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"H NMR( S1) .”C NMR( S2) .

C,mim BTB :'H NMR(500 MHz CDCl,) &:9.32(s 1H) 8.09(d J=7.0 Hz 2H) 7.43 ~7.35
(m 3H) 7.26(t J=1.7 Hz 1H) 7.20(t J=1.7 Hz 1H) 4.13(t J=7.4 Hz 2H) 3.90(s 3H) 1.79
~1.72 (m 2H) 1.32~1.23 (m 2H) 0.87(t J=7.4 Hz 3H) ., "C NMR( 126 MHz CDCL,) §&:137.51
131.42 128.34 128.04 123.43 121.85 49.74 36.26 31.98 19.38 13.29, /%:C 57.79 H
6.44 N 8.90( /%:C 57.72 H6.48 N 8.97) .

C,mim BTB :'H NMR(500 MHz CDCl,) &:9.32(s 1H) 8.09(d J=7.0 Hz 2H) 7.43 ~7.35
(m 3H) 7.26(t J=1.7 Hz 1H) 7.20(t J=1.7 Hz 1H) 4.13(t J=7.4 Hz 2H) 3.90(s 3H) 1.79
~1.72 (m 2H) 1.32~1.23(m 6H) 0.87(t J=7.4 Hz 3H) ., "C NMR( 126 MHz CDCl,) §&:137.45
131.40 128.34 128.02 123.46 121.83 49.99 36.26 30.99 30.06 25.81 22.32 13.86.

/%:C 60.00 H7.14 N 8.29( /%:C 60.00 H7.12 N 8.23) .

Cymim  BTB :'H NMR (500 MHz CDCL,) 8:9.32(s 1H) 8.09(d J=7.0 Hz 2H) 7.43 ~7.35
(m 3H) 7.26(t J=1.7 Hz 1H) 7.20(t J=1.7 Hz 1H) 4.13(t J=7.4 Hz 2H) 3.90(s 3H) 1.79
~1.72 (m 2H) 1.32 ~1.23(m 10H) 0.87(t J=7.4 Hz 3H)., Cymm BTB  “C NMR
(126 MHz CDCl,) §&: 137.43 131.41 128.34 128.02 123.48 121.83 50.00 36.25 31.66 30.13

28.92 26.18 22.56 14.03, /%:C 61.93 H7.70 N 7.57( /%: C 61.97 H 7.66
N7.61)
2
2.1
C,mim BTB (n=4 6 8) DSC ( 2
( Do C,mim BTB -62.3 C 55C( 2
a), Cymim BTB 17.2 C -59.2 C( 2 b) .
Cysmim BTB DSC -23.4 C ( 2 b)
7, Cymim BTB 32.1C( 2 c)
o C,mim BTB Cemim BTB DSC ( )
Cymim BTB -6.5 C ( 2 d) .
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—6.5°C g \kﬁ‘
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—80 —I60 —.40 —.20 (.) 2.0 40
Temperature / °C
2 C,mim BB (4. Cmim BTB (b) Cymim BB (¢ d) DSC  ( a)

Fig.2 DSC curves of C,mim BTB (4 C¢mim  BTB (b) and Cgmim BTB (¢ d)

Inset: enlarged curve a
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7 30 1- 3-
100 C °
1
Table 1 Thermodynamic parameters of ionic liquids
Cymim  BTB Cemim BTB Cgmim BTB
Melting Temperature / C 5.5 17.2 32.1
AH,, /( kJ*mol ') 0.11 15.86 17.73
AS,, /(Jemol 71K 1) 0.39 53.87 57.73
Glass transition Temperature / C -62.3 -59.2 -
AH, /( kJ*mol ") 0.34 0.44 -
AS,, /(Jemol 71 K1) 1.61 2.05 -
Crystallization Temperature / °C - - -6.5
AH,,/( kJ*mol 1) - - -16.96
AS, /(Jemol 71K 1) - - -63.64
Cold crystallization Temperature / C - -23.4 -
AH,, /( kJemol ~") - -15.47 -
AS, /(Jemol "1 eK 1) - -61.67 -
Solid=solid transition Temperature / C - - -19.2
AH/(kJ*mol =1) - - 0.12
AS/(Jemol 'eK ™) - - 0.46
( TGA)
i 3 3 100
200 C 400 C o 801
3 60f
= a0t
o 200 C
. 20}
2.2 ol
0 100 200 500 600
R 3 Temperature / °C
0.5¢ Cmm BTB (n=4 6 8) 3  Cymim BTB (4. BTB (b)
0.5 mL 2 mL 25 C Cgmim  BTB (¢) TGA
(240 r/min) o 3h Fig. 3 TGA curves BTB ( a)
C,mim BTB 16 h 12 h Cemim BTB (b) and Cymim BTB (c)
Csmim  BTB Cg mim
BTB o
ICP-AES B Csmim BTB Cymim BTB
54.5 15.9 mmol /L - 3- ( C,mim PF, ) 84.5 mmol/L"
- 3- ( C,mim NTf, ) 48.9 mmol/L 3-
( C,mim NTf, ) 15.7 mmol/L * ( 2). NTf, . C,mim
NTE, C,mim PF, Cemim BTB Cymim

BTB
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36
2 (25 C)
Table 2 Viscosity and solubility in water of ionic liquids(25 °C)
Tonic liquids Viscosity /cP Solubility /( mmol*L ")
Cymim  PFq 450 3 84.5°
Cymim BF, 180 ¥ miscible *
C,mim  NTf, 27 48.9 %
C,mim  NTf, 69 15.7 %
Cymim BTB 220" soluble”
Cemim  BTB 285" 54.5"
Cgmim BTB 344" 15.9"
* This work.
C¢mim BTB . Cymim BTB
“F NMR o ( 4 143.06 ~143. 81 mg/L BTB~ F
25 . ( 4)
BTB~ F BTB~ »
A B
d d
c h )
b | S
a h .
—121 —124 —127 —130 —133 —136 —139 —142 —145 — 148 —121 —124 —127 —130 —133 —136 —139 — 142 —145 — 148
5
4  Cemim BTB (A)  Cemim BTB (B) H,0 0h(a) 3h(b) 6h(c) 12h(d) “F NMR
Fig.4 "F NMR spectra of C,mim BTB ( A) Cymim BTB (B) after mixing with H, O for 0 h( a)
3 h(b) 6 h(c) and 12 h(d)
2.3
5 o 298.15 K C,mim BTB
220 cP 180 cP C,mim BF, * . BTB "~ BF; .
Cemim BTB Cymim BTB 285 344 cP
o Cy mim
BTB Cgmim  BTB C,mim NTf, C,mim NTf, * C,mim PF,
( 2), o
C,mim BTB 298. 15 K 348.15 K 220 cP 20 cP.
Comim BTB Cymim BTB C,mim BTB o 348.15K 3
20 ~30 cP o
VFT( Vogel ¥ulcher-Tammann) ( (1) *.
lg(m) =A+B/T-T,) (1)
A.B.T, n (cP) s VFT
5) 3 . 3 R’
0.999 o 3
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300F
2 200F
=
100F
3(;0 3;0 3I20 3I30 3;10 350
T/K
5 Cmm BTB (). Cimim BTB (@) Cgmim BTB ( A) - VFT
Fig.5 Plots and VFT formula fitting curves of viscosity vs temperature of C,mim BTB ( Il C,mim BTB
(®) and Cymim BTB ( A)
VET
3 VFT -
Table 3 Fitting results of VFT formula
A B Ty R
C,mim BTB -0.86 +0.06 (3.34£0.13) x10? (1.93+0.02) x10? 0.999 8
Cemim BTB -1.08 +£0.03 (4.07 £0.07) x10° (1.83 +£0.01) x10? 1
Cgmim BTB -1.60 +0.26 (5.74£0.77) x10? (1.60 +0.10) x10? 0.999 2
A-B.T, are fitting parameters R is correlation coefficient.
3 BTB "~ NMR. N
o 3 200 C
0 Cemim BTB Cymim BTB C,mim  NTI, C, mim
NTT, C,mim PF, . C,mim BTB ; Cgmim  BTB Cymim BTB
C,mim  PF C,mim  NTY,
C,mim NTf, o o C,mim
NTf, . C,mim  NTf, C,mim PF Cs,mim  BTB
Cymim BTB o
( Supporting Information) '"HNMR 'C NMR (‘http: //
yyhx. ciac. jl. en/) o
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Syntheses and Properties of Novel Boron-Containing
Ionic Liquids 1-Alkyl-3-methylimidazolium
Benzyoltrifluoroborates

GUO Yijiang CHEN Qingde” SHEN Xinghai"
( Begjing National Laboratory for Molecular Sciences Fundamental Science on
Radiochemistry and Radiation Chemistry Laboratory Center for Applied Physics and
Technology College of Chemistry and Molecular Engineering Peking University Beijing 100871 China)

Abstract Three novel boron—containing ionic liquids ( ILs ) 1 -alkyl-3-methylimidazolium
benzyoltrifluoroboratef C,mim BTB n =4 6 8) were successfully synthesized and some of their
physico-chemical properties were characterized by nuclear magnetic resonance( NMR)  differential scanning
calorimeter( DSC)  and thermogravimetric analysis( TGA) . It was found that their decomposition temperatures
were around 200 °C. With the increase of the length of carbon chain on the imidazolium ring the melting
temperature viscosity and hydrophobicity gradually increased. C, mim  BTB was hydrophilic while
C¢mim  BTB and Cgmim BTB  were hydrophobic. In particular the later two were more stable when
they mixed with water for a long time. In other words the shortcoming of tetrafluoroborate ILs(i. e. strong
hydrophilicity especially the easy hydrolysis of BF, ) was overcome to great extent. Thus it is hopeful for the
two ILs to be used in the field of spent fuel reprocessing which will effectively impove the critical safety.

Keywords boron—containing ionic liquid( s) ; benzyoltrifluoroborate; hydrophobicity; stability
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