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Table 1 Crystallographic paramerers for Ca(NATZ) (H,0),

parameter values

empirical formula CH,,CaN, O,

crystal description block

formula weight 258.23

crystal color colorless

T/K 103(2)

D./g+m™ 1.910

crystal system Triclinic

0/(°) 2.90 ~30.02

space group P-1

h, k, I -9~9,-8~10,-14 ~14
a/nm 0.64803(13)

reflections collections 4870

b/nm 0.74328(16)

independent reflection (R;,,) 2541(R,,; =0.0174)

c/nm 1.0348(2)

S 0.999

«/(°) 74.482(8)

Ry, wR,[I>20(1)]" R, =0.0336, wR, =0.0780
B/(°) 72.487(9)

R, ,wR, (all data)" R, =0.0378, wR, =0.0807
/(%) 74.755(9)
Aprax s Apoin /(€ + A7) 0.827, -0.533

V/nm? 0.44889(16)

w(Mo K_)/mm ™! 0.736

V4 2

F(000) 268.0

Note: 1)w=1/[ad?(F,?) +(0.0429p)2 +0.3776p], p=(F,2 +2F.2)/3

B 1 Ca(NATZ)(H,0), W4 T4 K
Fig.1 Molecular structure for Ca(NATZ) (H,O)
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a-axis

2 M\ afl b AN c FVLEE IR Ca(NATZ) (H,0) 5 By fi i 3 71

Fig. 2

£2 Ca(NATZ)(H,0), WyFsgK
Table 2  Selected bond lengths for Ca(NATZ) (H,0),

b-axis

Packing diagram of Ca(NATZ) (H,O), viewed along the a-axis, b-axis and c-axis

bond lengths/A bond lengths/A bond lengths/A bond lengths/A
Ca(1)—O(6) 2.3676(12) Ca(1)—Ca(1A)  4.3197(10) 0O(5)—H(5A) 0.8517 N(2)—N(3) 1.3136(19)
Ca(1)—O(5) 2.3983(13) O(1)—N(6) 1.2761(17) O(5)—H(5B) 0.8183 N(3)—N(4) 1.3389(18)
Ca(1)—O(7) 2.3989(13) O(2)—N(6) 1.2887(17) 0(6)—H(6A) 0.8364 N(4)—C(1) 1.340(2)
Ca(1)—O(1) 2.4113(13) O(3)—Ca(1) 2.6421(13) O(6)—H(6B) 0.9073 N(5)—N(6) 1.2767(19)
Ca(1)—N(1) 2.4892(14) O(3)—H(3A) 0.8813 O(7)—H(7A) 0.8728 N(5)—C(1) 1.3901(19)
Ca(1)—O0O(4) 2.5128(12) O(3)—H(3B) 0.8513 O(7)—H(7B) 0.9739
Ca(1)—O0O(3) 2.5736(13) O(4)—H(4A) 0.8538 N(1)—C(1) 1.337(2)
Ca(1)—O3A) 2.6421(13) O(4)—H(4B) 0.8655 N(T)—N(2) 1.3492(19)
%3 Ca(NATZ)(H,0), iy &=
Table 3 Selected bond angle for Ca(NATZ) (H,0),
bond angle/(°)  bond angle/(°)  bond angle/(°)  bond angle/(°)
0(6)—Ca(1)—O(5) 83.74(4)  N(1)—Ca(1)—Ca(1) 137.55(3) N(6)—O(1)—Ca(1)  140.69(10) Ca(1)—O(7)—H(7B) 118.1
O(6)—Ca(1)—0(7) 87.72(4) O(4)—Ca(1)—Ca(1) 104.48(3) Ca(1)—O(3)—Ca(1) 111.82(4) H(7A)—O(7)—H(7B) 110.4
O(5)—Ca(1)—0(7) 72.89(4) O(7)—Ca(1)—0(3) 74.07(4) Ca(1)—O(3)—H(3A) 104.7 C(1)—N(1)—N(2) 104.26(13)
0(6)—Ca(1)—O(1) 99.76(4)  O(1)—Ca(1)—O(3) 78.03(4)  Ca(1)—O(3)—H(3A) 111.2 C(1)—N(1)—Ca(1)  129.71(10)
O(5)—Ca(1)—0(1) 142.62(4) N(1)—Ca(1)—O(3) 136.64(4) Ca(1)—O(3)—H(3B) 107.8 N(2)—N(1)—Ca(1)  125.87(10)
O(7)—Ca(1)—O0(1) 144.01(4) O(4)—Ca(1)—0(3) 71.92(4) Ca(1)—O(3)—H(3B) 113.4 N(3)—N(2)—N(1) 109.39(13)
0(6)—Ca(1)—N(1) 73.28(4)  O(7)—Ca(1)—O(3) 77.74(4)  H(3A)—O(3)—H(3B) 107.4 N(2)—N(3)—N(4)  110.00(13)
O(5)—Ca(1)—N(1) 78.55(4)  O(1)—Ca(1)—O(3) 71.00(4)  Ca(1)—O(4)—H(4A) 107.4 N(3)—N(4)—C(1)  104.31(13)
O(7)—Ca(1)—N(1) 147.20(4) = N(1)—Ca(1)—O(3) 119.88(4) Ca(1)—O(4)—H(4B) 116.2 N(6)—N(5)—C(1)  119.47(13)
O(1)—Ca(1)—N(1) 67.24(4)  O(4)—Ca(1)—O(3) 135.31(4) H(4A)—O(4)—H(4B) 107.0 O(1)—N(6)—N(5)  126.15(13)
O(6)—Ca(1)—0(4) 147.85(4) O(3)—Ca(1)—0(3) 68.18(4) Ca(1)—O(5)—H(5A) 116.7 O(1)—N(6)—0(2) 117.24(13)
0O(5)—Ca(1)—0(4) 76.53(4)  O(6)—Ca(1)—Ca(1) 106.42(3) Ca(1)—O(5)—H(5B) 120.4 N(5)—N(6)—O(2)  116.60(13)
O(7)—Ca(1)—O(4) 109.84(4)  O(5)—Ca(1)—Ca(1) 143.81(3) H(5A)—O(5)—H(5B) 112.5 N(1)—C(1)—N(4)  112.05(13)
O(1)—Ca(1)—0(4) 81.93(4) O(7)—Ca(1)—Ca(1) 72.94(3) Ca(1)—O(6)—H(6A) 118.0 N(1)—C(1)—N(5) 131.78(14)
N(1)—Ca(1)—O(4) 78.05(4)  O(1)—Ca(1)—Ca(1) 71.18(3)  Ca(1)—O(6)—H(6B) 119.4 N(4)—C(1)—N(5)  116.17(14)
0(6)—Ca(1)—O(3) 140.09(4)  O(3)—Ca(1)—Ca(1) 34.60(3)  H(6A)—O(6)—H(6B) 108.1
O(5)—Ca(1)—0(3) 122.11(4) O(3)—Ca(1)—Ca(1) 33.58(3) Ca(1)—O(7)—H(7A) 113.7
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Table 4 Torsion angles for Ca(NATZ) (H,O),

bond angle/(°) bond angle/(°) bond angle/(°)
O(6)—Ca(1)—O(1)—N(6) -92.83(15) N(1)—Ca(1)—O(3)—Ca(1) 110.95(6) O(5)—Ca(1)—N(1)—N(2) 25.37(11)
0(5)—Ca(1)—O(1)—N(6)  -0.37(18) O(4)—Ca(1)—O0(3)—Ca(1) 159.43(5) O(7)—Ca(1)—N(1)—N(2)  —4.34(16)
O(7)—Ca(1)—O0O(1)—N(6) 167.48(13) O(3)—Ca(1)—0(3)—Ca(1) 0.0 O(1)—Ca(1)—N(1)—N(2) =170.00(12)
N(1)—Ca(1)—O(1)—N(6) =-25.71(14) 0(6)—Ca(1)—N(1)—C(1)  123.90(13) O(4)—Ca(1)—N(1)—N(2) = 103.83(12)
O(4)—Ca(1)—O(1)—N(6)  54.66(15) O(5)—Ca(1)—N(1)—C(1) -149.27(13)  O(3)—Ca(1)—N(1)—N(2)  150.50(10)
0(3)—Ca(1)—O(1)—N(6) 127.78(15) O(7)—Ca(1)—N(1)—C(1) —=178.97(11) 0(3)—Ca(1)—N(1)—N(2) —=120.41(11)

0(3)—Ca(1)—O(1)—N(6) -161.42(15) O(1)—Ca(1)—N(1)—C(1)  15.36(12) Ca(1)—Ca(1)—N(1)—N(2) —-157.71(9)
Ca(1)—Ca(1)—O(1)—N(6) 163.02(15) O(4)—Ca(1)—N(1)—C(1) -70.81(13) C(1)—N(1)—N(2)—N(3) 0.09(16)
0(6)—Ca(1)—O(3)—Ca(1) -16.83(8) 0(3)—Ca(1)—N(1)—C(1) ~=-24.13(15) Ca(1)—N(1)—N(2)—N(3) -175.66(9)
O(5)—Ca(1)—O(3)—Ca(1) —140.18(5) 0(3)—Ca(1)—N(1)—C(1)  64.95(14) N(1)—N(2)—N(3)—N(4) 0.16(16)
O(7)—Ca(1)—0O(3)—Ca(1) -82.90(5) Ca(1)—Ca(1)—N(1)—C(1)  27.65(15) N(2)—N(3)—N(4)—C(1) -0.33(16)
O(1)—Ca(1)—0(3)—Ca(1)  74.12(5) 0(6)—Ca(1)—N(1)—N(2) —61.46(11) Ca(1)—O(1)—N(6)—N(5)  21.6(2)
Ca(1)—O(1)—N(6)—0(2) -159.61(11) C(1)—N(5)—N(6)—O0(2) —174.68(12) Ca(1)—N(1)—C(1)—N(4)  175.21(9)
C(1)—N(5)—N(6)—O(1) 4.1(2) N(2)—N(1)—C(1)—N(4) ~0.30(16) N(2)—N(1)—C(1)—N(5)  178.85(15)
N(6)—N(5)—C(1)—N(1)  =10.3(2) N(6)—N(5)—C(1)—N(4)  168.80(13) Ca(1)—N(1)—C(1)—N(5)  -5.6(2)
N(3)—N(4)—C(1)—N(1) 0.40(16) N(3)—N(4)—C(1)—N(5) -178.90(12)
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Fig.3 HOMOand LUMO of Ca(NATZ)(H,0),
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Crystal Structure of a Novel Green Initiating Explosive Calcium Nitriminotetrazolate Pentahydrate

TONG Wen-chao, WANG Shi-wei, WU Bi-dong, YANG Li, ZHANG Tong-lai
( State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology ,Beijing 100081, China)

Abstract: The single crystal of calcium nitriminotetrazolate pentahydrate [ Ca(NATZ) (H,O), ] , a novel green initiating explosive
was prepared by slow evaporation method. Its structure was characterized by a X-ray diffractometer. The crystal is triclinic, space
group P1 with crystal parameters of a =0. 64803 (13)nm, b =0.74328(16) nm, c=1.0348(2) nm, a =74.482(8)°, B =
72.487(9)°, y=74.755(9)°, V=0.44888(16) nm’, Z=4, D_=2.050 g - cm ~>. On the basis of the structure characteristics
of Ca(NATZ) (H,0O)., its decomposition mechanism was studied. The full optimized geometry and orbital energy analysis of
Ca(NATZ) (H,O), were performed with the HF6-311G and B3LYP-6-311G methods using the Gaussian 03 program. lts thermal
stability was studied. Rusults show there are two steps in its thermal decomposition which is agreed with expriments.

Key words: physical chemistry; initiating explosive; calcium nitriminotetrazolate pentahydrate; crystal structure; theoretical inves-
tigation
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