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XU BRI kA A

FPEREDL R & Refb &' . AFSE L5, 6- 5
LRI (3, 4-b ML Sy SRR}, 28 SUA RN 1 IR A
— MRS Y 5, 6-—E k[ 3, 4-b ML R4,
7- ALY (DAFPO) , F X5 £k B S A7 5 43 Ml 52 17
H KGR ZE R, 3 T Hirshfeld F i 20 #7 1
Fof AP R EA EAEH . #E— 2 BE5 T DAFPO 1
IO i R R B LRSS B R R A S MR L D il —
R Y TAE RS 2%

2 SLIGER S

2.1 KFE5EH

WA 5, 6- ALK IR (3, 4-b 0k B (DAFP) i
S [l AL A (50% ag.) , I LR (TFA)
¥k oy Bl i A 25 4 AR 2R A BRA FD

AR ZF- T 28 = FH 5 AMY, 1 T 48 55 i 3R
J7 s NEXUS 870 % e HL i A% 48 21 Ap S 3 43, 56 R #v
Je ™ 18 AV 500 8 (500 MHz) #5421 2L 3R 1L,
Fi -+ BRUKER 23 7 ; VARIO-EL-3 %I 50 % 43 B 4L, 7 [
EXEMENTAR 7\ i ; SMART APEX 1l CCD i #§ X §f £k
BT AT B, Fi - BRUKER A 7] 5 Q-200 5 22 /% H1 #f i
PAY, L TA ST TA 2950 #4H 4X , 22 6 Nicolet 24
Al 3 AccuPyc 11 1340 B 4 [ o)) B % & 4L, 36 F Mi-
cromeritics 2\ 7 ; BFH-10 & §# o5 /B Y, FSKM-10 %l
JEEA IR A, FE 5 OZM A F] .

2.2 5,6-ZFREMKMEFHF[3,4-blMtME-4,7-ZF LY
(DAFPO)HI & B

5,6 Z &Kk IF[3, 4-b] ML 1% (1.52 g,
10 mmol) A & = LR (7.0 mL) 1, i $F =% .
F0 °CF ) b gz 48 i A3t AR S 50% JK I
(3.0 mL), SE 58 J5 T+ & E | I L 0 24 h, B il ok
SRR R R R AN AR ELS TRA T 60 CCF TR 3 h,
IR B AR AR 1.15 g, I0FR 62.5%,

'"H NMR (DMSO-d,, 500 MHz)8: 7.96 (b, 2H,
NH,) , 7.67 (b, 2H, NH,) ; ""C NMR (DMSO-d,,
125 MHz)8: 151.75, 144.23;"*N NMR (DMSO-d,,
36 MHz)8:-208.75,-32.96,-14.21;IR(KBr,u/cm™) :
3539, 3384, 1729, 1597, 1321, 1144, 1032,
986, 845, 828; Anal. Calcd for C,H,N,O,:
C 26.09; H 2.19; N 45.65; Found C 26.45,
H 2.29, N 45.27,

DAFPO HJ& R ZE I Scheme 1.
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0
DAFPO

Scheme 1

2.3 DAFPO-2H,O B8 R 1Z 5

FRELO.1 g & T4 19 DAFPO BE i, A IS HE 2 1R
BRI R IR B YR EIR AW . K
BT TEiRE T, 25 CF AREL 3 KG, 5381%
B0 HOR AR 54T 4548 T K 43 BT

3 GRS

3.1 DAFPOMIEREUHMR

MR LA/ =R AT 5 T RAER
OB o FEZ N Y, = 9 2R A A Ak 4 i) ke )
Fi 0BG R D ofF 75 M R 2R N DR L 0 PICK L
AACE I — A O JE T 5L T B A58 , DA TN i e 24 I
M9 N B4 Ak . NS oA, 38 it Ak S0 i
A FIEA AR Ak, B2, T =% DAFPO 1E
PN RN EREAS (R Rl SO SR R A=W SR R A B U =R}
SSHBCETRE., HLHEEGEN =HIMRE5E A
LS AT . ¥ DAFP F %R 5 4 T B 24 h, BF 5
TRVERIE S 10 mLEF, AR 6] =9 2 R 5 3 4k
K WO T R CR B B g5 R s . [l
VLE H, DAFP 4l it AL A 5 = 3 S W 5510 F Tk
Ak, R ZF L EAE LA GEAl DAFP Ak, it
b E KI5 SRR IR TR L Oy 307 B, S Akl R T
K 62.5% . 3 oAk e st AR B R R o8 4 A Ak

R G EAE M =R S IR AR N SN Y 2
Table 1 The effect of volume proportion of H,O, and TFA
on the yield of DAFPO

V(H,0,): V(TFA) n(DAFPO) /%

10:0 0
0:10 0
14.9
43.7
62.5

1

2

3:
4 55.6
5

[S2 B BN e e}

37.7

3.2 DAFPO-2H,OH B R &)
FEBUR 5] 0.34 mmX0.25 mmx0.13 mm [ 5 5
K X5 2k oA SR AT A AT S A R AT . AR 4 Y %
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M F 45 ¥4 1% 1E 43 ) R B2 SHELXS-97 Al SHELXL-97
FEJP 52 W7, 4 Fourier & A IR 18 e 8 4R AT .
E 1 HE 2 BF 78 5 DAFPO - 2H,0 () 85 T 45 46 7 5
PR B ME AR ot A 5 A s SORS 1B 2 8 S
KM NI TR 2 K3IMEK4 T,

E1 DAFPO-2H,0 1 Sk 5514
Fig.1 Crystal Structure of DAFPO-2H,0

Fig.2 Molecular packing diagram of DAFPO-2H,0(Dashed

lines indicate intermolecular hydrogen-bond interactions)

il VR 45 49 20 Br £ W, DAFPO - 2H,0 J& T 1E %2 fy
&, Pna2, 7 A B, BEAN I N & A 44> DAFPO 43+ il
8/ H,0 4> ¥, K% 1.806 g-cm ™., MWK 3T FEL,
M 1 PR 55 G A 2 12 O N(2)—C (T EERTN(3)—C(2)
SR AR 1.218(7) AFI1.177(8) A, RIEZEAR T
il BB (1,45 A) B, B 28 IR T s o A B 2R XL
B (1.25 A), 2 B i gR 3 5 41 0k 2 A) A7 78 R 3 A 3t
Bo o PRIARR A N(5)—O(3) BRI N(6)—O(3) i
K435k 1.405(6) AF11.427(7) A, B&K T SCilk 4 38
[ BRI B AL A 9 (1.35~1.37 A)1, B JE B XLk
ME I 0Lk R A 5, UK A IR E OB DY B TR . kg
I ERAAANC)—O ()8R N(4)—O (2) B 43
54 1.398(5) A1 1.362(7) A, WAk T %0 4 A it
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Koo AR 40T LUE I, Wk IF ik g B4 v it A Ak 2 5
¥ 4 1200, O (3) —N(5) —C (3) —N (4) A
O(1)—N(1)—C(1)—N(2) HLFE ff1 5351 F1-179.3(5)°
F=10.0(9)°, i B Wk 0F JF: 0k 98 B0 38 K b F — A F- 1
b, FLM R IR BT 7 A I R A SRS R R A A Ak T
] — P18 o B T R R B T — A o i S A
Z, KK T DAFPO 4r 45 M i Fa 2 1 o

Rz 2 DAFPO-2H,0 M & IR 45 18 Bl Kok 152 50
Table 2 Crystal data and structure refinement parameters for
DAFPO-2H,0

item parameters
empirical formula C,H;N,O,
formula mass 220.1

T/K 296(2)
A/nm 0.071073

crystal system Orthorhombic

space group Pna2,

a/A 5.1112(12)
b/A 9.986(2)
c/A 15.896(4)
V/nm? 0.8113(3)
z 4

D /g-cm™ 1.806
w/mm™! 0.127
F(000) 352
goodness-of-fit on F? 1.093

final R indices (1>2¢(1)) R,=0.0589, wR,=0.1759

R indices (all data) R,=0.0634, wR,=0.1849

largest diff. peak and hole/e.nm™ 467 and =594

%3 DAFPO-2H,0 [l K
Table 3 The bond lengths for DAFPO-2H,0O

bond length/A
N(1)—C(1) 1.338(7)
N(1)—C(4) 1.365(8)
N(1)—O(1) 1.398(5)
N(2)—C(1) 1.218(7)
N(3)—C(2) 1.177(8)
N(4)—O0(2) 1.362(7)
N(4)—C(3) 1.381(8)
N(4)—C(2) 1.400(8)
N(5)—C(3) 1.289(8)
N(5)—0(3) 1.405(6)
N(6)—C(4) 1.311(8)
N(6)—0(3) 1.427(7)
C(1)—C(2) 1.551(4)
C(3)—C(4) 1.404(4)
& Be A A 2020 4 H 284K H 78 (625-631)
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KT BORE S iR, AR

F4 DAFPO-2H,0 (1 3= B4 fy FHLEE fA

Table 4  Selected bond angles and torsion angles for
DAFPO-2H,0

bond angle/(°)
C(1)—N(1)—C(4) 123.4(4)
C(1)—N(1)—0(1) 119.5(4)
C(4)—N(1)—0(1) 116.6(4)
C(3) —N(5)—0(3) 103.7(4)
N(5)—0O(3)—N(6) 111.8(2)
N(2)—C(1)—N(1) 122.7(5)
N(2)—C(1)—C(2) 119.2(7)
N(5)—C(3)—N(4) 125.7(5)
O(3)—N(5)—C(3)—N(4) -179.3(5)
C(4)—N(1)—C(1)—N(2) 178.3(5)
O(1)—N(1)—C(1)—N(2) -10.0(9)
C(4)—N(1)—C(1)—C(2) 1.3(10)
O(1)—N(1)—C(1)—-C(2) 173.0(5)
N(1)—C(1)—C(2)—N(3) 179.8(4)
O(1)—N(1)—C(4)—N(6) 6.6(10)
C(2)—N(4)—C(3)—N(5) -179.0(6)

b — 2 b AR o A TR R R AT T T
DAFPO - 2H,0 ¥ 53 T [A] & 5 454 51 F 2 5, M s &
P s 3 7R o MR i 20 e U R B a0 AU d
(H—A) R /N T 3.2 A B AR K T 1100, Hid i K/
F 2.2 AWtJE Tl S, K2 000 55 AUk . K 5 ]
i, A AR B DAFPO FIIK 43§ 22 (8] £F 76 1 i S0 gk . —
J& DAFPO 2 3t I 1 & 5 K 73 F v 1 008 il 1) &
(N(2)—H(2A)---O(5)FIN(3)—H(3A)---O(4) ), H A K
SR 2,082 AR 2214 A ZRASFHEAS
DAFPO Z 4 AR M & (O(5)—H(5B)-*N(2)),
HAEK N 2.335 A, AN, HIAB DAFPO 431 2 [l L 77
TEEHE(N(2)—H(2B)-*N(2) FIN(3)—H(3B)--*N(3)),
Ha KAy ky 2.382 AR 2.345 A, DL B S EAE T
DAFPO FIJK 43+ B3 45 G 2 ok, JE 1O Bk 1Y) 2 J2 4 AR
Gk DR T R IR R AR E T

%5 DAFPO-2H,0 By & M K T £

Table 5 The bond lengths and bond angels of hydrogen
bond for DAFPO-2H,0O

D—H de—H) do(H—A) /DHA de—A)

/A /A /() /A

N(2)—H(2A)---O(5) 0.86 2.082 165.37 2.923
N(3)—H(3A)---O(4) 0.86 2.214 165.28 3.055
O(5)—H(5B)--*N(2) 0.83 2.335 128.59 2.923
N(2)—H(2B)--*N(2) 0.86 2.382 139.42 3.087
N(3)—H(3B)--*N(3) 0.86 2.345 135.43 3.018

Chinese Journal of Energetic Materials, Vol.28, No.7, 2020 (625-631)

B3 DAFPO-2H,0 44311 & 5 11 1
Fig. 3
DAFPO-2H,0

Hirshfeld T8 J& DL & 7 1 H i 43 A5 S A4, 3K0% Jit
5 FL 7 5 B ELFI A 0.5 0 ST, AT DL IR RE E X
A U 14 43 [RRE B 2 fd T Crystal Explor-
er 3.1 3% T DAFPO - 2H,0 ) Hirshfeld & , &1 & 4 fi
N ATLAFE Y, F6 S0 B 00 58 il A — X A T
X3, /R DAFPO - 2H,0 f A H A AR 38 1 N---H E
L HAS ik 22.1% , KRR O HAE A 15% ., MF
A EAE R X 4y AR BAE A STk A3t 37.1%, )& T
F e, HEEMDEEEH-HAEMTD
(15.8%) , O--O 1E 1 71 (12.8%) & O---N {E /il /1
(8.1%) 55 43 [a] (1 5 U VE HI 7T g J2 7 2 DAFPO
BB B AR Y i R 22—

The intermolecular hydrogen bond interactions of

a
24 | %

2.2
20
18
1.6
14
1.2
1.0 -
06 - N } | d

06 08 10 12 14 18 20 22 24

b. 2D fingerprint

4 DAFPO-2H,0 iy Hirshfeld T [ F1 — 4 45 80 A
Fig.4 Hirshfeld surface and 2D fingerprint of DAFPO-2H,0O

Sttt

www.energetic-materials.org.cn



5,6-" @[3, 4-b 1ML EE-4, 7-— % 1L W ( DAFPO ) i & BL . 45 ¥ & 1 fig

629

3.3 J7k DAFPO gy # i gk

K FH DSC #il TG J5 i WF 55 T Jo 7Kk DAFPO ) #4F2
A8 M G 5 - B A BV TR BEE [ 25~350 °C,
FH i # R 10 °C-min™', il £ i 0.6 mg, X FEH K K
IR) L3R5 B DSC A TG-DTG i £k i I&l 5 FE 6 fr i o
i 1 5 7] LU i DAFPO A7 48 — A~ PR 19 A 4 i 3k
FE 0G0 TR 128.1 °C, v IR 131.8 °C, 7 i
WE T AL R 662.96 J-g7' o B 5 R SR LA B W SR 3 B
DAFPO TETF IR 4 fift Z BT L MG AL 4 . Bl 6 T LG
W 7E R IR R P (50~350 C) , HIREMK T
113 CHPFE & B i R AR 2D, RN i 2% ; 4k 2 T
T BE T ) — A PR B R AR R K T
PN 130.1 °C ;38R J5 7E 150~270 °Cy Bl N A7 7 — A4~
SRS R A R, 2 273 CHF B2 FHIE 87.0% . X HE
DSC 1 TG-DTG 25 3 n] 1, DTG A9 % {5 i % 5 DSC
o3 MR R B — 3, R GS #E D DAFPO 1Y [ AH 43 fi

SO ES

o

] T 50
1004 98.0% 10 ‘Comin’ [ _
] 0 =
—T16 | £
804 016 | g =&
- ) =
2 604 2
2 L1100 8
£ 40 5
| 213 ¢ 0 E
20 ) 5
1 1301 C 13.0% -200 S
O_
T , ; ‘ . ‘ -250
50 100 180 200 250 300 350

temperature / °C
B 6 DAFPORTG-DTG Ik
Fig.6 TG-DTG curves of DAFPO

6-31++G* Fll MP2/6-311++G** /K 3¢ F® i+ & T
DAFPO 1 [ AH Az gl #0200, SR FH AR B ik 8 460 5 I 3k
T 25 °C'F DAFPO W% F£ . ffi I EXPLOS5 v6.02 1%
XI DAFPO 1Y ¢ 8 48 5% = 8008 3 F8 R 171155
DAFPO iy # o 2% Ji 1 B 482 J% 35 AR 4l BAM A o DU 3K
PO GE L BE i 20 mg, Y5 HE 5 kg DAFPO 5 H

1 o a8 C 10 Cmn' R 25 B X 1 25 5% 6.
g 15f AILLE Y, DAFPO By AHAE iR 753.5 kJ-mol ™,
E - SN BE1.86 geem ™, 4 LTSS B A0 45 B FER R O
5 | Wk 8836 m-s”' & 36.0 GPa, ] DAFPO ¥ 4 % 1
=5 AESE 5 F TNT, 5 FOX-7 4124 . HLbR I I ik 45 3 52
o] 71 DAFPO iy bl g (it J8k B F 40 ), i 4l
50 75 100 125 150 175 200 225 250 T 360 N), RAE i BB AMELART TNT, 3 2 91 8 T
temperature / °C TH AU KE 25 FOX-7 FITLLM-105, H 3 6 A
5 DAFPO ff§ DSCIiii £k E i, DAFPO M8 % 2805 % NIGH B KE 25 RDX A Y,
Fig.5 DSC curve of DAFPO T ML AR B ST T RDX. | R %5 B 0] DAFPO &2
3.4 FTI/KDAFPORIBRE ML LR —FhA AR B SE E RR UL R REM B TEm REAS
I F IR 4k &, f# B Gaussian 09'*'7£ B3LYP/ O A 28 45l B A W AR 09 0 FH T 5
®6 DAFPO 5 MU BURHE 25 T REXS 1L
Table 6 Comparison of properties of DAFPO and conventional insensitive explosives
compound T,/°C T,/ C plg-em™  AH;/kJ-mol”  D/m-s p/GPa IS /) FS/N
DAFPO - 131.8 1.86 753.5 8836 36.0 >40 >360
TNTLMO) 85 295 1.65 -67.0 6881 19.5 15 353
FOX-7'9! - 220 1.88 -118.9 8835 35.9 24.7 >360
LLM-105"9] - 342 1.91 -12.0 8560 33.4 28.7 >360
RDX!28 - 204 1.80 92.6 8795 34.9 7 120
[3,4-blitHE-4,7- % 4k#(DAFPO), 5 DAFPO-2H,0
4 45t

(1)LA5,6 R FEWAF[3,4-b] ML A IURE, 4 4R
A 52 N TR AR T S BE M R 5, 6- L& FE kg IF
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f BRI R X5 2 B AT AN 58 2 R T
DAFPO-2H,O J& IEAC &t & , Pna2, 75 (A1 #f , 296 K T &
K% 1.806 g-cm ™., DAFPO {§ K 4> 1y 3 5 °F i
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40 J,

v R 2 R IR
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), FE 4 R jcﬂF36o N, FHAE®E/KFE5 FOX-7 4

MU R T FOX-7.

SE Nk

[1]

[4]

[5]

[6]

[8]

[13]

W FFRT AR, S N BUR BRI G W U B B Y
0] KHKEZE23R, 2019, 42(1): 6-16.
HUO Huan, XUAN Chun-lei,

ress in synthesis of insensitive energetic compounds[]]. Chi-

Bl Fu-giang, et al. Recent prog-

nese Journal of Explosives & Propellants, 2019, 42(1): 6-16.
0 B 2 B ol ok M R L)) S REMOEE, 2006, 14
(5):321-322.

DONG Hai-shan. The importance of the insensitive munitions
[J]. Chinese Journal of Energetic Materials( Hanneng Cailiao) ,
2006, 14(5): 321-322.

Agrawal ) P, Hodgson R D. Organic Chemistry of Explosives
[M]. Wiley, New York, 2007.

Pagoria P A. Comparison of the structure, synthesis, and prop-
erties of insensitive energetic compounds[]]. Propellants, Ex-
plosives, Pyrotechnics, 2016, 41(3): 452-469.

Latypov N V, Bergman J, Langlet A, et al. Synthesis and reac-
tions of 1, 1-diamino-2, 2-dinitroethylene [J]. Tetrahedron,
1998, 54(38): 11525-11536.

Lee K Y. 3-Nitro-1, 2, 4-trlazole-5-one, A less sensitive explo-
sive[J]. Journal of Energetic Materials, 1990, 16(5): 27-33.
Fischer N, Fischer D, Klapotke T M, et al. Pushing the limits
of energetic materials-the synthesis and characterization of
di-hydroxylammonium 5, 5'-bistetrazole-1, 1’-diolate[}]. Jour-
nal of Materials Chemistry, 2012, 22(38): 20418-20422.

Liu N, Shu Y J, Wang B Z,
proach for the synthesis of nitrogen heterocyclic N-oxides|[]].
Current Organic Chemistry, 2015, 19(19): 1896-1915.
Pagoria P F, Mitchell A R, Schmidt R D, et al. Scale-up and
experimental testing of LLM-105 2, 6-diamino-3, 5-dinitropyr-

et al. Cyclization: a useful ap-

Cl//Proc. of the Insensitive Munitions and Ener-

getic Materials Technology Symposium, San Diego, 1998.
AR B0 A YL B R BB LLM-105 A B 5

O], B4 5 pili . 2004, 24(5): 465-469.

LIU Yong-gang, HUANG Zhong, YU Xue-jiang. Progress of re-

azine-oxide) [

search of new insensitive energetic material LLM-105[J]. Ex-
plosion and Shock Waves, 2004, 24(5): 465-469.

Wang Y, Liu Y, Song S, et al. Accelerating the discovery of in-
sensitive highenergy-density materials by a materials genome
approachl]], Nature Communications, 2018, 9: 2444,
Thottempudi V, Yin P, Zhang J, etal. 1,2,3-Triazolo[4,5,-€]
furazano[ 3, 4,-b]pyrazine 6-oxide—a fused heterocycle with
a roving hydrogen forms a new class of insensitive energetic
materials [J]. 2014, 20(2) :
542-548.

KT AR A S IR R IF R 3, 4-b T DU 1, 2-d Ttk g
P& W0 & A RS R AR RE )] S BB RE, 2015, 23

Chemistry A European Journal,

Chinese Journal of Energetic Materials, Vol.28, No.7, 2020 (625-631)

[14]

[27]

Sttt

(1):13=-17.
LIU Ning, WANG Bo-zhou, LI Hui

structure and thermal properties of two furazano[3, 4-b]tetra-

, et al. Synthesis, crystal
zolo[ 1,2-d]pyrazines[]]. Chinese Journal of Energetic Materi-
als( Hanneng Cailiao), 2015, 23(1): 13-17.

B AL L NN - AR S ) -5, 6- A Sk
MIFL3, 4-b ]t Wk (DNFP) Y& M5 PEAED)]. & aEM A, 2015,
23(2): 130-134.

LI Min-xia, WU Bo, YANG Hong-wei,
properties of 5, 6-di (trinitroethylamino) furazano[ 3, 4-b] pyr-

et al. Synthesis and

azine[)]. Chinese Journal of Energetic Materials(Hanneng Cail-
iao), 2015, 23(2): 130-134.

Li W, Wang K, Qi X, et al. Construction of a thermally stable
and highly energetic metal-organic framework as lead-free pri-
mary explosives[]]. Crystal Growth & Design, 2018, 18(3) :
1896-1902.

Starchenkov | B, Andrianov V G. Chemistry of furazano|[3,
4-b]pyrazines 3.* method for the synthesis of 5, 6-disubstituted
furazano( 3, 4-bpyrazines[)]. Chemistry of Heterocyclic Com-
pounds, 1997, 33(10): 1219-1233.

Sheldrick G M. SHELXS-97, program for crystal structure solu-
tion[ CPJ. University of Gottingen, Germany, 1997.

Sheldrick G M. SHELXL-97, program for crystal structure re-
finement[ CPJ. University of Gottingen, Germany, 1997.

U, FS NS B R NN R A L) -3, 4- 28
FEWE N (LLM-208) i fh (& 2540 B v i () ]. & R AT RE, 2017,
25(7): 579-584.

MA Qing, LU Huan-chang, LIAO Long-yu, et al. Crystal struc-
ture and thermal properties of N, N'-bis(2-fluoro-2,2'- dinitro-
ethyl)-3, 4-diaminofurazan [J]. Chinese Journal of Energetic
Materials( Hanneng Cailiao), 2017, 25(7): 579-584.

Steiner T. The hydrogen bond in the solid state [J]. Ange-
wandte Chemie International Edition, 2002, 41(1):48-76.
Desiraju G R. The C—H---O hydrogen bond:
cations and supramolecular design[J]. Accounts of Chemical
1996, 29(9): 441-449.

Spackman M A, Mckinnon J J. Fingerprinting intermolecular

structural impli-
Research,

interactions in molecular crystals[J]. CrystEngComm, 2002, 4
(66): 378 - 392.

Spackman M A, Jayatilaka D. Hirshfeld surface analysis[]].
CrystEngComm, 2009, 11(1): 19-32.

Frisch M J, Trucks G W, Schlegel H B, et al. Gaussian 09 Re-
vision B. 01[CP]. Gaussian Inc, Wallingford, USA, 2009.
Shao Y, Zhu W, Xiao H. Structure-property relationships of
energetic nitrogen-rich salts composed of triaminoguanidinium
or ammonium cation and tetrazole-based anions[J]. Journal of
Molecular Graphics and Modelling, 2013, 40(1): 54-63.
Politzer P, Murray J S, Grice M E, et al. Calculation of heats
of sublimation and solid phase heats of formation[J]. Molecu-
lar Physics, 1997, 91(5): 923-928.

The UN recommendations on the transport of dangerous goods
[M]. 6th ed., United Nations
Publication, New York, 2015: 79-127.

Zhao G, He C, Yin P, et al. Efficient construction of energetic

Manual of tests and criteria,

materials via nonmetallic catalytic carbon-carbon cleavage/ox-
ime-release-coupling reactions [J]. Journal of the American
Chemical Society, 2018, 140(10): 3560-3563.

www.energetic-materials.org.cn



5,6-" @[3, 4-b 1ML EE-4, 7-— % 1L W ( DAFPO ) i & BL . 45 ¥ & 1 fig 631

Synthesis, Structure and Properties of 5,6-Diaminofurazano[ 3,4-b]pyrazine-4,7-dioxide

LIU Ning'*, DUAN Bing-hui', LU Xian-ming'*, ZHANG Qian', WANG Bo-zhou' "
(1. Xi'an Modern Chemistry Research Institute, Xi'an 710065, China; 2. State Key Laboratory of Fluorine & Nitrogen Chemicals, Xi'an 710065, China)

Abstract: The synthesis of novel high energy low sensitivity materials is important for improving of energy level and safety perfor-
mance of weapons. 5, 6-Diaminofurazano[ 3, 4-b]pyrazine-4, 7-dioxide (DAFPO) was firstly synthesized by oxidation reaction
using 5, 6-diaminofurazano [ 3, 4-b] pyrazine as raw material. Its structure was characterized by nuclear magnetic resonance
("H, C and "N spectrum) , infrared spectroscopy and element analysis. The single crystal of DAFPO-2H,O was cultivated from
ethyl acetate. Its crystal structure was determined by X-ray single-crystal diffraction, and the intermolecular interactions were in-
vestigated by Hirshfeld surface analysis. DAFPO-2H,0O belongs to orthorhombic system, space group Pna2,, the crystal density
is 1.806 g-cm™ at 296 K. The crystal is stabilized by strong O---H and N---H hydrogen bonds interactions existed in different
molecules. The thermal behavior of DAFPO was studied by DSC and TG/DTG method, giving decomposition temperature at
131.8 °C. Based on atomization reaction and Gaussian 09 software, the calculated solid heats of formation of DAFPO is
753.5 kJ-mol™. Its density is 1.86 g-cm™ by gas expansion replacement method. The calculated detonation velocity and detona-
tion pressure predicted by EXPLO5 code are 8836 m-s™' and 36.0 GPa, respectively. According to standard BAM method, the
impact sensitivity is above 40 J, and the friction sensitivity is above 360 N. It is found that DAFPO is a novel low sensitivity ener-
getic material with high energy level and good safety performance.

Key words: insensitive energetic materials; furazano[ 3, 4-b]pyrazine derivatives; crystal structure;thermal behavior; detonation
performance
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