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Scheme 1 Synthesis of DAGBTO

FRHL BTO 0.206 g(1 mmol) % f#TF 5 mL X5+
K HER R AE 75 CR it , #rI DAG 0.118 g
(1 mmol) % T 5 mL ZE 7K rf IS8 1% i in AR, )
NE 60 min J5 45 (kI 75 3 B 8 g AR, A 2R%
HIFENL, BB 24 h 5 AT B0 O R R ES SBT3 U8 gy
BT 2 B KM, TR 2 8 0. 248 g,
K 86% .

"H NMR(DMSO-d, , 400 MHz) ,8: 8.56(4H),
2.00 (2H); "C NMR (DMSO-d,, 100 MHz),s:
147.94,135.60, IR (KBr, »/cm™ ). 3332, 3021,
2503, 1698,1647, 1491, 1400, 1241, 1144, 1060,
999, 873, 734, 643, 601, MS(ESI"),m/z: 84.0
[CN,O ], Anal. calcd for C,H,N,,0,(288.22) .
C16.65,H2.76,N58.38; found C 16.67 ,H 2.80,
N 58.32,
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Table 1 Crystal data and structure refinement details for

DAGBTO
parameter DAGBTO
empirical formula CyHgN,, O,
formula mass 288.22
temperature /K 298(2)
crystal system monoclinic
space group C2/c
V4 4
a/A 11.3121(11)
b/A 6.4480(4)
c/A 15.3202(16)
B/(°) 105.990(2)
cell volume/A® 1074.23(17)
D./g+cm™ 1.782
w(Mo K_) /mm™ 0.71073
F(000) 592
0/(°) 2.77-25.02

h, k,and [ range
reflections collected
reflections unique [ R, ]
data/restraint/parameter
goodness-of-fit on F?

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

R,, wR,(all data)
Apas s Appin /€ A~

-13to13, -5to7, -15t0 18
2367

921[R;,,=0.0748]

921/0/92

1.068

R, = 0.0700, wR,=0.1911

R, =0.0835, wR, =0.2029

0.444, -0.530

Note: w=1/[s2(F,2)+(0.1421P)2+0.0000P], where P=(F, 2+2F.2)/3.
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Fig. 1 Molecular structure of DAGBTO
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Fig.2 Packing diagram of DAGBTO

%2 DAGBTO 343 & F e £
Table 2 Selected bond lengths and bond angles for DAGBTO

bond length /A bond angle/(°)
O(1)—N(1) 1.326(3) || N(3)—N(2)—N(1) 105.3(2)
0O(2)—N(5) 1.380(3) || N(2)—N(3)—N(4) 112.3(2)
N(6)—C(2) 1.319(4) || O(1)—N(1)—N(2) 121.8(2)
N(2)—N(3) 1.316(4) || O(1)—N(1)—C(1) 129.6(3)
N(2)—N(1) 1.350(3) || N(2)—N(1)—C(1) 108.6(2)
N(3)—N(4) 1.350(4) || C(2)—N(5)—0(2) 115.1(2)
N(1)—C(1) 1.355(4) C(1)—N(4)—N(3) 105.1(3)
N(5)—C(2) 1.306(4) N(5)—C(2)—N(6) 123.9(3)
N(4)—C(1) 1.332(4) || N(5)—C(2)—C(2)#1  116.4(2)
C(2)—C(2)#1  1.497(6) || N(6)—C(2)—C(2)# 119.7(2)
C(1)—C(1)#  1.449(6) N(4)—C(1)—N(1) 108.8(3)

N(4)—C(1)—C(1)#  127.4(4)

N(1)—C(1)—C(1)#  123.9(3)

Note: #1: -x+1,y,-z+3/2 ,#2: -x+1/2,-y+1/2 ,-z+1.
%3 DAGBTO [EB4 Skt
Table 3 Hydrogen bonds for DAGBTO
angle
D—H-A I<e|;§hH>//-°\ 'fg.g.t&)//& I(elgs.tg)/ﬁ\ 5?0)*”"'/*)
O(2)—H(2)---N(3)" 0.820 1.826 2.643 174.24
N(6)—H(6A)---N(4)" 0.860 2.458 3.181 142.15
N(6)—H(6B)---O(1) " 0.860 2.025 2.884 176.42
N(6)—H(6B)---N(1)! 0.860 2.698 3.481 152.01
N(5)—H(5)---O(1)  0.860 1.816 2.671 172.75
N(5)—H(5)---N(1)  0.860 2.676 3.433 147.55
Note: (i): -x+1, -y, -z+1; (ii): -x+1, -y+1, -z+1; (iii): -x+1, y+1, -z+

3/2.
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Fig.3 DSC curve of DAGBTO at the heating rate of 5 °C - min™'
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¥ DAGBTO #£ 5,10,15,20 °C - min™' pUfhk
PR TF R R RN B9 DSC il 2k, 45 5 A 5] T 3 % T 45—
O Y I TR R L 1 TR 4, LR Kissinger 524
Ozawa-Doyle'™ b1 Ho #1443 i S B 1) 42 3% 1k,
A E,FHRHT R T A, W9 RN 5 ik 9 3 55 4 st (1) A
K(2) Fros

AR E 1

In(Zy=in( 2y L (1)
T £’ RT,

| 0.4567E, _ ,
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F 4 DAGBTO W4 i W S IR 55 T 30 1 S 8K

A, T A R eIl ,°C B DSC &5 515 R 2
SRH H,8.314 ) - mol™ - °C7' B oLk ME TR
K,9C - min™' s C OB, I W6 RO T 548 3 Y
AL B )1 2= SRR RS T3 4,

M2 4 aJ LR, R T 5 i 5 19 DAGBTO
M 3% Ak fiE 45 AT, 4 B4 210.6 k) - mol™ Al
207.9 kJ - mol™, H A LI 75 | DAGBTO # /3 fift (¥
Arrhenius 5 #2347 : Ink=21.03-209.3x10°/RT ,H
kg AR 55 R Bl 7 2 RO R R

Table 4 Peak temperatures and non-isothermal kinetic parameters of DAGBTO

heating rates/°C - min~'  peak temperatures/°C E./k) - mol™ lg(Ac/s™) Ry Eo /k) - mol™! Ro
5 203.8
10 210.3
210.6 21.03 -0.9992 207.9 -0.9993
15 213.6
20 216.1

Note: E is apparent activation energy, A is pre-exponential factor, R is linear correlation coefficient. The subscript K and O represent Kissinger's method and Ozawa'’s

method, respectively.
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E-/F —4ERT

Tw=""2r (4)

[ B R 3 O R AT A A B A S AST,
AH” 1 AG™ 1A .

ke T -
A=BT€A5 /R (5)
AH™ =E-RT (6)
AG” =AH™ -TAS” (7)

K, B2l Ozawa J5 11545 B 19 IG L RE , ke b B IR
2 B, 1. 381 x1077 )« K™y h k3% B Rk
6.626x107" ) « s, F &I HA BT 2E SR 0N
AS"=-73.76 ) - K - mol™; AH” =206.74 k] - mol™";
AG” =241.02 kJ - mol™"
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Synthesis, Crystal Structure and Thermal Behavior of Nitrogen-riched Energetic Salt of Diaminoglyoxinium
1H,1'H-5 5 -bitetrazole-1 ,1’-diolate

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

Abstract: A novel energetic salt of diaminoglyoxinium 1 H,1"H-5,5'-bitetrazole-1,1’-diolate (DAGBTO) was synthesized by using
diaminoglyoxime( DAG) and 1H,1'H-5,5"-bitetrazole-1,1'-diol (BTO) as raw materials, and its structure was characterized by
elemental analysis, Fourier transform infrared spectroscopy ( FT-IR) spectroscopy, 'H NMR , “C NMR and mass spectrometry.
The single crystal of DAGBTO was obtained and its structure was determined by X-ray single-crystal diffractometer. Results show
that DAGBTO belongs to monoclinic space group C2/c with a density of 1.782 g - cm™ , and the cell parameters are as follows:
a=11.3121(11) A, b=6.4480(4) A, c=15.3202(16) A, B=105.990(2) °,V=1074.23(17) A’ F(000)=592. The thermal
decomposition behavior was investigated by differential scanning calorimetry (DSC) technology, and non-isothermal kinetic pa-
rameters were also calculated. Results indicate that it has a good thermal stability with the decomposition temperature above
190 °C. The apparent activation energy are 210.6 k) - mol™' (Kissinger) and 207.9 kJ - mol™' (Ozawa-Doyle) , respectively, and
the critical temperature of thermal explosion is 200.7 “C.

Key words . energetic material; 1H,1'H-5,5'-bitetrazole-1,1’-diol (BTO) ; diaminoglyoxime ( DAG) ; synthesis; crystal structure;
thermal analysis
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