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EXPLOS 4 1Al T H 2% M fE -
2 LIS

2.1 RAFENEE

4G g R AR 2R R R K2 T T 1k
S BAE R AR (R AR AR AR LR K
i 1 (2 46 P Ak 22 R0 A B ) L DL B R 4 B
alfi . SCH KRB TK.

X -5 £k B S AT 540 R B Bruker SMART APEX 1T
CCD M4 HRL AT S A 58 15 $43 Br >R FH 3 -+ METTLER
TOLEO 722 w6 2 7= iy 22 /8 F 4 1 4 (DSC) e 22 7R 14

Cl

(% H,804/HNO;
\

NNy 105°C

100 °C

)
Scheme 1
2.2.1 4-5-3,5-"“HEMMHME K

WHE S 2 SOk (18], ] 25 A5 B+ & AR BE 1A =
FUR I 30 mLMRBR IR , 4E 7 IR B2 0~5 °C, 2212 A
3 g A-GANEME  BEPE S RIS L R IB A 3.6 mLK
JHEAH IR o T 5 B2 s L TR i g2 g R 2 105 °C,
TH IR S 4 by SO 58 BB IS H AR J R 3R o R R N
WL BEFE A B VKT, LR ZBE A B (3x40 mL) , &
FEA UM 0 B R K R R BR IR, JC K B IR B 11, e
EELAOM OB A AEK 4.6 g, 1% 81.6%,1F
1159.26 °C(DSC) .

BC NMR(100 MHz,DMSO-d,)5:149.41,103.29.
IRCKBr,v/cm™):3423.58,3269.99,2919.30,2850.13,
1637.06, 1572.33, 1532.26, 1485.67, 1421.52,
1336.83, 1210.38, 1188.73, 1116.65, 1003.32,
839.88, 819.32, 762.46, 683.35, 647.08, 617.53,
Anal. caled for C,N,O,HCI: C 18.72, N 29.10,
H 0.52; found: C 18.9, N 29.19, H 0.62.

2.2.2 4-BE35-ZHEMMWHER

WIS 2 k(151,85 1.92 g 4-5-3,5- Ry FEt
MRS T 30 mL A B K A 1.68 g S EALER , TR
100 °C, M N 6 h, B H ==, A R 5 R
Br it o U O B 45 3 SR AR (2) o o L
F 20 mLAKH N5 mLERRRR AL, W IR N 2 h, &
R TR A HL(3%x20 mL), & I LA, i A& $h Ak vk ik
BRIR , JCK B R B T4, IEZ8 BR 25 TR TR 19 3R B (4,

Synthesis of DNPOG

CHINESE JOURNAL OF ENERGETIC MATERIALS

cl o OH
LiOH
OQNWNOQ ﬂ» OQN\&/NOQ i» OZN\&/NOZ —G o » OQN\&/NOQ
+
N-—NH N—N 2K N—NH

B PG B AL (TGA/DSC) , I 4514 - ALO, 3T 3
N, AR, L 80 mL-min™ , FHEH & 10 K-min™', J&
JFE DR« R FH B 58 OZM 2 ] 14 94 i J8 o J 2 38
IR 45 R A
2.2 KIgIE

DL 4- G0k e Sy SOk e R A AL T A 4-50-3, 5-
FEmb e (1), 5 S E AL AE SR SRR T A 4R 53,
5-fF Lk e R R (2) , S IR IR AL A 45833,
5-T A AL (3), 5 A A AR TR VR A AR SR
J5 5 ERMRIN(G - HC) & A= & 55 fift )15 4-7% 3-3,
5- il JE A g AR (DNPOG) o H ik & i 2k n
Scheme 1 i/~ .

0

==

—NH G

+

3) DNPOG

IR (3)1.3 g, ILF 74.7%.

“C NMR(100 MHz,DMSO-d,)8:143.74,153.65.
'"H NMR(400 MHz, DMSO-d,)5:8.89,13.5, IR(KBr,
2362.39, 2344.43, 1653.67, 1599.43,
1559.61,1374.13,1246.13,939.06, 838.02,762.82,
723.39,694.71. Anal. caled for C,N,O,H,:C 20.70,
N 32.19,H 1.16;found:C 20.65,N 32.15,H 1.20.,
2.2.3 4-FBE-3,5-"REEMMATE S K

15 mL 2B F KM A E] 50 mli %,
FHE % 60 °C,IMA 0.174 gtk 59 (3), A 0.05 g =
AALHE, KN 0.5 he FREL0.19 g £k MR AN A 2] 5210 )
RN h R B R R AR IS o R E L3 RS
Pr il A 40 4 K (DNPOG) , IR 70.2% .

*C NMR(100 MHz,DMSO-d,)5:170.96,158.75,
100.88. '"H NMR (400 MHz, DMSO-d,) 8: 7.08. IR
(KBr, »/cm™) : 1663.08, 1620.81, 1558.36, 1505.57,
1403.82,1384.97,1338.82,1283.77,1234.59,1217.91,
1091.27, 988.33, 968.76, 848.41, 826.78, 760.81,
730.85,516.13, Anal. calcd for C,N,O,H,:C 20.60,
N 42.06,H 3.00;found:C 20.56,N 42.02,H 3.03,

v/cm™)

3 GRS

3.1 DNPOGHIH REHWRIAEFSH
% B R SF R 0.20 mmXx0.13 mmx0.08 mm Y
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DNPOG ., , & F Bruker SMART APEX Il CCD T
PR AT G 1, R 2 0 85 FR 4R B 1R 1Y MoK,
B4 (X1=0.71073 A)ME R X S, DL o 3138 05 S 7E
— Y 670 [ WA L AT S BTE BT A SR R RS E AT
Lp P Je 26 56 W WA OF o fh AR 25 49 38 2o B 42 h
SHELXS-97 fi# B 15 2] , 4 46 BF i /N — 3 16 K5 18
SHELXL-97 )7 5¢ il . dE &R+ i H 433015, & 7
Tl RS AR . AR TR LR 1. R
KB AR TR 2 3k 4,

DNPOG 14 43 45 ¥4 F i B e FL I 43 ) 1] 1a
ME 1R, Hamaadel fik, 8 T =45
L, P12\, — DA PR ICH — 4> DNPO B &+
Ko — AWK BH &5 7 20 1, — A dh L v 5 A > DNPOG
SrF L R E 1,75 g-em ™. DNER 2 0] LLFE H ik s 2R

R 1 DNPOG i SR 45 4 Bdl MORiE 2 8

Table 1 Crystal data and structure refinement parameters for
DNPOG

Compound DNPOG
Empirical formula C,H,N,O,
Formula weight 233.17
Temperature/K 293(2)
Crystal system Triclinic
Space group P-1

a/A 4.8958(5)
b/A 8.1933(8)
c/A 11.9669(11)
a/(°) 106.504(4)
B/(°) 95.714(2)
y/(°) 102.622(3)
Volume/A’ 442.37(7)

Z 2
Peac/gcm™ 1.75

u/mm’ 0.158
F(000) 240

0.20%0.13x%0.08
MoK, (1=0.71073)
26 range for data collection/(°) 5.36 to 50.02

Crystal size/mm?

Radiation

FC—NMEE K}y 1.348 AFI1.353 A, T C—N
BE(1.450 A)BEK N1 —N(2) BIBEK o 1.320 A, 4
T N—N(1.47 A)FIN=N(1.25 A) 2 [a] , 2% B n g 1
FEEILPEEE A, AR TR FaHEN T8k, hk3
ST AT AL, I PR b BT A Ak B A B A B 4 1200, H
R i O(2) —N(3)—C(1)—N(2)=180.0°,
O(3)—N(3)—C(1)—C(2)=178.6°,0(4)—N(4)—C(3)
—N(1)=178.5°,0(5)—N(4)—C(3)—C(2)=179.6°,

#®2 DNPOGMHHEK
Table 2 The bond lengths for DNPOG

bond Length/A bond Length/A
N(1)—N(2) 1.320(7) N(4)—C(3) 1.415(8)
N(1)—C(3) 1.348(8) N(5)—C(4) 1.308(8)
N(2)—C(1) 1.353(7) N(6)—C(4) 1.322(8)
N(3)—0(2) 1.221(6) N(7)—C(4) 1.314(8)
N(3)—O0(3) 1.255(6) O(1)—C(2) 1.241(7)
N(3)—C(1) 1.392(8) C(1)—C(2) 1.431(9)
N(4)—0O(5) 1.226(7) C(2)—C(3) 1.453(9)
N(4)—0O(4) 1.236(7)

&3 DNPOGI#M

Table 3 Bond angles of DNPOG

bond angle/(°) |[bond angle/(°)
N(2)—N(1)—C(3) 104.3(5) ||[N(3)—C(1)—C(2) 130.1(5)
N(1)—N(2)—C(1) 113.4(5) ||O(1)—C(2)—C(1) 129.1(6)
O(2)—N(3)—0(3) 123.0(5) |[O(1)—C(2)—C(3) 132.0(7)
O(2)—N(3)—C(1) 119.1(5) | C(1)—C(2)—C(3) 98.9(5)
O(3)—N(3)—C(1) 117.8(5) [N(1)—C(3)—N(4) 119.3(6)
O(5)—N(4)—0(4) 123.2(6) |[N(1)—C(3)—C(2) 114.2(6)
O(5)—N(4)—C(3) 119.4(5) |N(4)—C(3)—C(2) 126.5(6)
O(4)—N(4)—C(3) 117.4(6) |N(5)—C(4)—N(7) 120.4(7)
N(2)—C(1)—N(3) 120.7(5) |[N(5)—C(4)—N(6) 121.2(6)
N(2)—C(1)—C(2) 109.2(5) |[N(7)—C(4)—N(6) 118.4(6)

&4 DNPOG i & B H 1 7
Table 4 The bond lengths and bond angels of hydrogen
bond for DNPOG

d(D—H) d(H—A) d(D—A) <DHA
Index ranges -5< h<5, -8< k<9, -13< /<14 D—H-A /A JA JA /(°)
Reflections collected 2257 N(2)—H(2)-+0(3)  0.86 2.02 2.823(8) 155
Independent reflections 1533[R,,=0.0823, R,,,=0.0791] N(5)—H(5A)---O(5) 0.86 23 3.151(8) 173
Data/restraints/parameters 1533/0/145 N(5)—H(5B)--N(1) 0.86 2.29 3.126(8) 165
Goodness-of-fit on F? 1.079 N(6)—H(6A)---O(3) 0.86 2.24 3.056(8) 160
Final R indexes [ [>=20 (1) ] R,=0.1112, wR,=0.2662 N(6)—H(6B)---O(1) 0.86 2.08 2.823(8) 145
Final R indexes [all data] R,=0.1582, wR,=0.2918 N(7)—H(7B)--O(4) 0.86 2.16 3.019(8) 176
Largest diff. peak/hole / e A3 0.73/-0.57 N(7)—H(7B)---O(1) 0.86 2.00 2.769(8) 148
CCDC 2079078 N(7)—H(7B)---O(4) 0.86 2.56 3.195(8) 132
Chinese Journal of Energetic Materials, Vol.29, No.8, 2021 (726-731) & He A A www.energetic—materials.org.cn
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T W e 2R 55 BRI ) Y i R % L AR R T A R — A R
T A, (A BB T T B — > R B LA 25, M 4 &5
T DNPOG s F45t i & vk

NG E%% -_§3 *2’

B 1 (a)DNPOG 1y K45 H 1 s (b) DNPOG 73 1 il L § 1f:
HIE; (c) DNPOG i i 1< i B

Fig.1 (a) Crystal structure of DNPOG. (b) Hydrogen-bond
interaction of DNPOG. (c¢) Crystal packing map of DNPOG

N-O  260%340% 0-H

47.00%

11 .20% 4.800/0

()

BB b FIER 4 AT i L IS H T A A
SR, BERIR b U AR R AR
I By &R, UL RE RS b SR 5 A 4R
DNPO # I (1) i 55 460 5 22 0] 3 fE 2 SUVEVE R, — A
G BHE 5 B H 19 4 1 DNPO BB 38 oo &0 5 % 32,
— 7 DNPO I & F 5 H 41 GHE ¥ k—1
DNPO B & F DL B 7 2 % 482, i1 DNPOG ik
5L 1 IR 45 F L (H DNPOG fh iR 2 5 2 2 Ia] 6 &
YERT, Z B A 3.0596 A, Al T @b & W ok g
P B AR LR
3.2 DNPOGHIEEH

K HI Hirshfeld & 40 #r . 2D 45 20 K 55 40 B AE I
M s (NCD" 2 5 81 T DNPOG 43 1 8] #9 A1 B4
I, 58 T 4-532 53, 5- i FL ki iER (DNPOG)
i R T i) B N - JE R AR T 4y ) AR AR T
B TRk . IRl 2a 7, Hirshfeld 22 1 21 65 X 8 36 7R 48
e A F2 A o L W € DX R R AR A 4 Mk o L, 43 BT T
1 DNPOG #1745 #9 v DNPO BH & 5 H Bl 4
TEAEBE0 (0 SRR . 2D 8 20 [ (2b) 5 0 30 2% o B

24
22
2.0
1.8
18
1.4
1.2
1.0
0.8
0.6

(A 06081012141618202224
(b)

7-7 interactions

Hydrogen bond

(d)

2 (2)DNPOG i Hirshfeld 2 Ifi 537 5 (b) L5 7% fiil i 53 L ; () DNPOG 9 2D 455U ; (d) DNPOG Y NCI 43 #r
Fig.2 (a) Hirshfeld surfaces calculation of DNPOG; (b) Individual atomic contact percentage of DNPOG; (c) Two-dimension

fingerprint plots of DNPOG; (d) Noncovalent interaction analysis
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A — X2 K AT X, 278 DNPOG f & A 1R
s ZU ) H---OVEH, i e ik 47% (&l 2¢) , £ #
DNPOG @ R 25 4 i A7 4 K 1 N—H--- O Z S EH -
H T DNPOG #f i HE BTy =8k J2 R MR, Tl mr-mr
AHEVE AR AL T AT BE el 55 A B AR A0 B S AT (NCD
([l 2d) AT A1, DNPOG fify I v A7 78 K 1) o HE R (4
X)) FTECEEVE (S X3 o TR, NCIH B -
HERS 2D F5 e L AR A 9] (25.4% ) File Xt iz, 46
B EAT S i e AR . 0 ) i SR L e
He BUE TG LR 81.1% , X AT fig J& 5 3 DNPOG HLY
BRI RN Z — .
3.3 DNPOG Ky # M RE

K PE K 2275 A1 3 B (TG-DSC) BF5E 1 DN-
POG My # R P (N, A4, BURE 1 0.2 mg, il %
10 °C-min™"), H: TG 1 DSC £ 4018 3 fir s . 1 DSC
£ AT, DNPOG H 30 W A4~ 3% 252 1) il B 4 i o A
S — O AR R P TG B N 192.6~236.7 °C, T i
IR R 212.5 °C, 55 R o il R FE B L Dl 236.7~
270.1 °C, B fif W TR Ry 248.2 °Co kB W
AN g dn K T DAAE T 3 R U 5% 3 B I AT
i TG R T, 75 192.6~270.1 °CTEFl I DNPOG
BT IR B b IS SO, 22 5 GRS A i, T T A
1% 81.2% , 5k WL, /3 ik . DNPOG 41 fif i
TG B e VE 25 RDX, BT B i AR sE 1k

15
100
= 8- 10
g &
g 60 105 3
g £
w401 =
2 00 &
1S
20
05

100 200 300 400 500
temperture / “C

B3 DNPOGH TG-DSC #hiZk
Fig.3 TG-DSC curves of DNPOG

3.4 DNPOGHIEEEEREMERK

T HEIE 4-FR -3, 5- A Lt sk AT LR (DNPOG)
Y 1k 5 1 i, B T Born-Harber f& & 78 3 ML B, F1 H
Gaussian 09 727,115 7 DNPOG 4 ik |, 15 31 H
Az K R =160.2 k)-mol™ LS % B 1.743 g-em ™,
YE— K FH EXPLOS5 (V6.04) F2 J3° % Ho gk 2% 1k RE kA7
TUFAL BB 7871 mes JEHE N 23.8 Gpa. E i
AT LR BAM K J5 75 X DNPOG 1 B8 52 Fn i i
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T VEAT T B o ERE R 20 ), BEEEIEE R 240 N
DNPOG 514 5 425 TNT & RDX 19 ¥ g %) Lb 45 5 00,
F5, MESHNATAL, S — R R AR R A
8L

%5 DNPOG 5 RDX.TNT () f it 5 &R EE M 3 L
Table 5 Comparison of the detonation and sensitivity prop-
erties of DNPOG,RDX and TNT

AH; D p IS FS
compound - - -
/gecm™  /kJemol™"  /m-sT" /GPa /) /N
DNPOG 1.743 -160.2 7871 23.8 20 240
TNT 1.65 -55.5 6881 19.5 15 353
RDX 1.81 70.3 8795 34.9 7.4 120

(1) Lh 4-Gnkme Ay J5OkE, 28654k K i R 1k M 3k
KA T 4-¥23E-3, 5- g JE L IR (DNPOG) .
HRE 155 T DNPOG Y 3, H iR 8540 g T =
B R, P12 BE, 6293 K PRI S IR % E K
1.750 g-cm™, H O--H 5 b 47% , & ] S iR b 77 1
Ry e

(2)DSC-TG 45 REKH] , 4-F2H-3, 5- 1 B it w JJIC
b (DNPOG) A — A~ B & 14 LI o fif U 7 4 0 TR
B4 192.6 °C, R HA B AF 0 #ERE M, 2 fff o Ft
SR TR N 81.2% , R oE 4

(3)4-¥23-3, 5- " fig F ik me CER (DNPOG) 4 1%,
55 H=160.2 kJ-mol™ TR R 7871 m-s™ THH 4R
JE 2 23.8 GPa, il 154 7 8 BE 20 ), BEE R 240 N,
JE— R PERE L R A ARER B e AR
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Synthesis, Crystal Structure and Properties of 4-Hydroxy-3, 5-dinitropyrazologuanidine Salt (DNPOG)

DONG Wen-shuai, CAO Wen-li, Bl Yu-fan, HU Yong, WANG Ting-wei, ZHANG Jian-guo
(State Key Laboratory of Explosion Science and Technology s Beijing Institute of Technology s Beijing 100081, China)

Abstract: In order to obtain energetic materials with excellent performance, a new type of energetic ionic salt 4-hydroxy-3, 5-di-
nitropyrazole guanidine salt (DNPOG) was synthesized by nitration, hydrolysis, acidification and salt formation reaction with
4-chloropyrazole as raw material. The structure was characterized by FTIR, NMR and EA analysis. The crystal structure of
DNPOG was triclinic with space group P-1, relative molecular mass M,=233.17 g-cm™, a=4.8958(5) A, b=8.1933(8) A,
c=11.9669 (11) A, Z=2, and crystal density D,=1.750 g-cm™. The contribution of hydrogen bond and m-m conjugation in
DNPOG to the intermolecular interaction force was calculated and studied, and the hydrogen bond accounted for 47%. The
thermal decomposition characteristics were investigated by differential scanning calorimetry (DSC) and thermogravimetry (TG).
The peak temperature of the first decomposition was 212.5 °C. The detonation and safety properties of DNPOG were studied.
The detonation velocity is 7871 m-s™', the detonation pressure is 23.8 GPa, the formation enthalpy is =160.2 kJ-mol™, the im-
pact sensitivity is 20 J, and the friction sensitivity is 240 N. The results show that DNPOG is layered accumulation, with good
thermal stability and low sensitivity, which is a kind of low sensitivity explosive with excellent performance.

Key words: 4-hydroxy-3,5-dinitropyrazole;energetic ionic salt;crystal structure;thermal analysis
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