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Table 1 Crystallographic data and structure determination de-
tails for T,BTO

empirical formula C,H, Ny O3 Pb
formula weight 393.31
CCDC number 1494309
crystal size/mm’ 0.21x0.20x0.19
crystal system monoclinic
space group C2/c

a /A 14.342(3)
b /A 6.5757(12)
c/A 8.4715(16)
B/(°) 121.21(3)
v /A 683.3(2)
V4 4

D./g - cm™ 3.823

T/K 293(2)
F(000) 704

Rt 0.0247
data 671
restraints 0
parameters 65
GOF"on P 1.055

RY (1520 (1)) 0.0553
wR,(I>20(1)) 0.1257

R, (all data) 0.0553

R (all data) 0.1257

Note: 1) GOF=Goodness of Fit. 2) Ry=X I IF I-1F I1/Z IF,I.
3) wRy=[(w (F3-F2)?) /w(F2)2]1/2
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&2 [Pb(BTO)(H,0)], & o Al M
Table 2  Selected bond length and angles or [ Pb(BTO) (H,0) ],

bond length/A bond angle/(°)
Pb(1)—O(1W) 2.518(11)  O(2)—Pb(1)—O(1)#2 74.77(13)
Pb(1)—O(1)#2 2.728(7) O(2)—Pb(1)—O(1)  74.77(13)
Pb(1)—O(1)  2.728(7) O(1)—Pb(1)—O(1)# 149.5(3)
O(1)—N(1)  1.330(12)  N(1)—O(1)—Pb(1) ~ 106.1(6)
O(2)—H(1)  0.859% Pb(1)—O(I1W)—H(1) 114.2
N(1)—C(1) 1.339(13)  O(1)—N(1)—C(1) 130.5(9)
N(1)—N(2)  1.345(12)  O(1)—N(1)—N(2) 120.2(9)
N(2)—N(3)  1.321(13)  C(1)—N(1)—N(2) 109.3(8)
N(3)—N(4)  1.343(12)  N(3)—N(2)—N(1) 105.5(8)
C(1)—N(4) 1.344(13)  N(2)—N(3)—N(4) 111.3(8)
C(1)—C(1)#1  1.430(19)  N(3)—N(4)—C(1) 105.7(8)
N(1)—C(1)—N(4) 108.0(8)
N(4)—C(1)—C(1)#  126.2(11)
N(1)—C(1)—C(1)#  125.8(11)

b. coordination mode
of BTO ligand

a. coordination environment
of Pb( 1) ions
B2 Pb(Il)REALIAEEH BTO B A iy i o A5 =X (U5 1 1% )

Fig.2 Coordination environment of Pb( II ) ions and coordi-

nation mode of BTO ligand in the target complex ( hydrogen

atoms are omitted)
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b. along-t-he ¢ axis
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Fig.3 Packing of the crystal cell along the b axis, and along

the c axis for target compound
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Fig.5 DSC curve of [Pb(BTO) (H,0) ],
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PR i A S SR AT A5 . P RIS IR BE (ERT Eo 1Y
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Table 3  Kinetic parameters obtained by Kissinger’s method

and Ozawa's method

Kissinger’s method Ozawa'’s method

B Tp
E E,
/K« min™" /K K InA r © r
/k) + mol™ /k) + mol™
5 582.2
10 590.5  211.67 18.594 0.9998  210.64 0.9989
15 596.4
A
T —5K'min 600.3K
exo0

——10K'min’

350 400 450 500 550 600 650
temperature / K

B 7 AFRJHE#EZT[Pb(BTO)(H,0)], 1y DSC ik
Fig.7 DSC curves of [Pb(BTO) (H,0O) ], at different heat-

ing rates

3.5 [Pb(BTO)(H,0)], Ky & B E M ALK

N T =S [Pb(BTO) (H,0) ], L% A7 Fl
FH I #2 vh  FRE 1 HKHlE GIB772A-1997 J5 i 602. 2,
R WL-1 A g i A & [ Pb (BTO) (H,0) 1,
REPE 7% & Hao, UK 25 5 30 mg, & Bk BT i R
10 kgo MEXZRE W], [Pb(BTO) (H,0) ], 045k
i Hy =7.6 cm, SALGE0 & GEA B RDX (Hy, =
7.5 cm) " HMX(Hyy=7.5 cm) " g o s s 40 2
HIL?F 2 2 i /Y & B8 & )8 B R & % W CHP
(H,y=0.5 cm)'"'  ZnHHP (H,, = 2.6 cm)'"” A
CHHP ( H;,=0.8 cm) ") I b ek
3.6 [Pb(BTO)(H,0)], %t AP By & 1t

o SR B (AP) AR Sy 52 5 [ A i 4 E 370 1) S8 AL
Ly e AP FIE ) vh BT 43 %0 60% ~80% , H:
T3 ik AR X A S 7R R AR P R R G BEE R AR T, TR
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BWIHEAT T 22O T, MR B B AT e 1 e FES G 37 75 Ak
WFFE 6T AP B3 i B9 5200, 4 8 BT 7 .
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—— AP+[Pb(BTO)(H,0)],
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temperature / K

B8 i AP J AP 510% [ Pb(BTO) (H,0) ], IR&# (i
9 1 1)1y DTA £k

Fig. 8 DTA curves of pure AP and mixture of AP and
[Pb(BTO) (H,0)],(9 :1)
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Synthesis, Structure and Properties of an Energetic Coordination Polymer [ Pb(BTO) (H,0O) ],

SHANG Yu', JIN Bo', LIU Qiang-giang', PENG Ru-fang', GUO Zhi-cheng’, ZHANG Qing-chun', CHU Shi-jin'
(1. State Key Laboratory Cultivation Base for Nonmetal Composites and Functional Materials, Southwest University of Science and Technology, Mianyang
621010, China; 2. School of National Defence Science and Technology, Southwest University of Science and Technology, Mianyang 621010, China)

Abstract. An energetic coordination polymer, [Pb(BTO) (H,O)],(BTO=1H,1'H-5,5"-bistetrazole-1,1'-diolate) was synthe-
sized by a simple one-step solvothermal method using Pb(NO, ), and H,BTO - 2H, O as raw materials. The target compound was
characterized by single-crystal X-ray diffraction, Fourier transform infrared ( FT-IR) spectra and elemental analysis. The thermal de-
composition process of the energetic coordination polymer was studied by differential thermal analysis (DTA), differential scan-
ning calorimetry (DSC) and thermogravimetry-derivative thermogravimetry (TG-DTG). Its kinetic parameters of thermal decom-
position (activation energy E, .E, and pre-exponential factor A) were calculated by Kissinger’s method and Ozawa's method. Its
characteristic drop height of impact sensitivity ( Hy,) was determined by WL-1 type impact sensitivity test instrument. The com-
pound was explored as additive to promote thermal decomposition of ammonium perchlorate (AP) by DTA. Results show that the
crystal belongs to monoclinic, its space group is C2/c with crysta parameters of a=14.342(3) A, b=6.5757(12) A, c=8.4715(16) A,
V=683.3(2) A’, D_=3.823 g+ cm™”, Z=4. Its thermal decomposition temperature on DSC curve at 5 K - min™" is 582.2 K,
there are three mass loss stages on TG curve with a main mass loss between 543.9 K and 599.5 K, the mass of the final residue is
44.60%. E,=211.67 kJ - mol™, E,=210.64 k) - mol™, In(A /s )=18.594, H,,=7.6 cm, revealing that it has better thermal
stability and appropriate sennsitivity. When the addition amount of the coordination polymer is 10 wt% , the high temperature de-
composition peak of AP is decreased by 40.1 K, the intense degree of the thermal decomposition reaction is also greatly improved,
showing that it has good catalytic performance to AP.

Key words: energetic coordination polymer; 1H, 1’ H-5, 5 -bistetrazole-1, 1’-diolate ( BTO ) ; single crystal structure; thermal
behavior; [Pb(BTO) (H,0) ],
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