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FEN DAL TF G R FER BH B A cyclo-NS (1 Bt i
BT EEYE . 2024 4 AR IR 0K 4 W e e AN =
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TER T XK, EREA B ke

B 555 B A . i 2Z R B EH#L(DSC) Al
WAL (TG) RAEAL AP0 1 A1 2 B9 A F20E P, I T
AR PERE

1 LIEER4Y

1.1 KF 5N
BT AR 8 2 2 SCRR 17 BT HiGE 15 B 2K 3R A5
TR Al i A JEURHEL A 5 3% A (e TR T A2 4k

Aa N + .@
HaN*
n‘i
Aa Ns + . [(j .
N
H

previous work™

this work

Scheme 1 Synthetic route of compounds 1 and 2

Ly V& AE i R (1) 19 G 1 4 2% 4640 (5 mmol,
701 mg) ¥ AE 250 mL E/K LB IKAK BRI T,
AW FERE N 5 mL 1 M ERFR VA WL , K 30 min, F 8
AR 8 I TEK ZBE e T Ak
BICAER R ER (CH,,CIN,,530 mg) , F=HR LN 60%. 1%
HECSCHR 7 R4S TR AR (AN K AgNL(178.0 mg,
T mmob) il A B 25 8 7K (15 mL) i $4 8 il &
B IMA 8 FE AL Eh B ER A K #(0.9 mmol, 159 mg),
T N OGN 4 h, R B iE 2K SRR L G 1
(CH,N,, 161 mg) , = R0 85% .. $ /Wi T L8
TR, AREREAUSEAEM TR E. IR
(KBr,v/cm™):3086(s),1462(s),1304(s),1260(s),
1217(s),1203(s),1068(s),1023(s),1009(s),979(s),
849(s),815(s),797(s),654(s) ;'"H NMR (400 MHz,
D,0,25 °C)8:4.95(s, 12H, CH,);"*C NMR(100 MHz,
D,0,25 °C)6:71.25, m/z(ESI+):141.11328[C,H,,N,"],
m/z(ESI-):70.01454[ N, ],

R AL 208 46 5 1M 3R (2) B 1l - 275 SOk
L1845 WUy 45 B H a4k 5 38 6 AT L ER o K AgN
(178.0 mg, 1 mmol) M A #2857 7K (15 mL) H i
TE B T W, A HY BE AR 5 9% 4T A i ER B K T TR
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B B A BR S 7 ,299% ) | B Ol #0 iT Bh e Ak 2
FBR AT, 4B el ) NG O i B Ak 2% i A FR A
"l BT Al

X %% : PerkinElmer Spectrum 1T 7 {# HL 25 o 21
Hh 5t 3% A% 5 Rigaku Xtalab X Hf £& 14 [ fi7 5 4L 5
NETZSCH STA 449 C #43Hr % ; FSKM 10 BAM J
JEBE Y ; BFH 12 BAM $8 i B EEAY
1.2 KW’

LAY 12 G UZR L Scheme 1,

y:e

HaN*

CrystEngComm, 2024, 26(7): 977-984

j compound 1

compound 2

(0.9 mmol,254 mg), % il T #E6EN 8 h, i I8, &
HEZE AT A 2(CH Ny, 162 mg) , =R 2N 80% .
W= wis T Aok, BRER G ARG Y 2
) . IR (KBr, w/ecm™) @ 3449 (m), 3014 (m),
2995(m),2961(m),2894(m),2036(s),1468(s),
1439(m),1316(m),1251(s),1204(m),1150(s),
1045 (s) , 1021 (s) , 992 (s) ; '"H NMR (400 MHz,
D,0,25 °C)6:2.66(s,3H,CH,),4.59(d,3H,CH,),
4.70 (d, 3H, CH,), 5.10(s, 6H, CH,) ; "C NMR
(100 MHz,D,0,25 °C)8:43.22,69.95,79.98., m/z
(ESI+) :155.12911 [C,H,;N," ], m/z(ESI-) : 70.014
59[N; ]

T BURTE A L A8 b O B A M e Bl
b A B, (F 2 R T e EL A A R O T AL S
A 25 3k A 1 4 i 24 L B L, B AR 20U AE 2 42 By 47
BN T I E G A E A
1.3 H54EeRIi

PLAKCAE R, K A0 A 0 1 F0 2 e B AR R T, T
BN AR L1 B AT G M0 R o Y A R
650 1R 2 B B0 S HEAT X TR AT S SR

FIH TG-DSC [a] 26 4 43 Hr AL I 5 A5 0 1 Fn 2 19
S Xt
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S E M 7E 50~450 Clt BE VB, Ar =000, Tt
KNS5 °Cemin',

FI F CrystalExplorer 21.5 8 4"/ 31 5 Hirshfeld
FETH A1 2D 48 80, Multiwfn 3.8 (dev) #1220 31 % A
AR X G R BB (IRD ™Y VMD 1.9.3 0422 4 4l
I MG ¥ 1 R 2 b B 55 AE VR Gaussian
09 (Revision D.OT) 34", R H G4(MP2)-6X*"45 &
R FAL AR U  EXPLOS B 25 MR

2 FEOBAM 38 3 1200 A A N 04t 4% 0 < 2
(30+1) mg, & 5E i 1 kg, FREEIRE T, A0 X A
KT 80% , MR LA W 1 H 2 003 ol SRR i BE 45 SR

2 #HR5WiE

2.1 RIEEH
XA G W1 R 2 ) AR 2h R AT AR 15 B 25
MFA~F6ME A, £1 LAY 120 5K

R A AL S Y 200 SRS K

SRR R 2~F o HALEW 1 MR EEK A S
. ME AL AW AR CCDC %l 2332562,
i A A BT 5 A B, CoH NN SR R T8 A i &
25 [ P2,/c(No.14) , 7RI 292.23(10) K T % &
N 1.448 g-cm”, fh L B B R a=13.6795(2) A, b=
11.6892 (1) A, ¢=12.5941 (2) A, a =y =90°, 8=
105.822(1)°, S lRF R 1937.53(5) A% FARIY AT
FRETCALE B cyclo-Ny R AN 571k 12 3% 46 50 BH B
Fo MR 2~4 il RXFFR BTG 8 —4 cyclo-Ny
f9 N—N 4 4 K 3t Bl 1.2978(17)~1.3145(18) A,
OB A AR Ey B K 2 b 1.3046 A, B R 1F
107.84(12)°~108.29 (13)° 4 [ A , e K 5 i
0.8(2)°(N(1)—N(2)—N(3)—N(4)) ;5 — 4 cyclo-N;
f9 N—N & 5 K5 BB 7E 1.3016(18) ~1.311(2) A
], $F 5 A A5 OF By 6K 2 0 1.3067 A, HEE A AE
107.70(14)°~108.32 (13)°35 [l I, e KL% i 0

Table 1 Crystal data of compounds 1 and 2

parameters 1 2

formula CH Ny C,H Ny
molecular weight 211.129 225.145
temperature / K 292.23(10) 296.64(16)
crystal system monoclinic monoclinic
space group P2,/c(14) P2,/m (11)
CCDC no. 2332562 2332563
a/A 13.6795(2) 6.9025(5)
b/A 11.6892(1) 7.6042(5)
c/A 12.5941(2) 10.6808(9)
a/(°) 90 90

B/(°) 105.822(1) 106.148(8)
y/(°) 90 90

v/ A 1937.53(5) 538.50(7)
V4 8 2

D/ g cm™ 1.448 1.389
F(000) 898.835 240.745

260 range / (°)

6.72 t0 155.30(0.79 A)

8.62t0 155.28 (0.79 A)

index range -17<h<17; -12<k<14; -14<1<15 -8<h<8;-9<k<9;-10<1<13
reflections collected 15845 6813

independent reflections (R, ) 0.0389 0.0437

data / restrains / parameters 4062 /0/271 1207 /0/115

GOF on P 1.0250 1.0865

R,[1>=20(I)] 0.0449 0.0657

wR,[1>=20(1)] 0.1195 0.1995

R,[all data] 0.0532 0.0763

wR,[all data] 0.1286 0.2177
CHINESE JOURNAL OF ENERGETIC MATERIALS AR A 2024 4 H 324K H e (631-640)
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F2 ALGYWERIETD cyclo-N K S5 0.3(2)°(N(6)—N(7)—N(8)—N(10)FI N(9)—N(6)—

Table 2 Bond length parameters of cyclo-N;™ in compound 1 N(7)—N(8)). HE M4 CyC/O—NS_E/‘J%%“@i%ﬂ:?%UHUE

bond bond length / A || bond bond length / A {E(HOMA)LU%}’%U%] 0.9828 10.9980, % 1 CyC/O—NS_

N(1H—N(2)  1.299(2) N(6)—N(7)  1.305(2) (5% B MEBE AT R MRS . RIS, WA cyclo-N, 1

s e [S1INe] ’ 5

N(2)—N(3) 1.305(2) N(7)—N(8) 1.309(2) \ -
ST 2 A AE 11.65° /9 e 1 (&1 1), AHAB Y cyclo-N;,

N(3)—N(4)  1.3066(19) N(8)—N(10) 1.307(2) . . .

N(4)—N(5)  1.2978(17) N(10)—N(9) 1.311(2) Z R FG AR 3.780 A

N(5)—N(1)  1.3145(18) | N(9)—N(6)  1.3016(18) KR Teaw 1 kb e a8, &4

N(T11)—H---N(4):3.026(2) A,N(11)—H---N(9) :
2.934(2) A, N(16) —H---N (5) : 3.017 (2) A FI
N(16)—H--N(6):3.025(2) A, MALS W i ik 1

®3 EW AT cyclo-NH#Ef S8

Table 3 Bond angle parameters of cyclo-N;~ in compound 1

bond angle bond angle X
bond /) bond /) EA 6 AR B IR T RIS ), cyclo-N,
N(D—N(2)—N(3)  107.87(13) | N(6)—N(7)—N(8)  108.32(13) SIERAE RIS Ml N . A T B cyclo-N, B 2 4fi 17

N(2)—N(3)—N(4)  108.29(13) || N(7)—N(8)—N(10) 107.70(14) HLAEIT 6 AR TR R L AE EE (| 1),

N(3)—N(4)—N(5)  107.84(12) ||N(8)—N(10)—N(9) 107.88(14)

N(4)—N(5)—N(1)  108.02(12) ||N(10)—N(9)—N(6) 108.21(13) K5 AW RIEPEBEEKSH
NG)—N(1)—N(2)  107.97(12) ||N(9)—N(6)—N(7)  107.89(13) Table 5 Bond length parameters of hydrogen bond in compound 1
bond D—Hbond H---Abond D---Abond
F4 AW RIET cyclo-N T fi 24K lengths /A lengths / A lengths / A
Table 4 Torsion angles of cyclo-N; in compound 1 N(11)—H---N(4) 0.9100 2.475(2) 3.026(2)
bond torsion angle / (°) N(T11)—H---N(9) 0.9100 2.239(2) 2.934(2)
N(1)—N(2)—N(3)—N(4) -0.8(2) N(16)—H---N(5) 0.9100 2.389(2) 3.017(2)
N(2)—N(3)—N(4)—N(5) 0.7(2) N(16)—H---N(6) 0.9100 2.336(2) 3.025(2)
N(3)—N(4)—N(5)—N(1) -0.4(2)
N(4)—N(5)—N(1)—N(2) -0.1(2) R 6 AW ik A A S
N(5)—N(1)—N(2)—N(3) 0.5(2) Table 6 Bond angles parameters of hydrogen bond in com-
N(6)—N(7)—N(8)—N(10) 0.3(2) pound 1
N(7)—N(8)—N(10)—N(9) -0.2(2) bond bond angle bond bond angle
N(8)—N(10)—N(9)—N(6) -0.0(2) /() /()
N(10)—N(9)—N(6)—N(7) 0.2(2) N(T11)—H--N(4) 119.3(1) N(16)—H---N(5) 126.2(1)
N(9)—N(6)—N(7)—N(8) -0.3(2) N(T11)—H---N(9) 132.8(1) N(16)—H---N(6) 132.4(1)

293,«2);& 30‘)5
30_6(2)/\ 31117qu

@‘ﬁ @‘ﬁ @'ﬁ
E1 A1 IRHERE

Fig 1 Crystal stacking form of compound 1

Chinese Journal of Energetic Materials, Vol.32, No.6, 2024 (631-640) A A AL www.energetic-materials.org.cn
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A LA B9S2, A 2800 BH B F T8 8 A BIR ek s 1) 3
e/, BB SLIF cyclo-Ny M B F 4G #E 47 HEAL, [A i)
TFRREEF5 cyclo-NS I EHEH , T3 cyclo-N,~
Py 5] SERRAE AR PH B 198 i 4 R 25 1] o dF— 25430 H7
B 385 23 180 P9 B0 AR A L, RS 260K BH B 7 o S R
FEPAS cyclo-Nyg CRXFFRELIT ), AH &R A X Fk B o0 38 i
cyclo-Ny~Z [a] () aw-m AH B AR T % 42 8 s 511 47 il
JIE R 1R 2 e 2% % 42
F7~FIONEY 208K A S B 2 RoR
TAED 20 BIEBEBIER. R 1T kA 21
CCDC*5 /2332563, FuiAfEHTZAFRI],CH, N, N,
pn R T AL AR LSRR N P2,/m(No 1) 7 T
296.64(16) K F % J¥ 4 1.389 g-cm™, i il Z 50 H
a=6.9025(5) A, b=7.6042(5) A, c=10.6808(9) A,

£7 AW 2T cyclo-N, K S5

Table 7 Bond length parameters of cyclo-N;~ in compound 2

bond bond length / A
N(9)—N(10) 1.259(3)
N(10)—N(11) 1.293(4)
NO(TT)—N(11)* 1.244(6)
N(10)—N(11) 1.293(4)

Note: Symmetry transformations used to generate equivalent atoms: #2:
+X, 1.5-Y, +Z.

x£8 AHW 2k T cyclo-N, # M S5k

Table 8 Bond angle parameters of cyclo-N;~ in compound 2

bond bond angle / (°)
N(9)—N(10)*?=N(11)* 108.1(3)
N(11)"—N(11)—N(10) 107.84(19)
N(10)—N(9)—N(10)* 108.0(4)

a=y=90°,5=106.148(8)°, f AT N 538.50(7) A’,
il R B R X R BT A B 2 A cyelo-NG FIREAS 34k 5
WICAIHE T, R 7~F o nl s b &4 2 B9 dh i,
cyclo-Ny [ N—N H K 5 76 1.244(6)~1.293(4) A,
TR K290 1.270 A, B S W 1 Y cyclo-N, 1Y
S A4 K, HBE 7 107.84(19)°~108.1(3) L N,
e KALEE A0 2.9°(N(11)P—N(10)"*—N(9)—N(10)
FN(10)"—N(9)—N(10)—N(11)). Cyclo-N," 1
HOMA T3 M 0.7449, cyclo-N, 135 F L8 2%, &
DR E Tk Eh 1 o e PE T B 25

U Ak, NEL 2 s i & 0 i R R 458
ARG BH B T8 1 1 BR 425 ], cyelo-N, ™35 57 % 4fi 76 B
B2 ], A 4B B9 cyclo-N,~ 22 6] Jit .0 # BE 5.093 A,
cyclo-Ny™ 1 =22 [f] A #E 3.340 A, B0 8% ff 20 0
49°, 3% FHIAHAR Y cyclo-N, 2 18] 1Y - AH B A I H2
55 N T UL cyclo-Ng WS40 AT 224 T 4 584k
PR B 78 e flfe 3R (1 2) , ] DLER 1, 4 30k
BH 25 7 T8 B i PR Sl 2s Tl i 8 e/, HUBE R i cyclo-Ny
W FAmSATHER . BT mBEHERIT N
Pl 2 g il IR BH S - Y L 3 CESP) R FAL &5 )
FrE R IE R, T LU AR B, 28R P B T B ok

#=9 LAY 2k cyclo-N, #5125

Table 9 Torsion angles of cyclo-N;™ in compound 2

bond torsion angle / (°)
N(9)—N(10)—N(11)—N(11)* -1.8
NCTT—NCT1)P—=N(10)"—N(9) 1.8
N(10)*—N(9)—N(10)—N(11) 2.9
N(10)—N(11)—N(11)?—N(10)* 0.0(4)
N(11)"?—N(10)"—N(9)—N(10) -2.9

Note: Symmetry transformations used to generate equivalent atoms: #2:
+X, 1.5-Y, +Z.

@ﬁ;‘wj ety oo X,

2 LR 2 /R A BUE 5K
Fig.2 Crystal stacking form of compound 2

CHINESE JOURNAL OF ENERGETIC MATERIALS

Note: Symmetry transformations used to generate equivalent atoms: #2:
+X, 1.5-Y, +Z.

ESP,,, = 524.63 kJ-mol’
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SO BRAE H A L P B O, 5 e R S i A AR
FUMREEF ) 5 0] LURRE cyclo-Ng .
2.2 F[HEEMER

W 5 43 F () AR BAE A 5% e, ff A CrystalEx-
plorer 21.5 8 5¢ 746G % 1 #1 2 B9 Hirschfeld £ [ #1
2D FRBCE L (R B BR AT i A Tl B AE EAE L
Multiwfn #E 47 T IRI 20 B, 25 SR 0K 3 s o MK
Hirschfeld & i 47 73 87, fL &40 1 12 A9 N---H A &
YEFA 431 i 61.8% Fi1 58.7% , 3% & W £ 43 F [A] 1 B4

24/ de

22|
zo‘
18]
16
1.4‘
12|
10
08 NN

06

d
(h) 06081012141618202224

24
22
20

18
16
14
|12

10
08 NN

06

dil
(0608101214 1618202224

b, o Flarals b e, HENE, ERS
Y2 R PAES 7 L EAA S cyclo-N, ERIA
HIHE A 2.595 A, ] B ik 5 0 2 T A BE 3.540 A (Y18
Hef42 r (C)+r,(N)=3.3 A) JLF 0] LUK N AR AETE
U T AR AR 0 T 4 A 4 AR B FE /N (fk
B0 2 (4RI BT 1l v 25 (T T AR A /N ) i i A B
SEEE R . XA R 2 19 IRIEL, 1T LA
iR S T A/ WO el 1 R (D e N A N R 14
a2,

sign(d,)p/ a.u.

sign(d,)p/ a.u.

b. compound 2

3 kAW 1M 214 Hirschfeld 32 1d 2D 8 20 & F1IRIE

Fig.3 Hirschfeld surface, 2D fingerprint and IRl diagrams of compounds 1 and 2

4545 BB (Eyipg) T DA W20 43 0 DR & 0 B, 3
FRAEAE T B 540 (A0 A0 A F flg— R ARG T M, 0
BB G HE (B ) BRm— DB T 5 — 5 T2
S AR B AR Rl g AN R AR L R R P 2
BN A (R R BT AR AR A5 A A o 22 R A ELAE
M fig & . i F Materials studio 8.0"% Hl Dmol3 &
JP T 2 PBE/GGAP Y BLIE K F- 45 4 DNP 417 ]
i % [& Grimme(DFT-D2) & 1E B G901 il 219
ZEARE TR RMA W 4 A RE(E,, ) KTk
S 21 E,, ,(1:154.82 kJ-mol™,2:140.25 kJ-mol™).
XRIAW 1 cyclo-N, 5 B85 T2 ] B A 5 A4F
KFAE Y 2 A BAE R, 3 5 00 5 0 IR Br 2 —
.

2.3 HRBEMH

K TG-DSC X A9 1 F 2 i ke e k15 T
e 25 RANE 4 PR . B dan 50 LS W01 A —
AN TR U TR — A W AU IR U D IR B Ol 95.9 °C,

Chinese Journal of Energetic Materials, Vol.32, No.6, 2024 (631-640)

M S cyclo-Ng™ B 43 i 5 2 I £ Bl — A W 3 0G| i ()
UL 188.4 °C, HE I AT B 2 5 — B o il AR U & A
¥y kAL RN . TG B/ 7718 P B o ik
R — B T M2 40%, HIH F cyclo-N; 1 FF
PR3 fift RN 146 1% 3 FE 5 BH BT 9 o0 i G B T
T REL) 57 % , HE I AT RE = 5 — B Al AR L & A A
(953 M o Tl 1 4b TR AL B W) 2 A7 AR — A TR A
AW BRI TR W U I B R 98.7 °C, X cyclo-N,”
R 3 i 5 565 — > W AR U T B2 R 165.0 °C, % i 1 Y
FEA % AR i S A ALY Y Rl X R RE 5 4 TR AR
HAEHHES , T BOLE SRR O 58 A W AR (R
IR 190.8 °C L, HEW A] HE /& cyclo-Ny 7 fift £ i nd &
A7 5 WAL 28 e R AEE R . TG
Mk D&, FAAMWB B TR, B s NHEY
12% , A F cyclo-N; B TF 3843 i, 55 B it T B
2y 75% ,HEW T g2 S A BB T 5 A K 4T
PHES 740 . B S 2, a1 RS IR E S T
N Lk
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Table 10 Physicochemical properties of compounds 1 and 2
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— B EA SIS EERE TIRE Y2
FoHR TETERBEE FHEE(R DY &

compounds D/g-cm™ T,/°C AH./k)-mol™ D, /m-s” p/ GPa IS/} FS/N
1 1.447 90.0 539.10 8291 20.33 5 288
2 1.389 82.8 461.48 7862 17.41 3 86
CoH, N (3)1) 1.229(3-H,0) 79.48 287.86 6751 11.44 >40 >360
CH, N, (4)1) 1.482(4-H,0) 92.55 473.83 7816 18.90 >40 >360

Note: D is density, recalculated from low-temperature X-ray densities { D, =D /[ 1+1.5%107*x(298-T) | |. T, is decomposition temperature (onset temperature).

AH, is calculated heat of formation. D, is detonation velocity calculated by EXPLO5/6.02. p is detonation pressure calculated by EXPLO5/6.02. IS is impact

sensitivity. FS is friction sensitivity.
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Fig.5 Comparison of crystal stacking of compounds 1 and 2
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Table 11
pounds 1 and 2

Calculation table for density of cation in com-

molecular weight density

formula . volume / A® .
/ g-mol /g-cm

CH,N,  141.20 158.70 1.478

C,H,.N 155.23 180.85 1.426

7 15 "4

AT ERHE F%E(1.478 g-cm™) i@ T &
Y 2(1.426 g-cm™) . WA, B AR AR Y HE R AL
o7 T R B S 1 BT AR [ S BT S 1 09
TEW 2.

NN RA G W) Z 6 R 2 5 ] TR A
Yy i ESP 7 il g i o B A 5 e AR A A L aE
B2 K (HOMO-LUMO gap) , 25 W& 6 s o 305

(14 5e R ESP {1 38 5 3% BH 5 BB Ak 45 4 X5 &1 308 o ik 17 0%
PG, 1 HOMO-LUMO gap % F T 2F 4 52 107 o A
Fa g . — Ok B, K Y HOMO-LUMO gap 3 (i
KW AW RN TR EEM, &AW
HOMO-LUMO gap 34 {E W A 2 o Ha far °F- 5 {E (BOC)
i 22 B 43 B RT Be 5 b 4 R VR A A B i R
ORI 5 AT M 2 5, A R T AR
o K6 iR iyt as R LS W 2 1 K ESP
(262.67 kJ-mol™) K T1&H 1(260.79 kJ-mol™) , fk
AW 20 BOCIETAL&91(1:0.241,2:0.237), [l
LAY 11 HOMO-LUMO gap ${t (5.64 eV) KT 1k
AW2(4.79 eV), BRI REH AW HEE
mFAEY 2, LSRR EA LEW 1 RIRER Tk
H2(1:5),288 N;2:3J,86 N), 5L 2

270 kJ:mol” | BOC=0.241
m > HOMO-LUMO
gap=5.64¢eV
270 kd-mol’ " % :
ESP, = 260.79 kJ-mol’ 200 -100 0 100 200
ESP . =-270.37 kJ-mol” electrostatic potential / kJ-mol”
a. compound 1
60
- BOC =0.237
270 kJ-mol HOMO-LUMO
. gap 479eV
290 kJmol” ; mEENEEEEE @
ESP,,, = 262.67 kJ:mol’ %300 200 100 0 100 200

ESP,,, =-295.93 kJ-mol"

electrostatic potential / kJ-mol”

b. compound 2

Bl6 k&1 M 20ESPEMHOMO-LUMO gap &

Fig.6 ESP plots and HOMO-LUMO gap plots of compounds 1 and 2
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Synthesis of Pentazolate Salts Based on Methenamine Cage-like Cations

JIANG Tian-yu, LIU Tian-lin, WANG Kang-cai, XIA Hong-lei, ZHANG Wen-quan
(Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: Based on two urotropine cage-like cationic structures, two new pentazolate salts, urotropine pentazolate salt
(C,H,,N,, 1) and methylated urotropine pentazolate salt (C,H N,, 2), were synthesized. The synthesized pentazolate salts
were structurally characterized by X-ray single crystal diffraction, infrared spectroscopy (IR), mass spectrometry (MS) and nu-
clear magnetic resonance (NMR), and were analyzed by thermogravimetric analysis (TG) and differential scanning calorime-
try (DSC) to evaluate their thermal decomposition behaviors. The formation enthalpy of compound 1 and 2 was calculated us-
ing the atomization method, the detonation performance was predicted using EXPLO5, and the impact sensitivity and friction
sensitivity were tested using the BAM method. The results show that compound 1 belongs to the monoclinic crystal system
(P2,/c), and the crystal cell parameters are a=13.6795(2) A, b=11.6892(1) A, c=12.5941(2) A, V=1937.53(5) A*, a=y=
90°, B=105.822(1)°, Z=8, D.=1.448 g-cm™; compound 2 belongs to the monoclinic crystal system (P2,/m), and the crystal
cell parameters are a=6.9025(5) A, b=7.6042(5) A, c=10.6808(9) A, v=538.50(7) A’, a=y=90°, B=106.148(8)°, Z=2,
D.=1.389 g-cm™. The thermal decomposition temperature of compound 1 is 90.0 °C, and 82.8 °C for compound 2. The detona-
tion velocity and pressure of compound 1 and 2 are 8291 m-s™' and 20.33 GPa, 7862 m-s™' and 17.41 GPa, respectively. While
the measured impact sensitivity and friction sensitivity of compound 1 and 2 are 5 J and 288 N, 3 J and 86 N, respectively.
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