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PREPARATION AND PURIFICATION OF IONIC

[0008]

exposing an ionic liquid precursor to a puri?cation

LIQUIDS AND PRECURSORS

agent comprising carbon, thereby removing the impurities,

RELATED APPLICATIONS

Wherein said ionic liquid precursor comprises a cation of the
formula

[0001] This application is a continuation-in-part of
copending US. patent application Ser. No. 11/526,416 ?led
Sep. 22, 2006 entitled “Durable Electrooptic Devices Com
prising Ionic Liquids, Which is a continuation-in-part of US.
patent application Ser. No. 11/041,069 entitled “Durable
Electrooptic Devices Comprising Ionic Liquids, noW issued
as US. Pat. No. 7,119,937, Which is a divisional of Ser. No.

10/741,903 entitled “Durable Electrooptic Devices Com
prising Ionic Liquids,” now US. Pat. No. 6,961,168, Which
is a continuation-in-part of US. patent application Ser. No.

Ow

/ R1

Wherein R1 is selected from alkyl having 2-10 carbons,
[0009]

or a cation of the formula

10/600,807 entitled “Electrolytes for Electrooptic Devices
Comprising Ionic Liquids” ?led Jun. 20, 2003, now US.
Pat. No. 6,853,471, and claims priority of US. Provisional

Patent Application 60/390,611 entitled “Electrolytes for
Electrooptic Devices Comprising Ionic Liquids” ?led Jun.
21, 2002, and US. Provisional Patent Application 60/502,
133 entitled “Durable Electrooptic Devices” ?led Sep. 11,
2003, all of Which are incorporated by reference herein.
STATEMENT REGARDING GOVERNMENT
RIGHTS

wherein R1 is alkyl having 2-10 carbons.
[0010]

or a cation of the formula

[0002] This invention Was made With government support
under Contract No. DE-AC51-06NA25396 aWarded by the

US. Department of Energy. The government has certain
rights in the invention.
BACKGROUND

[0003]

Ionic liquids are molten salts that have melting

points at or beloW a temperature of 1000 C. Ionic liquids are

wherein R1 is alkyl having 2-10 carbons
[0011]

used in a Wide variety of applications. Problems may arise
When impure ionic liquids are used in devices and applica
tions.

[0004]

or a cation of the formula

\@/R1

Substantially pure ionic liquids are not easily pre

KN]

pared using current methods. There remains a need for better

methods for preparing substantially pure ionic liquids and
ionic liquid precursors.

X

SUMMARY OF THE INVENTION

[0005]

The invention includes a method for preparing

ionic liquid substantially free of impurities. The method
includes generating ionic liquid precursor comprising impu
rities; exposing the ionic liquid precursor to a puri?cation

agent comprising carbon, thereby substantially removing the
impurities from the precursor and generating a puri?ed ionic

[0012] wherein R1 is alkyl having 2-10 carbons and X is
are independently selected from O and CH2; and

[0013] using the puri?ed precursor to prepare ionic liquid.
[0014] The invention also includes a method for preparing
ionic liquid. The method includes:

liquid precursor; and using the puri?ed ionic liquid precur
sor to prepare ionic liquid.

[0006]

The invention also includes an ionic liquid sub

stantially free of impurities prepared by a method that

includes generating ionic liquid precursor comprising impu

[0015]

exposing an ionic liquid precursor to a puri?cation

agent comprising carbon, thereby removing the impurities,
said ionic liquid precursor comprising a cation of the for
mula

rities; exposing the ionic liquid precursor to a puri?cation

agent comprising carbon, thereby removing the impurities
from the precursor; and using the puri?ed precursor to
prepare ionic liquid.
[0007]

The invention also includes an ionic liquid sub

0%

/ R1

stantially free of impurities prepared by a method that
includes:

wherein R1 is selected from alkyl having 2-10 carbons,
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[0016]

or a cation of the formula

[0025] FIG. 3 shoWs the cyclic voltammagrams of com
mercially obtained neat l-butyl-l-methylpyrrolidinum bis

(tri?uoromethanesulfonyl)amide (right), and cyclic voltam
magram

of

neat

l -butyl- l -methylpyrrolidinum

bis(tri?uoromethanesulfonyl)amide prepared according to
an embodiment of the invention (left).
DETAILED DESCRIPTION

wherein R1 is alkyl having 2-10 carbons.
[0017]

or a cation of the formula

[0026] An aspect of the present invention is concerned
With the preparation of substantially pure ionic liquid pre
cursors, and substantially pure ionic liquids from the pre
cursors. Purity being de?ned as the substantial absence of

colored impurities as determined by UV-V is spectroscopy
With no substantial absorbance above 250 nm, no signi?cant
measurable current from impurities over the electrochemical

wherein R1 is alkyl having 2-10 carbons
[0018]

or a cation of the formula

\<@/R1

{N}
X

[0019] wherein R1 is alkyl having 2-10 carbons and X is
are independently selected from O and CH2; and

[0020] using the puri?ed precursor to prepare ionic liquid.
[0021]

The invention also includes a method for preparing

ionic liquid substantially free of halide impurities. The
method includes continuously extracting an aqueous ionic

liquid phase into an organic solvent using a liquid-liquid
extractor, the aqueous ionic liquid phase having halide
impurities; separating the organic solvent and extracted
ionic liquid therein from the aqueous phase; ?ltering the
organic solvent and extracted ionic liquid therein through a
material chosen from silica or alumina, thereby generating a

?ltrate; and removing organic solvent from the ?ltrate.

WindoW of the ionic liquid, or signi?cant ?uorescent impu
rities as determined by ?uorescence spectroscopy. These
substantially pure ionic liquids may be used in devices such
as, but not limited to, electrooptic devices that employ ionic

liquids as electrolyte solvents. Some non-limiting examples
of ionic liquids that can be prepared in a substantially pure
form according to embodiments of this invention include

l-ethyl-3-methylimidaZolium chloride, l-ethyl-3-meth
ylimidaZolium bromide, l-butyl-3 -methylimidaZolium chlo
ride, l-butyl-3 -methylimidaZolium bromide, l-butyl-l-me
thylpyrrolidinum chloride, l-butyl-l-methylpyrrolidinum
bromide, l-butyl-2,3-dimethylimidaZolium chloride, l-bu
tyl-2,3-dimethylimidaZolium bromide, l-butyl-3-meth
ylimidaZolium tetra?uoroborate, l-ethyl-3 -methylimidaZo
lium

tetra?uoroborate,

l -ethyl-3 -methylimidaZolium

tri?ate, l-butyl-3-methylimidaZolium tri?ate, l-butyl-2,3
dimethylimidaZolium tri?ate, l-butyl- l -methylpyrrolidinum
tetra?uoroborate, l-butyl-l-methylpyrrolidinum tri?ate,
l -ethyl-3 -methylimidaZolium bis(tri?uoromethanesulfony
l)amide,
l -butyl- l -methylpyrrolidinum
bis(tri?uo
romethane sulfonyl)amide,
l -butyl-3 -methylimidaZolium
bis(tri?uoromethanesulfonyl)amide, l -butyl- l -methylpip
eridinium tetra?uoroborate, l-butyl-l-methylpiperidinium
tri?ate, and l-butyl-l-methylpiperidinium bis(tri?uo

romethanesulfonyl)amide.
[0027] Substantially pure ionic liquids prepared according
to one or more aspects of the invention are non-volatile and

BRIEF DESCRIPTION OF THE DRAWINGS

provide high concentrations of cations and anions that offer
minimal resistance to current.

[0022] The accompanying draWings are incorporated in
and form a part of the speci?cation, illustrate the embodi
ments of the present invention and, together With the
description, serve to explain the principles of the invention.

In the draWings:
[0023]

FIG. 1a and FIG. 1b shoW ?uorescence spectra for

commercially obtained samples of l-butyl-3-methylimida
Zolium tetra?uoroborate, and FIG. 1c shows a ?uorescence

spectrum of a sample of l-butyl-3-methylimidaZolium tet
ra?uoroborate prepared according to an embodiment of the
invention.

[0024] FIG. 2 shoWs a ultraviolet-visible (UV-V is) spec
trum of neat commercially obtained (bold) l-butyl-l-meth
ylpyrrolidinum bis(tri?uoromethanesulfonyl)amide, and a
spectrum prepared according to an embodiment of the

invention (dashed).

[0028] Substantially pure ionic liquids that may be pre
pared according to embodiments of the invention include,
but are not limited to, salts of organic cations in combination
With either organic or inorganic anions. Some embodiment
anions contain ?uorine. Some of these anions include trif

luoromethylsulfonate
(“tri?ate,”
CF3SO3_),
bis(tri?uoromethylsulfonyl)imide(N(CF3SO2)2_), bis(per
?uoroethylsulfonyl)imide ((C2F5SO2)2N_)), tris(tri?uorom
ethylsulfonyl)methide ((CF3SO2)3C_)). Others include tet

ra?uoroborate

(BFJ),

hexa?uorophosphate

hexa?uoroantimonate (SbF6_),

(AsF6_).

(PF6_),

and hexa?uoroarsenate

Bis(tri?uoromethylsulfonyl)imide

anion

(N(CF3SO2)2_), for example, is inexpensive, has a high
hydrophobicity, is sometimes referred to in the prior art as

bis(tri?uoromethanesulfonyl)amide or bis(tri?uoromethane
sulfonyl)imide, and has the structural formula
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[0031]

In an embodiment, an ionic liquid that may be

prepared in a substantially pure form is N-butyl-N-meth

ylpyrrolidinium bis(tri?uoromethylsulfonyl)imide.
[0032] Another aspect of the invention is concerned With
the synthesis of substantially pure ionic liquids that do not
signi?cantly absorb ultraviolet radiation having a Wave
length above 290 nanometers (nm), and therefore do not

degrade When exposed to these Wavelengths to byproducts
Some of the organic cations include, but are not limited to,

pyridinium, pyridaZinium, pyrimidinium, pyraZinium, imi
daZolium, pyraZolium, thiaZolium, oxaZolium, and triaZo
lium.

[0029] A non-limiting list of quaternary ammonium-based
ionic liquids that may be prepared in a substantially pure
form according to aspects of this invention include those
With a glass transition temperature (Tg) loWer than about 400
C. that are 1-butyl-3-methylimidaZolium tetra?uoroborate,

that can lead to irreversible coloration, gas formation and/or

formation of electrochemically active/inactive species.
[0033] Another aspect of the invention is concerned With
the synthesis of substantially pure ionic liquids having a
glass transition temperature Tg beloW about 00 C., a Tg
beloW about minus 20 degrees Celsius (—200 C.), and a Tg
beloW about minus 400 C. The glass transition temperature
can be measured from the viscosity of the ionic liquid.

[0034] Another aspect of the invention is concerned With

1-ethyl-3-methylimidaZolium tetra?uoroborate, 1-ethyl-3
methylimidaZolium tri?ate, 1-butyl-3 -methylimidaZolium
tri?ate, 1-butyl-2,3-dimethylimidaZolium tri?ate, 1-butyl-1

the synthesis of substantially halide-free ionic liquids using

methylpyrrolidinum tetra?uoroborate, 1 -butyl-1-methylpyr
rolidinum tri?ate, 1-ethyl-3-methylimidaZolium bis(tri?uo
romethanesulfonyl)amide, 1 -butyl-1-methylpyrrolidinum
bis(tri?uoromethanesulfonyl)amide, 1 -butyl-3 -methylimi
daZolium bis(tri?uoromethanesulfonyl)amide, 1-butyl-1

puri?ed by continuously extracting out the ionic liquid in the
organic solvent and leaving the halide impurities in the
aqueous phase.
[0035] The folloWing EXAMPLES demonstrate the oper

methylpiperidinium tetra?uoroborate, 1-butyl-1-methylpip
eridinium

tri?ate,

and

a continuous liquid-liquid extraction procedure. An aqueous
solution of ionic liquid With halide impurities may be

ability of the invention.

1-butyl-1-methylpiperidinium

EXAMPLE 1

bis(tri?uoromethanesulfonyl)amide.
[0030] Some of the quaternary ammonium-based ionic
liquids that can be prepared in a substantially pure form
according to aspects of this invention are ionic liquids

having tetraalkylammonium cations. Ionic liquids made
from these cations have minimal optical absorbance in the
ultraviolet portion of the spectrum, Which gives molten salts
based on these cations enhanced photochemical stability.
Quaternary ammonium cations may be substituted With H, F,
phenyl, alkyl groups With 1 to 15 carbon atoms, and other
chemical substituents. Cations may even have bridged ring
structures. Some of the quaternary ammonium cations are of

the formula (CH3CH2)3N(R1), wherein R1 is alkyl having
2-10

carbons;

or

have

the

[0036] Puri?cation of 1-ethyl-3-methylimidaZolium bro
mide. A yelloW solution of impure 1-ethyl-3-methylimida
Zolium bromide (ALDRICH) (50 grams (g)) having a yelloW
color in deioniZed Water (250 mL) Was prepared. DecoloriZ
ing charcoal (3 g) Was added to the yelloW solution and the
resulting mixture Was heated at 65° C. for 24 hours. The
solution Was cooled to room temperature and ?ltered. The
?ltrate Was colorless. The Water Was removed from the

colorless ?ltrate using a lyophiliZer. The resulting solid Was
then heated under a vacuum for 48 hours at 65° C. The

product White solid Was substantially pure 1-ethyl-3-meth

ylimidaZolium bromide (48 g).

formula

EXAMPLE 2

(CH3)2(CH3CHCH3)N(R2), Wherein R2 is alkyl having 2-10
carbons; or have the formula

[0037] Puri?cation of 1-ethyl-3-methylimidaZolium chlo
ride. A yelloW solution of impure 1-ethyl-3-methylimidaZo
lium chloride (ALDRICH) (50 g) having a yelloW color in
deioniZed Water (250 mL) Was prepared. DecoloriZing char
coal (3 g) Was added to the yelloW solution and the resulting
mixture Was heated at 65° C. for 24 hours. The solution Was
cooled to room temperature and ?ltered. The ?ltrate Was
colorless. The Water Was removed from the colorless ?ltrate

using a lyophiliZer. The resulting solid Was then heated
under a vacuum for 48 hours at 65° C. The product White

Wherein R3 is alkyl having 2-10 carbons;

solid Was substantially pure 1-ethyl-3-methylimidaZolium

or have the formula

chloride (48 g).
EXAMPLE 3

[0038] Puri?cation of 1-ethyl-3-methylimidaZolium chlo
ride. A yelloW solution of impure 1-ethyl-3-methylimidaZo
lium chloride (ALDRICH) (50 grams) in deioniZed Water
(250 mL) Was prepared. DecoloriZing charcoal (3 g) Was
added to the yelloW solution and the resulting mixture Was

Wherein R4 is alkyl having 2-10 carbons.

heated at 65° C. for 24 hours. The solution Was cooled to
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room temperature and ?ltered. The ?ltrate Was pale yellow.

The pale yellow solution then Was treated With decoloriZing
charcoal (3 g). The mixture Was heated for a further 24 hours
at 65° C. The solution Was cooled to room temperature and
?ltered. The ?ltrate Was colorless. The Water Was removed

?ltered. The ?ltrate Was pale yelloW. The pale yelloW ?ltrate
Was then treated With decoloriZing charcoal (30 g). The
mixture Was heated for a further 24 hours at 650 C. The
mixture Was cooled to room temperature and ?ltered. The
?ltrate Was colorless. The Water Was removed from the

from the colorless ?ltrate using a lyophiliZer. The resulting

colorless ?ltrate using a lyophiliZer. The resulting solid Was

solid Was then heated under a vacuum for 48 hours at 650 C.

then heated under a vacuum for 48 hours at 650 C. The White

The product White solid Was substantially pure l-ethyl-3

solid Was substantially pure l-butyl-3-methylimidaZolium

methylimidaZolium chloride (48 g).

chloride Was obtained as a White solid in a yield of 92%.

EXAMPLE 4

EXAMPLE 7

[0039] Puri?cation of l-ethyl-3-methylimidaZolium bro
mide. A yelloW solution of impure l-ethyl-3-methylimida
Zolium bromide (ALDRICH) (50 grams) having a yelloW

mide. n-Bromobutane (860 g) Was added sloWly to freshly
distilled methylimidaZole (500 g) in a tWo-liter, tWo-necked

color in deioniZed Water (250 mL) Was prepared. DecoloriZ
ing charcoal (3 g) Was added to the yelloW solution and the

[0042] Preparation of l-butyl-3-methylimidaZolium bro

solution Was cooled to room temperature and ?ltered. The

round bottom ?ask ?tted With a re?ux condenser. The
addition Was at such a rate that the temperature of the
solution did not get above 400 C. This mixture Was then
stirred With a magnetic stirrer at room temperature for 1 day.

?ltrate Was pale yelloW. The yelloW solution Was treated
With decoloriZing charcoal (3 g). The mixture Was heated for

During this time a yelloW solid formed. The liquid Was
decanted aWay from the yelloW solid that remained. The

resulting mixture Was heated at 650 C. for 24 hours. The

a further 24 hours at 650 C. The solution Was cooled to room

yelloW solid Washed With diethylether (3 X200 mL) and dried

temperature and ?ltered. The ?ltrate Was colorless. The
Water Was removed from the colorless ?ltrate using a
lyophiliZer. The resulting solid Was then heated under a
vacuum for 48 hours at 650 C. The product White solid Was

under vacuum for 24 hours. The dry yelloW solid Was
g) Was added. This mixture Was heated to 70° C. for 24
hours, cooled and ?ltered. The ?ltrate Was colorless. The

substantially pure l-ethyl-3-methylimidaZolium bromide

Water Was then removed using a lyophiliZer. The resulting

(48 g).

dissolved in Water (1.5 liters) and decoloriZing charcoal (30

solid Was then heated under high vacuum for 48 hours at 650

C., and then cooled. l-Butyl-3-methylimidaZolium bromide
EXAMPLE 5

[0040] Preparation of l-butyl-3-methylimidaZolium chlo
ride. n-Chlorobutane (600 g) Was added sloWly to freshly
distilled methylimidaZole (500 g) in a tWo-liter, tWo-necked
round bottom ?ask ?tted With a re?ux condenser. The
resulting mixture Was stirred With a magnetic stirrer at 70°
C. for 1 Week. During the Week a White solid formed, Which
sloWly turned yelloW. The solution Was alloWed to cool to
room temperature. The liquid Was decanted aWay from the

yelloW solid that remained. The yelloW solid Washed With
diethylether (3x200 mL) and dried under vacuum for 24
hours. The dry yelloW solid Was dissolved in Water (1.5
liters) and decoloriZing charcoal (30 g) Was added. This
mixture Was heated to 70° C. for 24 hours, cooled and

Was obtained as a White solid in 94% yield.

EXAMPLE 8

[0043] Preparation of l-butyl-3-methylimidaZolium bro
mide. n-Bromobutane (860 g) Was added sloWly to freshly
distilled methylimidaZole (500 g) in a tWo-liter, tWo-necked
round bottom ?ask ?tted With a re?ux condenser. The
addition Was at such a rate that the temperature of the
solution did not get above 400 C. This mixture Was then
stirred With a magnetic stirrer at room temperature for 1 day.

During this time a yelloW solid formed. The liquid Was
decanted aWay from the yelloW solid that remained. The

yelloW solid Washed With diethylether (3 X200 mL) and dried
under vacuum for 24 hours. The dry yelloW solid Was

?ltered. The ?ltrate Was colorless. The Water Was then

dissolved in Water (1.5 liters) and decoloriZing charcoal (30

removed from the colorless ?ltrate using a lyophiliZer. The
resulting solid Was then heated under high vacuum for 48
hours at 650 C., and then cooled. l-butyl-3-methylimidaZo

g) Was added. This mixture Was heated to 70° C. for 24

hours, cooled and ?ltered. The ?ltrate Was pale yelloW. The
yelloW solution Was then treated With decoloriZing charcoal

lium chloride Was obtained as a White solid in a yield of

(30 g). The mixture Was heated for a further 24 hours at 650

92%.

C. The solution Was cooled to room temperature and ?ltered.
The ?ltrate Was colorless. The Water Was then removed

EXAMPLE 6

[0041] Preparation of l-butyl-3-methylimidaZolium chlo
ride. n-Chlorobutane (600 g) Was added sloWly to freshly
distilled methylimidaZole (500 g) in a tWo-liter, tWo-necked
round bottom ?ask ?tted With a re?ux condenser. The
resulting mixture Was stirred With a magnetic stirrer at 70°
C. for 1 Week. During the Week a White solid formed, Which
sloWly turned yelloW. The solution Was alloWed to cool to
room temperature. The liquid Was decanted aWay from the

using a lyophiliZer. The resulting solid Was then heated
under high vacuum for 48 hours at 650 C., and then cooled.
l-Butyl-3-methylimidaZolium bromide Was obtained as a

White solid in 94% yield.
EXAMPLE 9

[0044] Preparation of l-butyl-l-methylpyrrolidinum chlo
ride. n-Chlorobutane (570 g) Was added sloWly added to

freshly distilled methylpyrrolidine (500 g) in a tWo-liter,

yelloW solid that remained. The yelloW solid Washed With
diethylether (3x200 mL) and dried under vacuum for 24
hours. The dry yelloW solid Was dissolved in Water (1.5
liters) and decoloriZing charcoal (30 g) Was added. This

tWo-necked round bottom ?ask ?tted With a re?ux con
denser. This mixture Was then stirred With a magnetic stirrer

mixture Was heated to 70° C. for 24 hours, cooled and

cool to room temperature. The liquid Was decanted aWay

at 70° C. for 1 Week. During the Week a White solid formed,
Which sloWly turned yelloW. The solution Was alloWed to
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from the yellow solid that remained. The yellow solid
Washed With diethylether (3x200 mL) and dried under

stirred With a magnetic stirrer for 1 day to give a yelloW
solid. The solution Was alloWed to cool to room temperature.

vacuum for 24 hours. The dry yelloW solid Was dissolved in

The liquid Was decanted aWay from the yelloW solid that

Water (1.5 liters) and decoloriZing charcoal (30 g) Was

remained. The yelloW solid Washed With diethylether
(3x200 mL) and dried under vacuum for 24 hours. The dry
yelloW solid Was dissolved in Water (1.5 liters) and decol

added. This solution Was heated to 70° C. for 24 hours,
cooled and ?ltered. The ?ltrate Was colorless. The Water Was

then removed using a lyophiliZer. The resulting solid Was
then heated under high vacuum for 48 hours at 65° C., and
then cooled. l-Butyl-l-methylpyrrolidinum chloride Was
obtained as a White solid in 89% yield.

oriZing charcoal (30 g) Was added. This solution Was heated
to 700 C. for 24 hours, cooled and ?ltered. The ?ltrate Was

pale yelloW. The pale yelloW ?ltrate Was then treated With
decoloriZing charcoal (30 g). The mixture Was heated for a
further 24 hours at 650 C. The solution Was cooled to room

EXAMPLE 10

[0045] Preparation of l-butyl-l-methylpyrrolidinum chlo
ride. n-Chlorobutane (570 g) Was added sloWly added to

freshly distilled methylpyrrolidine (500 g) in a tWo-liter,
tWo-necked round bottom ?ask ?tted With a re?ux con
denser. This mixture Was then stirred With a magnetic stirrer

at 700 C. for 1 Week. During the Week a White solid formed,
Which sloWly turned yelloW. The solution Was alloWed to
cool to room temperature. The liquid Was decanted aWay

from the yelloW solid that remained. The yelloW solid
Washed With diethylether (3x200 mL) and dried under
vacuum for 24 hours. The dry yelloW solid Was dissolved in

temperature and ?ltered. The ?ltrate Was colorless. The
Water Was then removed using a lyophiliZer. The resulting
solid Was then heated under high vacuum for 48 hours at 650

C., and then cooled. l-Butyl-l -methylpyrrolidinum bromide
Was recovered as a White solid in 91% yield.

EXAMPLE 13

[0048] Preparation of l-butyl-2,3-dimethylimidaZolium
chloride. n-Chlorobutane (55 g) Was added sloWly to 1,2
dimethylimidaZole (50 g) in a 200-milliliter, tWo-necked
round bottom ?ask ?tted With a re?ux condenser. This
mixture Was then stirred With a magnetic stirrer at 700 C. for

Water (1.5 liters) and decoloriZing charcoal (30 g) Was

1 Week. During the Week a White solid formed, Which sloWly

added. This solution Was heated to 700 C. for 24 hours,

turned yelloW. The solution Was alloWed to cool to room

cooled and ?ltered. The ?ltrate Was pale yelloW. The pale
yelloW ?ltrate Was then treated With decoloriZing charcoal

temperature. The liquid Was decanted aWay from the yelloW
solid that remained. The yelloW solid Washed With diethyl
ether (3><200 mL) and dried under vacuum for 24 hours. The

(30 g). The mixture Was heated for a further 24 hours at 650
C. The solution Was cooled to room temperature and ?ltered.
The ?ltrate Was colorless. The Water Was then removed

using a lyophiliZer. The resulting solid Was then heated
under high vacuum for 48 hours at 650 C., and then cooled.
l-Butyl-l-methylpyrrolidinum chloride Was obtained as a

White solid in 89% yield.
EXAMPLE 11

[0046] Preparation of l-butyl-l-methylpyrrolidinum bro
mide. n-Bromobutane (900 g) Was added sloWly to freshly
distilled methylpyrrolidine (500 g) in a 2 L tWo necked
round bottom ?ask ?tted With a re?ux condenser. The
addition Was at such a rate that the temperature of the
solution did not get above 400 C. This mixture Was then

stirred With a magnetic stirrer for 1 day to give a yelloW
solid. The solution Was alloWed to cool to room temperature.

The liquid Was decanted aWay from the yelloW solid that

remained. The yelloW solid Washed With diethylether
(3x200 mL) and dried under vacuum for 24 hours. The dry
yelloW solid Was dissolved in Water (1.5 liters) and decol
oriZing charcoal (30 g) Was added. This solution Was heated
to 700 C. for 24 hours, cooled and ?ltered. The ?ltrate Was
colorless. The Water Was then removed using a lyophiliZer.
The resulting solid Was then heated under high vacuum for

48 hours at 650 C., and then cooled. l-Butyl-l-methylpyr
rolidinum bromide Was recovered as a White solid in 91%

yield.
EXAMPLE 12

dry yelloW solid Was dissolved in Water (1.5 liters) and
decoloriZing charcoal (6 g) Was added. This mixture Was
heated to 700 C. for 24 hours, cooled and ?ltered. The ?ltrate

Was pale yelloW. The pale yelloW ?ltrate Was then treated
With decoloriZing charcoal (6 g). The mixture Was heated for
a further 24 hours at 650 C. The solution Was cooled to room

temperature and ?ltered. The ?ltrate Was colorless. The
Water Was removed from the colorless ?ltrate using a
lyophiliZer. The resulting solid Was then heated under a
vacuum for 48 hours at 650 C. l-Butyl-2,3-dimethylimida
Zolium chloride Was obtained as a White solid in a yield of

85%.
EXAMPLE 14

[0049] Preparation of l-butyl-2,3-dimethylimidaZolium
bromide. n-Bromobutane (80 g) Was added sloWly to 1,2
dimethylimidaZole (50 g) in a 200 mL tWo necked round
bottom ?ask ?tted With a re?ux condenser. The addition Was
at such a rate that the temperature of the solution did not get
above 400 C. This mixture Was then stirred With a magnetic

stirrer for 1 day to give a yelloW solid. The dry yelloW solid
Was dissolved in Water (1.5 liters) and decoloriZing charcoal
(10 g) Was added. This mixture Was heated to 700 C. for 24

hours, cooled and ?ltered. The ?ltrate Was pale yelloW. The
yelloW solution Was then treated With decoloriZing charcoal
(10 g). The mixture Was heated for a further 24 hours at 650
C. The solution Was cooled to room temperature and ?ltered.
The ?ltrate Was colorless. The Water Was removed from the

colorless ?ltrate using a lyophiliZer. The resulting solid Was
then heated under a vacuum for 48 hours at 650 C. l-Butyl

[0047] Preparation of l-butyl-l-methylpyrrolidinum bro

2,3-dimethylimidaZolium bromide Was obtained as a White

mide. n-Bromobutane (900 g) Was added sloWly to freshly
distilled methylpyrrolidine (500 g) in a 2 L tWo necked

solid in a yield of 98% yield.

round bottom ?ask ?tted With a re?ux condenser. The
addition Was at such a rate that the temperature of the
solution did not get above 400 C. This mixture Was then

EXAMPLE 15

[0050] Preparation of l-butyl-3-methylimidaZolium tet
ra?uoroborate. n-Bromobutane (600 g) Was added sloWly to
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freshly distilled methylimidaZole (500 g) in a 2 L tWo

liquid extractor With dichloromethane for 48 hours. The
dichloromethane solution Was ?ltered through a plug of

necked round bottom ?ask ?tted With a re?ux condenser.
The addition Was at such a rate that the temperature of the
solution did not get above 400 C. This mixture Was then
stirred With a magnetic stirrer at room temperature for 1 day.
During this time a yellow solid forms. This solid Was ?ltered

silica and the dichloromethane removed under vacuum. This
process Was repeated 3 times. The ionic liquid gave a until
a negative bromide test using silver nitrate solution. The

and Washed With diethylether (3 X200 mL) then dried under

ra?uoroborate Was obtained in >95%.

vacuum. The yelloW solid Was then dissolved in deioniZed

Water (1.5 L). DecoloriZing charcoal (30 g) Was added to the
solution and the resulting mixture heated at 65° C. for 24
hours. The mixture Was then cooled to room temperature and

?ltered. The clean l-butyl-3-methylimidaZolium bromide
solution Was then poured into a solution of sodium tetra?uo

roborate (680 g) in 1000 mL of deioniZed Water. The
solution Was then stirred at room temp for 3 hrs. The solution
Was then transferred to a continuous liquid-liquid extractor

and extracted With dichloromethane for 48 hours. The
dichloromethane solution Was ?ltered through a plug of
silica (100 g), and then the dichloromethane Was removed
under vacuum to give the neat l-butyl-3 -methylimidaZolium
tetra?uoroborate. The dichloromethane solution Was ?ltered
through a plug of silica and the dichloromethane removed
under vacuum. The colorless, l-butyl-3-methylimidaZolium
tetra?uoroborate Was obtained in >95% yield even With

repeated liquid-liquid extractions.
EXAMPLE 16

[0051] Preparation of halide free l-butyl-3-methylimida

colorless, bromide free l-Butyl-3-methylimidaZolium tet
[0054]

The ?uorescence spectra of tWo commercial

samples of l-butyl-3-methylimidaZolium tetra?uoroborate
are shoWn in FIG. 1a and FIG. 1b, and a sample prepared
according to EXAMPLE l7 and 18 is shoWn in FIG. 10. As
FIG. 1 shoWs, the commercial samples have some amount of

?uorescence emission indicating
[0055] the presence of ?uorescent impurities, While the
embodiment sample of the invention does not ?uoresce,
indicating the absence of ?uorescent impurities.
EXAMPLE 19

[0056] Preparation of l-ethyl-3-methylimidaZolium tri
?ate. A solution of impure l-Ethyl-3-methylimidaZolium
bromide (50 g) in deioniZed Water (200 mL) Was prepared.
DecoloriZing charcoal (3 g) Was added to the solution and
the resulting mixture heated at 65° C. for 24 hours. The
mixture Was then cooled to room temperature and ?ltered.

The clean l-ethyl-3-methylimidaZolium bromide solution
Was then poured into a solution of sodium tri?ate (50 g) in

dissolved in Water (100 mL) and extracted in the liquid

200 mL of deioniZed Water. The solution Was then stirred at
room temperature for 3 hrs. The solution Was then trans
ferred to a continuous liquid-liquid extractor and extracted
With dichloromethane for 48 hours. The dichloromethane

liquid extractor With dichloromethane for 48 hours. The
dichloromethane solution Was ?ltered through a plug of

the dichloromethane Was removed under vacuum to give the

Zolium tetra?uoroborate. l-Butyl-3-methylimidaZolium tet
ra?uoroborate (50 g) prepared as in EXAMPLE 15 Was

silica and the dichloromethane removed under vacuum. This
process Was repeated 3 times. The ionic liquid gave a

negative bromide test using silver nitrate solution. The
colorless, bromide free l-butyl-3-methylimidaZolium tet
ra?uoroborate Was obtained in >95%

EXAMPLE 17

solution Was ?ltered through a plug of silica (10 g), and then
neat colorless, l-ethyl-3-methylimidaZolium tri?ate Was

obtained in >95% yield.
EXAMPLE 20

[0057] Preparation of halide free l-ethyl-3-methylimida
Zolium tri?ate. l-ethyl-3-methylimidaZolium tri?ate (50 g)
prepared as in EXAMPLE 19 Was dissolved in Water (100

[0052] Preparation of l-ethyl-3-methylimidaZolium tet

mL) and extracted in the liquid-liquid extractor With dichlo

ra?uoroborate. A solution of l-ethyl-3-methylimidaZolium
bromide (50 g) in deioniZed Water (200 mL) Was prepared.
DecoloriZing charcoal (3 g) Was added to the solution and

romethane for 48 hours. The dichloromethane solution Was

the resulting mixture Was heated at 65° C. for 24 hours. The
mixture Was then cooled to room temperature and ?ltered.

The colorless solution containing the l-ethyl-3-methylimi

?ltered through a plug of silica and the dichloromethane
removed under vacuum. This process Was repeated 3 times.

The ionic liquid gave a negative bromide test. The colorless,
bromide free l-ethyl-3-methylimidaZolium tri?ate Was
obtained in >95%

daZolium bromide Was then poured into a solution of sodium

tetra?uoroborate (30 g) in 200 mL of deioniZed Water. The

EXAMPLE 21

solution Was then stirred at room temperature for 3 hours.
The solution Was then transferred to a continuous liquid

[0058] Preparation of l-Butyl-3-methylimidaZolium tri

liquid extractor and extracted With dichloromethane for 48
hours. The dichloromethane solution Was ?ltered through a

plug of silica (100 g), and then the dichloromethane Was
removed under vacuum to give the neat colorless, l-ethyl
3-methylimidaZolium tetra?uoroborate in greater than 90%

yield.
EXAMPLE 18

[0053] Preparation of halide free l-ethyl-3-methylimida
Zolium tetra?uoroborate. l-Ethyl-3-methylimidaZolium tet
ra?uoroborate (50 g) prepared as in EXAMPLE 17 Was
dissolved in Water (100 mL) and extracted in the liquid

?ate. n-Bromobutane (60 g) Was added sloWly to freshly
distilled methylimidaZole (50 g) in a 2-liter, tWo-necked
round bottom ?ask ?tted With a re?ux condenser. The
addition Was at a rate such that the temperature of the
mixture did not get above 400 C. This mixture Was then
stirred With a magnetic stirrer at room temperature for 1 day.
During this time a yelloW solid forms. This solid Was ?ltered

and Washed With diethylether (3><20 mL) then dried under
vacuum. The yelloW solid Was then dissolved in deioniZed

Water 100 mL. DecoloriZing charcoal (3 g) Was added to the
solution and the resulting mixture heated at 65° C. for 24
hours. The mixture Was then cooled to room temperature and

?ltered. The solution became colorless. The colorless solu
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tion Was then poured into a solution of sodium tri?ate (110
g) in 200 mL of deionized Water. The solution Was then
stirred at room temperature for 3 hrs. The solution Was then
transferred to a continuous liquid-liquid extractor and
extracted With dichloromethane for 48 hours. The dichlo

romethane solution Was ?ltered through a plug of silica (20
g), and then the dichloromethane Was removed under
vacuum to give the neat colorless, 1-butyl-3-methylimida
Zolium tri?ate in >95% yield.

g) in 200 mL of deioniZed Water. The solution Was then
stirred at room temperature for 3 hrs. The solution Was then
transferred to a continuous liquid-liquid extractor and
extracted With dichloromethane for 48 hours. The dichlo
romethane solution Was ?ltered through a plug of silica (20
g), and then the dichloromethane Was removed under

vacuum to give the solid colorless, 1-butyl-1-methylpyrro
lidinum tetra?uoroborate Was obtained in >90% yield.
EXAMPLE 25

EXAMPLE 22

[0062] Preparation of 1-butyl-1-methylpyrrolidinum tri

[0059] Preparation of halide free 1-butyl-3-methylimida
Zolium tri?ate. 1-butyl-3-methylimidaZolium tri?ate (50 g)

?ate. n-Bromobutane (60 g) Was added sloWly to freshly
distilled methylpyrrolidine (50 g) in a 2-liter, tWo-necked

prepared as in EXAMPLE 21 Was dissolved in Water (100

round bottom ?ask ?tted With a re?ux condenser. The
addition Was at a rate such that the temperature of the
mixture did not get above 400 C. This mixture Was then
stirred With a magnetic stirrer at room temperature for 1 day.
During this time a yelloW solid forms. This solid Was ?ltered

mL) and extracted in the liquid-liquid extractor With dichlo
romethane for 48 hours. The dichloromethane solution Was

?ltered through a plug of silica and the dichloromethane
removed under vacuum. This process Was repeated 3 times.

The ionic liquid gave a negative bromide test. The colorless,
bromide free 1-butyl-3-methylimidaZolium tri?ate Was
obtained in >95%
EXAMPLE 23

[0060] Preparation of 1-Butyl-2,3-dimethylimidaZolium
tri?ate. n-Bromobutane (60 g) Was added sloWly to freshly
distilled 1,2-dimethylimidaZole (50 g) in a 2-liter, tWo

and Washed With diethylether (3x20 mL) then dried under
vacuum. The yelloW solid Was then dissolved in deioniZed

Water 100 mL. DecoloriZing charcoal (3 g) Was added to the
solution and the resulting mixture heated at 650 C. for 24
hours. The mixture Was then cooled to room temperature and
?ltered. The ?ltrate Was colorless. The colorless ?ltrate Was

then poured into a solution of sodium tri?ate (110 g) in 200
mL of deioniZed Water. The solution Was then stirred at room

necked round bottom ?ask ?tted With a re?ux condenser.
The addition Was at a rate such that the temperature of the
mixture did not get above 400 C. This mixture Was then
stirred With a magnetic stirrer at room temperature for 1 day.
During this time a yelloW solid forms. This solid Was ?ltered

temperature for 3 hours. The solution Was then transferred to
a continuous liquid-liquid extractor and extracted With

and Washed With diethylether (3x20 mL) then dried under

colorless, 1-butyl-1-methylpyrrolidinum
obtained in >90% yield.

vacuum. The yelloW solid Was then dissolved in deioniZed

Water 100 mL. DecoloriZing charcoal (3 g) Was added to the
solution and the resulting mixture heated at 65° C. for 24
hours. The mixture Was then cooled to room temperature and

?ltered. The solution became colorless. The colorless solu
tion Was then poured into a solution of sodium tri?ate (110
g) in 200 mL of deioniZed Water. The solution Was then

dichloromethane for 48 hours. The dichloromethane solu
tion Was ?ltered through a plug of silica (20 g), and then the
dichloromethane Was removed under vacuum to give the

tri?ate.

Was

EXAMPLE 26

[0063] Preparation of 1-ethyl-3-methylimidaZolium bis
(tri?uoromethanesulfonyl)amide. YelloW 1-ethyl-3-meth
ylimidaZolium chloride

stirred at room temperature for 3 hrs. The solution Was then
transferred to a continuous liquid-liquid extractor and
extracted With dichloromethane for 48 hours. The dichlo

[0064] (Aldrich) (50 g) Was dissolved in deioniZed Water
(250 mL). DecoloriZing charcoal (3 g) Was added to the

romethane solution Was ?ltered through a plug of silica (20
g), and then the dichloromethane Was removed under
vacuum to give the solid colorless, 1-Butyl-2,3-dimeth
ylimidaZolium tri?ate Was obtained in >90% yield.

hours. The solution Was cooled to room temperature and
?ltered. The colorless ?ltrate Was poured into a solution of

EXAMPLE 24

[0061] Preparation of 1-butyl-1-methylpyrrolidinum tet
ra?uoroborate. N-Bromobutane (60 g) Was added sloWly to

freshly distilled methylpyrrolidine (50 g) in a 2-liter, tWo
necked round bottom ?ask ?tted With a re?ux condenser.
The addition Was at a rate such that the temperature of the
mixture did not get above 400 C. This mixture Was then
stirred With a magnetic stirrer at room temperature for 1 day.
During this time a yelloW solid forms. This solid Was ?ltered

and Washed With diethylether (3x20 mL) then dried under
vacuum. The yelloW solid Was then dissolved in deioniZed

Water 100 mL. DecoloriZing charcoal (3 g) Was added to the
solution and the resulting mixture heated at 650 C. for 24
hours. The mixture Was then cooled to room temperature and
?ltered. The ?ltrate Was colorless. The colorless ?ltrate Was

then poured into a solution of sodium tetra?uoroborate (10

solution and the resulting mixture heated at 650 C. for 24

lithium bis(tri?uoromethanesulfonyl)amide (115 g) in 200
mL of deioniZed Water. The solution Was then stirred at room

temperature for 3 hours after Which tWo layers had formed.
The bottom layer Was separated and Washed three times With
deioniZed Water (100 mL). The layer Was then heated at 650
C. under vacuum for 48 hours and then ?ltered through
activated alumina to give 1-ethyl-3-methylimidaZolium bis
(tri?uoromethanesulfonyl)amide as a colorless clean dry
material in 89% yield.
EXAMPLE 27

[0065] Preparation of 1-ethyl-3-methylimidaZolium bis
(tri?uoromethanesulfonyl)amide. YelloW 1-ethyl-3-meth
ylimidaZolium chloride (Aldrich) (50 g) Was dissolved in
deioniZed Water (250 mL). DecoloriZing charcoal (3 g) Was
added to the solution and the resulting mixture heated at 650
C. for 24 hours. The solution Was cooled to room tempera
ture and ?ltered. To the yelloW ?ltrate Was added decoloriZ
ing charcoal (3 g) and the solution Was then heated for a

Oct. 11, 2007

US 2007/0235696 A1

further 24 hours at 65° C. The solution Was allowed to cool
to room temperature and then ?ltered to give a colorless
solution. This solution Was poured into a solution of lithium

bis(tri?uoromethanesulfonyl)amide (115 g) in 200 mL of
deionized Water. The solution Was then stirred at room

temperature for 3 hrs after Which tWo layers had formed. The
bottom layer Was separated and Washed three times With
deioniZed Water (100 mL). The layer Was then heated at 650
C. under vacuum for 48 hrs and then ?ltered through

activated alumina to give 1-ethyl-3-methylimidaZolium bis
(tri?uoromethanesulfonyl)amide as a colorless clean dry

material in 87% yield.

nescent devices, batteries, sensors and super-capacitors. For
optical devices such as electrochromic and electrolumines
cent devices, the use of ionic liquids prepared according to
this invention results in improvements in properties Where
devices are exposed to solar optical radiation, for example,
UV and visible light. Many of such optical devices have
shoWn potential to be used as displays, labels, automotive
mirrors and WindoWs for use in architectural and transpor
tation use. In addition such ionic liquids can be used for

chemical and electrochemical synthesis of materials. Sub

stantially pure ionic liquids prepared according to this
invention Will result in increased product yields and

increased product purity.

EXAMPLE 28

[0066] Preparation of 1-butyl-1-methylpyrrolidinum bis
(tri?uoromethanesulfonyl)amide. n-Bromobutane (900 g)
Was sloWly added to freshly distilled methylpyrrolidine (500
g) in a 2 L tWo necked round bottom ?ask ?tted With a re?ux
condenser. The addition Was added at such a rate that the

temperature of the solution did not get above 400 C. This
mixture Was then stirred With a magnetic stirrer at room

temperature for 1 day. During this time a yelloW solid forms.
This solid Was ?ltered and Washed With ether (3x200 mL)
then dried under vacuum. The yelloW solid Was then dis

solved deioniZed Water (1 L). DecoloriZing charcoal (30 g)
Was added to the solution and the resulting mixture heated
at 650 C. for 24 hours. The mixture Was then cooled to room

temperature and ?ltered. To the yelloW ?ltrate Was added

decoloriZing charcoal (30 g) and the solution Was then
heated for a further 24 hours at 650 C. The solution Was

alloWed to cool to room temperature and then ?ltered to give
a colorless solution. The clean 1-butyl-1-methylpyrrolidi
num bromide solution Was then poured into a solution of

lithium bis(tri?uoromethanesulfonyl)amide (1800 g) in
deioniZed Water (2 L). The solution Was then stirred at room

temperature for 3 hrs after Which tWo layers had formed. The
bottom layer Was separated and Washed three times With

deioniZed Water (500 mL). The 1-butyl-1-methylpyrrolidi
num bis(tri?uoromethanesulfonyl)amide Was then heated at

650 C. under vacuum (0.1 mbar) for 48 hrs and then ?ltered

through activated alumina to give colorless clean dry mate

rial (89% yield).
[0067] A Ultraviolet-Visible (UV-V is) spectrum of com

mercial high purity grade (MERCK) neat 1-butyl-1-meth

ylpyrrolidinum bis(tri?uoromethanesulfonyl)amide (bold)
and a sample of 1-butyl-1-methylpyrrolidinum bis(tri?uo
romethanesulfonyl)amide prepared in our laboratory
(dashed) is shoWn in FIG. 2.

EXAMPLE 29

[0069] Preparation of l-Butyl-l-methylpyrrolidinum bis
(tri?uoromethanesulfonyl)amide. n-Bromobutane (900 g)
Was sloWly added to freshly distilled methylpyrrolidine (500
g) in a 2 L tWo necked round bottom ?ask ?tted With a re?ux
condenser. The addition Was added at such a rate that the

temperature of the solution did not get above 400 C. This
mixture Was then stirred With a magnetic stirrer at room

temperature for 1 day. During this time a yelloW solid forms.
This solid Was ?ltered and Washed With ether (3x200 mL)
then dried under vacuum. The yelloW solid Was then dis

solved deioniZed Water (1 L). DecoloriZing charcoal (30 g)
Was added to the solution and the resulting mixture heated
at 650 C. for 24 hours. The mixture Was then cooled to room

temperature and ?ltered. The clean 1-butyl-1-methylpyrro
lidinum bromide solution Was then poured into a solution of

lithium bis(tri?uoromethanesulfonyl)amide (1800 g) in
deioniZed Water (2 L). The solution Was then stirred at room

temperature for 3 hours after Which tWo layers had formed.
The bottom layer Was separated and Washed three times With

deioniZed Water (500 mL). The 1-butyl-1-methylpyrrolidi
num bis(tri?uoromethanesulfonyl)amide Was then heated at

650 C. under vacuum (0.1 mbar) for 48 hrs and then ?ltered

through activated alumina to give colorless clean dry mate

rial (89% yield).
EXAMPLE 30

[0070] Preparation of 1-butyl-3-methylimidaZolium bis
(tri?uoromethanesulfonyl)amide. n-Bromobutane (860 g)
Was sloWly added to freshly distilled methylimidaZole (500
g) in a 2 L tWo necked round bottom ?ask ?tted With a re?ux
condenser. The addition Was added at such a rate that the

temperature of the solution did not get above 400 C. This
mixture Was then stirred With a magnetic stirrer at room

[0068] Cyclic voltammagrams (CV) of neat 1-butyl-1

temperature for 1 day. During this time a yelloW solid forms.
This solid Was ?ltered and Washed With ether (3x200 mL)

methylpyrrolidinum bis(tri?uoromethanesulfonyl)amide are

then dried under vacuum. The yelloW solid Was then dis

shoWn in FIG. 3a-b. FIG. 3b shoWs a CV ofa commercially

solved deioniZed Water (1 L). DecoloriZing charcoal (30 g)

obtained sample (MERCK), While FIG. 3a is a sample
prepared according to this EXAMPLE. The CVs Were

Was added to the solution and the resulting mixture heated

obtained using a platinum Working electrode, platinum

temperature and ?ltered. At this point the solution should be
colorless. The clean 1-butyl-3-methylimidaZolium bromide
solution Was then poured into a solution of lithium bis(tri

counter electrode and a silver reference electrode scanned at

50 mV/s. As FIG. 3 shoWs, the commercially obtained

at 650 C. for 24 hours. The mixture Was then cooled to room

sample includes detectable impurities, While the sample

?uoromethanesulfonyl)amide (1850 g) in 2 L of deioniZed

prepared according to this EXAMPLE does not. More

Water. The solution Was then stirred at room temperature for

generally, ionic liquids prepared according to this invention

3 hrs after Which tWo layers had formed. The bottom layer

are important from a commercial perspective because the

Was separated and Washed three times With deioniZed Water

presence of impurities in commercial samples increases side
reactions and hence are undesirable for durability (including
cyclic durability) of electrochemical devices such as their
use in electrolytes for electrochromic devices, electrolumi

romethanesulfonyl)amide Was then heated at 650 C. under
vacuum for 48 hours and then ?ltered through activated

(500 mL). The 1-butyl-3-methylimidaZolium bis(tri?uo
alumina to give clean dry material in 89% yield.
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[0071] The foregoing description of the invention has been
presented for purposes of illustration and description and is
not intended to be exhaustive or to limit the invention to the

precise form disclosed, and obviously many modi?cations
and variations are possible in light of the above teaching.
[0072] The embodiments Were chosen and described in
order to best explain the principles of the invention and its

practical application to thereby enable others skilled in the
art to best utiliZe the invention in various embodiments and
With various modi?cations as are suited to the particular use

contemplated. It is intended that the scope of the invention

be de?ned by the claims appended hereto.

12. The ionic liquid of claim 11, Wherein said ionic liquid
is liquid at room temperature and comprises at least one
cation chosen from lithium cation and quaternary ammo
nium cations, and at least one anion chosen from tri?uo

romethylsulfonate
(CF3SO3_),
bis(tri?uoromethylsulfonyl)imide((CF3SO2)2N_),
bis(per?uoroethylsulfonyl)imide((CF3CF2SO2)2N_,

and

tris(tri?uoromethylsulfonyl)methide ((CF3SO2)3)C_).
13. The ionic liquid of claim 11, Wherein said ionic liquid
has a viscosity greater than about 8 cP.

14. The ionic liquid of claim 11, Wherein said ionic liquid
has a glass transition temperature greater than about —85

degrees Celsius.
What is claimed is:

1. A method for preparing ionic liquid substantially free of

impurities, comprising:
generating ionic liquid precursor comprising impurities;
exposing the ionic liquid precursor to a puri?cation agent

comprising carbon, thereby substantially removing the
impurities from the precursor and generating a puri?ed
ionic liquid precursor; and

using the puri?ed ionic liquid precursor to prepare ionic

liquid.
2. The method of claim 1, Wherein the ionic liquid is
liquid at room temperature and comprises at least one cation
chosen from lithium cation and quaternary ammonium cat
ions, and at least one anion chosen from tri?uoromethyl

sulfonate

(CF3SO3_),

bis(tri?uoromethylsulfonyl)imide((CF3SO2)2N_),
bis(per?uoroethylsulfonyl)imide((CF3CF2SO2)2N_),

and

tris(tri?uoromethylsulfonyl)methide ((CF3SO2)3)C_).
3. The method of claim 1, Wherein the puri?cation agent
comprises charcoal or activated carbon.
4. The method of claim 1, Wherein the ionic liquid is a

liquid at less than 100 degrees Celsius.
5. The method of claim 1, Wherein the ionic liquid
comprises an anion having carbon.
6. The method of claim 1, Wherein the ionic liquid has a
viscosity greater than about 8 cP.
7. The method of claim 1, Wherein the ionic liquid has a
glass transition temperature of greater than about —85

degrees Celsius.

15. The ionic liquid of claim 11, Wherein said ionic liquid
comprises quaternary ammonium cations.
16. The ionic liquid of claim 11, Wherein said ionic liquid
is liquid at room temperature and comprises at least one
anion having at least one carbon-?uorine bond.

17. The ionic liquid of claim 11, Wherein said ionic liquid
comprises at least one anion having at least one carbon
?uorine bond.

18. The ionic liquid of claim 11, Wherein said ionic liquid
has a measured absorbance of less than 0.15 absorbance
units for Wavelengths in the range from about 350 nanom
eters to about 750 nanometers for a sample having a path

length of about 1 centimeter.

19. An ionic liquid substantially free of impurities pre
pared by a method comprising:
exposing an ionic liquid precursor to a puri?cation agent

comprising carbon, thereby removing the impurities,
Wherein said ionic liquid precursor comprises a cation
of the formula

/ R1

Wherein R1 is selected from alkyl having 2-10 carbons,
or a cation of the formula

8. The method of claim 1, Wherein the ionic liquid is
liquid at or beloW 100 degrees Celsius and comprises
quaternary ammonium cations.
9. The method of claim 1, Wherein the ionic liquid
comprises at least one carbon-?uorine bond.

10. The method of claim 1, Wherein the ionic liquid has
a measured absorbance of less than 0.15 absorbance units for
Wavelengths in the range from about 350 nanometers to

wherein R1 is alkyl having 2-10 carbons.

about 750 nanometers for a sample having a path length of
about 1 centimeter.

or a cation of the formula

11. An ionic liquid substantially free of impurities pre
pared by a method comprising:

generating ionic liquid precursor comprising impurities;
exposing the ionic liquid precursor to a puri?cation agent

comprising carbon, thereby removing the impurities
from the precursor; and

using the puri?ed precursor to prepare ionic liquid.

wherein R1 is alkyl having 2-10 carbons
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or a cation of the formula

or a cation of the formula

wherein R1 is alkyl having 2-10 carbons
or a cation of the formula

wherein R1 is alkyl having 2-10 carbons and X is are
independently selected from O and CH2; and

\@/R1

[N]

using the puri?ed precursor to prepare ionic liquid.
20. The ionic liquid of claim 19, Where the anion of said

ionic liquid comprises halide, tetra?uoroborate, tri?ate, tri

X

?uoromethylsulfonate
(CF3SO3_),
bis(tri?uoromethylsulfonyl)imide((CF3SO2)2N_), bis(per
?uoroethylsulfonyl)imide ((CF3CF2SO2)2N_), and tris(trif

luoromethylsulfonyl)methide ((CF3SO2)3C_).
21. A method for preparing ionic liquid comprising:
exposing an ionic liquid precursor to a puri?cation agent

comprising carbon, thereby removing the impurities,
said ionic liquid precursor comprising a cation of the
formula

/ R1

wherein R1 is alkyl having 2-10 carbons and X is are
independently selected from O and CH2; and
using the puri?ed precursor to prepare ionic liquid.
22. The method of claim 21, Where the anion of said ionic

liquid comprises halide, tetra?uoroborate, tri?ate, tri?uo

romethylsulfonate
(CF3SO3_),
bis(tri?uoromethylsulfonyl)imide((CF3SO2)2N_), bis(per
?uoroethylsulfonyl)imide ((CF3CF2SO2)2N_), and tris(trif
luoromethylsulfonyl)methide ((CF3SO2)3C_).
23. The method of claim 21, Wherein the puri?cation
agent comprises activated carbon or charcoal.

24. A method for preparing ionic liquid substantially free

of halide impurities, comprising:
continuously extracting an aqueous ionic liquid phase into
Wherein R1 is selected from alkyl having 2-10 carbons,
or a cation of the formula

an organic solvent using a liquid-liquid extractor, the

aqueous ionic liquid phase having halide impurities;
separating the organic solvent and extracted ionic liquid
therein from the aqueous phase;

?ltering the organic solvent and extracted ionic liquid
therein through a material chosen from silica or alu

mina, thereby generating a ?ltrate; and
removing organic solvent from the ?ltrate.
wherein R1 is alkyl having 2-10 carbons.

*

*

*

*
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