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Table 1 The crystallography data of DNP
item value
empiric formula C,H,N,O,
formula mass 158.09
temperature /K 298(2)
wavelength/A 0.71073
crystal system monoclinic
space-group P2, /c
a/A 9.9801(8)
b/A 11.9959(9)
c/A 9.7192(7)
B/(°) 94.232(1)
cell volume/A? 1160.41(15)
zZ 8
D./g+cm™ 1.80969
F(000) 640
R, ,@R,(all data) 0.1012,0.1377
h/k/l -11~11/-14 ~10/-10 ~ 11
reflection collected 5528
reflection unique(R,,,) 2050(0.0499)
0/(°) 2.66 ~25.02

R, ,wR,[I>20 (1) ]

data/restraints/parameters

0.0504,0.1146
2050/0/199

45 i 5 1) DNP Sk I A IR 55 €0 Y Btk b A, 3L 4y
SERnE T PR, IR HERRE AN A 2 s ER A
KA DL R SR S TR 2 ~ k4 h, HiER2
AT, DNP s 55 i K BB 7E 1. 35A Ze Ay, B
B TP B4k, e ) 07 ok — 3 R 3 AU
AL, DNP rntk w1 i) S8 £f 45 88 R B2 T 108°,
0] DNP i 2R [ 4% J5 7 516

&2 DNPHK
Table 2 The bond lengths of DNP

bond Iength/A bond Iength/A
N(1)—C(3) 1.316(3) N(6)—C(4) 1.311(3)
N(1)—N(2) 1.350(3) N(7)—O0(6)  1.197(3)
N(1)—H(1)  0.8600 N(7)—O(5)  1.197(3)
N(2)—C(1) 1.309(3) N(7)—C(4) 1.453(3)
N(3)—O(1) 1.188(3) N(8)—O(7) 1.213(3)
N(3)—O0(2)  1.207(3) N(8)—O(8)  1.222(3)
N(3)—C(1) 1.456(3) N(8)—C(5) 1.418(3)
N(4)—O(3)  1.208(3) C(1)—C(2) 1.383(3)
N(4)—O(4) 1.224(3) C(2)—C(3) 1.372(4)
N(4)—C(2) 1.412(3) C(3)—H(3) 0.9300
N(5)—C(6) 1.312(3) C(4)—C(5) 1.385(3)
N(5)—N(6) 1.350(3) C(5)—C(6) 1.370(3)
N(5)—H(5)  0.8600 C(6)—H(6) 0.9300
A e A A www. energetic-materials. org. cn
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Table 3 The bond angle of DNP

bond angle/(°) bond
C(3)—N(1)—N(2) 114.1(2)
C(3)—N(1)—H(1) 122.9
N(2)—N(1)—H(1) 122.9

angle(°)
O(8)—N(8)—C(5) 118.4(2)
N(2)—C(1)—C(2) 112.3(2)
N(2)—C(1)—N(3) 118.9(2)

C(1)—N(2)—N(1) 103.1(2) || C(2)—C(1)—N(3) 128.8(2)
O(1)—N(3)—0(2) 125.9(3) || C(3)—C(2)—C(1) 105.0(2)
O(1)—N(3)—C(1) 117.5(3) || C(3)—C(2)—N(4) 127.9(2)
0(2)—N(3)—C(1) 116.6(3) || C(1)—C(2)—N(4) 127.2(2)
O(3)—N(4)—0(4) 123.5(2) || N(1)—C(3)—C(2) 105.5(2)

O(3)—N(4)—C(2) 118.2(2) || N(1)—C(3)—H(3) 127.2
O(4)—N(4)—C(2) 118.3(2) || c(2)—C(3)—H(3) 127.2
C(6)—N(5)—N(6) 114.3(2) || N(6)—C(4)—C(5) 112.1(2)

C(6)—N(5)—H(5) 122.9 N(6)—C(4)—N(7) 118.8(2)

N(6)—N(5)—H(5) 122.9 C(5)—C(4)—N(7) 129.0(2)
C(4)—N(6)—N(5) 103.0(2) || C(6)—C(5)—C(4) 105.0(2)
0(6)—N(7)—O0(5) 125.1(3) || C(6)—C(5)—N(8) 127.3(2)
0(6)—N(7)—C(4) 117.8(3) || C(4)—C(5)—N(8) 127.7(2)
O(5)—N(7)—C(4) 117.1(3) || N(5)—C(6)—C(5) 105.6(2)

O(7)—N(8)—O(8) 124.4(2)
O(7)—N(8)—C(5) 117.2(2)

N(5)—C(6)—H(6) 127.2
C(5)—C(6)—H(6) 127.2

R4 DNP U K T A
Table 4 Hydrogen bond length and angle of DNP

D—H---A (/j(ADiH) ?(;A) ?(ADA) /L(?)HA
N(1)—H(1)---O(4)#1  0.860 2.152 2.961 156.48
N(1)—H(1)---N(6)#  0.860 2.533 3.059 120.31
N(5)—(5)---O(8)#  0.860 2.264 3.068 155.65
N(5)—H(5)--N(2)# 0.860 2.502 3.022 119.64

Note: #1: -x+1,y-1/2,-z+3/2;#2: -x+1,y-1/2 -z+3/2;
#3: -X,y+1/2,-z+1/2; #4. -x+1 ,y+1/2,-z+3/2.
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1 DNP [ iR 25 [
Fig.1 Crystal structure of DNP

B2 DNP %5 I
Fig.2 The hydrogen-bond interaction of DNP

B3 DNP [ =4 s FUE
Fig.3 The 3-dimention packing diagram of DNP
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Crystal Structure of 3 ,4-Dinitropyrazole

YIN Lei, ZHANG Zhi-bin, ZHANG Jian-guo, YIN Xin
( State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract. To obtain the solvent-free single crystal of 3 ,4-dinitropyrazole (DNP) structure, DNP was synthesized by a 3-step method
using pyrazole as raw material. The single crystal of DNP was cultured by solvent evaporation method using ether as solvent. lIts sin-
gle crystal structure was determined by a X-ray single-crystal diffractometer. Results show that the crystal is monoclinic, space group
is P2, /c, with cell parameters of a=9.9801(8)A, b=11.9959(9)A, c=9.7192(7)A, B=94.232(1)°, V=1160.41(15)A’,
F(000)= 640, Z=8, D_=1.80969 g - cm~ . The existence of numerous intermolecular hydrogen bonds and the w-m stacking in-
teraction existed between the DNP molecules make the DNP molecules stably exist.

Key words: 3 ,4-dinitripyrazole; energetic compound; single crystal structure
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