-azofurazan

GU Hao', MA Qing’, YANG Hong-wei' , CHENG Guang-bin', FAN Gui-juan’
(1. School of Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China; 2. Institute of Chemical Materials, China Academy
of Engineering Physics, Mianyang 621999, China)

Abstract: 4 ,4’-Bis( chlorodinitromethyl) -3 ,3'-azofurazan (BCNAF) was synthesized by using 4 ,4’-dicyano-3,3’-azofurazan as the
starting material. The single crystal of target compound was cultivated by slow evaporation from methanol and its crystal structure
was determined by X-ray single-crystal diffraction. Results show that it belongs to monoclinic system, space group P2, /n, with cell
parameters of a=7.5846(14) A ,b=8.4227(15) A, c=12.324(2) A,8=90.880(4)°,V=787.2(2) A*,Z=2,4=0.494 mm™",
F(000)=440. Crystal packing suggests that BCNAF is stabilized by highly symmetric structure, intermolecular - interaction as
well as intramolecular halogen bonds. The thermal behavior of 4,4'-bis ( chlorodinitromethyl)-3,3’-azofurazan was studied by
using DSC-TG instrument, which showed that its decomposition peak was 142 °C. lIts calculated heats of formation is 816.5 kJ - mol™" by
using Guassian09 and isodesmic reactions, which is higher than that of RDX. lIts calculated detonation velocity ( D) and detona-
tion pressure (p) by EXPLO5 code are 8400 m - s™' and 30.8 GPa ,respectively, which are close to those of RDX.
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