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Scheme 1  Synthetic route of three energetic ionic salts based
on DNOBT
2.3 X I§
2.3.1 1,1-Z“#%-3,3'-_f#&E-5,5"-8-1,2,4-=

Mk 5 5t fft £ (DNOBT-ODH ) B9 & B

¥ DNOBT(0.05 g, 1.52x10 " mol) 7% 10 mL 2
B B, At A B EEE(0.018 g, 1.52x107 mol),
FRTHHE 2 b, G K AR, g, TR R
7593 0.041 g, it% 65.7%

"C NMR (125 MHz, DMSO-d, , §) :156.732,154.
317,133.739; '"H NMR (500 MHz, DMSO-d,, §):
7.655(s, 8H, 2NH:, 2NH); IR(KBr,»/cm™): 3530,
3462, 3080, 2926, 2736, 2066, 1705, 1623, 1538,
1471, 1404, 1366, 1307, 1265, 1191, 1033, 834, 743,
693, 649, 602; TLZE4HT C,HN,,O, - 2H,0,(%): 3
WAE,C17.48, H 2.913, N 40.78; sZil{E,C 18.02,
H 3.025, N 40.60,

2.3.2 1,1-Z8E3,3-"“f4E-5,5-§-1,2,4-=
M BB O iz 2k (DNOBT-DHT) B & B

¥ DNOBT(0.05 g, 1.52x10 " "mol) #f# 10 mL
CEE R, BEFE, 4y Ao A BF 3L U s (0. 021 g,
1.48x107" mol) , i FHEFE 2h, A K BB (0 [ (& A7
U EEE TR R AT 15 5] 0.046 g, % 69.6%

" C NMR (125 MHz, DMSO-d,, §):162. 733,
155.213, 134.724; '"H NMR (500 MHz, DMSO-d,,
8): 6.748 (s, 2H, 2NH), 9. 385 (s, 6H, 2NHI);
IR(KBr,p/cm™): 3548, 3220, 2691, 2149, 1639,
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1539, 1461, 1433, 1395, 1368, 1340, 1304, 1223,

1195, 1102, 1055, 1040, 1025, 958, 861, 838, 753,

650, 565; TLZE 4T C.HN,, O, + 2H,0, (%): #ip

fl,C 16.51, H 2.752, N 51.38; =il {4, C 16.97,

H2.944, N 53.04,

2.3.3 1,1-“8%-3,3-"m&-5,5-8-1,2,4- =¥
Z(3-55-1,2,4- =) £ (DNOBT-3-AT) § i

¥ DNOBT(0.05 g, 1.52x107" mol) ###10 mL
L BERE A4 3-AT (0.0255 g, 3.03x107* mol)
S FRERE 2 h A KR AR AT DR R T
BIAT453 0.05 g, % 76.9%

"C NMR (125 MHz, DMSO-d, , §) :155. 184,
154.514, 143.592, 134.710; 'H NMR (500 MHz,
DMSO-d,, 8): 7.921 (s, 2H, 2CH); IR ( KBr,
v/cm™): 3426, 3373, 3144, 2770, 1694, 1602,
1572, 1527, 1467, 1387, 1302, 1175, 1039, 953,
858, 835, 753, 643; ILE4Hr C,H, N, O,, (%) :
PG M, C 22,54, H 2.36, N 52.57; =2 {4,
C22.66, H2.279, N 51.82,
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1 DNOBT-3-AT 43 F 254 F
Fig. 1 Molecule structure of DNOBT-3-AT

2 DNOBT-3-AT j o 4 FLE
Fig.2 Molecular packing of the unit cell of DNOBT-3-AT

# 1 DNOBT-3-AT {34k K

Table 1  Selected bond length of DNOBT-3-AT
bond length/A
0(6)—N(8) 1.290(3)
C(3)—N(5) 1.430(4)
C(2)—C(2)# 1.436(5)
N(4)—0(3) 1.290(3)
N(1)—C(1) 1.436(3)
C(4)—C(4)#® 1.433(5)

Note: #1-x+1, -y+1, -z+2; #2-x, -y, -z+2.
AFE AT N (1) —C(1) K H1.436(3) A,
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A F N—C B (1.28 ~1.47 A) 2 [a], {5t I Al 5 505
T =R C(2)—C(2)# #EKH 1.436(5) A,
A F C—C XU (1.32 ~1.53 A) Z [a] 35 B w5 A4~ = ik
FALHE, N (4)—O (3) 8K H1.290(3) A, /N T 1E# 1
N—O it 1.44 A BiHO(3) 554> = mp Rk 4E, 4 1t
HANBEA DNOBT® 41,

%2 DNOBT-3-AT {354 i fA
Table 2 Selected dihedral angle of DNOBT-3-AT

bond angle/(°)
0(2)—N(1)—C(1)—N(2) 179.9(3)
O(2)—N(1)—C(1)—N(3) -1.3(4)
C(1)—N(2)—C(2)—C(2)# -179.1(3)
N(3)—N(4)—C(2)—C(2)# 179.2(3)
O(3)—N(4)—C(2)—N(2) -179.3(3)
O(3)—N(4)—C(2)—C(2)#1 -0.2(5)
O(1)—N(1)—C(1)—N(2) -0.8(4)
O(1)—N(1)—C(1)—N(3) 177.9(3)

Note: #1 -x+1, -y+1, -z+2.

MFE 2 Af LB H, £ DNOBT® £ 1k 45 iy
O(2)—N(1)—C(1)—N(2).0(2)—N(1)—
C(1)—N(3) C(1)—N(2)—C(2)—C(2)#1,
N(3)—N(4)—C(2)—C(2)#1 . 0(3)—N(4)—
C(2)—N(2).0(3)—N(4)—C(2)—C(2) #1,
O(M)—N(1)—C(1)—N((2),0(1)—=N(1)—
C(H—N(3) my =1 f 75k 179. 9 (3)°,
—1.3(4)°.-179.1(3)°.179.2(3)°.=179.3(3)°.
-0.2(5)°,-0.8(4)°.177.9(3)°, # DNOBT"" I
A R F LT — A1 b R, B FAA7E s N
HE AT 1) 4 23 () 57 B OV , Bl DNOBT-3-AT 43+
A = A TR gt T R R 2 RS Tl AR R A G
JR e FUR % SR /N AU 1.769 g - em ™,

MR 3 FTLLE 7 5 s S s i iR A SRR A
3-AT ) N(10) 5 DNOBT* Hij) O(3)—N(10)—
H(10) - O(3) (=-x, y+1/2, —=z+3/2) (H--- O,
1.910,N---O,2.769 ,N—H---O ¥ 177.91°) ,
T DNOBT-3-AT J3 ¥ 45 ¥ i 47 75 300 i U B AE T, I
I H 4 DNOBT (43 fif il B 189. 3 °C) V7 A5 B 4 1y 44
3.2 ZHEEBETHENYULSBERERITHE

T HRSE T i DNOBT 77 A= W) () 8 2% P 6, F
JH Gaussian 09 7¢I & 17 ok #E (9 B3LYP J7
WEUOTE 6-31G " R KT b = Bl AT AR W 1 45 4
HAT T AL, S8R 3 o B e BLTC AL, e WA AL 4 A
N kK
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JyHGeE EA/N . SR H] Monte-Carlo ¥£iH8 T B
T FE S AR B, pE R A3 H ® . R M R 11k 7
FU RIS A sk (CBS-AM) HHEE T 4 T 1Y
SHA BUS BT RS S BT g R
Politzer 45 A" H B9 A R T 20 T 19 THE S O
ARAT AR A B o 38 ) Kamlet-Jacobs 2424 34445
EATREEE R, R 4, R4 KT
WHLIY EXE 25 TNT F1 RDX, 53X = Fh & A 5 1 £h 10 5
BRI F TNT HiR WA 53] RDX 7K ¥

%3 DNOBT-3-AT & 4
Table 3 Hydrogen bond of DNOBT-3-AT

DA d(D—H) d(H--A) d(D--A) D—H--A

/A /A /A /(°)
N(10)—H(10)---O(3)#  0.860 1.910 2.769 177.91
N(12)—H(12A)---N(3)# 0.860 2.146 2.973 161.10
N(12)—H(12B)---N(7)# 0.860 2.154 2.945 152.79
N(12)—H(12B)---O(4)# 0.860 2.457 3.136 136.45
N(13)—H(13)---0(6)#  0.860 2.058 2.753 137.38
N(13)—H(13)---N(6)#  0.860 2.402 3.085 136.72
N(16)—H(16A)---O(2)# 0.860 2.373 3.119 145.31
N(16)—H(16A)---O(4)# 0.860 2.466 3.175 140.22
N(16)—H(16B)---N(9)#9 0.860 2.325 3.027 138.97
O(3)—H(3)--N(1)#0  0.820 2.483 3.125 136.03
O(3)—H(3)---O(1)#10  0.820 2.586 3.347 154.95
O(6)—H(6)--N(13)#11  0.820 2.245 2.753 120.54
0(6)—H(6)---N(6)# 0.820 2.429 2.929 120.27

Note: #2 —x, —y, —z+2; #3 —x, y+1/2, -z+3/2; #4 —x+1, y+1/2, -z+3/2;
#5 x, y+1, z=1; #6 —x, —y+1, —z+1; #7 x+1, -y+3/2, z-1/2;
#8 x, —y+3/2, z=1/2; #9 —x, y+1/2, —=z+1/2;

#10 =x, —y+1, —=z+2; #11 x, y=1, z+1.

&4 DNOBT =Fh ¥ RER T-Eh i 1k SRS g
Table 4 The performances of physico-chemistry and detona-

tion for three energetic ionic salts of DNOBT

NO. P P RRG®
/g - cm /m s /GPa /k) + mol™
DNOBT-3-AT  1.77 7736.4  26.8 664.5
DNOBT-ODH  1.77 7729.56  26.74 -120
DNOBT-DHT  1.78 7974.64 28.56 593.7
TNTLE 1.65 6881 19.5 -67
RDX'®] 1.82 8977 35.2 92.6

Note: p is density, D is detonation velocity, p is detonation pressure, AH¢is

heat of formation.

3.3 DNOBT TR AR X

3 R & REE T DSC i & (TF IR R
5°C - min”" ) WK 3, BT DNOBT Lk 454 th 77
TE 555 1) SRR, WOmT 2 25 A i 0 o, B A0 fig
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LR 200 °C LLF 23 i 30 W B4 3% 55 i, DNOBT-
ODH A — /W B i 70 137,49 °C, AN A 4 i
I 257.02 °C 268.61 °C; DNOBT-DHT 4 £ /> it #
A it W& 154. 15, 165. 58, 181. 53, 265. 73 °C;
DNOBT-3-AT {7 H 45 — I 4 4 fi 166 276. 54 °C | s
U0 I R 5 B /0N R 58 AR B4, e BH R 5 40 i R
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W P B it A VA 28 0 W BRI A B A AR o R T 2 [
ENERE P

15
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‘2 9] -
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Z 6 )\
—
5 268.62°C
< 3 257.02%
0 —V
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TIC

B3 DNOBT =7 & fER kA DSC il £
Fig.3 DSC curves of three energetic ionic salts of DNOBT
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69.6% .76.9% ,

(2) K37 DNOBT-3-AT ({5 i, Ho S A & T Pk i
MRz P2(1) /o, A E1.769 g - cm ™,

(3) #) A Gaussian 09 # 5 #1 Kamlet-Jacobs J5
PRI T = Re Ak G W 0 B S Tk e, LA 43 S
7736.4,7729.56, 7974.64 m - s~ ; % DSC 455
9T T BT R AR, 45 R K B], DNOBT-3-AT #4f2
E VRIS, A i IR = 3k 27654 °C

S &k
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Synthesis, Crystal Structure and Performance of 3,3’- Dinitro-5,5'-bis-1,2 ,4-triazole-1,1'-diolate Energetic

lonic Salts

LUO Yi-fen' , Bl Fu-giang', WANG Bo-zhou'’, ZHOU Cheng', LI Ya-nan'

(1. Xi'an Modern Chemistry Research Institute, Xi'an 710065, China; 2. State Key Laboratory of Fluorine & Nitrogen Chemicals, Xi'an 710065, China)

Abstract. Using 3, 3’-dinitro-5, 5'-bis-1, 2, 4-triazole-1, 1’-diolate ( DNOBT ) as starting material, three energetic ionic salts
(DNOBT-3-AT,DNOBT-ODH,DNOBT-DHT) were synthesized by reaction with 3-amino-1,2,4-triazole,oxalyl dihydrazide,3,6-
dihydrazine-1,2,4 ,5-tetrazine, respectively, and their structures were characterized by FT-IR, NMR and elementary analysis. The
single crystal of DNOBT-3-AT was cultivated, and its crystal structure was determined by X-ray crystallography. It is found that
DNOBT-3-AT crystallizes in monoclinic system, space group P2 (1)/c. Their physico-chemistry and detonation properties were
calculated by Gaussian 09 program and Kamlet-Jacobs formula. Meanwhile, the thermal behaviors of the three compounds were
studied with differential scanning calorimetry ( DSC). Results show that the detonation velocities are 7736. 4, 7729. 56,
7974.64 m + s, and the detonation pressures are 26.8, 26.74, 28.56 GPa, respectively. The first exothermic decomposition
peak temperatures of DNOBT-3-AT, DNOBT-ODH and DNOBT-DHT are 276. 54, 257.02, 154.15 °C, respectively, which
shows that DNOBT-3-AT has better thermal stability than DNOBT-ODH and DNOBT-DHT.
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