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Scheme 1  Synthetic routes of ADNAAF

2.3 FEEE
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ERFRFEMEAN 128 mL ZE 1K, S BOCHR [13 ] /o7 ik e
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2.3.2 DAOAF gy& ™

] 500 mL = B b, IR m A 2.0 g
(20 mmol) DAF,5.0 g (59.5 mmol) NaHCO, Fi
200 mL ZEMK, 3t im A 12.3 g(20 mmol) i & ik
A, 2 OCHER [ 14 ] 1 05 15 B R A 1 K R R
1.81 g, t#% 85.4%,

2.3.3 ADAAF & 1%

] = RS AR A 22.3 mL K2R 1.2 g
(5.7 mmol) DAOAF $ig#f, FFr&E 1.2 g(7.2 mmol)
KBrO, TEM#M 4 T i T 20 5 i 22 8K v, % i o8
I TVK SRR I 2R PR o ok 48 o 5 4 i 2 12 1% 7
=3 50 °C, )W 16 hoo 2 [ 58 4 J5 8 A vkoK i, #
B UE K IR F K UE U, A5 B L AR 2 AT
(KEREHE 200 ~300 B, YEMEF @& W Ee) 4 2% 6
[ & 0. 70 g, Wt % 58. 5% .,'H NMR ( DMSO-d,,
300 MHz) &:7.08(s, 4H, NH,); "C NMR(DMSO-d, ,
75 MHz) &: 147.26,151.40,151.95,159.31; IR
(KBr, v/cm™): 3403,3318 (—NH, ), 1637, 1507
(N=0),1480,1426 (C = N—0O),1265(C—N),
950(N—O) ; ESI-MS, m/z: 418.92[M-H] ",
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Scheme 2 Mechanism of oxidation from DAOAF to ADAAF

&1 R EX ADAAF I3 52 i

Table 1 Effect of reaction temperature on the yield of ADAAF
temperature/°C 30 40 50 60 70
yield/% 35.2 43.9 58.5 51.6 45.2

3.2.2 R NHEE
WRER N IRE N 50 °C, 0Kk R 5 DAOAF EE/RK Hh
68 1,58 T R ISR X ADAAF IR, 25 R LK 2,

g

R2 LA ADAAF I3 1 5

Table 2 Effect of reaction time on the yield of ADAAF
time/h 4 8 12 16 20
yield/% 10.3 44.6 53.6 58.5 57.1

NFE 2 AT LU Y Bl A RN B ) 8 AN T SEE 4 7 )
WSS G REAR s 5 S N ) 16 h i, i 3R A
R, AE A ) R A B R . R e AR RN
[ 16 h,

3.2.3 7k ZE5 DAOAF EE/RLL

BEE SOV IREE S 50 °C, e W BF[E] 2 16 h, #5981 9K

LR 55 DAOAF BEIR LU B WO H 52, 45 R I3 3

=24
w

R 3 AR ADAAF W4 B 52 i
Table 3 = Effect of molar ratio of CH,COOH and DAOAF on

the yield of ADAAF

n(CH,;COOH) : n(DAOAF) 50:1 60:1 68:1 80:1

yield/% 45.9 50.2 58.5 45.6

M3 LU L, B UK O RS DAOAF FEJR I
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3.4 BRMERERMG

K H Gaussian03 (Revision E. 01) " | i C ik
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Synthesis and Thermal Performance of Bis[ 4-nitraminofurazanyl-3-azoxy ] azofurazan

XU Li-wen, ZHENG Chun-mei, WANG Tian-yi, XIA Cheng-bo, WEI Wen-jie, WANG Feng-yun, LEl Wu, XIA Ming-zhu
( School of Chemical Engineering, NUST, Nanjing 210094, China)

Abstract: The high energy compounds bis[ 4-nitraminofurazanyl-3-azoxy ] azofurazan ( ADNAAF) was synthesized from bis[ 4-
aminofurazanyl-3-azoxy ] azofurazan ( ADAAF) using glyoxal as starting material. The structures of ADNAAF and ADAAF were
characterized by IR , NMR and MS. With KBrO, and glacial acetic acid as oxidation system, the factors affecting the synthesis of
ADAAF were studied. The optimum reaction conditions were found to be as follows: the reaction temperature 50 °C, reaction time
16 h, and n(CH,COOH) . n(DAOAF) =68 : 1, with a yield of 58.5%. The thermal properties of ANDAAF and ADAAF were
studied by differential scanning calorimetry and thermogravimetry analysis. Results show that the initial decomposition temperature of
ADAAF and ADNAAF are 267.18 °C and 114.81 °C, respectively, and the mass loss of ADAAF due to overall reaction (50-500 °C)
is 90.91% and ADNAAF (70-500 °C) is 100% . The detonation performances of ADNAAF were estimated by Gaussian 03. The
detonation velocity of ADNAAF is 9140 m - s~ and detonation pressure is 38 GPa, which indicates that ADNAAF is a high energy
density compound with potential application value .

Key words: bis[ 4-aminofurazanyl-3-azoxy ] azofurazan ( ADAAF ) ; bis[ 4-nitraminofurazanyl-3-azoxy ] azofurazan ( ADNAAF) ;
synthesis; thermal property; detonation performance
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