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Field of the Invention |

The present invention relates to an optical device (for
example, a display device for condﬁcting display of numerical
figures or letters or X-Y matrix display, and a filter
capable of controlling light reflectance or light
transmittance in a visible light region (wavelength: 400 to
700 nm)), as well as an electrolytic solution used for the
device.

Description of the Related Art

Heretofore, electrochromic materials (hereinafter
sonetimes referred to aé EC materials) have been:used for
voltage driving type display devices and adopted, for example,
in digital clocks and the like for tlme dlsplay,

The electrochromic display dev1ce (hereinafter
sometimes referred to as ECD) is a non-light emitting type
display device and since it conducts display by reflection
light or transmission light, it has an advantagéous merit of
reducing feeling of fatigue even after long time observation,
as well as an advantageous merit such as relatively low
driving Qoltage which reduces power consumption. For example,
as disclosed.in Japanese.Patent Laid-Open Sho 59-24879, a

liquid type ECD using, as the EC material, a biologen
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Along with development of precise optical instruments,
light amount controlling devices which are fine in the size
and consume less electric low power are required for
replacing existent variable ND filters, and it becomes
necessary to study if the ECD described above or techniques
relevant thereto~are adaptable or not.

However, in a case of utilizing the EC material, for
example, the viologen molecule derivative to the ECD, there
hés been a problem in the response speed required actually
and the shield performance and it has been difficult to put
the material to practical use.

In view of the above, an electrochemical light
controlling device using deposition/dissolution of silver has

been developed in place of ECD taking notice on a

transmitting type or reflection type light controlling device

utilizing deposition/dissolution of a metal salt.
However, in the electrochemical light controlling

device described above, while aimed values can be obtained

for the response speed and the light shielding performance, a -

. transparent electrode as a substrate (that is, a working

electrode) tends to suffer from degradation and the working

life as a device is short.

Particularly, since an overvoltage is applied to an ITO



repl aci ng-existent variable ND filters, and it becomes necessary to study
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not . However, in a case of utilizing the EC material, for exanple,

t he vi ol ogen nol ecul e derivative to the ECD, there has been a problemin

t he response speed required actually and the shield performance and it has

been difficult to put the material to practical use. In view of
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whi |l e alned val ues ca al ned or the response”speed and the |ight
shiel ding performance, a transparent electrode as a substrate (that is, a
wor ki ng el ectrode) tends to suffer from degradation and the working

life as a device is short. Rar i i nce an overvoltage is
applied to an | TO sumvary OF Lt “hVENTION

It is, accordingly, an object of the present invention
to prqvide an optical device capeble of lowering the
overvoltage to the electrode thereby attaining a long life by
using a silver complei salt as an electrolytic solution
required for the device, a solution of which has no
absorption in a visible light region (400 to 700 nm) and can
provide substantially uniform shielding in the visible light
region upon coloration as an electrochemical light
controlling device material, as well as an electrolytic
solution used therefor. |

The present inventor has found a stable optical device
and an electrolytic solution capable of driving at a low
power consumption and controlling the optical transmittance
or reflectance in a visible light region, having satisfactory
spectfal characteristics and reducing the damages'of the
electrode, by constitutihg a.light controlling device using
an electrochemical material by obtaining an reversible system
of depositing silver from a silver complex salt onto an
electrode or dissolving silver from the electrode in a non-
aqueous system (hereinafter simply referred to as "deposition

and dissolution"), and has accomplished the present invention.



3 (indiumtin oxide) electrode upon deposition and dissolution of silver,
the electrode is.liable to be danmaged. SUWARY OF THE

| NVENTI ON It is, accordingly, an object of the present invention to
provi de an optical device capable of |lowering the -overvoltage to the

el ectrode thereby attaining a long life by wusing a silver conplex salt as
an electrolytic solution. required for the device, a solution of which has

no absorption in a visible light region (400 to 700 nm and can provide
substantially uniformshielding in the vidsible light region upon
coloration as an ectr.ochem cal light. confrollin evice material, as
wel |l as an electrg*%ﬂ (fs’sgﬁ%t?fﬁF ed"VHR %ﬁqngonc%rgs an oﬂg%cai

device in which a solution of a silver halide (for example,
AgF, AgCl, AgBr, and AgI) is disposed between working
electrodes and counter electrode, which is adapted to cause
deposition and dissolution of silver by driving control of
the electrodes and in which at least one salt selécted from
the group consisting of LiX, NaX and KX (in which X is a
fluorine atom, chlorine atom, bromine atom or iodine atom) is
added as a support salt capable of supplying a halogen
identical with or different from that of the silver halide
for dissolving the silver halide, and the silver halide is
formed into a complex salt, as well as an electrolytic
solution comprising the solution described above and used for
the optical device.

Heretofore, even if an electrolytic solution
substantially at a practical level is obtained, since the
transparent electrode as the éubs£rate (that is, working
eiectfode) is degraded by repeating driving, the working life
is short. According to the present invention, since an alkali
metal halide of the presént invention such as LiX described
above is added to the electrolytic solution, an overvoltage
regarding deposition and dissolution of silvér can be reduced
compared with quaternary ammonium salts used so far for the

dissolution of silver salts, and this can contribute to the

increase of the electrode life.



The present inventor has found a stable optical device and an

. electrolytic solution capable of driving at a low power consunption and
controlling the optical transmttance or reflectance in a visible |ight

regi on, having satisfactory spectral characteristics and reducing the

damages of the el ectrode, by constituting a light controlling device

usi ng an el ectrochem cal nmaterial by obtaining an reversible system of

depositing silver froma silver conplex salt onto an el ectrode or

di ssolving silver fromthe electrode in a hon- aqueous system
(hereinafter sinpl e . . I & L.QE di sso WelpH and has
acconpl i shed the pﬁgéeéfégleﬁ&eh@ i"%ﬁ?ope&% o&:‘tQQnedaJ'%l%i§ Lé@ét%’lb)le
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Agl) is!dispgg ﬁkfg%\gg%%a%giﬁér¥£ripus silver éomplex salts iﬁ the
materials for electrolytic solutions. The electroiytic
‘solution has been studied by using silver iodide, silver
bromide and silver chloride as the silver halide.

For dissolving the silver halide described above, it is
necessary to form silver into a complex salt. However,
quaternary ammonium salts easily soluble to organic solvents
have been used mainly for support salts therefor (no direct
concern with the reaction but necessary for dissolving
silver). Since it has been found that Jowering of the driving
voltage is important in order to increase the working life of
the electrode, it is desirable for such an electrolytic
solution as reducing overvoltage upon deposition and
dissolution of silver.

According to the present in§ention, degradation of the
electrode (particularly, transparent ITO electrode) can be
avoided by lowering the overvoltage upon dissolution of the
deposited silver film by'using an alkali metal halide of the
present invention as the additive. Actually, when a life test
was tried by using an ITO electrode; the cell voltage could
be lowered as compared with a case of using the existent

electrolytic solution (system containing quaternary ammonium

salt).



el ectrodes and counter electrode, which is adapted to cause deposition and
di ssolution of silver by driving control of the electrodes and in which at
| east one salt selected from the group consisting of Li X, NaX and KX (in
which X is a fluorine atom chlorine atom brom ne atomor iodine atom is
added as a support salt capable of supplying a halogen identical with or
different fromthat. of the silver halide for dissolving the silver halide,
and the silver halide is fornmed into a conplex salt, as well as an
electrolytic solution conprising the sol @étion described above and used for
the optical device; ffecti 268ng R lah 28vehefddRlsYbEfeSO] Ution
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known for the deposition of silver from silver complex salts,

but the cyanic solutions involve a problem in ensuring a
safety working environment or in disposing liquid wastes.
Then, the present inventor has noted on non-cyanic silver
salts and made a study on them.

That is, a highly reversible system was obtained among
various electrolytic solutions of silver complex salts by
adding a reducing agent. The material used for the system is
referred to as an RED (reversible electro-deposition)
material, which is dissolved in a solvent and prepared as an
RED solution. |

The RED solution (electrolytic solution) has been
studied so far on solutions using éilver iodide as the silver
halide, ascorbic acid as the reducing agent for improving the
‘reversibility and dimethylsulfoxide (DMSO) as the non-agqueous

. solvent. While the working circumstance of a device tends to
be restricted in a case of using a solvent having high
reversibility for deposition or dissolﬁtion but of poor
£emperature characteristics such as DMSO, the temperature
range can be extended by forming a mixed solvent.

Further, although an electrolytic solution at a level
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abové, it was attempted in the present invention to
the overvoltage upon deposition and dissolution of

as an important factor of the life and, in addition,

to improve the working life. In this case, if the overvoltage

upon deposition of silver can not be controlled, the

overvoltage for the dissolution of the deposited silver film

could be reduced by co-precipitation with different kind of

- metal,

for example, a copper salt such as a copper halide or

by miking ligands on silver in complex salts. In this case,

the content of the different kind of metal is preferably from

0.1 to

100 mmol/L.

By the addition of such different kind of metal,

overvoltage upon dissolution of the deposited silver film

could be lowered and, as a result, abrupt degradation of the

transparent electrode could be avoided. When the life test

was tried by using an ITO electrode, the life was improved as

compared with a system not containing Cu salts.

Further, since the optical device and the electrolytic

solution of the present invention are disposed in an optical

system, it is not desirable that the electrolyﬁic solution

has absorption in a visible light region (coloration).

Usually, when a copper halide is dissolved in an organic



voltage is inportant in order to increase the working life of the
electrode, it is desirable for such an electrolytic solution as reducing
overvol t age upon deposition and dissolution of silver. Accordi ng
to the present invention, degradation of the electrode (particularly,
transparent |1 TO el ectrode) can be avoi ded by | owering the overvoltage
upon di ssol ution of the deposited silver filmby using an al kali netal
hal i de of the present invention as the additive. Actually, when a life
t est was tried by using an 1 TO el ectrode, the cell voltage coul d be

| onered as cIRene] ¥hé alukish Ris Uldsuiptienein iiRnNkrisiBl@Cligheyti c

sol ution (system containing quaternary ammonium salt).

6 For ®idieml.i ViRl WikkoBE dthW abéve, 2Bhe VagHta 3888Epeidit Gl the
visible light region of the electrolytic solution coﬁld be
avoided by using a dissolved copper salt and a clarifying
material typically represented by-triethanolamine and
feducing the state of copper present in the solvent as:
cu* — cu'.

That is, upon dissolving a silver halide into a solvent,
and if the solution is colored, it is preferred to add a
clarifying agent compriSing at least one compound selected
from the group consisting of triethanolamine,
iminodiacetic acid, trans-1,2-cyclohexanediamine tetraacetic |
acid, nitrotriacetic acid, galactitol, ascorbic acid,
triethanolamine borate, dimethylamine borane, dimethyl-
thioformamide, N,N,N',N'-tetrakis(Z;hydroxypropyl)ethylene
diamine, ethylenediamine-N,N,N',N'-~tetra azetinic acid,
salicylic acid, 2-methylmercaptobenzimidazole, 1-allyl-
2-thiourea, thiouracil, dimethylamineborane and tetrabutyl
ammonium borate.

In the present inééntion, the silver haiide takes place

oxidation~-reduction by the application of a voltage as shown

in the following formula:
(Hydrogen Standard)
I, + 2e° 2 2I" (0.536 V)

- Br, + 2¢° 2 2Br" (1.065 V)



the alkali netal halide is added preferably at a concentration ratio from
., 1/2 to 5 tinmes of the silver halide. Cyani ¢ sol utions used for

pl ati ng bat hs have been well- known for the deposition of silver from
silver conplex salts, but the cyanic solutions involve a problemin
ensuring a safety working environnent or in disposing |iquid wastes.
Then, the present inventor has noted on non-cyanic silver salts and made a
study on them That is, a highly yeversible system was obtai ned
anong various electrolytic solutions of “silver conplex salts by adding a

reduci ng agent. The mat eriah psed>focithe.sgstemis referred to as an RED
(reversible el ectro-deposition) material, which is dissolved in a solvent

and prepared as arns eScgobed igbove, the prdduntRERveat ibn @an préeide! ytic
sol ution) has been studied so far on solutions using silver iodide as the

silver  haldflgptaesPrdbBicRCwllich 14D QUCHoGeAIRIHsuPLibAPINNT t he
reversibility and di nethyl sul foxi de (DMSO) as the non-aqueous sol vent .
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example, a display device or an optical filter by using an
reversible system capable of depositing silver from a silver
salt comprising a'éilver halide on an electrode and
dissolving the same therefrom, and conducting coloration and
discoloration.

In the optical device and the electrolytic solution of
the present invention, when the different kind of metal is
dissolved in the solution, it is desirable that the solution
is not colored.

As the different kind of metal, copper is used which
may be contained in a solution as the copper halide such as
copper chloride or copper bromide. |

The optical device and the électrolytic solution of the
present invention can be constituted by filling an
electrolytic solution, in which a silver halide is dissolved
in a solvent, is dispose& between and in contact with working
electrodes and counter electrode at least one of which serves
as an electrode for depositing or dissolving silver.

It is desirable that a solution in which a silver

halide is dissolved in water or a non-aqueous solvent,

particularly, a non-aqueous solution is disposed and colored



réversibility for deposition or dissolution but of poor tenperaturé
characteristi cs such as DMSO, the tenperature range can be extended by

form ng a m xed sol vent . Further, although an electrolytic
solution at a | evel 7 approxi nate

to that for the practical use could be obtained, the device |ife was short
since the transparent electrode as the substrate is deteriorated by
repeating driving. In view of the above, it was attenpted in the present

i nvention to reduce the overvoltage upon lBeposi tion and dissol ution of
silver as arorn miscbiared adiyodepdsitiod idredasdolutnicnddift sblwert o i nprove. the
working life. Inthis case, if the overvoltage upon deposition of silver
can not be control irdthisheaseyeivois aips ifrablthto diss @nURED nscfutiiof in

deposited silver film could be reduced by co-precipitation with different
kind of which the concentration of silver bromide is from 0.03 to 2.0
mol/L. and, more preferably, from 0.05 to 2.0 mol/L.

Then, for electrochemical deposition and dissolution of
silver, it is preferred to add at least one of additives
selected from the group consisting of brightener, complexing
agent and reducing agent to the solution.

For instance, at least one compound selected from the
group consisting of thiourea, l-allyl-z-thidurea.
mercaptobenzoimidazole, cumérin, phthalic acid, succinic acid,
sailicylic acid, glycolic acid, dimethylamineborane (DMAB),
trimethylamineborane (TMAB), tartaric acid, oxalic acid and
D-gluco.no-l,s-lactone.may be added z;ts addifives. |

As the RED solution usable in the present invention, a
system capable of dissolving the silver salt and highly
reversible by the combined use wit.h the reducing agent is
desirable. For the RED solution, use of ascorbic acid for the
reducing agent and only the non-aqueous solution comprising
dimethylsulfoxide (DMSO) as | the solvent were studied. However,
since DMSO itself has a coaguiation point at 18°C, such an RED
solution involves the problem for the low temperature
characteristics and tends to cause freezing during use in a

cold district, for instance.

In view of the above, the present inventor used a



metal, for exanple, a copper salt such as a copper halide or by nixing
. ligands on silver in conplex salts. In this case, the content of the
different kind of metal is preferably from 0.1 to 100 mol /L. By
the addition of such different kind of metal, overvoltage upon dissolution
of the deposited silver film could be |owered and, as a result, abrupt
degradation of the transparent el ectrode could be avoi ded. Wien the life
test was tried by using an I TO electrode,_ the life was inproved as
conpared with a system not containing Cu %%Its. Further, since the

optical deviselwnt biiclewecdagilatiion pesiitutdapabdé ofipryeveseimgi nvention are
di sposed in an opti cal system it is not desirable that the electrolytic
sol ution haegeriphi 6ff the dlow tehperatwtd chagaoterisdiesahndn) .
Usual Iy, when a copper halide is dissolved in an organic
enduring use at low temperature, particularly, in a non-
aqueous reversible system of depositing silver from a silver
salt on a transparent electrode and dissolving the same
therefrom, and studied on a reducing agent adaptable thereto.
As a result, any of the reducing agents described above
éucﬁ;és-DMAB and TMAB, which were not taken into
C6nsideratibn at all so for, can be used satisfactorily as
the reducing agent adaptable to the solvent of low
coagulation point even when a solvent of a low coagulation
point is used for the improvement of the low tempéra'ture
characteristics, and the reducing agent mentioned herein is
soluble more easily into the solvent of this type than
ascorbic acid described previously. That is, since this forms
an electrolytic solution thét coagulates at a lower
temperature than the DMSO system electrolytic solution, the
electrolytid.sblution does not freeze even during use in the
cold district. In this case, the reducing agent is added
preferably within a concentration range from 1/150 to 1 times
of the silver salt.
The solvent of low coagulation point is desirably, a
solvent (non-aqueous solvent) comprising at least one

compound selected from the group consisting of

dimethylformamide (DMF), diethylformamide (DEF), N,N-



8 'sol vent, the solution has absorption in the visible light region. In

vi ew of the above, the |ight absorption in the visible |ight region of the
el ectrolytic solution could be avoided by using a dissolved copper salt
and a clarifying material typically represented by triethanol am ne and
reduci ng the state of copper present in the solvent as: [err] - That
I's, upon dissolving a silver halide into a solvent, and if the solution is
colored, it is preferred to add a clarifying agent conprising at |east one
conpound sel ected fromthe group consistifg of triethanol am ne,

i m nodi acet idimethglatesanide 2DBRAN pexmettyilpiipioiatideagrPAy, Mci d,
nitrotriacetic acid, galactitol, ascorbic acid, triethanolam ne borate,

di met hyl am nrett§gRerodidsidyiMp) ,tbf@ﬁﬂéﬁﬁaa(iﬁbnﬁté\l, q‘IBC) , acetonitrile
, N -tetraki s(2-hydroxypropyl)ethyl ene ” di am ne, ethylenediam ne-N,N,', N,

' ctra azpiy) o RethorySalde (mof i Zuhyut misinkebayy! i dazol e

glng‘c)g' um bor @ifethylsul foxidd (DME0Y', CaE8koldHENDLRY, dify13lcktate NA de takes

' tetrahydrofuran (THF), methyltetrahydrofuran (MeTHF),
dimethoxyethane (DME) and 7 -butyrolactone (éEL).

Among the non-aqueous solvents described above, when
those of lower coagulation point compared with DMSO
(particularly, the coagulation point of DMF, DEF, MEOH, EEOH
is lower by more than 70°C) are used, the RED solution
prepared by dissolving a silver halide has excellent low
temperature characteristics And are durable satisfactorily to
the use, for example, in a cold district. Further, even when
DMSO is used, if it is formed as a solvént mixture with
acetonitrile or the like, for example, at 1:1 ratio, use at
low temperature is enabled and a solvent having'high |
reversibility for deposition and dissolution of silver but
having poor temperature characteristics can also be used. As
a result, the range for usable additives was extended. .
Further, by the developménﬁ of the electrolytic solution not
coagulated at low temperature, this electrolytic solution is
not frozen even during use in the cold district.

Further, by chemdcally or physically modifying a
transparent electrode as an operation electrode for

depositing or dissolving silver (particularly, ITO electrode:



oxi dat i on-r educt i on by the application of a voltage as shown in the

. follow ng formul a: (Hydrogen St andard) [err]
9 J[err] As descri bed above, the present invention can provide an
optical device which is of |ow power consunption, non- |ight emtting type

and suitable to visible light region, for exanple, a display device or an
optical filter by using an reversible system capable of depositing silver
froma silver salt conprising a silver haide on an el ectrode and

di ssolving the sanme therefrom and conducting col oration and

di scol or at i oshtained by doping tin to indium oxide), deposition potential

of silver to the transparent electrode is lowered to
facilitate deposition/dissolution of silver and electric
damages on the transparent- electrode or the solution per se
can be moderated.

As the chemical modification in this case, a surface
treatment (chemical plating) is preferably conducted to the
ITO electrode with palladium or the like by a 2-solution
treating method of a tin solution and a palladium solution.
That is, the activity on the surface of the ITO electrode is
increased by depositing palladium nuclei on a substrate
consisting of ITO alone as the surface activation treatment
of the ITO electrode with palladium.

In this case, a tin solution prepared by dissolving

0.10 - 1.0 g of tin chloride (SnCl,) into one liter of 0.010
0.10% HC1 and a palladium solution prepared by dissolving
0.10 -.1.0 g of palladium.chlo:ide (P4dCl,) into 1 liter of
0.010 - 0.10% HC1l can be used;

Further, as the physical modification, it is possible
to use a method of vapor.depositing a metal which is more
noble than silver on the ITO electrode.

For the optical device and the electrolytic solution
according to the present invention, it is desirable that the
solution has no absorption in the visible light region and

that the ITO electrode having no absorption in the visible



In the optical device and the electrolytic solution of the present

I nvention, when the different kind of netal is dissolved in the solution,
it is desirable that the solution is not colored. As the different
ki nd of nmetal, copper is used which may be contained in a solution as the
copper halide such as copper chloride or copper brom de. The
optical device and the electrolytic solution of the present invention can
be constituted by filling an electrolytiggsolution, in which a silver
halide is dissolved in a solvent, is disposed between and in contact with
worki ng el déghbdeegion isopreterablyt usedeast the sybstraterelgatendger ves as
an el ectrode for depositing or dissolving silver. It is desirable
t hat a sol utfioencohoritiszn andi diseoloxatiione (thatissomworking ekecsrode) a

non- aqueous sol vent, particul arly, -a non-aqueous solution is disposed and

col ored in order to operate as an optical device.

Then, when coloration and discoloration states are
repeated by using the RED solution, the solution system can
not be stirred since the device is of a minute size.
Accordingly, it is preferable to drive by an electric current
control which facilitates quantization for electrochemical
deposition/dissolution of silvér.

As a coloration—diécoloration driving method by the
current control described above, it is preferred to use a
driving method by an electric current changing from a high
édfrent value to a low current value in a square shape in
order to increase coloration or discoloration speed
(deposition or ‘dissolution rate of silver). Alternatively, it
is also preferred to use a driving method by an electric
current changing from a low'curren£ value to a high current
value in a rectangular shape in order to mitigate damages on
the substratg caused by repeating deposition and dissolution
of silver. In a case of ﬁsing constant current driving, it is
desirable to control by using a limiter or the like at a
potential of forming side reaction products (in order to
maintain the balance of electrolyte in the system).

The present invention is applicable generally in

optical devices such as display devices capable of conducting



10 or discolored by deposition or dissolution of silver. In this

. case, it is desirable to use an RED solution in which the concentration of
silver bromde is from0.03 to 2.0 nol/L and, nore preferably, from0.05
to 2.0 nol /L. _ Then, for electrochem cal deposition and di ssol ution
of silver, it is preferred to add at |east one of additives selected from
the group consisting of brightener, conplexing agent and reducing agent to
t he sol ution. For instance, at |emst one conpound sel ected fromthe
group consisting of thiourea, 1-allyl-2-thiourea. pmercaptobenzaojm dazole, -
cumarin, phtHMeIdcadi ar Shracher diéfplay o Xco¥| Peteky 4isgilaxoldnd acid,

di net hyl am nebbrane (DVAB), trinethyl am neborane (TMAB), tartaric acid,
oxal i ¢ aci d epeicald Flitens-capahlecpfreonsplidngdlivghty Sraggnitiance ox

As the RED solution usable in the present invention, a system capable of
di ssol vi ng t highti Inefileshhncanth la ghkjble rlightsiregiony(wavelengthnd®Ouse with
the reducing agent is desirable. For the RED solution, use of ascorbic
acid for theto 700 nm). :

Further, the present invention also provides an
electrolytic solution capable of being used in the optical
device described above, that is, an electrolytic solution
comprising a sélution prepared by dissolving the silver
halide, the support salt and the like described above in a
solvent.

The electrolytic solution comprises a solution formed
by dissolving a silver salt such as a silver halide in water
or in a non-aqueous solvent preferably at.a concéntration
from 0.03 to 2.0 mol/L, whiéh is colored or discolored
depending on deposition or dissolution of silver. The support
salt or the additive of the present invention like that
described above can be added and, aepending on the case,
gloss agent, complexing agent, reducing agent and solvent may

be added each in a predetérmined amount to the solution.

BRIEF DESCRIPTIN OF THE DRAWINGS
Fig. 1 is a graph illustrating the change of
characteristics of an optical device depending on the

application voltage;



reduci ng agent and only the non-aqueous solution conprising

_di met hyl sul foxi de (DM5O) as the sol vent were studied. However, si nce DMSO
itself has a coagul ation point at 18[err]C, such an RED solution involves

the problemfor the | ow tenperature characteristics and tends to cause

freezing during use in a cold district, for instance. In view

of the above, the present inventor used a

11 solvent of |ow coagul ation point capahfe of preventing degradation of
the | ow tenperature characteristics and enduring use at |ow tenperature,
particularly, in &F¥bn2 ifgacarph aldusteabing sthenchbangekiting sil ver
froma silver salt on a transparent el ectrode and dissol ving the sane
t herefrom ahhrecgeristios ofr adothey epfuittaladepicse|dependingoon the As a
result, any of the reducing agents descri bed above

application voltage;

Fig. 3 is a spectral chart illustrating the change.of
transmittance by the application voltage upon coloration of
an optical device according to the present invention;

Fig. 4 is a spectral chart illustrating the change of
transmittance by the application voltage during discoloration
of the optical device;

Fig. 5 is a schematic cross sectional view of an
optical device:

Fig. 6 is a conceptional view for the optical device;

Fig. 7 is a pattern for an actual ITO electrode of the
optical device; and |

Fig. 8 is a schematic cross sectional view of the

optical device.

DESCRIPTION OF THE PREFERR.ED EMBODIMENT
The present invention nill be explained by way of -
preferred embodiments.
At first, Fig. 5 and Fig. 6 schematically illustrate an
example of an optical device 10 such as a display device (or
optical filter) according to the embodiment of the present

invention,

According to the optical device 10 of this embodiment,



such as DMAB and TMAB, which were not taken into consideration at all so
. for, can be used satisfactorily as the reduci ng agent adaptable to the
sol vent of |ow coagul ation point even when a solvent of a | ow coagul ation
point is used for the inprovenent of the |low tenperature characteristics,
and the reduci ng agent nentioned herein is soluble nore easily into the
solvent of this type than ascorbic acid described previously. That is,
since this forms an electrolytic solutionzhat coagulates at a | ower

tenmperature than th system el.ectrolvtic solution, .the, _electrolytic
sol uti on doe? ?ﬁﬁr'F&égggfgﬁéquﬂﬁﬁ%ﬁﬂgu Eﬁ'%?qﬁ$8% ROPECRAYES (EPF 1h this
case, the reduci agent is_ added referably. wthin a concentration range
from 1/150 (SXAMEiGrmILage PIECH) foPndsp(are isposed gpaces GBAFE 1Y 1fow
coagul ation point is desirably, a sq@lvent (nhon-aqueous solvent)

conpri si ng aPredekarmyned dighfnm @SsgLariay Wi 2t RRFASASE st i ng of
di et hyl f ormam de (DMF), di et hyl formam de (D%Q, N, N-
electrodes (for example, ITO electrode) 2 and 3 at least one

of which operates as a coloring electrode or a discoloring
electrode are disposed on the inner surfaces of the
substrates respectively. While the operation electrodes are
actually formed into patterns depending on the purpose but
they are shown only schematically in the drawings.

Further, a counter electrode 6 is disposed also as a
spacer for the entiie circumference of the substrates 4 and 5,
for which a silver plate is used for instance. Although not
illustrated in the drawing, a silver wire, for example, is
disposed as a reference electrode.

Then, between the opposed working electrodes 2 and 3,
and the counter electrode 6, an RED solution 1 in which a
silver halide (silver salt) and an alkali metal halide and
the like are dissolved in a non-aqueous solvent is sealed as
the RED material bein§ in contact with the electrodes. When a
DC driving vbltage is apblied for a predetermined period of
time between the opposed working electrodes 2 and 3, and the
couhter electrode 6, one of them operating as an anode, while
the other of them opeiating as a cathode, silver (complex)

~salt undergoes oxidation-reduction on the cathode as:

ag' + e 2 Ag



12 di net hyl acet am de (DVAA), N-nethyl pripionam de (MPA), N .

nmet hyl pyrrol i done (MP), propyl enecarbonate (PC), acetonitrile (AN),

2- met hoxyet hanol (MEOH), 2-ethoxyethanol (EEOH), dinethyl sul f oxi de (DMSO),

di oxol ane (DQOL), ethylacetate (EA), tetrahydrofuran (THF),

met hyl t etrahydrofuran (MeTHF), di nmet hoxyet hane (DVE) and [err]

. -butyrol actone (GBL). Anmong the non-aqueous sol vents descri bed
above, when those of | ower coagul ation Eﬁ%nt conpared with DVBO

(particularly, the coagul ati on point of , DEF, MEOH, EEOH is |ower by

nmore than 70psdr{l® txassparent tsimteEDssbranstarredr épte el doloded ssttatieng a

silver halide has excellent |ow tenperature characteristics and are

dur abl e sati byyang adegositdont peodisets.f or exanple, in a cold district.

Further, even when DMSO is used, if it is formed as a solvent mxture with

acetonitrile or thehenkag iortimisadepesitéd bl thet eectisRiedt a spa¢ific

tenperature is enabled and a solvent having high reversibility for

deposi tion ard16fspeedldxipll, StéFRéctidh color) by Ag deposition’
products can be observed through the display window having
the working electrode and it constitutes a filter material.
The filtering action'by the coloration, namely, the
transmaittance or reflectance for visible light (or color
density) changes along with the level of the voltage and
application time thereof and it can be operated as a variable
transmittance or refiectance display device or filter by
controlling them. .

The optical device 10 may have the opposed electrodes 2
and 3 substantially over the entiré surface of the cell but,
actually, it can be constituted,_for example,.as shown in
Figs. 7 and 8. |

Namely, the opposed electroaes made of ITO disposed to
the transparent substrafes 4 and 5 are respectively divided
into central portion 2a, 3a, and annular electrodes 2b, 3b;
2c, 3c; 2d, 3d; and 2e, 3e disposed coaxially each ét a
minute interval. Silver counter electrodes 6A, 6B for
potential compensation are disposed around the circumference
of the opposed electrodes 2e, 3e at the outermost

circumference .

Each of the electrodes 2a, 3a; 2b, 3b; 2c, 3c; 2d, 3d;

-
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havi ng poor tenperature characteristics can also be used. As a result, the
. range for usable additives was extended. Further, by the devel opnent of .
the electrolytic solution not coagulated at |ow tenperature, this
electrolytic solution is not frozen even during use in the cold district.
Further, by chemcally or physically nodifying a transparent el ectrode as
an operation el ectrode for depositing or dissolving silver (particularly,
| TO el ect rode: 19 13 obtai ned by
~doping tin to indiumoxide), deposition potential of silver to the
transpar ent éeeci®ioddd §A) ofRr i3 qaRnerked | TesRestdupbyi ¥ A3l 9ol uti on of
silver and electric danmages on the transparent el ectrode or the solution
per se can BELvibagreway, sources §is 8Be 8GerfbaBEraudi$E Ly »aYi @ft his case,

a surface :
each of wirings 9a, 9B, 9C, 9D, 9E and 9F made of fine
chromium wires.

The tranSparent substrates 4 and 5 are disposed at a
predetermined gap by a spacer 7 (counter electrode 6 serves
also as the spacer in-Fig. 6), and an RED solution 1 is
sealed in the gap. |

Since the oxidation-reduction reaction (that is,
density) in the RED solution 1 is controlled depending on the
level of the applied voltage, the deposition amount of silver

" from the RED solution on the cathode of each of the divided
electrodes can be changed by the voltage applied between each
of the di&ided electrodes 2a-3a, 2b-3b, 2c-3c, 2d-3d and 2e-
3e (referred to as V,, V,, V,, V,, and V;) (voltage V, for
potential compensation is applied also between the paired
electrodes 6A-6B). |

Accordingly, if all the voltages are made equal (V, =
vV, =V, =V, =V;), uniform coloration can be attained over the
entire area of the RED solution 1, and the degree of density
can be changed uniformly in accordance with the voltage.

Further, if the application voltage to each of the
electrodes is made different, for example, as V,< V, < V, < V,
< V;, the colored density is increased (in other words, light

transmission is reduced) from the central portion to the



treatment (chemcal plating) is preferably conducted to the [ITO el ectrode
with palladiumor the like by a 2-solution treating nethod of a tin
solution and a palladiumsolution. That is, the activity on the surface of
the ITO electrode is increased by depositing palladiumnuclei on a
substrate consisting of ITO alone as the surface activation treatnent of

the 1 TO el ectrode with pall adi um In this case, a tin solution '
prepared by dissol ving 0.10 - 1.0 g of aéd n chloride (SnCl[err]) into one
liter of 0.010 - 0.10% HC1 and a pal | adi"um sol uti on prepared by

di ssol vi ng periphery.lThig as pséfwdd forcekample, @Bd6h[eptidalinto 1 liter

of 0.010 - 0.10% HCO can be used. Further, as the physical

modi fi cat i ongidphragmpessi e (ChaggesCogpl®i Dedick) vepousdepasating a metal
which is nore nobl e than silver on the ITO el ectrode. For the

optical devieg aigibRecaherd s theC15RE APt cafClatidtacerile dyRsent
I nvention, it is desirable that the sol ution has no absorption in the

visible |i ghy; fedine) idpPovehdid foRethéOMtEHA1a0a A8yt IO tRBSEEP! i on in

the visible

If the relation of the application voltage is made opposite
to the above, the light transmittance increases from the
central portion to the periphery.

. As described above, difference of density or gradation
can be controlled in various patterns by the application
voltage to the divided electrodes, which is useful as an
optical filter and can extend the range of the state in use.

As has been described above, ac'cording. to this
embodiment, the density upon coloration of the RED material
can be changed by using the RED material comprising silver
bromide as a filter material for the control of light amount
of optical instruments based on the idea quite different from
the existent EC materials and cond;lcting driving control for
the working electrode and the counter electrode (particularly,
voltage applicatio'n)', and it is possible to provide the
display device or the optical filter with gradation by
utilizing the features described above. Accordingly, it is
péssib]_.e to provide a filter which is fine in the size and
consumes less electric power and has a higher performance
than the existent var;lable ND filter operated mechanically as

a light amount controlling device.



14 light region is preferably used as the substrate el ectrode for
. coloration and discoloration (that is, working electrode) in order to
operate as an optical device. Then, when col oration and
di scoloration states are repeated by using the RED solution, the solution
systemcan not be stirred since the device is of a mnute size.
Accordingly, it is preferable to drive by.,an electric current control
which facilitates quantization for el ectrdChem cal deposition/dissolution
of silver. ' As a col oration-djscoloration driving nmethod by the
current control de3BeRpelpssEdpbioniwill heerade diPne ifsdekally iWithy net hod
by an electric current changing froma high current value to a |ow current
val ue in a sgefexensigape arcongrelie eganple ofs&hds| enrbedimend disEdeor ati on
speed (deposition or dissolution rate of silver). Alternatively, it
following examples, an optical device constituted as in the

embodiment shown in Fig. 5 and Fig. 6 was also used.

Example 1 (Comparison of polarizaltion between quaternary
ammonium salt and lithium halide)

Quaternary ammonium salt or lithium halide was used a;s
a support electrolyte (support salt), corresponding
electrolytic solutions were prepared respectively and
polarization was compared in constant current driving. in
this example, an ITO electrode of diameter 7 mm (7 mm @) was
used to define the reaction area.

An electrolytic solution 1 was prepared by dissolving
500 mmol/L of AgBr as a silver salt and 500 mmol/L of tetra-
n-butyl ammonium iodide (tetra-n-butyl ammonium I) as a
quaternary ammonium salt into DMSO. Further, an electrolytiq
solution 2 was prepared by dissolving 500 mmo]_./L of AgBr and
500 mmol/L. of LiBr into DMSO.

Polarization was éompared by using each. of the
‘electrolytic solutions. The result is shown in Fig. 1. It can
be seen that the cell voltage of the electrolytic solution 2

in this example is lower than that of the electrolytic

solution 1.



is also preferred to use a driving nethod by an electric current changing
~froma low current value to a high current value in a rectangul ar shape in
order to mtigate damages on the substrate caused by repeating deposition
and dissolution of silver. In a case of using constant current driving, it
Is desirable to control by using a limter or the like at a potential of
formng side reaction products (in order to maintain.the bal ance of

el ectrolyte in the system. The present invention is applicable .
generally in optical devices such as diZpl ay devi ces capabl e of

conducting Example 2 (Comparison of polarization betweed uuveghacel or
character display or X-Y matrix display, and optical filters capabl e of

controlling |ight transgiddraR@esalt andHodiah B&ladwe in a visible |ight
regi on (wavel ength: 400 to 700 nn). Further, the present invention
al so provides an an electrolytic solution 1 was prepared by dissolving

500 mmol/L of AgBr as the silver salt and 500 Immol/L of

tetra-n~-butyl ammonium iodidé (tetra-n-butyl ammonium I) as

the quaternary ammonium salt into DMSO. Further, an

electrolytic solution 3 was pfepared by dissolving 500 mmol/L

of AgBr and 500 nﬁbl/L of NaBr into DMSO.

Polarization was compared by using each of the
electrolytic solutions. The result is shown in Fig. 2. It can

‘be seen that the cell voltage of the electrdlytic solution 3

in this example is lower than that of the electrolytic

solution 1.

Example 3 (Change of transmittance in silver deposition/
' dissblution using constant potential method)

Deposition/dissolution of silver by a constant
potential method was tried using the electrolytic s_olution 2
in Example 1 and the change of the transmittance was measured.

During deposition; the driving voltage was -2.5 V to
silver and the driving time was 1.5 sec. On the contrary,
driving by the driving voltage during dissolution was
stepwise,'and it was +4.5 V for 20 msec'—> +1.6 V for 2 sec —
+3.5 Vv for 20 msec to silver. Change of the transmittance for

each of them is shown in Fig. 3 (during deposition) and Fig.



el ectrolytic solution capable of being used in the optical

devi ce

_ descri bed above, that is, an electrolytic solution conprising a solution
prepared by dissolving the silver halide, the support salt and the |ike
descri bed above in a solvent. . The el ectrolytic solution conprises

a solution fornmed by dissolving a silver salt such as a silver halide in
water or in a non-aqueous solvent preferably at a concentration from 0.03
to 2.0 nmol/L, which is colored or discoloyed depending on deposition or

di ssolution of silver. The support salt or the additive of the present

i nvention |ike(durdng déselwa@ngbovkhe Anapeniianteans, bargsb @ fheon t he
case, gloss agent, conpl exing agent, reduci ng agent and solvent may be

added each i trangmid¢dencendfctheafionelectrdde.sol uti on.

BRI EF DESCRI PTIN OF THE DRAW NGS Fig. 1 is a graph illustrating
t he change of ch&ramttthe dtasod tof itarcarpbec abencthiate tiepkighthgmonnt he

application vol tage;

can be controlled (transmittance can be changed) in the case

of using this electrolytic solution and it is shown that the

deposited silver film in this system has spectral

characteristics of a uniform absorption in the visible light

region and the transmittance increases and decreases in the

same manner both in deposition and dissolution and light

shielding perfbrmance is provided in the visible light region.

While the embodiments of the present invention have

been expiained, the foregoing embodiment can be further

modified on the basis of the technical idea of the present

invention.

For instance, the kind of the RED material and

components in the RED solution, particularly, the kind, the

concentration and the like of the support salt comprising the

alkali metal halide may be changed variously.

Further, the structure including the ITO electrode

pattern, as well as the material for each of the constituent

portions and, further, the driving method are not restricted

only to those described above. For example, the electrode

pattern shown in Fig. 7 may be changed variously, for example,

into a stripe shape or a lattice-like shape. Alternatively,

cells of different RED solutions may be divided and arranged
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Fig. 2'is a graph illustrating the change'of

anot her optical device depending on the application voltage;

characteristics of

Fig. 3
is a spectral chart illustrating the change of transmttance by the
application voltage upon coloration of an optical device according to the
present invention; Fig. 4 is a spectral chart illustrating the
change of transmttance by the application voltage during discoloration
of the optical device; Fig. 5is schematic cross sectional view
of an optical device: Fig. 6is conceptional view for the

opti cal devPoeevery divisgppgal electyodest erin fthisaeasest ¥ie RED el ect rode of
t he optical device; and '

solution can be combined with the existent EC solution.
Further, the optical device .according to the present
invention can be combined, for example, with other known

filter materials (for example, an organic electrochromic

materials. Liquid crystals and electroluminescent materials).

Further, the optical device according to the present

invention is applicable generally to optical diaphragms for
CCD, as well as various kinds of optical systems, and
electro-photographic copying machines or light communication
equipments for controlling optical amount.

As has been described above, in the present invéntion,
a reversible system of_depositing/dissolving silver on the
electrode by the driving control (particularly, voltage
application) of the working electrodes and counter electrode
by adding the support salt such as LiX in the RED solution
cqntaining silver halide based on £he concept quite different
from that of the existent EC material. Accordingly, it is
possible to provide an optical device which consumes less
electric power, is a not;light emission type and suitable to

the visible light region, as well as to reduce the

overvoltage to the electrode thereby improving the working
life.



Fig. 8 is a schematic cross sectional view of the optical device.
. DESCRI PTI ON OF THE PREFERRED EMBODI MENT The present inugnLLgn_wkll
be expl ained by way of preferred enbodi nents. ﬁu first,

and Fig. 6 schematically illustrate an exanple of an’
such as a display device (or optical filter) accordin

of the present I nventi on, According to the op
t hi s enbodi nment,

17 a pair
cell-constituting transparent substrates Pfor exanpl e, gl ass plates) 4 and
5 are di sposed spatRART iFaGLABYMER It edet er mi ned di stance as di spl ay

w ndows, and operation electrodes (for exanple, I1TO el ectrode) 2 and 3 at
| east one 1. An optical device, in which a silver halide

solutiop is disposed between working electrodes and counter
electrode, which is adapted to cause deposition or
dissolution of silver by driving control of the electrodes,
and in which at least one salt selected from the group
consisting of LiX, NaX and KX (in which X is a fluorine atom,
chlorine atom, bromine atom or . iodine atom) is added as a
support salt for dissolving said silver halide capable of |
supplying a halogen identical with or different from that of
' said silver halide and the silver halide is formed into a
complex salt.

2. An optical device as defined in claim 1, wherein
the support salt is added within a range of concentration
from 1/2 to 5 times of the silver halide.

3. An optical device as defined in claim 1, wherein an
electrolytic solution, in which a éilver halide is dissolved
in a solvent, is filled between and in contact with the
working electrodes and counter electrode at least one of
which constitutes an electrode for deposition or dissolution .
of silver.

4. lAn optical device as defined in claim 1, wherein a
solution, in which a silver halide is dissolved in water or a
non-aqueous solvent, is disposed and colored or discolored in

accordance with deposition or dissolution of silver.

[




of" which operates as a coloring electrode or a discoloring electrode are
di sposed on the inner surfaces of the substrates—tespectively—\Vhile the
" operation electrodes are actually formed into patierns dependi nlg on the
pur pose but they are shown only schematically in ' aced

€]
Further, a counter electrode 6 is disposed al so as he entire
e is used

=1

circunference of the substrates 4 and 5,  for which
for instance. Although not illustrated?®n the drawing, a silver wire, for
exanmple, is disposed as a reference el ectrode. . Then, between the
opposed wor ki ng el ect rifi@pticghddevice s deéinednteclaisct r oeher@inga RED
PPOS . . . . . .
solution 1 in which a silver halide (silver salt) and an alkali metal
hal i de and ®SRéutier afy @ gildver kalide gopeentrpteisus ofofremt0.03 tealked as
the RED material being in contact with the el ectrodes. Wen a DC driving
vol tage i s apwli/bdi$ orsesl.predet ermi ned period of tine between the opposed
wor king el ectrodes 2 and 3, and the counter electrode 6, one of them
operating as an andile, Anppteicalhdeoiberasiddfiiasioprrelding 1aswhetsimede,
silver (conplex) salt undergoes oxidation-reduction on the cathode as:
least one additive is added to the solution for
electrochemical deposition or dissolution of silver.
7. An optical device as defined in claim 6, which uses,
as an additive, at least one compound selected from the group
consisting of thiourea, allyl thiourea, 'mercaptobenzimidazole,
cumarin, phthalic acid, succinic acid, salicylic acid,
glycolic acid, dimethylamineborane, trimethylamineborane,
tartaric acid, oxalic acid and gluconic lactone.
8. BAn optical device as defined in claim 4, wherein
the non-aqueous solvent comprisés at least one compound
selected from the group consisting of dimethylformamide,
diethylformamide, N,N-dimethylacetamide, N-methylpropionamide,
N-methylpyrrolidone, propylenecarbonate, acetonitrile, 2-
ethoxyethanol, 2-methoxyethanol, dimethylsulfoxide, dioxolane,
ethylacetate, tetrahydrofuran, methyltetrahydrofuran,
dimethoxyethane and'y-hdtyrolactone.
9. An optical device as defined in claim 1, wherein a
transparent electrode as an operation electrode for
deposition or dissolution of silver is made of indium-tin

oxide.

10. An optical device as defined in claim 9, wherein

i [ SVEET RS, BEEN |
MR A6 I “"S REPLACED |




[err] 18 and the transparent
_state is transferred into a colored state by Ag deposition pr

Wien Ag is thus deposited on the el ectrode, a specific ThisQhdfy; exa | e,
reflection color) by Ag deposition products can be obs E&% 4‘%@

di spl ay wi ndow having the working electrode and it con m ”ﬂrﬂ er
material. The filtering action by the col oration, nanel'y,

transmai ttance or reflectance for visiblezjight (or color density) changes
along with the |l evel of the voltaae and ggplic tion tinme thereof and it

can be oper dth&y tX8NEPIEFR L IFIECTEPAR s odidded, ChemicdYneE di spl ay devi ce

or filter by controlling them The optical device 10 may have the
opposed el ecesdealdy - : :

11. An electrolytic solution éomprising a silver
halide solution disposed between working electrodes and
counter electrode.and causing deposition or dissolution of
silver by driving control of the electrodes, wheréin at least
one salt selected from the group consisting of LiX, NaX and
KX (in which X is fluorine atom, chlorine atom, bromine atom
or iodine atom) as a support salt capable of supplying a
halogen identical with or different from that of the silver
halide for dissolution of the silver halide, and whereby the
silver halide is formed into a.complex salt.

12. An electfolytic solution as defined in claim 11,
wherein the subport salt is added within a range of
concentration-from 1/2 to 5 times of the silver halide.

| 13; f&n electrolytic solutign as defined in claim 11,
wherein an electrolytic solution, in which a silver halide is
dissolved in a solvent, is filled between and in contact with
working electrodes and counter electrode at least one of
which constitutes an electrode for deposition or dissolution
of silver. |

1l4. An electrolytic solution as defined in claim 11,
wheieinla solution in which a silver halide is dissolved in

water or a non-agueous solvent is colored or discolored by

deposition or dissolution of silver.

* [ L L] s *



and 3 substantially over the entire surface of tF_pE,&e%l_Q“-t——-—Q—“a”% It
can be constituted, for exanple, as shown in and 8
" Nanely, the opposed el ectrodes made of |TO di spos&@shgtHastmndpMparent
substrates 4 and 5 are respectively divided into n 2a, 3a,
and annul ar el ectrodes 2b, 3b; 2c, 3c; 2d, 3d; a B“Hﬁl@é“lﬂ sed
coaxially each at a mnute | nterval . Silver coun es 6A, 6B for
potenti al conpensation are di sposed arounggthe circunference of the

opposed el ectrodes 2e, 3e at the outernpst circunference . Each
of the el ectrodes P2 38 ekectmplytie sglutiop agjdefined in claim 11,

19 2e, 3e; and 6A, 6B is connected respectively to each of driving power
sources 8A, @B?rq;@, thp, comcenkragiopyofiathefsilver halide is from 0.03

to 2.0 mol/L.

16. An electrolytic solu}:ion as defined in claim 11, |
wherein at least one additive is added for electrochemical
deposition or dissolution of silver.

17. an electrolytic solution as defined in claim 16
which uses, as additives, at least one compound selected from
the group consisting of thiourea, allyl thiourea,
mercaptobenzimidazole, cumarin, phthalic acid, succinic acid,
salicylic acid, glycolic acid, dimethylamineborane,
trimethylamineborane, tartaric acid, oxalic acid and gluconic
lactone.

18. An electrolytic solution as defined in claim 14,
wherein the non-aqueous solvent comprises at least one
compound selected from the group consisting of
dimethyl formamide, diethylfomaniide ’ N,N-dmethylacetamide,
N-methylpropionamide, N-methylpyrrolidone, propylenecarbonate,
acetonitrile, 2-ethoxyethanol, 2-methoxyethanol,
dimethylsulfoxide, dioxoiane, ethylacetate, tetrahydrofuran,
methyltetrahydrofuran, dimethoxyethane and ¥ -butyrolactone.

19. An electrolytic solution as defined in claim 11,
wherein a transparent electrode as an operation electrode for

deposition or dissolution of silver is made of indium-tin

oxide.
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each of wirings 9A, 9B, 9C, 9D, 9E and 9F nmade of fine chrom um w res.
The transparent substrates 4 and 5 are disposed at a~ predeterm ned gap by

a spacer 7 (counter electrode 6 serves also as the SpPpaGEhedt PadBddn RGNaced@Nd
an RED solution 1 is sealed in the gap. Si nce

oxi dation-reduction reaction (that is, density) in thelﬂﬂ'ﬂuu"ﬂuﬁ
control |l ed depending on the |evel of the applied voltadg®

amount of silver fromthe RED soluti-on orpot he cat hode of each of the

di vi ded el ectrodes anig]e ;haggeg%tbi/ t he vol tage applied between each of
the divided el ectrodes Z5t SAECHEOLYCT® solution.ax defdned- in 3saimele)red t o
as V[err], V2 . V4, and V|err (voltage V[err] for potential
conpensati on ?vlggg%%rr ﬁi@f nggBLB%‘E (®lertrede risd modlified artemiGal 6@)or
Accordi ngly, ifx all the voltages are made equal (V[err] = V2 =V3 = V4 =
Vierr]), uni f BPYP 0zt i on can be attained over the entire area of the
RED solution 1, and the degree of density  can be changed uniformy in
accordance with the voltage. -Further, if the application voltage
to each of the :

is
ion

_

N
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el'ectrodes is made different, for exanple, as V[err] < V2 < V[err] < V[err]
< V[err], the colored density is increased (in other words, I|ight
transm ssion is reduced) fromthe central portion to the

20 periphery. This is useful, for exanple, as an optical diaphragmfor CCD
(Charge Coupled Device) for use in a tgjevision canera or the like and it

the oD, © 11 the 1 eIy is oAk o HERERROL PG SSoOHE "Cpposi te to
the above, the light transmttance |2§§§§2€®Ifron1the central portion to

t he periphery. As descri bed fference of density or

gradation can be contralled.in, varlou ttern t he a pli.cation
vol tage to the d|¢¥8é§nﬂfﬁgtgﬁﬁﬁﬁe Wﬂn s u§§ﬁﬂg¥8 SFI Bl filter

and can extend the .range of the state.in use. As has been descri bed
above, aCCCNQﬁﬁﬁ& pangh§551lver halide in a solvent and adding an alkali

metal halide such as LiBr as a support salt is disposed
between Qorking electrodes and counter electrode, and which
is adaptéd such that silver is deposited or dissolved by
driving control for the electrodes. The optical device can
be driven at a low power consumption, can control the light
transmittance or reflectance in a visible light region,'has |
satisfaétory spectral characteristics upon light shielding
and caﬂ prgvent an overvoltage to the electrode, thereby
enabling to increase the working life, and an electrolytic

solution used therefor is provided.

. Figure 5



enbodi ment, the density upon col oration of the RED nmateri al can be
. changed by using the RED material -conprising:silver brom de as a filter
material for the control of |ight anount of optical -instrunments based on
the idea quite different from the existent EC materials and conducting
driving control for the working el ectrode and the counter el ectrode
(particularly, vol tage application), and it is possible to provide the
di spl ay device or the optical filter with gradation by utilizing the
features described above. Accordingly, it is possible to provide a filter
which is fine in the size and consunes_l ess electric power and has a
hi gher performnce than the existent "¥4riable ND filter oper at ed
mechani cal |y as a |light amount controlling device.

21 Then, description p+++—be—ﬁﬁﬁe—ﬁﬁ+e—rf details with
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reference to a concrete exanple of this enbodinent. In the follow ng
.exanpl es, an optical device constituted as in the enbodinent shown in Fig. .
5 and Fig. 6 was al so used. Exanpl e 1 (Conparison of polarization.

bet ween quat er nary ammoni um salt and |ithium halide)
Quaternary ammnium salt or lithiumhalide was used as a support

el ectrolyte (support salt), corresponding electrolytic solutions were
prepared respectively and polarization was conpared in constant current
driving. In this exanple, an ITO electﬁgqe of diameter 7 nmm (7 mm[err])
was used to define the reaction area. An el ectrolytic solution 1
was prepared by dissolving 500 mmol /L of AgBr as a silver salt and 500
‘mmol /L of tetra- n-butyl ammniumiodide (tetra-n-butyl ammoniuml) as a

quat ernary amoni um salt intd DVBO. Furtner, amglectrolytic solution 2
was prepared by dissolving 500 _omol /L of AgBr anq 500 mmol/L of LiBr into
Q. Pol ari zati on wgds conpared ®Y usingj]each of the electrolytic
solutirons. The result is shoynZn Fig. 12 It can
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be seen that the cell voltage of the electrolytic solution 2 in this
exanple is lower than that of the electrolytic solution 1.

22 Exanple 2 (Conparison of polarization between quaternary

. anmoni um salt and sodi um hal i de) An el ectrolytic solution 1 was
prepared by dissolving 500 mol/L of AgBr as the silver salt and 500

nmml /L of tetra-n-butyl ammoni um i odi de étgtra-n-butyl-annnniunll) as the
guat ernary anmonium salt into DMSO. Furth /, an electrolytic solution 3
was prepared by dissolving 500 mol/L of AgBr and 500 mml /L of NaBr into
DVSO Pol ari zati on was conpared by using each of the electyolytic

soluiions. The result is shown in Fig. 2. It cgn be seen {hat WEC%eII
vol tage of the electrolytiq¢ solution 3 in thisg exanple isllo t Ran t hat
of the electrolytic ‘\ \ ]
Voo
{ ¢l
\‘\ )
o \ i
Z \ '
- \ s
>“ \‘ '
¥ 8
0§ X
) : I ©
3 | I E
= | [ ” -
N < / I H -
d ro e
* < I fogpt <
o % A
— = / ‘/ J /, gﬁ
S VAN
L 0 // / / /.' =
5 /7 /il
| / : H )
; SRV
i / !t
N / / l.' -
¢ / /
S r P
g /! f P
2 fo
pd
o | | =
1a) [ © Q 0 jo =
o | & I3 2 18] |LEa
< | © I8 w0 o O
1 0 ~ O Eiﬂ.
ICD |C> o _:l =1
161116 6lllllllll|ll[Il[[[lllll'llllllIllll" U)D
S ® ® R 3J I Lee

TRANSMITTANCE (%)



solution 1. Exanpl e 3 (Change of transmttance in silver deposition/
_dissolution using constant potential nethod) Deposi tion/ di ssol ution
" of silver by a constant potential method was tried using the electrolytic
sol ution 2 in Exanple 1 and the change of the transmttance was neasured.
During deposition, the driving voltage was -2.5 Vto silver and the
driving time was 1.5 sec. On the contrary, driving by the driving voltage
during di ssol ution was

stepwi se, and it ,yas +4.5 V for 20 msec -> +1.6 V
for 2 sec -> +3.5 V for 20 nsec to silvgr. Change of the transmttance
for each of themis shown in Fig. 3 (during deposition) and Fi g.Q
23 4 (during dissolution).
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transmttance of the 1TO el ectrode. Fromthe result, it can be seen
.that the |ight anount can be controlled (transmttance can be changed) in
the case of using this electrolytic solution and it is shown that the
deposited silver filmin this system has spectral characteristics of a

uni form absorption in the visible light region and the transmttance

i ncreases and decreases in the sane manner both in deposition and

di ssolution and light shielding performddde is provided in the visible

|'i ght region. Wil e the enbodi nents of the present invention have
been expl ai ned, the foregoing enboqtﬁeqt-ggp b=t urther "nodified on the
basis of the technical idea of the lpreskn PN tion. - For

i nstance, the kind of the RED material and conponents in the RED sol ution,
particularly, the kind, the concentration and the |ike of the support salt
conprising the alkali netal halide may be i anged variously.

Further, the structure including the I TO el ectrode pattern, as well as
the material for each of the constituent ,z3Wicww and, furiher, t he
driving net hod premot—TestTTCted f

4 DISPLAY WINDOW
(WITH ITO ELECTRODE)
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- only to those described above. For exanple, the el ect r ode

in Fig. 7 may be changed variously,
| attice-1ike shape.
be divided and arranged

every divisional electrodes.

Al ternatively,

In this case,

conbined with the exi stent EC sol ution.

according to the present

ot her known

materials. Liquid crystals and el ectrol um nescent materials).
I nvention is applicable generally

optical device according to the present

to optical diaphragns for
el ect r o- phot ogr aphi ¢ cop9? ng @achi®@es @ |i
ano

systens, and

equi pnents for controlling optical

FI1G. 7

the RED solution can be
the opti cal

for exanple,

Furt her,
i nvention can be conbi ned,
filter materials (for exanpkgz an organic el ectrochromc

Furt her,

pattern shown
into a stripe shape or a
cells of different RED sol utions may

for exanpl e,

(

CCD, as wel kg as gnari qys kipds 0
t @gnmuni cati on
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As has been described above, in the present i nvention, a reversible
system of depositing/dissolving silver on the el ectrode by the driving
control (particularly, voltage application) of the working el ectrodes and
counter el ectrode by addi ng the support salt such as LiX in the RED

sol ution containing silver halide based on the concept quite different
fromthat of the existent EC material. Accordingly, it is possible to
provi de an optical device which consunes |ess el ectric power, is a
not-light em ssion type and suitable to gthe visible light region, as well
as to reduce the overvoltage to the electrode t hereby inproving the

wor ki ng life. 25 WHAT | S
CLAI MED 1 S: 1. An optical-device, in which a silver halide solution
i s di sposed between working el ectrodes and counter
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el ectrode, which is _adapted to cause—deposition or dissolution oﬁ”?d ver
by. driving control of the electrodes; and in which a . s 1 “47{ =7
sel ected from the gfbigfbee E‘i f Li X, NaX and REPNADEG AT BHEST @
fluorine atom chlorf I né atom or i odi nel ag- s-aeeedwwilt hi n

a range of concentratH o 5 tines of the sflver.  halide ag 4 )

support salt for dissolving said silver halide capab e{ pg%ﬁﬁﬂlmg a

hal ogen identical with or different froneghat of sai ard
the silver halide | f lnto.a conplex salt. 2. An opti gal
devi ce as defined W@I% mf%ngrn an el ectrol yt A i ch
a silver halide is_dissol ved in a solvent, .is filled bet n and in
contact with the lworf® W%F@Et&%ﬁ’éée'aﬂﬂ wBich & Sé‘llé(gfrﬁﬂﬁﬁ% | east one of
whi ch constitutes, an el ectrode_for depositjion or. dissoqlution of silver.
3. An opti caPoyeLiQR iss ddsppaed ket i WPEkingh &lechrades AdiGoOYRe N whi ch

a silver halide is dissolved in water or a non-aqueous solvent, is
di sposed andeéereredeomhdchcds adapted to cause deposition or '

dissolution of silver by driving control of the electrodes,

and in which at least one salt selected from the group

consisting of LiX . = ‘and KX (in which X is a fluorine atom,

chlorine atom, bromine afom or iodine atom) is added as a |
U suéport salt for dissolving said silver halide capable of
supplying a halogén identical with or different from that of
“said silver halide and the silver halide is formed into a
complex salt.

2. An optical device as defined in claim 1, wherein
the support salt is added within a range of concentration
from 1/2 to 5 times of the silver halide.

3. An optical device as defined in claim 1, wherein an
electrolytic solution,. in which a ;silver halide is dissolved
in a solvent, is filled between and in contact with the -
working electrodes and counter electrode-ai: least one of
which constitutes an electrode for deposition or dissolution
of silver.

4. An optical device as defined in claim 1, wherein a
solution, in which a silver halide is dissolved in water or a
non—aquéous solvent, is disposed ahd colored or discolored in

accordance with deposition or dissolution of silver.

iy




accordance with depﬁm—tfon—m—drs*svr‘uh an of silver.

26 4. An opti q&wgﬁ %mlned Inyclaim11, wher: @'.l;i 0t it ‘
at a silver halide c N Tromo0.03 to 2.0 nol /| is used. P
5. An optical device Hﬂll] I laim 1, wherein at | east m%ﬁé’ﬁgweé i
is added to the solut ochen1ca| deposition o | ssol ution of} !

i

silver. 6. An optical device as defined in claimb5{ Which USEST™dS |
an additive, at |east one conpound select@d fromthe groupi—consisiing of
thiourea, altyd dfnpheent BI&ARLABCHS! MABHRLE chefiHERIIYI orPh! halic acid,
succinic acid, sali cy ic acid, glycolic acid, dinmethylam neborane,
trimethylam r tartaric acid, oxalic acid and gluconic |actone.

7 . An optic ewcgas defined in claim3, wherein

11. An electrolytic solution comprising a silver
halide solution disposed between working electrodes:and
counter electrode and causing deposition or dissolution of
silver by driving control of the electrodes, wherein at least
one salt selected from the group consisting of LiX. =~ and
KX (in which X is ' fluorine atom, chlorine atom, bromine atom
or iodine atom) as a support salt capable of supplying a
halogen identical with or different from that of the silver
halide for dissolution of the silver halide, and whereby the
silver halide is formed into a .complex salt.

12. An elect.rolytic solution as defined in claim 11,
wherein the support salt is added within a range of
concentration from 1/2 to § times of the silver halide.

13. An electrolytic solution as defined in claim 11,
wherein an electrolytic solt_ltion, in which a silver halide is
—/ '~ dissolved in a solvent, is filled between and in contact with

working electrodes and counter eléctrode at least one of
which .constitutes an electrode for deposition or dissolution
of silver. | |

14. An electrolytic soluti_on. as defined in claim 11,
wh;-:reiri. a solution in which a silver halide is dissolved in
wﬁter 6r a non-aqueous solvent is colored or discolored by

deposition or dissolution of silver.
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t he non-aqueous sol vent conprises at |east one comnpound sel ected

group consi sting of dinethylformanide, i .diethylformn de,

N, N-di net hyl acet ani de, N-net hyl propi onamide, N-nmethylp 1Liggmﬁ
propyl enecar bonate, acetonitrile, 2- et hoxyet hanol , 2- By £
di et hyl sul f oxi de, di oxol ane, et hyl acetate, tetrahydrof

nmet hyl t et r ahydr of ur an, di net hoxyet hane ﬁ%d [err]-butyroka
An optical device as defined in claiml1, erein a trafspar ent
as an operation el wBAT or¥: JINIMED U&position or dissolutiorn d

made of indiumtin oxi de. 9. An optical devike_as-
claim8, wherein 1. An optical device, in which a silver haXidd he
transparent electrode is nodified chemcally physically. 10 .. An

el ectrol yti cssphtidrPR sCaBPpbSed betwelehVRbrking electrodes and counter
electrode, which is adapted to cause deposition or
dissolution of silver by driving control of the electrodes,
and in which at least one ‘salt selected from the group
consisting of LiX, NaX and KX (in which X is a fluorine atom,
chlorine atom, bromine atom or iodine atom) is added within
a range of concentration from 1/2 to 5 times of fhe silver
halide as a support salt'for dissolving said silver halide.'
‘capable of supplying afhalogen-identiéai with or different
from that of said silver halide and the silver halide is

formed into a complex salt.

2. Bn optical device as defined in claim 1, wherein an
electrolytic solution, in which a éilver halide is dissolved
in a solvent, is filled between and in contact with the
working electrodes and counter electrode at least one of
which constitutes an electrode for deposition or dissolution
of silver.

3.. An optical device as defined in claim 1, wherein a
solution, in which a silver halide is dissolved in water or a
non-aqueous solvent, is disposed and colored or discolored in

accordance with deposition or dissolution of silver.

-—

A

Mo 3436~ 7
-3 zlan



hal'i de sol ution di sposed between working el ectrodes and of y yols
.and causi ng deposition or dissolution of silver by drivi gwﬂﬁégf‘%mﬁ# ég

el ectrodes, wherei n at least one salt selected fromthe dgraup consisting
of LiX, NaX and KX (in which X is fluorine atom chloring gt o2V Aderee | |
atom or iodine atom) is added within a range of concentrdtijon from1l/2 qo

5 tinmes of the silver halide as a suppogg salt capable off supplying a
hal ogen identical with or different fromthat of the sil\ haljde for

di ssol uti on of the, sihyegee hahi deviabeisghkat e Sidiken, Nahsloid & formed
into a conplex sa"f't. . An electrolytic solution as defined in
cl ai m.10, erein an el ectrol yti | ' | s lyerehal pde is
di ssol ved i 1P ‘?&P&eﬁ?,a issﬁf‘)l’e%l }e{éi%%f%gg\%eggﬁaﬁl%b%rgg&amv&t# wor Ki ng

el ectrodes an ounter electrode at | east one of whi ch constitutes an

el ectrode fdPHdpdSi BFEh or dissolution  of silver. 12. An

el ectrolytic solution _as defined,in claim 10, wherein sol utjion i.n which
a silver halide isddi 80oPREYCR deVigEAS g%e%%ﬂqﬁg%ﬂg%owbgﬁ%“?sé%ol ored
or discol ored by .o . .

least one additive is added to the solution for

A

electrochemical deposition or dissolution of silver.

6 . An optical device as defined in claim ‘5, which uses,
as an additive, at least one compound selected from the group
consisting of thiourea, allyl thiourea, mercaptobenzinidazole,
cumarin, phthalic acid, succinic acid, sali_cylic acid,
glycolic acid, dimethylamineborane, trimethylamineborane,
tartaric acid, oxalic acid and gluconic lactone.

7 . Bn optical device as defined in claim 3, wherein
the non-aqueous solvent comprises at least one compound
selected from the group consisting of dimethylformamide, _
diethylformamide, N ,N-dimethylacetamide, N-methylpropionamide,
N-methylpyrrolidone, propylenecarbonate, acetonitrile, 2-
ethoxyethanol, 2-methoxyethanol, dimethylsulfoxide, dioxolane,
ethylacetate, tetrahydrofuran, methyltetrahydrofuran,
dimethoxyethane and ')’—bﬁtyrolactone.

8 . An optical device as defined in claim 1, wherein a
transparent electrode as an operation electrode for
deposition or dissolution of silver is made of indium-tin
oxide.

9, An optical device as defined in claim 8, wherein

* c L M s *




deposition or dissolution of silver.

N st |
.28 13. An electrolytic solution as defined in clai iﬁtﬁNmQEKEﬁh%Fhe
concentration of the silver halide is from0.03 to 2.0 ngT | OO ¥
An electrolytic solution as defined in claim210., wherei at | east
additive is added for electrochenical deposition or dissdl uti®d 6@3q§?%er

15. An electrolytic solution as defined inp,claim 14 mhlch u es, - .
additives, at |east one conpound selected from the_ group S|st|ng of
thiourea, alFy¢ trinspreEant ekectdedebanRedbliag ehepidklih okp

succi ni ¢ acid, salicylic acid, glycolic acid, dlnethylan1neborane
tri met hyl ani pbpsicaldy-tartaric acid, oxalic acid and gl uconic | actone.

10 .. An electrolytic solution comprising a silver
halide solution disposed between working electrodes and
counter electrode and causing deposition or dissolution of
silver by driving control of the electrodes, wherein at least
one salt selected from the group consisting of LiX, NaX and
KX (in which X is fluorine atom, chlorine atom, bromine atom.
or iodine atom) is added within a range of concentration
from 1/2 to 5 times of the -silver halide as a support salt
capable of supplying a halogen identical with or different
from that of the silver halide for dissolution of the silver

halide, and whereby the silver halide is formed into a

complex salt.

11, An electrolytic solution as defined in claim 10,
wherein an electrolytic solution, in which a silver halide is
dissolved in a solvent, is filled between and in contact with
working electrodes and counter electrode at least one of
which constitutes an electrode for deposition or dissolution
of silver.

12. An electrolytic solution as defined in claim 10,
wherein a solution in which a silver halide is dissolved in
water or a non-aqueous solvent is colored or discolored by

deposition or dissolution of silver.
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16. An electrolytic solution as defined in claim12., wher ein.the :
non- aqueous sol vent conprises at | east one conpound sel ect é"d REPDAREMTAY SHESS
group consj sting of di met hyl f or mam de, diethyl formam de, N i ;
N- di net hyl acet am de, N- et hyl propi onani de, N-nethyl pyrrolidone, .. e A
propyl enecar bonat e, acetonitrile, 2-ethoxyethanol, 2-net hox'.ygt radofifS a2y !
di met hyl sul f oxi de, di oxol ane, ethyl acetate, tetrahydrofuran, ! ! ’

?
!

met hyl t et rahydr of uran, di nmet hoxyet-hane anggy- butyrol act one. a‘n ) 17. An
el ectrolytic solutigon as defined in claim 10, rrein a transparent-~ o
el ectrode as an operht ifdh SHEEEFPHIET SPIUE YR S tv‘%ﬂr“S& # eBti%n of

silver is made of _indiumtin oxj de. . . .
29 18wharein ddie 6PPEPRLEHHAN 6f Bhe dEliviekq brL1AS FSniFPm Oybrein the

transparent electrode is nodified chemcally or physically.
to 2.0 mol/L.

14 . An electrolytic solution as defined in claim10.,
wherein at least one additive is added for electrochemical
deposition or dissolution of .silver.

15 . An electrolytic solution as defined in claim14
which uses, as additives, at least one compound selected from
the group coﬁsisting of thiourea, allyl thiourea,
mercaptobenzimidazole, cumarin, phthalic acid, succinic acid,
salicylic acid, glycolic acid, dimethylamineborane,
trimethylamineborane, tartaric acid, oxalic acid and gluconic
lactone.

16.. An electrolytic solution as defined in claim 12,
wherein the non-agueous solvent comprises at least one
compound selected from the group consisting of
dimethylformamide, diethylformamide, N,N-dimethylacetamide,
N-methylpropionamide, | N-methylpyrrolidone, prOpylenecarbonaté,
acetonitrile, 2—-ethoxyethanol, 2-methoxyethanol,
dimethylsulfoxide, dioxoiane, ethylacetate, tetrahydrofuran,
methyltetrahydrofuran, dimethoxyethane and 7y -butyrolactone.

17.. An electrolytic solution as defined in claim 10,
wherein a transparent electrode as an operation electrode for

deposition or dissolution of silver is made of indium-tin

oxide.
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18. An elé&ctrolytic solution as défined in claim 17,

wherein the transparent electrode is modified chemically or

physically.
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