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Gagarina Ave. 8, Dnipropetrovs’k, 49005, Ukraine

The review is devoted to analysis of synthesis methods development of ionic liquids based on quaternary
ammonium salts and their application as components of the liquid and polymeric electrolytes for various
electrochemical devices. The special attention is given to the properties analysis of ionic liquids
depending on the structure of them cationic and anionic parts. The data on composition and properties
of polymeric electrolytes that can be used in lithium batteries, capacitors, fuel cells, and dye-sensitized
solar cells are shown.

Historically, interest to quaternary ammonium salt
increased during the search for electrolytes for highly
performance electric double layer capacitors (EDLC).
Organic electrolytes based on polar aprotic solvents and
tetraalkylammonium perchlorates, tetrafluoroborates or
hexafluorophosphates are widely used for EDLCs [1, 2].
They have a notable advantage over the aqueous electro-
lytes due to their much higher electrochemical stability
resulting in a higher working voltage.

Another advantage of choosing polar aprotic solvents
is a wider temperature range. Organic solvents, which
are usually used in EDLCs, are liquids within a range of
-60 to +240 °Ñ. However, the solubility of the tetraalky-
lammonium salts mentioned above decreases rapidly with
temperature so that, in practice, the lower temperature limit
for the use of such electrolytes is usually -20 to -25 °C.

A number of other salts having a singly charged cati-
on, such as different ammonium, phosphonium, pyridin-
ium. imidazolium and other salts, have also been dis-
closed. Some of these have been used in EDLCs electro-
lytes, and include salts with doubly and triply charged
cations.

Among these are flat aromatic heterocycles (fig. 1):
pyridazine (I), pyrimidine (II), pyrazine (III) and also
hexahydrotriazine (IV) alkyl derivatives [3] as shown
below:

However, as experiments have shown, these cations
are not electrochemically stable enough so that the or-
ganic electrolytes based on their salts cannot be used at
voltages higher than 2,5–2,8 V. On the other hand, the
idea of using doubly charged cations in the electrolytes
for EDLC applications looks very attractive since an in-
crease in the ion charge density would lead to a corre-
sponding increase in the density of a counter-charge in-
duced in an electrode, and as a result, the double layer
capacitance would also increase.

In patent [4], have shown that new electrolytes, which
contain electrochemically and chemically stable doubly
charged cations and provide good performance (higher
capacitance and higher working voltage) for EDLC. These
are electrolytes for EDLC comprising doubly charged
bicyclic cations of N,N-dialkyl-l,4-
diazabicyclo[2.2.2]octanediium (DADACO):
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where: R = an alkyl (C1–C4); X = BF4 or PF6.
The DADACO cation surprisingly combines both the

high chemical and electrochemical stability of bicyclic
systems. Electrochemical double-layer capacitors based
on these electrolytes, which include the salts
DADACO+BF4

– and DADACO+PF6
– dissolved in aprot-

ic polar solvents, can be used as back-up memory pro-
tection in personal computers, as pulse power sources
for electric vehicle or spot welding application, for load
leveling the battery in hybrid power supplies of various
types, etc.

Over the past several years, electrolytes based on ionic
liquids (ILs) technology for electrochemical capacitors
and lithium batteries have been under development.

Ionic liquids (molten salts at room temperature) have
been anticipated to act as novel ion conductive materials
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Fig. 1. Quaternary ammonium salts based on aromatic
heterocycles
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owing to their unique characteristics such as non-volatil-
ity and excellent ionic conductivity. They show tremen-
dous promise as replacements for harmful organic sol-
vents currently in use.

The most commonly studied classes of room-temper-
ature ionic liquids usually include a heterocyclic cation,
such as a dialkyl imidazolium or an alkylpyridinium ion.
These organic cations, which are relatively large and
asymmetric compared with simple inorganic cations, ac-
count for the low melting points of the salts. A variety of
anions can be utilized to form ionic liquids, including
BF4

–, PF6
–, AlCl4

– or other complex anion. The conven-
tional formation of ionic liquids can be regarded as the
complexation reactions of simple anionic species by neu-
tral compounds. The most classic example is the forma-
tion of the ILs made of 1,3-dimethylimidazolium chlo-
ride (1,3-DMI+Cl–) and aluminum chloride (AlCl3) [5].
When two solids are mixed stoichiometrically, the com-
plexation of Cl¯ by AlCl3 leads to formation IL composed
1,3-DMI+AlCl4

–:
 

NN

AlCl4

_
+

The reaction is thermodynamically favored, resulting
in the release of heat.

Salts thus obtained exhibit high ionic conductivity, a
wide electrochemical window, non-volatility, thermal sta-
bility and non-flammability. However, it should be noted
that the chloroaluminate molten salts have quite high
moisture sensitivity, and the decomposed product by hy-
drolysis (HCl) is highly corrosive.

Recently, non-chloroaluminate ILs have been ex-
plored. It is know that certain combinations of imidazo-
lium cations and bulky and soft anions form ionic liquids
at or near room temperature [6–9].

Although extensive studies of ionic liquids have been
performed, correlations between their structures and phys-
ico-chemical properties have not yet been summarized.
In particular, information regarding the effect of anion
structure is inadequate.

In order to achieve low melting points the imidazo-
lium cation was made asymmetric by the introduction of
a large alkyl group on one nitrogen, while keeping a small
alkyl group (e.g. methyl) on the other nitrogen. In the
case of 1,3-dialkylimidazolium tetrachloroaluminate ionic
liquids the melting point decreased from 75 °C for 1,3-
DMI+AlCl4

–, to 7 °C for 1-ethyl-3-methylimidazolium
tetrachloroaluminate (EMI+AlCl4

–). For the correspond-
ing tetrafluoroborate ionic liquids the melting point de-
creased from 103,4 °C for 1,3-DMI+BF4

–, to about 13 °C
for EMI+BF4

–. For one of the commonly used ionic liq-
uids 1-butyl-3-methylimidazolium hexafluorophosphate,
the melting point is 10 °C [10].

Authors [11] have prepared and studied the structures
of a wide range of ionic liquids and related low-melting

salts in order to study and develop a greater understand-
ing of the liquid structure and interactions within room
temperature alkylimidazolium ionic liquids and address
these issues.

Phase diagrams have been prepared for homologous
series of 1-alkyl-3-methylimidazolium ionic liquids with
varying alkyl chains (fig. 2) and a range of anions (Cl–,
Br–, PF6

–, BF4
–, MX4

2–) and show the wide liquid ranges
and characteristic phase profile.

The most widely used room temperature ionic liquids
(RTILs) are the asymmetric derivatives of N,N’-di-
alkylimidazolium salt [12]. The structures of some com-
mon RTILs that are based on substituted imidazolium
cation are shown in fig. 3 and some of their properties
are given in table 1. The synthesis of these ionic liquids
is fairly straightforward.

However, the presence of a long chain alkyl group on
the cation increases the viscosity and decreases the densi-
ty of the IL. Further, the ionic liquid undergoes oxidation
at lower potentials and becomes less thermally stable.

Ionic liquids based on the cation 1-ethyl-3-methyl-
imidazolium are generally considered as green solvents

Fig. 2. Phase diagram of 1-alkyl-3-methylimidazolium
tetrafluoroborate:
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where: n = 1 2 3 5 
X = BF4 EMI+BF4

– PrMI+BF4
– BMI+BF4

– – 

(CF3SO2)2N EMI+(CF3SO2)2

N– – BMI+(CF3S
O2)2N– – 
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– HMI+PF6
– 

Fig. 3. Structures of some imidazolium ionic liquids
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mainly due their lack of vapor pressure. In fact, environ-
mental and safety problems arising because of the vola-
tility of organic solvents can be avoided by the use of
these innovative liquids.

A number of publications are devoted to the applica-
tions imidazolium salts in the composition of capacitors
[13] and lithium power sources [14, 15]. At the same time,
despite the unique properties of ionic liquids and electro-
lyte systems based on them, work continues on their im-
provement. These efforts are connected to the growing
requirement for ecological cleanliness, safety, and expan-
sion of area of operation of these materials and the de-
vices in which they are used. As a rule, work in this di-
rection is connected with optimization of structure of both
the anion and cation components of the ionic liquid.

Typical ionic liquids consist of halogen containing an-
ion (such as AlCl4

–, PF6
–, BF4

–, CF3SO3
–, or (CF3SO2)2N

–)

which restrict, to some extend, their “greenness”. The
presence of halogen atoms may cause serious concerns if
the hydrolysis stability of anion is poor (e.g. for AlCl4

–

and PF6
–) or if a thermal treatment of spent ionic liquids

is desired. In both cases additional effort is needed to
avoid the liberation of toxic and highly corrosive HF or
HCl into environment.

Since delocalization of charge considerably helps to
lower the melting point (Tm) of the salts, π-conjugated
cations were frequently used. Similarly, introduction of
halogens such as fluoride and chloride are used to lower
the negative charge density. Therefore, most of general
ionic liquids contain halogenated counter anions. Some
halogen-free anions were also used to form salts with
relatively low Tm, there were a few reports regarding ion-
ic liquids based on these anions [16]. It is important to
design halogen-free ionic liquids from the viewpoint of

RTIL Tmp, °C Td, °C h, cP σ, mS·cm-1 ET, (30) 
EMI+Cl– 86 – s – – 
EMI+Cl– 65 – s – – 
EMI+BF4

– 6 447 66,5 13,0 49,1 
PrMI+BF4

– –17 435 103,0 5,9 – 
BMI+BF4

– –81 435 154,0 3,5 48,9 
EMI+PF6

– 60 – S 5,2 S 
BMI+PF6

– –61 – 371,0 1,5 52,3 
EMI+(CF3SO2)2N– –3 – 34,0 8,8 47,7 
EMI+(CF3SO2)2N– –4 >400 52,0 3,9 47,2 

 

Table 1. Some physical properties of RTILs

Tmp – melting point; Td – decomposition temperature; s – solid; h – viscosity; σ – specific conductivity; ET (30) –
microscopic solvent polarity parameter.

Salt Cation Anion Tg, °C Td, °C σ, mS·cm-1 
at 25 °C 

a 
NN

S SH  
-69 212 4,60 

b 
NN

S S  
-59 220 1,50 

c 
N

S S  
-64 215 0,52 

d 
N

N

S
N

 

-50 210 0,33 

e 
N

S
N

 
-43 192 0,32 

f 
N

NN
_

 
-76 207 1,80 

g 

NN +
 

NN
NN

_

 
-89 – 8,90 

Table 2. Tg, Td, and ionic conductivity of EMI-based ionic liquids containing sulfur-based anions
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green chemistry.
Ionic liquids have also been prepared by using sul-

fur-based anions such as thiol or dithiocarboxylic acid with
the expectation of achieving a low surface charge density
of sulfur [17]. For this purpose, new ionic liquids were
composed of heterocycles having sulfur-based anions.

All salts in table 2 were obtained as liquids at room
temperature. These ionic liquids showed only glass tran-
sition temperature (Tg). They were totally amorphous
having no Tm. As expected, the delocalization of nega-
tive charge of anion structure is effective in decreasing
their Tg and increasing their ionic conductivity (owing to
the weakened electrostatic interaction). To design excel-
lent ionic liquid by using sulfur containing anions, it is
necessary to use more acidic compounds to prepare coun-
ter ion. Salt f and g showed very low Tg similar to general
ionic liquids containing TFSI anion. In particular, salt g
shows the lowest Tg at -89 °C and displayed the best ion-
ic conductivity – 8,9·10-3 S·cm-1 at 25 °C. These results
suggested that these azole type anions could be used ef-
fectively to prepare ionic liquids.

Ionic liquids based on combination of 1-ethyl-3-meth-
ylimidazolium cation with amino acid ere investigated
by K. Fukumoto and H. Ohno [18]. Structure of amino
acid ionic liquids is shown in the fig. 4.

DSC analysis revealed that these amino acid ionic liq-
uids exhibited no melting point but showed only glass
transition temperature. Ionic conductivity of these ILs was
in the range of 10-4–10-9 S·cm-1 at 25 °C reflecting the Tg of
amino acid ionic liquids. Mostly, salts with lower Tg showed
higher ionic conductivity at the same temperature.

The synthesis method halogen-free ionic liquid of the
following structure is known [19]:

 
NN

_

S
O

OO

+

The resulting new ionic liquid systems are character-
ized by high performance ability (at relatively low cost)
and their well documented toxicology thus making these
systems highly interesting candidates for industrial bulk
application.

The component ions of ionic liquid can migrate with
target ions along a potential gradient. To improve this
drawback, japanese scientists [20] had proposed zwitte-
rionic liquid (ZIL) as ionic liquid where cation and anion
were tethered covalently by spacer [21, 22]. Although
many of them are solid at room temperature, they turned

liquid by addition of LiTFSI at room temperature. There
is an ionic liquid-like interaction between carion site of
ZIL and TFSI anion (fig. 5).

These liquid have high ionic conductivity (10-4 S·cm-1).
They also showed high thermal stability with a decom-
position temperature of about 400°C. However, better
design of ZIL is necessary to improve the ion conductive
character.

Table 3 shows the difference between sulfonate and
carboxylate zwitterions having N-ethylimidazolio cation
and n=4 spacer length. There is little difference in Tm.
Sulfonate-type zwitterions have good thermal stability
and high transference number of lithium cation. On the
hand, carboxylate type zwitterions have good ionic con-
ductivity and slow crystallization.

Quaternary ammonium salts (QAS) are attractive for
use in ILs because they are easy to synthesize, relatively
safe, and can have very low molecular weights, possibly
leading to lower viscosity and high conductivity.

Comparative analysis of 1-ethyl-3-methylimidazolium
tetrafluoroborate (EMI+BF4

–) and 1-butylpyridinium
tetrafluoroborate (BP+BF4

–):

 

BF4

_N
+

CH2 CH2 CH2 CH3

properties have been studied. EMI+BF4
– and BP+BF4

– ex-
hibit melting points of approximately 15 °C [21, 22]. The
melting points are detected by DSC measurements only
in heating processes from 150 to 100 °C at 10 K/min,
and cannot be detected in cooling processes (from 100 to
150 °C at 10 K/min), because of the slow crystallization
rates. Both of salts form stable super cooled liquids down
the glass transition temperature during the cooling proc-
esses.

 

NN

O
C

O
CH NH2

R

+

Fig. 4. Structure of amino acid ionic liquids
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where: n = 1, 3, 4, 5, 6, 10.

Fig. 5. Structure of zwitterionic liquids

Properties –SO3
– –CO2

– 
Tm (bulk, °C) 160 167 
Td (bulk, °C) 326 226 
Td (+LiTFSI, °C) 364 307 
Crystallization fast very slow 
tLi+ >0,5 0,1 

Table 3. Comparison of thermal properties and ionic
conductivity for ZILs with different anion species

BP+BF4
–
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EMI+BF4
– and BP+BF4

– exhibit, respectively, a high con-
ductivity of 2,0·10-2 S·cm-1 and 3,0·10-3 S·cm-1 at 30 °C.
The electrochemical window for EMI+BF4

– and BP+BF4
–

are respectively, 4,0 V and 3,4 V. They can dissolve LiT-
FSI, LiBF4 and LiPF6 up to high concentration and form
ionic liquids, which maintain high ionic conductivity.

Polymer electrolytes based on BP+BF4¯ can be ob-
tained by polymerization of vinyl monomers in the pres-
ence of molten salt. For example, in situ polymerization
of 2-hydroxyethyl methacrylate in the presence of
BP+BF4¯ yields polymers that have an ionic conductivity
of 10-3 S·cm-1 at 30 °C.

A series of ionic liquids containing tetraalkyl ammo-
nium cations show higher cathodic stability than those
containing imidazolium cations. The structural formulas
of synthesized onium cations are shown in fig. 6:

The authors introduce several functional groups, such
as cyano CN– and acetyl CH3CO–, on tetraalkyl ammoni-
um cation-based ionic liquid in order to improve the in-
terfacial stability toward lithium [23, 24]. Authors first
synthesized the iodides of these cations, and then ex-
changed their anions under an aqueous condition with
LiTFSI. Such ionic liquids could not contain a large
amount of lithium salts, their saturated contents being up
to 0,5 M. Conductivity data of synthesized ILs and elec-
trolytes based on them are shown in the table 4.

From the results obtained the, authors expect that

CTMA-TFSI is available for electrolyte solvent, or at least
additive to another ionic liquid, for advanced lithium
batteries.

The following quaternary ammonium chloride salts
were proposed for synthesis of ILs [25]:
– benzyltrimethylammonium chloride (BTMACl,
Tm=55,6 °C);
– benzyltriethylammonium chloride (BTEACl, Tm=66,4 °C);
– benzyldimethylthylammonium chloride (BDMEACl,
Tm=13,4 °C).

N
+

Cl
_
          

N
+

Cl
_

     
N

+
Cl

_

It was established that the asymmetric structure of
BDMEACl (mixture of the methyl and ethyl groups from
the other two) has a dramatic effect on its melting point
compared BTMACl and BTEACl. It is believed that the
higher symmetry of the quaternary ammonium salt per-
mits easier crystallization resulting in a higher melting
point.

Electrochemical System Inc. has developed pyrazo-
lium cation based ionic liquids for application in lithium
and lithium-ion batteries:

              

 

N
N

CH3

CH3BF4
_

+

       

 
N

N

CH2

CH3

CH3

BF4
_

+

The melting point of the 1,2-dialkylpyrazolium ionic
liquids decreased with increasing asymmetry of the cation
(table 5).

 
CH3 CH2 CH2 N

+
CH3

CH3

CH3

 
CH2 N

+
CH3

CH3

CH3

NC
 

CH3 C CH2 N
+

CH3

CH3

CH3O
PTMA CTMA ATMA

Fig. 6. Onium cations

Ionic liquid Pristine, mS⋅cm-1 
With 0,2 M of 

LiTFSI, 
mS·cm-1 

PTMA-TFSI 3,8 2,10 
CTMA-TFSI 0,5–0,7 0,53 
ATMA-TFSI 5,5 - 

Table 4. Conductivity data of materials based on
onium cations ILs

Ionic liquid/Ionic liquid mixture Melting point, °C 
DMP+BF4

– 80,5 to 82,0 
EMP+BF4

– 47,5 to 49,0 
DMFP+BF4

– * 54,0 to 55,5 
EMI+BF4

– 12,3 to 13,1 
33,3 % DMP+BF4

–– 66,7 % EMP+BF4
–** 42,0 to 49,0 

60,0 % DMFP+BF4
–– 40,0 % EMP+BF4

– 15,5 to 16,5 
50,0 % EMI+BF4

–– 50,0 % EMP+BF4
– –18,0 to –14,0 

70,0 % EMI+BF4
––30,0 % EMP+BF4

– -90,0 (glass transition) 

Table 5. Melting point of pyrazolium ILs

* 1,2-dimethyl-4-fluoropyrazolium tetrafluoroborate; ** composition in % mol.

BTMACl BTEACl BDMEACl

EMP+BF4
–DMP+BF4

–
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Results obtained show that, while the melting points
of single salts can be decreased by the increase of asym-
metry of the cation, ionic liquid compositions with very
low melting point can also be obtained by the use of mix-
tures of ionic liquids wherein the cations have signifi-
cant differences in their structures [10].

On the other hand, ionic liquid polymers in which
ionic liquid component ions were tethered on the poly-
mer main chain were also effective for obtaining target
ion conduction. In particular, copolymerization of ionic
liquids to provide target ion conductive polymer films
were suggested [26]. The following structures can be used
for synthesis of such polymers:
– cationic monomer that has hydrocarbon spacer between
the polymerizable group and the ionic liquid moiety:

NN O
n 

O

(CF3SO2)2N
_

+
   ,

where: n = 0; 3; 6; 10.
– anionic monomer, having benzene sulfonic acid lithi-
um salt on polyether chain end:

O
O

n

 
O

RO
SO3Li

   ,

where: R=H, n=2; 8; R=Me, n=9.
These polymers were obtained as film-like solid. The

electrostatic interaction between cationic and anionic side
chains should be effective in improving mechanical prop-
erties. Conductivity of the obtained films depends from
their Tg. Tg decreases with increasing cationic monomer
content in the copolymer. On the other hand, tLi+ improved
with increasing anionic monomer content (0,53 for 50 %
mol. and 0,68 for 80 % mol.). This approach appears to
be excellent for solid polymer electrolytes based on an
ionic liquid moiety.

Thermally stable polymer-in-zwitterionic liquid
electrolytes can be obtained by polymerization of

methyl-acrylate (MA) in the presence of 1-(1-alkyl-3-
imidazolio)butane-4-sulfonate (AIBS) and LiTFSI [27]:

 

O
O

CH3
 

NN
S

O

O O

+

S
N

S CF3CF3

O

O

O

O

Li
+

The electrolytes thus obtained are rubber-like poly-
mers that have Tg= –15÷–10 °C and conductivity ~10-5–
10-6 S·cm-1 at room temperature, stable above 380 °C.

Ionic liquid-polymer gel electrolytes prepared by in-
corporation of hydrophilic EMI+BF4

– and EMI+CF3SO3
–

and hydrophobic BMI+PF6
– (EMI+ – 1-ethyl-3-methyl-

imidazolium and BMI+ – 1-(1-butyl)-3-methylimidazo-
lium ionic liquids into a poly(vinylidene fluoride)-hex-
afluoropropylene copolymer (PVDF-HFP) matrix have
higher ionic conductivity [28]. Conductivity at room tem-
perature (22–23 °C) and at 100 °C for this family of com-
pounds is shown in table 6.

Despite the successes in development of ionic liquids,
they mainly are classified as room temperature ionic
liquids.

Recently increased interest is shown to development
of synthesis methods of new type (no imidazolinium de-
rivatives) low-temperature ionic liquids capable of work-
ing in a range of temperatures from a minus 65 up to plus
65 °Ñ. At the same time, the special attention is focused
to decreasing of cost and ecological cleanliness of syn-
thesized materials and opportunity of creation on their
basis of polymeric materials with high ionic conductivity.

At Ukrainian State Chemical Technology University
the synthesis methods of quaternary ammonium salts
based on morpholine is develop [29]. The common struc-
ture of such compounds, which are ionic liquids at room

Conductivity, mS·cm-1 Ionic liquid-polymer gel electrolytes Room temperature 100 °C 
EMI+CF3SO3

– : PVDF-HFP (2:1) 2,200 22,9 
EMI+CF3SO3

– : PVDF-HFP (1:1) 0,600 9,1 
EMI+CF3SO3

– : PVDF-HFP (0,4:1,0) 0,006 4,5 
EMI+BF4

– : PVDF-HFP (2:1) 3,200 14,4 
EMI+BF4

– : PVDF-HFP (1:1) 1,400 16,4 
EMI+BF4

– : PVDF-HFP (0,5:1,0) 0,100 7,7 
BMI+PF6

– : PVDF-HFP (1:1) 0,100 7,3 
Ionic liquids   
EMI+CF3SO3

– 9,300 55,3 
EMI+BF4

– 13,800 59,0 
BMI+PF6

– 1,800 15,6 

Table 6. Ionic conductivity of ILs and ionic liquid-polymer gel electrolytes

MA AIBS

LiTFSI
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temperature, is given below:

 

N
+

O

R R'
X

_

where: X = Cl, Br; R, R’ = –CH2–CH2–OH; –CH2–CH2–
CH2–CH3.

These compounds are soluble in organic solvents (al-
cohols, aprotic solvents, methylene chloride), and com-
patible with many polymeric materials, in particular with
cellulose triacetate [30]. These properties have allowed

,

their use as corrosion inhibitors [31] and developer’s ac-
tivator of the halogen-silver photo-materials display [32].

Anticipated benefits of using quaternary ammonium
salt based on morpholine are simplicity of their synthesis
using commercially produced starting materials. In our
opinion, these compounds can be as model structures for
obtaining wide range of low-temperature ionic liquids
(at the expense of special selection of the radicals at qua-
ternary nitrogen atom and anionic part) and new liquid
and plasticized polymer electrolytes on their basis for new
generation electrochemical devices, such as lithium power
sources [33, 34], capacitors [35], fuel cells [36, 37], and
dye-sensitized solar cells [38–40].

References
1. Matsuda Y., Morita M., Ishikawa M., Ihara M. // J.
Electrochem. Soc. –1993. –140, N7. –Ð. 109–110.
2. Ishikawa M., Morita M., Ihara M., Matsuda Y. // J.
Electrochem. Soc. –1994. –141, N7. –P. 1730–1734.
3. JP Patents Nos.4–233210; 4–2333211 (1992); Endo et
al. Electric double-layer capacitor using nonaqueous
electrolyte containing quaternary ammonium salt derived
from pyridazine, pyrimidine, or pyrazine // Japanese
Patent Application N90–408584.
4. US Patent 6,491,841 (2002). Electrolytes for
electrochemical double layer capacitors / Maletin etc.
5. Hussay C.L. // Pure Appl. Chem. –1988. –60. – P. 1763–
1772.
6. Koch V.R., Nanjundiah C. // J.Electrochem. Soc. –1995.
– 142, N7. –Ð.116–118.
7. US Patent 5,827,602 (1995). Hydrophobic ionic liquids
/ V.R. Koch, C. Nanjundiah, R.T. Carlin.
8. McEwen A.B., Blakley T., Koch V.R. EMIPF6 based
nonaqueous electrolytes for electrochemical capacitors /
/ The Electrochemical Society Meeting Abstracts, V.96–
2, San Antonio, TX, October 6–11, 1996, Abstr.707, P.
861.
9. US Patent 5,965,054 (1999) Nonaqueous electrolytes
for electrical storage devices / Alan B. McEwen, Ein-Eli
Yair.
10. Dunstan T.D.J., Caja J., Katovic V. Development of
low melting ionic liquid compositions using mixtures of
imidazolium and pyrazolium ionic liquids // Proceeding
of 2004 Joint International Meeting, Honolulu, Hawaii,
October 3–8, 2004. Abstr. 2347.
11. Carmichael A.J., Hardacre C., Holbrey J.D. et al.
Structure and Bonding in Ionic Liquids // 196th Meeting
of The Electrochemical Society, Inc. – Honolulu, Hawaii
October 17–22, 1999. Abstr. 2259.
12. Mandal P.K., Saha S., Karmakar R., Samanta A. //
Current science. –2006. – 90, N3.
13. McEwen A.B., McDevitt S.F., Koch V.R. // J.
Electrochem. Soc. –1997. – 147, N4. –Ð.84–86.
14. Koch V.R. Advanced polymer electrolytes for lithium
ion batteries // 18th International Seminar&EXHIBIT on

Primary&Secondary Batteries. – Fort Lauderdale
(Florida, USA). – 2001.
15. Fuller J., Breda A.C., Carlin R.T. // J. Electrochem.
Soc. –1997. – 144, N4. –P.67–70.
16. Ohno H., Yoshizawa M. // Solid State Ionics. –2002.
–V.154–155. – P. 303–309.
17. Ohno H., Kameda M., Fukumoto K. et al. Novel ionic
liquids composed of only heterocycles // Proceeding of
2004 Joint International Meeting, Honolulu, Hawaii,
October 3–8, 2004. Abstr. 2350.
18. Fukumoto K., Yoshizawa M., Ohno H. // J. Amer.
Chem. Soc. –2005. –V.127. – P. 2398–2399.
19. Wasserscheid P., Roy van Hal, Bosmann A. New
halogen-free ionic liquids – synthesis, properties and
applications // Proceeding of 201st Meeting of The
Electrochemical Society – Philadelphia, May 12–17,
2002.
20. Narita A., Shibayama W., Ohno H. Effect of structure
on the thermal stability and ionic conductivity of
zwitterionic liquids // Proceeding of 2004 Joint
International Meeting, Honolulu, Hawaii, October 3–8,
2004. Abstr. 2444.
21. Noda A., Watanabe M. Electrochemical properties of
room temperature molten salts with tetrafluoroborate
anion // 196th Meeting of The Electrochemical Society,
Honolulu, Hawaii October 17–22, 1999. Abstr. 2258.
22. Yoshizawa M., Hirao M., Ito-Akita K., Ohno H. // J.
Mater Chem. –2001. – ¹ 11. – P. 1057.
23. Egashira M., Okada S., Yamaki J.-I. et al.
Functionalized tetraalkylammonium ionic liquid
electrolytes for use in lithium batteries // Proceeding of
203rd Meeting of the Electrochemical Society, Paris,
France April 27–May 2, 2003, Abstr. 97.
24. Egashira M., Okada S., J.-I. Yamaki et al. // Journal
of Power Sources. –2004. – 138, (1-2). – P. 240–244.
25. Doyle K.P., Lang C.M., Kim K., Kohl P.A. Dentrite-
free electrochemical deposition of Li–Na alloys from an
ionic liquid electrolyte // J. Electrochem. Soc. – 2006. –
153, ¹ 7. – Ð. 1353–1357.
26. Ogihara W., Bangyeekhan B., Ohno H. Preparation



12

Ð.À. O.V. Chervakov, M.V. Burmistr, O.S. Sverdlikovs’ka, V.H. Shapka

and characterization of ionic liquid copolymers for lithium
ion conduction // Proceeding of 2004 Joint International
Meeting, Honolulu, Hawaii, October 3–8, 2004. Abstr.
2440.
27. Yoshizawa M., Narita A., Ohno H. // Australian J.
Chem. –2004. – 57, N2. – P. 139–144.
28. Carlin R.T., Fuller J., Breda A.C. Electrochemical
Properties of Ionic Liquid-Polymer Gel Electrolytes //
Proceeding 193rd Meeting of the Electrochem Soc., San
Diego, CA, May 3–8, 1998, Abstr. 1023.
29. Sverdlikovskaya O.S., Burmistr M.V., Shapka V.H. //
Voprosy khimii i khim. techn. –2006. –¹5. – P. 148–153
(in Russ.).
30. Sverdlikovskaya O.S., Burmistr M.V., Shapka V.H. //
Voprosy khimii i khim. techn. –2005. – ¹ 6. – P. 113–
121 (in Russ.).
31. Obrazcov E.V., Amirulloeva N.V., Sverdlikovskaya
O.S., et al. // Physical-chemical mechanics of materials.
– 2007. – ¹ 6. – P. 190–194 (In Russ.).
32. Sverdlikovskaya O.S., Burmistr M.V., Shapka V.H.
Quaternary ammonium salts based on morpholine and
their photo material developer’s action // Proceeding XI
Ukrainian conference on high-molecular compounds. –
Dnipropetrovs’k. – 2007. – P.223 (in Russ.).
33. Sutto T.E. Ionic liquid based polymer gel electrolytes
for lithium and li-ion batteries // Proceeding 204th Meeting
of the Electrochem Soc., Orlando, Florida, October 12–
16, 2003, Abstr. 230.

34. Matsui T., Deguchi M., Yoshizawa H. Lithium-ion
cells using ionic liquids // 205th Meeting of the
Electrochem. Soc., San Antonio, Texas, May 9–13, 2004,
Abstr. 77.
35. Nagao Y., Nakayama Y., Oda H., Ishikawa M. // J.
Power Sources. – 2007. – 166, N2. – P. 595–598.
36. Yoshizawa M., Forsyth M., MacFarlane1 D.R., Ohno
H. Zwitterionic liquid/acid mixtures as anhydrous proton
conducting systems // Proceeding of 2004 Joint
International Meeting, Honolulu, Hawaii, October 3–8,
2004. Abstr. 2332.
37. Fuller J., Carlin R.T. Ionic Liquid-polymer
impregnated Nafion electrolytes // 196th Meeting of The
Electrochemical Society, Inc. – Honolulu, Hawaii October
17–22, 1999. Abstr. 2241.
38. Papageorgiou N., Athanassov Y., Armand M. et al. //
J. Electrochem. Soc. – 1996. – 143, N10. – P. 3099–3108.
39. Matsui H., Usui H., Tanabe N. et al. Electrochemical
properties of nanocomposite ion-gel electrolytes for dye-
sensitized solar cells // Proceeding of 2004 Joint
International Meeting, Honolulu, Hawaii, October 3–8,
2004. Abstr. 1600.
40. Kubo W., Kambe S., Kitamura T. et al. Quasi-solid-
state dye-sensitized solar cells with ionic gel electrolytes //
Proceeding 203rd Meeting of the Electrochem Soc., Paris,
France, April 27–May 2, 2003, Abstr. 2806.

Íàä³éøëà äî ðåäàêö³¿ 31 æîâòíÿ 2007 ð.



Ionic liquids for promising ion-conducting polymer materials of electrochemical devices

13

²îíí³ ð³äèíè – ïåðñïåêòèâí³ éîíîïðîâ³äí³ ïîë³ìåðí³ ìàòåð³àëè äëÿ
åëåêòðîõ³ì³÷íèõ ïðèñòðî¿â

Î.Â. ×åðâàêîâ, Ì.Â. Áóðì³ñòð, Î.Ñ. Ñâåðäë³êîâñüêà, Â.Õ. Øàïêà

Óêðà¿íñüêèé äåðæàâíèé õ³ì³êî-òåõíîëîã³÷íèé óí³âåðñèòåò
8, áóëüâ. Ãàãàð³íà, Äí³ïðîïåòðîâñüê, 49005, Óêðà¿íà

Îãëÿä ïðèñâÿ÷åíî àíàë³çó ðîçâèòêó ìåòîä³â ñèíòåçó éîííèõ ð³äèí íà îñíîâ³ ÷åòâåðòèííèõ
àìîí³ºâèõ ñîëåé ³ ¿õ çàñòîñóâàííÿ â ÿêîñò³ êîìïîíåíò ð³äêèõ ³ ïîë³ìåðíèõ åëåêòðîë³ò³â äëÿ
ð³çíèõ åëåêòðîõ³ì³÷íèõ ïðèñòðî¿â. Îñîáëèâà óâàãà íàäàºòüñÿ àíàë³çó çàëåæíîñò³ âëàñòèâîñòåé
³îííèõ ð³äèí â³ä ñòðóêòóðè ¿õ êàò³îííî¿ òà àí³îííî¿ ÷àñòèí. Íàâåäåíî äàí³ ñêëàäó ³ âëàñòèâîñòåé
ïîë³ìåðíèõ åëåêòðîë³ò³â, ÿê³ ìîæóòü âèêîðèñòîâóâàòèñÿ â ë³ò³ºâèõ áàòàðåÿõ, êîíäåíñàòîðàõ,
ñîíÿ÷íèõ áàòàðåÿõ.

Èîííûå æèäêîñòè – ïåðñïåêòèâíûå èîíîïðîâîäÿùèå ïîëèìåðíûå
ìàòåðèàëû äëÿ ýëåêòðîõèìè÷åñêèõ óñòðîéñòâ

Î.Â. ×åðâàêîâ, Ì.Â. Áóðìèñòð, Î.Ñ. Ñâåðäëèêîâñêàÿ, Â.Õ. Øàïêà

Óêðàèíñêèé ãîñóäàðñòâåííûé õèìèêî-òåõíîëîãè÷åñêèé óíèâåðñèòåò
8, áóëüâ. Ãàãàðèíà, Äíåïðîïåòðîâñê, 49005, Óêðàèíà

Îáçîð ïîñâÿùåí àíàëèçó ðàçâèòèÿ ìåòîäîâ ñèíòåçà èîííûõ æèäêîñòåé íà îñíîâå ÷åòâåðòè÷íûõ
àììîíèåâûõ ñîëåé è èõ ïðèìåíåíèÿ â êà÷åñòâå êîìïîíåíò æèäêèõ è ïîëèìåðíûõ ýëåêòðîëèòîâ
äëÿ ðàçëè÷íûõ ýëåêòðîõèìè÷åñêèõ óñòðîéñòâ. Îñîáîå âíèìàíèå óäåëÿåòñÿ àíàëèçó çàâèñèìîñòè
ñâîéñòâ èîííûõ æèäêîñòåé îò ñòðóêòóðû èõ êàòèîííîé è àíèîííîé ÷àñòåé. Ïðåäñòàâëåíû
äàííûå ïî ñîñòàâó è ñâîéñòâàì ïîëèìåðíûõ ýëåêòðîëèòîâ, êîòîðûå ìîãóò èñïîëüçîâàòü â
ëèòèåâûõ áàòàðåÿõ, êîíäåíñàòîðàõ, ñîëíå÷íûõ áàòàðåÿõ.




