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Abstract

Two hydrophobic imidazolium based ionic liquids including 1-benzyl-3-butylimidazolium hexafluorophosphate [BzBIM]PFg
and 1-pentyl-3-butylimidazolium hexafluorophosphate [PBIM]PFs having the same anion and different cation parts were
synthesized. The structural composition of these ionic liquids were confirmed with Fourier-transform infrared spectroscopy
(FT-IR) and proton nuclear magnetic resonance (‘H-NMR). Their physiochemical properties such as viscosity, ionic con-
ductivity and thermal stability alongside electrochemical potential window range for both ionic liquid electrolytes were charac-
terized and compared to each other. The overall results revealed that [BzZBIM]PFs has higher thermal and electrochemical
stabilities and viscosity than that of [PBIM]PFs probably due to the presence of benzyl ring in the imidazolium cation provid-
ing strong intermolecular 7 -7 interactions.

Keywords: lonic liquids, Hydrophobic electrolytes, 1-Benzyl-3-butylimidazolium hexafluorophosphate, 1-Pentyl-3-butylimidazolium
hexafluorophosphate, Thermal stability, Potential window
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Figure 1. Synthesis scheme for (a) 1-benzyl-3-butylimidazolium hexafluorphosphate ([BzBIM]PF¢) and (b) 1-pentyl-3-butylimidazolium hexafluor-
phosphate ([PBIM]PF;) ionic liquids. A: 1-butylimidazole, B: benzyl chloride, C: 1-benzyl-3-butylimidazolium chloride, D: 1-benzyl-3-butylimidazolium
hexafluorophosphate, E: 1-chloropentane, F: 1-pentyl-3-butylimidazolium chloride, G: 1-pentyl-3-butylimidazolium hexafluorophosphate.
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2.1. Alef

Potassium hexafluorophosphate (Sigma-Aldrich), benzyl chloride
(99%, Sigma-Aldrich), 1-butylimidazole (98%, Sigma-Aldrich), 1-chlo-
ropentane (99%, Sigma-Aldrich), ethyl acetate (99.5% Sigma-Aldrich),
acetonitrile (99.9% Sigma-Aldrich), dimethyl sulfoxide-D6 (DMSO-DG6,
99.9%) + 0.05% V/V tetramethylsilane (TMS) (Cambridge isotope lab-
oratories, Inc.)& FASHA] &1 TR ARSI

2.2, 2M |
G o)A A 2% G, WrEEA, Bud BEAL ol

st Hl 32 A A 3 = 2021

205 o) galo] SIS WA A7 BAS A5 BA7I(TA
instruments, SDT Q600)%, =3HAMHFH S o83 M Wl &
7] general purpose electrochemical system *-%= 73 (version 4.9)}
AAE A A A(Ecochemie, PGSTATI28N)E AMR-5}It) olw 3-4
= 713818 A AAEE o] getglon, 7|E 52 MetrohmAL2
Ag/ AgCl A=E, A A= 2= MetrohmAHe] F-84F gH42-Hd
=2 mm)S 183 A= o2 Pt 2ko]o](Sigma-Aldrich) S AHE-
SF L =3 F H(eyclic voltammetry)S ©]-8-310] A9 W4
e S8 oA T AEES7|(CPC401), AEs AT &
A7)(A&D Company, Limited, SV-1A, 0.3~1000 mPa - s)= =43}
on, FZ= Follg]of W A4 #-37](JASCO, FT-IR 4100)$} &
247 3 E37)(Bruker, 500 MHz)Z ©|-&380] EA1381ch

2.3. [BzBIM|PF, 2! [PBIM|PF, &} HitH

[BZzBIM]PFs 9} [PBIM]PFs ©]-2’d U= Figure 1a$} bof] YR
o g Zbzh $HAJ61Sl 0| o] Han et al[23]¥} Dharaskar et al.
[2417} B33t SAHS WE3E Zlolt) [BzBIMIPE: L] 7-$- 1-butyli-
midazole §-91°ll benzyl chlorideE ¥ &% HojrEg| A 20 h &3t
HH-S-A| 74 1-butylimidazole®] &3} BES-S A5 o] v 2%
£ 70 CTE FAR 3, ARk |2 ALstA wrkstaA] 288kl
t} 0|5 Z&] A E 1-benzyl-3-butylimidazolium chloride &4-& o]
HolAHO|E Sz oz W HolE $80 T IF2Bold3h 5
QF AZEISIT) o] A3t 1-benzyl-3-butylimidazolium chloride &
M3} 0.5 M potassium hexafluorophosphate (KPFg) =84S 1 : 1 §
H)Z 40 CollM 4 h B¢ WA F o3 WS AX 1 oo}
AlElo]E gull2 ofg] ¥ HlojFo] 42 =gk e] [BZBIM]PF, ©]-
A AR FAsITE wEEe] Sl 70 T AF ol 3 h B4t
AZAAA AAS T [PBIM|PF:S] 73-F-, [BzBIM]PFs 3% 3} #
AV, WA 1-butylimidazole §-91-2- 60 CollA AR |2 AH35}
Al 27¥gh FAlof I-chloropentanes- 3+ ¥ "ojrmg]WA] 20 h
59t HRS-A|AA 1-pentyl-3-butylimidazolium chlorideE 343331t}
odolAH|o]E 1|2 1-pentyl-3-butylimidazolium chloride &%
7] Wl HolFE T 70 T g 2EIAM 3 h F AZ3I8ILE 02 M
KPF¢$} 1-pentyl-3-butylimidazolium chloride £S5 1 : 1 Hyu]&
40 CellA 4 h &<t REGAIZ 3 o7 Y& AR 1 "etAEo|E
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Figure 2. Representative (a, b) FTIR spectra and (¢) 'H NMR spectrum
for [BzBIM]PFs.
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Figure 3. Typical (a, b) FTIR spectra and (¢) 'H NMR spectrum for
[PBIM]PF;.

(a) (b)
100 - 100
| 26.36% 44.88%
80 (2330mgf _ 80F (22.62 mg)
s =
< o0} = 60F
S 2
o 40 40 !
= 52.20% s 53.24%
20l (26.23 mg) 55l (26.83 mg)
0 1 1 1 1 1 1 1 1

100 200 300 400 500
Temperature (°C)

100 200 300 400 500
Temperature (°C)

Figure 4. Thermogravimetric analysis graphs for the synthesized (a)
[BzBIM]PF; and (b) [PBIM]PF; ionic liquids.
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Table 1. Summary of Viscosities, Ionic Conductivities and Electrochemical Window of Synthesized Ionic Liquids

Tonic liquids Viscosity (mPa - s) Conductivity (mS cm™) Electrochemical window (V) References
[BzBIM]PF 881 0.178 55 This work
[PBIM]PF, 43.1 2.9 5.0 This work
[BzBIM]OH 1.72 41.6 4.7 [25]
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