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SYMTa AR TR Je Ak TR T I 2 B S A A e
I (25%) , 54l , Aldrich il A A .

X-6 76 5 O w0 AN, A 5 2R s AR A R A
LC-2010A B! = RO AR 35X, H A4S By HE2S 7] 5 AV 500
A1 (500 MHz) # 5 4% G 2 R A, B - BRUKER 24 7 5
NEXUS 870 &I {# 37 25 e 21 AR R4, 35 [ i JE i
71745 W] 5 VARIO-EL-3 #Y 51 % 43 #14% , 7% = EXEMEN-
TAR A 7] ; GCMS-QP2010 B i i 4%, H A 5 HE A 7 5
% 8 Nicolet A, TA 2950 #4H 1% ; Q-200 %! 2% /1 1
B P, 5 TA A 7] 5 STA 449C BB (TG-MS) Bk
FHAY, 7 [ NETZSCH 23 ) .

2.2 B

LA il i 3, 6-Z fF 5k me [4, 3-c] If ik mk
(DNPP) M 5K 2,4, 6-= H 3 I fif it 72 Hie (MSH)
N-FE A, 26 b A N-FE A A8 RO B T 1, 4-2 5
F-3,6-mg Sk 4, 3-c ]Ik (DADNP) | 2 =
i Scheme 1.

H NO, (CHgN* N0, HN NO,
N N N
/ N\ (CHgNOH N\, MSH - \
N\ | N— AN | N —= N | N

N N N

oN H 0N N{CHe)s oN NH,
DNPP DADNP

Scheme 1 The synthetic route of DADNP

23 1,4-Z R E-3,6-Z 1 B ML W[4, 3-c] FF M
(DADNP)H) & FX
T, % 4.0 g(20.2 mmol) 3, 6- filf F ni wk
[4,3-c]Hf-ntms (DNPP) A %] 60.0 mL F vk K
WA HIE 5~10 °C, %N 29.7 g & 2> %N 25% (1Y
IS EAL# (50.5 mmol) I EE% i, 40 °CJ W 1 h,
B e b uk TS O AENA =R L 2.56 g

CHy
.
H NO, (CoHg)gN NO,
N \,,  (CoHs),NOH N \ MSH
N\ | /N - N\ l /N -
N N
oN H oN i
N(CaHs)g
DNPP

Scheme 2 The reaction mechanism of N-amination
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(12 mmol) 2, 4, 6-— H JE IR il i 52 f (MSH) i ff T
60.0 mL Z G, HU1.824 g(4 mmol) | it 8 {4 [#
PR 534 A B MSH 1Y & i %W, 7E 20~25 °C 2 b
5h, it 3E ZERRIEF L I 15.0 mLAKBEFE, i 38 K
e LT AT 0.79 g B @ E A, IR R 86.6%, 4l K
99.1%(HPLC),m.p.:248.2~249.1 °C.

"H NMR (DMSO-d,, 500 MHz)8:7.22 (s, 4H,
2NH,) ; "C NMR (DMSO-d,, 500 MHz) 8: 128.49,
131.94. IR(KBr,»/cm™) :3319, 3272, 1638, 1532,
1395, 1229, 1112, 1019, Anal.
C,H,N,0,(%): C 21.05, H 1.75, N 49.12; found
C 21.09, H 1.82, N 49.07. MS (m/z,% ) : 228
(56.21), 182(70.50), 165(15.54), 135(23.22),
122(10.44), 77(84.51), 52(78.59), 44(19.98),
30(100.00) ;DSC(10 °C-min™"): 248.37 °C (& Kk
)

caled for

3 #HRS5WiE

3.1 N-Bz & Bz #UEE #R 1+

RAT5 LA Y DNPP T 24 A4 B S 40 25 14
F WY IE 1 B i A A 2 0 H R Y 5 e A
DNPP 43 F 45 ¥4 v 7 & 3k (NH—) B A7 — 2 R M, 76
LA A AL E ST, DNPP B 51U 4 AR
A B A v RD AR AR B B DNPP IO 2, 6 82 4, SR8
JEZA LR S N-RE AR 2, 4, 6-= W LR Ik 72 i
(MSH) & A 25 2 BUR s B, B DNPP 25 1 30F 20 N-Jie
A3 3R 2 1 AU L R B TE BRI S 2,4, 6- = B
R R AN NEEA TS E B
DADNP, #El 5 )i HLEE 41 Scheme 2.

T+
N(CHs)s 02 Ho
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0
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3.2 DADNP Rt sifE T8

DADNP f) 25 U5 CED) S5 A b 3 an i 1 TR .
%4

100.0.
1 77
] 52

75.01 28 182

50 05 68 i
] 135

25.0: 44 165
] $6 108 122 153

001 i3 150 184 29

250 500 750 100.0 125.0 150.0 175.0 200.0 225.0
B 1 DADNP ) i i Al
Fig.1 Mass spectrum of DADNP

ME A AE o m/z 228 i FE 8 2 T
B F U, 3K 5 DADNP 2 it R 228 M [F], Hr F it i
NN EC, 5 DADNP 43+ b & A (5 AR R 55
— 3, m/z=182 ¢ i B 1§y DADNP 43 ¥ & 2
1435 NO, BYEFy I iz i 2k 51 431« OH A i 3, 15
Flm/z=165IHEH B T35 m/z=165 IR B T4 AR
FFIEAE R 1 F HNS INO NJE R m/z=122,
135,137 TR B T3 m/z=135W R 65107 N, 45
Bl m/z=107 BE s m/z=107 W | b — 2 24, o0 il 2k
2411 N,H, HCN B /N /- m/2=77, 80,
M AT BE A9 2 A# iR 72 U0 Scheme 3 T 7 o

.
NO, I+
HN ,—> N
AN
h \ N _-NO, \+ N
Ny AN N
LN, ' 0=N"
0, w OH
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HN HN -
-.OH N Y - HN, N
N\ \+ N~ AN
o-N " o=H,
+e _
miz 165 & uy o miz122
N—( -
-NO N )
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mlz137
H,N
2 N \NJ _ Nz HzN\N o N- - N,H, !\lj|
Ng \*'N,*N N\ \' N
¥ i e i
mlz 135 m/z 107 mlz77
J- HCN

H-N f)
i Wt (, NU\
m/+z 52 m/zgo
Scheme 3 Predicted cleavage route of DADNP
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3.3 DADNP#S BN HZSH M@
T AR5 DADNP Jil # 73 fiff B I 3k 7 1Y 46 WL TTE Ak
AE AN 46 T A 45 3h ) 2 280, AU DSC Jr ik 1o
HﬂrmL$(5,1o,15 °C-min™ 1 20 °C-min™) F (¥
DADNP #45 fift i 28 (an & 2) , 2k H Kissinger J7 f*
(1) \Wall-Ozawa 5 #2"*' (X 2) 8 T 5 r i 3h
VIE = 2 QIR e U
B, _ AR E

In—=1In (1)
T? E.  RT,
0.4567E
lg8, + ———=C (2)
RT,,
S T, 0 TR o3 ik DA L JEE K B Dby P i R R
Kemin™; E3 R WG LRE k) - mol™ s AN IR RTIA 575

RS M, 7 8.314 J-mol™-K'; CHH %L,

t — 5°C-min”’ o
o 10 G 257.87 C
1601 W | 45 C.min”
o o —— 20 ‘C-min”’
5 253.64 C
E 801 248.37 °C
T 40 239.85 C
=
0_
-40 T T T
100 150 200 250 300
temperature / °C
2 KR[FETHE R T DADNP ) DSC il £k

Fig.2 DSC curves of DADNP at different heating rates

F1 BRI DADNP WIS i) 11 2¢ 240

Table 1 Thermal decomposition kinetic parameters of DADNP

E/K)-mol™  log(A/s™")  re Eo/k)-mol™ 1y

166.45 16.53 0.9996 166.54 0.9996

Note: E, and E, are apparent activation energy obtained using Kissinger's
method and Ozawa's method. A, is pre-exponential constant. r, and
r, are linear correlation coefficient obtained using Kissinger’s method

and Ozawa's method.

M &1 A LLE R Kissinger fil Wall-Ozawa
J7 2 F 5 2 OW T 1k . 4 51 O 166.45 k)-mol™ Al
166.54 kJ-mol™, A A 4 5 1M 26 1 AH 3¢ R 00 0
0.9996, #4538 T 1, BOR H X P FP 88 7E X T BT i 1k &
Y] DADNP 3 71 2 8RBl A5 B e v o b oh
DADNP 11 #443 fiff J2 N 1) 2 WL 3% 1 BB 55 5 , 26 iz fk
G W) IR E TR
3.4 DADNP 4 fEHIE
3.4.1 DADNPH#ITH

DADNP /i) DSC #i £k F1 TG #th £k tn 1€ 3 fif 7k . 52

N XK 2019 % %27 % %124 (1025-1030)



1028

VR A BRYE ok G, M E AR, E AR

82N SR AARA, IRE 50~450 °C, FHiR R
i

10 °C-min™' 3 FE R 0.5~1.0 mg, il FE ML 4 4 .

60 . 110
] 248.37 C 10 C-min" |F 100
50 N
. L 22931 C L 90
o 404 w 99.92% L
= ] ° (80
= 307 r70 =
z 247.24 °C =
= 207 59.35% 60 =7
e .1 Lgo =
107 275.54 C L 40
0 32.44% I
] 30
-10 T T T T T T T 20
50 100 150 200 250 I; 350 400 450

0
temperature / °C

3 DADNP i DSC #1 TG il £
Fig.3 DSC and TG curves of DADNP

i & 3 DSC it £k AT LLE i, DADNP {981 4 ik
PR E S 230 °C L I IR 248.4 °C. DADNP |y #4
O3 AN 2 3k W AR Ak R A Ao AR T AH T 40 A L LR
PG AI QB | IR B PR/ T K I R IR,
F W] DADNP 7E 230~250 “C N & 4 T R 20 B e 443
i 52 N, PRI o 4 5T AT e B A Y R AR 2 R
fiE, Ak A RN TR AR 24

i & 3 th TG hZen] LLE H R i 3400 i 2270 4
WA BB, 225 CLATT L3RR E |, e K L4t 2k 3
T 244 °C, YR FEIKF) 247.2 °CIF, ¥ it B3t i IR
H40.65% . kLR, ik B 275.5 CHE, Rt
filt R EE IR B 67.56% . Fifi & il BE 0 i — 25 TH e W
Yk 5y it Je R BR B o AR
3.4.2 DADNP# N EREHTL

Xf DADNP iUAE 4T T &8 R AH 204000 L iF 5, -
1 DADNP Z i 2 0 T 920 1635 B i 4 fros , i
&l 4 A1, C—NO, 3 F B X6 Bk RN AS X6 Bk A 4 41 20 1 i
18 (v, —non T Uenon ) A IAE 1529 cm™ A1 1385 cm ™,
1M NH, & 119 X FR AR X FR 46 3= 30 T 00 (v, ) AT
Vnny ) 23 W TE 3343, 3277 cm™ Al 1609 cm™ 4b .
DADNP %5 AHTE A [6] I B T B9 £0 A0 56335 22 A 1% 2 an
5 s, L5 W] DLA Y 24 1 B2 8 W 7t s 2 250 °C
F, NO, R NH, (0 05 i e 5 25 0 55 5 BE & I B2 1 i —
A TE R, YR B A 2 300 °CHE, NO, FIl NH, F I i i
JUF-58 40 2%, H e Atk mae - b s B0 119 20 B R B 2
Pk IR, 1) i 7E P A g 2233 em T Ab I B TR
B Bl e 1 2T A R W A0 U, 3 T O B A U R
BT (KCN 25 ) DA SRR SE A 16 A 9 28 A 224 18 5 4k
S FH 5 5] 400 CHE, DADNP 43 F (19 21 #5 W i e £ 22
TEATE KR
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Fig.4 The IR spectrum of DADNP at room temperature
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Fig.5 The IR spectrum of the condensed products of DADNP

at different temperatures
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¢
L,

3.4.3 DADNP# L BSE~=W N

FHI TG-MS (S50 26 8 8 - 3l B A AR IR E
50~550 °C, FHEEZF 10 °C-min™', ik HE & 2.0 mg, ik
FEINLA AR 303 B F 42 R, W58 T DADNP #455 fiff 2o 2 11
S e) MM E T TGRS A L, TG Al
MS 142 118 75 (0.1 MPa) , B 3 RE #4042 i 1Y <
TR A MS i 3 B 85 T £ 246 SCHEH B NO, (ks
TEBT S 0H 46 .16.14) W KIE MS {55, 78 248 °C
A3 5 BN H, AR AE BT 5400k : 30.14) F HON (FE
FRAE R AN .27 14 2B Pt g, X5 TG

MS ion current

50 100 150 200 250 300 350 400 450
temperature/ °C

Bl 6 DADNP I it =R ™ ¥ i 3 K gl
Fig. 6 MS data of thermal decomposition gas products of
DADNP
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&1 5 7R H 9 DADNP RAE (19 #5248 5 1 P IR B I 1)
SEBEHGE A A -
3.4.4 DADNP S fRHIE

FET iR DADNP 1y 34 53 fiff AR 7 4 1 o 245 0 44
R A A I AE AN DADNP (1 #4532
FR WA B Bt (Scheme 4) « 55 — #4430 By BE , DADNP
51 F 1 C—NO, Wr 244 )T 2k £ W 431 NO,, A 53
Br 5w Uk B A R R B 40.65%, 5 iR
40.35% T HE 0 R W) G BE AT, AR L0 AN 1A 1 R B
il 5 L A1 W o e ) 9 559 L 2 9 K s DADNP #443 fif 1)
5 W BERAEAE 247~500 °CIN, Fifi %5 1R 09 gE— 2 T
1o, N—NH, 3 AT (1% 24 fff 0 0tk i I nbf e R 4 A 11 g 24
LLAME R T 45 B R AT W 05 06 1% ik 8 % 3 R AU L o
S TR S R 21 A0 e AR RN TG-MS 75 32 224 I )
N,H, \HCN S5 S A /N 7 1 W i e B 88 - e, A TG
i< o /] DL L 7E 500°C I T3 1 7E 2 30% HY BB (5 3
G YR .

the first stage
NO s N
HoN, ’ HNG 2 HN
NN -NO, NN -NO N— "y
. 7, N \ 2 qo\
'y N Q N S N
NH . |
ON NH, ON 2 NH,
I
the second stage
A
4 A

-N,H HNG oy [N N7
S, N/yN L Nj' —— HCN + hydrocarbon polymer
N D N

Scheme 4 The proposed decomposition process of DADNP

under heating condition
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DADNP 1y #55 E MEFn e vk B B2 3 L,
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Preparation and Thermal Decomposition Mechanism of 1,4-Diamino-3, 6-dinitropyrazolo[4,3-c]pyrazole

LI Ya-nan, HU Jian-jian, CHEN Tao, ZHANG Yi-ying, WANG Bin, CHANG Pei, WANG Bo-zhou
(Xi"an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: 1,4-Diamino-3, 6-dinitropyrazolo[ 4, 3-c]pyrazole(DADNP) was synthesized by N-amination reaction, and its struc-
ture was characterized by NMR, IR, MS and element analysis. The thermal decomposition kinetics and mechanism were studied
by means of different heating rate differential scanning calorimetry (DSC) , rapid-scan fourier transform infrared spectroscopy
(RSFTIR) and thermogravimetry-mass spectrometer (TG-MS) coupling technique. The results show that the apparent activation
energy and pre-exponential constant of the exothermic decomposition reaction of DADNP obtained by Kissinger method are
166.45 kJ-mol™, 10" s7'. The decomposition of DADNP includes two stages, which begins with the rupture of C—NO, with
subsequent loss of NO, under electron impact and heating condition, respectively. In the first stage of decomposition, the rup-
ture of one C—NO, and one pyrazole ring in DADNP molecule with the release of NO, and N,H, occur under electron impact
condition, whereas the homolysis of two C—NO, bonds occur with the loss of two molecular NO, under heating condition.

Key words: energetic materials; 1, 4-diamino-3, 6-dinitropyrazolo[ 4, 3-c ] pyrazole (DADNP) ; synthesis; thermal decomposition
mechanism
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