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M'H NMR\HC NMR (IR K TG % 43 B Xf a5 gk 45 T
FAE . SRHH Z /R B B R (DSC) KA 7 B ik
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2 XBHS

2.1 S
A R 2 Scheme 1 fizw

\ KMnO,HCI HN )\L 1 NaOH M "J\S\
11

>—S7NH N 2mcl X

N N

N /N
NH NH NH, O NH, NH
N NHe HaNL A N HQN)\NJKNHQ HZN)\N NH,
H H H
3 4 5 6
Scheme 1

2.2 RKFS5EE
3G LA (DU ME-5-3E ) W of s R
AAA AN R IENER PR £ . & JE AR IR £h | bk 5L R £h
BRER WUNER IR E , r Hr s kR IR, Tl 9%,
LC-20T0A %Y &5 R0 AR 6 35 A% (3 — 163k ), H A
BN A s NEXUS 870 760 fd B 75 d 21 AR B 15X, 26
[ AL JE 8 1 23 \) ;. AV500 B (500 MHz ) i 5 4% filh
HIR L, B+ BRUKER /A @] ; VARIO-EL-3 %50 Z 40 47
1%, 44 [ EXEMENTAR /A 7] ; &t DSC-60 % 22 5 H
AL, BB E AR E ST 0.1 MPa, Tl R
10 °C - min~'; Z[E Nicolet 2 & TA2950 $#4FE Y, 3
FRAAH,THEEZ 10 °C - min~'; TG-DSC-IR-MS
E}éﬁﬁ{){({,@l Netzsch 2y @) 449C I TG-DSC [a] 4 #4
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BT, QMS403C JiT 3% 4 Fi1 35 B Nicolet 24 w] 5700
RIZLAMO) K BT TG MM & Ll S|
BRE R A2 B SR AT AN MS i 43 BT 8 LSRG
TEA RO BT AL BT RN 2D AP A R
190 °C, 2140 JE AL A MR BE 190 °C
2.3 XgntiE
2.3.1 3,3'-Z(Mmk-5-5)-4,4"-BEKME(2) WEH

135 mL(36 % )tk H A 8.0 g(0.052 mol)
3-8 k-4-( 0 me-5-08 ) mE R, R R 2 °C 212 7%
8.3 g(0.052 mol) 4 BR B 1 7K %W, I 58 T 2
55 CIM 5 h, W& bk T M EEiAk 7.5 g,
m. p. 251.90 °C (DSC), I % 93. 85 %, 4l i
98.9%,"” C NMR ( DMSO-d,, 125 MHz ), §:
161.83, 146. 89, 140. 58; FT-IR (KBr, cm™") v:
3490, 2960, 2740, 1640, 1430, 1170, 1058, 997,
899, 704; LR/ ( CH,N,, O,, %) : 531,
C 23.84, N 64.90, HO0.662; szl ff, C 23.99,
N 64.76, H0.726,
2.3.2 3,3'-Z”(MM-5-F)4,4'-BRKBEIXIEMN

H(3)HWEB

SR H A 0.3 g(1 mmol) DTZAF #15 mL %
BRI 30% 1 S E AL AR A Y pH £ 9 ~10,
iR A 0.33 g (3 mmol) £h R & KL AR, JHiR =
60 CRN 3 h JG&5 o/ ny o B W ¥ H1 2 = i, 3
JETHRS A4 0.35 g,m.p.243.1 9 °C(DSC),
W% 77. 8%, 4 B 98. 5% .,'H NMR ( DMSO-d, ,
500 MHz),8: 8.62(2H), 7.30(4H), 6.79(4H),
4.73 (4H); "C NMR (DMSO-d,, 125 MHz ), 5:
159.23, 157. 00, 150. 45, 139. 61; FT-IR ( KBr,
cm ") w: 3450, 2863, 1693, 1661, 1590, 1374,
1155, 998; TZE /M ( C,H,N,,O,, %) : - HE 1,
C21.34, N 68.43, H 3.13; sZiff, C 20.92,
N 67.68, H3.70,
2.3.3 3,3-Z(MM-5-E)4,4-BaRKEX - E

AKEE (4) B & A

ARZHAEY 3, m. p. 190.99 C(DSC), Y&
75.0% , 24 i 98.0% ,'H NMR ( DMSO-d, , 500 MHz
),6:8.90(4H), 8.60(4H), 7.18(8H); "C NMR
(DMSO-d, , 125 MHz ) ,58:160.20, 157.00, 150.43,
139.61; FT-IR (KBr, cm ") p: 3410, 3352, 3308,
1691, 1675, 1586, 1373, 1318, 997, 922; T E 4 ¥
(CH,, N,, O,, %): il & {i, C 20.00, N 69.98,
H 3.36; SZiU{E, C 19.45, N 69.42, H 3.704,
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2.3.4 3,3'-Z(MHmM-5-F)-4,4"-18 Tk E XK E K
#®(5) &

FBSZAE5Y) 3, m. p. 247.96 C(DSC) , I %
80. 0%, 4fi fiF 98. 8% ,'H NMR ( DMSO-d,, 500
MHz),5:9.71(2H), 8.11(8H), 7.18 (4H); "C
NMR ( DMSO-d,, 125 MHz ),§: 162.62, 155. 85,
154.84, 148.63,145.36; FT-IR(KBr, cm ™' )v: 3393,
3321, 3136, 2914, 1732, 1701, 1613, 1412,
1354, 1157, 1005, 771; ;€ 4SH( C,H,N,,O,,
%) : B, C23.72, N60.86, H 2.79; SZillf,
C 23.60, N 60.86, H 2.90,
2.3.5 3,3'-Z(MmMmM-5-F)-4,4’ -8 & Bk 18 X AR =

(6)HIE B

LRSS ELEY 3,m. p. 252.83 C(DSC), i
81.3% 45 Jif 97.8% ,'H NMR ( DMSO-d, , 500 MHz) ,
5:6.82(16H); "C NMR(DMSO-d,, 125 MHz),6:
162.63, 160.18, 148.62, 145.38; FT-IR(KBr, cm ")
v: 3470, 3415, 3157, 3058, 1651, 1552, 1477,
1408, 1213, 1153, 1003, 734, 600; 7T % 4 #r
(C,oH(N,,O,, %): it%fH, C 23.81, N 66.65,
H 3.20; SZif, C23.71, N66.14, H3.12,

3 HR5WiR

3.1 DTZAF gt aE
M T W] LA, DTZAF W i it %y 251.9 °C,
G TR A 256.7 °C Al 300.8 °C, il DTZAF 4>
AW B i, BB AL IS 06 i o 455 2 AT,
S5 — Ao i By Bk PR R A iR B B, 4R S B
264.7 CH}, 26T 32.7 % ; B - HEh 264.7 ~
399.7 CH 85 — BBV 22, K HE L 24.2 %, [ JE
W FHE 399.7 °C, M H 43.1 % 5RiE K0k .
40 1

256.7
30 1

N
o
1

-
o
1

heat flow / mW-mg!

300.8

251.9

0 5 100 150 200 250 300 350 400
temperature / °C

B 1 DTZAF [y DSC H £k
Fig.1 DSC curve of DTZAF

A b
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3,3-Z(Hm-5-38) -4, 4RI L RE R T ER 0 S R R Bk B

o] 2589C

10°C-min" |24
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L 907 =
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temperature / °C
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Fig.2 TG-DTG curves of DTZAF

3.2 DTZAF L BSE~WHH

SR B U R R BE R R A A Ze 1 3
7, FHEL 3 AT R B i A = B B AR R i
b AR B B B B A 5 B g R 43 il Y BRAE 260,
310, 360 CA A, & BE T AR = W) 2040615 a1 4
. &—WB, m/ey12 .14 28 30 .44 [ £ 7F
260 CHf 5 30 B Ik 5 B Je KU, 25 5 20 AP O 1% v 4
T S AL R CO, (2368 em ™' HEAE i 5 4K
44 28),CO(2155, 2120 cm ™' 454F i &%k 28 .12)
HCN (714 cm ™', 3 4iF i & %k 28,14,12), HNCO
(2283, 2245 cm ™' HRAE SRR 28) o H BB, m/e
1214 .28 30 44 [ 4 AE 310 °C i 30 - It 5 J&E
I KU, 25 4 20 A0 65 4 DU B SAH = M 4 i CO,
(2364 cm ™' BRE RS 44 12) , HCN (714 ecm ™' 4
TEREH 28 14 12) ,HNCO (2283, 2249 cm ™' 41
AL 28) . HB=FrB, m/e 12 44 4T 360 °C
A 300 5 I AR R R R, 25 5 20 AR 3 4 I <A
PEALA CO, (2368 ' RRAE AL 44 12)

2.40E-010
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Fig.3 lon current curves of gaseous products under different

temperatures
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Fig. 4 Infrared spectra of gaseous products under different

temperatures

3.3 DTZAF S gEE FEHRAERE

M5 fTLVE 1 G 3.4.5 .6 106 ik P g
TR 243.2,191.0,248.0,252.8 °C, 4 it 4
I YH 43 3k 258.2,248.5,257.9,260.3 °C, H ik
G 3.5 .6 I fif i RIS S R, HE LS B
Pk AP oy i B B, AR5 W) 4 JE Ak S gk gk 2 0 —
B G A TF 6 o e, 82 86 3 ff 1 Ol 203.5 °CL gy
filf TRCAR W T, ffe R 248, ml DL IR 200 °C DTZAF
JH A RE B R R E TR o

heat flow / mW-mg"'

0 50 100 150 200 250 300 350 400 450 500
temperature / °C
M5 DTZAF &R T4k DSC %

Fig.5 DSC curves of DTZAF-based energetic salts
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(1) DA 3-2F-4-(pymg-5-3 ) wknf o 5k 2 ik
KBSy W RN A L T DU Rl DTZAF ()% 68 B F
i MRS R 73.0% ,70.3% ,75.0% ,76.3% .

(2) % F TG-DSC -IR-MS Bt F {4y #F T DTZAF
o RS, H T 260,310,360 Cor =4 B
A f AR
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Synthesis and Thermal Properties of 3 ,3'-Bis( tetrazol-5-yl) -4 ,4’-azofurazan and Its Energetic Salts

LI Hui' , YU Qian-gian* ,WANG Bo-zhou', LAl Wei-peng', GE Zhong-xue', LI Ya-nan', LIU Ning'
(1. Xi'an Modern Chemistry Research Instritute, Xi'an 710065, China; 2. Shan'xi Instritute of Technology, Xi'an 710300, China)

Abstract. 3,3'-Bis(tetrazol-5-yl) -4 ,4'-azofurazan ( DTZAF) was synthesized from 3-amino-4-(tetrazol-5-yl) furazan, and its four
energetic salts were then synthesized via metathesis reaction with total yield of 73.0% , 70.3% , 75.0% , 76.3% . Theri structures
were characterized by IR, >C NMR, '"H NMR, MS and elemental analysis. Their thermal decomposition products were studied by
TG-DSC-IR-MS. The thermal prpperties of DTZAF and its energetic salts were studied by differential scanning calorimetry ( DSC)
and thermogravimetry (TG). Results show that DTZAF and its energetic salts have good thermal stability before 200 °C.

Key words: organic chemistry; energetic salts; synthesis; thermal property
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