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] 4F 8 o A AR R T Y 3, 4-00 (3 il 2k Sk
W] -4 -4 ) w0 — 89 (K, BDFOF) Y %5 i 2 2.09 g-cm ™,
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SIRAST AR, T T ARAR A 1 -8 A3 - 5 -8 U0tk w80 2R A9 43 0 454 5 PR BR D], 5 BE MR, DOI:10.11943/CJEM2024296.
KANG Xue-meng,DING Ning,XU Xu-dong,et al. Synthesis, Structure, and Performance of Potassium 1-(Dinitromethyl)-3-Nitro-5-Azidopyrazole[J]. Chinese

Journal of Energetic Materials( Hanneng Cailiao), DOI:10.11943/CJEM2024296.

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK XXXX # % XX & % XX# (1-8)



2

R, T 7 ARAR, PV E A 1R IR

BE IS L 7k D65V IF R I 4, 47 B0 Al R AR ) -3,
3"~ S8 Wk WY 7R 0 AN L% 3 (2.039 g-em ™), B ) il
i BE B R i 0k 229 °C o X SECRIEN] T & & A MK
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HE-3-fiff He-5-F A ML e 1 R (LS9 2) o il SE A A
PRSI B  HAEA  IAAR E 1k SR SR PR RE AT T
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1.1 KF5EE

WA R R , b= gl W A0 Ul RS Ak T
Ao LR, M4l W FALntE R ik T AR O
B, 3B 2l , 0 F A6 s 3@ TS 44k T4 &l s NaOH, 43 Bt
g, REETOCERHA AR ARG, - drsl, w1k
SUHE R AL T A R & e, o b A, T T b
JUAE AL T D IRARAER A3 BT A, W T b S E TR

b T2 W) 5 SR 43 B4l I b s ok i ik T
N S M Al W G R RS i ik T F G
Pt 23 B 4, W T A6 Bt iE RS AR AL T . R U A R
PO . G 1 - B L3, 5- T SE i AR
i SCHk[ 21 ]2 3615 . A6 G NaN AR 48 Sk [ 23 ]l
S EINEE

{45 : Hi £ Bruker A ] #%2 AVANCE DRX-500
B A% R LR AN, 95 B TA B 52 TA-DSC Q2000 f %
AN A, A B 5 R RSO D8 Quest X-F 4R
P AT AN, R ER R R A R A5 NICOLET FT-IR
M LA G TEAY , 2 3t 38 LA w55 BFH 10 1) BAM
VR B o R ORE X, %l 3E R R LS FKSM 10 /Y
BAM JEE #5284 .
1.2 &R

K i Scheme 1 & WAk & 9 1-— fiF & H JL-3-1iF
Fe-5-F A Mk (1) F Ak AW 1-= R B ORE-3-1i
RS- AR AR ER (2) , 1-=hg L HE-3, 5- Ry JE
WA S % SCHk[22] 0 PA1- AN 3 -3, 5 A
St Sy SR R L T D i R R SRS I B
9 NaN,, il o B s i #4581 T A, (a1
K FF B 3 v 1A T LR BN, A5 381 T AR 2.

NO,
NO, o 0
\ \)I\
cl ,
| \/N 1) CHCOOH, Acy0, HNO; | N 1) PhCN, 160 °C, 8h | \ K NaBr
N N
N 2) NaOH \ 2)t, NHs -/ 2)70°C, 241
55.3% NO2 ON o 54.3%
4
NO, NO, NO, NO,
N\
| N 1) HNO3, H,S0, | \/N NaN, | \/N KI | \N
ON \ Me  At7Zhon N 825% N N 37.2% \ N
86.4% d
\\< b )VNOZ >VNOQ >\N02
0 ON" o, 0N No, 0N 4
1 2

Scheme 1

1,3-TRH L mE A A B : B 250 mL 1) = F B,
A 50 mL i %, FREL10.0 g(89 mmol) 1 3-fi 1k
ML P I A CHG b 4 Y O 42 1 IR B 15~20 SCfil HL I i
BRGEK, Z )5 ) Forfr 2218 200 A 10 mL & JEAS R
SR 5 B B 20 mL 218 I 326 08 I ACH T ek B il
ARNEE AW, E R 6 he ZJEHCE 20 mL
B 10 mol-L™" B NaOH & W, B 5 AR 2 vk i, 1) He
TR A NaOH ¥ W F 2 pH=7, ¥ W78 O 4 B
3 7= A L EUTTE KT R AR 8 T AR B

Synthesis of compounds 1 and 2
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[E 1k 7.7 g, 7% :55.3%.

3,5-ZTHZEM MR ER B AL : 100 mLAY = 1T 5%
L A 20 mL AR HUNE , #REL6 g(38 mmol) iy 1,3-—
TS HL s A Herb 7 160 SCHEHES h, W AR
AR R TR A SR JERE OB R R B A R A TR
NH,, B 1 h 577 A A7 8 A UTTE ¥ A i DTTE L g
A= EAR bR 2R s A Ak 4.4 g, 77 % 1 :65.8%.

1-PI MR EE-3, 5- A ZE ik ki B B : B 100 mL 936
BRI, 520 mLAKAITA G FRHC3.76 g(21.5 mmol)
At
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9 3, 5 S ks S R i AL L A . SRS R
I 2.65 g(25.8 mmol) A ¥R AL A4 A B2 R AR 28 v fii
T, R E RS O BB 2.05 mL SN BRI A H 8
AR Z TR R 70 CCRIF, R 24 /N 3R AT
Hh 0 e I A SR R R R L B R UOUE R &
Pk A5 2 A {0 [ 44 2.5 g, 72 R ON 2 54.3%

1-=A8 B A3, 5- A ZE ek i A B - UK 3R TR
T LH25 mL A B, B 2.5 mL R B IR 4 A
Ho SR 5 FREL 0.5 g(2.3 mmol) i 1-79 il -3, 5-—
i 35 b e o A PRV RS T I R TR e 0 8 L 5 o
fiff, SR J5 B 3 mL & A R A R RDIR S
TR 3R W AT A A TTE . K RN Y R
TS AGE B PKOK L 3 15 min JE Rk, IF K
BOKUE B EIHAE R 0.61 g, /" F N :86.4%,

1-= A A -3 -5 A ML (1) & 8L : I
50 mL A4 8O, B EC 20 mL R i A H R, BR B
0.307 g(1 mmol) iy 1-=fiFf i HY k-3, 5- - fiff K& it v i
N fff FLUS AL SR 5 FRE0.13 g(2 mmol) B NaN,
TSI A 8 Hr 3o A G 50 0 Vs e VRl 1 R
B, BERE 40 min J5 R BB TOTE , DRV I TS 15 B B
A 0.25 ¢, " % H:82.5%. '"H NMR(500 MHz,
Acetone-d6)8: 7.61(s, TH) . "*C NMR (126 MHz,
Acetone) 8: 160.72, 148.57, 120.96, 97.62. IR
(KBr, #/cm™) : 3138, 2872, 2344, 2166, 1647,
1609, 1492, 1375, 1337, 1289, 1245, 995, 849,
843, 824, 757, 688, 558, 510, 475,

18 RS E-3-MEE-5-B A MRS (2) AR -
B 50 mL i B, s B 15 mL H i A H R RO
0.348 g(2 mmol) iy KIAm A H: o {375 ik, 98 5 Ak M
0.303 g(1 mmol) iy 1-=fiff H B -3 -fif§ -5 8 JA( ik e
4 mL R R LRI IR RO R R TR
Y (AR g B0 SR 5 B AR S BB B 15 min S
FEAEVTVE , 2L U8, P R TR TOUE 0TS A5 2 [ A
0.11 g, "% N :37.2%. 'H NMR(500 MHz, Deuteri-
um Oxide)8: 7.56 (s, TH) . "“C NMR (126 MHz,
D,0)6: 158.37, 147.23, 112.44, 98.26. IR(KBr,
p/lcm™) 3281, 3098, 1674, 1655, 1546, 1469,
1407, 1284, 1269, 1069, 1002, 835, 758, 736,
665, 621, 444,
1.3 ZH5EaEnik

A FH AR Sy 35 500 T A G 1 R 2 B R
TEER T EEERN G209 A, ik
I 0.08 mmX0.09 mmx0.15 mm A 55, &k 2 1
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H2 0.12 mmX0.06 mmx0.04 mm 28 5 {fi FH D8 Quest
X-5F 2% B AT A, 76 296 KR AT B s Ui 4 o A ik
S5 R 4200 I e/ IR B IR

HERSAFE T, FH TA-DSC Q2000 7 2% 7% 1 4
I E LAY 2 I IR R . THEE R R
10 °C-min™", it B2 7S [ R 250308 28 400 °C.

iz BOBAM 3R B o L AR R IO Ak R s 2 =
(30+1) mg, K 8E T 5 kg, R IR 10~35 °C, A%}
M EA KT 80% , M Ak 5 9 1 A0 2 (% 43 of Ja B A g

2 HR5WiE

2.1 BRIEEHST

16E 0 1R 2 0y d AR BUE gk 1 TR LA
FIAL A W) 2 0 R 25 0 43 3 an 18] 1a~b s . LT
A AL AR 2 AR S FORTE R — i .
L&Y 2 S 2 A A TR o T X 5T
Pt H R BB A 1 2 B ik Bl (1) . b
AR TR RSB R P2 /co MBS EN
a=16.679 (3) A, b=11.628(2) A, c=11.772(2) A,
&Y 2: )8 TIEAC AR S RIBE R P2,2,2,. MIESE
Jya=7.5734(3) A,b=9.2855(3) A,c=14.2696(5) A,

K1 LAY 20 IKE S

Table 1 Crystallographic parameters of compounds 1 and 2

formula C,HN,O,(1) C,HKN,O, (2)
formula mass 303.14 296.23
crystal system monoclinic orthorhombic
space group P2./c P2,2,2,

a/A 16.679(3) 7.5734(3)
b/A 11.628(2) 9.2855(3)
c/A 11.772(2) 14.2696(5)
a/(°) 90 90

B/ () 107.421(6) 90

y/(°) 90 90

v/A 2178.4(7) 1003.48(6)
V4 8 4

D /g-cm™ 1.849 1.961

T/K 296 296
u/mm™ 0.177 5.169
F(000) 1216.0 592.0
data/restraints/parameters ~ 4454/0/379 1933/0/172
goodness-of-fit on F* 1.088 1.061

R, (all data) 0.0682 0.0442

wR, (all data) 0.1757 0.1116

e
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a. molecular structure diagram of compound 1

K@)

b. molecular structure diagram of compound 2

BT LS R 2 iR
Fig.1 The crystal structures of compounds 1 and 2
22 RBPEMSERMERE

TERAURHTT  LUTHE R 10°C min™, WE i TH
400 CXHALE M1 M 2 HE47 2278 1 fil 5 3k (DSC)
M, AR 2 fros . I DSC i ZemT LA L 1k
G 2 B kR TS 1. 7E149.28 °C
F157.16 CHEL I F N, LA 2 BT R BE YL
PR, 3% W12 A 1 A Ak DX TR PR B B o i o i o
& DSC it 24 10 H 2 15 i ER e 1) 55 i AR A DT 2, T LAAS
FUA A L, BE— L AL B W 2 A iR A 0 ik 1L
149.28 °C, MW {E K 151.41 °C. X 2625 L W]
TG, el 2 BA RIFRREENE, &6
TAE R AR 2 1
2.3 ELERESHT

T WAL Y 1R 2 AR R R BE , (1] Gaussian
B 7E B3LYP 6-31+**/mp2 6-311++**5L 40 K, i it
SEEETT R E AT B A KR AR A RS R R
fifi 11 EXPLO5 (V6.05.02) 8 1R i1 50 1T 8 & 1k E , [A] i
AR BAM A v 00 3 32k 00 7 30 43 o 6 38 0 B 4 RUE
SR 2 R
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1 ~—139.76 °C exo

127.64 °C

2 15141 C

\\

149.28 C

heat flow / W-g"

50 100 150 200 250 300 350 400
temperature / “C

B2 fba¥1f26 DSCL
Fig.2 DSC curves of compounds 1 and 2

F2 LAY R 280 AL R

Table 2 Physicochemical properties of compounds 1 and 2

Ty p AH, D p IS FS
compounds i 4 -

/°C /g-cm™ /kJ+mol™ /m-s”" /GPa /) /N
1 139.76 1.849 -9.26 9065 35.5 1.25 10
2 151.41 1.961 278.31 8369 31.0 1 5

Note: T, is thermal decomposition temperature (-peak) under nitrogen gas
(DSC, 10 °C -min™"). p is the density of compound 1 and 2 onset at
25 °C. A\H’ is calculated molar enthalpy of formation. D is calculated
detonation velocity via EXPLO5 v6.02. p is calculated detonation pres-
sure via EXPLOS5 v6.02. IS is impact sensitivity. FS is friction sensitivity.

AW 1 (1 48 o J RE R 88 SRR EE 43 I R 1.25 ) A
10 N, Je B B0 0 5 M 5 2 00 A ORI TR 43 o
9065 m-s™ fll 35.5 GPa, BBt K IF AR SR Mk . 1k
G2 BA B A RS A ) 278.31 kJ-mol ™ f# iy
R R BE AR 4300 D 1 ) RS N R B RO Y R
P 5 S 4 R K 2 51 4 8369 m-sT A1 31.0 GPa, &
B R G e S M e
2.4 HERIHEHE

T REA S Y b AT A AR A 1 RN 2 1) T
HL 3 (ESP) HEAT TWFSE . A& W0 #4n] USRI GE £
LT PR A P A AR A o 6B 1 AN 2 1 F e
3a Ml d4afIion , 210X B8 A T F far 42 v 43 A A DX,
8 DXy B H g 4 Hp a0 A ) XIS B £ B TR R R T A
%) B i 43 A R AR R — BT L ESP B RO AR K IE
FAL ] 7 I XS A A b R S S B A R A S
MR, &l 3a T LB, Ak A4 1 1 1E H fof £ 224y
A7 AE M 2 ) 2 B PRI, e R (BN 50.59 keal-mol™
(2.18 eV) , i far == 2 AR v 76 mib s B 40 5 i 2 22 ]
fx/IME 7 -25.26 kcal-mol™(=1.09 eV) ; 1 & 4a A L4
B ALA Y 2 1 IE R far 3B A A B R T, ek
{5} 107.62 kcal-mol™(4.63 eV), i By fif T2 A 7E
N Lk

www.energetic-materials.org.cn
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50.59 kcal-mol”

25.26 kcal-mol”

a. electrostatic potential diagram of the molecular surface b. Hirshfeld surface diagram

de

10|_OH a1
1.0121416182022242628
c. two-dimensional fingerprinting d. proportion of interatomic interactions

3 ALEW 1 SR R Hirshfeld 1A B 4 4 S0 & AR AR B4R A L ]

Fig.3 Electrostatic potential diagrams of the molecular surface, Hirshfeld surface diagram, two-dimensional fingerprinting and

the proportion of interatomic interactions of compound 1

107.62 kcal-mol” .
48.24 kcal-mol

a. electrostatic potential diagram of the molecular surface b. Hirshfeld surface diagram

28 de
26
24
22
20
18
1.6
14
1.2
1.0

d |
1012141618 2022242628
c. two-dimensional fingerprinting d.

proportion of interatomic interactions

4 ALEY 2 5K EFE A Hirshfeld 2810 #4468 S0 &A1 [0 AH B F 09 L 4]
Fig.4 Electrostatic potential diagrams of the molecular surface, Hirshfeld surface diagram, two-dimensional fingerprinting and
the proportion of interatomic interactions of compound 2
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MR, T 7 BRI IO A BT

N s B 28 55 RN 3L 22 A), f /N E M —48.24 kcal-mol™
(2.07 eV); S5EW1M L, /LGP 2 0 IE H 6 50 A
T A b, DT EL A e A R R S AR A R A R
PRI Bl B b 3R 20T S 2 1 R R R
JFE R BN TG 1.

J T — SR AL S W 1R 2 f R R 45 ALy 2 (]
AR HAE F , AR 58 2K Crystal Explorer 13522 % {4
XTAEA ¥ 1 F 2 1) Hirshfeld 21 & — 448 90 b 47 T
A, BAK I 3b~c Fll 4b~c i 75 . Hirshfeld 1
AN SN N N e i [T R AR W I o S50 02 N
TS AHEAEH S WE 3b~cHh ] LA H (LGP 1
AR N VA SR S W € s i Lt A S AW SR
FAH A AR R R S 2 R S EE R (O HD
i Hirshfeld 2 i & [ B0 12.9% . Hirshfeld 2 i I

Y 58 o EEAAEER S TR wow AHEAE T (N---O
C--O0%)., Hi k&% 119 O--O#HEAE T 15 Hirsh-
feld M MR 33.8% , /LA H 219 O--- O M HAEH]
PL K Ke-O M B AE H & Hirshfeld 2 1 & 1@ L1
32.8%, 1 R O--- O M B AE 2 5 8055 1 HLAUER B 45
e, WAL G 0 R 2 0 7 e I DL S BU G
1H 2 B BUR . LG 1A EEY 20
O--HZEKEHELS L H11.1%. SHEERTLED

F% 4 B MRG E VAT A B B, 2 AR B W B R
L SRR
3 &g

CUOARBFFE LA T - = A 55 F -3, 5- il ik ntf v Oy it

BE R & A AT B RN B A& R T A1,
Bif i 30 Ao Ak Y R R4S B TR A 2. E TR
HHXﬁt%zﬁtﬁﬂv%ﬂ?{wﬂﬂ%%%ﬁm2E@é*mo Xif
6P 2 0 S IR SE R B i R R S B PR RE AT T
ST R 5 4 #

(D&M 2 A B &K% (1.961 g-cm™) Fl
R4 iy R e T, B0 R BE (T,) 2 151.4 °C. Ik 4h
A7 v I B T R (1S) R 1 ), BRI BE (FS)
5N, e B PERE R AT, (V) ik 5] 8369.4 m-s™', 1k
FE(p)h31.0 GPa. £ ik k&% 2 ALk i &
M 25 E PERE , B A VR o R AR 245 1 ), A O v
Shy ) 2T A AR 2 BRI T — b IR R
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Synthesis, Structure, and Performance of Potassium 1-(Dinitromethyl)-3-Nitro-5-Azidopyrazole

KANG Xue-meng, DING Ning, XU Xu-dong, SUN Qi, LI Sheng-hua, PANG Si-ping
(School of Materials Science and Engineering s Beijing Institute of Technology s Beijing 100081, China)

Abstract: In this study, 1-(trinitromethyl)-3-nitro-5-azidopyrazole (compound 1) was synthesized from 1-acetonyl-3, 5-dinitro-
pyrazole via nitration. The 1-(dinitromethyl)-3-nitro-5-azidopyrazole potassium salt (compound 2) was further prepared through
a salification reaction with KI. The structures of both two compounds were characterized by Fourier-transform infrared spectrosco-
py (FT-IR), nuclear magnetic resonance (NMR), and single crystal X-ray diffraction. The results show that compound 2 contains
both azido and dinitromethylene groups, exhibiting superior overall properties of high decomposition temperature (151.41 °C)
and detonation velocity (8369 m+s™). The relatively high sensitivity towards external mechanical stimuli make it suitable to be a
primary explosive. The detonation performance of compound 2 was further analyzed using Gaussian and Explo5 software. This
research provides valuable insights for the design of novel green explosives.
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