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A PRS2 S B H bR AR B AR M BB R 95 B A ROR
W2V LTINS 1 Klapotke! 2 i 4 % B A 74
A5 3,6,7-= & K-7H-[1,2,4]-=wkI[4,3-b]
[1,2,4] =155 (TATOT) Fl i 54 B8 1 47 2 B b A1 J
N il T — R B R AR E M R R LA
Oy FRIRE N 264 °C . BLAb VR IR AE R 1 H-BR s
[4,5-d]mkWE-2,4,7-= i BH B F i SRR AR #5 i , il &
T MEEEN SRR T, HEE RN 1.93 g-em ™,
%R B AR R B R R RS i B R
JERCRE R M G R R ORI BB R B 43 S 14 ) RN
168 N, LT RDX A9 8% B FRAE (48 i B 7.4 ), JRE 45 )k
JE 120 N),

FEHT I B E IR T AR SR 4, 7-mE R O ARk

WEL R e SRR SN, ) 1 — Bl R Rk 1.94 g-em Y
TREE . AR RE R TR IR E R
i BE A R 181 °Co N 1 BRAT HRAR 2 1k B vy 4 T Y
TREE T AR B A Z AL 3,4- &

F-5-(3,4-"FAH-1,2,4-Z M558 )-1, 2, 4-= 1 fH
B0 S R SRR (2) MR AR (3) AT & L il i
TE bR 55 BE B 45 i VA 45 4 v b s SRR IR0 45 1) SRS
il 7 PR R m AR E R RE R T B Y
e 1) FARRE P i G AE 5 RE AR o B A B T Y I
PRI

2 IGER 4

2.1 KFHENEH
WG oK BER (1, 3- R BRI IR AR 2 R WA

DAL N3 R oy M i, 22 SE AR A D

1Y %% : 12 = Bruker D8 Venture X-Hif £k B 5 A7 5
% ; 7 [F Bruker AVANCE 400 MHz % 8 L 4% il 3% 1%
%% Elementar Vario EL Cube JGZE /3 H1{¥ ; #5 [E Bruker
Alpha i L2836 21 A0 Sl 185 S 5 12 [ it 3t 23 7 STA449
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WA T 75 46 170.0 K& T 6k A 9 2 Fi 3 i
A7 B X R AT S0, SR ) B g Ak & 2 F0 3
P4 A 25 4, SR FH 4 6 B i /DN — TR 1 % I U T A b
4% T S P A0 B TR A B I ] DMSO-d,
P R AR AR, AL 5 W 2 F 3 9EAT TR . AE
FARATLLA10 Comin™ (TR R, R H 2R H
i it L (DSC) AT 43 BT AL (TG MK T 6 & 9 2
LG 3 M Fae k. SR H AR BAM 7% HR 20
JEE 23 I ML XAk A 4 2 0 3 A JRE o JEE R R SRR
770K . 2R NASACEA 513+ T4k &9 2 Fi 3
LG m R 7= ) . BAR S B0 B R R E RN
298.15 K, #RHe % K N 69.98 MPa, JE5# L} 69.4/4,
Wi Bem AL EE 1.3, P R B AL L R 5.
2.2 EREgL

kM Scheme 1 12k, &ML G 1~3. H X,
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S35 TM AR A TM i R 28 v RN A B T PR A
TReETHRULEw 2 Ew 3).
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Scheme 1 Synthesis of 1, 2 and 3
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3,4- & H-5-(3,4- & F-1,2,4-=Z-5-5)-1,2, 4- = K H

AE B T 8 1Y A 0 2 TE fiE 105

23 XL RE
2.3.1 3, 4-=Z & E-5-(3, 4-= § E-1, 2, 4-=
M-5-%)-1,2,4- = (1) AR
B2 B 7.5 g A ZE 100 mL 55 5N
LA A 120 °C5 % HR (0.5 g, 0.055 mol) Fil =42
FEMTER R £ (1.8 g,0.014 mol) 7 BF bk v B B 25 20 )
i 22 I ORI R iRk a2 o R R AR
A R ORISR FF 120 CCRNE, B2 RV
tIC A A AR, ROV IR R R E RS EIA
100 mL &K A B I e S8 AL B i (pH=14)
BN pHAE 2 8 Ay, 7 A IR UL TE o 3ok UK PR U
5, I KPS ER , T 50 CHER T 12 h 3 )
aid ik AW 1005 g), BT R R TR 46%,
"H NMR (400 MHz, DMSO-d,, 25 °C)6:5.91(s,2H) ,
5.81 (s,2H);""C NMR (100 MHz,DMSO-d,, 25 °C)
8:155.4, 139.4; IR (KBr, v/cm™) : 3782, 3400,
3341, 3278, 3142, 2348, 1626, 1537, 1478, 1421,
1317,1252,1232,1085,1022,987,935,799,778,
723, 678, 664; Anal. calcd for C,H,N,,: C 24.49,
H 4.08,N 71.43; found:C 24.49,H 4.11, N 71.40.
2.3.2 3, 4-= & E-5-(3, 4-= | E-1, 2, 4-=
M.5-5)-1,2,4-ZMEFBRE(2)HEK
Wik 1(0.5 8,0.0025 moDfIA 10 mL 1 mol-L™'
i e AR th , 80 °CTF I HF RS W W & W L 45 1k
TR H G VR B 2/ Vpedi b, T TR R E 3 d,
ik, T AR AR (0.87 g, IR 88%) . 'H NMR
(400 MHz, DMSO-d,, 25 °C)8:6.16 (s, 2H) , 8.58
(s, 2H) ; ”C NMR (100 MHz, DMSO-d,, 25 °C ) §:
152.4,138.2; IR(KBr, v/ecm™): 3413, 3347, 3304,
1696,1614,1098,1036,982,924, 780, 617; Anal.
calcd for C,H,,N,,0,Cl,: C 12.10, H 2.54,N 35.27;
found: C 12.36, H 2.63, N 35.24,
23.3 3, 4-Z & E-5-(3, 4-= & E-1, 2, 4-=
Me-5-%)-1,2,4-ZMREEREL (3) A A
B 491005 g,0.0025 moD A 10 mL 1 mol-L™
M TR L 80 °CF fin #A4t P 22 1 W T T & B L 45 1k
Ve H S R NE RS /N T TR IR ERE 3 d, i
UE, T HR AR R K(0.67 g, 0K 84%) . "H NMR
(400 MHz, DMSO-d,, 25 C)§:6.16 (s,2H), 8.58
(s,2H) ;"°C NMR (100 MHz, DMSO-d,, 25 °C)é:
152.4,138.2;IR (KBr, v/em™): 3328, 3111, 1691,
1608, 1410, 1311, 1050, 978, 943, 847, 681;
Anal.calcd for C,H,(\N,,0,:C 14.91,H 3.13,N 52.17;
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found: C 15.00, H 3.12, N 51.53.
3 #R5iTiE

3.1 BikEH
LAY 2 3 B9 AR 2= B R 1 TR k& 2
AL A9 3 1) b AR 2548 43 S5 1) 1 Fn L 2 s

®1 LAY 2R3 MIEE SR
Table 1 Crystallographic parameters of 2 and 3

formula C,H,,CI,N,,O4(2)  C,H(N,,0.(3)
formula mass 397.12 322.24
crystal system triclinic triclinic
space group P-1 P-1

alA 10.4025(6) 6.7059(2)
b/A 10.4186(7) 6.9706(2)
c/A 13.1574(8) 7.0651(3)
a/(°) 84.038(2) 72.618(3)
B/ () 84.746(2) 89.527(3)
y/(°) 86.685(2) 75.998(3)
v/ A 1410.64(15) 305.074(18)
V4 4 1
D/g-cm™ 1.87 1.75

T/K 170.0 170.0

w/ mm™ 0.529 1.389
F(000) 808.0 166.0
data/restraints/parameters  6149/0/466 1042/0/101
R[1>=20 (D] 0.0556 0.0696
wR, [1>=20 (D] 0.1327 0.1727

R, (all data) 0.0745 0.0815
wR,(all data) 0.1543 0.1925

fb&¥ 2(CCDC:2098132) /& T =AM &R, P-17%8
] BE, A I B 40 a=10.4025(6) A, b=10.4186(7) A,
c=13.1574(8) A, = 84.038(2)°,8 = 84.746(2)°,
y =86.685(2)°,V=1410.64(15) A’ Z=4, L&Y
2 [ A X FR BT P AL B S T AR 3, 4-T
Ho5.(3,4- & H-1,2,4-=M5-5)-1,2,4-= Wk [H
B (OMUA S AR EF (K 1a). FHE T
AR F AL A W AP, A HE FES R
SHEFIT 12 S AR Y R AR AR AR B AR (B 1), B A
AR A 6 N AR FAHEAEH (Bl 10) . XER
SR B 2.073(2)~2.750(2) A, BIFHE 72 )
Wk AR A EAE O AT A 2 B R S
(El 1e) o teB W2 (1 S A2 4 38 vT LU VR A2 il BH B
SR Y SR 5 4 (IR 1) T a il M AR, v SRR AR I S8 1
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d. the layered structure contained in the crystal structure
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Fig.1 The crystal structure of 2
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YER J1 . INE 3ah /] LLE LG9 2 (9 BH 25 1Y
Hirshfeld & [ B A V- 2 19 458 , 210 (4 5] 5 32 2200 A 78
PSSR R TR ok e 2T AR R AR AR L AR R
PHES F 2 6] A9 S FH (O--H AITN---H) , /5 Hirshfeld

and adjacent cation

2

=

=2

Vrg‘f \’?}‘f&é 9'78?

reree
0OOITZO

Chinese Journal of Energetic Materials, Vol.30, No.2, 2022 (103—110)

the link between perchlorate c.

ecl Lig ocCl
of S NS o
. .
.8 o—d.=f£=‘," .8
. .

the link between cations and adjacent

perchlorate

&
‘& K S o0

«C

e. three-dimensional supramolecules structure diagram

KRN 61.6%. HP,0--HHAN---HZ[H A
S Ay R 47 .4% F14.2% . Hirshfeld 3 10 _F #)
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S 2 M, IS W 3 19 Hirshfeld 22 18 A9 41 €4 5] 5
A AR D, 56.9% . Ho ,O-H A N---H Z [A]
B SR S 4 40.6% AT 16.3% . th& W 2713
A HA TR PH B, (H BB 7 0 4R PR 20 TR R BLA
K2R KR 3 SRS b, & 450 Z 18 i A
HAER 1A
3.2 ¥IEZMERE

TR ARG IR A RS R R B R A R
A E MR SR B 2.3 DL & = i AR OR
(TNT) BERA(RDX) Y PEREXF LWL 2, & 27T L)
i A A 2 3 AR B4y 5 1.87 g-em T
1.75 grem™, & F INT % )£/ (1.65 g-cm™) , 1
HAk G W 2 1 R E R TR BE X 25 RDX Y %5 B2
166 W 2 1Y i % BERRAE A R T AR S BB ARSI Y
N o AR PSR BB AL R RE A E — 20 T & Y S b AR
B Ak AW 2 F 3 B AT B i IR E M, ) i
Ui B 3 ) 338.3 °CHI1 289.8 °C, ¥ 55 T RDX ) #4443
L . A2 3R EN S B A SR
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a. asymmetric structural b. the linkage between nitrate and c. the linkage between cation and

adjacent cation adjacent nitrates
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d. the layered structure contained in the structure e. three-dimensional supramolecules structure diagram
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Fig.2 The crystal structure of compound 3
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a. Hirshfeld surface and 2D fingerprint spectrum of b. Hirshfeld surface and 2D fingerprint spectrum of

d

compound 2 compound 3
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percentage / %

c. the ratio of different interaction to the total interaction in the crystals of compounds 2 and 3
3 AW 2 MG Y 3 19 Hirshfeld 31 & — 4t 15 038 K2 i VR 254 v AN () AE AR D o fE g 0 L)
Fig 3 Hirshfeld surface and 2D fingerprint spectrum of 2 and 3, the ratio of different interaction to the total interaction in the

crystals of 2 and 3
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W1 E T (T,=364.2 °C)#85 M ik 451y
T EE RN B E., ka2 MiLEYw3
) TG-DSC i £k [ 4 fir /s o 1k & % 2 19 44 4 i T
JE T KR 4 B RE B T R A I o R R R il
3,6,7-—&K-7H-[1,2,4] = I[5,1-c][1,2,4]
SE-2-BH A RR (T, =279 °C),3,6,7-= & H-7H-

x2 LAY 2 3. TNTFI RDX FlAY ¥ B Ak 24 P BE

(1,2,4] =W 37 [5,1-c][1,2,4] =me-2-55 = A TR 1
(T,=257 °C)"™;3,9- "% H-6,7- & -5H-W([1,2,4]
=) [4,3-e:3,4'gl[1,2,4, 5] UAZ4-2,10- 285
il B2 £k (T,=203 °C ), 3,9- & H-6, 7-— & -5H-W
([1,2,4]=m)[4,3-€:3",4"-g][1,2,4,5]URL-2,
10- 85 m AR iR (T,=278 °C)',

Table 2 Physicochemical properties of 1, 2, and reference compounds

Comp. 7,"/°C p”/g-ecm™  AH °P /k]-mol™ DY /m-s p” / GPa 1% /) FS” /N

2 338.3 1.87 -0.1 8308 30.1 4 96

3 289.8 1.75 -120.7 8452 271 >20 >360

TNTY 290 1.65 -59.4 7459 23.5 15 353

RDX? 204 1.80 70.3 8795 349 7.5 120

Note: 1) T, : thermal decomposition temperature (-peak) under nitrogen gas (DTA, 10 °C-min™'); 2) p : the density of TNT, RDX, compound 2 and 3 onset at

25 °C; 3) AH,® : calculated molar enthalpy of formation; 4) D : calculated detonation velocity via EXPLO5 v6.02 5) p : calculated detonation pressure
via EXPLO5 v6.02; 6) IS : impact sensitivity; 7) FS : friction sensitivity; 8) Ref.[30]; 9) Ref.[31].
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a. TG-DSC curves of compound 2

B4 1G4 2 mik&9 31 TG-DSC 4k
Fig.4 TG-DSC curves of 2 and 3

AW 3¢ R H Gaussian 09 (D.01) 84 %) 4k £
Y2 03 A Bk AT T BN TR R R T R
1Ak A Y2 F03 AR RAS 43 B S -0.1 kJemol™
F=120.7 kJ-mol™ . G924 o 2% 5 R EE 462 Jk i
SE 550k 4 )R 96 N LA W 3 14 o Jk A g
PR S 25 R 3 ) R T 20 )R 360 N k&9 2
3 2 ) A K B JR B2 22 S 5 AL A 2 LR A AR 5 4
FUIR R R, THEE FEhh, m SR R F A iR
A S R R AE . e SRR AR A T A AR R
Hxp e s FERBEA T mRE N RNz —, 1k
BY2HhEBAHE T2 EmEARBER, ks
Y3t B E T 0 AR AR, X AT e 3K
G 2 846G 3 B 0 e R Y D A
3.3 BEEYHME

TR MORL Y BE B ARAE O AR RS B E R OR
£ o AWK EXPLOS v6.02 2 X b &9 2 F13 Y
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b. TG-DSC curves of compound 3

P RAR TR AT 1A R RN R 2 R . AR 2
AL LLFE GG 0 2 R 3 i 4 84 5l R 8308 mesT! Al
8452 m-s', 4 JE 4> oM 30.1 GPa fil 27.1 GPa, ¥ &
T TNT (1 45 2 FA R o BR Uk 22 A6, AR BF 5% 36 2R
NASA CEA B ARt Ak A W 2 13 1 B b FUBR 58 7™ )
PEAT TSR AE L. fbA 9 2 F0 3 19 B 55 L b 4 51 Ry
250.3 s 12143 s, fbAW 20 EA o TNT 9 H
25 Hvp (221.9 o) B &, {H 2T RDX A9 1 %5 [ o
(269.3 s) . HE NI T, & BEM BHAE SRS AT &=
= BRBE T W B o /N A R TR TS RE MR e
hrEfE. S ATLLE B G 2 Fiib &9 3 1Bk e
b 2 R AR, o 33.32% Al
41.27%, X 5 EA S A S ERIEHEY G, LG
Yy 2 F1 3 KR BE 7 W) 1 SF- 35 4 F £ 43 Bl 26.473 il
22.165. G 3 AT /N RABE ™ 1) 53 F 1 19 Ji 1A
S HRBe Y h S R AR (24.25%) . BARLE
N Lk

www.energetic-materials.org.cn



3,4- & H-5-(3,4- & F-1,2,4-=m-5-5)-1, 2, 4-=m K H 5

AT Hh B A % fE 109

Yy 3 HAT /N B RR R 7 ) o3 -k AER I L R AR /N T
feGw 2t X FE R TG 2 HA 3 &4k
WG o TR R R A 2 B L e S
FHINASA CEABRAEXS AL &4 2 70 3 1 = i AT 13t
o MR REH MG 2R N 2.4 g7 MG
Y3 =S 1.8 Log™'s AbA Y 2 5 7= < e 1T g
B s Hh ) RNz — .
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combustion product content/ %
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Fig.5 The simulated combustion products and their contents
of 2 and 3

4 Hi

LR A B0 B R R 1, 3-SR KL IR 1R 6 A R 4R DR
BE,TE 2 R o o AL RN i T B A S A
W &Rtk G4 3, 4- & H-5-(3,4- 28 5-1,2,4-=
M5 ) 1,2, 4- = BEIZAL S W A RN AR A
FRAVEH] il 2 7 HA MR EMER S Re s F#h 2 /13,
AW 2 F 3 AL EA & % R e B g s vk ae ,
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Synthesis and Properties of 3,4-Diamino-5-(3,4-diamino-1,2,4-triazol-5-yl)-1,2,4-triazole and Its

Energetic Salts

ZHAO Xia'’, WANG lJin-xin', SONG Si-wei', Ql Xiu-juan®’, WANG Kang-cai', ZHANG Qing-hua'

(1. Institute of Chemical Materials, CAEP, Mianyang 621999, China; 2. School of Materials , Southwest University of Science and Technology , Mianyang
621010, China)

Abstract: Herein, two energetic salts, 3, 4-diamino-5-(3, 4-diamino-1, 2, 4-triazol-5-yl)-1, 2, 4-triazolium perchlorate (2) and
3,4-diamino-5-(3, 4-diamino-1, 2, 4-triazole-5-yl)-1, 2, 4-triazolium nitrate (3), were prepared by neutralization reaction of 3,
4-diamino-5-(3,4-diamino-1,2,4-triazol-5-yl)-1, 2, 4-triazole (1) with perchloric acid and nitric acid, respectively. The suitable
single crystals of 2 and 3 were obtained and the crystal structures were measured by single crystal X-ray diffraction analysis. In
the crystal structure of 2, each cation interacted with 12 adjacent perchlorates anions through hydrogen bonding. Layer struc-
tures were formed by the cations of protonated 1. Perchlorate anions were embedded into two nearby layers. In the crystal struc-
ture of 3, each cation interacted with 10 nearby nitrates through hydrogen bonding. Layer structures were built by the cations
and nitrates. The thermal stabilities of 2 and 3 were measured by differential scanning calorimeter (DSC) and thermogravimetric
analyzer (TG). Compounds 2 and 3 had ultra-high thermal stabilities, and their thermal decomposition temperatures were
338.3 °C and 289.8 °C, respectively. In addition, the calculated detonation velocity and specific impulse of 2 were 8308 m-s™
and 250.3 s, respectively, indicating 3 shows excellent energetic properties. Compound 3 had excellent mechanical sensitivity.
The values of impact sensitivity and friction sensitivity were higher than 20 J and 360 N, respectively.

Key words: nitrogen-rich bitriazole energetic compound;energetic salt;synthesis; crystal structure;energetic properties
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