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While there ae a large number of
imidazolium-based ILs, few ILs based on quaternary
ammonium have been reported. Compared with the
imidazolium system, quaternary ammonium one is more
electrochemically stable against oxidation and reduction,
supporting it as possible safety electrolytes for
high-energy storage devices, such as Li batteries and
double-layer capacitors. Low-melting, low-viscous
guaternary ammonium salts have been prepared by
introducing fluoroanions that have relatively low
symmetry and highly delocalized charge, such as
bis(trifluoromethylsulfonyl)imide ~ ([(CF3SO,),N]),l
2,2,2-trifluoro-N-(trifluoromethyl sulfonyl)acetamide([ (C
F3S0,)(CFsCO)N]"),? and so on. Another method to
prepare low-melting ammonium salts was to modify the
structure of quaternary ammonium cation dightly, i.e.,
replacing one akyl group in the four substituents of
ammonium cation with a more flexible alkyl ether
group. All these work suggest that both the cations and
the fluoroanions, especially low symmetry ones, play an
important role in determining the melting points and
viscosities of quaternary ammonium salts.

Recently a new class of weakly coordinating
fluoroanions, namely  perfluoroakyltrifluoroborates
([ReBF3g]7), have been successfully synthesized via
various convenient methods,¥ whose chemistry and
application in electrochemistry are currently of interest
because of their good chemical and electrochemical
stability. More recently, afew ILs based on the [R:BF;]~
have also been reported."" As part of our interest to find
low-melting, low-viscous ILs, we herein systematically
report the synthesis and characterization of a series of
hydrophobic ILs based on relatively small  quaternary
ammonium cation ([R'R’R®’R*N]*, wherein R, R?, R® =
CH; or CHs, R* = CHy(CH,);, CH;OCH,CH,) and
perfluoroalkyltrifluoroborate anion ([ReBF;]~, wherein
RF = CF3, C2F5, n'C3F7, n'C4F9). Their electrochemical
properties  including  ionic  conductivity  and
electrochemical stability were also investigated.

The new salts [R'R’R*R*N][R:BF;] were prepared
by neutralization of agueous  solution  of
[R'R’R®*R*N][OH] with aqueous solution of H[R:BFs].
For comparison, the [BF,] -based salts were prepared
similarly except for using ag. H[BF;] instead of ag.
H[RBF;]. All the salts prepared are characterized by
NMR (*H, *°F, and™'B), IR, and elemental analysis. The
characterization data agree with the expected
compositions and structures. The new [RrBF;] -based
salts are immiscible with water, and the water content in
the resulting salts was less than 40 ppm after vacuum
drying.

The physicochemical properties of these new salts
were characterized by differential scanning calorimetry
(DSC), thermogravimetric analysis, density, dynamic
viscosity, ionic conductivity. The key features of these
new salts are their low melting points (-27-97 °C) or
extremely low glass transition without melting. The

observed melting points of all the [ReBF;] -based salts
are generaly lower than those of the [BF,] -based ones
with the same cation, indicating that the melting points of
the salts could be lowered by reducing symmetry of the
fluoroanions; in our case, by replacing one fluorine atom
in the [BF,]~ with Rg group. Most of these new salts are
liquid at room temperature and exhibit a lower viscosity
(57-210 cP at 25 °C) than the [BF,4] -based ones with the
same cation. The [ReBF;] -based sdlts that are liquid at
25 °C also exhibit higher ionic conductivities than the
corresponding [BF,] -based ones as shown in Figure 1.
In addition, these new ammonium salts have a wider
electrochemical window than those of the corresponding
imidazolium ones.

—s— BFJ
4 —o--[CFBF ] A
& [C,FBRY . T

b v CEBR T VAN
§ 3 -o-mcrer) O
(%] R
2 n B S
2 2 I o
2 : A VA
o
g u O
o 14

0 T T T T T

[N122A] [Nlll 102] [N112 102] [N122 102] [N222 102]

Cation

Figure 1. Specific conductivity of various ionic liquids;
Notation for cation: the subscript denotes the number of
carbons in each of the four substituents and an “O”
denotes the oxygen atom in the substituent
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