B GR A RE L 1 1 - FE-5 5 -1 DU R Y 5 R 45 2 Mk RE T 5 1173

NEHS: 1006-9941(2016)12-1173-05

/.

MBEFBERG1,1-2HEE-S,S-BKUMAN S E SRR R

KER, F &, F M, % W, B %, KRE

(A EEIAFBEAFSEAEBREALA LK E, g 100081)

O LTRSS 5Tk pU M (BTO) S IR J5UR & AL T8 B 4R (kR k25 ——1,17- TR -5 5 - Ik UMk g (BTOK) . I 42
18 28 L SR T A AL S YR B A XGRS E 1O R RS A o 3 2% 7R 4 B i P BT BOR (DSC) M o)
P8R (TG-DTG) W5 MR AT o ME T 1 5 s SERFIPIR 2 5, BRI, 1 ih UM 50% K kgt . Z5REMW, K'5 BTO
TR 7 WAL AN FRE5 4, AR v J2 89 BTO 5 K™ 3248 HE 9 AH B e 4, 44 00 = e PR 254 . BTOK By #AJ3 fift 32 4R IR O 307 °C, R W)
FIAFRE E R, Hl Gl 7 B A W] R 2 AR, 5 s SERF IR R S0 321 °C, 70°4 1 1. 23 MPa {1 T BTOK [ B 5 % J%
YET 8 56% , 800 g kiR T o I Hy, o 2205 em, i KAERUE 50% % K RER D 0.21 .

KRR REEZ; 1,1 -TR 65,5 - Uk B (BTOK) 5 M A s #4047 s JRUE

FESES: T)55; 064 X FRERD: A DOI: 10.11943/j.1issn.1006-9941.2016.12.007

BT 2015 4 HL A R 48 VA S A O M R
AR FOR 1,1 - R S5 5% U e 1 ( BTOK) 77
R e b o S L e iy TEVEREE U AR R A AL, RTINS BTOK
A Tt DL - e RS LA R AR 2 U 0 B
(S-FE DM 4 (I) (BNCP) JEDm b i P8R | ‘
SETIME 5 2 1 4.0 P W 5 5t AR5 01 LI B AL ARBRIELL 1,1 RS, ST
A RS B B T B . gy (OO MMM, & AR QR 1
S B A NN e, B EOE . B B
AT S R e AT R R b g TR XRTERSR AR AT BOXT I A PR R A
I O L BB B 7 SR A, LR e e N2 B R AR O BT BOR (DSC) A R 3 A

o A Fi A (TG-DTG) BFF8 H A R FERE . MR 2 AT 6
T N, X BRHETE 75 e , 4 Ho S0 TR B (5 R M 25 )y ‘
SR EHA PRI B 5 s GE VAR A, ke IS 45 % o R OE 30
B R

o A7
Tselinskii*'® T 2001 A RHE T 1,17 - 8 3L
5,5"-BEPUmk (BTO) Y& . ENAMIFFEE XL T TR 2 XInERSY
ST, G RIE T — RIS e R TR b s BN
PEMYSZ 5,5 -BRPUmE-1,1'- 5 gk (TKX-50) 1177
Fischer Fi1 Klaptt')kem] T 2013 FEHIRIRIE T BTO B
G Jm Eh 5O - 4 JE AR Y G B, X 43 00 R 45 A
P A , JF &R Ge b 58 HoM 25 Ui . 1 P B AR

1 5]

il

WA O RN L L WEAE oy M el [E 25 4
H L 2238 7 A BRS #, BTO SRy 52 56 28 4R 4 SC ik ik
(10 ] [, LI UK A R B F oK. 1,17 -5 %E-5,57-
X pu s  (BTOK) AR 4f8 SCHR [ 16 ] i 45, FL AR5 nl i 46

L, Scheme 1,

Wof B89 : 2016-05-12; 1S B B4 : 2016-07-25 19038 J% M3k 4 {F » Bruker SMART APEX CCD i
TR : MR R M5 5900 %4 5 VB (YBKT16-04) e ey 6 Mo K B 28 ()
R KER(1992). B LT EES Ei%é‘%%@ﬂc 1 A (A

SPERERFE . e-mail: bitZYRY@ 163. com 0.071073 nm) JEUE , I BE 298 K, /b 1R 45 #4 38 1o
EEBERA IR (1974-) 9 SUZ W+ 906, SR MF o aght FHEEME dy SHELXS-97 #7453 211" I dhy 42 46 I fe /s
B EE 5 R HIBFSE . e-mail : zjgbit@ bit. edu. cn — ks & SHELXL-97 F e 52 i "™ Perkin-Elmer

CHINESE JOURNAL OF ENERGETIC MATERIALS

W
o)

b A A 2016 4 #24 % %128 (1173-1177)



1174

EWR, TE, B, R, BT, K

45l Pyris-1 %1 DSC 43 #r AL A1 TG-DTG #4843 #7 4X -
WA NS4, W 20 mL - min™'

/OH /OK
N/N /N\N KOH N/N /N\N
D e B I
N —N N N
N /N N /N/
HO KO

Scheme 1 Synthesis route of dipotassium 5,5'-Bis ( tetrazole-
1-oxide) (BTOK)

3 HZR5WR

3.1 RELEHSH

WA G AR R R O, B R AT B IE A HEAT R
FraT Yy BTOK Sk, S BUR <4 0.12 mmx0.10 mm
x0.08 mm [ & (A 1T 5 AT 56 40 BT, L A 5 AL 1
MBENF T o XSRS B S0 W 5 1A 25 04 B0 e
{&47(CCDC,No.1405690) , 4R EXYIHJE T IEAL M
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Table 1 Crystal data and structure refinement details for BTOK

parameter BTOK
empirical formula C,Nz O, K,
formula mass 246.30
temperature/K 298(2)
crystal system orthorhombic
space group Cmca

Z 8

a/A 12.7164(11)
b/A 10.6458(8)
c/A 10.6304(9)
al/(°) 90

B/(%) 90

/(%) 90

cell volume/A® 1439.1(2)
D./g+cm™ 2.274
w/mm~" (MoK, ) 1.303
F(000) 976

8/(°) 3.15 ~25.01

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

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

R,, wR,(all data)
Apimax s Dpin(e - A7)

-15to 11, -12to 12, -10 to 12
3290

9651[ R,,;,=0.0724]

651/0/107

1.082

R, = 0.0663, wR,= 0.1652

R, =0.0849, wR, =0.1807

0.941, -0.611

Note: w=1/[s*( Fo*)+(0.0809P)2+16.1048P] where P=( Fo?+2Fc?) /3.
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B 1 BTOK 4 T-45H4
Fig.1 Molecular structure of BTOK

B2 BTOK iy & i 3 AR 4]
Fig. 2 Packing diagram ofthe molecular BTOK in the crystal

lattice
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W, B N—O iy s K A8 4, BTO ki) N—O
K N 1.347 A TiE S KB B4 )5 ,N—O K
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IR AT 20 O JRF a4, BTO MR |k o
SH HL 2 2 R R AN, B0 DU R 3R R AR BBk I A,

TRELTES I B 3728 K, 9l an BTO Hh N(1)—C(1)
MK N 1,327 A5 K A4 N 1. 346 A FI
1.331 A, N(3)—N(2) lsEK h 1.282 A 45 %
1.344 Af11.367 A, R F N—N 4L, &% N—C
B P R BREAN A, S E8S BTO 1 H, HogE 1 K/
ZERE ) BB AN

£ 2 BTOK fifai kK

Table 2 Selected bond lengths for BTOK

bond length/A bond length/ A bond length/A bond length/A
K(1)—N(3A) 2.841(12) K(1)—N(3B) 2.841(12) K(1)—N(7A)  2.841(12) K(1)—N(7B)  2.841(12)
K(1)—O(1) 2.843(9) K(1)—O(1A)  2.843(9) K(1)—N(8) 2.957(19) K(2)—N(3A) 2.746(12)
K(2)—N(3B) 2.746(12) K(2)—N(7A)  2.766(12) K(2)—N(7B)  2.766(12) K(2)—0(2) 2.864(9)
K(2)—O(2A) 2.864(9) K(2)—N(4) 2.969(19) N(1)—C(1) 1.346(15) N(4)—C(1) 1.480(2)
N(2)—N(1) 1.435(18) N(2)—N(3) 1.344(13) N(3)—N(4) 1.395(16) N(1)—O(1) 1.229(16)
N(5)—O0(2) 1.223(17) N(5)—C(2) 1.331(15) N(5)—N(6) 1.407(17) N(6)—N(7) 1.367(14)
N(7)—N(8)  1.390(18) N(8)—C(2) 1.490(2) C(1)—C(2) 1.336(12)

*3 BTOK WM

Table 3 Selected bond angles for BTOK

bond angle/(°) bond angle/(°) bond angle/(°)
N(3A)—K(1)—N(7A) 75.1(3) N(3B)—K(1)—N(7B) 74.9(3) N(3A)—K(1)—N(7B) 74.9(3)
N(3B)—K(1)—N(7B) 75.1(3) N(7A)—K(1)—N(7B) 119.3(6) N(3A)—K(1)—O(1) 167.0(3)
N(7A)—K(1)—O(1) 117.7(3) N(7B)—K(1)—O(1) 94.8(3) N(3A)—K(1)—O(1A) 167.0(3)
N(3B)—K(1)—O(1A) 65.3(3) N(7A)—K(1)—O(1A) 94.8(3) N(7B)—K(1)—O(1A) 117.7(3)
N(3A)—K(2)—N(3B) 168.8(5) N(3A)—K(2)—N(7A) 116.7(3) N(3B)—K(2)—N(7A) 72.2(3)
N(3A)—K(2)—N(7B) 72.2(3) N(3B)—K(2)—N(7B) 116.7(3) N(7A)—K(2)—N(7B) 85.5(6)
N(3A)—K(2)—0(2) 73.0(3) N(3B)—K(2)—O(2) 96.6(3) N(7A)—K(2)—0(2) 161.9(4)
N(7B)—K(2)—0O(2) 112.5(3) N(3A)—K(2)—0O(2A) 96.6(3) N(3B)—K(2)—O(2A) 73.0(3)
N(7A)—K(2)—O(2A) 112.5(3) N(7B)—K(2)—O(2A) 161.9(4) 0(2)—K(2)—O(2A) 49.7(5)
O(1)—N(1)—C(1) 125.4(17) O(1)—N(1)—N(2) 127.5(14) C(1)—N(1)—N(2) 107.0(9)
N(3)—N(2)—N(1) 111.6(9) N(2)—N(3)—N(4) 106.7(14) N(3)—N(4)—C(1) 107.8(16)
O(2)—N(5)—C(2) 123.2(16) O(2)—N(5)—N(6) 127.5(13) C(2)—N(5)—N(6) 109.2(10)
N(7)—N(6)—N(5) 110.5(9) N(6)—N(7)—N(8) 106.5(14) N(7)—N(8)—C(2) 107.6(17)
3.2 BITARBRRADW fiE, T AR 73 ff o 7 R 46 R B2 = T 300 °C, R WK

5°C - min”' K BTOK [y DSC &% TG-DTG fh 2
Kl 3.4 firs, B 3, BTOK WA i 17 £ 2 A7
TE— 20 G i R R A T AR R IR
307 °C 2T 354 °C, HolrHg i 16 i B Sk 347.2 °C,
XFR; TG-DTG f#h £k, il B2 in#4 2 340 °Cif BTOK JHif
R, % 360 CHFFIRIT RN 37. 7% , it i K
64.3% , FWZW) B o3 i i AR T o w20, 3
KRR HHAE 349.5 CHIEH], Bl BT+, BTOK f7
TE— A 2218 W IR 5 2, 500 °C B 5k B i
26.9% . BTOK 7 fiff jit #hm s i 10, we U B8, 3 B 355
FE/IN AR R, B SR AR B, L S R 24 1) 3 A R
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Fig.4 TG-DTG curve of BTOK at a heating rate of 5 °C - min”'

TR R R 2 T AR RE Y O — T B S 4L 5 s 4
T A R & A 4% R GJB5891. 20 —2006 {11 4 4 i
2, M5E BTOK 1Y 5 s S )k & o, I 5 1% Ge il 4R 24
5 s FEMIR & I SE A LA B TR 4L g
RAl N, BTOK /) 5 s 4E ¥ M1 4 & 25/ F LTNR
(268 °C) f1 BNCP (362 °C) Z i, 5 LA(327 °C) 4.

R4 BTOK 55 1A 4% 24 1 B4 5 A i 35 AR 1L e
Table 4 The thermal decomposition temperatures of BTOK

compared with other primary explosives ")

primary explosives BTOK  BNCP LA LTNR
5 s explosion point/°C 321 362 327 268
peak temperature/°C 347 298 336 295

3.3 BENK

#2 HR GJB5891. 22 -2006 ,GJB5891. 24 —2006 L
K GJB5891.27-2006, % H 45 ¥ i) 45 7 | B2 $82 LA K%
H R EA TN, 8 o R R 2k 4 20 mg 2,
800 g V&l , NI KL 36 &5 JEE 48R EE Ik 5 SR 700
#40,1.23 MPa,20 mg Zj i, 4P AT 50 5 i i sk
JEE M 2% 14 g LS 500 pF FUBRATER 0. 12 mm, B3 Bk
HLBH 100 kQ, HLFEIE 1 50 KV P F AT, i 50 H &
22 mg, FA%e Mk 25 &, PR A il g . I &5 2R I
F 5, iKW BTOK i IR E H,y ol 22.5 cm 5%

R 5 BTOK 5l i 48 24 1 S i 0 40 R e e

Table 5  Sensitivity properties of BTOK compared with other

primary explosives'”’

primary explosives BTOK BNCP LA LTNR
impact sensitivity/cm 22.5 10.6 4.0 10.3
friction sensitivity /% 56 24 64 52

50% fire energy/) 0.21 1.18 0.012  8.4x107*
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Crystal Structure and Properties of a Novel Green Initiation Explosive Dipotassium 5, 5'-bis( tetrazole-1-oxide)

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

Abstract: A novel green initiating explosive-dipotassium 5,5'-bis( tetrazole-1-oxide) (BTOK) was synthesized using 1H,1'H-5,5'-
bistetrazole-1,1'-diolate(BTO) as starting material. The single crystal of target compound was cultivated by the slow evaporation
method, and its crystal structure was determined by X-ray single crystal diffraction. The thermal decomposition behavior of BTOK
was investigated through DSC and TG-DTG technologies. Its 5 s explode temperature, impact sensitivity, friction sensitivity and
50% fire energy were measured. Results show that the K* and BTO?™ form a dissymmetrical structure; in different layers, they are
alternately arranged and connected with each other, forming a three-dimensional network structure. BTOK has a good thermal sta-
bility with a decomposition temperature beginning at 307 °C and its exothermic process has obvious primary explosive characteris-
tics. For BTOK, the 5 s explosive temperature is 321 °C, the friction sensitivity of BTOK is 56% , under the condition of 70°,
1.23 MPa, the impact sensitivity (Hs,) is 22.5 cm, with the drop hammer of 800 g and the 50% fire energy of electrostatic spark
sensitivity is 0.21 J.

Key words: initiation explosive; dipotassium 5, 5'-bis( tetrazole-1-oxide) ; crystal structure; thermal analysis; sensitivities
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