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D8Advance By RATHIL : A B P AR AEALA Cu K,
B4 (A =0.154439 nm) JGIE, i B EL R 40 kV, B IR
40 mA W ZEVER 5 ~50°, 4K 0.03°; Perkin-Elmer /&)
Pyris-1 %I DSC 43Hr {1 TG-DTG $4H A HTAL: #izh N,
AR 20 mL - minT  FHRE R 5 C - minT' K
JL 0 ~500 °C; Parr 6200 4 B sh & Fim #y . A
1104 B HR, FE 01T min, PR BE 25 °C, A0 X B
30% ,#j 1 500 mg, ATl 6 ¥k,
2.2 ApEE

FEL BTO 0.206 g (1 mmol) ###T 10 mL =5
FRIPAER W, 76 75 °CF hn A+, K HBCax 1R
0.229 g(1 mmol) T 5 mL L& /K IR n A
W, [ 60 min J5 ¥4 2 =R, i U8, B/ iR 8
I dnAR LA E T, A5 3] F 6 [ A T K H B R i
FHET AR F @A) 0.2778, 7758 82% , RIRAE
i PR 7 KA 30 AT F 45 R 1 a7 I B
A, B R 2 WL Scheme 1, C NMR(d,-DMSO,
100 MHz) : 161.28, MS(ESI"): 168.70 (C,N,O>);
MS(ESI*) . 84.05 (Rb*). IR (KBr, »/cm™): 3434.70,
2923.42, 2262.43, 2151.41, 2004.36, 1634.69,
1507.52, 1408.11, 1345.02, 1229.51, 1161.87,
1052.39, 994.38, 867.56, 797.13, 770.02, 731.68,
575.01, 497.85, Anal. calcd for C,Rb, N, O, (%)
(337.84): C7.09, N33.05; C7.04, N33.11,
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Scheme 1 Synthesis route of dirubidium 5,5'-bis(tetrazole-1-
oxide) (BTORDb)
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Table 1 Crystal data and structure refinement details for
BTORb
parameter BTORb
empirical formula C,NzO,Rb,
formula mass 339.04
temperature /K 298(2)
crystal system monoclinic
space group P2(1)/n
Z 4
a/A 7.775(13)
b/A 12.91(2)
c/A 7.773(13)
al/(®) 90
B/(°) 90.42(2)
y/(°) 90
cell volume/A? 780(2)
D./g+cm™ 2.886
w/mm™' 12.529
F(000) 632
0/(°) 3.16 ~25.02

h, k,and [ range
reflections collected
reflections unique [ R, ]
data/restraint/parameter
goodness-of-fit onF*

R,, WR,[I>25(1)]

R,, wR,(all data)
Appas s Apmin(e + A7)

-9t0o8, -15to 15, -9 to 6
3583

1329 R,, =0.1602]
1329/0/218
1.004

R, =0.0735, wR, =0.1758
R, =0.1509, wR, =0.2030
1.863, -1.639

Note: w=1/[s2( Fo?)+(0.0936P)2+0.0000P] where P=( Fo?+2Fc?) /3.
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Fig. 1 Molecular structure of BTORb
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Fig.2 The P-XRD patterns of BTORb Fig.3 Packing diagram of BTORb at b-axis
%2 BTORb ¥/ K
Table 2 Selected bond lengths for BTORb
bond length/A bond length/A bond length/A bond length/A
Rb(1)—O(1) 2.86(3) Rb(1)—N(3A) 2.97(4) Rb(1)—O(2A) 2.98(14)  Rb(1)—N(7A) 3.05(4)
Rb(1)—O(1A) 3.10(3) Rb(1)—N(8) 3.13(8) Rb(1)—N(4A) 3.14(8) Rb(2)—O(1A) 2.93(3)
Rb(2)—0(2) 2.95(15)  Rb(2)—N(3A) 3.00(4) Rb(2)—N(4) 3.12(7) Rb(2)—N(7A)  2.98(4)
Rb(2)—N(8A) 3.14(7) Rb(2)—O(2A) 3.01(16)  N(1)—C(1) 1.41(9) N(4)—C(1) 1.41(11)
N(2)—N(1) 1.41(8) N(2)—N(3) 1.40(5) N(3)—N(4) 1.41(7) N(1)—O(1) 1.34(10)
N(5)—0(2) 1.22 (2) N(5)—C(2) 1.41(4) N(5)—N(6) 1.41(3) N(6)—N(7) 1.40(5)
N(7)—N(8) 1.40(8) N(8)—C(2) 1.40(8) C(1)—C(2) 1.37(5)
%3 BTORb W4
Table 3  Selected bond angles for BTORb
bond angle/(°) bond angle/(°) bond angle/(°)
O(1A)—Rb(1)—O(1) 115.3(10) N(3A)—Rb(1)—O(1A)  167.6(9) O(1A)—Rb(1)—O(2A)  72.5(7)
N(3A)—Rb(1)—O(2A) ~ 118.3(9) N(7A)—Rb(1)—O0(1) 117.4(10) N(7A)—Rb(1)—O(1A)  96.5(10)
N(7A)—Rb(1)—N(3A) ~ 74.0(11) N(7A)—Rb(1)—0O(2) 66.3(9) N(8)—Rb(1)—O(1) 71.0(13)
N(3A)—Rb(1)—N(8) 100.6(14) N(8)—K(1)—O(2A) 96.6(15) N(7A)—Rb(1)—N(8) 161.7(17)
N(7A)—Rb(2)—O(1A) ~113.3(11) O(1)—Rb(2)—0(2) 93.1(7) O(1A)—Rb(2)—0(2) 97.1(7)
N(7A)—Rb(2)—O0(2) 111.3(9) N(3A)—Rb(2)—O(1) 64.1(10) N(7A)—Rb(2)—N(3A)  118.3(12)
N(3A)—Rb(2)—0(2) 115.4(9) N(4)—Rb(2)—0O(1) 154.2(16) N(4)—Rb(2)—O(1A) 122.0(2)
O(1)—N(1)—C(1) 131.1(6) O(1)—N(1)—N(2) 121.5(6) C(1)—N(1)—N(2) 108.0(6)
N(3)—N(2)—N(1) 131.2(6) N(2)—N(3)—N(4) 108.7(5) N(3)—N(4)—C(1) 109.1(6)
O(2)—N(5)—C(2) 131.2(2) 0O(2)—N(5)—N(6) 121.5(2) C(2)—N(5)—N(6) 108.2(3)
N(7)—N(6)—N(5) 107.5(3) N(6)—N(7)—N(8) 109.2(4) N(7)—N(8)—C(2) 108.6(6)
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Fig.4 DSC curve of BTORb at the heating rate of 5 °C - min™'
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Fig.5 TG-DTG curve of BTORb at the heating rate of 5 °C - min™
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$7-1400.82 k) - mol ™",
C,Rb,N,0O,(s)+3/20,(g)—Rb,0(s)+2CO,(g)
+4N,(g) (1)
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AH=Q,=Q,+AnRT (2)
i g A AR E A RS A Hos [Rb, O (s) ] =
—338.9 k) - mol™ A, H,, [CO,(g)] =-393.5 k} - mol™"
i (3) it HE BTORDb ) 5 A B K N A, Hogy =
274.91 k) - mol™"
AHj, (BTORb)=AH* (Rb,O,s) +
2AH’ (CO, ,g)-A H(s)  (3)
3.3 ERINEZSHYRABRERFREITE
R Kissinger 1 (= (4)) "7 F1 Ozawa-Doyle
(3(5)) " 35 BTORD JR 40 fif J2 57 119 2 W3 L fik
E, R8T A, AR A 7] £ o Tl 3 % (5,10,
15,20 °C - min™") Ty DSC fh£k , 15 2] i H4 06 f) 0 315
B

B\ _ AR _EK1
In(Ti)—ln( EK) RT, (4)
0.4567E,

Ao, T, ek o fig i i, °C L i DSC #th Zef 315 R4
SRHEHL,8.314 ) - mol™ - CT' Bl Lk TR K
#,°C - minT'y C R WA, PRS2 il 2R B ) o
ZHINTHR 4,

F 4 BTORD I ORI fifk e I B S AR R IR 8 ) 2 2 4K
Table 4 Peak temperatures and non-isothermal kinetic param-

eters for the exothermic decomposition of BTORb

B T, Ey | 4 Eo
. Ag/s R

/°C » min™' /°C /kJ + mol™ 8(A ) R /k) + mol™'

5 342.8

10 350.6

185.9 13.51 -0.985 186.7 -0.987

15 359.2

20 365.4

Note: 3 is the heating rate; T, is the peak temperatures; E is the apparent acti-
vation energy. A is the pre-exponential factor. R is the linear correla-
tion coefficient. The subscript K and O represent Kissinger’s method

and Ozawa’s method, respectively.

M4 T LLFEWE, @A m ki EERE
BTORb KA iH L RESS SRAHIT , 43 %12 185.9 K) -
M 186.7 k) - mol™, H. AT A5 2] H 443 fi# 9 Arrhe-
nius FFEK . Ink=13.51-186.3x10°/RT ,H - kK
Ak 45 1 ) 1 27 R T R

T HE M ORE I B2 A M AT G Ak TR AR i B
(T,,) RTEAG o AR AR A s SRR A
T, =T,+aB+bg" +B’ (6)

mol™

S
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2.886 g - cm™ il Rb* 5% [ A BTO Bk N,
OJEFIEH 8 WAL 45, ANE 2 BTO ik
Rb™ 52 8% HE 4 AR B 3% 2, 4 70 = 4k AR 45 48
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Synthesis, Crystal Structure and Properties of a Novel Energetic Material Dirubidium 5, 5’-Bis( tetrazole-1-oxide)

ZHANG Zhi-bin'*, YANG Ting', YIN Lei ', YIN Xin', ZHANG Jian-guo'

(1. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China; 2. Beijing Power Machinery Research
Institute , Beijing 100074, China)

Abstract: A new energetic material dirubidium 5,5'-bis ( tetrazole-1-oxide) (BTORb) was synthesized by using TH,1"H-5,5'-
bistetrazole-1,1’-diolate (BTO) as the original material. The monocrystal of target salt was first cultivated by the method of gradu-
al evaporation, and the single crystal structure was menstruated by single X-ray diffraction. It is found that the Rb* and BTO*"
formed a dissymmetrical structure. In different layers, they are alternately arranged and connected with each other, forming a
three-dimensional reticular structure. Its thermal decomposition behavior was investigated through DSC and TG-DTG technologies,
indicating a good thermal stability with a decomposition temperature beginning at 292 °C. lIts kinetic parameters of non-isothermal
reaction was calculated by Kissinger and Ozawa methods with the equation of Arrhenius is Ink=13.51-186.3x10"/RT. lts stand-
ard heat of formation was calculated with the result of 274.91 kJ - mol™. lts critical temperature of thermal explosion T, is
356.7 °C, indicating that the salt has a good thermal stability. The impact sensitivity ( Hy,) of BTORb is 34.8 c¢m, with the drop
hammer of 800 g. The friction sensitivity is 36% , under the condition of 70°, 1.23 MPa. The 50% fire energy of electrostatic
spark sensitivity is 0.34 J.

Key words: energetic material; dirubidium 5, 5'-bis( tetrazole-1-oxide) (BTORb) ; synthesis; crystal structure; properties
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