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o HMAT W, 5,5 -Bk-1H-1,2,4- =5 908054 4 B A
ERmfe e 22 SRR ae . (H3-%
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1,2,4- = b bG8, e T — 20 & S IR
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2.1 KA

3-FH-1H-1,2,4- = H -5 R TR, Bk 13 95 (Alfa
Aesa) W EAL2F A R B) 5 N-H LN RS - N T Al 2 K
(MNNG) , B8 A Z ( )4l Tolk & J@ A R A &
AACER, BTHLT 5 80% 7K G W, R i 3k A 4k T3 50 F
ST K S, 50% K ABLIR , i IR , 34 B AR ) B
b i AR AR . ek 2 4 4t

I3 K- (METTLER TOLEDO AL204) ; % 77 1
#r (Heidolph MR Hei-Mix S) ; Jit i (Agilent Varian
325-LC-MS) ; £L.4h 43 BT % (Nicolet islo) 5 % i 3 4z 44
(Bruker AVANCE 400) ; 22 7~ #1 ##f & #4 4% (TGA/
DSC2,METTLER TOLEDO STAR © system) ; ¥} A % &
% (Micromeritics AccuPyc 1T 1340) ; % 5 # & 3}
(IKA® C5000) .
2.2 BB

3 F-37 A B 35, 57 -8k-1, 2, 4-= I ) A R
2k i Scheme 1 Frs .
2.3 XIgidiE
2.3.1 3-E2E-1H-1,2,4- =W 5-BBBAE(1HEX

F£ 250 mL = S H o A T oK B BE 90 mL, FR HL
3-F HE-1H-1,2,4-=H -5 2 12.8 g(10 mmol) ,
Tl el B T IO OK HUEE , L 6 mL 50% & 4 H,SO,
S0 M F RN W, TR ZE 85 CCII R N 12 he H
SRV A, e 25 B 00 o0 HOBE L B s 3-E JE-1HAT, 2,
4= 5 FR R P IR B IR £ DUUE o I UTEE I 20 mL

ZEME K, FH NaOH (5 mol-L™") 7 pH N 5~6, il g 15

@J HEUIE, K S B 2~3 %, T 915 3 3-%
Be-1H-1, 2, 4-= M558 TR W R ( 7 % 73%) . IR
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(KBr, »/cm™) : 3341 (m), 3139 (m), 2609 (w),
1720 (m),1682(s),1557(s),1523(w),1483(m),
1437(m),1211(s),1127(m),882(s),778(m) ; MS
(ES1) ,m/z:141.0[C,H.N,O,7],110.7[C,H,N,O" ] ;
BC NMR(125 MHz, D,0/NaOH-d,, 25 °C)8:164.7,
163.21,157.92,48.86,

H H
—N Conc.H,S0 N-N3 1 4 NH,NH
N ONC.HooUy 2N
| COOH ——— COOCH; ——
" )\N/>_ CH3OH )\ .
2
1
H H H
N3 0 N
N LI 4
o JIER
WS TN NN, 2N N weno,
2 3
Scheme 1 Synthetic route of N-(5’-amino-1H,1'H-[3,3’-bi

(1,2,4-triazol) ]-5-yl) nitramide

2.3.2 3-EHE-1H-1,2,4-ZW-5-BREEH (2) &K

m 50 mL 5 H )R A 3-2 HE-1H-1, 2, 4-=
Mg -5-$2 2 11K 4.26 g(30 mmol) , Z 18 % 1 80% /K &
9.6 mL,70 CHEFER N 2 h, B HEFEIR, LR IETY
pH 2y 5, il U8 45 2] B 6 AR, 8 6 A 3-20 31 H-
1,2, 4- = ME-5-f Bk k(772 85% ) o IR (KBr,v/cm™):
3409(m),3308(s),3159(w),2931(m),1677(s),
1651(m),1580(m),1498(s),1250(s),1130(s),
1044(s),820(s),722(s),574 (m) ; MS(ESI) , m/z:
140.9 [C,H,N,O" ], 110.9 [C,H,N,O ] ; "C NMR
(125 MHz, D,O/NaOH-d,, 25 °C ) 8: 164.3, 162.2,
153.87.

2.3.3 3-2E-3-THRRE-5,5-Bk-1H-1,2,4-=#(3)
K& K
M 100 mL = P m A 3-2 H-1H-1,2,4-=

-5 - TBE JF 2.1 g(14.8 mmol) I & 7% T 20 mL £ &
Tk, B 4.35 g(F K 50%,30 mmol) MNNG & ¥
T 20 mL PSS 22 1% R I T By e, IR 2 80 °Clal
T2 he WHIZE 50 CLAT & 18 A KOH /K%
(KOH/H,0=2.8 g/15 mL), # F+ i % 80 °C Il Jii )z K
3hs @ EFER, HHNO,JHTT pH 2 3~4, A HIid%,
AT B A TUE , O K SRR 2 Ik, TR 15 B B
o [ R (72 % 93%) . IR (KBr,»/cm™) : 3206 (m) ,
2957(m),2767(w),1698(s),1510(m),1314(m),
1252(w),1229(w),1076(s),1038(m),850(w),
974 (s),767 (s),710 (s) ; MS (ESI) , m/z: 209.9
[C,H,N,O,”];"”C NMR (125 MHz, D,0O/NaOH-d,,
e ik
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25°C)6:161.9,163.08,154.5,155.32,
2.3.4 3-SE-3-BBRE-5,5-Bk-1H-1,2,4-= 1 (3)
18 F & B # B E
Fr i R H R 800 mg fF Ml AE 200 mg WS (IR A .
FE R, R R AU A B 00 75 48 e 52 o A, B R I 4 3 2
KA X (E Ry 1E R R A

3 #R5WiE

3.1 BHEF#WIREC NMRERIESH
LAY 1-3 W20 AME AN 1 BT s |, 4% ji 3 4R ik
T (PC NMR)FRIE IS F# 2,

W M triazole
substance 3 ’ ®C=0

B CONHNH,

NO,
substance 2

substance 1
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wave number / cm”’

B1 &Y 1-3 ML s K

Fig.1 Infrared spectra of compounds 1-3

C4
C3\ Clco
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L y 1 1 u 1 ]
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C3 c2 C1
K
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| i
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2 WF1-38 C NMR %
Fig.2 "’C NMR spectra of substances 1-3

i SCHk (191 AT 0, = e 3 1 B 22 4R 8h #E 1400~
1500, 820 cm™ Bff 3L , — NH, (4 25 il 4% 3h W% g 1%
3000~3400, 2500 cm™, 3-5 KE-1H-1,2, 4-= % k-
5 R IR o TR Ak S A AR A 1, LA R (1)
A T 4k B = kB AR 4R 5 1557 ,1437,822 cm™ Eii
FI TR AR 20 (1211 em™) s F LA 189 °C NMR
B T 5 G2 A R T S A D b A [ A 2 B B B i
T HEA 4y 164.7,163.21,157.92,48.86, H:
48.86 Ay AR AT Y HY T 5 iy itk 67 % 5 SR 15 A 3R A%
T T RO AR B e T (m/2) 2 141.0,110.7
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G A 08 43 5 AR A 1k L [HTIRILCH,O Ty &
T (PRI AE 43 9N m/2z=141.05,111.05) . 5%
FH 308 o W T 1 A A Ak 390 %) 17 B 95 AR AT T H R Ak
i, WCHE AT IK 73% o

& W1 2 WA A S Y 2(3-5 B-1H-1, 2,
4-= 5B TE ) L 2T AMIE I TP BOR Y 1534 em T 5
1250 cm™ 2y Bk B JF 8 A A I Ml 11 L gt i IO e g o
I ;P C NMR B8 s iz 4548 v HS A = 35 5 19 ik
JCE R Y 48.86 1 H TR Ak 0 T 2% | TR B 2% = Bk
W57 5 10 B 1 Hp X A7 ) B 0 7 A EE Ak S RS TR
Bok, 0 FH R 0 2000 1 5 R o 3 £ 8 i TR P A A e T
Fe(m/z)ly 140.9 B9 1 12 1 (FRIR {6 m/2z=141.06) ,
R 3-E -1 H-1,2, 4- = M5 R Bk HE 2 25— AN [HY]
B U6 o FR T ZE A E AL A 8 2 A B Ry, 155K
5 85%.

LA P 2 v By Bk BEE S5 MNNG 34T 5838 2
N, A — AR A H ARG 3. WA 31 IR
T AT 7 A R s R LR 43 A
1557,1437,822 cm™ &b, 1fi 3206.2597 cm™ &k h
—NH, (9 25 i 4% 3 e v, i EDE R BoR—C—O 1)
W A g | 00 2 Y B R I L B4 5 MNING B fT
T R A5 R, 76 1318 em ™ &b HE 3 NO, W 1
W, 325 e B MNIN G 5 H BRI AT 1 DG BA 2 B A
T O3-MH M H-TH-1, 2, 4-= I 0 B AN LAY
19 C NMREE B H A MR BT R , 5779
2 U3 — R, ELG LA B A AL LR (R R U
PR R I . A TRk G WAL S ARG R
P 0] % = P AR =R ER R I A B HL S A DY
Tl b 2 B85 094 ik 5 O 4% 43 BT A5 209%™ W i B L (m/ 2)
49209.9 B FUE K — A THT TR Fr 06 (BRI (.
m/z=210.06) , Z& & 7 A T 3K 15 | & 77 ) ol 3-4
BEo3 i HL -5, 5 T H-1, 2, 4= 3% RO R
35 93%.
3.2 3-EE-3-MEBRE-55-BK-1H-1,2,4- =W (3)#

T

SR #ACE - 2% 7R 1 4 K (TG-DSC) 43 M fb 5
Y3 AT R FHIRE R 5 Kemin™', S5 0L 3.
H 1 3 ] R B o IR EE 160 °Co kG I3 A
AN T BRI | AR A3 59 R 225,297 °C. 5 — A I I
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Fig.3 TG-DSC curve of N-(5'-amino-1H,1'H-[3,3"-bi(1,2,

4-triazol) ]-5-yl) nitramide

33 BERASREMTM

T E AL G W 3 48 2 VR RE SR I AR SRS
5 W FE e 15 B bR ME BE R BR BRI
H=1952.25 kJ-mol™ R I 1Z BB 45 & EXPLO 5 12 5
T ARG RE o Ak A YIS 0 4E R A (AU AT
DLEE T 45 2 O1) B 46 il b 1 B IR B 45 (ACH',) 72 )
358 e ke o R = (a) B o AR A 5
(2) BV Ay SR A5 b o JEE O A RS
AH! =AU+ AnRT (1)
AP An=n (728 ) = n, R ), n, R 7= 9 5
Y S AR EE IR A, R=8.314 J-mol™ - K™, T=298.15 K.
C,H;N,O, +17/40,(g)=4CO, (g)+5/2H,0(1)+ 9/2N, (g)(a)
AH W) ) =X AH! (B ) -AHE (i) ) (2)
A, AH!(CO,,g)=-393.5 kJ-mol™" ,AH (H,0,1)=
—-285.8 kJ-mol™

P8 Hess & & 11 8 14 45 1 BE /R A B &S
AH'=-336.245 k)-mol™',

K M B oK % B AW 3-2 BE-30-f i K-
5,5/ -BK-TH-1,2,4- =PRI 8y K% B2 o AT 05 =K
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K F BAM ¥ it 48 of 8% 8 (DN 7 % A6 & W 0 4
JFE S 80 ), K BAM JBE 52 Jak B2 AN 4532 Ak 5 W 114 JEE
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BRI A R 3-% FE-3 A I -5, 50 -Hk-TH-1, 2, 4-=
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WL ) R 577 %
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Synthesis and Characterization of 3-Amino-3’-nitroamino-5,5'-bis-1H-1,2,4-triazole

WANG Ting-wei'*, LI Yan', CHEN Dong’, ZHANG Qi*, ZHU Shun-guan'
(1. School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Institute of Chemical Materials, China
Academy of Engineering Physics, Mianyang 621999, China)

Abstract: Asymmetric triazole nitrogen-rich energetic compound 3-amino-3’-nitroamino-5,5'-bis-1H-1,2, 4-triazole (3)was syn-
thesized using 3-amino-1H-1,2,4-triazole-5carboxylic acid as raw material for the first time, and the product structure was char-
acterized by IR, NMR and MS. Its thermal stability and decomposition process were studied by differential scanning calorimeter
(DSC) combined with thermogravimetric analysis(TG). The results show that the decomposition temperature of compound 3 is
as high as 160 °C . The standard molar enthalpy of combustion (A H’,) measured by an oxygen bomb calorimeter is
=1952.25 kJ-mol™'. The standard molar enthalpy of formation (AH' calculated and obtained according to Hess's law is
—-336.245 kJ-mol™'. The powder density measured by powder densitometer is 1.6137 g-cm™. The detonation pressure and deto-
nation velocity predicted by EXPLO 5 program are 9.6 GPa and 5745.5 m-s™', respectively. The impact and friction sensitivities of
this compound are 80 J and 360 N, respectively, which shows that this compound is a new type of insensitive energetic material.
Key words: energetic ligand;triazole;preparation;characterization

CLC number: TJ55; O64 Document code: A DOI: 10.11943/CJEM2018300

(it =)

o
Il

CHINESE JOURNAL OF ENERGETIC MATERIALS A A A R 2019 % %27 % %124 (1031-1035)



