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Description

Technical Field

[0001] The present invention relates to an electrolyte for electrochromic devices. More particularly, the present invention
relates to an electrolyte for electrochromic devices, which comprises a eutectic mixture having a high electroconductivity
and broad electrochemical window, and thus can improve the safety and quality of an electrochromic device at the same
time. The present invention also relates to an electrochromic device comprising the same electrolyte.

Background Art

[0002] In general, electrochromic devices are referred to as devices that experience a change in color due to an
electrochemical redox reaction caused by the application of an electric field, resulting in a change in light transmission
characteristics. There are many appliances using such electrochromic devices. One of the most successful appliances
includes a rear view mirror for cars, which controls the glitter from the backside of a car in the night, or a smart window
capable of automatic control depending on light strengths. When solar radiation is high, a smart window experiences a
color change into a darker color tone in order to reduce the amount of solar radiation. On the other hand, a smart window
experiences a color change into a lighter tone on cloudy days. Accordingly, smart windows are energy-efficient appliances.
Further, continuous attempts are made to apply electrochromic devices to the field of display such as electric bulletin
boards or e-books.
[0003] Electrochromic materials forming electrochromic devices are classified into reduction-colored materials and
oxidation-colored materials. Reduction-colored materials are those colored by the acquisition of electrons and typically
include tungsten oxides. On the other hand, oxidation-colored materials are those colored by the loss of electrons and
typically include nickel oxides and cobalt oxides. Other electrochromic materials include inorganic metal oxides such as
V2O5, Ir(OH)x, NiOxHy, TriO2, MoO3, etc., conductive polymers such as PEDOT (poly-3,4-ethylenedioxythiophene),
polypyrrole, polyaniline, polyazulene, polythiophene, polypyridine, polyindole, polycarbazole, polyazine, polyquinone,
etc., and organic electrochromic materials such as viologen, anthraquinone, phenocyazine, etc.
[0004] The above inorganic metal oxides generate a change in color when lithium ions or hydrogen ions present in
an electrolyte are doped into the inorganic metal oxides. On the contrary, as depicted in the following Reaction Scheme
1, conductive polymers, for example, polyaniline shows a light yellow color when it is present in a completely reduced
state, while showing a blue color when it is present in an oxidized state. Various colors can be realized depending on
the kinds of such conductive polymer.

[0005] In addition to the above-mentioned inorganic metal oxides and conductive polymers, organic electrochromic
materials include viologen compounds such as 4,4’dipyridinium salt represented by the following Reaction Scheme 2.
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A viologen compound has three types of oxidation states, i.e., V2+ (colorless), V+ (blue) and V0 (light yellow), each
oxidation state showing a different color:

[0006] Meanwhile, US Patent No. 5,441,827 (Graetzel et al.) discloses a device having high efficiency and high
response rate, the device being manufactured by coating an electrochemically active organic viologen compound, as a
single layer, onto the surface of a nanoporous thin film electrode obtained by sintering metal oxide nanoparticles. Addi-
tionally, the device uses a mixture of a lithium salt with an organic solvent such as γ-butyrolactone and propylene
carbonate, as liquid electrolyte. However, the device using an organic solvent-containing liquid electrolyte has disad-
vantages in that quenching rate is low, residual images are present after quenching and that the organic materials may
be decomposed easily during repeated developing/ quenching cycles. Moreover, because the device uses an organic
solvent-containing liquid electrolyte, it has additional disadvantages in that evaporation and exhaustion of the electrolyte
may occur, the electrolyte may leak out from the device to cause an environmentally unfavorable problem, and that
formation into thin films and film-shaped products is not allowed. Therefore, intensive research and development into
the use of an ionic liquid (IL) as electrolyte for electrochemical devices have been made recently.
[0007] US Patent No. 5,827,602 (V.R. Koch et al.) discloses an ionic liquid electrolyte based on AlCl3-EMICl (aluminum
chloride-1-ethyl-3-methylimidazolium chloride) including a strong Lewis acid. The ionic liquid such as AlCl3-EMICl has
no vapor pressure, and thus can solve the problem of exhaustion and decomposition of electrolyte. However, it may
emit toxic gases when exposed to a small amount of moisture and oxygen. Moreover, the ionic liquid is problematic in
that it has high reactivity with organic/inorganic compounds added to the electrolyte in a small amount and that it is easily
decomposed at a temperature of 150°C or higher.
[0008] US Patent No. 6,667,825 (Wen Lu et al.) discloses an electrochromic device that uses a conductive polymer
and an ionic liquid such as [BMIM][BF4] (1-butyl-3-methylimidazolium tetrafluoroborate) containing no Lewis acid, as
electrode and electrolyte, respectively.
[0009] Japanese Patent Publication No. 2002-99001 discloses an electrochromic device that uses an electrochromic
material such as methyl viologen or trimethyl methyl-ferrocene along with an ionic liquid such as N1113TFSI (trimeth-
ylpropylammonium trifluoromethanesulfonimide) or EMITFSI (1-ethyl-3-methylimidazolium trifluoromethanesulfonimide
as electrolyte.
[0010] However, conventional ionic liquids are problematic in that they are expensive, their preparation and purification
are difficult, liquid electrolytes may leak out from electrochromic devices, and that formation into thin films and large
sized products is not allowed. Meanwhile, Liang and coworkers prepared a room temperature-melting salt from urea
and LiTFSI (J. Phys. Chem. B 2001, 105, pp9966-9969). Additionally, Chen and coworkers developed a eutectic mixture
of acetamide and LiTFSI, the eutectic mixture being used alone as liquid electrolyte for lithium secondary batteries
( Electrochem. Commun, 2004, 6, pp28-32). However, when the above liquid electrolyte was used in a Li/MnO2 battery,
both the initial battery capacity and battery capacity after the third cycle were significantly dropped (20%). Therefore,
the liquid electrolyte is not suitable for practical use in batteries. In general, a drop in initial battery capacity and that in
capacity during repeated cycles are related with a solid electrolyte interface (SEI) film formed on the surface of an anode
upon the first charge cycle. In the case of the liquid electrolyte according to the prior art, it is thought that decomposition
of the eutectic mixture having an electrochemical window ranging from 0.7 to 4.7V causes degradation of the battery
quality despite the presence of a compound capable of forming an SEI film. Additionally, electrochemical reactions in a
lithium battery occur through the lithium moved by the electrolyte injected between a cathode and anode. However,
because the eutectic mixture according to the prior art has relatively high viscosity, both lithium transfer rate and swellability
of electrode with the eutectic mixture are low, resulting in degradation of the overall battery quality. Moreover, there is
no suggestion that the eutectic mixture may be applied to electrochromic devices relevant to the present invention.
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Disclosure of Invention

Technical Problem

[0011] Therefore, the present invention has been made in view of the above-mentioned problems. We have found
that when a cost-efficient eutectic mixture having excellent thermal and chemical stability is used in an electrolyte for
electrochemical devices, it is possible to solve the problems of evaporation, exhaustion and flammability of electrolytes
caused when using a conventional organic solvent as electrolyte, thereby improving the safety. We have also found that
it is possible to improve the quality of an electrochemical device by virtue of excellent conductivity and a broad electro-
chemical window of the eutectic mixture.
[0012] It is an object of the present invention to provide an electrolyte for electrochemical devices, which comprises
a eutectic mixture, and an electrochromic device using the same electrolyte.

Technical Solution

[0013] According to an aspect of the present invention, there is provided an electrolyte for electrochromic devices,
which includes a eutectic mixture comprising: (a) a compound having an acidic functional group and basic functional
group; and (b) an ionizable lithium salt. According to another aspect of the present invention, there is provided an
electrochromic device using the above-mentioned electrolyte.
[0014] Hereinafter, the present invention will be explained in more detail.
[0015] The present invention is characterized in that a eutectic mixture, which has never been used in conventional
electrochromic devices, is used for forming an electrolyte for electrochromic devices.
[0016] Generally, a eutectic mixture is referred to as a mixture containing two or more substances and having a
decreased melting point. Particularly, such eutectic mixtures include mixed salts present in a liquid phase at room
temperature. Herein, room temperature means a temperature of up to 100°C, or a temperature of up to 60°C in some
cases.
[0017] Similarly to known ionic liquids, eutectic mixtures have a high electroconductivity, broad electrochemical window,
inflammability, broad range of temperatures where they are present as liquid, high solvation capability and non-coordinate
bond formability. Therefore, eutectic mixtures have physicochemical properties as environmental-friendly solvents ca-
pable of substituting for known harmful organic solvents. Additionally, eutectic mixtures are prepared more easily com-
pared to ionic liquids and have good flame resistance, high ion concentration and a broad electrochemical window (0 -
5.5 V), and thus are expected to be applied to a broad range of industrial fields.

1) The electrolyte comprising a eutectic mixture according to the present invention shows a broader electrochemical
window compared to conventional organic solvents and ionic liquids due to the unique properties of the eutectic
mixture (for example, stability of the eutectic mixture itself). Therefore, the electrolyte according to the present
invention allows broadening of the range of applicable voltages. In fact, as demonstrated by the following Experi-
mental Example, conventional electrolytes comprising ionic liquids and organic solvents show an electrochemical
window of 4 - 4.5 V. On the contrary, the eutectic mixture according to the present invention shows an electrochemical
window of 4.5 - 5.5V, which is broader compared to conventional electrolytes comprising ionic liquids and organic
solvents. Particularly, the eutectic mixture of caprolactam/LiTFSI shows an electrochemical window of 5.5V and
thus can be used under high drive voltages (see, FIGs. 2 and 3).
Additionally, eutectic mixtures have no vapor pressure contrary to conventional solvents, resulting in prevention of
evaporation and exhaustion of an electrolyte. Also, eutectic mixtures show good flame resistance, thereby improving
the safety. Moreover, because the eutectic mixture is very stable in itself, it is possible to prevent undesired side
reactions in electrochemical devices. Further, high conductivity of the eutectic mixture results in improvement in the
quality of an electrochemical device.
2) In addition to the above advantages, because the eutectic mixture according to the present invention comprises
a lithium salt as essential constitutional element. Therefore, it is not necessary to add a separate lithium salt even
in the case of an electrochromic device that permits a change in color by lithium ions doped into an electrode (for
example, an electrochromic device using an inorganic metal oxide).

[0018] In other words, when using a conventional ionic liquid as electrolyte, an electrochromic device experiencing a
change in color by electron movements has no need of an additional lithium salt. On the other hand, an electrochromic
device using an inorganic metal oxide such as WO3 or NiOx as electrode permits a change in color by cations (for
example, lithium ions) doped into the electrode. Thus, in the latter case, there is a need of an additional lithium salt.
However, because the eutectic mixture according to the present invention comprises a lithium salt in itself, there is no
need of an additional lithium salt.
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[0019] One constitutional element of the eutectic mixture according to the present invention is a compound having at
least two polar functional groups in its molecule (for example, a compound having an acidic functional group and basic
functional group at the same time). There is no particular limitation in the compound, as long as it satisfies the above
requirement. Examples of such acidic and basic functional groups include amine (-NH +) and carbonyl(-CO) groups,
respectively. Such polar groups serve as complexing agent that weakens the bond between a cation and anion of an
ionizable salt, and thus contribute to formation of a eutectic mixture, thereby decreasing the melting point. In addition to
the above functional groups, compounds comprising polar functional groups that can weaken the bond between a cation
and anion of an ionizable salt and thus capable of forming a eutectic mixture are also included in the scope of the present
invention.
[0020] Preferably, the compound having an acid functional group and basic functional group is an amide compound
having two polar functional groups, i.e., a carbonyl group and amine group. Non-limiting examples of the amide compound
include C1∼C10 alkyl amide, alkenyl amide, aryl amide or alkylaryl amide compounds. It is a matter of course that the
amide compounds include primary, secondary and tertiary amide compounds as well as linear and/or cyclic amide
compounds. It is more preferable to use a cyclic amide compound showing a broader electrochemical window, because
such cyclic amide compounds have a smaller number of hydrogen atoms and are stable under a high voltage so as to
prevent decomposition thereof. Non-limiting examples of the amide compound that may be used in the present invention
include acetamide, urea, methyl urea, caprolactam, valerlactam, carbamate, formate and mixtures thereof.
[0021] The other constitutional element of the eutectic mixture according to the present invention is an ionizable lithium-
containing salt. Non-limiting examples of the lithium salt that may be used in the present invention include lithium nitrate,
lithium acetate, lithium hydroxide, lithium sulfate, lithium alkoxide, lithium halide, lithium oxide, lithium carbonate, lithium
oxalate, etc. Particularly preferred examples of the lithium salt include LiN(CN)2, LiClO4, Li(CF3)3PF3, Li(CF3)4PF2,
Li(CF3)5PF, Li(CF3)6P, Li(CF 2CF2SO3)2N, Li(CF3SO3)2N, LiCF3SO3, LiCF3CF2(CF3)2CO, Li(CF3SO2)2C, Li(CF3SO2)
C, LiCF3(CF2)7SO3, LiCF3CO2, LiCH3CO2 and mixtures thereof.
[0022] The eutectic mixture according to the present invention may be represented by the following formula(chemistry
figure) 1:

wherein R is a hydrogen atom, C1∼C20 alkyl group, C1∼C20 alkylamine group, alkenyl group, aryl group or allyl group;
R2 is a hydrogen atom, C1∼C20 alkyl group, alkenyl group, aryl group or allyl group;
X is a hydrogen, oxygen, carbon or nitrogen atom;
Y is an anion of a lithium salt; and
n is an integer of between 0 and 10.

[0023] In the compound represented by the above formula 1, there is no particular limitation in the anion Y of a lithium
salt. However, it is preferable that Y is F, Cl-, Br-, I-, NO3

-, N(CN)2
-, BF4

-, ClO4
-, RSO3

-, RCOO-; PF6
-, (CF3)2PF4

-,
(CF3)3PF3

-, (CF3)4 PF2
-,(CF3)5PF-,(CF3)6P-,(CF3SO3

-)2,(CF2CF2SO3
-),(CF3SO3)N-,CF3CF2(CF3)2CO-, (C3FSO2)2CH-

,(SF5)3C-,(CF3SO2)3C-,CF3(CF2)7SO3
-,CF3CO2

-,CH3CO2
-,SCN or (CF 3CF2SO2

-)2N.
[0024] As shown in the following Reaction Scheme 3, the first constitutional element of the eutectic mixture, i.e., the
compound having an acidic functional group and basic functional group (more particularly an amide compound) forms
a coordination bond with the second constitutional element of the eutectic mixture, i.e., the lithium salt, through the
carbonyl group of the amide compound and the lithium cation of the lithium salt. Additionally, the anion of the lithium
salt forms a hydrogen bond with the amine group of the amide compound. As a result, both constitutional elements form
a eutectic mixture present in a liquid phase at room temperature.
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[0025] Although there is no particular limitation in melting point of the eutectic mixture according to the present invention,
it is preferable that the eutectic mixture is present in a liquid state at a temperature of up to 100°C, more preferably at
room temperature. Also, although there is no particular limitation in viscosity of the eutectic mixture according to the
present invention, the eutectic mixture preferably has a viscosity of 100 cp or less.
[0026] The eutectic mixture may be prepared by a conventional process known to one skilled in the art. For example,
a compound having an acidic functional group and basic functional group is mixed with a lithium salt at room temperature
and then the mixture was reacted by heating it at a suitable temperature of 70°C or less, followed by purification. Herein,
the molar ratio (%) of the compound having an acidic functional group and basic functional group to lithium salt suitably
ranges from 1:1 to 8:1, more preferably from 2:1 to 6:1.

<Electrolyte Comprising Eutectic Mixture>

[0027] The eutectic mixture according to the present invention may be used as electrolyte regardless of the particular
type of electrolyte. However, two embodiments of electrolytes, i.e., a liquid electrolyte and gel polymer electrolyte are
preferred.

1) A liquid electrolyte according to the present invention may be formed by using the above-described eutectic
mixture alone, the eutectic mixture comprising the compound having an acidic functional group and basic functional
group and the lithium salt.

2) According to another embodiment of the present invention, a gel polymer electrolyte may be formed by polymerizing
monomers in the presence of the above-described eutectic mixture, or by impregnating a conventional polymer or
gel polymer with the above-described eutectic mixture.

O First, a gel polymer electrolyte obtained by polymerization will be explained in detail.

[0028] The gel polymer electrolyte may be formed by polymerization of an electrolyte precursor solution, which com-
prises: (a) a eutectic mixture comprising a compound having an acidic functional group and basic functional group and
an ionizable lithium salt; and (b) monomers capable of forming a gel polymer by polymerization.
[0029] There is no limitation in the kind of monomer as long as it is capable of forming a gel polymer by polymerization
and particular examples of such monomers include vinyl monomers, etc. Vinyl monomers have advantages in that they
can provide transparent polymerization products when mixed with a eutectic mixture and they are amenable to simple
polymerization conditions.
[0030] Non-limiting examples of the vinyl monomer that may be used according to the present invention include
acrylonitrile, methyl methacrylate, methyl acrylate, methacrylonitrile, methyl styrene, vinyl esters, vinyl chloride, vinylidene
chloride, acrylamide, tetrafluoroethylene, vinyl acetate, methyl vinyl ketone, ethylene, styrene, para-methoxystyrene,
para-cyanostyrene, etc.
[0031] Preferably, the monomer capable of forming a gel polymer by polymerization provides low volumetric shrinkage
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upon polymerization and permits in-situ polymerization inside of an electrochromic device.
[0032] Meanwhile, the electrolyte precursor solution may further comprise a conventional polymerization initiator or
photoinitiator.
[0033] Initiators are decomposed by heat or UV rays to form radicals, and then react with a monomer through free
radical polymerization to form a gel polymer electrolyte. It is also possible to carry out polymerization of monomers
without using any initiator. Generally, free radical polymerization includes an initiation step in which transient molecules
or active points having strong reactivity are formed; a propagation step in which a monomer is added to the end of an
active chain to form another active point at the end of the chain; a chain transfer step in which active points are transferred
to other molecules; and a termination step in which the center of an active chain is broken.
[0034] Thermal initiators that may be used in the polymerization include organic peroxides or hydroperoxides such as
benzoyl peroxide, acetyl peroxide, dilauryl peroxide, di-tert-butyl peroxide, cumyl hydroperoxide, hydrogen peroxide,
etc., and azo compounds such as 2,2-azobis(2-cyanobutane), 2,2-azobis(methylbutyronitrile), AIBN(azobis(iso-buty-
ronitrile), AMVN (azobisdimethyl-valeronitrile), organometallic compounds such as alkylated silver compounds, etc.
Additionally, non-limiting examples of the photoinitiator that permits formation of radicals by the light such as UV rays
include chloroacetophenone, diethoxy acetophenone(DEAP), 1-phenyl-2-hydroxy-2-methyl propaneone(HMPP), 1-hy-
droxycyclrohexyl phenyl ketone, α-aminoacetophenone, benzoin ether, benzyl dimethyl ketal, benzophenone, thioxan-
thone, 2-ethylanthraquinone(2-ETAQ), etc.
[0035] In addition to the above-described materials, the precursor solution of gel polymer electrolyte according to the
present invention optionally further comprises other additives known to one skilled in the art.
[0036] In order to form a gel polymer electrolyte by using the above-described electrolyte precursor solution according
to a conventional method, three types of methods may be used.
[0037] The first method comprises forming the gel polymer electrolyte by in-situ polymerization inside an electrochem-
ical device. In-situ polymerization that may be used in the present invention may be performed by heating or UV irradiation.
Additionally, formation of the gel polymer electrolyte depends on polymerization time and polymerization temperature
in the case of thermal polymerization, or on irradiation dose in the case of UV polymerization. Typically, polymerization
time ranges from about 20 to 60 minutes and thermal polymerization temperature ranges from 40 to 80°C.
[0038] Additionally, the mixing ratio in the electrolyte precursor solution according to the present invention on the
weight basis, i.e., the weight ratio of (eutectic mixture) x : (monomer capable of forming a gel polymer by polymerization)
y : (polymerization initiator) z, is 0.5∼0.95 : 0.05∼0.5 : 0.00∼0.05, with the proviso that x+y+z=1. More preferably, x is
0.7∼0.95, y is 0.05∼0.3 and z is 0.00∼0.01.
[0039] Polymerization by heating or UV irradiation as described above results in complete formation of a gel polymer
electrolyte. More particularly, it is possible to control the polymerization degree of a gel polymer according to several
reaction factors such as polymerization time, polymerization temperature or irradiation dose, wherein polymerization
time depends on the kind of an initiator and polymerization temperature. According to the present invention, it is important
that the gel polymer electrolyte should be free from leakage and should not cause volumetric shrinking due to over-
polymerization of the electrolyte.

P In addition to the above in-situ polymerization method, another method may be used in forming a gel polymer
electrolyte comprising a eutectic mixture according to the present invention. The second method comprises injecting
the eutectic mixture into a preformed polymer or gel polymer so that the polymer or gel polymer can be impregnated
with the ionic liquid.
Non-limiting examples of the polymer that may be used include polymethyl methacrylate, polyvinylidene difluoride,
polyvinyl chloride, polyethylene oxide, polyhydroxyethyl methacrylate, etc. Any gel polymers known to one skilled
in the art may also be used. In this case, it is possible to simplify processing steps compared to the above in-situ
polymerization method.
Q The third method of forming a gel polymer electrolyte comprising a eutectic mixture according to the present
invention comprises dissolving the eutectic mixture and a polymer in a solvent and removing the solvent to form a
gel polymer electrolyte. In this method, the eutectic mixture is contained in the matrix formed of the polymer as
described above.

[0040] Although there is no particular limitation in selecting the solvent, non-limiting examples of the solvent include
toluene, acetone, acetonitrile, THF, etc. Additionally, there is no particular limitation in the method for removing the
solvent and any conventional heating methods may be used. However, the third method has a disadvantage in that
there is a need of a post-treatment step for removing a solvent in order to form the gel polymer electrolyte.
[0041] The electrolyte according to the present invention shows the following advantages, regardless of the particular
type thereof (i.e., electrolyte using the eutectic mixture alone, electrolyte comprising a polymer or gel polymer impregnated
with the eutectic mixture, or electrolyte obtained by in-situ polymerization of monomers capable of forming a gel polymer
by polymerization):
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a) The electrolyte has high electroconductivity.
b) The eutectic mixture shows a broader electrochemical window compared to organic solvents and ionic liquids.
c) It is possible to reduce side reaction in an electrochemical device due to the stability of the eutectic mixture.
d) There is no need of an additional lithium salt by virtue of the lithium salt contained in the eutectic mixture.
e) The electrolyte using the eutectic mixture is prepared with ease at low cost compared to conventional ionic liquids.
f) There is no problem of evaporation and exhaustion of electrolyte because the eutectic mixture has no vapor
pressure.
g) The eutectic mixture is inflammable.

<Electrochromic Device Using Electrolyte Comprising Eutectic Mixture>

[0042] The electrochromic device according to the present invention includes a first electrode and a second electrode,
disposed on a transparent or translucent substrate, and the electrolyte as disclosed herein, wherein the first electrode,
the second electrode, the electrolyte, or combinations thereof include an electrochromic material.
[0043] Non-limiting examples of the electrochromic material that may be used in the present invention include inorganic
metal oxides such as WO3, Ir(OH)x, MoO3, V2O5, TiO2, NiO , LiNiO , Li NiO , etc.; conductive polymers such as polypyr-
role, 2 x x 2 x polyaniline, polyazulene, polypyridine, polyindole, polycarbazole, polyazine, polythiophene, etc.; organic
electrochromic materials such as viologen, anthraquinone, phenocyazine, etc; and mixtures thereof.
[0044] More particularly, either or both of the first electrode and second electrode may be formed of a transparent
conductive film. Particular examples of the material for forming such transparent conductive films include ITO (indium
tin oxide), FTO (fluorine doped tin oxide), IZO (indium zinc oxide) or mixtures thereof.
[0045] The electrochromic device may be manufactured according to a conventional method known to one skilled in
the art. In one embodiment, the method includes the steps of: laminating the first electrode and second electrode by
means of an adhesive, injecting the above-described electrolyte into the gap between the first electrode and the second
electrode through an inlet and sealing the inlet.
[0046] There is no particular limitation in the kind of electrolyte injected to an electrochromic device. However, it is
preferable that (a) the eutectic mixture is used alone as electrolyte; (b) the electrolyte precursor solution comprising the
eutectic mixture and the monomer capable of forming a gel polymer is injected into the gap between both electrodes
and then in-situ polymerization is performed inside the electrodes to form the gel polymer electrolyte comprising the
eutectic mixture; or (c) a conventional polymer or gel polymer is impregnated with the eutectic mixture to form the gel
polymer electrolyte. Particularly, it is more preferable that the eutectic mixture-containing gel polymer electrolyte is
formed by in-situ polymerization performed between both electrodes of an electrochromic device. This results from the
following reasons. It is easier to inject the electrolyte into the gap between the electrodes compared to injection or
lamination of the gel polymer electrolyte impregnated with the eutectic mixture into the gap between the electrodes.
Additionally, it is possible to obtain more improved wetting and contacting capability between the eutectic mixture-
containing gel polymer electrolyte and the electrodes. Further, the in-situ polymerization method for forming the gel
polymer electrolyte is advantageous in that it is performed by very simple processing steps including a step of mixing a
eutectic mixture with a monomer at a predetermined ratio and a step of carrying out in-situ polymerization at an adequate
temperature to form the gel polymer electrolyte.
[0047] Practically, the electrochromic device using the eutectic mixture-containing electrolyte according to the present
invention provides the following advantages:

a) The developing/quenching rate of the electrochromic device is high, because the eutectic mixture has a higher
electroconductivity compared to conventional organic solvent-based electrolytes.
b) The eutectic mixture-containing electrolyte has a broad electrochemical window, and thus provides an electro-
chromic device with an improved response rate under the application of a higher drive voltage.
c) The gel polymer serves to retain the eutectic mixture, and thus solves the problem of electrolyte leakage and
allows thin-film formation and processing into film-shaped products.

Brief Description of the Drawings

[0048] The foregoing and other objects, features and advantages of the present invention will become more apparent
from the following detailed description when taken in conjunction with the accompanying drawings in which:

FIG. 1 is a schematic view showing a conventional electrochromic device;
FIG. 2 is a graph showing the reduction potential window of caprolactam-LiTFSI (Lithium Trifluoromethane sulfon-
imide) eutectic mixture (molar ratio 3:1) according to Example 4;
FIG. 3 is a graph showing the oxidation potential window of caprolactam-LiTFSI (Lithium Trifluoromethane sulfon-
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imide) eutectic mixture (molar ratio 3:1) according to Example 4;
FIG. 4 is a graph showing variations in transmittance with time for an electrochemical device using the electrolyte
comprising caprolactam-LiTFSI (Lithium Trifluoromethane sulfonimide) eutectic mixture (molar ratio 3:1) according
to Example 4; and
FIG. 5 is a graph showing variations in transmittance with time for electrochemical devices, each using the electrolyte
comprising acetamide-LiTFSI (Lithium Trifluoromethane sulfonimide) eutectic mixture (molar ratio 4:1) according to
Example 1, propylene carbonate (PC) according to Comparative Example 2, and ionic liquid ([EMIM][BF4]) according
to Comparative Example 3.

Mode for the Invention

[0049] Reference will now be made in detail to the preferred embodiments of the present invention. It is to be understood
that the following examples are illustrative only and the present invention is not limited thereto.

Preparation Example 1. Manufacture of electrochromic device using inorganic metal oxide-based electrochromic 
material in the absence of electrolyte

[0050] A working electrode was manufactured by forming a thin film of WO3 on ITO (indium tin oxide) glass (Samsung
Corning Co.) as transparent electrode through a sputtering process to a thickness of 150 nm. A counter electrode
provided with a thin film of NiO having a thickness of 150 nm was also manufactured in the same manner as described
above. The working electrode and the counter electrode were sealed together along their edges except a portion by
using a sealant containing a glass ball spacer, as shown in FIG.1, to provide an electrochromic device free from electrolyte.

Preparation Example 2. Manufacture of electrochromic device using conductive polymer-based electrochromic 
material in the absence of electrolyte

[0051] A working electrode was manufactured by coating PEDOT (poly-3,4-ethylenedioxythiophene) as electrode
material on ITO glass as transparent electrode through an electropolymerization process to a thickness of about 150
nm. A counter electrode provided with a coating layer of PAN (polyaniline) as electrode material having a thickness of
about 150 nm was also manufactured in the same manner as described above. The working electrode and the counter
electrode were treated in the same manner as the above Preparation Example 1 to provide an electrochromic device
free from electrolyte.

Preparation Example 3. Manufacture of electrochromic device using inorganic metal oxide-based electrochromic 
material in the absence of electrolyte

[0052] A working electrode was manufactured by forming a thin film of WO3 on FTO (fluorine doped tin oxide) glass
(Libby-Owens-Ford Glass Co.) as transparent electrode through a vapor deposition process to a thickness of 200 nm.
A counter electrode provided with a thin film of LiNiOx having a thickness of 230 nm was also manufactured in the same
manner as described above. The working electrode and the counter electrode were treated in the same manner as the
above Preparation Example 1 to provide an electrochromic device free from electrolyte.

[Examples 1-12]

Example 1

1-1. Preparation of acetamide-LiTFSI eutectic mixture

[0053] 5 g of purified acetamide and 6 g of LiTFSI (lithium trifluoromethanesulfonamide) were introduced into a round-
bottom flask and stirred gradually at room temperature under nitrogen atmosphere for 12 hours to provide 11 g of the
eutectic mixture of acetamide with LiTFSI.

1-2. Electrochromic device (1) comprising acetamide-LiTFSI eutectic mixture as liquid electrolyte

[0054] The eutectic mixture of acetamide with LiTFSI obtained from Example 1-1 was injected into the electrochromic
device obtained from Preparation Example 1. The electrochromic device developed a blue color and showed a trans-
mission of 32%. Upon quenching, the electrochromic device showed a transmission of 75%.
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1-3. Electrochromic device (2) comprising acetamide-LiTFSI eutectic mixture as liquid electrolyte

[0055] The eutectic mixture of acetamide with LiTFSI obtained from Example 1-1 was injected into the electrochromic
device obtained from Preparation Example 3. The electrochromic device developed a black color and showed a trans-
mission of 15%. Upon quenching, the electrochromic device showed a transmission of 74%.

1-4. Electrochromic device (1) comprising acetamide-LiTFSI eutectic mixture as gel polymer electrolyte

[0056] The eutectic mixture of acetamide with LiTFSI obtained from Example 1-1, HEMA (2-hydroxyethyl methacrylate)
as monomer and AMVN (azobisdimethyl-valeronitrile) as thermal polymerization initiator were mixed in a weight ratio
of 8:2:0.01 and the resultant mixture was injected into the electrochromic device obtained from Preparation Example 1
through an inlet for electrolyte. Then, the inlet was sealed with a UV sealant and polymerization was carried out at a
temperature of 55°C for 1 hour to form a gel polymer electrolyte. The electrochromic device developed a dark blue color
and showed a transmission of 33%. Upon quenching, the electrochromic device showed a transmission of 78%.

1-5. Electrochromic device (2) comprising acetamide-LiTFSI eutectic mixture as gel polymer electrolyte

[0057] Example 1-4 was repeated to form a gel polymer electrolyte, except that the eutectic mixture of acetamide with
LiTFSI obtained from Example 1-1 was injected into the electrochromic device obtained from Preparation Example 3.
The electrochromic device developed a black color and showed a transmission of 18%. Upon quenching, the electro-
chromic device showed a transmission of 74%.

1-6. Electrochromic device (3) comprising acetamide-LiTFSI eutectic mixture as gel polymer electrolyte

[0058] Example 1-4 was repeated to provide an electrochromic device including a eutectic mixture-containing gel
polymer electrolyte, except that the electrochromic device obtained from Preparation Example 2 was used instead of
the electrochromic device obtained from Preparation Example 1. The electrochromic device developed a dark blue color
and showed a transmission of 17%. Upon quenching, the electrochromic device showed a transmission of 55%.

1-7. Electrochromic device (4) comprising acetamide-LiTFSI eutectic mixture as gel polymer electrolyte

[0059] The eutectic mixture of acetamide with LiTFSI obtained from Example 1-1, TAEI (tris[2-(acryloxy)ethyl] isocy-
anurate) as crosslinking agent, MPEGM (methoxy poly(ethylene)glycol)methacrylate) as monomer and Irgacure-184
(available from Ciba-Geigy Corp.) as UV polymerization initiator were mixed in a weight ratio of 50:0.5:50:10 to provide
an electrolyte precursor and the resultant electrolyte precursor was injected into the electrochromic device obtained
from Preparation Example 1 through an inlet for electrolyte. Then, the inlet was sealed with a UV sealant and polymer-
ization was carried out by UV irradiation for 30 minutes to form a gel polymer electrolyte. The electrochromic device
using such transparent gel polymer electrolyte developed a dark blue color and showed a transmission of 30%. Upon
quenching, the electrochromic device showed a transmission of 81%.

1-8. Electrochromic device (5) comprising acetamide-LiTFSI eutectic mixture as gel polymer electrolyte

[0060] Example 1-7 was repeated to provide an electrochromic device including a eutectic mixture-containing gel
polymer electrolyte, except that the electrochromic device obtained from Preparation Example 3 was used instead of
the electrochromic device obtained from Preparation Example 1. The electrochromic device developed a black color
and showed a transmission of 19%. Upon quenching, the electrochromic device showed a transmission of 75%.

Example 2

[0061] Example 1-1 was repeated to provide 9.6 g of the eutectic mixture of urea with LiTFSI, except that 3.6 g of
purified urea was used instead of 5 g of purified acetamide and the starting materials were stirred gradually at 70°C
under nitrogen atmosphere for 12 hours. Additionally, electrochromic devices were provided by using the urea-LiTFSI
eutectic mixture in the same manner as Examples 1-2 to 1-8.

Example 3

[0062] Example 1-1 was repeated to provide 7 g of the eutectic mixture of methylurea with LiTFSI (lithium trifluor-
omethanesulfonamide), except that 3.1 g of methylurea and 4 g of LiTFSI were used instead of 5 g of purified acetamide
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and 6 g of LiTFSI, and the starting materials were stirred gradually at 30°C under nitrogen atmosphere for 12 hours.
Additionally, electrochromic devices were provided by using the methylurea-LiTFSI eutectic mixture in the same manner
as Examples 1-2 to 1-8.

Example 4

4-1. Preparation of caprolactam-LiTFSI eutectic mixture

[0063] 5.9 g of purified caprolactam and 5 g of LiTFSI were introduced into a round-bottom flask and stirred gradually
at 40°C under nitrogen atmosphere for 5 minutes and then at room temperature for 4 hours to provide 10.5 g of the
eutectic mixture of caprolactam with LiTFSI.

4-2. Electrochromic device comprising caprolactam-LiTFSI eutectic mixture as liquid electrolyte

[0064] Example 1-2 was repeated to provide an electrochromic device, except that the caprolactam-LiTFSI eutectic
mixture obtained from Example 4-1 was used instead of the acetamide-LiTFSI eutectic mixture obtained from Example
1-1. The electrochromic device developed a blue color and showed a transmission of 31%. Upon quenching, the elec-
trochromic device showed a transmission of 77%.

4-3. Electrochromic device comprising caprolactam-LiTFSI eutectic mixture as gel polymer electrolyte

[0065] Example 1-3 was repeated to provide an electrochromic device, except that the caprolactam-LiTFSI eutectic
mixture obtained from Example 4-1 was used instead of the acetamide-LiTFSI eutectic mixture obtained from Example
1-1. The electrochromic device developed a black color and showed a transmission of 18%. Upon quenching, the
electrochromic device showed a transmission of 73%.

4-4. Electrochromic device comprising caprolactam-LiTFSI eutectic mixture as gel polymer electrolyte

[0066] Example 1-4 was repeated to provide an electrochromic device, except that the caprolactam-LiTFSI eutectic
mixture obtained from Example 4-1 was used instead of the acetamide-LiTFSI eutectic mixture obtained from Example
1-1. The electrochromic device developed a blue color and showed a transmission of 32%. Upon quenching, the elec-
trochromic device showed a transmission of 79%.

Example 5

[0067] Example 1-1 was repeated to provide 10.7 g of the eutectic mixture of valerlactam with LiTFSI (lithium trifluor-
omethanesulfonamide), except that 5.7 g of valerlactam and 5 g of LiTFSI were used instead of 5 g of purified acetamide
and 6 g of LiTFSI, and the starting materials were stirred gradually at 30°C under nitrogen atmosphere for 10 minutes
and then at room temperature for 10 hours. Additionally, electrochromic devices were provided by using the valerlactam-
LiTFSI eutectic mixture in the same manner as Examples 1-2 to 1-8.

Example 6

[0068] Example 1-1 was repeated to provide 8.7 g of the eutectic mixture of trifluoroacetamide with LiTFSI, except
that 4.7 g of purified trifluoroacetamide and 4 g of LiTFSI were used instead of 5 g of purified acetamide and 6 g of
LiTFSI, and the starting materials were stirred at 40°C for 5 minutes and then at room temperature for 3 hours. Additionally,
electrochromic devices were provided by using the trifluoroacetamide-LiTFSI eutectic mixture in the same manner as
Examples 1-2 to 1-8.

Example 7

[0069] Example 1-1 was repeated to provide 7 g of the eutectic mixture of methylurea with LiClO4 (lithium perchlorate),
except that 3.1 g of purified methylurea and 4 g of LiClO 4 were used instead of 5 g of purified acetamide and 6 g of
LiTFSI, and the starting materials were stirred gradually at 50°C under nitrogen atmosphere for 4 hours and then cooled
to room temperature. Additionally, electrochromic devices were provided by using the methylurea-LiClO4 eutectic mixture
in the same manner as Examples 1-2 to 1-8.
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Example 8

[0070] Example 1-1 was repeated to provide 11 g of the eutectic mixture of acetamide with LiSO2CF3(lithium triflate),
except that 5.7 g of purified acetamide and 5 g of LiSO2CF3 were used instead of 5 g of purified acetamide and 6 g of
LiTFSI, and the starting materials were stirred gradually at 30°C under nitrogen atmosphere for 10 hours. Additionally,
electrochromic devices were provided by using the acetamide-LiSO2CF3 eutectic mixture in the same manner as Ex-
amples 1-2 to 1-8.

Example 9

[0071] Example 1-1 was repeated to provide 12 g of the eutectic mixture of methylurea with LiSO2CF3 (lithium triflate),
except that 7.1 g of purified methylurea and 5 g of LiSO2CF3 were used instead of 5 g of purified acetamide and 6 g of
LiTFSI, and the starting materials were stirred gradually at 50°C under nitrogen atmosphere for 4 hours and then cooled
to room temperature. Additionally, electrochromic devices were provided by using the methylurea-LiSO2CF3 eutectic
mixture in the same manner as Examples 1-2 to 1-8.

Example 10

[0072] Example 1-1 was repeated to provide 12 g of the eutectic mixture of methylcarbamate with LiTFSI, except that
7.6 g of purified methylcarbamate and 10 g of LiTFSI were used instead of 5 g of purified acetamide and 6 g of LiTFSI,
and the starting materials were stirred gradually at room temperature under nitrogen atmosphere for 3 hours. Additionally,
electrochromic devices were provided by using the methylcarbamate-LiTFSI eutectic mixture in the same manner as
Examples 1-2 to 1-8.

Example 11

[0073] Example 1-1 was repeated to provide 17 g of the eutectic mixture of N-benzylforamide with LiTFSI, except that
14.1 g of purified N-benzylforamide and 10 g of LiTFSI were used instead of 5 g of purified acetamide and 6 g of LiTFSI,
and the starting materials were stirred gradually at 40°C under nitrogen atmosphere for 10 minutes and then at room
temperature for 3 hours. Additionally, electrochromic devices were provided by using the benzylforamide-LiTFSI eutectic
mixture in the same manner as Examples 1-2 to 1-8.

Example 12

[0074] Example 1-1 was repeated to provide 22 g of the eutectic mixture of methylcarbamate with LiSCN, except that
17.1 g of purified methylcarbamate and 5 g of LiSCN were used instead of 5 g of purified acetamide and 6 g of LiTFSI,
and the starting materials were stirred gradually at 50°C under nitrogen atmosphere for 4 hours and then cooled to room
temperature. Additionally, electrochromic devices were provided by using the methylcarbamate-LiSCN eutectic mixture
in the same manner as Examples 1-2 to 1-8.

[Comparative Examples 1-3]

Comparative Example 1. Electrochromic device comprising liquid electrolyte

[0075] An electrochromic device was manufactured in the same manner as described in Example 1-2, except that
GBL (γ-butyrolactone) containing 1M LiClO4 was used as liquid electrolyte. The electrochromic device developed a dark
blue color and showed a transmission of 34%. Upon quenching, the electrochromic device was transparent and showed
a transmission of 76%. However, because the electrochromic device used an organic solvent as electrolyte, it caused
a problem related with evaporation and exhaustion of electrolyte. Additionally, there was still a possibility for side reactions
resulting in decomposition of organic substances when the electrochromic device was subjected to repeated develop-
ing/quenching cycles for a long time.

Comparative Example 2. Electrochromic device comprising liquid electrolyte

[0076] An electrochromic device was manufactured in the same manner as described in Example 1-2, except that
propylene carbonate (PC) was used as liquid electrolyte instead of GBL (γ-butyrolactone) containing 1M LiClO4. The
electrochromic device developed a dark blue color and showed a transmission of 32%. Upon quenching, the electro-
chromic device was transparent and showed a transmission of 74%. However, because the electrochromic device used
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an organic solvent as electrolyte, it caused a problem related with evaporation and exhaustion of the electrolyte. Addi-
tionally, there was still a possibility for side reactions resulting in decomposition of organic substances when the elec-
trochromic device was subjected to repeated developing/ quenching cycles for a long time

Comparative Example 3. Electrochromic device comprising ionic liquid electrolyte

[0077] An electrochromic device was manufactured in the same manner as described in Example 1-2, except that
ionic liquid of [EMIM][BF4] (1-ethyl-3-methylimidazolium tetrafluoroborate) was used as the liquid electrolyte. The elec-
trochromic device developed a dark blue color and showed a transmission of 41%. Upon quenching, the electrochromic
device was transparent and showed a transmission of 67% (see, FIG. 5). Through the use of ionic liquid, problems
related with a residual image upon quenching and decomposition of the electrolyte could be solved. However, there
were still problems of electrolyte leakage and non-applicability to formation into thin films and film-shaped products.

Experimental Example 1. Evaluation for physical properties of eutectic mixtures

[0078] The following test was performed to evaluate physical properties of eutectic mixtures according to the present
invention.
[0079] Each of the eutectic mixtures according to Examples 1-12 was used as sample, and each of acetamide and
LiTFSI was used as control. Melting point of each compound was measured by using DSC (differential scanning calo-
rimeter). The results are shown in the following Table 1.
[0080] After the experiment, acetamide and LiTFSI have a melting point of 81.2°C and 234°C, respectively. On the
contrary, the eutectic mixture obtained from acetamide and LiTFSI according to Example 1 showed a melting point of
-67°C. This indicates that the amide compound forms a eutectic mixture together with the lithium salt. Similarly, each of
the eutectic mixtures according to Examples 2 to 12 showed a low melting point. Therefore, the eutectic mixture according
to the present invention is present in a liquid phase at a room temperature (see Table 1).



EP 1 792 229 B1

14

5

10

15

20

25

30

35

40

45

50

55

T
ab

le
 1

E
xa

m
pl

e
C

om
po

un
d 

ha
vi

ng
 a

ci
di

c 
fu

nc
tio

na
l g

ro
up

 a
nd

 b
as

ic
 

fu
nc

tio
na

l g
ro

up

Li
th

iu
m

 
sa

lt
m

.p
. 

(°
C

)

R
at

io
 (

C
om

po
un

d 
ha

vi
ng

 a
ci

di
c 

fu
nc

tio
na

l g
ro

up
 a

nd
 b

as
ic

 fu
nc

tio
na

l 
gr

ou
p:

 L
ith

iu
m

 s
al

t)

C
on

du
ct

iv
ity

 
(m

S
/c

m
)

E
le

ct
ro

ch
em

ic
al

 
w

in
do

w
 (

vs
 L

i/T
i+

)
V

is
co

si
ty

 
(c

P
)

1
A

ce
ta

m
id

e
Li

T
F

S
I

-6
7

4:
1

1.
07

0.
7∼

4.
4

10
0

2
U

re
a

Li
T

F
S

I
-3

7.
7

3:
1

0.
23

0.
8∼

3.
8

11
90

3
M

et
hy

lu
re

a
Li

T
F

S
I

-8
.2

3:
1

0.
12

0.
5∼

5.
3

67
7

4
C

ap
ro

la
ct

am
Li

T
F

S
I

-3
8.

5
3:

1
0.

03
0∼

5.
5

31
00

5
V

al
er

la
ct

am
Li

T
F

S
I

-4
4.

8
3:

1
0.

17
0.

5∼
5.

5
91

0

6
T

rif
lu

or
oa

ce
ta

m
id

e
Li

T
F

S
I

-1
0.

7
3:

1
0.

83
0.

9∼
6.

7
89

7
M

et
hy

lu
re

a
Li

C
lO

4
-9

.2
3:

1
0.

22
1.

3∼
5.

3
99

0

8
A

ce
ta

m
id

e
Li

S
O

2C
F

3
-5

0.
3

3:
1

3.
47

0.
8∼

5.
5

30

9
M

et
hy

lu
re

a
Li

S
O

2C
F

3
-3

4.
4

3:
1

2.
50

0.
7∼

5.
7

85

10
M

et
hy

lc
ar

ba
m

at
e

Li
T

F
S

I
-6

5
3:

1
1.

43
1.

3∼
6.

4
23

11
N

-b
en

zy
l f

or
am

id
e

Li
T

F
S

I
-5

1.
7

3:
1

0.
3

1.
2∼

5.
3

79

12
M

et
hy

lc
ar

ba
m

at
e

Li
S

C
N

10
3:

1
1.

7
1.

4∼
4.

6
22

C
on

tr
ol

A
ce

ta
m

id
e

81
.2

C
on

tr
ol

Li
T

F
S

I
23

4



EP 1 792 229 B1

15

5

10

15

20

25

30

35

40

45

50

55

Experimental Example 2. Evaluation for quality of electrochromic device (1)

[0081] Reflectance of each electrochromic device comprising a eutectic mixture according to the present invention as
electrolyte was measured as follows.
[0082] The electrochromic device comprising the caprolactam-LiTFSI eutectic mixture-containing electrolyte according
to Example 4 was used for measurement of reflectance. The electrochromic device showed a transmittance of about
30%, upon color quenching (see, FIG. 4). Additionally, a response rate of several seconds is needed for color developing
and quenching. This indicates that the electrochromic device realizes color developing and quenching as electrochromic
device.

Experimental Example 3. Evaluation for quality of electrochromic device depending on the kind of electrolyte(2)

[0083] Each electrochromic device using the eutectic mixture according to the present invention, a conventional organic
solvent or an ionic liquid as electrolyte was evaluated for quality as follows.
[0084] The electrochromic device using the eutectic mixture (AAL) obtained from Example 1 as electrolyte was used.
The electrochromic device using propylene carbonate (PC), a conventional organic solvent, as liquid electrolyte according
to Comparative Example 2 and the electrochromic device using an ionic liquid electrolyte ([EMIM][BF4]) according to
Comparative Example 3 were used as controls.
[0085] After measuring color developing/quenching rate of each electrochromic device, the electrochromic device
using an ionic liquid electrolyte ([EMIM][BF4]) according to Comparative Example 3 showed a significantly low color
developing/quenching rate. On the contrary, the electrochromic device using the eutectic mixture (AAL, 99.6 cp) obtained
from Example 1 as electrolyte showed a color developing/quenching rate comparable to that of the electrochromic device
using the organic solvent (PC, 0.6 cp) as electrolyte according to Comparative Example 2, even though the eutectic
mixture has a significantly higher viscosity compared to the organic solvent (see, FIG. 5).

Industrial Applicability

[0086] As can be seen from the foregoing, the electrochromic device according to the present invention uses an
electrolyte comprising a eutectic mixture, which is cost-efficient and has excellent thermal and chemical stability. There-
fore, there are no problems related with evaporation and exhaustion as well as flammability of electrolyte. Additionally,
it is possible to minimize side reactions between constitutional elements of an electrochromic device and electrolyte,
thereby improving the safety. Further, it is also possible to improve the quality of an electrochromic device by virtue of
a broad electrochemical window and high electroconductivity of the eutectic mixture.
[0087] While this invention has been described in connection with what is presently considered to be the most practical
and preferred embodiment, it is to be understood that the invention is not limited to the disclosed embodiment and the
drawings. On the contrary, it is intended to cover various modifications and variations within the scope of the appended
claims.

Claims

1. An electrolyte precursor solution for an electrochromic device, comprising

(i) a eutectic mixture comprising (a) an amide compound; and (b) an ionizable lithium salt; and
(ii) a monomer capable of forming a gel polymer by polymerization.

2. The electrolyte precursor solution according to claim 1, wherein the lithium salt has at least one anion selected from
the group consisting of F-, Cl-, Br-, I-, NO3

-, N(CN)2-, BF4
-, ClO4

-, RSO3
-, RCOO-; PF6

-, (CF3)2PF4
-, (CF3)3PF3

-,
(CF3)4PF2

-, (CF3)5PF-, (CF3)6P-, (CF3SO3
-)2, (CF2CF2SO3

-)2, (CF3SO3)2N-, CF3CF2(CF3)2CO-, (CF3SO2)2CH-,
(SF5)3C-, (CF3SO2)3C-, CF3(CF2)7SO3

-, CF3CO2
-, CH3CO2

- , SCN and (CF3CF2SO2
-)2N.

3. The electrolyte precursor solution according to claim 1, wherein the amide compound (a) is a cyclic amide compound
or a linear amide compound.

4. The electrolyte precursor solution according to claim 1, wherein the amide compound is selected from the group
consisting of acetamide, urea, methyl urea, caprolactam, valerolactam, carbamate, formate and mixture thereof.

5. The electrolyte precursor solution according to claim 1, wherein the monomer is a vinyl monomer.
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6. The electrolyte precursor solution according to claim 5, wherein the vinyl monomer is at least one selected from the
group consisting of acrylonitrile, methyl methacrylate, methyl acrylate, methacrylonitrile, methyl styrene, vinyl esters,
vinyl chloride, vinylidene chloride, acrylamide, tetrafluoroethylene, vinyl acetate, methyl vinyl ketone, ethylene, sty-
rene, para-methoxystyrene and para-cyanostyrene.

7. The electrolyte precursor solution according to claim 1, wherein the electrolyte precursor solution further comprises
a polymerization initiator or photoinitiator.

8. The electrolyte precursor solution according to claim 1, wherein the electrolyte precursor solution has a mixing ratio,
on the weight basis, of 0.5-0.95 : 0.05-0.5 : 0.00-0.05, when expressed in terms of (ionic liquid) x : (monomer capable
of forming a gel polymer by polymerization) y : (polymerization initiator) z, with the proviso that x+y+z=1.

9. A gel polymer electrolyte, which is prepared by in-situ polymerization of the electrolyte precursor solution according
any of claims 1 to 8 inside said electrochromic device.

10. An electrochromic device comprising:

a first electrode;
(b) a second electrode;
(c) an electrochromic material; and
(d) the electrolyte precursor solution as defined in any one of claims 1 to 8 or the gel polymer electrolyte as
defined in claim 9.

11. The electrochromic device according to claim 10, which comprises the electrochromic material in at least one of the
first electrode, second electrode and the electrolyte.

12. The electrochromic device according to claim 10, wherein the electrochromic material comprises: (a) an inorganic
metal oxide selected from the group consisting of WO3, Ir(OH)x, MoO3, V2O5, TiO2, NiOx, LiNiOx and Li2NiOx; (b)
a conductive polymer selected from the group consisting of polypyrrole, polyaniline, polyazulene, polypyridine,
polyindole, polycarbazole, polyazine and polythiophene; or (c) an organic electrochromic material selected from the
group consisting of viologen, anthraquinone and phenocyazine.

13. The electrochromic device according to claim 10, wherein either or both of the first electrode and second electrode
comprise a transparent conductive film.

14. The electrochromic device according to claim 13, wherein the transparent conductive film is formed of at least one
material selected from the group consisting of ITO (indium tin oxide), FTO (fluorine doped tin oxide) and IZO (indium
zinc oxide).

Patentansprüche

1. Elektrolytvorläuferlösung für eine elektrochrome Vorrichtung, umfassend

(i) eine eutektische Mischung, umfassend (a) eine Amidverbindung; und (b) ein ionisierbares Lithiumsalz; und
(ii) ein Monomer, das ein Gelpolymer durch Polymerisation bilden kann.

2. Elektrolytvorläuferlösung gemäß Anspruch 1, wobei das Lithiumsalz wenigstens ein Anion aufweist, das ausgewählt
ist aus der Gruppe, bestehend aus F-, Cl-, Br-, I-, NO3

-, N(CN)2-, BF4
-, ClO4

-, RSO3
-, RCOO-; PF6

-, (CF3)2PF4
-,

(CF3)3PF3
-, (CF3)4PF2

-, (CF3)5PF-, (CF3)6P-, (CF3SO3
-)2, (CF2CF2SO3

-)2, (CF3SO3)2N-, CF3CF2(CF3)2CO-,
(CF3SO2)2CH-, (SF5)3C-, (CF3SO2)3C-, CF3(CF2)7SO3

-, CF3CO2
-, CH3CO2

-, SCN und (CF3CF2SO2
-)2N.

3. Elektrolytvorläuferlösung gemäß Anspruch 1, wobei die Amidverbindung (a) eine cyclische Amidverbindung oder
eine lineare Amidverbindung ist.

4. Elektrolytvorläuferlösung gemäß Anspruch 1, wobei die Amidverbindung ausgewählt ist aus der Gruppe, bestehend
aus Acetamid, Harnstoff, Methylharnstoff, Caprolactam, Valerolactam, Carbamat, Formiat und Mischung davon.



EP 1 792 229 B1

17

5

10

15

20

25

30

35

40

45

50

55

5. Elektrolytvorläuferlösung gemäß Anspruch 1, wobei das Monomer ein Vinylmonomer ist.

6. Elektrolytvorläuferlösung gemäß Anspruch 5, wobei das Vinylmonomer wenigstens eines ist, das ausgewählt ist
aus der Gruppe, bestehend aus Acrylnitril, Methylmethacrylat, Methylacrylat, Methacrylnitril, Methylstyrol, Vinyles-
tern, Vinylchlorid, Vinylidenchlorid, Acrylamid, Tetrafluorethylen, Vinylacetat, Methylvinylketon, Ethylen, Styrol, para-
Methoxystyrol und para-Cyanostyrol.

7. Elektrolytvorläuferlösung gemäß Anspruch 1, wobei die Elektrolytvorläuferlösung ferner einen Polymerisationsini-
tiator oder Photoinitiator umfasst.

8. Elektrolytvorläuferlösung gemäß Anspruch 1, wobei die Elektrolytvorläuferlösung ein Mischungsverhältnis auf Ge-
wichtsbasis von 0,5-0,95 : 0,05-0,5 : 0,00-0,05 aufweist, ausgedrückt als (ionische Flüssigkeit) x : (Monomer, das
im Stande ist, ein Gelpolymer durch Polymerisation zu bilden) y : (Polymerisationsinitiator) z, mit der Maßgabe,
dass x+y+z=1 ist.

9. Gelpolymerelektrolyt, der durch in-situ-Polymerisation der Elektrolytvorläuferlösung gemäß einem der Ansprüche
1 bis 8 innerhalb der genannten elektrochromen Vorrichtung hergestellt wird.

10. Elektrochrome Vorrichtung, umfassend:

(a) eine erste Elektrode;
(b) eine zweite Elektrode;
(c) ein elektrochromes Material; und
(d) die gemäß einem der Ansprüche 1 bis 8 definierte Elektrolytvorläuferlösung oder den gemäß Anspruch 9
definierten Gelpolymerelektrolyten.

11. Elektrochrome Vorrichtung gemäß Anspruch 10, die das elektrochrome Material in wenigstens einem von der ersten
Elektrode, der zweiten Elektrode und dem Elektrolyten umfasst.

12. Elektrochrome Vorrichtung gemäß Anspruch 10, wobei das elektrochrome Material umfasst: (a) ein anorganisches
Metalloxid, ausgewählt aus der Gruppe, bestehend aus WO3, Ir(OH)x, MoO3, V2O5, TiO2, NiOx, LiNiOx und Li2NiOx;
(b) ein leitfähiges Polymer, ausgewählt aus der Gruppe, bestehend aus Polypyrrol, Polyanilin, Polyazulen, Polypy-
ridin, Polyindol, Polycarbazol, Polyazin und Polythiophen; oder (c) ein organisches elektrochromes Material, aus-
gewählt aus der Gruppe, bestehend aus Viologen, Anthrachinon und Phenocyazin.

13. Elektrochrome Vorrichtung gemäß Anspruch 10, wobei eine oder beide der ersten Elektrode und der zweiten Elek-
trode einen transparenten leitfähigen Film umfassen.

14. Elektrochrome Vorrichtung gemäß Anspruch 13, wobei der transparente leitfähige Film gebildet ist aus wenigstens
einem Material, ausgewählt aus der Gruppe, bestehend aus ITO (Indiumzinnoxid), FTO (Fluor-dotiertes Zinnoxid)
und IZO (Indiumzinkoxid).

Revendications

1. Solution de précurseur d’électrolyte pour un dispositif électrochrome, comprenant

(i) un mélange eutectique comprenant (a) un composé amide ; et (b) un sel de lithium ionisable; et
(ii) un monomère capable de former un polymère de gel par polymérisation.

2. Solution de précurseur d’électrolyte selon la revendication 1, dans laquelle le sel de lithium a au moins un anion
sélectionné dans le groupe constitué de F-, Cl-, Br-, I-, NO3

-, N(CN)2-, BF4
-, ClO4

-, RSO3
-, RCOO-; PF6

-, (CF3)2PF4
-

, (CF3)3PF3
-, (CF3)4PF2

-, (CF3)5PF-, (CF3)6P-, (CF3SO3
-)2. (CF2CF2SO3

-)2, (CF3SO3)2N-, CF3CF2(CF3)2CO-,
(CF3SO2)2CH-, (SF5)3C-, (CF3SO2)3C-, CF3(CF2)7SO3

-, CF3CO2
-, CH3CO2

-, SCN et (CF3CF2SO2
-)2N.

3. Solution de précurseur d’électrolyte selon la revendication 1, dans laquelle le composé amide (a) est un composé
amide cyclique ou un composé amide linéaire.
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4. Solution de précurseur d’électrolyte selon la revendication 1, dans laquelle le composé amide est sélectionné dans
le groupe constitué d’acétamide, d’urée, de méthylurée, de caprolactame, de valérolactame, de carbamate, de
formiate et d’un mélange de ceux-ci.

5. Solution de précurseur d’électrolyte selon la revendication 1, dans laquelle le monomère est un monomère vinylique.

6. Solution de précurseur d’électrolyte selon la revendication 5, dans laquelle le monomère vinylique est au moins un
sélectionné dans le groupe constitué d’acrylonitrile, de méthacrylate de méthyle, d’acrylate de méthyle, de métha-
crylonitrile, de méthylstyrène, d’esters de vinyle, de chlorure de vinyle, de chlorure de vinylidène, d’acrylamide, de
tétrafluoroéthylène, d’acétate de vinyle, de méthylvinylcétone, d’éthylène, de styrène, de para-méthoxystyrène et
de paracyan styrène.

7. Solution de précurseur d’électrolyte selon la revendication 1, dans laquelle la solution de précurseur d’électrolyte
comprend en outre un initiateur ou un photo-initiateur de polymérisation.

8. Solution de précurseur d’électrolyte selon la revendication 1, dans laquelle la solution de précurseur d’électrolyte
a un rapport de mélange, sur la base du poids, de 0,5-0,95 : 0,05-0,5 : 0,00-0,05, lorsqu’il est exprimé en termes
de (liquide ionique) x : (monomère capable de former un polymère de gel par polymérisation) y : (initiateur de
polymérisation) z, sous réserve que x + y + z = 1.

9. Electrolyte de polymère de gel, qui est préparé par polymérisation in situ de la solution de précurseur d’électrolyte
selon l’une quelconque des revendications 1 à 8 dans ledit dispositif électrochrome.

10. Dispositif électrochrome comprenant :

(a) une première électrode;
(b) une deuxième électrode ;
(c) un matériau électrochrome ; et
(d) la solution de précurseur d’électrolyte telle que définie dans l’une quelconque des revendications 1 à 8 ou
l’électrolyte de polymère de gel tel que défini dans la revendication 9.

11. Dispositif électrochrome selon la revendication 10, qui comprend le matériau électrochrome dans au moins l’une
de la première électrode, de la deuxième électrode et de l’électrolyte.

12. Dispositif électrochrome selon la revendication 10, dans lequel le matériau électrochrome comprend : (a) un oxyde
métallique inorganique sélectionné dans le groupe constitué de WO3, d’Ir(OH)x, de MoO3, de V2O5, de TiO2, de
NiOx, de LiNiOx et de Li2NiOx ; (b) un polymère conducteur sélectionné dans le groupe constitué de polypyrrole, de
polyaniline, de polyazulène, de polypyridine, de polyindole, de polycarbazole, de polyamine et de polythiophène ;
ou (c) un matériau électrochrome organique sélectionné dans le groupe constitué de viologen, d’anthraquinone et
de phénocyazine.

13. Dispositif électrochrome selon la revendication 10, dans lequel l’une ou l’autre de la première électrode et de la
deuxième électrode comprend un film conducteur transparent, ou les deux.

14. Dispositif électrochrome selon la revendication 13, dans lequel le film conducteur transparent est formé d’au moins
un matériau sélectionné dans le groupe constitué d’ITO (oxyde d’indium et d’étain), de FTO (oxyde d’étain dopé au
fluor) et d’IZO (oxyde d’indium et de zinc).
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