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B A RS CAGHD | IE B /N PR 45 0 T DA i ILs 114 g
o AR BN Tk Ty Re A R IR E MR 2%,
BRI T 2 2% 5K 0 BR L RR B R A5 Y 1 T
i O A /N RS R, B — 2D AR R 2 A R 0 AR e
PE RN BE 5, A7 B Tk b 5Kk 00 3R = BE B T MR AR ARG HfE T
N H o

AR THAEZDS T ARERITTH N,
N-C TN 35 B 6 ) SR 9 e S BHES L 38 FH N(CND) -
A BH,CNE B & 7 il ad 3 g4 4 7 0L =
JC 5K J1 Bk B R g A B 0T I R B HiLs, 38 i
(NMR) (£L 4R 615 (IR) Al 43 91 26 BT 1 (HRMS) i TA
T HILs By &5 MR SO AT R WA B PR E
AN AN BT N & AR LN W) @ 18 1A [T Gy T = o
WS T = J0 ik S ik BRI 5 M R Z I N FE G R

1 SCIS#ER4

1.1 KFI SR

R IR L (98% , BT H7 T A= fb Bl H2 0 A FR 2
Al IR IR BE (97 % , e fd B 25 R A R A, it
HBE(98% , B Ay A IR A ) Bl 4458 (99% , %%
B A AR AR 1 -BUN %E (98% , 28 3B % 1y
AIRAFD, YA (99% , % 78 bk Az AL B By A7 FR

A EE AN (99% , 27 s bRA LR I A BR 2
w) ) N (98% , U BB ey A PR H)) , 1 (98%,
& R A AR B A IRA R, G HE(99% , 2 5
PRA AR By A BRA R, TCK B BR 41 (99% , 2% vi bk
A AR A A R A RS TR M (99 % , 74 Be B 24 i 1y
HIRA D), WAL (95%~98% , 74 B BL 2 B4y A R 2>
A LA PR R (99% , PO P B2 oA A BR 2 /) ), — Uk gl
(96% , BTHL T AL B AR AT BR 2 7D o

1 28 . B+ Mettler-Toledo 2% /& 1 #§ & # 1X
(DSC1) , SETARAM LABSYS & i& #4 & 2 #7 Y
(DTG-60H) , f# HLIH 75 i 2T 486335 12 (Nicolet-380) ,
i -+ Bruker 1 ¥ 600 MHz W & # #% 3% 4F Bk 3% 12
(AVANCE Il HD 600) , ¥ Jit 5% F§ LCMS/ESI/QTOF,
DMA 5000-Lovis2000ME % 7 =X 25 Ji Kl B AY, & [k
A3, R R R AL (OLYMPUSI-SPEED3) .
1.2 BRE%

PLIR N e o JEORE, e 5 IR H 3 3R TN e S 1 A R
N, N-C IR P9 3 B30 IR e, J5 5 i AR08 e Bt ) & AH
L Y 22 B4 25 i 1 (Ta~5a) , o 3l i B35 1 38 e ) L
il 25 B F ZHUE MR (DCA) REEMN & AR (CBH) 5k )
R B 2B 7 WK (1b~5b, 1c~5¢) , & % £ 4
(B DR st =26 kR, 34 5 Froan ik, 15 5
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N(CN), ) N(CN), H N(CN), )) N(CN) % N(CN),
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V Y.
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Fig.1 Synthesis routes of the polycyclic quaternary ammonium-based HILs
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T 10 Rh5K Iy PR B RS T UK
1.3 NN-(ZHRRERE )RR &

DY Sk I (THF, 100 mL) T 250 mL [B JiE 42
P, FRECIR I (19.95 g, 0.35 mol, 1 eq) R &
N HE(94.50 g,0.70 mol, 2 eq) fl NaOH (24.00 g,
0.50 mol, 2 eq) MKW A _F 3R BB o by i
50 °C, IR A 3 do S A5 G, IR IR
O, R RN R TR . R ORS 1R (R T 20
kPa) , il i Ik B2 180 °C, i B 3T IR E 145 °C, W &1
g7 I ZAG B TC AR B N N-( 3R P9 56 S ) 2R
P, 7246 82% . RAEEHE . 'H NMR(600 MHz,CD-
Cl,, 25°C)8:2.56(d,4H),1.85-1.80(m,1H),0.97-
0.90(m, 2H),0.50-0.46(m, 8H),0.12(q, 4H) ; °C
NMR (151 MHz, CDCl,, 25 °C)é8: 60.3, 36.1, 8.3,
7.4, 4.0,
14 Z=nHETHAHENHE

B CH,CN (60 mL) F 100 mL 5 i B2 b , #%
WON, N-C 3 BE VL) BRI K (11.55 g, 0.07 mol,
1T eq) T iR B GEHH i A KA KE (011 mol,
1.5 eq), N iR 4 80 °C, N M3 3 d, i W 435 o I
WS 0 N5, IEZ BR 25 CH,CN L A Kt
A 2B 1l o WCBE R ) TP B (50 mL) Ve, B 5 LU
AR 2~3 R RS B K L A, 70 CCELAS TR
24 h 33 EA 7Y .

FECHFREFE)FRREEEIE(12): AR
#,14.5 g,77%81%, '"H NMR(600 MHz,D,0,25 °C)
8:3.39(m, 4H),3.27-3.21(m, 1H), 2.83 (s, 3H),
1.29-1.21(m, 4H), 1.00-0.94 (m, 2H) , 0.85-0.79
(m,4H),0.51-0.44(m, 4H); "C NMR(151 MHz,
DMSO-d,,25 °C)86:69.5,45.8,42.7 ,4.7 ,4.4,2.6.

ZE(CHANEFE)FNEEBE (22) : 11 A
#,16.1 g,/ 70%, 'H NMR(600 MHz,D,0,25 °C)
8:3.49(q, 2H) , 3.27-3.11 (m, 5H) , 1.37 (t, 3H) ,
1.31-1.25(m, 2H) , 1.23-1.14(m, 2H) , 1.01-0.93
(m,2H),0.84-0.75(m, 4H) , 0.49-0.41 (m, 4H) ;
“C NMR(151 MHz,DMSO-d,, 25 °C)8:64.1, 54.3,
45.2,7.9,4.6,4.3,2.1,

WE (AP ) IR E & (3a) : 11 (0 [
% ,14.1 g, % 65%. 'H NMR (600 MHz, D,0,
25 °C)&: 3.39-3.30(m, 2H) , 3.29-3.15(m, 5H) ,
1.90-1.75(m, 2H) , 1.36-1.25(m, 2H) , 1.25-1.13
(m,2H),1.01-0.94 (m, 5H), 0.85-0.75 (m, 4H) ,
0.50-0.40(m, 4H) ; "C NMR (151 MHz, DMSO-d,,
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25°C)8:64.7,59.9,45.4,15.8,10.5,4.6,4.3,2.3,
WE(CHHEEFE) RN EEBE (4a) : F A
,11.3 8,7 % 59%, '"H NMR(600 MHz,DMSO-d,,
25 °C)8:3.34(s,3H),3.22-3.18(m,4H),1.74-1.64
(m,2H),1.37-1.30(m, 4H) , 1.19-1.09 (m, 2H) ,
0.95(t,3H),0.87-0.76(m,2H),0.72-0.66(m,4H) ,
0.46-0.40(m, 4H) ; °C NMR (151 MHz, DMSO-d,,
25 °C ) 6: 63.3, 58.2, 45.1, 24.2, 19.9, 14.1, 4.8,
4.6,2.5,
(ZEAREFE)ARNEEEREE (52) : (A [E 4,
26.8 g,/ % 60%. 'H NMR(600 MHz,D,0,25 °C)
8:3.40-3.18(m, 7H) , 1.30(d, 2H) , 1.20 (d, 3H) ,
1.05-0.92 (m, 2H) , 0.80 (t, 6H) , 0.48 (t, 6H) ;
“C NMR(151 MHz,DMSO-d,, 25 °C)8:63.9,44.5,
3.8,3.5,2.8.
1.5 SH_FREEBBREFRENH &
FrOHUZE 4% 3 (0.04 mol, 1 eq) T I8 JiE 48 i
(250 mL) , & A & WIS K B (150 mL) im A B8
H, AR AgN(CN),L(8.70 g,0.05mol, 1.2 eq) . %
TN R 24 h, R SERLE S IERR AT AR R
W o K WA T DR T 2R R v R U RE . A CHLC,
(20 mL) , B A VKAE v 0 1, 1 DB BR 25 D YA
VL WA ML o K IS R LA i 7E B X
CH,Cl,, 13 53Rk # (i K, 50 CELZ5 T4 24 h, 15 5 &
27/ I8
FECAREFE)AREE R IEE (b)) %
WK, 9.7 g, 7K 94% , & /KH:0.52%. 'H NMR
(600 MHz,CDCl,, 25 °C)8:3.44(q,4H),3.26-3.21
(m,1H),2.86(s,3H),1.28(q,2H),1.21-1.14(m,
2H),1.07-1.02(m,2H),0.90-0.84 (m, 4H),0.58—
0.53(m, 4H) ;”C NMR (151 MHz,CDCl,, 25 °C)$é:
119.8,70.2,45.8,42.4,5.2,4.9, 4.8, 2.8; IR (KBr,
v/cm™):3086,3008,2227,2192,1475,1306,1031,
841;HRMS(ESI, m/z) : calcd for C,,H,,N*:180.1747,
found: 180.1732; calcd for C,N,”: 66.0098, found:
66.0105,
LE(CARNEFE) AN EE —FMEEH(2b) IR
O ,7.0 g, 7 97%, K H:0.58%. 'H NMR
(600 MHz,CDCl,,25 °C)8:3.51(q, 2H),3.29-3.19
(m,4H),3.18-3.12(m,1H),1.44(t,3H),1.38-1.30
(m,2H),1.15-1.07 (m, 2H) , 1.06-1.00 (m, 2H) ,
0.91-0.82 (m, 4H) , 0.59-0.50 (m, 4H) ; "C NMR
(151 MHz,CDCl,, 25 °C)8:117.4,61.6,51.9,42.7,
e ik
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5.8,2.7,1.9, 0.4, IR (KBr, »/cm™) : 3088, 3080,
2227, 2127, 1478, 1305, 1033, 836; HRMS (ESI,
m/z) : caled for C,;H,N* : 194.1903, found:
194.1885;calcd for C,N,7:66.0098,found:66.0101,
WE(CHFAERE) AR NEE I (3b) %
HAOAR,11.1 8,77 % 96%, /K H:0.73%. 'H NMR
(600 MHz, CDCl,, 25 °C)$é: 3.39-3.15(m, 7H) ,
1.88-1.77(m, 2H) , 1.41-1.29(m, 2H) , 1.17-1.07
(m,2H), 1.03(d,5H), 0.90-0.81(m,4H), 0.58—
0.48(m,4H); "C NMR(151 MHz,CDCI,, 25 °C)é:
119.8, 65.9, 63.7, 60.0, 45.5, 16.0, 10.9, 5.0,
4.4, 2.9; IR (KBr, v/cm™) : 3130, 3085, 2974,
2880, 2223, 2127, 1475, 1304, 1032, 839; HRMS
(ESI, m/z) : caled for C,,H,,N*: 208.2065, found:
208.2039; calcd for C,N, :66.0098,found:66.0102.
TE(CHNERE)ANEEE —F K (4b) - 1%
HAOAR,11.3 g, 7% 93%, %K HE:0.64%. 'H NMR
(600 MHz, CDCl,, 25 °C)é8:3.34-3.27 (m, 2H) ,
3.26-3.16 (m, 4H) ,3.16-3.09(m, 1H) , 1.78-1.66
(m,2H),1.43-1.36(m, 2H) , 1.35-1.24(m, 2H) ,
1.12-1.01(m, 2H) , 1.00-0.95(m, 5H) , 0.87-0.79
(m,4H),0.54-0.45(m,4H). "“C NMR(151 MHz,
CDCl,, 25 °C)&: 119.5, 64.2, 58.4, 45.3, 24.0,
19.5, 13.3, 4.8, 4.1, 2.6; IR (KBr, v/cm™): 3084,
3006,2964,2870,2225,2129, 1471, 1304, 1031,
836; HRMS (ESI, m/z) : caled for C,;H,N" :
222.2216, found: 222.2197; calcd for C,N, :
66.0098, found: 66.0099.
(ZAREHE)FNEE S (5b) : (1A
RFER,10.9 g, 7% 90%, T K :0.66%. '"H NMR
(600 MHz, CDCl,,25 °C)§: 3.42(d,6H),3.27-3.21
(m,1H),1.43-1.35 (m,2H),1.17-1.09(m, 3H) ,
1.08-1.02(m, 2H), 0.92-0.83 (m, 6H) , 0.62-0.53
(m, 6H) ; ”C NMR (151 MHz, CDCl,, 25 °C ) &:
119.8, 64.2, 45.6, 5.2, 4.5, 3.3; IR (KBr, v/cm™) .
3137, 3083, 3011, 2225, 2127, 1465, 1430,
1306, 1034, 836; HRMS (ESI, m/z) : calcd for
C,H,N": 220.2060, found: 220.2031; calcd for
C,N,™: 66.0098, found: 66.0095.
1.6 SHEEMSLEREFRENH &
PR BU 2 2 £ (0.05 mol, 1 eq) T 8 JiK 5 il
(250 mL), FH & fE 8 B CH,CN(150 mL) it AR+,
P FK B NaBH,CN (3.78 g, 0.06 mol, 1.2 eq) . 7
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60 CT [N 48 h, B 455, i UEER 2 AW Itk
TRV o AR A U R GE A E 2% BR 25 CHLCNG I A
CH,C1,(20 mL) , A VKAE ¥ ok 47, 1 i B £ D iy
AT WA VLA . KA PR e 25 B 2 CH,LCI,, 15
) K F O ORE BR W R, 50 CCE 25 T4 24 h, 15 58] &
7/
FECHARNEFE)FARNEEREMER(10):
AWK ,10.9 g, 77 F 93%, F /K :0.56%, '"H NMR
(600 MHz, DMSO-d,, 25 °C ) §: 3.33 (t, 4H) ,
3.22-3.15(m,1H),2.77(s,3H),1.30-1.24(m,2H),
1.23-1.15(m, 2H),0.85-0.78(m, 2H) , 0.73-0.65
(m,4H),0.46-0.39 (m, 4H) , 0.30-0.05 (m, 3H) .,
“C NMR (151 MHz, DMSO-d,, 25 °C ) §: 142.1,
69.1, 45.3, 42.2, 5.0(s),4.8,2.4;IR(KBr,v/cm™) :
3084, 3007, 2337, 2215, 2127, 1621, 1471,
1120, 1029, 839; HRMS (ESI, m/z) : calcd for
C,,H,,N": 180.1747, found: 180.1829.
LE(CHANEFE)ANELAEMEAE(20):
H A EA,9.9 g, 7% 91%, /K :0.61%. 'HNMR
(600 MHz, DMSO-d,, 25 °C)é: 3.41(q,2H),3.17
(d, 4H),3.13(m, 1H),1.32(q, 2H),1.27(t, 3H),
1.18-1.09(m, 2H),0.85-0.78(m, 2H),0.73-0.63
(m, 4H), 0.51-0.39(m, 4H), 0.34-0.06(m, 3H).
“C NMR (151 MHz, DMSO-d,, 25 °C)é§: 142.1,
62.8,54.0,44.6,8.2,4.8,4.6,2.3; IR(KBr,v/cm™) :
3087, 3007, 2322,2284,2166, 1633, 1469, 1123,
1027, 737; HRMS (ESI, m/z) : calcd for C,;H,,N* :
194.1903, found: 194.1968.,
NECHFHEFE)FNELZAEME L (30):
K IR E AR, 12.4 g, 7 95%, F K H :0.59%
'"H NMR(600 MHz, DMSO-d,, 25 °C)§: 3.28-3.23
(m, 2H),3.22-3.12(m, 5H),1.77-1.67(m, 2H),
1.38-1.30(m,2H),1.20-1.11(m,2H),0.92(t,3H),
0.85-0.78(m, 2H),0.74-0.66(m, 4H),0.51-0.38
(m,4H),0.32-0.04(m,3H)., "C NMR(151 MHz,
DMSO-d,, 25 °C)8: 142.1, 63.5, 59.5, 45.0, 15.8,
11.1, 4.8, 4.7,2.4; IR (KBr, »/cm™): 3075, 3014,
2972, 2877, 2321, 2173, 1471, 1121, 1021, 837;
HRMS (ESI, m/z) : caled for C,,H,,N*: 208.2065,
found: 208.2112,
TECHFRETE)AREZFAEMWEE(40):
HEFEA,7.2 g, 7% 93%, F/K#:0.55%. 'H NMR
(600 MHz, DMSO-d,, 25 °C ) §8: 3.34-3.12 (m,

N XK 2023 % F 314 %9 (870-879)
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8H) , 1.73-1.59 (m, 2H) , 1.39-1.26 (m, 4H) ,
1.19-1.10(m, 2H),0.93(q, 3H), 0.85-0.77 (m,
2H) , 0.73-0.62 (m, 4H) , 0.54-0.36 (m, 2H) ,
0.46-0.38 (m, 4H),0.32-0.06 (m, 3H). "C NMR
(151 MHz, DMSO-d,, 25 °C ) §: 142.2, 63.4, 58.2,
45.1, 23.9, 19.9, 14.0, 4.8, 4.7, 2.4; IR(KBr, v/
cm™) : 3086, 3011, 2966, 2877, 2321, 2223,
2170, 1477, 1429, 1124, 1027, 837; HRMS(ESI,
m/z) : calcd for C.H,,N" . 222.2216, found:
222.2287.

(ZEHREFER)ARREEZREWMEE(50): 10
K, 11.0 g, /"% 90%, % K & :0.71%. 'H NMR
(600 MHz, DMSO-d,, 25 °C ) é8: 3.36 (d, 6H) ,
3.30-3.25(m, 1H),1.41-1.36(m, 2H),1.17-1.10
(m, 3H), 1.09-1.03(m, 2H), 0.87(q, 6H), 0.60
(q, 6H),0.58=0.12(m, 3H)., "C NMR(151 MHz,
DMSO-d,, 25 °C)8: 142.4,138.7, 64.2, 45.7, 5.2,
4.6, 3.4; IR (KBr, v/cm™) : 3090, 3011, 2324,
2280, 2214, 2170, 1465, 1121, 1027, 828;
HRMS (ESI, m/z) : calcd for C,;H,,N*: 220.2060,
found: 220.2119,
1.7 MR

5 I a2 SR 22 7 1 4 UL (DSCT) 3 47
B, BURE & 2~5 mg, i B Fl 2 25~220 °C, R A
AN, F# 50 mL-min™',

3 fife U R DK < SR FH v VR AR 43 T AR A T D 4K U
JE 5l 25~900 °C, FFilk # % 10 °C-min™", N, 4% [ i
50 mL-min™',

21 A0 ST I < SR A B b AR e 2T A iR A AT
MR, I i A LA KBr R A A1 5

K A« SR F 600 MH z 3 A4 A% 1 % 35 Ak
7, i D,O .CDCI, .DMSO-d fE % 7, Me,Si K
Frife

150 4 B O I 4K < SR FH B BK ) LCMS/ESI/QTOF
X7 ) 0 a3 R AT 0K 3 FH 20 A A 1 0 H AR U
FEMMmBERT mg-L'

5 JRE TRORK B2 DK < R 85 o B RS R AN AT
i, RS W Y % B E R Accupyc 1340 [ {4
AL, AU N, R ) PR35 135 KPa.

K B iR R R TQOK G300 S AT 3K, VA
SR AR T 2 YR DU, AR A TGO A r B K £ 7%
A D E

JACHE IR I TRD AR+ SR P R 18 AR AR A K ek
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F1 EFWARSb LMY S 5 15 4550
Table 1
ionic liquid 5b

The experimental and calculated FT-IR results of

experimental calculated

assignment o 5
wavenumber / cm™ wavenumber / cm
836 848
C—H bending vibration
) ) 947 962
in ternary rings
1035 1064
1467 1496
C—N extension vibration
B 2132
in N(CN),
2226 2240
3011
C—H extension vibration
) ) 3083 3116
in ternary rings
3138 3140

HRFR IR BE B R . I (T RN i B (T,) 45 58 WL
F2, ZEREM  Nb~4b LI K 1c B ST % /Y
it — H B CUDMH) B8 8E (=57 °C)M7 b 4 45 55 T &
KB T -82°C. K 2AH, 10 Fl ILs BY 43 i I B R
224~262 °C, 57 fif il B2, 3R WL BLA AR 47 1 A
FEME . WIS ILs B A R AN B i G, B0 e I A R
350 U P A, 15 B AR R A B 17 3 X s Y IR 1
ANFIH o AT CBH 2K ILs, DCA 25 Ay ILs i 2 B 9,
AR E PR 4
23 BEMME

W R R R R EE S — R R B
BRAER AT 5 B BRI R 2 .
F27R,25 CCHRAET ,IMAF 10 F0 ILs 9% R 1.01~

R2 LTI PR T WA B TR

1.18 gecm™, i & T UDMH 1% £ (0.79 g-cm™)""
T PH B 7 A0 [F 45 50 T, DCA 26 ILs 19 % B &5 T Af B
CBH 2 ILs. 7EMTE T AR A5 B0 T, B 2 e FE B8 (3
Ko, B TR A Y 9 R S IR AR Y R B, T Rl S O
[ 250 B 3G I AT DUA S8 b 48 S Ak 5 0 14 B L
5b(1.18 g-cm™)>4b(1.02 g-cm™),5c(1.02g-cm™)
>4¢(1.01 g-cm™), ¥t B = Jn 5K J1 38 0] DL & 43 1 1A
(9 SCHE AR Ak i 2 5 Ak W

R BE 9 /N X # 1E FALRORE B s Pk g B A
AU (S O e A NN = b K7/ (L A
PR A5 () 1) A2 BT 4 18, R A R e O B A . 3k 2
B 7R, 10 Fl B T AR TE 30 CE&1F T 1b-4b L 2 1c &
WA, FEAR Y o A . B WA B R 2 R R e [
REA VR R 45 AL U0 A5 kG B2 oK 2 90 )t R A
TE BH B 7 A [F 9 25 0 7, DCA 25 ILs G B2 /N T 4 B
CBH 2 ILs, R I DCA K ILs B E A IR & i
st
2.4 ERMEFALE A

A RS 2 VP AT ILs R & = (R A ZE AR AR . TS
WL (F 2),10 FF ILs A9 4= WL K V5 B 7F 0.87~
1.96 k)-g™", 2 5 T UDMH A9 4= 1tk (0.80 k)-g7')' "7,
P2 ILs 14 A A 350 Bt 2 - R SR i B 110 158 T BRI, Bl 25
=Iusk IR B g (& 2) . o DCAZILs 1Y
G T R IR T 1.49 K)-g 7 BB B 44
= JCI Y 5b, AR S R GA B T 1.95 k)-g7'. sk IR
B Y BE hnE ES WA Y BB K OE 1S i (5b>4b,
5¢c>4c), Ut = 05K J1 3 AT LA RCHE & ILs Y BE .

Table 2 Physical property data of polycyclic quaternary ammonium-based hypergolic ILs

T, T, p n ty AH ISp pI\p
samples JC JC /g-cm™ /mPa-s /ms /K)-g! /s /s+g-cm™
1b -84 262 1.06 311 303 1.96 319.6 440.5
2b -78 253 1.05 564 582 1.79 319.4 439.8
3b -68 249 1.03 731 808 1.63 319.3 438.1
4b -64 250 1.02 1136 943 1.49 319.1 436.7
5b 53 244 1.18 \\ 651 1.95 319.7 454.4
1c -59 253 1.05 2432 193 1.24 3225 446.9
2c 70 245 1.03 \\ 21 1.12 322.2 445.0
3c 114 224 1.02 \\ 60 0.97 321.8 443.3
4c 81 225 1.01 \\ 113 0.87 321.6 442.6
5c 115 251 1.02 N\ 8 1.42 322.4 444.2
UDMH -57 \\ 0.79 0.49 4.8 0.80 324.7 401.2
Note: T, is melting point. T, is decomposition temperature. p is density. 5 is viscosity. t is ignition delay times recorded by high-speed camera. AH is heat of for-

mation. I_is specific impulse. pI_is density specific impulse.
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Fig.4 Specific impulse and density-specific impulse of ob-
tained ILs
(444.2 s-g-cm™)>4c(442.6 s-g-cm™) , ik — 2 {5 B
T IR ER BB 0RT A SR R ILs B RE
2.5 RN

A ISR ] () 2 A OB 5 S 0 42 o 3107 A=
DS RSl T P E I i N BT S e
B9 R L B i SHE S I W) 36 e 9 7 4 fih 3 00, )
BB AR AR D e R, B A AR AN 5 RO .
BT & JRA 10 Al 1Ls 2 7] LS WENA & 4= B 4% .
# 2 i~ , CBH 28 HILs [ t, 78 8~193 msiu [l N, H
i 5ci tode i, 8 ms(185) . i kKR W] DCA
2 ILs Fifi 35 -R Bk 6 119 34 < i KPR RE B A2 22 , 4 1b>
2b>3b>4b, {H CBH % ILs I 2 B i X FF (9 BLAL , X
A]REE 1 TR A S AN A E A (CBH 2 ILs 72 % i T
A o T3 A DR £ A AR B EL B I3~ HORA ) 119 2%
PR BN 5K g PR 4548 T LA R4 i K SE R I ], A
5b(651 ms)<4b(943 ms) .5c(8 ms)<4c(113 ms).
X JE K 22 20 45 0 1Y ILs A R b S L 1B [ R i i B
Z (0 BE B, (AT LSRGk BR T o DA K S B ]
PLE B, = J0 2 45 8 X HILs 19 sk M fE B A Uk
EH .

Sttt

www.energetic-materials.org.cn



Z =TI A RR BT OWOR B R e

877

-13ms Oms 8 ms
| 1 | B 1 |
- 2 —t ~—

10 ms 67 ms 367 ms 867 ms

5 R EBRRHLIC R A B T IR 5S¢ Y R BRI E] (1000 /AR )

a weak acid [J]. Journal of Materials Chemistry, 2008, 18

Fig.5 Ignition delay time recorded by a high-speed camera (1000 frames per s) of ionic liquid 5¢
3 &t (45): 5524-5530.
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Synthesis and Properties of Poly-cyclopropyl Quaternary Ammonium-based Hypergolic lonic Liquids

JIANG Zhang'?, YAO Yuan’, LIU Xue’, LIU Long', JIAO Nian-ming', ZHANG Yan-qgiang'’

(1. Key Laboratory of Science and Technology on Particle Materials , Institute of Process Engineering, Chinese Academy of Sciences, Betjing Key Laboratory of
Ionic Liquids Clean Process, Betjing 100190, China; 2. School of Chemical Engineering , Shenyang University of Chemical Technology, Shenyang 110020,
China; 3. Zhengzhou Institute of Emerging Industrial Technology , Zhengzhou 450000, China)

Abstract: A series of ionic liquids based on N, N-(dimethylcyclopropyl)cyclopropylamines as cations and dicyandiamide/cyano-
borohydride as anions were synthesized by using the three-member carbocyclic ring as the tension energy structural unit. The
structures of ionic liquids were confirmed with the characterizations such as nuclear magnetic (NMR) , infrared spectroscopy
(IR) and high-resolution mass spectrometry (HRMS). Their physicochemical properties (e.g., melting point, thermal decomposi-
tion temperature, density, viscosity, heat of formation, specific impulse, and ignition delay time) were measured and/or calcu-
lated in detail. The results demonstrate that all ten synthesized ionic liquids show hypergolicity with white fuming nitric acid
(WFNA), and the cyanoborohydride based ionic liquids have the shorter ignition delay times than the corresponding dicyandi-
amide ionic liquids. More strained ring groups lead to the higher heats of formation (0.87-1.96 kJ-g™'), and the compact stack-
ing of small ring structures makes an increase in the densities (1.01-1.18 g-cm™) of the ionic liquids. Therefore, the strained
ring-based hypergolic ionic liquids exhibit the higher density-specific impulse (436.7-454.4 s-g-cm™). The introduction of
high-energy strained ring groups in the molecular structures provides a way to improve the energy densities of hypergolic ionic
liquids.

Key words: ionic liquid;hypergolic;energy density;strained ring; propellant
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