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Description

Technical Field

[0001] The present invention relates to an electrochromic element.

Background Art

[0002] Electrochromism is a phenomenon where a material reversibly undergoes an oxidation-reduction reaction as
a result of application of voltage and thus is reversibly changed in color. An electrochromic material exhibiting the
electrochromism typically undergoes an oxidation-reduction reaction in a configuration where the electrochromic material
is formed between two opposing electrodes and an ion-conductive electrolyte layer is filled between the electrodes.
When a reduction reaction occurs adjacent to one of the two opposing electrodes, an oxidation reaction, which is a
reverse reaction of the reduction reaction, occurs adjacent to the second electrode. That is, in a device using the
electrochromic material, when voltage is applied, the electrochromic material is colored at both of the electrodes and is
changed a hue or optical density.
[0003] There has been disclosed an electrochromic element including the electrochromic material (see, for example,
PTL 1). When a transparent display device is produced using the electrochromic material, or when a device having a
configuration, in which three coloring layers of cyan (C), magenta (M), and yellow (Y) are laminated, is produced for a
full-color display, it is necessary that the electrochromic element is formed of a material that is colorless and transparent
in a discolored state.
[0004] As the electrochromic material, there have been utilized viologen compounds exhibiting an electrochromic
phenomenon where the compounds are colorless and transparent in a neutral state but are colored in a reduced state.
When the viologen compounds are used, titanium oxide is suitably used. It has been reported that use of titanium oxide
particles as electrochromic-compound bearing particles in a laminate is capable of achieving high optical density and a
high contrast ratio.
[0005] There have been reported triarylamine compounds as an electrochromic material that is transparent in a neutral
state but are colored in an oxidized state (see, for example, NPL 1). There has also proposed a combination of reactive,
oppositely-polarized compound materials including a triarylamine polymer and a viologen compound (see, for example,
PTL 2). However, the combination is unsatisfactory. This is because optical density and stability to repetitive use have
been mentioned in the document, but coloring after repetitive use has not been studied.
[0006] Therefore, there has not been provided an electrochromic element that is operable at a relatively low drive
voltage and is excellent in durability to repetitive use and re-responsivity.

Citation List

Patent Literature

[0007]

PTL 1: Japanese Unexamined Patent Application Publication No. 11-183938
PTL 2: Japanese Unexamined Patent Application Publication No. 2016-45464

[0008] WO 2016/021129 A1 discloses an electrochromic element, which contains: a first electrode; a second electrode;
and an electrolyte provided between the first electrode and the second electrode, wherein the first electrode contains a
polymer product obtained through polymerization of an electrochromic composition where the electrochromic composition
contains a radical polymerizable compound containing triarylamine.
[0009] EP 3 268 448 A1 discloses an electrochromic compound represented by the following general formula (1)
where X1 and X2 are each independently a carbon atom or a nitrogen atom, R1, R2 and R3 are each independently a
halogen atom, a substituted or unsubstituted alkyl group, or a substituted or unsubstituted alkoxy group, x is an integer
selected from 0 through 3, y and z are each independently an integer selected from 0 through 4, and at least one of L1
and L2 is a monovalent functional group bonded to a nitrogen atom of a pyridinium ring directly, or via a divalent substituent.
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[0010] WO 2016/021129 A1 and EP 3 268 448 A1 are intermediate documents within the sense of Art. 54(3) EPC.
[0011] EP 0 995 786 A1 discloses an electrochromic device which has an ion conductive layer obtained by curing a
composition comprising (a) a bipyridinium compound represented by formula (1), (b) a specific amine compound and
(c) a precursor component of a polymeric solid electrolyte, disposed between two electrically conductive substrates at
least one of which is transparent, said formula (1) being

wherein X- and Y- are the same or different and are each independently a counter anion selected from the group
consisting of an halogen anion, ClO4-, BF4-, PF6-, CH3COO- and CH3(C6H4)SO3-, R1 is hydrogen or a C1 - C5 alkyl
group, R2 is a C1 - C30 divalent hydrocarbon or oxygen-containing hydrocarbon group, R3 is a C1 - C20 hydrocarbon or
oxygen-containing hydrocarbon group and a is an integer of 0 or 1.

Non Patent Literature

[0012] NPL 1: Org. Electron. 2014, 15, 428-434.

Summary of Invention

Technical Problem

[0013] The present invention has an object to provide an electrochromic element that is operable at a relatively low
drive voltage and is excellent in durability to repetitive use and responsivity.

Solution to Problem

[0014] The scope of the invention is defined in the appended claims. Any reference to "embodiment(s)", "example(s)"
or "aspect(s) of the invention" in this description not falling under the scope of the claims should be interpreted as
illustrative example(s) for understanding the invention.
[0015] An electrochromic element of the present invention as a means for solving the aforementioned problems includes
a first electrode, a second electrode, and an electrolyte. The second electrode is opposed to and apart from the first
electrode. The electrolyte is between the first electrode and the second electrode.
[0016] The first electrode includes a polymerized product of an electrochromic composition that includes a radical-
polymerizable compound including a triarylamine backbone. The second electrode includes a compound represented
by General Formula (I) below.

[0017] In the General Formula (I), R1 and R2 each denote a hydrogen atom, an aryl group including 14 or less carbon
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atoms, a heteroaryl group including 14 or less carbon atoms, a branched alkyl group including 10 or less carbon atoms,
an alkenyl group including 10 or less carbon atoms, a cycloalkyl group including 10 or less carbon atoms, or a functional
group that is capable of binding to a hydroxyl group, wherein the functional group that is capable of binding to a hydroxyl
group is a phosphonate group, a phosphate group, a carboxylate group, a sulfonyl group, a silyl group, or a silanol group;
n and m each denote an integer, wherein both of m and n in the General Formula (I) are 4 or more but 10 or less; and
X- denotes a charge-neutralizing ion.

Advantageous Effects of Invention

[0018] The present invention is capable of providing an electrochromic element that is operable at a relatively low
drive voltage and is excellent in durability to repetitive use and responsivity.

Brief Description of Drawings

[0019] [fig.1]FIG. 1 is a cross-sectional view schematically illustrating one exemplary configuration of an electrochromic
element according to the first embodiment of the present invention.

Description of Embodiments

(Electrochromic element according to first embodiment)

[0020] An electrochromic element according to the first embodiment of the present invention will now be described.
The electrochromic element according to the present embodiment includes a first electrode, a second electrode, and
an electrolyte between the first electrode and the second electrode; and, if necessary, further includes other members.
[0021] The present inventors conducted extensive studies to solve the aforementioned problems, and have paid
attention to a heat- or photo-curable triarylamine compound that is practically used for a photoconductor of an electro-
photographic copier. The photoconductor including the heat- or photo-curable triarylamine compound is an important
member involved in processes other than fixing among image formation processes of the copier (e.g., charging, exposure,
developing, transfer, separation, or fixing). During the image formation processes of the copier, the photoconductor is
always exposed to the air including moisture and oxygen. In addition, the photoconductor is designed to be exposed to
strong light during exposure and charge-elimination processes, and subjected to electrostatic charging and charge-
elimination repeatedly at high speed.
[0022] The present inventors have focused on light resistance and resistance to repetitive, electrostatic charging and
charge-elimination, which is a similar process to an oxidization-reduction process, of the heat- or photo-curable triar-
ylamine compound, and have attempted to apply the heat- or photo-curable triarylamine compound to an electrochromic
element. That is, the present inventors have found that electrochromic elements having more excellent effects, in par-
ticular, more excellent resistance to repetitive use and more excellent light resistance than conventional electrochromic
elements are capable of being achieved by selecting a backbone of a heat- or photo-curable triarylamine compound
that is capable of satisfying physical properties (e.g., transparency in a neutral state, solubility, and laminatability) required
for application to the electrochromic element, and applying the thus-selected triarylamine compound to the electrochromic
element under optimal conditions and at an optimal position.
[0023] In the present embodiment, the first electrode includes a polymerized product of an electrochromic composition
that includes a radical-polymerizable compound including a triarylamine backbone. The first electrode preferably includes
a cross-linked product of an electrochromic composition that includes a radical-polymerizable compound including a
triarylamine backbone and another radical-polymerizable compound different from the radical-polymerizable compound
including a triarylamine backbone, from the viewpoints of solubility and durability of the polymerized product.

<First electrochromic layer>

[0024] The phrase "the first electrode includes a polymerized product of an electrochromic composition that includes
a radical-polymerizable compound including a triarylamine backbone" includes an aspect where a first electrochromic
layer formed of a polymerized product of a first electrochromic composition that includes a radical-polymerizable com-
pound including a triarylamine backbone is laminated onto the first electrode; an aspect where two or more layers of the
first electrochromic layers are laminated onto the first electrode; and an aspect where the first electrochromic layer is
laminated onto a part of the first electrode.
[0025] The phrase "the first electrode includes a cross-linked product of an electrochromic composition that includes
a radical-polymerizable compound including a triarylamine backbone and another radical-polymerizable compound dif-
ferent from the radical-polymerizable compound including a triarylamine backbone" includes a first electrochromic layer
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formed of a cross-linked product of a first electrochromic composition that includes a radical-polymerizable compound
including a triarylamine backbone and another radical-polymerizable compound different from the radical-polymerizable
compound including a triarylamine backbone is laminated onto the first electrode; an aspect where two or more layers
of the first electrochromic layers are laminated onto the first electrode; and an aspect where the first electrochromic layer
is laminated onto a part of the first electrode.

<First electrochromic composition>

[0026] The first electrochromic composition includes a radical-polymerizable compound including a triarylamine back-
bone, preferably includes a filler and another radical-polymerizable compound different from the radical-polymerizable
compound including a triarylamine backbone, more preferably includes a polymerization initiator; and, if necessary,
further includes other components.

<<Radical-polymerizable compound including a triarylamine backbone>>

[0027] The radical-polymerizable compound including a triarylamine backbone is important for the purpose of imparting
an electrochromic function causing an oxidation-reduction reaction at a surface of the first electrode. Examples of the
radical-polymerizable compound including a triarylamine backbone include compounds represented by General Formula
1 below:

<General Formula 1>  An - Bm

where m is 0 when n = 2, and m is 0 or 1 when n = 1; at least one of A and B is a radical-polymerizable functional group;
the A has a structure represented by General Formula 2 below and is bound to the B at any position of R1 to R15; the
B has a structure represented by General Formula 3 below and is bound to the A at any position of R16 to R21.

[0028] In the General Formulae 2 and 3, R1 to R21, which may be identical to or different from each other, are all
monovalent organic groups, and at least one of the monovalent organic groups is a radical-polymerizable functional group.
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-Monovalent organic group-

[0029] The monovalent organic groups in the General Formulae 2 and 3 may be each independently a hydrogen atom,
a halogen atom, a hydroxyl group, a nitro group, a cyano group, a carboxyl group, an optionally substituted alkoxycarbonyl
group, an optionally substituted aryloxycarbonyl group, an optionally substituted alkylcarbonyl group, an optionally sub-
stituted arylcarbonyl group, an amide group, an optionally substituted monoalkylaminocarbonyl group, an optionally
substituted dialkylaminocarbonyl group, an optionally substituted monoarylaminocarbonyl group, an optionally substi-
tuted diarylaminocarbonyl group, a sulfonate group, optionally substituted alkoxy-sulfonyl group, an optionally substituted
aryloxysulfonyl group, an optionally substituted alkylsulfonyl group, an optionally substituted arylsulfonyl group, a sul-
fonamide group, an optionally substituted monoalkylaminosulfonyl group, an optionally substituted dialkylaminosulfonyl
group, an optionally substituted monoary-laminosulfonyl group, an optionally substituted diarylaminosulfonyl group, an
amino group, an optionally substituted monoalkylamino group, an optionally substituted di-alkylamino group, an optionally
substituted alkyl group, an optionally substituted alkenyl group, an optionally substituted alkynyl group, an optionally
substituted aryl group, an optionally substituted alkoxy group, an optionally substituted aryloxy group, an optionally
substituted alkylthio group, an optionally substituted arylthio group, and an optionally substituted heterocyclic group.
Among them, an alkyl group, an alkoxy group, a hydrogen atom, an aryl group, an aryloxy group, a halogen atom, an
alkenyl group, or an alkynyl groups is particularly preferable from the viewpoint of stable operation.
[0030] Examples of the halogen atom include a fluorine atom, a chlorine atom, a bromine atom, and an iodide atom.
Examples of the alkyl group include a methyl group, an ethyl group, a propyl group, and a butyl group. Examples of the
aryl group include a phenyl group and a naphthyl group. Examples of the aralkyl group include a benzyl group, a phenethyl
group, and a naphthylmethyl group. Examples of the alkoxy group include a methoxy group, an ethoxy group, and a
propoxy group. Examples of the aryloxy group include a phenoxy group, a 1-naphthyloxy group, a 2-naphthyloxy group,
a 4-methoxyphenoxy group, and a 4-methylphenoxy group. Examples of the heterocyclic group include carbazole,
dibenzofuran, dibenzothiophene, oxadiazole, and thiadiazole.
[0031] Examples of substituents further substituted with the above-described substituents include a halogen atom, a
nitro group, a cyano group, alkyl groups such as a methyl group and an ethyl group, alkoxy groups such as a methoxy
group and an ethoxy group, aryloxy groups such as a phenoxy group, aryl groups such as a phenyl group and naphthyl
group, and aralkyl groups such as a benzyl group and a phenethyl group.

-Radical-polymerizable functional group-

[0032] The radical-polymerizable functional group may be any group so long as the group includes a carbon-carbon
double bond and is a radical-polymerizable group. Examples of the radical-polymerizable functional group include 1-
substituted ethylene functional groups and 1,1-substituted ethylene functional groups illustrated below.
[0033] (1) Examples of the 1-substituted ethylene functional groups include functional groups represented by General
Formula (i) below.
[Chem.4]

CH2=CH-X1 - ··· General Formula (i)

In the General Formula (i), X1 denotes an optionally substituted arylene group, an optionally substituted alkenylene
group, a -CO- group, a -COO- group, a - CON(R100) - group (where R100 denotes hydrogen, an alkyl group, an aralkyl
group, or an aryl group), or a -S- group.
[0034] Examples of the arylene group in the General Formula (i) include an optionally substituted phenylene group
and a naphthylene group. Examples of the alkenylene group include an ethenylene group, a propenylene group, and a
butenylene group. Examples of the alkyl group include a methyl group and an ethyl group. Examples of the aralkyl group
include a benzyl group, a naphthylmethyl group, and a phenethyl group. Examples of the aryl group include a phenyl
group and a naphthyl group.
[0035] Specific examples of the radical-polymerizable functional group represented by the General Formula (i) include
a vinyl group, a styryl group, a 2-methyl-1,3-butadienyl group, a vinylcarbonyl group, an acryloyl group, an acryloyloxy
group, an acryloylamide group, and a vinylthioether group.
[0036] (2) Examples of the 1,1-substituted ethylene functional groups include functional groups represented by General
Formula (ii) below.
[Chem.5]

CH2=C(Y)-X2- ··· General Formula (ii)

[0037] In the General Formula (ii), Y denotes an optionally substituted alkyl group, an optionally substituted aralkyl
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group, an optionally substituted aryl group, a halogen atom, a cyano group, a nitro group, an alkoxy group, or a -COOR101
group [where R101 denotes a hydrogen atom, an optionally substituted alkyl group, an optionally substituted aralkyl
group, an optionally substituted aryl group, or CONR102R103 (where R102 and R103, which may be identical to or different
from each other, denote a hydrogen atom, an optionally substituted alkyl group,
am optionally substituted aralkyl group, or an optionally substituted aryl group)]; and X2 denotes the same substituent
as described for X1 in the General Formula (i), a single bond, or an alkylene group, provided that at least one of Y and
X2 is an oxycarbonyl group, a cyano group, an alkenylene group, or an aromatic ring.
[0038] Examples of the aryl group in the General Formula (ii) include a phenyl group and a naphthyl group. Examples
of the alkyl group include a methyl group and an ethyl group. Examples of the alkoxy group include a methoxy group
and an ethoxy group. Examples of the aralkyl group include a benzyl group, a naphthylmethyl group, and a phenethyl
group.
[0039] Specific examples of the radical-polymerizable functional group represented by the General Formula (ii) include
an alpha-acryloyloxy chloride group, a methacryloyl group, a methacryloyloxy group, an alpha-cyanoethylene group, an
alpha-cyanoacryloyloxy group, an alpha-cyanophenylene group, and a methacryloylamino group.
[0040] Note that, examples of substituents further substituted with the substituents described for X1, X2, or Y include
a halogen atom, a nitro group, a cyano group, alkyl groups such as a methyl group and an ethyl group, alkoxy groups
such as a methoxy group and an ethoxy group, aryloxy groups such as a phenoxy group, aryl groups such as a phenyl
group and naphthyl group, and aralkyl groups such as a benzyl group and a phenethyl group.
[0041] Among the radical-polymerizable functional groups, an acryloyloxy group and a methacryloyloxy group are
particularly preferable.
[0042] Suitable examples of the radical-polymerizable compound including a triarylamine backbone include com-
pounds represented by General Formulae (1-1) to (1-3) below.
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[0043] In the General Formulae (1-1) to (1-3), R27 to R89, which may be identical to or different from each other, denote
all monovalent organic groups, provided that at least one of the monovalent organic groups is a radical-polymerizable
functional group. The monovalent organic group and the radical-polymerizable functional group may be the same as
described for the General Formulae 2 and 3.
[0044] Examples of exemplary compounds represented by the General Formula 1 and the General Formulae (1-1) to
(1-3) include Exemplary compounds illustrated below. The radical-polymerizable compound including a triarylamine
backbone is not limited thereto.

<Exemplary compound 1>

[0045]
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<Exemplary compound 2>

[0046]

<Exemplary compound 3>

[0047]

<Exemplary compound 4>

[0048]
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<Exemplary compound 5>

[0049]

<Exemplary compound 6>

[0050]

<Exemplary compound 7>

[0051]
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<Exemplary compound 8>

[0052]

<Exemplary compound 9>

[0053]

<Exemplary compound 10>

[0054]
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<Exemplary compound 11>

[0055]

<Exemplary compound 12>

[0056]

<Exemplary compound 13>

[0057]
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<Exemplary compound 14>

[0058]

<Exemplary compound 15>

[0059]

<Exemplary compound 16>

[0060]

<Exemplary compound 17>

[0061]
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<Exemplary compound 18>

[0062]

<Exemplary compound 19>

[0063]

<Exemplary compound 20>

[0064]
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<Exemplary compound 21>

[0065]

<Exemplary compound 22>

[0066]

<Exemplary compound 23>

[0067]
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<Exemplary compound 24>

[0068]

<Exemplary compound 25>

[0069]

<Exemplary compound 26>

[0070]
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<Exemplary compound 27>

[0071]

<Exemplary compound 28>

[0072]

<Exemplary compound 29>

[0073]
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<Exemplary compound 30>

[0074]

<Exemplary compound 31>

[0075]

<Exemplary compound 32>

[0076]
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<Exemplary compound 33>

[0077]

<Exemplary compound 34>

[0078]

<Exemplary compound 35>

[0079]
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<Exemplary compound 36>

[0080]

<Exemplary compound 37>

[0081]

<Exemplary compound 38>

[0082]
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<Exemplary compound 39>

[0083]

«Another radical-polymerizable compound»

[0084] The another radical-polymerizable compound refers to compounds including at least one radical-polymerizable
functional group but different from the radical-polymerizable compound including a triarylamine backbone. Examples of
the another radical-polymerizable compound include monofunctional radical-polymerizable compounds, difunctional
radical-polymerizable compounds, trifunctional or higher radical-polymerizable compounds, monomers having functions,
and radical-polymerizable oligomer. Among them, difunctional or higher radical-polymerizable compounds are particu-
larly preferable. A radical-polymerizable functional group in the another radical-polymerizable compound is the same
as the radical-polymerizable functional group in the radical-polymerizable compound including a triarylamine backbone.
Among them, an acryloyloxy group and a methacryloyloxy group are particularly preferable.
[0085] Examples of the monofunctional radical-polymerizable compounds include 2-(2-ethoxyethoxy)ethyl acrylate,
methoxy polyethylene glycol monoacrylate, methoxy polyethylene glycol monomethacrylate, phenoxypolyethylene glycol
acrylate, 2-acryloyloxyethyl succinate, 2-ethylhexyl acrylate, 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, tetrahy-
drofurfuryl acrylate, 2-ethylhexylcarbitol acrylate, 3-methoxybutyl acrylate, benzyl acrylate, cyclohexyl acrylate, isoamyl
acrylate, isobutyl acrylate, methoxytriethylene glycol acrylate, phenoxytetraethylene glycol acrylate, cetyl acrylate, iso-
stearyl acrylate, stearyl acrylate, and styrene monomers. These may be used alone or in combination.
[0086] Examples of the difunctional radical-polymerizable compounds include 1,3-butanediol diacrylate, 1,4-butanediol
diacrylate, 1,4-butanediol dimethacrylate, 1,6-hexanediol diacrylate, 1,6-hexanediol dimethacrylate, diethylene glycol
diacrylate, polyethylene glycol diacrylate, neopentyl glycol diacrylate, EO-modified bisphenol A diacrylate, EO-modified
bisphenol F diacrylate, and neopentyl glycol diacrylate. These may be used alone or in combination.
[0087] Examples of the trifunctional or higher radical-polymerizable compounds include trimethylolpropane triacrylate
(TMPTA), trimethylolpropane trimethacrylate, EO-modified trimethylolpropane triacrylate, PO-modified trimethylolpro-
pane triacrylate, caprolactone-modified trimethylolpropane triacrylate, HPA-modified trimethylolpropane trimethacrylate,
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pentaerythritol triacrylate, pentaerythritol tetraacrylate (PETTA), glycerol triacrylate, ECH-modified glycerol triacrylate,
EO-modified glycerol triacrylate, PO-modified glycerol triacrylate, tris(acryloxyethyl)isocyanurate, dipentaerythritol hex-
aacrylate (DPHA), caprolactone-modified dipentaerythritol hexaacrylate, dipentaerythritol hydroxypentaacrylate, alkyl-
modified dipentaerythritol pentaacrylate, alkyl-modified dipentaerythritol tetraacrylate, alkyl-modified dipentaerythritol
triacrylate, dimethylolpropane tetraacrylate (DTMPTA), pentaerythritolethoxy tetraacrylate, EO-modified phosphate tri-
acrylate, and 2,2,5,5-tetrahydroxymethylcyclopentanone tetraacrylate. These may be used alone or in combination.
Note that, in the above description, the term EO-modified denotes ethyleneoxy-modified and the term PO-modified
denotes propyleneoxy-modified.
[0088] Examples of the functional monomers include those in which a fluorine atom is substituted such as octafluor-
opentyl acrylate, 2-perfluorooctylethyl acrylate, 2-perfluorooctylethyl methacrylate, and 2-perfluoroisononylethyl acrylate;
and vinyl-monomers, acrylates, and methacrylates described in Japanese Examined Patent Publication No. 05-60503
and Japanese Examined Patent Publication No. 06-45770, the vinyl-monomers, the acrylates, and the methacrylates
each including a polysiloxane group and from 20 through 70 siloxane repeating units, such as acryloylpolydimethylsi-
loxaneethyl, methacryloylpolydimethylsiloxaneethyl, acryloylpolydimethylsiloxanepropyl, acryloylpolydimethylsi-
loxanebutyl, and diacryloylpolydimethylsiloxanediethyl. These may be used alone or in combination.
[0089] Examples of the radical-polymerizable oligomers include epoxyacrylate-based oligomers, urethaneacrylate-
based oligomers, and polyesteracrylate-based oligomers.
[0090] It is preferable that at least one of the radical-polymerizable compound including a triarylamine backbone and
the another radical-polymerizable compound different from the radical-polymerizable compound including a triarylamine
backbone include two or more radical-polymerizable functional groups from the viewpoint of formation of a cross-linked
product. An amount of the radical-polymerizable compound including a triarylamine backbone is preferably from 10%
by mass or more but 100% by mass or less, more preferably 30% by mass or more but 90% by mass or less relative to
a total amount of the electrochromic composition. When the amount is 10% by mass or more, a first electrochromic layer
is capable of sufficiently exerting an electrochromic function, has good durability to repetitive use with application of
voltage, and has good coloring sensitivity. The electrochromic function is capable of being also exerted when the amount
is 100% by mass. In this case, coloring sensitivity is the highest per a thickness. In contrast, compatibility with an ionic
liquid required for donating and accepting electric charges may become low. Therefore, electric properties are deteriorated
due to reduction in durability caused by repetitive use with application of voltage. The amount cannot be sweepingly
determined because required electric properties are different depending on a process to be used, but the amount is
particularly preferably 30% by mass or more but 90% by mass or less in view of a balance between coloring sensitivity
and durability to repetitive use.

«Polymerization initiator»

[0091] The first electrochromic composition preferably includes a polymerization initiator, if necessary, in order to allow
a cross-linking reaction between the radical-polymerizable compound including a triarylamine backbone and the another
radical-polymerizable compound different from the radical-polymerizable compound including a triarylamine backbone
to efficiently progress. Examples of the polymerization initiator include thermal polymerization initiators and photopoly-
merization initiators. Photopolymerization initiators are preferable from the viewpoint of polymerization efficiency.
[0092] The thermal polymerization initiators are not particularly limited and may be appropriately selected depending
on the intended purpose. Examples of the thermal polymerization initiators include peroxide-based initiators, such as
2,5-dimethylhexane-2,5-dihydroperoxide, dicumyl peroxide, benzoyl peroxide, t-butylcumyl peroxide, 2,5-dimethyl-2,5-
di(peroxybenzoyl)hexyne-3, di-t-butyl peroxide, t-butyl hydroperoxide, cumene hydroperoxide, and lauroyl peroxide; and
azo-initiators, such as azobisisobutyl nitrile, azobiscyclohexanecarbonitrile, methyl azobisisobutyrate, azobisisobutyla-
midine hydrochloride, and 4,4’-azobis-4-cyanovaleric acid. These may be used alone or in combination.
[0093] The photopolymerization initiators are not particularly limited and may be appropriately selected depending on
the intended purpose. Examples of the photopolymerization initiators include acetophenone-based or ketal-based pho-
topolymerization initiators, such as diethoxyacetophenone, 2,2-dimethoxy-1,2-diphenylethan-1-one, 1-hydroxy-cy-
clohexyl-phenyl-ketone, 4-(2-hydroxyethoxy)phenyl-(2-hydroxy-2-propyl)ketone, 2-benzyl-2-dimethylamino-1-(4-mor-
pholinophenyl)butanone-1, 2-hydroxy-2-methyl-1-phenylpropan-1-one, 2-methyl-2-morpholino(4-methylthiophenyl)pro-
pan-1-one, and 1-phenyl-1,2-propanedione-2-(o-ethoxycarbonyl)oxime; benzoin ether-based photopolymerization initi-
ators, such as benzoin, benzoin methyl ether, benzoin ethyl ether, benzoin isobutyl ether, and benzoin isopropyl ether;
benzophenone-based photopolymerization initiators, such as benzophenone, 4-hydroxybenzophenone, methyl o-ben-
zoylbenzoate, 2-benzoylnaphthalene, 4-benzoylbiphenyl, 4-benzoylphenyl ether, acrylated benzophenone, and 1,4-
benzoylbenzene; and thioxanthone-based photopolymerization initiators, such as 2-isopropylthioxanthone, 2-chlorothi-
oxanthone, 2,4-dimethylthioxanthone, 2,4-diethylthioxanthone, and 2,4-dichlorothioxanthone.
[0094] Other examples of the photopolymerization initiators include ethyl anthraquinone, 2,4,6-trimethylbenzoyldiphe-
nylphosphine oxide, 2,4,6-trimethylbenzoylphenylethoxyphosphine oxide, bis(2,4,6-trimethylbenzoyl)phenylphosphine
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oxide, bis(2,4-dimethoxybenzoyl)-2,4,4-trimethylpentylphosphine oxide, methylphenyl-glyoxylic ester, 9,10-phenan-
threne, acridine-based compounds, triazine-based compounds, and imidazole-based compounds. These may be used
alone or in combination. Note that, a compound having a photopolymerization acceleration effect may be used alone or
in combination with the photopolymerization initiator. Examples of such a compound include triethanol amine, methyl-
diethanolamine, ethyl 4-dimethylaminobenzoate, isoamyl 4-dimethylaminobenzoate, ethyl (2-dimethylamino)benzoate,
and 4,4’-dimethylaminobenzophenone.
[0095] An amount of the polymerization initiator is preferably 0.5 parts by mass or more but 40 parts by mass or less,
more preferably 1 part by mass or more but 20 parts by mass or less relative to 100 parts by mass of a total amount of
the polymerizable compound.

<<Filler>>

[0096] The filler is not particularly limited and may be appropriately selected depending on the intended purpose.
Examples of the filler include organic fillers and inorganic fillers.
[0097] Examples of the inorganic fillers include metal powders, such as copper, tin, aluminium, and indium; metal
oxides, such as silicon oxide (silica), tin oxide, zinc oxide, titanium oxide, aluminium oxide (alumina), zirconium oxide,
indium oxide, antimony oxide, bismuth oxide, calcium oxide, antimony-doped tin oxide (ATO), and tin-doped indium
oxide; and metal fluorides, such as tin fluoride, calcium fluoride, and aluminium fluoride. These may be used alone or
in combination. Among them, metal oxides are preferable, and silica, alumina, and antimony-doped tin oxide (ATO) are
particularly preferable from the viewpoints of transparency, stability, and easiness of surface treatment.
[0098] Examples of the organic fillers include resins, such as polyester, polyether, polysulfide, polyolefin, silicone, and
polytetrafluoroethylene; low-molecular-weight compounds, such as fatty acids; and pigments, such as phthalocyanine.
These may be used alone or in combination. Among them, resins are preferable from the viewpoints of transparency
and insolubility. An average primary particle diameter of the fillers is preferably 1 micrometer or less, more preferably
10 nm or more but 1 micrometer or less. When the average primary particle diameter of the fillers is 1 micrometer or
less, coarse particles are not present, the resultant film has a good surface state, and excellent surface smoothness is
obtained.
[0099] An amount of the filler based on a solid content concentration is preferably 0.3 parts by mass or more but 1.5
parts by mass or less, more preferably 0.6 parts by mass or more but 0.9 parts by mass or less relative to 100 parts by
mass of a total amount of the radical-polymerizable compound. When the amount is 0.3 parts by mass or more, an effect
achievable by adding the filler is sufficiently exerted and good film formability is achieved. When the amount is 1.5 parts
by mass or less, the radical-polymerizable compound including a triarylamine backbone is included at an appropriate
proportion and thus the resultant electrochromic element is capable of having good electrochemical properties.

<Other components>

[0100] The other components are not particularly limited and may be appropriately selected depending on the intended
purpose. Examples of the other components include solvents, plasticizers, leveling agents, sensitizers, dispersing agents,
surfactants, and antioxidants.
[0101] The first electrochromic layer is capable of being formed by a method for producing an electrochromic element
described below. An average thickness of the first electrochromic layer is preferably 0.1 micrometers or more but 30
micrometers or less, more preferably 0.4 micrometers or more but 10 micrometers or less.

<Second electrochromic layer>

[0102] In the electrochromic element of the present embodiment, a second electrode includes a compound represented
by General Formula (I) below (viologen compound). As used herein, the phrase "a second electrode includes a compound
represented by General Formula (I) below" includes an aspect where a second electrochromic layer formed of a second
electrochromic composition including a compound represented by General Formula (I) below is laminated onto the
second electrode, an aspect where two or more layers of the second electrochromic layers are laminated onto the second
electrode, and an aspect where the second electrochromic layer is laminated onto a part of the second electrode.
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[0103] In the General Formula (I), R1 and R2 each denote a hydrogen atom, an aryl group including 14 or less carbon
atoms, a heteroaryl group including 14 or less carbon atoms, a branched alkyl group including 10 or less carbon atoms,
an alkenyl group including 10 or less carbon atoms, a cycloalkyl group including 10 or less carbon atoms, or a functional
group that is capable of binding to a hydroxyl group, wherein the functional group that is capable of binding to a hydroxyl
group is a phosphonate group, a phosphate group, a carboxylate group, a sulfonyl group, a silyl group, or a silanol group;
n and m each denote an integer, wherein both of m and n in the General Formula (I) are 4 or more but 10 or less; and
X- denotes a charge-neutralizing ion.
[0104] In a more preferable aspect, R1 or R2 is a functional group that is capable of binding to a hydroxyl group. This
advantageously allows the compound to be adsorbed and immobilized onto a transparent electrode (e.g., ITO). The
compound is also capable of being adsorbed and immobilized onto the transparent electrode when bearing particles
formed of metal oxides are disposed on the transparent electrode. In a further preferable aspect, both of R1 and R2 are
functional groups that are capable of binding to hydroxyl groups.
[0105] The functional group that is capable of binding to a hydroxyl group is a phosphonate group, a phosphate group,
a carboxylate group, a sulfonyl group, a silyl group, or a silanol group. Among them, a phosphonate group, a phosphate
group, and a carboxylate group are preferable, and a phosphonate group is more preferable from the viewpoints of
simplicity of synthesis, adsorptivity to the bearing particles, and stability of the compound.
[0106] Examples of the phosphonate group include a methylphosphonate group, an ethylphosphonate group, a pro-
pylphosphonate group, a hexylphosphonate group, an octylphosphonate group, a decylphosphonate group, a dodecyl-
phosphonate group, an octadecylphosphonate group, a benzylphosphonate group, a phenylethylphosphonate group,
a phenylpropylphosphonate group, and a biphenylphosphonate group. Examples of the phosphate group include a
methylphosphate group, an ethylphosphate group, a propylphosphate group, a hexylphosphate group, an octylphosphate
group, a decylphosphate group, a dodecylphosphate group, an octadecylphosphate group, a benzylphosphate group,
a phenylethylphosphate group, a phenylpropylphosphate group, and a biphenylphosphate group. Examples of the car-
boxylate group include a methylcarboxylate group, an ethylcarboxylate group, a propylcarboxylate group, a hexylcar-
boxylate group, an octylcarboxylate group, a decylcarboxylate group, a dodecylcarboxylate group, an octadecylcarbox-
ylate group, a benzylcarboxylate group, a phenyl ethyl carboxylate group, a phenylpropylcarboxylate group, a biphenyl-
carboxylate group, a 4-propylphenylcarboxylate group, and 4-propylbiphenylcarboxylate group.
[0107] Examples of the sulfonyl group include a methylsulfonyl group, an ethylsulfonyl group, a propyl sulfonyl group,
a hexylsulfonyl group, an octylsulfonyl group, a decylsulfonyl group, a dodecylsulfonyl group, an octadecylsulfonyl group,
a benzylsulfonyl group, a phenylethylsulfonyl group, a phenylpropylsulfonyl group, and a biphenylsulfonyl group. Exam-
ples of the silyl group include a methylsilyl group, an ethylsilyl group, a propylsilyl group, a hexylsilyl group, an octylsilyl
group, a decylsilyl group, a dodecylsilyl group, an octadecylsilyl group, a benzylsilyl group, a phenylethylsilyl group, a
phenylpropylsilyl group, and a biphenylsilyl group. Examples of the silanol group include a methylsilanol group, an
ethylsilanol group, a propylsilanol group, hexylsilanol group, an octylsilanol group, a decylsilanol group, a dodecylsilanol
group, an octadecylsilanol group, a benzylsilanol group, a phenylethylsilanol group, a phenylpropylsilanol group, and a
biphenylsilanol group.
[0108] The charge-neutralizing ion X- denotes a monovalent anion, and is not particularly limited so long as the ion is
capable of stably forming a pair with a cationic portion. The X- is preferably a Br ion (Br-), a Cl ion (Cl-), an I ion (I-), an
OTf (triflate) ion, a (OTf-) ClO4 ion (ClO4

-), a PF6 ion (PF6
-), or a BF4 ion (BF4

-).
[0109] The viologen compound is preferably a symmetric system including an alkyl chain having a constant length. In
this case, m and n in the General Formula (I) being 4 or more but 10 or less and m is preferably an integer equal to n.
Specific exemplary examples of the viologen compound include those illustrated below, but the viologen compound is
not limited thereto.
[0110] Exemplary compounds D, E and J are non-claimed exemplary compounds.
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<Exemplary compound A>

[0111]

<Exemplary compound B>

[0112]

<Exemplary compound C>

[0113]

<Exemplary compound D>

[0114]

<Exemplary compound E>

[0115]
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<Exemplary compound F>

[0116]

<Exemplary compound G>

[0117]

<Exemplary compound H>

[0118]

<Exemplary compound I>

[0119]

<Exemplary compound J>

[0120]
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<Exemplary compound K>

[0121]

[0122] Examples of a method for forming the second electrochromic layer include vacuum vapor deposition, sputtering,
and ion plating. Various methods such as spin coating, casting, microgravure coating, gravure coating, bar coating, roll
coating, wire bar coating, dip coating, slit coating, capillary coating, spray coating, nozzle coating, and various printing
methods (e.g., gravure printing, screen printing, flexographic printing, offset printing, reverse printing, and inkjet printing)
may also be used, so long as materials of the second electrochromic layer are capable of being applied to form the
second electrochromic layer.
[0123] An average thickness of the second electrochromic layer is not particularly limited and may be appropriately
selected depending on the intended purpose, but is preferably 0.2 micrometers or more but 5.0 micrometers or less.
When the average thickness is less than 0.2 micrometers, coloring density may be less likely to be achieved. When the
average thickness is more than 5.0 micrometers, a manufacturing cost is increased and visibility may be likely to be
deteriorated due to coloring. The second electrochromic layer is capable of being formed by vacuum film formation, but
is preferably formed by coating with particle-dispersed paste from the viewpoint of productivity.

<First electrode and second electrode>

[0124] Materials of the first electrode and the second electrode are not particularly limited and may be appropriately
selected depending on the intended purpose, so long as the materials are conductive, transparent materials. Examples
of the materials include inorganic materials such as tin-doped indium oxide (hereinafter referred to as "ITO"), fluorine-
doped tin oxide (hereinafter referred to as "FTO"), antimony-doped tin oxide (hereinafter referred to as "ATO"), and zinc
oxide. Among them, InSnO, GaZnO, SnO, In2O3, and ZnO are preferable.
[0125] Moreover, it is also possible to use an electrode which is prepared by forming transparent carbon nanotubes
or a highly-conductive, non-transparent material (e.g., Au, Ag, Pt, and Cu) into a fine network to improve conductivity
with maintaining transparency. A thickness of each of the first electrode and the second electrode is adjusted to obtain
an electric resistance value required for an oxidation-reduction reaction of an electrochromic layer. When ITO is used
as the materials of the first electrode and the second electrode, the thickness of each of the first electrode and the second
electrode is, for example, preferably 50 nm or more but 500 nm or less.
[0126] Examples of a method for producing each of the first electrode and the second electrode include vacuum vapor
deposition, sputtering, and ion plating. The method is not particularly limited, so long as materials of each of the first
electrode and the second electrode are capable of being applied to form the first electrode or the second electrode. For
example, various methods such as spin coating, casting, microgravure coating, gravure coating, bar coating, roll coating,
wire bar coating, dip coating, slit coating, capillary coating, spray coating, nozzle coating, and various printing methods
(e.g., gravure printing, screen printing, flexographic printing, offset printing, reverse printing, and inkjet printing) may be
used.

<Electrolyte>

[0127] The electrolyte is filled between the first electrode and the second electrode. Examples of the electrolyte include
inorganic ionic salts (e.g., alkali metal salts and alkaline earth metal salts) and supporting electrolytes (e.g., quaternary
ammonium salts, acids, and alkalis). Specific examples include LiClO4, LiBF4, LiAsF6, LiPF6, LiCF3SO3, LiCF3COO,
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KCl, NaClO3, NaCl, NaBF4, NaSCN, KBF4, Mg(ClO4)2, and Mg(BF4)2.
[0128] An ionic liquid may be used as a material of the electrolyte. In particular, organic ionic liquids are preferably
used because the organic ionic liquids have molecular structures which exist as liquids in a wide range of temperatures
including room temperature. Examples of cationic components in the molecular structures of the organic ionic liquids
include imidazole derivatives such as N,N-dimethylimidazole salts, N,N-methylethylimidazole salts, and N,N-methylpro-
pylimidazole salts; pyridinium derivatives such as N,N-dimethylpyridinium salts and N,N-methylpropylpyridinium salts;
and aliphatic quaternary ammonium salts such as trimethylpropyl ammonium salts, trimethylhexyl ammonium salts, and
triethylhexyl ammonium salts. Meanwhile, as anionic components, fluorine-including compounds are preferably used in
view of stability in the atmosphere. Examples of the anionic components include BF4

-, CF3SO3 -, PF4
-, and (CF3SO2)2N-.

[0129] The material of the electrolyte is preferably an ionic liquid including any combinations of the cationic component
with the anionic component. A photopolymerizable monomer, a photopolymerizable oligomer, or a photopolymerizable
liquid crystal material may be directly dissolved in the ionic liquid. When solubility is poor, a solution prepared by dissolving
the ionic liquid in a small amount of a solvent may be mixed with the photopolymerizable monomer, the photopolymerizable
oligomer, or the photopolymerizable liquid crystal material. Examples of the solvent include propylene carbonate, ace-
tonitrile, gamma-butyrolactone, ethylene carbonate, sulfolane, dioxolane, tetrahydrofuran, 2-methyltetrahydrofuran,
dimethylsulfoxide, 1,2-dimethoxyethane, 1,2-ethoxymethoxyethane, polyethylene glycol, alcohols, and mixed solvents
of the above-listed solvents.
[0130] The electrolyte is not necessarily a low-viscous liquid, and is capable of being in various forms such as a gel,
a cross-linked polymer, or a liquid crystal dispersion. The electrolyte is advantageously in the form of gel or solid in terms
of improvement in strength and reliability of the resultant element. A method for solidifying the electrolyte is preferably
to hold the electrolyte and the solvent in a polymer resin because high ion conductivity and high solid strength are capable
of being obtained. The polymer resin is preferably a photocurable resin because an electrochromic element is capable
of being produced at a lower temperature and in a shorter period compared with methods where a thin film is formed
through evaporation of a solvent or thermal polymerization. An average thickness of an electrolyte layer formed of the
electrolyte is not particularly limited and may be appropriately selected depending on the intended purpose, but is
preferably 100 nm or more but 10 micrometers or less.

<Other members>

[0131] The other members are not particularly limited and may be appropriately selected depending on the intended
purpose. Examples of the other members include a support, an insulating porous layer, an anti-deterioration layer, and
a protective layer.

-Support-

[0132] The support has a function of supporting, for example, the first electrode, the first electrochromic layer, the
second electrode, and the second electrochromic layer. Organic materials or inorganic materials well known in the art
may be used as the support as they are, so long as the materials are transparent materials that are capable of supporting
the above-described layers and the above-described electrodes.
[0133] Examples of the support include glass substrates such as non-alkali glass, borosilicate glass, float glass, and
soda-line glass; and resin substrates such as polycarbonate resins, acrylic resins, polyethylene, polyvinyl chloride,
polyester, epoxy resins, melamine resins, phenolic resins, polyurethane resins, and polyimide resins. A surface of the
support may be coated with a transparent insulating layer, a UV-cut layer, or an antireflection layer in order to enhance
a water-vapor barrier property, a gas barrier property, ultraviolet resistance, and visibility.
[0134] A shape of the support is not particularly limited and may be appropriately selected depending on the intended
purpose. The shape may be a rectangle or a circle. A plurality of the supports may be laminated. For example, a support
having a configuration where an electrochromic element is sandwiched between two glass substrates is capable of
having an enhanced water-vapor barrier property and an enhanced gas barrier property.

-Insulating porous layer-

[0135] The insulating porous layer has a function of holding the electrolyte and of separating the first electrode and
the second electrode from each other so as to electrically insulate the first electrode from the second electrode. A material
of the insulating porous layer is not particularly limited, so long as the material is porous. Organic materials, inorganic
materials, or composites of the organic materials and the inorganic materials, all of which are highly insulating, highly
durable, and excellent in film formability, are preferably used.
[0136] Examples of a method for forming the insulating porous layer include sintering methods (i.e., methods where
polymer particles or inorganic particles are partially fused to each other by adding with, for example, a binder, to create
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pores between the particles), extraction methods (i.e., methods where a constituent layer is formed of a solvent-soluble
organic matter or a solvent-soluble inorganic matter and a solvent-insoluble binder, followed by dissolving the organic
matter or the inorganic matter with the solvent to thereby form fine pores), foaming methods where a material is foamed,
phase transformation methods where a polymer mixture is phase-separated by using a good solvent and a poor solvent,
and radiation methods where pores are formed by radiating various radial rays.

-Anti-deterioration layer-

[0137] The anti-deterioration layer has a function of preventing corrosion or deterioration of the first electrode and the
second electrode caused by an irreversible oxidation-reduction reaction. The function is achieved by taking a balance
of electric charges through a reverse chemical reaction to a reaction at an electrochromic layer. Note that, the reverse
chemical reaction includes a case where the anti-deterioration layer acts as a capacitor as well as a case where the
anti-deterioration layer is oxidized or reduced.
[0138] A material of the anti-deterioration layer is not particularly limited and may be appropriately selected depending
on the intended purpose, so long as the material plays a role of preventing corrosion of the first electrode and the second
electrode caused by an irreversible oxidation-reduction reaction. For example, conductive or semiconductive metal
oxides including antimony tin oxide, nickel oxide, titanium oxide, zinc oxide, tin oxide, or combinations of the above-
listed materials may be used. The anti-deterioration layer may be formed of a porous thin film that is porous to such an
extent that the electrolyte is not inhibited from being injected. For example, a suitable porous film that allows the electrolyte
to permeate and serves as an anti-deterioration layer may be obtained by immobilizing conductive or semiconductive
metal oxide particles (e.g., antimony tin oxide, nickel oxide, titanium oxide, zinc oxide, and tin oxide) onto the second
electrode with a binder (e.g., an acryl-based binder, an alkyd-based binder, an isocyanate-based binder, an urethane-
based binder, an epoxy-based binder, and a phenol-based binder).

-Protective layer-

[0139] The protective layer has functions of protecting the element from external stress or chemicals used in a washing
process, preventing leakage of the electrolyte, and preventing migration of substances (e.g., moisture or oxygen in the
air) that are unwanted for stable operation of the electrochromic element. An average thickness of the protective layer
is not particularly limited and may be appropriately selected depending on the intended purpose, but is preferably 1
micrometer or more but 200 micrometers or less. Examples of a material of the protective layer include UV-ray curable
resins and thermosetting resins. Specifically, acryl-based resins, urethane-based resins, or epoxy-based resins may be
used.

(Method for producing electrochromic element according to first embodiment)

[0140] A method for producing an electrochromic element according to the first embodiment is a method for producing
an electrochromic element that includes a first electrode, a second electrode, and an electrolyte between the first electrode
and the second electrode. The method includes a coating step, preferably includes a cross-linking step; and, if necessary,
further includes other steps.

<Coating step>

[0141] The coating step is a step of coating the first electrode with a first electrochromic composition including a radical-
polymerizable compound including a triarylamine backbone, another radical-polymerizable compound different from the
radical-polymerizable compound including a triarylamine backbone, and a filler.
[0142] The radical-polymerizable compound including a triarylamine backbone, the another radical-polymerizable
compound different from the radical-polymerizable compound including a triarylamine backbone, and the filler may be
the same as described for the electrochromic element of the first embodiment.
[0143] The first electrode is coated with a coating liquid including the radical-polymerizable compound including a
triarylamine backbone and the another radical-polymerizable compound different from the radical-polymerizable com-
pound including a triarylamine backbone. The coating liquid is optionally diluted with a solvent prior to coating. The
solvent is not particularly limited and may be appropriately selected depending on the intended purpose. Examples of
the solvent include alcohol-based solvents such as methanol, ethanol, propanol, and butanol; ketone-based solvents
such as acetone, methyl ethyl ketone, methyl isobutyl ketone, and cyclohexanone; ester-based solvents such as ethyl
acetate and butyl acetate; ether-based solvents such as tetrahydrofuran, dioxane, and propyl ether; halogen-based
solvents such as dichloromethane, dichloroethane, trichloroethane, and chlorobenzene; aromatic solvents such as ben-
zene, toluene, and xylene; and cellosolve-based solvents such as methylcellosolve, ethylcellosolve, and cellosolve
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acetate. These may be used alone or in combination. Note that, a dilution ratio with the solvent varies depending on
solubility of the first electrochromic composition, a coating method, and a thickness of the first electrochromic layer, but
may be appropriately selected. The coating is capable of being performed, for example, by dip coating, spray coating,
bead coating, or ring coating.

<Cross-linking step>

[0144] The cross-linking step is a step of cross-linking the first electrochromic composition that has been coated as
described above through application of heat or light energy.
[0145] After coating the first electrode with the first electrochromic composition, the first electrochromic composition
is cured through application of external energy to form a first electrochromic layer. Examples of the external energy
include heat, light, and radial rays. A method for applying the heat energy is performed by heating the first electrochromic
composition from a side of the coated surface or a side of the support using gas (e.g., air and nitrogen), vapor, various
heat media, infrared rays, or electromagnetic waves.
[0146] A temperature for the heating is not particularly limited and may be appropriately selected depending on the
intended purpose, but is preferably 60 degrees Celsius or higher but 170 degrees Celsius or lower. UV irradiation light
sources having an emission wavelength mainly in an ultraviolet (UV) region, such as high-pressure mercury lamps or
metal halide lamps, are available as the light energy. However, visible light sources may be selected so as to be adapted
to an absorption wavelength of the radical-polymerizable compound or the photopolymerization initiator. An irradiation
dose of UV rays is not particularly limited and may be appropriately selected depending on the intended purpose, but
is preferably 5 mW/cm2 or more but 15,000 mW/cm2 or less.

<Other steps>

[0147] Examples of the other steps include a first-electrode forming step, a second-electrode forming step, a second-
electrochromic-layer forming step, an insulating-porous-layer forming step, an anti-deterioration-layer forming step, a
protective-layer forming step, and a bonding step. The first-electrode forming step, the second-electrode forming step,
the second-electrochromic-layer forming step, the insulating-porous-layer forming step, the anti-deterioration-layer form-
ing step, and the protective-layer forming step may be performed using the methods described for configuration of each
of the electrodes or the layers. The bonding step may be performed by preparing the first electrode on which, for example,
the first electrochromic layer is formed and the second electrode on which, for example, the second electrochromic layer
is formed, and bonding to each other via an electrolyte. When the electrolyte is curable with light or heat, the resultant
laminate may be cured after bonding.
[0148] One exemplary configuration of an electrochromic element according to the first embodiment is illustrated in
FIG. 1. This electrochromic element includes, as an electrochromic compound, a polymerized product of an electrochro-
mic composition that includes a radical-polymerizable compound including a triarylamine backbone. As illustrated in
FIG. 1, the electrochromic element 10 includes a display electrode (first electrode) 11, an opposing electrode (second
electrode) 12 that is opposed to and apart from the display electrode 11, and an electrolyte 13 that is between the both
electrodes (the display electrode 11 and the opposing electrode 12).
[0149] The display electrode 11 is formed on a first support 14. On a surface of the display electrode 11, a first
electrochromic layer 15, which is formed of the electrochromic compound that is a polymerized product of an electro-
chromic composition that includes a radical-polymerizable compound including a triarylamine backbone, is disposed. In
the electrochromic element 10, the first electrochromic layer 15 colors or decolors through an oxidation-reduction reaction
in a surface of the display electrode 11. The opposing electrode 12 is formed on a second support 16. The opposing
electrode 12 includes a second electrochromic layer 17 including a viologen compound. The second electrochromic
layer 17 colors or decolors through an oxidation-reduction reaction in a surface of the opposing electrode 12.

(Electrochromic element according to second embodiment)

[0150] The electrochromic element according to the second embodiment of the present invention will now be described.
The electrochromic element according to the second embodiment includes a first electrode, a second electrode, and an
electrolyte between the first electrode and the second electrode; and, if necessary, further includes other members. The
first electrode includes a polymerized product of an electrochromic composition that includes a radical-polymerizable
compound including a triarylamine backbone.
[0151] The viologen compound represented by the General Formula (I) is capable of binding to or being adsorbed to
conductive or semiconductive nanostructure (conductive or semiconductive bearing particle). The conductive or semi-
conductive nanostructure to which the viologen compound has been bound or adsorbed is referred to as an electrochromic
complex. In the present embodiment, the second electrode includes the electrochromic complex. The conductive or
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semiconductive nanostructure is desirably transparent.
[0152] The electrochromic complex develops mainly a blue color and is excellent in an image memory property, that
is, colored-image retainability, when used for the electrochromic element.
[0153] In the case where at least one selected from R1 and R2 in the General Formula (I) is a functional group capable
of binding to a hydroxyl group and the viologen compound includes a phosphonate group, a sulfonate group, a phosphate
group, or a carboxyl group as a binding or adsorbing site, the electrochromic compound is easily complexed with the
nanostructure to form an electrochromic complex being excellent in colored-image retainability. A plurality of the phos-
phonate group, the sulfonate group, the phosphate group, or the carboxyl group may be included in the viologen com-
pound. In the case where the viologen compound includes a silyl group or a silanol group, the viologen compound
strongly binds to the nanostructure via a siloxane bond. Thus, a stable electrochromic complex is capable of being
obtained. The siloxane bond refers to a chemical bond via a silicon atom and an oxygen atom. Moreover, a binding
method or a binding form of the viologen compound to the nanostructure is not particularly limited, so long as the
electrochromic composition has a structure where the viologen compound binds to the nanostructure via the siloxane
bond.
[0154] The conductive or semiconductive nanostructure refers to a structure having nanoscaled concavities and con-
vexities such as nanoparticles or a nanoporous structure. For example, a material of the conductive or semiconductive
is suitably a metal oxide from the viewpoints of transparency and conductivity. Examples of the metal oxide include
those including, as a main component, titanium oxide, zinc oxide, tin oxide, zirconium oxide, cerium oxide, yttrium oxide,
boron oxide, magnesium oxide, strontium titanate, potassium titanate, barium titanate, calcium titanate, calcium oxide,
ferrite, hafnium oxide, tungsten oxide, iron oxide, copper oxide, nickel oxide, cobalt oxide, barium oxide, strontium oxide,
vanadium oxide, indium oxide, aluminosilicic acid, calcium phosphate, or aluminosilicate. These may be used alone or
in combination. Among them, titanium oxide, zinc oxide, tin oxide, zirconium oxide, iron oxide, magnesium oxide, indium
oxide, and tungsten oxide are preferable, and titanium oxide is more preferable from the viewpoints of electric properties
such as electroconductivity or physical properties such as optical properties. When the metal oxide or a mixture of the
metal oxides is used, a coloring or decoloring response speed is excellent.
[0155] A shape of the metal oxide is preferably particles having an average primary particle diameter of 30 nm or less.
The smaller the average primary particle diameter is, the higher light transmittance and the large surface area per unit
volume (referred to as "specific surface area" hereinafter) the metal oxide has. Such a larger specific surface area allows
the electrochromic compound to be more efficiently borne on the nanostructure, resulting in multi-color display being
excellent in a coloring-decoloring display contrast ratio. The specific surface area of the nanostructure is not particularly
limited and may be appropriately selected depending on the intended purpose, but is preferably 100 m2/g or more.

(Electrochromic display element)

[0156] One embodiment of an electrochromic display element according to the present invention will now be described.
An electrochromic display element according to an embodiment of the present invention includes a first electrode, a
second electrode, and an electrolyte between the first electrode and the second electrode. The first electrode includes
the radical-polymerizable compound including a triarylamine backbone. The second electrode includes the viologen
compound, and, if necessary, further includes other components.
[0157] An electrochromic element and an electrochromic display element according to each of the embodiments are
operable at a relatively low drive voltage and are excellent in durability to repetitive use and a response speed. Therefore,
the electrochromic element and the electrochromic display element are capable of being suitably used for, for example,
electrochromic display elements, large-scale display boards (e.g., display boards for stock prices), anti-glare mirrors,
dimming elements (e.g., dimming glass), low-voltage-driven elements (e.g., touch panel key switches), optical switches,
optical memories, electronic paper, and electronic album.

Examples

[0158] Examples of the present invention will now be described, but the present invention is not limited to the Examples
in any way.
[0159] Examples 42, 43 and 48 are non-claimed examples.

(Example 1)

[0160] An example of production of an electrochromic element of Example 1 will now be described.
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<Formation of first electrochromic layer on first electrode>

[0161] A first electrochromic composition having the below-described composition was prepared in order to form a
first electrochromic layer on a first electrode.

<Composition>

[0162]

• Electrochromic compound 1 including monofunctional acrylate (Exemplary compound 1): 50 parts by mass
• IRGACURE 184 (available from BASF Japan Ltd.): 5 parts by mass
• PEG400 diacrylate including difunctional acrylate (hereinafter, referred to as "PEG400DA," available from Nippon

Kayaku Co., Ltd.): 50 parts by mass
• Methyl ethyl ketone: 900 parts by mass

[0163] Then, an ITO glass substrate (40 mm 3 40 mm, thickness: 0.7 mm, ITO film thickness: about 100 nm) serving
as a first electrode was coated with the resultant first electrochromic composition by spin coating. The resultant coated
film was irradiated with UV rays at 10 mW for 60 seconds by means of a UV irradiation device (SPOT CURE, available
from USHIO INC.) and annealed at 60 degrees Celsius for 10 minutes. Thus, a cross-linked first electrochromic layer
having an average thickness of 400 micrometers was formed.

<Formation of anti-deterioration layer on second electrode>

[0164] Then, an ITO glass substrate (40 mm 3 40 mm, thickness: 0.7 mm, ITO film thickness: about 100 nm) serving
as a second electrode was coated with a titanium oxide nanoparticle dispersion liquid (product name: SP210, available
from Showa Titanium Co., Ltd., average particle diameter: about 20 nm) serving as an anti-deterioration layer by spin
coating. The resultant was annealed at 120 degrees Celsius for 15 minutes. Thus, a nanostructured semiconductive
material formed of a titanium oxide particle film having a thickness of 1.0 micrometer was formed.

<Formation of second electrochromic layer on second electrode>

[0165] A second electrochromic composition having the below-described composition was prepared in order to form
a second electrochromic layer on a second electrode.

<Composition>

[0166]

• Electrochromic compound 2 including a functional group that is capable of binding to a hydroxyl group (Exemplary
compound A): 20 parts by mass

• Tetrafluoropropanol: 980 parts by mass

[0167] The resultant second electrochromic composition was coated and adsorbed onto the nanostructured semicon-
ductive material formed of a titanium oxide particle film, which has been formed on the second electrode, by spin coating.
Then, an unadsorbed compound was washed with methanol. Thus, the second electrochromic layer was formed.

<Filling with electrolyte liquid>

[0168] An electrolyte liquid having the below-described composition was prepared.

<Composition>

[0169]

• IRGACURE 184 (available from BASF Japan Ltd.): 5 parts by mass
• PEG400DA (available from Nippon Kayaku Co., Ltd.): 100 parts by mass
• 1-Ethyl-3-methylimidazolium tetracyanoborate (available from Merck KGaA): 50 parts by mass
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[0170] Thirty milligrams of the resultant electrolytic liquid was taken into a micropipette, and was dripped onto the ITO
glass substrate serving as the second electrode and including the anti-deterioration layer and the second electrochromic
layer. The ITO glass substrate serving as the first electrode and including the cross-linked first electrochromic layer was
bonded to the resultant so as to leave drawing portions for the electrodes. Thus, a bonded element was produced. The
resultant bonded element was irradiated with UV rays (wavelength: 250 nm) at 10 mW for 60 seconds by means of a
UV irradiation device (SPOT CURE, available from USHIO INC.). Thus, an electrochromic element of Example 1 was
produced.

<Coloring and decoloring>

[0171] Coloring and decoloring of the thus-produced electrochromic element of Example 1 were verified. Specifically,
voltage of -2 V was applied between the drawing portion of the first electrode and the drawing portion of the second
electrode for 5 seconds. As a result, coloring originated from the Electrochromic Compound 1 in the first electrochromic
layer and coloring originated from the Electrochromic Compound 2 in the second electrochromic layer were observed
in an overlapped region between the first electrode layer and the second electrode layer. Then, voltage of +2 V was
applied between the drawing portion of the first electrode and the drawing portion of the second electrode for 5 seconds.
As a result, the overlapped region between the first electrode layer and the second electrode layer was observed to be
decolored and turned into transparent.

<Test 1: Repetitive test>

[0172] A coloring and decoloring procedure including applying voltage of - 2 V for 5 seconds and applying voltage of
+2 V for 5 seconds was repeatedly performed 10,000 times on the electrochromic element of Example 1. In this procedure,
the maximum absorption in a visible region (from 400 nm through 800 nm) was determined as λmax (470 nm in Example
1). A change in absorbance was measured by means of USB 4000 and evaluated based on the evaluation criteria
described below. Results are presented in Table 1.

(Evaluation Criteria)

[0173]

A: The absorbance at the λmax was 90% or more relative to the absorbance at the initial state.
B: The absorbance at the λmax was 80% or more but less than 90% relative to the absorbance at the initial state.
C: The absorbance at the λmax was 50% or more but less than 80% relative to the absorbance at the initial state.
D: The absorbance at the λmax was less than 50% relative to the absorbance at the initial state.

<Test 2: Continuous coloring test>

[0174] Voltage of 1.6 V was applied between the first electrode and the second electrode of the electrochromic element
of Example 1. Thus, the electrochromic element was continuously kept in a colored state for 48 hours. An absorbance
in a visible region (from 380 nm through 800 nm) was measured by means of USB 4000 before and after applying the
voltage. The yellow index (YI) was calculated and a difference in the YI before and after applying the voltage was
determined as DYI. The ΔYI was evaluated based on the evaluation criteria described below. Results are presented in
Table 1.

(Evaluation Criteria)

[0175]

A: The ΔYI was less than 1.
B: The ΔYI was 1 or more but less than 5.
C: The ΔYI was 5 or more but less than 10.
D: The ΔYI was 10 or more.

<Test 3: Response speed>

[0176] The electrochromic element of Example 1 was allowed to color by applying voltage of - 2 V between the first
electrode and the second electrode for 1 second. The electrochromic element in the colored state was irradiated with
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deuterium and tungsten halogen light (product name: DH-2000, available from Ocean Optics, Inc.). The transmitted light
was detected by USB 4000 and measured for a transmission spectrum. In this procedure, a wavelength having the
minimum transmittance in a visible region (400 nm or more but 800 nm or less) was determined as λmax. A transmittance
at the λmax was evaluated based on the evaluation criteria described below. Results are presented in Table 1.

(Evaluation Criteria)

[0177]

A: The transmittance at the λmax was less than 10%.
B: The transmittance at the λmax was 10% or more but less than 30%.
C: The transmittance at the λmax was 30% or more but less than 50%.
D: The transmittance at the λmax was 50% or more.

(Examples 2 to 39)

[0178] Electrochromic elements of Examples 2 to 39 were produced in the same manner as in Example 1, except that
the Electrochromic compound 1 represented by the Exemplary compound 1 was changed to the Electrochromic com-
pound 1 represented by any of the Exemplary compounds 2 to 39 as presented in Table 1. The electrochromic elements
of Examples 2 to 39 were evaluated in the same manner as in Examples 1 by the Tests 1, 2, and 3. Results are presented
in Table 1.

(Examples 40 to 49)

[0179] Electrochromic elements of Examples 40 to 49 were produced in the same manner as in Example 39, except
that the Electrochromic compound 2 represented by the Exemplary compound A was changed to the Electrochromic
compound 2 represented by any of the Exemplary compounds B to K as presented in Table 1. The electrochromic
elements of Examples 40 to 49 were evaluated in the same manner as in Examples 1 by the Tests 1, 2, and 3. Results
are presented in Table 1.

(Comparative Example 1)

[0180] An electrochromic element of Comparative Example 1 was produced in the same manner as in Example 39,
except that the Electrochromic compound 2 represented by the Exemplary compound A was not used. The electrochromic
element of Comparative Example 1 was evaluated in the same manner as in Examples 1 by the Tests 1, 2, and 3.
Results are presented in Table 1.

(Comparative Example 2)

[0181] An electrochromic element of Comparative Example 2 was produced in the same manner as in Example 39,
except that the Electrochromic compound 2 represented by the Exemplary compound A was changed to Comparative
compound 1 represented by the structural formula below. The electrochromic element of Comparative Example 2 was
evaluated in the same manner as in Examples 1 by the Tests 1, 2, and 3. Results are presented in Table 1.

<Comparative Compound 1>

[0182]

(Comparative Example 3)

[0183] An electrochromic element of Comparative Example 3 was produced in the same manner as in Example 39,
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except that the Electrochromic compound 2 represented by the Exemplary compound A was changed to Comparative
compound 2 represented by the structural formula below. The electrochromic element of Comparative Example 3 was
evaluated in the same manner as in Examples 1 by the Tests 1, 2, and 3. Results are presented in Table 1.

<Comparative Compound 2>

[0184]

(Comparative Example 4)

[0185] An electrochromic element of Comparative Example 4 was produced in the same manner as in Example 39,
except that the Electrochromic compound 2 represented by the Exemplary compound A was changed to Comparative
compound 3 represented by the structural formula below. The electrochromic element of Comparative Example 4 was
evaluated in the same manner as in Examples 1 by the Tests 1, 2, and 3. Results are presented in Table 1.

<Comparative Compound 3>

[0186]

(Comparative Example 5)

[0187] An electrochromic element of Comparative Example 5 was produced in the same manner as in Example 39,
except that the Electrochromic compound 2 represented by the Exemplary compound A was changed to Comparative
compound 4 represented by the structural formula below. The electrochromic element of Comparative Example 5 was
evaluated in the same manner as in Examples 1 by the Tests 1, 2, and 3. Results are presented in Table 1.

<Comparative Compound 4>

[0188]

(Comparative Example 6)

[0189] An electrochromic display element of Comparative Example 6 was produced in the same manner as in Example
1, except that titanium oxide was disposed on the first electrode and the first electrode was coated with a 2% by mass
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solution of Comparative compound 5 represented by the structural formula below in dimethyl formamide instead of the
Electrochromic compound 1 represented by the Exemplary compound 1. The electrochromic display element of Com-
parative Example 6 was evaluated in the same manner as in Examples 1 by the Tests 1, 2, and 3. Results are presented
in Table 1.

<Comparative Compound 5>

[0190]

(Comparative Example 7)

[0191] An electrochromic display element of Comparative Example 7 was produced in the same manner as in Example
1, except that titanium oxide was disposed on the first electrode and the first electrode was coated with a 2% by mass
solution of Comparative compound 6 represented by the structural formula below (described in Japanese Patent No.
5040218) in dimethyl formamide instead of the Electrochromic compound 1 represented by the Exemplary compound
1. The electrochromic display element of Comparative Example 7 was evaluated in the same manner as in Examples
1 by the Tests 1, 2, and 3. Results are presented in Table 1.

<Comparative Compound 6>

[0192]

(Comparative Example 8)

[0193] An electrochromic display element of Comparative Example 8 was produced in the same manner as in Example
1, except that titanium oxide was disposed on the first electrode and the first electrode was coated with a 2% by mass
solution of Comparative compound 7 represented by the structural formula below (described in Japanese Unexamined
Patent Application Publication No. 2016-045464) in methanol instead of the Electrochromic compound 1 represented
by the Exemplary compound 1. The electrochromic display element of Comparative Example 8 was evaluated in the
same manner as in Examples 1 by the Tests 1, 2, and 3. Results are presented in Table 1.
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<Comparative Compound 7>

[0194]

(Comparative Example 9)

[0195] An electrochromic display element of Comparative Example 9 was produced in the same manner as in Example
1, except that titanium oxide was disposed on the first electrode and the first electrode was coated with a 2% by mass
solution of Comparative compound 8 represented by the structural formula below (described in Japanese Unexamined
Patent Application Publication No. 2016-045464) in methanol instead of the Electrochromic compound 1 represented
by the Exemplary compound 1. The electrochromic display element of Comparative Example 9 was evaluated in the
same manner as in Examples 1 by the Tests 1, 2, and 3. Results are presented in Table 1.

<Comparative Compound 8>

[0196]

[Table 1]

Example Electrochromic 
compound 1

Number of radical-
polymerizable functional group

Electrochromic 
compound 2

Test 
1

Test 
2

Test 
3

Ex. 1 Exemplary 
compound 1

1 Exemplary 
compound A

A B A

Ex. 2 Exemplary 
compound 2

1 Exemplary 
compound A

A B A

Ex. 3 Exemplary 
compound 3

1 Exemplary 
compound A

B C A

Ex. 4 Exemplary 
compound 4

1 Exemplary 
compound A

B C A

Ex. 5 Exemplary 
compound 5

1 Exemplary 
compound A

A B A

Ex. 6 Exemplary 
compound 6

1 Exemplary 
compound A

A B A



EP 3 384 346 B1

38

5

10

15

20

25

30

35

40

45

50

55

(continued)

Example
Electrochromic 

compound 1
Number of radical-

polymerizable functional group
Electrochromic 

compound 2
Test 

1
Test 

2
Test 

3

Ex. 7
Exemplary 

compound 7 1
Exemplary 

compound A A B A

Ex. 8
Exemplary 

compound 8 2
Exemplary 

compound A B B A

Ex. 9
Exemplary 

compound 9 1
Exemplary 

compound A A C A

Ex. 10
Exemplary 

compound 10 1
Exemplary 

compound A A C A

Ex. 11
Exemplary 

compound 11 2
Exemplary 

compound A A C A

Ex. 12
Exemplary 

compound 12 1
Exemplary 

compound A A C A

Ex. 13
Exemplary 

compound 13 1
Exemplary 

compound A B C A

Ex. 14
Exemplary 

compound 14 1
Exemplary 

compound A A C A

Ex. 15
Exemplary 

compound 15 1
Exemplary 

compound A A C A

Ex. 16
Exemplary 

compound 16 1
Exemplary 

compound A A C A

Ex. 17
Exemplary 

compound 17 1
Exemplary 

compound A A C A

Ex. 18
Exemplary 

compound 18 1
Exemplary 

compound A B C A

Ex. 19
Exemplary 

compound 19 1
Exemplary 

compound A B C A

Ex. 20
Exemplary 

compound 20 1
Exemplary 

compound A A C A

Ex. 21
Exemplary 

compound 21 1
Exemplary 

compound A A C A

Ex. 22
Exemplary 

compound 22 1
Exemplary 

compound A A C A

Ex. 23
Exemplary 

compound 23 1
Exemplary 

compound A A C A

Ex. 24
Exemplary 

compound 24 1
Exemplary 

compound A A C A

Ex. 25
Exemplary 

compound 25 1
Exemplary 

compound A A C A

Ex. 26
Exemplary 

compound 26 1
Exemplary 

compound A A C A

Ex. 27
Exemplary 

compound 27 1
Exemplary 

compound A A C A

Ex. 28
Exemplary 

compound 28 1
Exemplary 

compound A A C A



EP 3 384 346 B1

39

5

10

15

20

25

30

35

40

45

50

55

(continued)

Example
Electrochromic 

compound 1
Number of radical-

polymerizable functional group
Electrochromic 

compound 2
Test 

1
Test 

2
Test 

3

Ex. 29
Exemplary 

compound 29 2
Exemplary 

compound A A B A

Ex. 30
Exemplary 

compound 30 2
Exemplary 

compound A A B A

Ex. 31
Exemplary 

compound 31 1
Exemplary 

compound A A B A

Ex. 32
Exemplary 

compound 32 1
Exemplary 

compound A A B A

Ex. 33
Exemplary 

compound 33 1
Exemplary 

compound A B B A

Ex. 34
Exemplary 

compound 34 1
Exemplary 

compound A A C A

Ex. 35
Exemplary 

compound 35 2
Exemplary 

compound A B C A

Ex. 36
Exemplary 

compound 36 1
Exemplary 

compound A B C A

Ex. 37
Exemplary 

compound 37 2
Exemplary 

compound A B C A

Ex. 38
Exemplary 

compound 38 2
Exemplary 

compound A A C A

Ex. 39
Exemplary 

compound 39 2
Exemplary 

compound A A B A

Ex. 40
Exemplary 

compound 39 2
Exemplary 

compound B A A A

Ex. 41
Exemplary 

compound 39 2
Exemplary 

compound C A B A

Ex. 42
Exemplary 

compound 39 2
Exemplary 

compound D A C A

Ex. 43
Exemplary 

compound 39 2
Exemplary 

compound E A C A

Ex. 44
Exemplary 

compound 39 2
Exemplary 

compound F A B A

Ex. 45
Exemplary 

compound 39 2
Exemplary 

compound G A A A

Ex. 46
Exemplary 

compound 39 2
Exemplary 

compound H A B A

Ex. 47
Exemplary 

compound 39 2
Exemplary 
compound I A C A

Ex. 48
Exemplary 

compound 39 2
Exemplary 

compound J A C A

Ex. 49
Exemplary 

compound 39 2
Exemplary 

compound K A B A

Comp. 
Ex. 1

Exemplary 
compound 39 2 None C D D
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[0197] It can be seen from the results in Table 1 that the electrochromic elements of Comparative Examples 1 to 9
were not satisfactory in all of durability to repetitive use, a continuous driving property (less yellowing), and responsivity.
On the contrary, it can be seen that the electrochromic elements of Examples 1 to 49 had all of good durability to repetitive
use, good responsivity, and a good continuous driving property (less yellowing).

Reference Signs List

[0198]

10 electrochromic element
11 display electrode (first electrode)
12 opposing electrode (second electrode)
13 electrolyte

Claims

1. An electrochromic element comprising:

a first electrode;
a second electrode that is opposed to and apart from the first electrode; and
an electrolyte that is between the first electrode and the second electrode,
wherein the first electrode includes a polymerized product of an electrochromic composition that includes a
radical-polymerizable compound including a triarylamine backbone and a radical-polymerizable functional
group, and
wherein the second electrode includes a compound represented by General Formula (I) below:

(continued)

Example
Electrochromic 

compound 1
Number of radical-

polymerizable functional group
Electrochromic 

compound 2
Test 

1
Test 

2
Test 

3

Comp. 
Ex. 2

Exemplary 
compound 39 2

Comparative 
compound 1 A C C

Comp. 
Ex. 3

Exemplary 
compound 39 2

Comparative 
compound 2 A D B

Comp. 
Ex. 4

Exemplary 
compound 39 2

Comparative 
compound 3 B C D

Comp. 
Ex. 5

Exemplary 
compound 39 2

Comparative 
compound 4 B C D

Comp. 
Ex. 6

Comparative 
compound 5 0

Exemplary 
compound A D D B

Comp. 
Ex. 7

Comparative 
compound 6 0

Exemplary 
compound A D D B

Comp. 
Ex. 8

Exemplary 
compound 39 2

Comparative 
compound 7 B C B

Comp. 
Ex. 9

Exemplary 
compound 39 2

Comparative 
compound 8 B D C
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where R1 and R2 each denote a hydrogen atom, an aryl group including 14 or less carbon atoms, a heteroaryl
group including 14 or less carbon atoms, a branched alkyl group including 10 or less carbon atoms, an alkenyl
group including 10 or less carbon atoms, a cycloalkyl group including 10 or less carbon atoms, or a functional
group that is capable of binding to a hydroxyl group, wherein the functional group that is capable of binding to
a hydroxyl group is a phosphonate group, a phosphate group, a carboxylate group, a sulfonyl group, a silyl
group, or a silanol group; n and m each denote an integer, wherein both of m and n in the General Formula (I)
are 4 or more but 10 or less; and X- denotes a charge-neutralizing ion.

2. The electrochromic element according to claim 1,
wherein the first electrode includes a cross-linked product of a first electrochromic composition that includes the
radical-polymerizable compound including a triarylamine backbone and another radical-polymerizable compound
including a radical-polymerizable functional group different from the radical-polymerizable compound including a
triarylamine backbone.

3. The electrochromic element according to claim 2,
wherein the radical-polymerizable compound including a triarylamine backbone or the another radical-polymerizable
compound different from the radical-polymerizable compound including a triarylamine backbone includes two or
more radical-polymerizable functional groups.

4. The electrochromic element according to claim 2 or 3,
wherein the radical-polymerizable functional group included in the another radical-polymerizable compound includes
is at least one of an acryloyloxy group and a methacryloyloxy group.

5. The electrochromic element according to any one of claims 1 to 4,
wherein the radical-polymerizable functional group included in the radical-polymerizable compound includes is at
least one of an acryloyloxy group and a methacryloyloxy group.

6. The electrochromic element according to any one of claims 1 to 5,
wherein the radical-polymerizable compound including a triarylamine backbone is represented by General Formula
1 below:

<General Formula 1> An-Bm

where m is 0 when n = 2, and m is 0 or 1 when n = 1; at least one of A and B is a radical-polymerizable functional
group; the A has a structure represented by General Formula 2 below and is bound to the B at any position of R1
to R15; and the B has a structure represented by General Formula 3 below and is bound to the A at any position of
R16 to R21:
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where, in the General Formulae 2 and 3, R1 to R21, which may be identical to or different from each other, are all
monovalent organic groups, and at least one of the monovalent organic groups is a radical-polymerizable functional
group.

7. The electrochromic element according to any one of claims 1 to 6,
wherein the compound included in the second electrode is the compound represented by the General Formula (I)
where R1 or R2 is the functional group that is capable of binding to a hydroxyl group, the compound being bound
to conductive or semiconductive nanostructure.

8. The electrochromic element according to any one of claims 1 to 7,
wherein the compound included in the second electrode is the compound represented by the General Formula (I)
where R1 and R2 each are the functional group that is capable of binding to a hydroxyl group, the compound being
bound to conductive or semiconductive nanostructure.

9. The electrochromic element according to any one of claims 1 to 8,
wherein, in the General Formula (I), m is an integer equal to n.

Patentansprüche

1. Elektrochromes Element, das Folgendes umfasst:

eine erste Elektrode;
eine zweite Elektrode, die der ersten Elektrode gegenüberliegt und von ihr getrennt ist; und
einen Elektrolyt, der sich zwischen der ersten Elektrode und der zweiten Elektrode befindet,
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wobei die erste Elektrode ein polymerisiertes Produkt einer elektrochromen Zusammensetzung enthält, die
eine radikalisch polymerisierbare Verbindung, die eine Triarylamin-Hauptkette enthält, und eine radikalisch
polymerisierbare Funktionsgruppe enthält, und
wobei die zweite Elektrode eine Verbindung enthält, die durch die folgende allgemeine Formel (I) repräsentiert
wird:

wobei R1 und R2 jeweils ein Wasserstoffatom, eine Aryl-Gruppe, die 14 oder weniger Kohlenstoffatome enthält,
eine Heteroaryl-Gruppe, die 14 oder weiniger Kohlenstoffatome enthält, eine verzweigte Alkyl-Gruppe, die 10
oder weniger Kohlenstoffatome enthält, eine Alkenyl-Gruppe, die 10 oder weniger Kohlenstoffatome enthält,
eine Cycloalkyl-Gruppe, die 10 oder weniger Kohlenstoffatome enthält, oder eine Funktionsgruppe, die an eine
Hydroxyl-Gruppe binden kann, bezeichnen, wobei die Funktionsgruppe, die an eine Hydroxyl-Gruppe binden
kann, eine Phosphonat-Gruppe, eine Phosphat-Gruppe, eine Carboxylat-Gruppe, eine SulfonylGruppe, eine
Silyl-Gruppe oder eine Silanol-Gruppe ist; wobei n und m jeweils eine ganze Zahl bezeichnen, wobei sowohl
m als auch n in der allgemeinen Formel (I) 4 oder mehr, aber 10 oder weniger sind; und X- ein ladungsneutra-
lisierendes Ion bezeichnet.

2. Elektrochromes Element nach Anspruch 1,
wobei die erste Elektrode ein vernetztes Produkt einer ersten elektrochromen Zusammensetzung enthält, die eine
radikalisch polymerisierbare Verbindung, die eine Triarylamin-Hauptkette enthält, und eine weitere radikalisch po-
lymerisierbare Verbindung, die eine radikalisch polymerisierbare Funktionsgruppe enthält, die von der radikalisch
polymerisierbaren Verbindung, die eine Triarylamin-Hauptkette enthält, verschieden ist, enthält.

3. Elektrochromes Element nach Anspruch 2,
wobei die radikalisch polymerisierbare Verbindung, die eine Triarylamin-Hauptkette enthält, oder die weitere radi-
kalisch polymerisierbare Verbindung, die von der radikalisch polymerisierbaren Verbunding, die eine Triarylamin-
Hauptkette enthält, verschieden ist, zwei oder mehr radikalisch polymerisierbare Funktionsgruppen enthält.

4. Elektrochromes Element nach Anspruch 2 oder 3,
wobei die radikalisch polymerisierbare Funktionsgruppe, die in der weiteren radikalisch polymerisierbaren Verbin-
dung enthalten ist, eine Acryloyloxy-Gruppe und/oder eine Methacryloxloxy-Gruppe enthält.

5. Elektrochromes Element nach einem der Ansprüche 1 bis 4,
wobei die radikalisch polymerisierbare Funktionsgruppe, die in der radikalisch polymerisierbaren Verbindung ent-
halten ist, eine Acryloyloxy-Gruppe und/oder eine Methacryloyloxy-Gruppe enthält.

6. Elektrochromes Element nach einem der Ansprüche 1 bis 5,
wobei die radikalisch polymerisierbare Verbindung, die eine Triarylamin-Hauptkette enthält, durch die folgende
allgemeine Formel 1 unten repräsentiert wird:

<Allgemeine Formel 1 > An-Bm,

wobei m null ist, wenn n = 2 ist, und m 0 oder 1 ist, wenn n = 1 ist; wobei A und/oder B eine radikalisch polymerisierbare
Funktionsgruppe ist; wobei A eine Struktur besitzt, die durch die folgende allgemeine Formel 2 repräsentiert wird,
und an B an einer Position von R1 bis R15 gebunden ist; und B eine Struktur besitzt, die durch die folgende allgemeine
Formel 3 repräsentiert wird und an A an einer Position R16 bis R21 gebunden ist:
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wobei in den allgemeinen Formeln 2 und 3 R1 bis R21, die identisch oder voneinander verschieden sein können,
alle monovalente organische Gruppen sind und mindestens eine der monovalenten organischen Gruppen eine
radikalisch polymerisierbare Funktionsgruppe ist.

7. Elektrochromes Element nach einem der Ansprüche 1 bis 6,
wobei die Verbindung, die in der zweiten Elektrode enthalten ist, die Verbindung ist, die durch die Allgemeine Formel
(I) repräsentiert wird, wobei R1 oder R2 die Funktionsgruppe ist, die an eine Hydroxyl-Gruppe binden kann, wobei
die Verbindung an eine leitende oder halbleitende Nanostruktur gebunden ist.

8. Elektrochromes Element nach einem der Ansprüche 1 bis 7,
wobei die Verbindung, die in der zweiten Elektrode enthalten ist, die Verbindung ist, die durch die Allgemeine Formel
(I) repräsentiert wird, wobei R1 und R2 jeweils die Funktionsgruppe sind, die an eine Hydroxyl-Gruppe binden kann,
wobei die Verbindung an eine leitende oder halbleitende Nanostruktur gebunden ist.

9. Elektrochromes Element nach einem der Ansprüche 1 bis 8,
wobei in der allgemeinen Formel (I) m eine ganze Zahl gleich n ist.

Revendications

1. Élément électrochromique, comprenant :

une première électrode ;
une seconde électrode qui est opposée à, et séparée de, la première électrode ; et
un électrolyte qui est entre la première électrode et la seconde électrode,
dans lequel la première électrode inclut un produit polymérisé d’une composition électrochromique qui inclut
un composé polymérisable par radicaux incluant un squelette triarylamine et un groupe fonctionnel polymérisable
par radicaux, et
dans lequel la seconde électrode inclut un composé représenté par la formule générale (I) ci-dessous :
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où R1 et R2 indiquent chacun un atome d’hydrogène, un groupe aryle incluant 14, ou moins, atomes de carbone,
un groupe hétéroaryle incluant 14, ou moins, atomes de carbone, un groupe alkyle ramifié incluant 10, ou moins,
atomes de carbone, un groupe alcényle incluant 10, ou moins, atomes de carbone, un groupe cycloalkyle
incluant 10, ou moins, atomes de carbone, ou un groupe fonctionnel qui est capable de se lier à un groupe
hydroxyle, dans lequel le groupe fonctionnel qui est capable de se lier à un groupe hydroxyle est un groupe
phosphonate, un groupe phosphate, un groupe carboxylate, un groupe sulfonyle, un groupe silyle, ou un groupe
silanol ; n et m indiquent chacun un nombre entier relatif, dans lequel m et n dans la formule générale (I) sont
tous les deux 4 ou plus mais 10 ou moins ; et X- indique un ion de neutralisation de charge.

2. Élément électrochromique selon la revendication 1,
dans lequel la première électrode inclut un produit réticulé d’une première composition électrochromique qui inclut
le composé polymérisable par radicaux incluant un squelette triarylamine et un autre composé polymérisable par
radicaux incluant un groupe fonctionnel polymérisable par radicaux différent du composé polymérisable par radicaux
incluant un squelette triarylamine.

3. Élément électrochromique selon la revendication 2,
dans lequel le composé polymérisable par radicaux incluant un squelette triarylamine ou l’autre composé polymé-
risable par radicaux différent du composé polymérisable par radicaux incluant un squelette triarylamine inclut deux,
ou plus, groupes fonctionnels polymérisables par radicaux.

4. Élément électrochromique selon la revendication 2 ou 3,
dans lequel le groupe fonctionnel polymérisable par radicaux inclus dans l’autre composé polymérisable par radicaux
inclut est au moins un d’un groupe acryloyloxy et d’un groupe méthacryloyloxy.

5. Élément électrochromique selon l’une quelconque des revendications 1 à 4,
dans lequel le groupe fonctionnel polymérisable par radicaux inclus dans le composé polymérisable par radicaux
inclut est au moins un d’un groupe acryloyloxy et d’un groupe méthacryloyloxy.

6. Élément électrochromique selon l’une quelconque des revendications 1 à 5,
dans lequel le composé polymérisable par radicaux incluant un squelette triarylamine est représenté par la formule
générale 1 ci-dessous :

<formule générale 1> An-Bm

où m est 0 lorsque n = 2, et m est 0 ou 1 lorsque n = 1 ; au moins un de A et de B est un groupe fonctionnel
polymérisable par radicaux ; A a une structure représentée par la formule générale 2 ci-dessous et est lié à B à une
position quelconque de R1 à R15 ; et B a une structure représentée par la formule générale 3 ci-dessous et est lié
à A à une position quelconque de R16 à R21 :
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où, dans les formules générales 2 et 3, R1 à R21, qui peuvent être identiques les uns aux autres ou différents les
uns des autres, sont tous des groupes organiques monovalents, et au moins un des groupes organiques monovalents
est un groupe fonctionnel polymérisable par radicaux.

7. Élément électrochromique selon l’une quelconque des revendications 1 à 6,
dans lequel le composé inclus dans la seconde électrode est le composé représenté par la formule générale (I) où
R1 ou R2 est le groupe fonctionnel qui est capable de se lier à un groupe hydroxyle, le composé étant lié à une
nanostructure conductrice ou semi-conductrice.

8. Élément électrochromique selon l’une quelconque des revendications 1 à 7,
dans lequel le composé inclus dans la seconde électrode est le composé représenté par la formule générale (I) où
R1 et R2 sont chacun le groupe fonctionnel qui est capable de se lier à un groupe hydroxyle, le composé étant lié
à une nanostructure conductrice ou semi-conductrice.

9. Élément électrochromique selon l’une quelconque des revendications 1 à 8, dans lequel, dans la formule générale
(I), m est un nombre entier relatif égal à n.
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