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FEN, 2-F Lk 2-G £ B, IR BE, 717 YA g
I BB B 7284 M B , DU T Rk 8, SN AR M
BRIR BN, A AL B, CuSO, - 5H,0, [ A L&, kK MR
AR, KNSR, S B, HRE, L FR O, SN, Lk, N
Fi 25, AR TR R AL T 53, 5- 2 % -1,2,4-=
PN =2 o A i S 5 /A I D B S = 1 B R 22|
ki B Ay Al i TR 2 ik — D b B

b 35 3K UV-1800PC %8 41 1] UL 43 )6 % B it
(UV-Vis) ; £ [# Perkin Elmer Spectrum 1000 f# § if
AT AP TEAL (FT-IR) 5 38 [ Varian 1200L ¥ AH (3%
TR FE B AL (LC-MS) 5 Bt -1 Bruker Avance T 600 ##
SRR AR DAL (NMR, TMS 45 ) 5 3 -+ Bruker
Avance Il HD 400 # 5 & # 3L 3= % 1%L (NMR, TMS
AR ) s BRI Ry-1G s A GIRUE TR AL IE ) 5 18
[E elementar Vario ELCUBE 7T % 43 #71¥ ; 25 [H Perkin
Elmer Pyris 1 A HE /3 Hr{U(TG) .
2.2 LIGIE
221 WEERIREHWEM

Z: 2% SCHR (15 ]G B BR R 81 4R (KP) 728 94.3 %,
m.p. 248~250 °C,3CHR{H 246 °C'; ESI-MS (=) m/z:
[M-K] 227.7,

22 R0 66 I i R (KDN),%36..5 %,
m.p. 128~ 130 °C, CHK{E 130 °C"%; ESI-MS (=) m/z:
[M=-K] 105.6,

S CHR1 716 3, 5- R 5E-1, 2, 4- =AW
B (KDNT) , P23 77.4%, m.p. 260 ~ 262 °C, 3Lk
{8265 °C "'7'; ESI-MS (=) m/z: [M—-K] 157.7,

Z: 2% SCHK (18] 4 B 5 -fiFf 55 DU e g 3h — K 5 9
(NaNT-2H,0),7=#* 65.7%. m.p. 207 ~ 208 °C,
Bk{E 210 °C "5 ESI-MS (=) m/z: [M=Na] 113.8,
222 3,3 -TTHEX(2-FE-1-FHBE ZEKM)

B (3)ME K

3, 3730 F 3 UL (2- B -1 -l I 4R 2 FE Rk ) g
TR+ (3) 145 MU 2t Scheme 1 7R .

2221 N,N/-TF A E I (2-FAEBRIE) (1) &K

ZH B9 B MG 1,77 % 62.5%, m.p.
166~168 °C; ESI-MS (+) m/z: [M+H]* 177.1,
2222 3,3 -THEX-FE1-BZEKK) TS

L (2)HERK

Z:MOCHR[20] 5 AL & W 2, 77 % 88.1%., ESI-

MS (+) m/z: [M+H]" 133.0,

H N [ oH [ ono
N CHBr, \(j CICH,CH,OH N HNO, N 2
—_— - - - . C ——= NOs5-
[N/>_ CHyCN o IPA reflux ¢/ \@ NOs /=) \N(/i) 3
N§< HO/\/+NYN\/ OZNO/\/+NTN\/
1 2 3
Scheme 1 Synthesis of methylene-bridged bis-imidazolium energetic salt 3

2223 3,3 -THEN(2-BE-1-HBERZEKK)
ZHEBRE (3) A R

TERE ST EFETF L% 20 mLAMHHNO, AR 50 mL
BB UKV A HIR AR T 10 °Co KAk G
Y2022 g, 6.5 mmol) st in A &M HNO, . i
Rkt B R BE AN T 15 °Co kR E AR
RS2 h AR5 A AT 2= IR 24 he B VTR
GG EIA 50 mL K Sk # bR IR, T2
AR AR ] TR =R, ToK SRR 45 15 31 1 [
K=Y 3,77 R 77.8%. m.p. 146~148 °C; UV-vis
(H,0) A,,.: 228 nm; '"H NMR (600 MHz, D,0)é :
7.60 (d,1H, C5—H, imidazole), 7.56 (d,TH, C4—H,
imidazole) , 6.54 (s, TH, N—CH,—N), 4.82 (t,
2H, N—CH,—C) , 4.56 (t, 2H, C—CH—ONO,),
2.76 (s, 3H, C—CH,); "C NMR (151 MHz, D,O) §:
146.90 (C—CH,, imidazole), 123.04 (C5, imidazole) ,
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121.39 (C4, imidazole) , 70.16 (N—CH,—N) ,
57.49 (N—CH,—C) , 45.70 (C—CH,—ONO,) ,
9.73 (C—CH,) ; FT-IR (KBr, »/cm™) : 3163.9,
3110.3, 3061.1, 2959.5, 2899.0, 1632.0, 1591.2,
1540.6, 1384.5, 1280.6, 1245.5, 1179.0, 1123.6,
1075.9, 1020.3, 894.2, 861.8, 752.1, 707.6,
666.6; ESI-MS m/z: 178.1 (M*); 61.8 (M7); Anal.
caled for C,;H,,N,O,,: C 43.82, H 5.66, N 23.58,
O 26.94; found C 43.79, H5.69, N 23.60, O 26.92,
223 XNHEBFEEEHSa~5dMEK

BB B T fE£h 5a ~ 5d AU & I B% 4 i Scheme 2
FIR o
2.23.1 3,3 -THEN(2-BE-1-HBRZEKK)

—gkw(4)mEm”

FEhT B AE Y 3 Mt s Cl e 1 sc i s
TEEFKP B 24 ho U8, IFH & FKRER
At
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Z B 2 . = Y-
NOy = \fj NO; P oF ) o - = or p
OQNO/\/N+TN\/N MOQNO/\/N+TN\/N\> YK or YNa* ace:"t”e OQNO/\/N+YN\/N\>
3 4 5
o LNO
ON NO . G Yy
ay= b:Y"= ON” NO, ¢Y= NN dY= 1 )—NO,
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OzN
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Scheme 2 Synthesis of methylene-bridged bis-imidazolium energetic salts 5a-5d

RIAR =0, B Z8 I8 A5 2L B 4, R &t i — D A fl
HEMT T2 R0
2.23.2 WABE F&aE 5a~5d A M

PR A9 4(0.4 g,1.0 mmol) 75T 2 mL H1 i o,
P T A B 22 50 miLo K el <2 J 3% AEER BUNaNT - 2H,0
(2.0 mmoD) it AR & %W, 25 C A 24 h,
RL B BR 25 AR L TCHLER  ZE BR VN Bk AR W I TJE K & 1
4 i B 2 BT R B

3,37 -0 F B 0 (2-F -1 - gk R £ R R e ) 5
PR R #h (5a) : 50 8 {4 [5 4K, )7 %€ 97.8%., m.p. 143~
145 °C; UV-vis (acetone)A,,: 228 nm,354nm; '"H NMR
(600 MHz, DMSO-d,) §: 8.63 (s, 2H, picrate) ,
7.95(d, 1H, C5—H, imidazole), 7.89 (d, TH, C4—H,
imidazole) , 6.67 (s, TH, N—CH,—N), 4.92 (t,
2H, N—CH,—C), 4.66 (t, 2H, C—CH,—ONO,),
2.84(s, 3H, C—CH,); "C NMR(151 MHz , DMSO-d,)
8: 161.31 (C1, picrate), 147.49 (C—CH,, imidazole) ,
142.29 (C2, C6, picrate), 125.74 (C3, C5, picrate) ,
124.69 (C4, picrate) , 123.22 (C5, imidazole) ,
122.01 (C4, imidazole, ), 71.20 (N—CH,—N) ,
57.24 (N—CH,—C) , 45.69 (C—CH,—ONO,) ,
10.58 (C—CH,) ; FT-IR (KBr, v/cm™) : 3138.6,
3101.7, 3082.2, 2991.0, 2909.9, 1645.1, 1634.4,
1609.5, 1556.6, 1508.2, 1489.1, 1434.0, 1363.6,
1344.2, 1326.8, 1308.3, 1281.0, 1261.5, 1159.8,
1077.6, 1027.7, 892.4, 860.9, 791.6, 707.4; ESI-
MS m/z: 178.1 (M"); 227.8 (M™); Anal. calcd for
C,;H,.,N,,0,,: C 36.96, H 2.98, N 20.69, O 39.38;
found C 36.94, H 2.98, N 20.71, O 39.37,

3,37 - 3 X 2- -1 -l Tk 4R 2 i R s ) — il
Mt iz 3 (5b) = F Ky oK, 7 % 96.3%., m.p. 112~
114 °G UV-vis(acetone) A, :228nm, 283 nm; 'H NMR
(600 MHz, DMSO-d,)s: 7.91 (d, 1H, C5—H, imid-
azole), 7.84 (d, 1H, C4—H, imidazole) , 6.62 (s,
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1TH, N—CH;N), 4.90 (t, 2H, N—CH;—0), 4.62 (t, 2H,
C—CH,—ONO,), 2.79 (s, 3H, C—CH,) ; "C NMR
(151 MHz, DMSO-d,)8: 147.48 (C—CH,, imidaz-
ole), 123.21 (C5, imidazole), 121.99 (C4, imidaz-
ole), 71.18 (N—CH,—N) , 57.24 (N—CH,—C),
45.68 (C—CH,—ONO,), 10.56 (C—CH,); FT-IR
(KBr, v/em™) : 3146.9, 3020.1, 2965.4, 2917.2,
1641.2, 1592.2, 1514.6, 1431.2, 1341.2, 1281.0,
1243.1, 1182.2, 1125.9, 1006.2, 895.47, 852.4,
756.1, 667.0; ESI-MS m/z: 178.1 (M*); 105.6 (M");
Anal. caled for C,;H,N,,O,,: C 27.47, H 3.55,
N 29.57, O 39.41; found C 27.44, H 3.58, N 29.55,
O 39.43,

3,37 -7 HFER(2- W JE -1 - il k4 £ S ko ) —
(3,5-f43E-1,2,4-=m )3 (5¢) : B (0 [E 14, 7= %K
95.7%. m.p. 134~136 °C ; UV-vis (acetone) A, :
228 nm, 285 nm; 'H NMR (600 MHz, DMSO-d,)
8:7.93 (d, TH, C5—H, imidazole), 7.85 (d, 1H,
C4—H, imidazole), 6.65 (s, TH, N—CH,—N), 4.90
(t, 2H, N—CH,—C), 4.64 (t, 2H, G—CH,—ONO,) ,
2.80 (s, 3H, C—CH,); "CNMR (151 MHz, DMSO-d,)
8: 163.32 (C5, triazole), 147.50 (C—CH,, imidazole) ,
123.23 (C5, imidazole), 122.01 (C4, imidazole),
71.20 (N—CH,—N), 57.36 (N—CH,—C), 57.26 (C3,
triazole), 45.71 (C—CH,—ONO,), 10.60 (C—CH,) ;
FT - IR (KBr, v/em™) : 3161.2, 3130.7, 2960.4,
2906.9, 1637.9, 1589.7, 1550.3, 1485.5,1378.7,
1343.9, 1282.5, 1240.6, 1180.9, 1124.7, 1093.8,
1037.6, 900.7, 865.9, 840.4, 752.8, 711.0, 651.6;
ESI-MS m/z: 178.1 (M"); 157.8 (M) ; Anal. calcd
for C,,H,,N,,O,: C 30.36, H 3.00, N 33.33, O 33.31;
found C 30.33, H 3.03, N 33.36, O 33.28,

3,37 -0 FF 3 0L 2-FF - - i 4R 2 Bk R ) . (5-
i B e ) £ (5d) - H @A EAR, 7 4898.4%, m.p. 116~
4 fe A A 2018 % % 26 %

%9 # (753-759)
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118 °C; UV-vis (acetone) A,,: 228 nm, 256 nm; '"H NMR
(600 MHz, DMSO-d,)§: 7.93 (d, 1H, C5—H,
imidazole) , 7.85 (d, 1H, C4—H, imidazole), 6.65
(s, TH, N—CH,—N), 4.90 (t, 2H, N—CH,—C), 4.64
(t, 2H, C—CH;—ONO,), 2.80 (s, 3H, C—CH,); "C NMR
(151 MHz, DMSO-d,) &: 169.17 (tetrazole) |,
147.52 (C—CH,, imidazole), 123.20 (C5, imidazole) ,
121.98 (C4, imidazole) , 71.20 (N—CH,—N) ,
57.27 (N—CH,—C) , 45.68 (C—CH,—ONO,) ,
10.58 (C—CH,) ; FT-IR (KBr, v/cm™) : 3183.1,
3161.5, 3138.0, 3090.6, 3005.8, 2971.9, 2899.1,
1631.7, 1589.3, 1532.1, 1432.6, 1413.7, 1369.4,
1339.7, 1312.7, 1281.5, 1244.1, 1183.8, 1166.6,
1123.9, 1021.6, 897.8, 860.3, 837.7, 761.0,
732.3, 709.7, 670.5; ESI-MS m/z: 178.1 (M");
113.7 (M7); Anal. calcd for C,;H,,N,,O,,: C 30.83,
H 3.45, N 38.35, O 27.38; found C 30.85, H 3.43,
N 38.37, O 27.35.

3 #R5WiE

31 WHBEF&fEH3Ms5a~5dMARITESH

DL 2- F e R e Sy JEORE R B AR O B B
K TCHEFNEXE A Y1347 T A& s o &
B, JCU I 0 R R RN BN YA RO R
e Oy B AR A X R E . DA SR N RN R SR &
Fi%: 2, TG 7 445 fh B 25 A 5 1y A 2- FEY S ik s Jpel | B AT
IR EI R AR R A7/ PV W 0L (A
F AL 1 2T AL TEK £ 1 45 i R4S 3 80
B a2t =T, LRGSR R AN AL R X
AW 2 9E AT 65 R R AL, AT 85 e 7 2 b A 2B RH
B REER 3. TEIZERTR AL S AL A 2 B SR
-, ) A A A TR AR S

F T A TR ) S TR B MV T SR, LA TN T A )
W, 1644 3 5 KP KDN  KDNT 5 NaNT - 2H,0 255
& B E RN IR SE 4. ST A Ak B ek S AL
MEVE T DA, 5256 v SE SR FH CY B 7 38 e 4 g B Ak &
Yy 3 B AR AR B 22 i S AR 2L G W 4, T &
A Ay AR R R T A5 B X R B X BH B T A fiE R
5a~5d,
3.2 WHBEF&HE 3 5a~5d LRI

MUPH B 1 % fig 8 3 FI 5a~5d (19 45 4 1 i i
UV-Vis .FT-IR \ESI-MS ."H NMR."*C NMR Fl17C & 43 7
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SEIRAL
UV-Vis I & 3, i &5 9 3 il 5a~5d ¥ AE4E— 4>
228 nm Y e KR AP, 2R BH T G B Ak & W S A A
2-H Lk 4 R PR 71, Besh b B W 5a~5d i
Ay BIFEAE 354,283,285,256 nm 4 5 K L8 4P g i i
R G BB AL G W E & A IR IR 1B A T
B 3,5- il HE-1,2,4-= M 6 B 1 uk - SE
M 71 B A B
XA G 3 B 5a~5d HEAT T ESI-MS K . 45
WoR EIEE TR G 3 Fl 5a~5d 35 A W H
FEMFHEAL(2-H SEmk s ) Ze g $h PH B T 178.1, 18
TR LG 3 Al 5a~5d 43 Bl A6 I 3 64 1R MR 2 1
g 61.8, R B Tk 227.8, RS BEIGES T 14 105.6,
3,5-fHE-1,2,4- =AM B F K 157.8, DL K 5-HF
DU Mg B F g 1137, BRI B B T AR A 3 A
SRR AR B 70 61.8 50, fL &5 W) 5a~5d 35 B A7 6l 2]
il 2 A R S 1 0, SR A 40 i IR I AR o
XA 3 Hl 5a~5d HEAT T FT-IR 43 #1 . BT & 1k
1) B T Ab G W 35 A7 A2 DR R C—H 1) 45 i 2 iz Wi e
(3200 ~ 3000 cm™) , il He 5 1y C—H {1 45 4 2 W
I (3000 ~ 2700 cm™) , K I BF 15 42 (1% 5 AF 4 o)y W R
(1550 cm™ 1 1450 cm™ ), LA K fil /iR 16 5 A9 4 iE 1%
i 1% (1660 ~ 1625 cm™ ., 1300~ 1255 cm™', 870 ~
830 cm™' . 770~ 680 cm™) ., I, k& W 5a~5d H
A C—NO, FEAE A 47 4= 2 W Ui 1 (1530~ 1510 cm™
1350~ 1330 cm™) , {5 ¥ 5a B A 30 19 FFAE 4
B IE (1500 ~ 1650 cm™) , k& %) 5b Fil 5d A A
N—C—N 4 ¢ 1§ 30 i Ui i (1020 ecm™) , i i —
AR T BT A BT AR B T Ak A W S5 A I
164 % 3 Fl 5a~5d i "H NMR &1 1% b 2 77 76 W7 B
FEAR I UL (2-H FE Rk ) BH 5+ 19 5 715 5 (8 7.6, 7.5,
6.5,4.8,4.5,2.7); BRILZ 40 LG5 5a ) '"H NMR &
T R R R AR Y I F-155 (8 8.63) . 7£"°C NMR
K3, A4S 3 Fll 5a~5d 24 77 £ 7 F A 6 L (2-F
Fe bk e ) BH B F A Bk 5 5 (8 146,123,121,70,57,
45,9) ; BRILZ A0 Ak & W 5a 7 7 1 bR IR AR 1 Bk 15 5
(6 161.31,142.29,125.74,124.69) ,fL-& ¥ 5¢ fE 1
3, 5-fifFk-1, 2, 4- =R E T k(S S (8 163.32
M157.26) 4L 59 5d 17 7E 5-fif 3 DU mk BH 25 - ) ik 1
5(8169.17),
3.3 WPHEBEF&eEE 3 5a~5d ST
TG-DTG 546 M 4% 70y - BARRA, M T 3
10 mL-min™ ", FH#E % 10 °C-min~ ", J& & X 7] 20 ~
&g
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500 °C, ¥l 1.0 mg.

K1 &Y 3 A AT TG M DTG ith
2. TGN 2Mb& Y 3 140 i iR B2 185 °C A2
A, TR AR FREER (165 C ), |
DTG &l Jfb &) 3 A A E 24 gl /8, KB &
433K 25.2 %1 55.3%

10
100 195 C e
{08 E
= 80 . <
s 295 C -
B eof 106 8
(2]
2 40t Jo4 E
£ T
20F 5
10.2 E
of kS

100 200 300 400 0.0

temperature / °C
B (&3 EASHIE TN TG-DTG ik
Fig. 1

sphere

TG-DTG curves of compound 3 under nitrogen atmo-

B2 3 5050 8 5a~5d 78 /S T A9 TG Rl
DTG Mgk, M TG 51k &9 5a~5d [ 43 ik iR
391 186,169,182,176 °C. 5 4E & AEXUIH & 1 b
AT, i A B XUBH B 1 fE R 3 F1 5a~5¢ #
HUBH S S RE SR A i R R e AR E MR AT
i DTG #ik Rtk &% 5a~5¢H P4 it id 72, k&
Y 5d A = At B s — A o Mo AR R A R R
A G (9 43 fife 7= A=

55 REXCPH B 3R AL, BT A B BLBHE BT
B BEER B HA o5 B I T O B BH S T A e . WU E
T AEER 3 Fl 5a~5d MY JE SR T 110 °C, T X B B

5c
5a

mass loss / %
[e>)
o

40
b 5d

100 200 300 400
temperature / °C
2 A 5a~5d 7ER AR T B TG il £
Fig. 2 TG curves of compounds 5a=5d under nitrogen at-

mosphere
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Scheme 4

. . A
differential mass loss / %:min

100 200 300 400
temperature / °C
3 LA 5a~5d 7E AU T 9 DTG 2k
Fig. 3 DTG curves of compounds 5a=5d under nitrogen at-

mosphere

3.4 WHBFEaEHh3Msa~5dMNERERITE
FTREAL A W D(Detonation velocity) Fl4g H
p(Detonation pressure) & i i 1% 1k & ) AE 1 19 5 24K
#i. 2 Gaussian 09 T2 P41, R % Iz sR HLE (DFT)
B B3LYP /¥, 7E 6-31++G (d, p)ZE4 /K- _EXTT& A%
B LB 5 7% BB 4R 3 F1 5a~5d #E4T T JLAM #4 B4R AL AN At
FIHE 15 B H AR 8 0y LA i B RS A TG A i
J Born-Haber fE ¥R 1157 5 BEER 19 2L U 532 1] Kamlet
-Jacobs 7 2 I H A R A5 SR R RE 0
SR 45 B B W v B B B OB 8 1 5 B SR 3
5a~5d MEERAE UGS Tl K S5 OB AN T (Scheme 3):
4 Born-Haber fffi ¥ (Scheme 4) , 4% & F 1 2~
%R RR R Y A A
AH],, (ionic salts ,298 K) = YAH,,, (cation ,298 K) +
SAHY, (anion ,298 K) = AH, (1)
AH, = Upor +p(n,/2 =2)+qg(n,/2 - 2)IRT (2)
Usor = y(p/M)"” + 8 (3)
WPH B F % B £k 3 AN 5a~5d /)45 8RN 1 55 4 3%
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I

/: +H
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A, TEAD SR SRR B

PERE T 1 Kamlet - Jacobs A= HEFT F N 27200
D =1.0(NM"“Q")"(1+1.30p) (4)
p=1.558p'NM Q" (5)
U RH 5 - WK s 2k 2 RE R 3 Fll 5a~5d 114 438 3 1 1 45
EEMERE LR 1. THEAE R R A U SUH B e
HhEA B ERE . /BB 5¢ 1 5d 8% R L FH
B B U S R e, R A R
8.14 km-s™' f18.06 km-s™ #4124 31.51 GPa il
29.52 GPa, /" F 2,4,6-=Hy 3L H 2 (TNT) fil R &K 4
(RDX)PO 22 i) o XU T £k 5¢ Al 5d 1) % 1 43 0 o~
1.65 g-cm™ H1 1.63 g-cm™, & T X 5 5 FfH & 5 48
(1.59 g-cm ™1 1.42 g-cm™) "2

FT 1 BUBHE T RS & B8 R 10 BE IR A ks 2 BE A I K
Table 1

velocity and detonation pressure of bis-cationic imidazolium

Molar enthalpy of formation, density, detonation

energetic salts

compound  p/g-cm™  AHn®/kJemol™ D/km-sT' p/GPa
3 1.59 —354.47 6.73 18.60
5a 1.58 =92.40 6.79 19.07
5b 1.55 -183.50 6.54 17.32
5c 1.65 -46.3 8.14 31.51
5d 1.63 215.4 8.06 29.52
TNT 1.60 =74.50 6.84 20.29
RDX 1.81 61.55 8.75 34.70

Notes: p is the density measured by density bottle method.AH, " is the molar
enthalpies of formation of ionic compounds.D is the calculated value

of detonation velocity.p is the calculated value of detonation pressure

4 £it

(1) DL 2-H e mims Sy J5R}, 2830 B L AR Zeiefb
il 16 0 2 43 i SN B A A 21 543, 37 - L XL
(2-HH -1 il RS 2 SR ) U PH 25 -7 5 gk 3 fl 5a~5d.

(2) Kamlet-Jacobs J5 & 115 & B By & Bl 9 A FH
BT o Resh s e R ik A W 5¢ Ml 5d Y 1R
SHEREOE T X N BH B T & AR R L LR 4 i
8.14 km-s™' F18.06 km-s™ B JE 4 4 31.51 GPa fil
29.52 GPa, /" T TNT fI RDX =[]

(3) WUBH & 7 A & BE AR A I A | T 110 °CL il
XF N7 B ERLBH B 5 e AR HIK T 100 °CL, R T A Y
XUBH B8 1% RE R A0 6 I BRL PH Bk B T S A A
WE TR PR T 5-figE g mgEh 5d Ah, HE AUH &
T Al B0 N HBH B Al B A HE A IR e
PR B F S RE SRR B IH B F e b A T
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Synthesis and Properties of Bis-cationic Imidazolium Energetic Salts

LEl Jian-lei, NING Hong-li, HU Gang, SU Ke, YANG Hai-jun
(School of Material Science and Engineering ,» Southwest University of Science and Technology , Mianyang 621010, China)

Abstract: Using 2-methylimidazole as raw material and dibromo methane as a bridging reagent, a bis - cationic energetic com-
pound, 3,3'-methylene-bis(2-methyl-1-nitroxyethylimidazolium) dinitrate (3) was synthesized via. methylene-bridging, quaterniza-
tion, and nitration reactions. Then a series of bis-cationic energetic salts were obtained via the metathesis reactions of compound 3
with negative ions of picrate, dinitramide, 3,5-dinitro-1,2,4-triazolate, and 5-nitrotetrazolate as anions. All the synthesized energetic
salts were analyzed and characterized by ultraviolet visible spectrum(UV-Vis), infrared spectrum(IR), mass spectrum(MS), nuclear
magnetic resonance(NMR), elemental analysis, and thermogravimetric analysis(TGA). The detonation peformance of the synthe-
sized bis-cationic energetic salts, such as detonation velocity and detonation pressure, were estimated by Kamlet-Jacobs equation.
Results show that the bis-cationic energetic salts have a good thermal stability, their decomposition temperatures are above 169 °C
and their thermal decomposition peak temperatures are close to 200 °C for the first decomposition stage. The bis-cationic energetic
salts apart from 5-nitrotetrazolate bis-cationic energetic salt have a better thermal stability than the corresponding mono-cationic im -
idazolium energetic salts. At the same time, all the bis-cationic energetic salts have a higher melting point than the corresponding
mono-cationic energetic salts. Some bis-cationic imidazolium energetic salts have a higher density than the corresponding mono-cat-
ionic energetic salts. The detonation velocities and detonation pressures of 3,3’-methylene-bis(2-methyl-1-nitroxyethylimidazolium)-
di(3,5-dinitro-1,2,4-triazolate) and 3,3’ -methylene- bis(2-methyl-1-nitroxyethylimidazolium)-di(5-nitrotetrazolate) are between
those of 2,4,6-trinitrotoluene(TNT) and 1,3,5-trinitroperhydro-1,3,5-triazine (RDX), showing better detonation performances.

Key words: bis-cationic;quaternization;nitration; thermal property; detonation performance
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