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Scheme 1 Synthetic route of compounds BAKIF and BDKIF
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Table 1

Crystallography data and refinement parameters of BAKIF-2H,0 and BDKIF

crystal BAKIF-2H,0 BDKIF
CCDC number 1841241 1841239
empirical formula C,H;N,0,,2(H,0) C,H,N.O,
formula mass 233.17 198.12
temperature / K 173 173

crystal dimensions / mm? 0.070%0.120%0.470

crystal system orthorhombic

space group P2,2,2,
a/A 4.6661(4)
b/A 13.5836(10)
c/A 14.8537(10)
a/(°) 90

B/ () 90

y /() 90

v/ A3 941.46(12)
z 4
D./g-cm™ 1.645

w/ mm™! 0.149
F(000) 480

index ranges
goodness-of-fit on F? 1.04

R,=0.0435, wR,=0.0766
R,=0.0795, wR,=0.0876

final R indexes [ /=20 (1) ]

final R indexes [ all data]

0.070x%0.130%0.270
trigonal

R-3

20.4183(12)
20.4183(12)

4.8017(7)

90

90

120

1733.7(3)

9

1.708

0.153

900
—24<h<22,-13<k<24,-4<I<5
1.06

R,=0.0410, wR,=0.0873
R,=0.0690, wR,=0.0996

%2 BAKIF-2H,0 M/ K
Table 2 Select bond length of BAKIF-2H,0

bond length / A
O(1)—N(3) 1.412(4)
0(1)—C(4) 1.384(4)
0O(2)—C(4) 1.195(4)
O(3)—N(5) 1.410(4)
O(3)—C(1) 1.361(4)
N(1)—C(3) 1.396(5)
N(1)—N(2) 1.269(4)
N(2)—C(2) 1.399(5)
N(3)—C(3) 1.296(5)
N(4)—C(3) 1.359(4)
N(4)—C(4) 1.359(5)
N(5)—C(2) 1.303(5)
N(6)—C(1) 1.322(5)
N(6)—C(2) 1.358(4)
N(7)—C(1) 1.309(5)

B 22 2 AT, S0k 0 T T PR AR K 7E 1.29~1.42 A,
Ul K T, 5 Sk -8 5k
M F A C—NH, B C(1)—N(7) 8K 1.309 A, e kif
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R C—NH, B K (1,352 A) R4, B C=N#EK
(1.313 A)Ue0 e A 2 i [7) 53 kY B A7 7 — 58 R EE 1Y
B oo o B Ah 0 HLFE M Bl T DL B
BAKIF«2H,0 . H ,N(4)—C(3)—N(1)—N(2) fll
N(3)—C(3)—N(1)—N(2) L% 5 5 0 0.9(5)°
M =176.7 (3)°, N(6) —C (2) —N (2) —N (1) #I
N(5)—C(2)—N(2)—N1) Ay HLE: A4 5 4 3.3(6)°
F=177.103)°, Ud B {8 208 5 P9 A4 5 0k A 30 3 el Ak 7
] — A1, A R T i R HE R

5% 4 A 01, BDKIF 55 BAKIF Ay 5 1wk 0 B4 4 K A0
. C(2)—0(2) &K 1.207 A, #iE C=0 #t K
1.22 A WER 5 S ok dhdE . C(D—NC) K
M 1.394 AT C—N K (1.28~1.47 A) 2 il
W IR A 2R3 A 5 5 ok O BR A A — AR 3k
AR Y LB M BCEE T LA I, BDKIF B p
N(2)—O(1)—C(2)—N(3) N(2)—0(1)—C(2)—0(2)
N(3)—C(1)—N(1)—N(1A) N(2)—C(1)—N(1)—N(1A)
O(1)—N(2)—C(1)—N(1) .0O(1)—N(2)—C(1)—N(3)
C(2)—N(3)—C(1)—N(2) .C(2)—N(3)—C(1)—N(1),
C(1)—N(3)—C(2)—0(1) .C(1)—N(3)—C(2)—0(2)
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B A % £ 43 5 R =1.6(3)° . 179.1(2)°  =2.9(4)° |
176.2(2)°,=178.2(2)°.1.1(3)°,=2.1(3)°,177.0(3)°,
2.2(3)°,-178.6(3)°, i B BDKIF it A J& F ¥ LA F
[f] — V-1 | . BDKIF #9445 ¥4 i B2 X Fk, A~ B

a. BAKIF-2H,0

b. BDKIF

B 1 BAKIF 1 BDKIF [ i (4 2 g [&]
Fig.1 Crystal structure of BAKIF-2H,0 and BDKIF

a. BAKIF-2H,0

b. BDKIF
2 BAKIF 1 BDKIF {9 it i i BUET (i 2 2 1 ) SUREFE )
Fig.2 Crystal packing map of BAKIF and BDKIF (Dashed

lines indicate intermolecular hydrogen-bond interaction)
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A 5 7V F S5 O R A A B AL Y T T 45 A
AT o1 R HERL

%3 BAKIF-2H,0 [ ff

Table 3 Bond angles of BAKIF-2H,O

bond angle/(°) | bond angle/(°)
N(3)—O(1)—C(4) 109.5(3) [O(3)—C(1)—N(7) 116.5(3)
N(5)—O0(3)—C(1) 105.8(3) [N(2)—C(2)—N(6) 128.0(3)
N(2)—N(1)—C(3) 110.2(3) [N(2)—C(2)—N(5) 114.7(3)
N(1)—N(2)—C(2) 112.2(3) [N(5)—C(2)—N(6) 117.4(3)
O(1)—N(3)—C(3) 104.0(3) [N(1)—C(3)—N(3) 118.2(3)
C(3)—N(4)—C(4) 107.2(3) [N(1)—C(3)—N(4) 128.1(3)
O(3)—N(5)—C(2) 102.6(3) [N(3)—C(3)—N(4) 113.6(3)
C(1)—N(6)—C(2) 100.9(3) [O(1)—C(4)—0(2) 122.4(3)
N(6)—C(1)—N(7) 130.2(3) |O(1)—C(4)—N(4) 105.7(3)
O(3)—C(1)—N(6) 113.3(3) [O(2)—C(4)—N(4) 131.9(3)

=4 BDKIFRH 5K
Table 4 Select bond length of BDKIF

bond length/ A

O(1)—N(2) 1.420(3)

O(1)—C(2) 1.371(3)

0(2)—C(2) 1.207(3)

N(1)—C(1) 1.394(3)

N(1)—N(1A) 1.270(3)

N(2)—C(1) 1.291(3)

N(3)—C(1) 1.356(3)

N(3)—C(2) 1.351(3)

&5 BDKIFRHEEMA

Table 5 Bond angles of BDKIF

bond angle/(°) bond angle/(°)
N(2)—O(1)—C(2) 109.49(17) ||[N(2)—C(1)—N(3) 113.9(2)
N(TA)—N(1)—C(1) 111.1(2) N(1)—C(1)—N(2) 118.6(2)
O(1)—N(2)—C(1) 103.4(2) 0O(2)—C(2)—N(3) 131.6(2)
C(1)—N(3)—C(2) 107.1(2) ||O(1)—C(2)—0(2) 122.4(2)
N(T)—C(1)—N(3) 127.5(2) | O(1)—C(2)—N(3) 106.0(2)

i BAKIF-2H,0 FI BDKIF {5 g i F2 & (& 2) a]
A1, BAKIF - 2H,0 43 F B & 3 F1 BDKIF 43 F BRI 2
(] A7 A AR - HEBR, 23 F AR AE SUS A D, B
T L S A e . fE SRR L
HEBURT LS e 5 Re AR HUARER B L th I 2 i LR
14 ¥ BAKIF Fl4L &4 BDKIF 43 ¥ ¥ 40 B A 15 HE R,
G546 5y T HEA 00 A R AR AL, BAKIF 48 F 19 BE R 3R 22
8] DA S BDKIF 43 B AR B3R 22 (8] 4778 (9 3 AR o -ar A
AE % A % 5% vh A FEDLBORINEL , 3 B4 25 T B/
& e

www.energetic-materials.org.cn



5-F-3-(5'-% 5&-3' A8 A 5% k) -5 kRS,

5'- T H-3, 3l 5w Wk I B A R A5 R A HRR E

613

25 () {o7 BEL RN 242 [ 1) 2 2 Al e
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30
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120

| 5362%
61.25C i

mass percent / %
D
o

/

266.75 'C 274,92 C

=
heat flow / mW

127.25 CH i H IR 7E 149.75 CILI R
{5, 7E B B 0 2k 74.77 %

X}t BAKIF #l BDKIF 4 #4 43 #1245 S & 1 , BAKIF
1y PAFRE ML T BDKIF, X & BT BAKIF 43 1 1 21
FE AT DL 5 AR 4 1R S A BAKIF 23 [H] 1Y
AL £ T BDKIF, 525 140+ 19 fb 46 BE , 3 BUiER
FEPERE I .
3.3 BAKIFFfIBDKIFHEEE SR E MR

iz 1 Gaussian 09 & %" 7E B3LYP/6-31+G**//
MP2/6-311++G**7K ¥~ i+ 5153 2| BAKIF #1 BDKIF 11y
g 27 pREL, I FE T A5 W (Scheme 2) 113045 31 4
BIEE . R FH EXPLOS 2 7%} BAKIF Fl BDKIF fiy
PR UEAT WML L 45 R A2 6 BT /R . BAKIF (1 5 1fE

JE IR A2 A 50.7 k) emol ™ BS MK 7292 mesT! B

i 4% I 21.5 GPa, BDKIF E@ b HE BE R A LA
7 =80.8 kj-mol™, # g & # 7363 m-s™, H g 1R
20.7 GPa , BAKIF #l BDKIF (4 4% %5 £ e AH >4, BN )
RDXHFHLF TNT,

2|

ZU-NE 68.10 C

&6 BAKIF, BDKIF A1 A X 24 (9 fiE 2 5 3 L
Comparison of the energy properties of BAKIF,

Table 6

100 200
temperature / “C

300

BDKIF and other explosives

a. TG-DSC curve of BAKIF-2H,0

8
1004 —o . R exo §
2 80
= =
g 60 a4 E
5 604
E 404 1zasc _“:tg
S — 0
20 .

100 200 300
temperature / °C
b. TG-DSC curve of BDKIF

B3 BAKIF FI BDKIF B TG-DSC i1 £
Fig.3 TG-DSC curves of BAKIF-2H,0 and BDKIF

AH, g D p IS Fs
Compd.
/g-ecm™ /kJ-mol™"  /m-s" /GPa /) /N
BAKIF 1.71 50.7 7292 21.5 >40 >360
BDKIF 1.70 -80.8 7363 20.7 >40 >360
RDX 1.82 92.6 8997 35.2 7.4 120
TNT 1.65 -67.0 6881 19.5 15 358

Note: p is the density measured by a gas pycnometer at 25 °C. AH, ., is the
molar enthalpy of formation obtained by calculation. D is the detona-
tion velocity obtained by calculation. p is the detonation pressure ob-
tained by calculation. IS is the impact sensitivity. FS is the friction

sensitivity.

i FH b5 #E 1Y BAM Fallhammer . BAM EE 48 ] i 75
1555 BAKIF 1 BDKIF (1 fii o5 J 1 B8 82 g i o 7
ELERNE 6 TN, 360 %, BAKIF il BDKIF i

N—o

N
/ 0 7 =
Y N /& +H o+ N, o . H/,NH * F\ ) * 3CHNH,
O\ />_N m 0 N
BAKIF
N~o + 2CH,NH
H N\O </ . MH ,NH,
OY /J\ +OAH N, —— NH
// N
O\ />_N N H
BDKIF
Scheme 2 Isodesmic reaction of compounds BAKIF and BDKIF
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i BUE R T 40 ), BEIRE XK T 360 N LT
GRS REAARE TNT 2 — Ff i 28 04 BB BEAT R

4 &it

(1)BAKIF I BDKIF (1) 4 B0 B8 137 5., LA — 5 B
Sy TR, 28 S Ak B I A Ak =20 RO 43 ) 145 BAKIF
1 BDKIF,

(2) J1 4 70 ¥ % 1215 3] BAKIF F1 BDKIF [ 5
SR FH XS5 4% o b A S 4SO Y0 B L PR A 4548 . BAKIF
TR TIERR S &, P2,2,2, 25 [ B, 76 173 KR Sk %
JZ 4 1.645 g-cm™, BDKIF A FE F=H &R ,R-35
IHEL,7E173 KR AR % AN 1.708 g-cm ™,

(3) BAKIF 7£ 61.25 CAT — /> W $0 | it 1 i 2K
13.20%, RIML G Wb & A 45 MoK % . 7£290.01 °C
A — A AP 0 A BT & AR R 53.62%, K W
BAKIF 7E it By BRI 20 73 i, oA -+ 0 B4 0 AR 1 o
BDKIF 2 it i JE H 149.75 °C, Bt 40128 74.7 7%

(4)BAKIFFEHEE 7292 m-s™' BEHEE 21.5 GPa,
meﬂ%%ﬁ7%3mqﬂﬂ%%ﬁna7cmoﬁ

AT A 8 S5 P B R B PR T B 0 T TNT, e — i A Y
i B R REAT RL
SE Nk
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Crystal Structure and Thermal Stability of 3-(5'-Amino-3’-diazenyl-1’,2’,4'-oxadiazol)-5-one-1,2, 4-
oxadiazol (BAKIF) and 3,3’-Azo-1,2,4-oxadiazol-5,5'-dione (BDKIF)

WU Ke-lin, YANG Hong-wei, CHENG Guang-bin
(School of Chemical Engineering » Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: 3-(5'-Amino-3'-diazenyl-1’,2’,4’-oxadiazol)-5-one-1,2,4-oxadiazol (BAKIF) and 3,3’-azo-1,2,4-oxadiazol-5,5’-di-
one (BDKIF) were synthesized respectively via three step reactions of cyclization, coupling and nitrification using sodium dicy-
anamide as raw material. The single crystals of BAKIF and BDKIF were obtained by solvent evaporation method from methanol.
Their crystal structures were characterized by X-ray single-crystal diffraction technique. Their thermal stabilities were studied by
DSC-TG. Their detonation performances were predicted by EXPLOS5. The results show that the crystal density of BAKIF-2H,0
molecule is 1.645 g-cm™ at 173 K. The crystal belongs to orthorhombic system, space group P2,2,2, with cell parameters of a=
4.6661(4) A, b=13.5836(10) A, c=14.8537(10) A, V=941.46(12) A’, Z=4, n=0.149 mm™", F(000)=480. The crystal densi-
ty of BDKIF molecule is 1.708 g-cm™ at 173 K. The crystal belongs to trigonal system, space group R-3 with cell parameters of a
=20.4183(12) A, b=20.4183(12) A, ¢=4.8017(7) A, v=1733.7(3) A’, Z=9, u=0.153 mm™", F(000) =900. The exothermic
peak temperature of BAKIF and BDKIF at 5 °C -min™" is 290.01 °C and 149.75 °C, respectively. Theoretical detonation velocity
and theoretical detonation pressure are 7292 m-s™ and 21.5 GPa for BAKIF, and 7363 m-s™" and 20.7 GPa for BDKIF, which
are superior to those of TNT. Considering that they are potential insensitive energetic materials.

Key words: energetic materials; 3-(5’-amino-3'-diazenyl-1" , 2’ , 4’-oxadiazol)-5-one-1, 2, 4-oxadiazol (BAKIF) ; 3, 3'-azo-
1,2,4-oxadiazol-5,5 -dione(BDKIF) ;crystal structure ;thermal properties
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