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X EHS:1006-9941(2025)05-0423-10
5-THE-3-(ZHERE)-TH1,2,4 = ERAEFHNAHR St
TE&E,H & FTALE W

’
(BRETAFMFEMT ¥R, ILH #XE 210014)

W OE: AT BT S-SR )1 H-T, 2, 4- = M 1 e R A DL 2-(5-E k-1 H-1,2,4- = k-3 3E) iR I
BELCR AR E RN TG R T 4R E 2T RE R T AR A 2D A RE | 25 A e A A A AT AR B A
S BT B LA W B A BEAT TR . S5 SR L -3-( SR SR I )1 H-1, 2, 4- = g B DFSR MONCER A 25 LU AT AR s Y
L 5 43 M TR 5 FLIDFER 5 IR A = S S WAL JB R [l 0 fh 3R, = 8 & AS TR) 0 5 U HE Ry 2XORN 2% 52, (R 43— 180 355 A0 B4R 1 07
=4 BA —8E, B FRH--OMEA/EANsTEkE R, BLRE N---O M O--- O fE FH 1Y Lb 68/, &7 % 2 A8 B 55 X HL A%
PR B TR RE A AT 5 A S, 3 o T o P A A 40 A A O A A0 AT L A FE TR T 5T -3-( S ) -1 H-1, 2, 4- = R ) 1R o R
FEM ARG . AE PRI ES T b S W oh  BE R MR S PERE 28 th (D=8634 m+s™', p=30.2 GPa,l,=263.5 s) MR EFEHw . M =2 LM A
P 5 W 25 A R B, S 7R 5 40 7 TAT 5 R R AH 24 (D=8627 m-s™") , L MAE B AT IR IR THIE 1.4 5 (AH, =0.644 kJ-g™") , HALHUIRE B
U7(15=10.3 J, FS=150 N),

KW WA RE TR M AY A
hESES: T)55;064;0741

s it A 45 A 5 A
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0 5§

o REASRL S — Bl AR E B B, B AT AE
(R L, 220 O SO I 2 T R TR
T F T AR [ B R OR B A A R T,
BERR B IF 3L AF S 518 T AT B0 e B G
A5 BB TT SRS F 5 MO %, B A T R AR
JE & RE A BH(HEDMs ) EL4RIE 19 % BE AR A B AT
PE— 2 B oy Tt MR RE SO SR T AR 4. HEDMs
9 T T 1 RO 196 R e R | R T 1 R R A AR R
JEAF R IR DR S R M e 2 W R S
e 5 5 B2 -0 BE VL 5 2, O i R AR A R
HAWE SRR . 7 —Jrim , 52 e MR T 3% BEA #
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FE A I8 B A A R R A R R R
B, TF & 25 5 R AR M RE AR L o

IR ES FEWNE - B/ 378 8 I EY LR Seibvili Ay
JE T AR HEDMs (198 ROR IS & A A3 4L
(e o L3 11 1IN IV 17 S N N S
W R 1,2, 4- =R i T H A S AR IR AR AT
PO B 2 ORI S b AR kT 2 oF
FE ARERS TR 2 K HEDMs (1 55 — H B G
BT ONTF B F A G o0 ReE B R S e R R AL T
RIERT Y 20114, Jean’ ne M. Shreeve ZE1"71
WA T 504 3-3-( =3 ) TH-1,2, 4-= 1
(NTNF) iz & 9 HA 55 0m 0 % B2 (1.94 g-cm™) il
B4 (0 4 2% P BiE (D=8983 m+s™', p=35.5 GPa) ,{H %4
EMER (T, =113.1 °C,15=9.0 ), FS=130 N), NTNF
1w AR AR T 2 N—N N—C = Bk
B AT LA R NTNF R P NH A I £10 05 35 v ) e
AR A LR R RV R R R N W) B R B R R
T

R FE LR X NTNF 14 58 &2 A28 4 1 fE A9 52
AHEFE LA Z B0 & AR R O BHES bR, 5 NTNF (1

SIRAARS: L Mg, VFoull, % . 5o 3E-3- (RS 2L H JE)-1H-1,2,4- = 5 AU & A 88 T 9 & R S5 YERR D). & fE A kL, 2025,33(5):423-432.
WANG Xian-feng, YANG Feng, XU Yuan-gang,et al. Synthesis and Performance of 5-Nitro-3-(trinitromethyl)-1H-1,2,4-triazole Nitrogen-rich Energetic lonic
Salts[)]. Chinese Journal of Energetic Materials( Hanneng Cailiao),2025,33(5):423-432.
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R, i, T, BT

BRER RO S AR E A SRS T (4~7) . it
W ek A 2D A I | 25 n FA U R
G ASCRIBRL G AT S ASORT I A B A G W W 25 M 04T T 3R
e IR TR S8 e B &g s 3 A
BSRARMET 5%

1 SCIG#ERS

1.1 RFE5NEE

) 2-(5-F -1 H-1,2,4-=M-3-5L) 218 i
FR AN RS IR PR R R MR AS R B R A IR AR L ST
AR R R IR AN . = A S AIER W £ T K B R R ATk
LR SR R T KSR A 25 48 k2R A
I E/NEI I VT [

1L #% : AVANCE I 500M #% G 2: 4 A% , B 1 Bruker

/5 F) 5 Nicolet 1S-20 {8 HL i 21 4p 48 ' 3% X, 55 [
Thermo Fisher B4 2 @ ; Flashsmart 7C £ 43 #T 4%, £ [H
Thermo Fisher BH% /A 5] ;D8 Quest X R ATHHY , 78 [
Bruker /A 7] ; DSC823e 22 7~ 1 4 i 44X, Hi - Mettler
Toledo [E PR 5 7 A MRS v s TGA/SDTA851E #44 k% 1 43
A, %t 1 Mettler Toledo [ b 57 55 G BR A 5] .
1.2 KM%

5-%l HE-3-( = L)1 H-1, 2, 4-= i A A
A B T 5 1 5 3 A LK £k A0 Scheme 1 BT R L
2-(5-FFH-1H-1,2,4-=mk-3-3) R MR, 2 H 1k
fi fk J5 1 £ T AR A AL NTNF, 38 i ) NTNF 7K %
Vo TF AR R AR A5 B NTNF A9 AR £, 5 5 38 o B 36
JreR B T E AR E A SRR T 4~7, B
(4 J2 3 2L [0 3 9 K U TR A R R O R AR AR
NTNF Y58 i £6

HZNY/N COOH  NaNO, OoN\_N COOH HNOyH,S0, 0N\ N NO,  AgNO;  [ON< N NOJ N'Cr OQNYN NO,
— ) — NO, NO,—— NO,
HN— HNO, HN— rt12h =" o, rt4h N o, J | H,0 N No,
Ag* N*
1 NTNF 3 47
He i f ON
" ; . J‘L HN A NH { HyNOH-CI NN NO,
N'= NH4 NHQNH3 HzN NHZ e 3 - P, NO2
H H H,0 N\ o,
4 5 6 7 HONH;"
Scheme 1 Synthetic route of 5-nitro-3-(trinitromethyl)-1H-1,2,4-triazole nitrogen-rich energetic ionic salt
1.3 XLmidiE 1561.54, 1537.29, 1493.11, 1437.88, 1382.10,
1.3.1 2-(5-FE-1H-1,2,4-=Z3-E)Z B (1) 1339.78, 1313.22, 1266.74, 1227.19, 1163.23,

é’ﬁi[m

7625 °CF ,7E 100 mL = HB& R Hom A 25 8 1k
50 mL, FRH% 10 g WAl AR 51 (144.9 mmol) ¥ T,
JnBE 40 °C L, # 4.26 g 2-(5-% FE-1H-1, 2, 4-=
Me-3-%5) 22 (30 mmol) % T 25 mL i i B2 1 (68%
AR 8 mL, 8B 77K 17 mL) , 8K e B il 45 89 6l 1R 1%
W A% 22 AE T TR U e S R R 218 A I A TR
W, N 58 JE 18 THIR 2 50 CCI I 2 h, 2R 5 B
T2 =T W AR R A 0.1 g IR R I
30 min. f 2 W2 £ 1k (3x50 mL) Z B, A HLAH it
I K (5x50 mL) ¥, 28 Ja FH JC K B R 86 1T 44,
e J5 U ZE IR S B A E K 3.02 gL I 711 %
"H NMR (500 MHz, DMSO-d,, 25 °C)&: 12.31 (s,
1H) 5 11.21 (s, TH) ; 3.42 (s, 2H) ; "C NMR
(125 MHz, DMSO-d,, 25 °C ) §: 174.83, 163.22,
159.73,125.29, 37.61; IR (ATR, v/cm™") : 3423.23,
3250.50, 2089.49, 2482.00, 1923.45, 1689.76,
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1049.84,1026.41,947.00,926.97, 840.19, 808.81,
777.76, 689.77, 651.83. Jt ¥ 4 #r C,H,O,N,
(172.02) , 35814 :C 27.90,H 2.32,N 32.55, 5l
ff:C27.96,H 2.41,N 32.59.
132 5- E-3-( = EHF HE)1H-1,2,4-=Z B
(NTNF) & 5

TE 50 mL WG ER AP AN A 12 mL ¥ w2 1 1R P
20 °C, PRI GLER th 218 10 mL & MAHRR , R 5
Ti] il A TR R TP A At A 2.58 g kA 1(15 mmol),
G H R ERIFTEE IR T SN 15 h, SO 45 905 14 %
WS 30 g Rk iR A K P 2 h s B U e A2 T
(3%20 mL) , A LA AR A& £R /K (520 mL) BE %, 2K
Je I JE /K Bt R B T 8 | B S U8 25 1R AR B 16 T A4
1.67 g, Wt ¥ 46.0%. T,=113.7 «C, T, =135 °C ;
"H NMR(500 MHz,DMSO-d,,25 °C)§:7.20(s, 1H) ;
“C NMR (125 MHz, DMSO-d,, 25 °C ) §: 157.91,
147.24,122.27;IR(ATR,»/cm™) :3090.76,2947.58,
S Xt
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5-fil BE-3-( = il AL B L) -1 H-1, 2, 4= I R EL S BE B T R B0 S R S T Ak 425
2846.88, 1631.84, 1600.35, 1568.47, 1525.57, 1.3.5 S5-FEHE-3-(ZHERE)-1H-1,2,4-=Z AT
1480.85, 1444.19, 1369.92, 1277.93, 1175.23, (6) B M

1080.78,1045.14,962.28, 844.80, 827.93,796.81,
670.81, 645.61, 633.84., Jt E 4 i CHO,N,
(262.99) ,iF % {4 :C 13.69,H 0.38,N 37.26, 5l
f:C 13.65,H 0.37,N 37.33,
133 S5-HHE3-(=ZHERE)-1H-1,2,4-Z W8
(4) &

Z T ¥ 0.486 g BYLAS W NTNF(2 mmol) i T
10 mL & & 7K i, B ) i W 4 b A 0.34 g 1Y il
FR4R (2 mmol) , 2 i T RGN 6 h, S 45 H 5 i 8
JER K LB F KBRS IEDE, T4, 14 0.69 g 1 {4 [
1% 98.8%

¥ 0.35 g i A B A [E R 3(1 mmol) 43 # T 15 mL
AH FEm H A A 0.05 g & AL#(0.95 mmol) , ZE i
THEHE 6 h, R 5 ok U8 K A R AR T EIR T
ZME I K, 0229 g &k 0 K, Ik R 86.2%.
"H NMR (500 MHz, DMSO-d,, 25 °C ) §8: 7.25 (s,
TH) ; "C NMR (125 MHz, DMSO-d,, 25 °C ) é:
167.77,148.23,126.11; IR(ATR, v/cm™) : 3349.04,

3020.23, 1614.80, 1596.65, 1579.34, 1550.57,
1454.43, 1412.58, 1380.79, 1346.39, 1307.21,
1287.41, 1143.17, 1106.74, 1039.70, 915.88,
827.21,788.98, 725.31, 658.73, 639.51, 622.46,

558.32, JC % 4r #F C,H.O,N, (280.02) , i+ & 14 :
C 12.86,H 1.42,N 40.00, 5 {E . C 12.81,H 1.49,
N 40.07.
134 S5-FHE3-(ZHERE)-1H1,2,4-=
(5) & K

G5 GRS 4 2600,6 0.35 g T3 B (4[4
& 3 (1 mmol) 43 B F 15 mL /K o, # i H oo A
0.06 g #H & MF(0.95 mmol) , &= FHE £ 6 h, I )5
UL AREARR TER NESE L,
0.242 g2 ik, 0% 88.1% . 'H NMR(500 MHz,
DMSO-d,, 25 °C ) 8: 7.22 (s, TH) ; 3.27 (s, 4H) ;
"C NMR (125 MHz, DMSO-d,, 25 °C ) 8: 166.29,
147.83,125.29;IR(ATR,»/cm™) :3392.67,2891.39,
1601.38, 1580.36, 1530.38, 1476.62, 1417.21,
1383.26, 1345.88, 1307.53, 1285.43, 1141.10,
1088.88,1041.73,967.31,910.96, 843.54, 798.78,
726.52,659.93,642.28,626.64,555.93, JC K /T
C,H,O4N, (295.16) , 3 & fi : C 12.20, H 1.69,
N 42.70,50{H:C 12.21,H 1.62,N 42.67.

MK Bt =
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EW 6 G LS 425,44 0.35 gtk &4 3(1 mmol)
S HCT 15 mLK b f g Ho o A 0.095 g #h R
(0.95 mmol) , =i/ FHFE6 h, & Jaid ik , K r 15 &
WOREWTERTRISHEL, 14 0.236 gt ik,
K 78.3%. 'H NMR(500 MHz, DMSO-d,, 25 °C)
8: 6.90(s,TH);"C NMR(125 MHz,DMSO-d,,25 °C)
5:166.42,158.43,147.94,124.43;IR(ATR,v/cm™)

3468.17, 3360.02, 3277.72, 3185.51, 1668.04,
1613.93, 1580.41, 1537.11, 1494.42, 1475.07,
1407.53, 1372.98, 1333.53, 1304.48, 1288.48,
112795, 1099.80, 1031.56, 978.01, 953.93,

838.20, 800.54, 722.49, 661.85, 619.55, JCL K 4>
#r C,H,O4N,,(322.19) , i+ 5 {H : C 14.90, H 1.86,
N 43.47,52{E:C 14.83,H 1.85,N 43.51,
1.3.6 S5-HE3-(=ZHERE)-1H-1,2,4-Z =5
EMEH(7)BHER

&Y 716 S 42500,450.35 g5 3(1 mmol)
SR ECT 15 mLoK e, R m H R A 0.14 g #h R
(0.95 mmol), ER TFHEH: 6 h, e iE, B ir 5%
ORI T E W NS A1 0.282 g Ak,
I % 81.3%. 'H NMR(500 MHz, DMSO-d,, 25 °C)
8:14.01(s,1H);4.86(s,2H);3.63(s,1H);1.51(s,2H);
“C NMR (125 MHz, DMSO-d,, 25 °C ) 8: 166.41,
159.48,154.25,147.91; IR(ATR, »/cm™) : 3365.53,
3278.09,1680.60,1609.22,1584.62,1531.16,1471.19,
1409.13,1381.64,1333.54,1301.14,1285.69,1134.77,
1118.39,1089.94,1029.91,960.82, 839.80,798.98,
724.63,681.47,644.92,619.78, JLE /M1 C,H,O,N,,
(367.24) ,i1531H :C 13.07,H 2.45,N 49.58, S .
C13.11,H2.52,N 49.57,
1.3.7 PN

KHIDSC-TGIEX B A ST REE 15 4.5.6 M1 7 Ay A
SrfEPEREHEAT 1, M AR AR A R 20 0.25 mg,
T A 5 Kemin™, 7 L H R 25~400 C, A X
Ji#E R 30 mL-min~',

AR IR R T E A SRR T 5.6
7 B YA BT K RE B KF

K FH BAM B i J7 36 %5 4 FhAk & Wy k47 T J8 R
FE R 5 1 P R B A 2 kg, 255 40 mm’ (FEFF 2 8
gt AT SIS i SR B — R R
) f IR T e ) .
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R, i, T, BT

2 #HR5WE

21 BRESEHRDH

R T E TR AR BOHRR 5 H Y A BT )
KR EERAT AR RELEGY 5.6 17
B 7K VA BT AF L A B O 0 X5 B S A SR
B E T EMMEH. k& 5.6 71 CCDCS 4
Wk 2255187 .2267781 F12258192,

B RAT L R W AL G W5 R TR AL R
P2,/C =5 Al B, A f ML T h AL & 400 b A
YIHE 296 K P B ARBEH 1.728 g-cm™. M FR R4S
4 AT DL R BH 5 5 NTNF B 2 1 /9 &5 7 A
il 5 () 7 7 B8 25 1 SVHEVE T ON(9) —H (9C) - N(3),
N(9)—H(9C)--O(5) ,N(9)—H(9C)---N(3) ,N(9)—
H(9A)---N(2),N(8)—H(8B)---O(8) ,N(8)—H(8B)--
O(5)), i 28 3% 26 43 (8] &5, U5 8 [ 4 > e o 1
M EAER (B 1afiid) . 76 ARHER 7 10, 5 0 fb i =
A R = 4E 2 e Z e, B2 5 2 2 8 e S AR
(E1bAlic),

XA NTNF IR (b &9 6 8 T =R
R PV EBE, BRI 40T %A

YITE 296 K F R IR %E N 1.746 g-cm™. L& W6
i M T RS ICPH 28 5 B i 6 A i 256 — s i 45 B 5
AHEAE R P A S8 B e B 6 S AL G W 5 0 dn ik 45
Fa S Rl A 3, ATy B 7 5 B B 5 Z (R A7 A
AEBL Y 2SR L (BB 25 FH 25— 0 A BRSO R &L+
FIEE A& 6 A LAk & 5 F A A AR
(N(17)—H(23)---0(16) ,N(17)—H(23)---O(1),
N(17)—H(21)-*N(9) ,N(16)—H(25)--N(9),
N(16)—H(26)--N(2) ,N(15)—H(22)---N(11),
N(15)—H(24)--0(12)) (Kl 2af1d). MIE 2b7] L
WHREME L IHE 75 NTNF B & 7R 78 [7 — F 1
b, HWAS T R A T2 f R 114,940, 1 R HE R
M, 6 0 MRt = EHEZ ML, 252 Z R
AN = Mg FR BT AE SF- 1 18] B9 B B 4 9 R 4.5356 A Al
4.8721 A(K 2¢).

&Y 78T =R ER P12 B BE, BRI BoC
h HAL S 24050 1 IZ AL B W AE 296 KR 1Y b 14 % B2
H1.744 g-em” . 5AG W 6 MIE G 7 dik &
A ZH I B F S5 6 4~ NTNF B & 117 76 SV
AHEAEF B A PH 2 f R RS R &R i3, fe &
Y7 R 58 2 A A E AR T 6 HJT

1 () EY SRS ; (b)F (OG5 0 ARG ; (d) JJFBH B J Bl 205 09 % B 5 00 (S (R AR AL
Fig.1 (a) Single crystal structure of compound 5, (b) and (c) Crystal packing structure of compound 5, (d) Connectivity of

hydrogen bonds around the hydrazine cation (green dashed lines represent hydrogen bonds)
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B2 (a)fba¥6my s et (b) DR B T A0 =me IR 10 M (o) TG 4 6 04 S IR MERLEE 140 5 (o) IR 5 7 ) ) S B 1) i e 1 0L (4
ERLMEA)

Fig.2 (a) Single crystal structure of compound 6, (b) Dihedral angle between guanidine cation and triazole ring; (c) Crystal
packing structure of compound 6, (d) Connectivity of hydrogen bonds around the guanidine cation (green dashed lines repre-
sent hydrogen bonds)

IR (N(8)—H(8)*N(1),N(8)—H(8):-0(2), JZ A EAE A SC (8 3c) o A& 4.5 F1 6 1153 i
N(9)—H(9A) O (1) ,N(10)—H(10) -*N(2), Tk BE AT BT 42 = L 6 (W0 4 23 IR EE D 115.1 °C 5 NTNF
N1 —H1A)0(2) ,N(12)—H(12)--N(3),  BYPI4H 53 it i AN 12 00T, 1M B 13k 4 4251 6 °C .55 7t
N(13)—H(13A)--O(5))(E 3afid). WEI3bETEL  T£10 °C. o i WA 5 0 R M, B 73k 7 19
WRENE N, &AM 75 NTNFIE RS IR A, 4.5 F1 6 YU (E AR T NTNFo i T
e Al —F1i , B WA F )k /o 104.82°, fEdh SHILEWIE TZRAZ WS WO A, ot ik
RHERL TS T, 7 0 A ARG R R AR 9 =42 E i, EEER T 125 °C

{H5 5 F1 6 A [R] Y 2 7 (438 & 7 XONBRIE (K 30) . TG 2 2B, NTNF L2 6 %08 7 3k 59 $ o i i
2.2 RARQEMEMIARE T EZ AMABr B, B — B By 110~148 °C, i

T Re M RE I R A T U A R A M iR Y T B4 P 25K 55%~70% , o 5 1) 3 fiff o A2 45 o0 TV 7
P, B A PR I RO AL AR Y R M . o 116.3~125.6 CIX A F 10 CHIBEEL B AL T
SR 2878 F 1 B BSORBAR F 3 B A0 B R R R 67.5% M iE, XM TESTFHNREHNAAS &
4 .5.6F 7 RS RERRHEAT T I, 25 R K 4 (86.11%) ;55 B Bt iy 148~248 °C, Rt k4N
5 B 16%~30% , 3% 1~ B BE 4 351K ot 2 10 B 4 B de KL, 29

I 4 0] LUE H 0T il £ 0 s A0S R R 7 AR 29.4% . NTNF & H:E:7F 30~400 °CHJ ok 58 243 i, H
T AR & GERT A NTNF A & 5K 09 00 16 4 i NS B (8 Bt W] DL s U o LR YRR
LA 104.0 °C, AL T 8.4%, 31X 5 2 B 43 (105 fig T A R e A A R T RER R . kA
G W 2 BLER S AT DA S 3 A v R E R I B P NTNF 4 F1 5, BT A A & KT 85% ., 5 & I
] 202 XA RE S 7 AR HE BN S 0% BB = E R PR T 1%, Mtk &4 6 f1 7 (R A & LT 84.5%,
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R, i, T, BT

3 () bBEW 7 WA 5 (b) = 2R MR &5 7 A = e 3R 1 — T £ () AL &9 7 19 & A S B 4 5 (o) = 0B B 5 7 Jo) el &

19 T 175 0 (2 (0 plE 2 AR 3R )

Fig.3 (a) Single crystal structure of compound 7, (b) Dihedral angle between tris(amino) guanidine cation and triazole ring,

(c) Crystal packing structure of compound 7, (d) Connectivity of hydrogen bonds around the tris (amino) guanidine cation

(green dashed lines represent hydrogen bonds)

30

~132.9

—

104.0 g

1200
204 115 - 6

exo up
N
(é)]
1

z 151 123.3%242 :
= 33

2 107 4108 L

3 >~ 4
2

~128.1
. W(\ NTNF
e L BLY;

5 100 150 200 250 300 350 400
temperature / °C

B4 f&¥4.5.6.7 FINTNF ) DSC iifi £
Fig.4 DSC curves of compound 4, 5, 6, 7 and NTNF
FRE L TE 18% DL (E5).

Xt T AL ER B )y 1T, 2R FH BAM A v it 4 F Ak
G AT TIEEIE LS W 4.5.6.7 AT ok
JE4y 3N 4.5,5.1,9.6,10.3 ), BE 38R 4 51k 70,
70,120,140 No JF T & REHT 4 NTNF #E4T 1 2 J5 M
B (R 1) Kb &9 4.5 83 73 T NTNF, 1M 6
7 B $i o SRR A 5RO I T NTNEF, 38 230 45 £
T 6 F1 7 AFAE Y AT AN 7 0 A S Dk
TRIE HERR Iy A & S A AR E M o
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=/
100+ —6
—"9
807 445% 146.8 —
421% 146.3°C NTNF
S 607 3401410 28.0% 2395 26.89
o> 35.4% 147.6°C e g i
—~ 32.5% 125.6C 18.1% 212.8 18.1%
3 40 16.2% 234.8 C 10.9%
S 407 9.7% 248.1 8.3%
= \\ 6.0% 2183 C 6.0%
207
0_

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

B5 &% 4.5.6.7FHNTNFA TG4
Fig.5 TG curves of compound 4, 5, 6, 7 and NTNF

R T ARG Sy A (F R R
(] 4 AR EAE T LA 5 40 & W B EE Z Tl i IR FE B R
ARG EE TR 5.6 M 71 M KE4T Hirshfeld
TS . B LAG 2 49 I (8] A0 B 7R FH A9 L 4] AT
HLH-- O AR (R g S8, XN T 48 a0 b A2
A SE R 3 DA K Ta) R 8 40 4 v (T 6a b Al
) F O--- O AE I (FR/R hy fiFg 22 8] 0 AH ELAE HT, X6 T
AR 0 T AR 2> (K 6a b T o) BY B AT
#4453 Hirshfeld 21 9 50% A 11 (59.2%~67.8%)
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Table 1 Detonation parameters of compounds NTNF, 4, 5, 6 and 7

compound pl/gem™ T, /C AH,/k)+mol™'(kj-g™") N+O /% D/m-s"" p/GPa 1,/s IS/) FS/N
NTNF!'7] 1.94 113.6 123.2(0.468) 85.93 8983 35.5 274.1 9.0 130

4417 1.757 119.5 74.0(0.264) 85.71 8475 32.4 262.5 4.5 60

5 1.728 123.3 69.7(0.236) 86.11 8634 30.2 263.5 5.1 70

6 1.746 115.1 -50.0(-0.155) 83.24 8324 28.80 246.5 9.6 150

7 1.744 104.0 236.4(0.644) 84.48 8627 30.6 254.8 10.3 150

Note: p is single crystal density(296 K). T,

c

is thermal decomposition temperature. AH, is enthalpy of formation. N+O is nitrogen oxygen content. D is detonation

velocity. p is detonation pressure. I is specific impulse. IS is impact sensitivity. FS is friction sensitivity.
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Fig.6 2D fingerprint plots and Hirshfeld surfaces of compounds 5(a), 6(b), and 7(c), (d) Percentage of interactions between

atoms on Hirshfeld surfaces
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Fig.7 Molecular electrostatic potentials of compounds NTNF(a), 5 (b), 6 (¢), and 7 (d)
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Synthesis and Performance of 5-Nitro-3-(trinitromethyl)-1H-1,2,4-triazole Nitrogen-rich Energetic lonic
Salts

WANG Xian-feng, YANG Feng, XU Yuan-gang, LU Ming
(School of Chemistry and Chemical Engineering s Nanjing University of Science and Technology, Nanjing 210014, China)

Abstract: To further balance the energy and safety of 5-nitro-3-(trinitromethyl)-1H-1, 2, 4-triazole, four nitrogen-rich energetic
ionic salts were synthesized using 2-(5-amino-1H-1,2, 4-triazole-3-yl) acetic acid as a starting material through a silver salt sub-
stitution reaction. The structures of all new compounds were characterized using nuclear magnetic resonance, Fourier transform
infrared spectroscopy, differential scanning calorimetry, thermogravimetric analysis, and single crystal X-ray diffraction. The re-
sults indicate that the ammonium salt, hydrazine salt, and guanidine salt of 5-nitro-3-(trinitromethyl)-1H-1, 2, 4-triazole exhibit
higher initial decomposition temperature than that of the precursor. Moreover, the hydrazine salt, guanidine salt and triamino-
guanidine salt belong to the different crystal systems with distinct crystal packing arrangements and densities. However, they
share consistent characteristics in terms of intermolecular weak interactions, with the H---O interaction being the predominant
contributor. With the decreasing of the ratios of N---O and O---O interactions, the sensitivity of the nitrogen-rich energetic ion-
ic salts to mechanical stimuli decreases. Finally, the analysis of the distribution of molecular electrostatic potential supplements
the explanation for the change in impact sensitivity of 5-nitro-3-(trinitromethyl)-1H-1, 2, 4-triazole after salt formation. Among
the four ionic compounds, the hydrazine salt exhibits outstanding detonation performance (D=8634 m-s™', p=30.2 GPa, I =
263.5 s) with relative high sensitivity. In contrast, the triaminoguanidine salt demonstrates excellent overall performance. It has
a detonation velocity comparable to that of the hydrazine salt (D=8627 m-s™"), a heat of formation nearly 1.4 times greater than
that of the precursor (AH=0.644 kJ-g™'), and a low mechanical sensitivity (/15=10.3 J, FS=150 N).

Key words: nitrogen-rich energetic ionic salts;triazole compounds;synthesis;crystal structure; stability
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