SPECI FI CATI ON PHOTCELECTRODE MATERI AL AND PHOTOCELL MATERI AL Fiel d of
I nvention [00011 The present invention relates to a photoel ectrode
mat eri al . Background Art [00021 Cenerally, with respect to a
reaction which cannot proceed w thout very high energy, for advancing

such a reaction with extrenely | e ere is used a
phot ocat al yst whi ch causes an el gg@ﬁi@@ﬁtl on state by
irradiation w ! ; h t e been
known so-cal | egﬁ%(g%@@g‘#gj’éﬁ@rﬁﬁcwg% %%@yéﬁﬁ%%%@%\et zi nc

oxi de, cadm um sul fide, and tungstic oxide, and netal conplex

catal ysts, such as a ruthenium bi pyridyl conplex. [0004] Anong

t hese phdtieldaifdhy&ition titaniumoxide (TiO 2) is the nost stable and
substantially not biologically poisonous, and therefore is
practicalll0p0llsed as the photocatal yst for deconposing and renoving
nitrogen oxides and organi ¢ substances in air. However, for titanium
oxi de only t hEN&PYasant BIvention gelaten 49 arhosoalesseadsigaterisl 380 nm or

| ess can be used. The ultraviolet light in this region of wavel ength
is as small as 4% of the sunlight, and therefore titani um oxide

achi eves ilization efficiency for sunlight, which is the
nost abu%%%kgm%?gﬁ?%source, 4% at the nost, and practically at the
nmost 1% trpgsgpf . [0005] Typi cal exanpl es of photocatal ytic
reactions of titanium oxide include reduction of 0 2 (formation of H
2 0 2), oxidaGemmraldf, with 2Zespelgoneraiction whiictOcainot pesteed wmathoat very high
nmet hyl bi ol ogen, reduction of N 2, drainage treatnent, and a

phot ocat &ngtdye facoldvenciegeuiion ré¢tioB vadOektremely 10w eresly,+he® &}used a

[ 0006] Ti t ani um, oxi de has a photocatalytic ability.as wl| as a
phot oel e Phpngatalyst I"‘ihﬂ%h ¢ayses ag e REXGRATON Stakh B ipradidaith dight.
Honda- Fujd.shiqm effect, and a photovoltaic ability used in a solar
cell. [ oé@%ﬁ] JP- A- 2004- 290748 (Japanese Patent No. 4214221) and

JP- A- 2004- 29%34}21%(?1:8@3%19&%63%% f3%e Noen é{fﬁ@ §8)caﬁa?¥¥:r&fé E(ﬂic?&a&{t%lgsts,

treated with-a ogen-acl d as ‘a naterl aving a photocataly
ability si P habitdurh RBdde0Zide! d:adY, RANIng 8ulfide, and tungstic oxide, and metal
complex catalysts, such as a ruthenium bipyridyl complex.
[0004]

Among these photocatalysts, titanium oxide (TiO =) is the most stable and

substantially not biologically poisonous, and therefore is practically used as the
photocatalyst for decomposing and removing nitrogen oxides and organic
substances in air. However, for titanium oxide only the ultraviolet light having a
wavelength of 380 nm or less can be used. The ultraviolet light in this region of
wavelength is as small as 4% of the sunlight, and therefore titanium oxide achieves
only the utilization efficiency for sunlight, which is the most abundant light source,
4% at the most, and practically at the most 1% thereof.
[0005]

Typical examples of photocatalytic reactions of titanium oxide include
reduction of O = (formation of H = O =), oxidation of H = O (generation of O =),

reduction of methylbiologen, reduction of N 2, drainage treatment, and a



[ 0008] I nternational Publication No. W2005/ 089941 shows
synthetic quartz treated with hydrofluoric acid as a material having
a photocatalytic ability. [0009] Thi s photocatal yst functions as
a photocatal yst in a wavel ength region of 200 to 800 nm which is

wi der than the wavel.epngth reqi fo phot.ocat al yst, usji ng the
fused quatlosOE kﬁfﬂgﬁ%@tﬁg’oﬁeggné@&gﬁd @ﬁ-u(g 04 LScébzsf}zw. [ 0010]
Wth respgﬁ@ }o the synthetic quartz treated with hydrofluoric acid,

I nt ernat i P Publ i cati on No. W2005/089941 has, at paragraphs [0021]
to [0023], the; i bk o[B8 ok
synt het 1 ¢ quar (o O LEEE bR Al ie B s vl 43 RS Rops il
as menti apedectidye wategxwhizhnetnawnfagld Hesda-Piigshibh ©fféctanad bF are in
contact with each other, Si on the surface is bonded to F, so that

t he bondahothvetthicabditprsedmawsotaswalld t he F side and the back bond is
weakened. As a result, this site is attacked by the separated H F -
nnlecule§poﬁﬁh t he back bond is cleaved, so that Si on the uppernost

ayer + mmedi atlbry BFoR THe Gt ey, S08aDant e ik oL, .
{inal Ty SO e e Mok 4Py st Alheh e R BB B LA A pa

on the supfiaFg havin% a bﬁ@t%@itajy@ictdﬁﬁitgshhﬁaﬂt%cfhﬁta&istitaﬂf&ﬁ?M_ﬁﬁe. the Si-Si
bond between Si in the radical and Si in the next layer i1s very weak,

and furtH@o08he bonded el ectrons are weakly drawn toward the H side,
and therefore the Si-Si bond is easily cleaved, so that Si is easily
repl aced by HInternateonalPrblicatioh . tWOZ00E080%d rsiows sgnthetiTipagt dreatedd
is exposed on the Sii (111) surface, thus causing an activated state.
[0023] THEthpyduedupwc acid 26 2 matesibhaving A photcagbricrabiéyi de i s

separ at eipb@%\the solution, and washed with distilled water 2 to 5
times, f d by air drying, to obtain the photocatalyst. The

above.  but "navis BPouRERDEE hifiulls B ETRRRaNE T SR B R | ARG of 200
o1 Toa. o 800l HeRbe did (iYURg0AYALHAN! Aion TP eRATA B0t Nise

has not yet been elucidated. [O ernational Publication
No. W020Qké¢ 6828 fuarhahewniin JPaxi2084-200 i RIA 2004 9874N oxi de, and
silicon carbide as sem conductor photoel ectrode materials other than
titani uml@bXi de used in the ultraviolet region. Further, there
are shown siljcon, galliumarsenide, strontiumtitanate, cadm um

sel eni de, andVHRITPSRASE fhBxpPYIBetis quats Bewed Wit hpfeilserneatifode
materi al Interna 'oingl ﬁ&bﬁlc\é{l(s)lll R]lo? Vefb%BS/(SS%%Ith Tlés,qtip%{"agégﬁhspféoarl? nt%eEQOOZ?,],
the following description.
[0011]

[0021] The synthetic quartz is activated by the treatment with hydrogen
fluoride as mentioned above is explained as follows. When SiO : and HF are in
contact with each other, Si on the surface is bonded to F, so that the bonded
electrons are drawn toward the F side and the back bond is weakened. Asa
result, this site is attacked by the separated H* F - molecules, and the back bond
is cleaved, so that Si on the uppermost surface is fluorinated, and simultaneously
one of the bonds in the layer immediately below the surface is hydrogenated.

The above state is successively transmitted, and Si on the uppermost surface



[ 0013] Docunent 1: JP-A-2004-290748 Docunent 2: JP-A-2004-290747
Docunent 3: International Publication No. W2005/ 089941 Document 4:

I nternational Publication No. W2006/ 095916 Di scl osure of the

I nvention Object of The Invention [0014] For the phot oel ect rode

gt nave oL SERARERgRIiie Frgbel il ored @gggﬂﬁ”@ﬁm@e@ﬁﬁéﬁﬁ& as

smal | as 41{? g the sunlight, is used and therefore, is | ow
ef ficiency. af‘ '015] To wi den the avail abl e range of the |ight by

using a dye tpihe Iﬁ'tfh'e%ﬂi 'rSdﬁEalé %Me?a&br!ﬁ di *B%n&"%ﬁb@é?%ﬂn‘ thager

than that of the ultraviolet light, a dye-sensitized solar cell using
a rut henitatticgloaa $xindyie nest ke eayawéal@raﬂ@ furcigdrl the Toadéd alezgbng aid
has theoretically utilization efficiency of 30% practically 10% at

t he most.weakiy diawn towartiéhe bt bidaj and engbeextiey@-Sreoadiiakasily cleaved, so
di sadvant ageQus not only in that it is expensive, but alsqg _in that

the dye d@%ﬁ*pﬂ@s@@§ﬂlﬁ&?m@f@dth¥eHd§éhﬁﬁF wqieﬁﬁlée%@W%ﬁéomﬁ Stans a

l[imtati

types of Lrgaie Tk sXhdin thesy TALY Sfe, BE britng oo fokied e
have & i m L atdam) ofnd BhbheLae, Q%ﬁ?»lnﬂg AR PBEe & stfifared from

i nvention acco I ca S to provi

phot oel eghe %@lﬁxtﬂ@iﬁt 24d @hst@éadwﬁh%&taredcv%tbr z&b%rﬂuﬁles fédméu B9 laitedri g, to

probl ens acconpanyi ng t he phot oel ectrode and sol ar cel u3|ng
titani umabxiinehe photovkthlyt.ar e i nexpensive and require no r ut heni um
conpl ex dye naterial that is expensive and has a probl em about the
lifetinme. Meahke synthetic quartz is activated by hydrogen fluoride as mentioned above,
but natural quartz, which comprises the same crystalline silica, 1s not activated by
hydrogen fluoride. The reason for this has not yet been elucidated.
[0012]

International Publication No. W02006/095916 shows zinc oxide, tin dioxide,
tungsten oxide, and silicon carbide as semiconductor photoelectrode materials other
than titanium dioxide used in the ultraviolet region.

Further, there are shown silicon, gallium arsenide, strontium titanate,

cadmium selenide, and gallium phosphide as semiconductor photoelectrode

materials used in the visible light region.

Prior Art References
[0013]
Document 1: JP-A-2004-290748
Document 2: JP-A-2004-290747
Document 3: International Publication No. W02005/089941
Document 4: International Publication No. W02006/095916

Disclosure of the Invention



[ 0018] The present inventors have found that synthetic quartz and
fused quartz function as a photoel ectrode material. [0019] The
present inventors have found that the synthetic quartz and fused
gquartz each treated with the hal ogen acid function as a

phot oel ect y.ode terial,.. [0020] Further, the present inventors
have founéﬂJFﬁfa?{tF}F%i%‘Vﬁflﬂétic quartz and fused quartz each treated

with the Qﬁj}ﬁ?en acid function as a photocell material. [0021]
I n addition, 'they have found that other glass including silicon oxide

(TiO2) , i.epgr ﬁﬁd@idtbé@ctﬁé d RRMsoRIrk il cabh %léﬁlgrtﬁgﬁigﬁgf)ﬂﬁé' (%rﬂf?‘ttﬁe

gl ass al so function as a photoel ectrode nmateri a tocel

mat eri al .ulf:@GdR} light haviflg hReavielangli bOBS@ERO6Ie8g Wisich Recdiitainetas small
application, a material obtained by treating a silicon oxide

conposi t iasn%un tthe stugighé) is gsad and dhérefare el istova effiemnopl ect r ode
material or a photocell material. [0023] The conposition

I ncl udi ng[09i153 con oxide used in the material is synthetic quartz.

s used quar 18 gfan e ralE e HotEdRE bader et iy YRR TRl g
used in tﬁ%gbﬂ%ﬁfﬂfﬂhei@a@?&%{ﬂ icﬂ&e];g WS Sthat of the ultraviolet light, a
dye-sensitized solar cell using a ruthenium complex dye is known as a Gratzel
cell. The Gratzel cell has theoretically utilization efficiency of 30%, practically 10%
at the most.
[0016]

The ruthenium complex dye material is disadvantageous not only in that it is
expensive, but also in that the dye decomposes during the use for a long term and
that means a limitation of the lifetime.

Other dyes, particularly various types of organic dyes can be also used, but
the organic dyes also have a limitation of the lifetime.

[0017]

An object of the invention according to the present application is to provide a
photoelectrode material and a solar cell material, which solve the problems
accompanying the photoelectrode and solar cell using titanium oxide, and which are
inexpensive and require no ruthenium complex dye material that is expensive and

has a problem about the lifetime.

Means
[0018]
The present inventors have found that synthetic quartz and fused quartz

function as a photoelectrode material.

[0019]



[ 0026] The conposition including silicon oxide used in the materi al

I's non-al kali glass. [0027] The conposition including silicon oxide
used in the material is borosilicate glass. [0028] The hal ogen acid
used in the hal ogen acid treatnent is hydrofluoric acid. [0029] The

10030] The us LiePrestet fieaRranare RiingbcBecuntisie o b fel adito;
L1 T Sl ko PR oue R RS Bl Bpueo (0032
electrolygmgoppparatus usi ng the photoel ectrode material according to
t he present invention. Fig. 2 shows an arrangenent in principle
of a phot ocel Futthérghé peesphioingestors hmdefoual thatcthedivithetio dubtz pne Sesdd
nvent! Onduartz each treated with the halogen acid function as a photocell material.
[0021]
In addition, they have found that other glass including silicon oxide (TiO :),
1.e., soda-lime glass, non-alkali glass, and borosilicate glass also function as a
photoelectrode material or a photocell material.
[0022]
In the invention according to the present application, a material obtained by
treating a silicon oxide composition with the halogen acid is used as a
photoelectrode material or a photocell material.
[0023]
The composition including silicon oxide used in the material is synthetic
quartz.
[0024]
The composition including silicon oxide used in the material is fused quartz
glass.
[0025]
The composition including silicon oxide used in the material is soda-lime
glass.
[0026]
The composition including silicon oxide used in the material is non-alkali
glass.
[0027]
The composition including silicon oxide used in the material is borosilicate

glass.

[0028]



Fig. 3 shows the specific arrangenent of the photocell. Descriptions
of the Invention [0033] The conpositions of the materials used in
t he enbodi nents and the treatnent therefor are as follows: (1)

synt hetic quartz: Crystal I [ ne Si O 2 (2) Fused quartz glass: Anorphous

a4 0% “Natte o 8o ustt 1 i gt eafnel Pabhoristi,
CaO 23.0%fppdl 2 O 30 14.2%

The halogen acid used in the halogen acid treatment is hydrochloric acid.

[0030]

The use of the material is a photoelectrode.

[0031]

The use of the material is a photocell.

Brief Description of the Drawings

[0032]

Fig. 1 shows an arrangement in principle of a water photo electrolysis
apparatus using the photoelectrode material according to the present invention,

Fig. 2 shows an arrangement in principle of a photocell using the photocell
material according to the present invention.

Fig. 3 shows the specific arrangement of the photocell.

Descriptions of the Invention

[0033]

The compositions of the materials used in the embodiments and the
treatment therefor are as follows:
(1) synthetic quartz: Crystalline SiO -
(2) Fused quartz glass: Amorphous SiO -
(3) Soda-lime glass: Si0 2: 71.9%, CaO: 7.8%, Al = O 3: 1.7%, MgO: 4.0%, Na = O:
13.3%
(4) Non-alkali glass: SiO 2: 55.0%, CaO: 23.0%, Al = O 3: 14.2%, B: 0 2: 6.2%
(5) Borosilicate glass: SiO 2: 33.0%, Ca0: 6.8%, Al = O 3: 1.3%, B = O 1: 37.4%,
MgO: 5.5%, Na = O: 16.0%.

The description of the components having a content of less than 1% is

omitted.



3: 6.2%(5) Borosilicate glass: SiO 2: 33.0% CaG 6.8% A 2 0 3:

1.3% B2 0 3: 37.4% MO 5.5% Na 2 0: 16.0% The description
of the conponents having a content of less than 1%is omtted.
[ 0034] The above gl ass sanple is i Mmersed in an aqueous sol ution

of hydroft!jb%ﬂc acid, and washed with water and then dried, and
pul veri zed. O her than hydrofluoric acid, hydrochloric acid is

peR G LR L R L
conf i r medhcid)ahd avaghes wigwilee anllithéh dSedindig@@ire@ddW t h the hal ogen
acid also functions as a photoel ectrode material. [0035]
Other than hydrofluoric acid, hydrochloric acid is used as the halogen acid,
but hydrofluoric acid is preferred.
Other halogen acids are considered to be able to be used.
It has been confirmed that a glass sample which is not treated with the
halogen acid also functions as a photoelectrode material.
[0035]
A fluorescent light is used as an indoor light source, and the illuminance
obtamned in that case is 15,000 to 19,000 lux.
With respect to an outdoor light, the illuminance of 6,000 to 7,000 lux can be
obtained in the shade, and the illuminance of about 50,000 to 100,000 lux can be

obtained from the sunlight.

Embodiment 1
[0036]

An example of the photoelectrode is first described.

An apparatus utilizing the photoelectrode ability of the halogenation treated
glass is described with reference to Fig. 1.

In Fig. 1, the reference numeral 1 represents an anode; 2 a photoelectrode
material supported by the anode 1; 3 a cathode; 4 water mixed therein an
appropriate electrolyte; and 5 a load connected between the anode 1 and the
cathode 3.

[0037]

The anode 1 is formed from Ni/NiO or a noble metal, and supports thereon
the photoelectrode material 2. The size of the anode is 20 mm X 20 mm.
[0038]

The above glass sample 1s immersed in the 5% aqueous solution of



A fluorescent light is used as an indoor |ight source, and the

illum nance obtained in that case is 15,000 to 19, 000 | ux. Wth
respect to an outdoor light, the illum nance of 6,000 to 7,000 [ ux
can be obtained in the shade and the illum nance of about 50,000 to

100, OOOqucnbe edfrom unl i.ght . Enbadi nment. 0P36] An
exanpl o ol EHEB RGBT B FURseS e Fash el aul Wpter 220 theR digfdih s
utilizin i i

gl ass isgpdjescr2%|tz)lo%)oéﬁlafEﬁ ? Iglre g%c(g tp% r%uéﬁﬂﬁp%c?&?ﬁﬁb{n%@ Otli ﬁ?ﬁ&lgg less.
reference[gpgoral 1 represents an anode; 2 a photoel ectrode nateri al
supported by the anode 1; 3 a cathode; 4 water m xed therein an
appropri at e eReche chthvée 3afull example) pthtmamnectabonss weeh the anode 1
and the cat hode 3. [0037] The anode 1 is formed fromN /N O or a
nobl e net@l0404nd supports thereon the photoel ectrode material 2. The
size of the apnode is 20 nmm x 20 nm [0038] The above gl ass sanple is
i mersed in tHBedoad Regussisiirysused-of hydrofl uoric acid for 5

m nut es, gl shed with water and then dried, and pulverized so that
t he di ane f the resultant particles becones 0.2 mm or |ess.

[0039] As t heyg; %hgﬂg%h?}toe Rfrof¥ HREHal P dc,aﬁ-ita@gag%ﬁ{}vi&aa[ @@{1 Jtsar?BSESqSOO

[ 0040] As the Ioa a resistor 1s use
phot oel eci afteelBba hd the lightiis GBsirBéE®Hy \thd bh@tobleaﬁbd@&na%’&@alt EhaB0 nm
wavel ength and the |ight is absorbed by the photoel ectrode materral,
char ge segepamtionmcoosun ghe photoeleetrotio elatetizlpated that wsubint sime Hase
resultant state has a certain lifetime, so that electrons react with
and r educsrian bietims, o thatielectponsieagiowith iand radiesswater dp famwdk erando
formO 2. 00421! %us h dro en and oxygen are generated and

si mul t andW§EIvg, Holgssept ﬁé”qt tthe cat hode 3 toward the anode 1
t hr ough ':)[E@%Pad 5, nanely, a current flows fromthe anode 1 toward
the cath

Thus hydrogen and oxygen are generated and simultaneously, electrons flow
from the cathode 3 toward the anode 1 through the load 5, namely, a current flows
from the anode 1 toward the cathode 3.

[0043]
Using the electrode 1 having an area of 20 X 20 mm * and a 0.5 mol/L
| electrolytic solution obtained by dissolving 0.71 g of Na = SO 4+ in 10 mL of pure
water, a current flowing when irradiated with a light at 15,000 to 19,000 lux using a
fluorescent light 1s shown in Table 1.
[0044]

Further, the amount of the hydrogen gas generated by electrolysis of water,

which is determined by making a calculation from the above-obtained current value,

is also shown.



[ 0043] Using the electrode 1 having an area of 20 x 20 nm 2 and a
0.5 noVL electrolytic solution obtained by dissolving 0.71 g of Na 2
SO 4 in 10 nL of pure water, a current flowi ng when irradiated with a
light at 15,000 to 19,000 lux using a fluorescent light is shown in
Tabl e 1. hﬂ@gf] Further, the anmount of the hydrogen gas generated
by el ectr ts of water, which is determ ned by making a cal cul ati on
fromthe ?ﬁﬁ%glgbtained current value, is also shown. [0045] [Table
1] phot oet'ectrode materials current (ii A) hydrogen gas ( p. L)
synthetic quartz O . 2 0.84 fused quartz glass O . 1 0.42 soda-line
glass 0. 1 0 .4 2 non-alkali glass

photoelectrode materials current (u A) hydrogen gas (u L)
synthetic quartz 0.2 0.84
fused quartz glass 0.1 0.4 2
soda-lime glass 0.1 0.4 2
non-alkali glass 0.1 0.4 2
borosilicate glass 0.1 0.4 2

Embodiment 2
[0046]

Using hydrochloric acid as the halogen acid treatment and an aqueous
solution of sodium sulfate as an electrolytic solution, a synthetic quartz electrode
causes a current of 0.1 z A to flow.

From a calculation, the amount of hydrogen obtained by electrolysis at the

above current is 0.42 p L per hour.

Embodiment 3
[0047]

Next, an example of the photocell is described.

Fig. 2 shows a schematic view of the photocell arrangement according to the
invention.

In Fig. 2, the reference numeral 11 represents an electrode; 13 a counter
electrode; 12 a photoelectrode supported by the electrode 11; 14 an electrolytic

solution; and 15 a load connected between the electrode 11 and the counter



O. 10. 42 borosilicate glass 0. 1 0. 4 2 Enbodinent 2 [00461

Usi ng hydrochloric acid as the hal ogen acid treatnent and an aqueous

solution of sodiumsulfate as an electrolytic solution, a synthetic

gquartz el ectrode causes a current of 0.1 kt Ato flow From a

cal cul ati gn, the ,anmount of hydrogen obtained by electrolysis at the
derodts

above cur .42 it L per hour. Enbodiment 3 [00471 Next, an
exanpl e o@ohgﬁ photocel | is described. @~ Fig. 2 shows a schematic
vi ew of the otocell arrangenent according to the invention. In

Fig. 2, the refeerREBIEYTES FormeH fERNSFRIY Sr Q%Bie%&fa}i]’,dﬁlﬂ Brts

counter electrode; 12 a photoel ectrode supported by the ele Prode 11;

14 an el adbfedhythe phstieldot@de matdridib]l Acoapdsia@Si@ct ed bet ween the
el ectrode 11 and the counter electrode 13. [0048] The el ectrode

11 is for®d9From Ni/NiO or a noble netal, and supports thereon the
phot oel ect r Od%her;%tig ruisglcll alp%ogo%rlrg:rtriosdieno%tasihgi %y immersing grains of glass
comprising Si0 = or the like in a 5% aqueous solution of hydrofluoric acid for 5
minutes and washing them with water and then drying them, and pulverizing them
so that the diameter of the resultant particles becomes 0.2 mm or less.
[0050]
As the counter electrode 13, for example, platinum or carbon is used, and, as
the load 15, a resistor is used.
[0051]
When the photoelectrode 12 is irradiated with the light having the
wavelength of 200 to 800 nm and the light is absorbed by the photoelectrode,
electricity 1s generated in the photoelectrode 12 and electrons flow from the

electrode 11 toward the counter electrode 13 through the load 15. Namely, a

current flows from the counter electrode 13 towards the electrode 11.

Embodiment 4
[0052]

Next, a specific arrangement of the photocell is described.

Fig. 3 shows a schematic view of the photocell according to the present
invention.

In Fig. 3, the reference numerals 21 and 23 represent 30 mm X 30 mm
glass substrates having, respectively, an FTO (fluorine-doped tin oxide) layer 22
and an FTO layer 24, and the FTO layer 22 and the FTO layer 24 function as a
charge extraction electrode. An n-type semiconductor layer of zinc oxide (ZnO),

titanium oxide (TiO =) or the like, is formed on the FTO layer where the light

- 10 -



[ 0049] There is used a photoel ectrode obtained by i mersing
grains of glass conprising SiO 2 or the like in a 5% aqueous sol ution
of hydrofluoric acid for 5 m nutes and washing themw th water and
then drying them and pul verizing themso that the dianeter of the
resultant particles becomes 0.2 mmor |ess. [0050] As the counter
el ectrod@’ﬁ@,&for exanpl e, platinumor carbon is used, and, as the

| oad 15, a regigst i ] t r.ode 4
irradiated w hZ%t rﬁén lesg#ﬁ%ae%ﬁgé%h%mv%@g@%%ﬁ%gﬁ ﬂ%@@ z&%ﬁ%qnor#) é?‘llhes
the |'i ghtyithe FAPRART Pife fi8 afietoel ectrode, electricity is generated
in the photoelectrode 12 and electrons flow fromthe el ectrode 11

toward t h@oe®unter el ectrode 13 through the |oad 15. Nanely, a
current flows fromthe counter el ectrode 13 towards the el ectrode 11.
Enbodi ment 4 AQbb&iceNenaterial pkaiiig theathickmgesron0.16fto RO pingtwivakigliss
descri bed. ..Fig. 3 shows a schematic view of the photocell

accor di ngoRPrIsHE Pibs aid anrRrepiif glectrolyte are npred, 18 englpged ketwiegn dhe

nunerals 21 and 23 r esent 30 x 30.mMm gl ass. substrat es havi ng,
respecti V& ?%ﬂ“ﬁ@@hﬁ@’#@-@%@& P??W“&&%h@?%r ayer 22 and an FTO
layer 24,rqapgh the FTO layer 22 and the FTO layer 24 function as a
char ge ex[[rac ion electrode. An n-type sem conductor |ayer of zinc

oxi de (ZnO ,Thd bannR1exkslGdy Sidihg 01 kBEof L£0.05 Indl ¥ TEJ 0 mb6f
FTO | ayer where the |light enters. A20 mMmx 20 mmplatinumfilm

26 i s fordegt-bucytpyeidinEDahd 5 mot obtreabutydarhmoniien otidadve0.6 héle | i ght
enters. [0053] A photocell material 27 having the thickness of
0.15 to @ce®nhnie skeerd igluasd conprising SiO 2 and an organic

el ectrolyte e mxed, is enclosed between the n-type sem conduct or

| ayer 25 @951531 he platinumfilm 26. [0054] The organic electrolyte

4 vort-botyi gyt ReERcionfiie § 326BR 67 e uRish Shmmh R vtk 2 ¥Eb. 5
mol - acet Qpl bLirh &iROLNERSddsSot ﬁ?éjph({tggéf?]thus prepared, and the extraction
electrode 22 side is irradiated with the light of the illuminance of 15,000 to 19,000
lux using a fluorescent light as a light source, and an open-circuit voltage and a
short-circuit current between the extraction electrodes 22 and 24 were measured.
The open-circuit voltage and short-circuit current obtained as a result are

shown in Table 2.
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An extraction line is attached to the FTO |l ayer 22 and FTO | ayer 24,
whi ch are extraction el ectrodes for the photocell, thus prepared, and
the extraction electrode 22 side is irradiated with the |ight of the
i1lum nance of 15,000 to 19,000 lux using a fluorescent light as a

| i ght sougg% and an open-circuit voltage and a short-circuit current
bet ween t @;traction el ectrodes 22 and 24 were neasured. The
open-circPf /9y tage and short-circuit current obtained as a result
are shown"1n Table 2. [0056] [Table 2] photoelectric materials
open-circuit voltage (my) short-circuit current Cu A) synthetic
quartz 35 0 . 5 fused quartz glass 30 0 . 5 soda-linme glass 1 50 . 3

non- al kal i—gtass—3—6—-0--+4

photoelectric materials | open-circuit voltage (mV) | short-circuit current (u A)
synthetic quartz 35 0.5

fused quartz glass 30 0.5

soda-lime glass 15 0.3

non-alkali glass 30 0.4

borosilicate glass 14 0.3

Embodiment 5
[0057]

On the silicon oxide composition which is not treated with hydrofluoric acid,
the open-circuit voltage and the short-circuit current shown in Table 3 are obtained.
[0058]

[Table 3]

photoelectric materials | open-circuit voltage (mV) | short-circuit current (p A)
synthetic quartz 3 0.1
fused quartz glass 3 0.2
soda-lime glass 5 0.1
non-alkali glass 5 0.1
borosilicate glass 12 0.2
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borosilicate glass 1 4 0 . 3 Enbodinment 5 [0057] On the silicon
oxi de conposition which is not treated with hydrofluoric acid, the
open-circuit voltage and the short-circuit current shown in Table 3
are obtained. [0058] [Table 3] photoelectric naterials open-circuit
voltage (mV) short-circuit current (,u A synthetic quartz 3 0. 1
fused quartz glass 3

[0059]

On the glass fiber treated with hydrofluoric acid at the concentration of 0.1%,
the voltage of 26 mV is detected.
[0060]

From the above results, it has been found that SiO = has a function of a
photocell and the Si0 2 treated with hydrofluoric acid exhibits a remarkably
increased photovoltaic voltage.

[0061]

Further, on the borosilicate glass, a voltage as high as 12 mV is detected

even when it is not treated with hydrofluoric acid, and it is considered that such

the high voltage may be caused due to the presence of boric acid (B 2 O s).

Embodiment 6
[0062]

When using hydrochloric acid instead of halogen acid for the treatment and
the organic electrolyte by adding 0.1 mol of Lil, 0.05 mol of I =, 0.5 mol of
4-tert-butylpyridine, and (.5 mol of tetrabutylammonium iodide to acetonitrile
solvent, the obtained open-circuit voltage is 4 mV, and the obtained short-circuit

current is 0.1 ¢ A.

Embodiment 7
[0063]

With respect to the synthetic quartz, it is measured at the illuminance
substantially equivalent to that of sunlight using an incandescent lamp at 300 W,
which is a light source containing no component of an ultraviolet region. As a
result, the open-circuit voltage of 400 mV and the short-circuit current of 0.5 z A

are obtained.
[0064]
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O . 2 soda-linme glass 5 0. 1 non-alkali glass 5 0. 1 borosilicate
glass 1 2 0. 2 [0059]

This result has confirmed that at least the synthetic quartz enables a
photovoltaic action using the light having the wavelength longer than that of the
ultraviolet light and the resultant electromotive force is not caused by titanium

oxide.
[0065]

Therefore, even higher open-circuit voltage and larger short-circuit current
are expected when further adding a titanium oxide film which has conventionally

been studied for a solar cell.

Reference Numerals

[0066]

1, 11: Electrode

2, 12: Photoelectrode material
3, 13: Counter electrode

4, 14: Electrolyte

5, 15: Load

21, 23: Glass substrate

22, 24: Extraction electrode
25: n-Type semiconductor layer
26: Platinum film

27: Silicon oxide
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On the glass fiber treated with hydrofluoric acid at the
concentration of 0.1% the voltage of 26 nV is detected. [0060]

From the above results, it has been found that SiO 2 has a function
of a photocell and the SiO 2 treated with hydrofluoric acid exhibits
a renarkq&ngggcreased phot ovol tai c voltage. [0061] Further, on
t he bor ost e glass, a voltage as high as 12 nV is detected even
when it is not treated with hydrofluoric acid, and it is considered
that such the high voltage may be caused due to the presence of boric

acid (B 30 3). fﬁé@é&‘?‘at : : l.hllﬁ‘lj Y ic acid
i nstead of haﬁ\gggn acl 011r1§cte hgp?r%]é%ctt?r%ﬁd@ﬁﬁ)t eﬁgggadri}ﬁ@%g*t@%trol yte
by addi ngnfluding@dliceh dxide. 0. 05 mol of | 2, 0.5 ol of

4-tert-butyl pyridine, and 0.5 nol of tetrabutylammoni umiodide to

acetonitrile solvent, the obtained open-circuit voltage is 4 nV, and
t he obtai ned short-circuit current is 0.1 z A Enbodiment 7 [0063]
Wth respect the phetoglggtrade matefiairacgording tosclatmpbthatncigrizedgn that the

illum nance substantially.equivalent tg that of sunlight using an
i ncandes COMPOPEQR ‘ﬁ?lu%@éswc ’%4? isssygglqt’@tﬂuag%ur ce containing no

conponent of an ultraviolet region. As a result, the open-circuit
vol tage of 400 nV and the short-circuit current of 0.5 z A are

obt ai ned.g [ 00B¢d photoelectrbié ﬁla&&%'at:cct}faﬁlgct%rﬁmiﬁﬁﬁ%hﬁﬁ%ﬁéed!iﬁ‘%ﬁst fhle

synthetic quartz enabl es a photovoltaic action using e l'ight having

t he wavelcengbbitivAnigeuding aflidoR axidy istfisedqiaraviladset |ight and the
resultant electronotive force is not caused by titanium oxide. [0065]

Therefore, even higher open-circuit voltage and | arger short-circuit
current are expected when further adding a titanium oxide filmwhich

has convdnt i o8 Photpeleptrede maserial gecerdig tarclaiml 1, chresctarized an Nhakethgl s

[0066] 1’corln%osiglog (iltlcrh?(%gg silicon oxide is soda-lime glass.

5.  The photoelectrode material according to claim 1, characterized in that the

composition including silicon oxide is non-alkali glass.

6.  The photoelectrode material according to claim 1, characterized in that the

composition including silicon oxide is borosilicate glass.

7.  The photoelectrode matenal according to claim 1, characterized in that the

composition including silicon oxide is glass fiber.

8.  The photoelectrode material according to claim 1, characterized in that the

composition including silicon oxide is treated with halogen acid.

9.  The photoelectrode material according to claim 8, characterized in that said

halogen acid is hydrofluoric acid.
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2, 12: Photoel ectrode material 3, 13: Counter electrode 4, 14:
El ectrolyte 5, 15: Load 21, 23: d ass substrate 22, 24: Extraction
el ectrode 25: n-Type sem conductor |ayer 26: Platinumfilm 27:
Silicon oxide CLAMS 1. A photoelectrode material characterized by

i si jt] i.ncl ydi. il ide. 2. Th ] .
Shot ol eokt- odbafRRaeLACgds e SRR th QA faGhaEICAF ARG Tt poid
the conmp 1%2&@{1@%@&@% %ngn oxide is synthetic quartz. 3. The

phot oel ectr al “according to claim1, characterized in that

t he conposition including silicon oxide is fused quartz glass. 4.
The phot oel ectrode material according to claim1, characterized in
that the TonpAgihvteeellimatktig dharidrigdbyosdmigridisy & @dapbhiten ghesding 5.
The photoel ectrode material according to claim1, characterized in

t hat the stlgpposiide.on i ncl uding silicon oxide is non-alkali glass. 6.
The phot oel ectrode material according to claim1, characterized in
that the conposition including silicon oxide is borosilicate gl ass.

IR ER G R e TR D R e SN
phot oel ecl rode; JiBt; @ng]ilnﬁgsﬁgctapqix% its%yglcf?éti@cfumt%har acterized in that

t he conposition 1 nc i con oxrde is treated with hal ogen aci d.

13. The photocell material according to claim 11, characterized in that the

composition including silicon oxide is fused quartz glass.

14. The photocell material according to claim 11, characterized in that the

composition including silicon oxide is soda-lime glass.

15. The photocell material according to claim 11, characterized in that the

composition including silicon oxide is non-alkali glass.

16. The photocell material according to claim 11, characterized in that the

composition including silicon oxide is borosilicate glass.

17. The photocell material according to claim 11, characterized in that the

composition including silicon oxide is glass fiber.

18. The photocell material according to claim 11, characterized in that the

composition including silicon oxide is treated with halogen acid.

19. The photocell material according to claim 18, characterized in that said

halogen acid is hydrofluoric acid.
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9. The photoel ectrode material according to claim8, characterized in
that said hal ogen acid is hydrofluoric acid. 10. The phot oel ectrode
mat eri al according to claim8, characterized in that said hal ogen
acid is hydrochloric acid. 11. A photocell material characterized by
conprising a conposition including silicon oxide. 12. The photocel
material according to claim1l1l, characterized in that the conposition
i ncludin il4 i l i :
nateriaIqggcoFgg%88%%ggpg?%$%%%&%4glg%#%%#ég%(%ﬁrC%g?egﬁgkgﬁﬁ%ggition
i ncl udi ntha¥ddenCRM RUERodForicised quartz glass. 14. The photocell
material according to claim1l, characterized in that the conposition
including silicon oxide is soda-line glass. 15. The photocel

mat erial according to claim1l, characterized in that the conposition
including silicon oxide is non-alkali glass. 16. The photocel
material according to claim1l, characterized in that the conposition
including silicon oxide is borosilicate glass. 17. The photocel

mat erial according to claim1ll, characterized in that the conposition
including silicon oxide is glass fiber. 18. The photocell materi al
according to claim1l, characterized in that the conposition
including silicon oxide is treated with hal ogen acid. 19. The
photocel | material according to claim 18, characterized in that said
hal ogen acid is hydrofluoric acid. 20. The photocell materi al
according to claim 18, characterized in that said hal ogen acid is
hydr ochl ori c aci d.

-17 -



