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B E.RABETSHEERT 4 RSk 4,5- =/ %-1,2,3 = ([C,-guan][TADC],n=3,4,5,6) & HE & T
WA S FHET AP 3 FAZ R S IR 0 25 K 64T T 2R AT, X T LA 5 A L 700 v (3 e, P 2 1D SR 1D 7 (R TG
DSC 43 BIBFSE 7 Hoo% BE fIAAEfE . S5 5R W], A4 MK TADC 25 7 £h 76 4% P &k 09 A FLVE 7 b BOA B 1Y VA 1
PE IR KA R BEAE 370°C 24T, R WILC, s -guan ][ TADC] R A R A7 #4422 P, ([C,-guan ][ TADC],n=3,4,5) £
DSC 1) ZR IS B P &0 T B IR A8 45 S TR A 4 M.
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Synthesis and Characterization of Hexaalkylguanidinium TADC Energetic

Ionic Liquids

GAN Zhi-yong' , CHAI Chun-peng' ,xI\UO Yun-jun', LI Na’
(1. State Key Laboratory of Explosion Scieneé and Technology . Beijing, Institute of Technology,
Beijing 100081, China; 2. Reliability ahd Envifonmental Engineering Technology Key Laboratory of
Beijing Satellite Enviroiment‘Engineering Research/Institute, Beijing 100094, China)

Abstract: Four kinds of hexaalkylguanidinium 4 +5~dicyano-1,2, 3-triazole([C,-guan ][ TADC],n=3,4,5,6)energet-
ic ionic liquids were synthesized by an _ien éxchange technique. Their structures were identified by IR and ' HNMR.
Their density, solubility, thermal properties were studied. Their structures were identifed by IR, HNMR, solubility
were tested in common organic solvents,density were measured by surface interfacial tersion meter,thermal proper-
ties were studied through TG,DSC method. The results showed that hexaalkylguanidinium TADC ionic liquids had
good solubility in most of organic solvents. The maximum decomposition temperature was about 370°C , revealing
that [C;—s-guan ][ TADC] had good thermal stability. In the second heating process of DSC, ([ C,-guan][ TADC].n
=3,4,5) experienced four kinds of phases,glassy,supercooled state,crystalline solid and liquid.

Key words: organic chemistry;energetic ionic liquids;hexaalkylguanidinium TADC;synthesis; thermal properties
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AE A% W 2 1 H A Rt . 56 F TADC & BB
TAE YD, BTk & A TADC £
(NH, TADC) ., Jk £ (GTADC) ., & 3t K &8 (AG-
TADC) , — 4 H WL (DAGTADC) H1 = 44 5 IR 4
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Thermo nicolet 2y & 8700 Z %) {8 B - A% i 2T,
HPGIE X s Varian Unity 200 B A% G 9% 35 4 . LUAR
ARG J 0 TMS A5 A 5 g R 8 — 6 8 24U A
(L) A PR A] TGA STAR system, 31 J [l 30
~500°C, J} & # & 10°C/min, & 5§ # 40mL/
min; MR ) — FC R 2 A0 (R AR A W TGA
STAR system, JiE# & 10°C /min, JF{E & 150°C,
AR W # 40mL/min; 72 [E dataphysics 2\ &)
DCAT21 #1315 1 5% 142
1.2 AaRAE
1.2.1 2,3-=—&#-1,2,3-=v (TADC) 64 & A%,

B & Tk AE 10, 812g(0. 10 mol) B T 47
A H RS A 500 mL PO Ef L A 125 mL
K FFAA 36% 3R 8. 47 mL(HCL 0. 1 moD) # 7
Rk . VKOKTS IR 0°C L ZEBEFE T 433 A il
PR 2. 899 (0. 1mob) . i A 2 8 7 I BE 7
ACUAT s moe G 18 F E =W Lh, o kR &
(B {75 3 4 €535 B W, T JE K Sk 600 mIL A8 1
4 TEZE B T 19 A% 20 6 [ fR 10 89g, 7 R
91.5%.

1.2.2
AR

¥ TADCI0. 495 g (0. 0882 mol) B T4 A Hi 4
PPk B Y 250 mL B AL A 100 mL 2 Jf fif
HE . m A o & /S K Bk B2 A1 12. 394¢g
(0. 1239 moD) , # iR FE 1 h J5 T 7K ¥ L v 75
KN 20 min, ¥ W B F B0 ML R 0 20 min
(5000 ¥ /min) , B I J2 35 W . ié 7% - BE 15 0K 11 [
£ 10.895g, /=% 87. 6%,

1.2.3 2,3 =#.4-1,2,3 =4 (AgTADC) &
B,

# 1.588g(0. 0113 mol) NaTADC & T 4 Hy
WA PR 2% B ) 250 mL BT BE O A . 22 12 3 Jn g R
B(1.716 g,0. TmoD) /KW 10mL., i+ SN 2h,
b U8 AR B AL B AR R 20 139.g, 7
83.8% . IR(KBr),v(em ') :2246(C=N),1178(N
—ND,

1.2.4 Sk AEMg 3 ([C,-guan]Br) #5 & &,

PALQ;-guan |Br & #h ] o pU L RG. 268 g
(0.7 0544molDN Iy T JE R fb #% 0. 38lg
(1. Q4o VR A IE 9 %% 13. 60mL (0. 150 mol) ,
TRIR4H 27, 288 g (172. 9mmol) s Z JifF 100 mL & T
BC AT [ % 6  H % 458 R I #4C E 19 500 mL B
B B PE TR 2 2 [ R RO 15 h, 3 U
B A E AR A 100 mL 28 77K . A 45 mL 7y fik
I 3 W50 mL K B LA ik L A IR K IR R . A =
A BE 50 mL ZEH EIRK W 3 WL A IFA MM T
KT R B T o L e 2R AR AL W ML ) &
CIE/ R (AT 1 5) E4E R @ 5K
8.954 g,/ 56.42% , IR(KBr),v(cm '):2965,
2877(C—H),1564(C=N),1463(C—N),

A B T7 vk A A 3 RS e ENIREE . [C,-
guan] Br 2 JC & Zh B W M4, 72 R 67, 57%, IR
(KBr),y(em '):2958,2872(C—H),1563(C=
N),1463(C—N),742[ — (CH,) n — F i £ 2 ¥
311 [C; — guan] Br 2 JC & & B4 W &, = % 55.
57% . IR(KBr),y(em '): 2958,2872(C— H),
1563(C=N),1463(C—N),743[ — (CH,)n—Ffi
PEAEIRZN 15 [ Co-guan | Br IR o (R P WAL, 77
93.41%, IR(KBr),v(em '):2952,2862(C—H),
1562(C=N),1463(C—N),740[ — (CH,)n— ¥ [fi
IR,

1.2.5 SBEAMK2,3-=f &-1,2,3-=%% ([C,-
guan ][ TADC]) B F & 4k 64 4 %,

PALCs-guan JL TADC ] & 1k #il . # AgTADC

2,3-=F %-1,2,3-=4 44 (NaTADC) #9
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2.287g(0.010 1 moD) & T AL A [a] i 2 HE . 1 14 100 +F
I E A 100 mL = 1A 2242 3 n [ C,-guan ]
Br 3.123g(0. 0101 mol) =& H ke ¥ 30 mL. it $F
b2 = G e 8] 3t W BE SN 15 b, sk 9 B 2 B [
B A EZE T L0 Rk 2. 93 g, = R
92.2% .4 98.17% ., H NMR(CDCI3,300 MHz)
5:1.00(t,6H),2. 80~3.00(m,12H),3. 20~ 3. 30
(s,4H);IR(KBr),y(em '): 2967,2879(C—H),
2231(C=N).,1463(C=N), 1410 (C—N),

B3R D7 B UH A 3 e G .

[C,-guan | [ TADC |y 21 6 % B8 & 1k, 7= &
78.8% 4l JiF 98.55% ,'H NMR(CDCl; , 300 MHz)
5:1.00(t,6H), 1. 30~1.60(d,4H),2. 80~ 3. 00
(m,12H).3.20~3.30(s,4H);IR(KBr) ,y(em ') ;
2960,2873(C—H),2231(C=N),1464(C=N),
1408 (C—N),

[Cs-guan ] [ TADC ] 2 21 & %6 B4 W& 1k, 7= %
84.5% .4l J# 98.66% .,'H NMR(CDCl; , 300 MHz)
5:1.00(t, 6H),1.30~1.60(t,8H),2. 80~ 3. 00
(m,12H).3.20~3.30(s,4H); IR(KBr) ,y(em ")
2957.2867(C—H),2231 (C=N), 1464 (C=ND)%
1408 (C—N),

[Cs-guan ] [ TADC ] 2 £ 8 2 B4 W 1R 5%
66.6% .4 i 98.89% ' H NMR(CDCI;,800 MHz)
5:1.00(t,6H),1.20~1.60(m,12HY%2. 80~3. 00
(m,12H),3.20~3. 30(s,4H) ;IR(KBr) ,u(cm ') ;
2975.2862(C—H),2230(C=N),1463(C=N),
1409 (C—N),1463(C—N),

2 HR5TR

2.1 NEER2.3-Z“8§#-1.2,3-=#([C,-guan |
[TADCD B F ik & B &5 B =

ANEEFEMN TADC B8 A 38 3 1 25 A 5 ik il
o B A BE T EE L IE T3 I R EE R IE
O IR A /S e B DR L ([C,-guan |Br.n=3,4,5,
6) 1 TADC 43 (AgTADC) .55 — il it B 7 58
177 AR 2] 4 Feg 14659 (LC,-guan JLTADC], n
=3,4,5,6), Ak TADC & 11k & W r & Bl
L 1 R,

TE 75 o8 B DIV 3k 1) & e, 7O HY I 25 ) Jot
P 2 P VAR ot B R A ol e R IR 6 o o R DI TR
AR T DA o 1R itk R B b R B e L AR IS X
555y 0T ) R 0 AR BE A5 B K ot DR AR
TE XA SN 3o 7 v A A 7% A 1 R0 T IR AL B

T ARTE SRR L AT LABE w4 X5 7E A LI R
HHRR) VA S L (S 3T e A T e A M9 A B
Gy o A A AR R HE AL S R AE AR R Y B Bt &
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w9

R
K,CO, .
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Fig.1 The synthetic route of [C,-guan][ TADC]

2.2 [C,-guan][ TADC & F i 4 ) ¥ 32 14 &2
A PHES TR AN SR 1. SR B . 4 Bl
BT WA ER T HEK L CBE A ANV S TE H A
WA BV 50 b 2 B R L A 7 e
F 1 [Crguan][TADCIH 7 8 1%
Table 1 Solubility of [C,-guan][ TADC]
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FH R TE 55Kk 7 A 7% [ Cs-guan JL TADC ],
[C,-guan ][ TADC].[ Cs-guan ][ TADC],[ Cs-guan]
[TADC] ff) % & 4y 5 S 1. 046, 1. 031, 1. 028,
1.008 g/cm® 4 F i 1 1A 1Y % B AR, 18 7 TR AR
FA) %5 2 55 B BH S 1 B 2 DA G, E B2 8 11
X BRME AN 3 7 [RAE T 0 B 52 L 254 B U 9 28 Ak
S EBEERNNAE . 4 FE TG YR A B
T e 0 B R A TR B BH B T R AR R
K S Er T AR 328/ S 5 B B 8/
2.3 [C,-guan][TADCIE F ik ik g # f 5E

1 H[C,-guan JLTADCIH TG ik, W 1
ol LA 4 R e 1AL Cs-guan JLTADC] . [C,-
guan | [ TADC ], [ C;-guan | [ TADC ], [ Cs-guan |
[TADCIHY 5% 4 5 5l B 73 9 335, 3,314, 7,
304.7 F1314.7°C, 2 H[LCs_s-guan][ TADC]
DTG il £k Hofie K 73 fiff il JBE 73 5 D9 377. 0,375, 4,
375.2,370.0°C, 410°C LA R EH Bk, [C,-guan]
LTADC Ry #4255 5 il 26 32 B 0] 2 A AR 4 1 i Aa
EE.

100
[C,-guan][TADC]
80
° [C.-guan][TADC]
S 60
P
B
= 40 [C,-guan][TADC]
20
[C,-guan][TADC]
ok
100 200 300 400 500

t/C
B 1 [C,-guan][TADCIH) TG %k
Fig.1 TG curves of [C,-guan][ TADC]

[C,-guan][TADC]

[C.-guan][TADC]

[C,-guan][TADC]
[C,-guan][TADC]

100 200 300 400 500
t/C

B 2 [C,-guan][TADC]H DTG ph &
Fig. 2 DTG curves of [C,-guan][ TADC]

Kl 3 J& [C,-guan ][ TADC 14 ' 8§ F W 14 1
DSC kiR th 2 A #2224 10 K/min, 76 A+
R B FIRAIALC,-guan ][ TADC],n=3,4,5 &
Ji 7 2ERLT L, 528 A-3-m AR A 2k Ik ke (DI-
ANP)U Y TR AR o B 4 R RS 2 0 Sk B

Bk BGOSR WA, M LC-guan ]
LTADC . #E —62. 3°C K A= T B Eg L5642 s AL
AR R R A R AR T L ) 2. 0°C B A
il DI V8 2 AR Oy 4 i 1 2 BE A IR R T TR
59. 8°CHEAT W FRAE Rl o D25 S [T 25 5 A2 S A L OF
WIE & W A, [ Ci-guan ] [ TADC ] #l [ C;-guan |
[TADC it 0 7 2R 28, K 3 W LLAE
[Cs-guan ][ TADC].[C,-guan][ TADC].[C;-guan]
LTADC] ) 15 FliE & 4y 3 & 59. 8,36. 7 Fil 36.4°C,
Fmh R R H SCER L9 i [ R A & W 1R
(NH, TADC } 194. 8°C .GTADC } 135.0°C ,AG-
TADC 3 108°C .DAGTADC } 124°C ,TAGTADC
S 169°C) . Ak W Ry e Rl iR 5 431 8] AR T g A
FHA G A P B b B e R R R 0 B
BRES (R BRSO 99 B 25 1 [R] 09 BF 28 28 O, AR B AR
FH 7 W 55 0 bR BE & W B AR, [ Co-guan ]
[TADCJH7E—63. 3°C H Bl T B AL 5% 78, JF A
R BNGE f T Rl X AT Rt DY O Bl e B B 1
Ko my FZ M, [Co-guan JL TADC 1y #4 ) 2
ST e S AL 72 — R TR it R A B AL
B AR A5 I il

-62.3C 2.0C

|C.-guan|[TADC]
-62.8C

[C,-guan][TADC]
-63.3C

[C.-guan][TADC]

59.8C

-63.3C 36.4C

[C,-guan|[TADC]

-50 0 50 100 150
@

B 3 [C,-guan][TADCIH DSC Hh %
Fig. 3 DSC curves of [C,-guan][ TADC]
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FLUF IV i RE g o HC 9% 5 BB o P o i I
JE R /N T 38 R

(3)[C;-guan ][ TADC], [ C,-guan | TADC].
[Cs-guan ][ TADC ¥ — W It ifit 1 72 vh 28 7 1 Bl 3
AR A LE A E S 4 A [C,-guan ]
LTADC e K 43 i i & #4978 370°C a7, A R 4F
) FAR A 1 (F#% 31 70
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