[ Name of Docunent] SPECI FI CATION [Title of the Invention] Photovoltaic Cell

[ Techni cal Field] [0001] This invention relates to a photovoltaic
cell, which is useful when applied in obtaining electric power by
irradiating an al kali ne solution of |igninandporphyrinwith |ight,
particularly, sunlight. [Prior Art] [0002] G obal warm ng has

accel erated since the beginning of the 21st century, and the reduction of
em tted carbon di oxi de becones to controlling the industrial world
and, in tUfare e DREUHIH/ of5¥ﬁ€1ﬁ6¥¥83n1nsofar as fossil fuels enclosed in

t he under grourd cEndher Lishertdea] f | eabtovobed cacellused as an energy source,
it would P,Feé,l{ clac_‘[uH fcﬂ decrease the amount of carbon dioxide in the

at nospher e, d6ven fo curtail its increase. Under these ci rcunst ances,
attenti on[@%“f]ocused on fuel cells in which an electronptive force is
generated by timasmigraition af1dtedr ogenphonsolvbes c&lhydwmgﬂmgasseifalto be
used as a .source.of . hydr en |on Queve is
currently Iﬁ)roaﬁglle ¥1 m n1‘l(r)1 Si e h: uel. chWehxng olrgrfﬁdggglc %ﬁ%

obt ai ned mlqtﬁ@n@%éw@irygn@ P@ﬁfpbmr@?l wiphtlig@en Haﬁt%ﬁv%a%%esu@@é&trl C
power neegsris hetsupplied. [0003] In the case of a solar cell in
whi ch el e écgdzﬁ power is obtained fromsunlight, the production of a

sem condu i s necessary. Enornous ampunts of resources and a huge cost
are required f@Grbehiwmpingdys apteldeatad pimre GBAERIS NEPI (eblyy 245 to be

satisfi edcdtde 8R4 atheCbbuctidin @Yeerﬁﬁft%ldt tza&rsahaklaalﬂe&omearwk@yze

titaniumoxide is eede yest rovi de certain
degr ee oft%lcé’&tm]ngjtrﬁl'ég? &P@&S??%Q&Qﬁg an M e‘%f mﬁ’o?é gluch as

bi oet hanovoplrdpafesbfaroas pf eawis au@lalewlps@wsq ﬁgea@mgéﬁénéw@d@ﬁce
However, pmskeQf160nvendsona uéaaagah@&gyfs@hrEéeaarwdwdw@lﬁltzatmanol

have used sugars as startin ter S .po roble that a
resour ce E%#FFS?S%&@&%“%%H% ?86’&%&3%@ ?% lrfaﬁﬁ? anan%heé’eélnergy
source. Rezentdtpilt hes erravesbeetndevetopesd cigtuherandesst ata@ilw‘alm?e ds

t echnol ogf &8, ¥ oRI GRAr bem@lﬁpaﬁhéhvm ehebstontilihdl 8BS e QECgerﬁa'ira%edcar bon
source whil e avoj di ng conf t with the fﬁod Sl’?u(ili Wbods ras
8 ¥&9 Pg

weeds, WP RIS IEGETERI Y B y TS £ rai ARG S I5rodE AR A, Scrap
wood and Zdhigpsbirtkee vafodyar@gagen@nal,llyoware netecfatke amﬂmgsme't@ollé as

construct Lon-JRh e habSucdy f%mnghé Uk AR 0glye TBE g1 haha)qyn gggl @Axpssaso
mat eri al s fromagrass or weeds as carbon sources, em SSi
v&gﬁ dcaﬁa t he
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econom ¢ awrdickic] POOE} needs tCohérsupgpltiedt he above progress in the
utilizatipgpygfy cellulose, the effective use of Iigni n which i s an abundant
carbon source like the cellulose, is_still, extrenely mted. | es of
practical use 15f P¢ PR 9hél Tis F%l%llﬁpvl%l%ﬁﬁﬁgﬂjdznp%eﬁ lﬁe‘a]? ce, its
use as anfani isseptipbt, areg pirsduseias & st saoi comiuctionf 0s chewpswatreg: i al
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sol ved by the invention] [0006] The present invention ha bdgg)y
IYes.

acconpl i SHEPISE| §htRHCHREN LIRSS EPF beF i FERt T S?EE:’F‘: i I
is an objeed sofathelpr esent dyaventdiod z&d grlewi del i, noaed - lret Dvwirtigme cel
whi ch can,oilain gl&eld | gn@%ém@gem adicat,en Wiilh biMaesSHCleASin

sunlight, wthout using a sem uctor ‘as a raw material. [Means for

sol ving t MRS AEFCTMPELVe force 5 e¥peRshERt of the present invention
for attai ppouwelt he above object is a photovoltaic cell conprising: a cell
formed by chaigRoal AldiRlsngssotild Ao Bhe cq}%wg@ankégawaqeg

por phyrin as sol utes, 1nto a space at &a part a transparent
menber pe?W%nBoaﬁlﬁhteneafﬂa 8OPEFE - oflCBF R r GPE f’)f‘o‘?ﬁr&i’@dlttan%Jppose t he
al kal i ne sedniidieniet the mebbrihg! eudmkiing tBandndtava ubeﬁh@@lﬂsalasne

sol utl on. o LA008], marerafs® SGANG A2RREEn O LOE rgrtﬁagrgtré@g@we it

phot ovol taic cerl onpri si ng on 8 ng an a

sol uti on, OC\‘/WHT(,Snb@éW@%FPr% ﬂqO@nFﬁuaﬁ% mmykiﬁd@%%t EBCTINtHYIBHE - of at
Ibeast tV\DRéd&&Q%z S@]li)@f@tlﬁdref begheashe idear, by porrnqle;ma@,aneadme:aane celh | )
ei ng at st .partly_f rans nt, ne ou o] t; the
ot her celtf E}B}Or%éjg %SS/ T Pﬁe ar{ agf:fgg??néﬂ%lcflu%l o%eﬁgﬁig%%e%(%%heiréo the
spaces; one electrode in contact with the al kaline solution of the one of
the cells; and the other electrode in contact with the al kaline sol ution of
the other of the cells. [0009] A th| rd aspect of the present
invention is a photovoltaic cell conpr|5|ng one cell fornmed by charging an
al kal i ne solution, which contains lignin as a solute, into one of at |east
two spaces separated from each other by a nenbrane, the one cell being at

| east partly fornmed by a transparent nenber pervious to light; the other

t
|



A seventh aspect of the present invention is the photovoltaic cell
according to any one of the second to fifth aspects, wherein the nenbrane
is formed of a water repellent carbon nenbrane. [0014] An ei ghth
aspect of the present invention is the photovoltaic cell according to the
first, second or fourth aspect, wherein the porphyrin is coproporphyrin.
[Effects of the invention] [0015] According to the present invention,
a photovoltaic cell can be produced, and hydrogen ions inparting an

el ect r onDERYROR Go¥E Ce ot rruarot@ing ¢aRtbect i“’r&éga’flé%l £oP8nF I E®i-n, "IRAUsi ng
sunl i ght and @apygré0hesdonpoidi ape aditcedl HlieQ| @gidalnginliytdouelI €igpda i ng a
special PLOGUELLAN, APRALAL UB AT RS QAU hen, TrLDed, Bush, 8% A Ssbem of
chem cal syntheSi's ‘of an-organi C conpoun ﬁ/.breover,. e raw materral is

li gni n whinekeFalsnerpansiniéahng Tbranraba s rargeetirdifti tBY A54nIhBEd

ef f ecti vewdsey imsiteonsi leratk19a18kE friatlt al Bdrontgdasshandbeds alsn@stbas i f to
be a wast g, Hence., | e RIesenl 0y il o PLAYS AR eXLLerelw Lopariant role
i n human 50CI e‘?y whete 71° 75 °ah ur gent” necessity ‘to solve the proJ1 of
carbon di 6%i dee gEeerial worlfhandi she masmodiiAagwenld-he present invention, a
phot ovol t abgosel | can be prepared using lignin and a pyrrol e conpound, such
as porphyrin, as materia nd a potenti.al _difference can. be erated
sinply by i rracsﬁna g W L?rlﬁitaﬁf"‘e’e Ipoﬁiraﬁ? ke blo:er %/a;:cllr?nvﬁg ﬁe}?ugg?ses’uch as
sunl i ght bhedffestivt etseralydighdel vhich is afpbundast icalrbgsepurget H&kr esent
inventionchs ddignitesehi ch dis1a BRArd@SS) hihiebs andxanSRHPRE HESOM &a
present in abutn ance, althoughtl ts, effective use has_not tbeenrmade..tS
Electric Po%er: cdq b8 BBt AdedtfrolRs SOTPRRTIPWAEh? tHE USENEFC hat'th al
ener gy suche as aohatrisaprigy.arfdBitefsbesce sprioruet-rehaforalmnysiefigHl18]

[ Figure 1}ncorporatled idtd S @XBl anation drawi ng conceptual ly show ng a
phot ovol tz?i c cell %ccordi ng tq a.first enbodi nent of the present invention.
[ Fi gure 2p°ummary gigthg ¥%:Lé’rif18>r<lﬂ)l anation draw ng conceptual |y showing a
phot ovol t &Prolledns &ocbe dsaigretdo by ke ontvrearod] ment of t he present

i nventi on.[o{,g%]gure 3] Fig. 3 is an exploded perspective view show ng,
in an expl oded confi guratj on, a ghot ovoltaic celi, %ccor.di? rEO 3 third
enbodi ment of THe PFFEERht I TIRIEHPPoR?S 19§y drecuy-tshed inp 89 % 9t tAf

expl anat i ok -addsog ibedcepiveal i pnghdsichgol beighot dvalgs ahcolgieldt pf st r at ed
in Fig 3p LEQUrevehtion to dro¥iae é%cﬁféle?)ﬁb@@%ﬂtﬁrlcd(:ém NghiSHOWaRg a
node during the neasurenent Of a voltage obtained by the photovo|taic cell
i |l ustrat Sgt?JrP ElL§CTELC Eevgh Y grradiationwythgligh nS‘é%laéc’nﬁPPﬁjrﬁktﬁ'awi ng
show ng awihdgsutdursiing & heemiasduenentanfa aawohbageladbt ai ned by t he

phot ovol t aj,&, £eldod kLbyusifatefd bRobigusB- [Figure 7] Fig. 7 is an
expl anation draw ng showng a node during the neasurenent of a voltage
obt ai ned BY°¢He photovoltaic cell illustrated in Fig. 3. [Figure 8]

Fig. 8 is an explhasatispactreinting pshewhng nyenpien duriatgatinéngeasuaement of a
vol tage obfainedsby e phpt VOLE Gl shhl Vst L&l £GoiRedig, cBardfipure 9]

Fig. 9 is an_explanation, draw ng show ng a node duri nq}the neasurenment of a
vol t age oP&lKB4LBS SPRhEC bt BRbTh SPetadl 119 st hPRtPIHF 18 3P 531 %85 qur e
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solution of the'cell while making contact with the alkaline solution.
[oo08]

A second aspect of the present invention is a photovoltaic cell
comprising: one cell formed by charging an alkaline solution, which
contains lignin and porphyrin as solutes, into one of at least two
spaces separated from each other by a membrane, the one cell being
at least partly formed by a transparent member pervious to light;
the other cell formed by charging the alkaline solution into the other

of the spaces; one electrode in contact with the alkaline solution



[ 0019] The enbodi nents of the present invention will now be descri bed
in detail below [0020] For the al kaline solution used in the
present invention, KOH or NaCH in an anount of the order of 0.005Mto
0.05M for example, is preferred. As the lignin, a product having high
purity and free of inpurities such as a reducing sugar and cellul ose (a
product available from SI GVA Conpany under the Catal ogue No. 471003 and
havi ng a nol ecul ar wei ght of 60,000) is preferred. As the poiphyrin,

copr opor pRYrihf Bﬁﬁd?fcége tﬁe&légl%@r e ey E5r3feia0ehim cepFret with the
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pot phyri n, ngj'e can be used, for exanple, Protopolphyrin I X (ALDRI CH
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Ltd.) is GSed c 8u‘8? * & £R8 PY5iTive electrode. The O is charged
with 50 mMP&OH, 50 m ni copropor phyrl n (produced using E. coli as described
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di scontinued, this potential difference and the, current
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sol ution used contal ns 50 8 copropor phyrin
(produced[%}?ﬂg E. CO|I as descri bed |n PCT/JP2008/ 071828), and 2.5 ng/ m
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cel | may ®ell fSCRIFPERI OFP Y NE2, O dfiteFeraath ton fihkh gl epestel evierie™ Gb.
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negative ﬁ&&%mde side with UV light at 365 nm a voltage increase of 21.6
nvV and a curr nt of 0.2 KA were neasured. This potential difference and the
current pronptAyedphtipgempect whdfet beesdnghtinverbidmtisorhswiphogdpsebraihued.
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above-nent i or}w Synt heti c oghyrl n | (ALDRICH Corrpany) as the

copr opor gAYy rlf’06§3(f°pr0poropiﬁ—ql’g 3"is an expl oded perspective view

showi ng, in an expl oded configuration, a photovoltaic cell according to a
third enbodi nent of the present i nvention. Fi g. 4 is an explanation draw ng
conceptual ly show ng the photovoltaic gell illustrated in Fig. 3. As shown
in both drawi ngs, the photovoltaic cell is constructed by integrally
conbining a front nmenber 1, an el ectrode 2, a spacer 3, an electrode 4, a
menbrane 5, a spacer 6, a nenbrane 7, an electrode 8, a spacer 9, an

el ectrode 10, and a back nenber 11 in this order. This photovoltaic cell



03 Before -> After Average change RCE RCE RCE -10.8--->1.9 -4.9 -> -0.1
-5.9 -> -2.2 +7.1 ROE ROE RCE -31.0 -> 40.6 -3.0 Coproporphyrin
-50.8-->-52.7 -55.7--->-52.3 RCE RCE RCE -5.8 -> -11.3 -3.6 Lignin
-11.3 -> -14.3

[Effects of the invention]
[0015]

According to the present invention, a photovoltaic cell can be
produced, and hydrogen ions imparting an electromotive force to a
fuel cell canbe liberated from lignin, by using sunlight and a pyrrole
compound produced biologically, without requiring a special
production apparatus or production method such as a system of chemical
synthesis of an organic compound. Moreover, the raw material is
lignin which is inexpensive and obtained in large quantity and whose
effective use is considered so difficult that it is handled almost
as if to be a waste. Hence, the preserit invention plays an extremely
important role in human society where it is an urgent necessity to
solve the problem of carbon dioxide.

[0016]

That is, according to the present invention, a photovoltaic cell
can be prepared using lignin and a pyrrole compound, such as porphyrin,
as materials, and a potential difference can be generated simply by
irradiating a mixture of lignin and porphyrin with light such as
sunlight or ultraviolet rays.

[0017]

The material used in the present invention is lignin which is
anon-fossil fuel and a carbon resource present in abundance, although
its effective use has not been made. Electric power can be obtained
from this lignin with the use of natural energy such as solar energy.
[Brief Description of the Drawings]

[0018]
[Figure 1]

Fig. 1 is an explanation drawing conceptually showing a
photovoltaic cell according to a first embodiment of the present
invention.

[Figure 2]

Fig. 2 is an explanation drawing conceptually showing a
photovoltaic cell according to a second embodiment of the present
invention.

[Figure 3]

Fig. 3 is an exploded perspective view showing, in an exploded

configuration, a photovoltaic cell according to a third embodiment

of the present invention.



-12.1 --> -14.5 ROE RCE RCE -23.8--> 51.7 +73.1 CopropoLhyrin -15.6 ->
60.4 Lignin -16.2 -> 51.7 [0028] [Table 2] Conposition of d, C2,C3
Vol tage (mV) before and after UV irradiation C C2 C3 Before --> After
Aver age change KOH KOH KOH

[Figure 4]

Fig. 4 is an explanation drawing conceptually showing the
photovoltaic cell illustrated in Fig. 3.

[Figure 5]

Fig. 5 is an explanation drawing showing a mode during the
measurement of a voltage obtained by the photovoltaic cell
illustrated in Fig. 3.

[Figure 6]

Fig. 6 is an explanation drawing showing a mode during the
measurement of a voltage obtained by the photovoltaic cell
illustrated in Fig. 3.

[Figure 7]

Fig. 7 is an explanation drawing showing a mode during the
measurement of a voltage obtained by the photovoltaic cell
illustrated in Fig. 3.

[Figure 8]

Fig. 8 is an explanation drawing showing a mode during the
measurement of a voltage obtained by the photovoltaic cell
illustrated in Fig. 3.

[Figure 9]

Fig. 9 is an explanation drawing showing a mode during the
measurement of a voltage obtained by the photovoltaic cell
illustrated in Fig. 3.

[Figure 10]

Fig. 10 is an explanation drawing showing a mode during the
measurement of a voltage obtained by the photovoltaic cell
illustrated in Fig. 3.

[Mode for Carrying Out the Invention]
[0019]

The embodiments of the present invention will now be described
in detail below.
[0020]

For the alkaline solution used in the present invention, KOH
or NaOH in an amount of the order of 0.005M to 0.05M, for example,
is preferred. As the lignin, a product having high purity and free
of impurities such as a reducing sugar and cellulose (a product
available from SIGMA Company under the Catalogue No. 471003 and having
a molecular weight of 60,000) is preferred. As the porphyrin,



-81.2 -> -65.8 +10.0 -75.9-->-65.8 -77.4 -> -72.8 KOH KOH KOH -32.9
-> -22.0 +6. 8 Coproporphyrin -26.0 -> -21.3 -25.9 -> -21.0 KOH KCH
KOH -88.1 -> -76.4 +5.3 Lignin

coproporphyrin produced biologically using Escherichia coli
(PCT/JP2008/071828), for example, can be used as a catalyst. As
synthetic porphyrin, there can be used, for example, Protoporphyrin
IX (ALDRICH Company) carrying two carboxyl groups in the molecule;
Coproporphyrin I (ALDRICH Company) carrying 4 carboxyl groups in the
molecule; and Uroporphyrin I (SIGMA Company) carrying 8 carboxyl
groups in the molecule. None of these porphyrins have a metal atom
coordinated at the center of the porphyrin ring.

[0021]

Fig. 1 is an explanation drawing conceptually showing a
photovoltaic cell according to a first embodiment of the present
invention. As shown in this drawing, a negative electrode and a
positive electrode are installed in cells, i.e., Cl and C2, which
are separated from each other by an ion exchange membrane M, such
as cellophane, in the photovoltaic cell according to the present
embodiment. Aglasselectrode G isused as a conductor of the negative
electrode, while a platinum catalyst-equipped carbon electrode MK
(Pt 2.0 mg/cm® TGP-H-060: Chemix Co., Ltd.) is used as a conductor
of the positive electrode. The Cl is charged with 50 mM KOH, 50 p/ml
coproporphyrin (produced using E. coli as described in
PCT/JP2008/071828), and 2.5 mg/ml of a lignin solution, whereas the
C2 is charged with 50 mM KOH. The glass electrode G on the negative
electrode side was irradiated with UV l1ight (ultraviolet light; the
same applies hereinafter) at 365 nm. During irradiation, a voltage
increase of 31.2 mV and a current of 0.2 pA were measured. When the
light irradiation was discontinued, this potential difference and
the current promptly disappeared. Practically the same electric
power can be obtained with the use of the above-mentioned
Coproporphyrin I (ALDRICH Company) as the coproporphyrin.

[0022]

Fig. 2 is an explanation drawing conceptually showing a
photovoltaic cell according to a second embodiment of the present
invention. In the photovoltaic cell according to the present
embodiment, a negative electrode and a positive electrode are
installed in the cells C1 and C2, which are separated from each other
by two layers of water repellent carbon, i.e., MCl and MC2, and an
intermediate cell Ci interposed between these two layers, as shown

in the drawing. A glass electrode Gf is used as a conductor of the



-79.7 -> -76.9 -79.6 -> -78.2 KOH KOH KOH -48.9 --> 28.0 +73.0

Copr opor phyrin -34.6 -> 60.4 Lignin -38.2 --> 33.2 [ 0029] [Table 3]
Conmposition of d,C2, C3 Voltage (nV) before and after UV irradiation d C2
C3 Before -> After Average change KOH KCH

negative electrode, while a glass electrode Gb is used as a conductor
of the positive electrode. A solution used for Cl contains 50 mM
KOH, 50 pu/ml of coproporphyrin (produced using E. coli as described
in PCT/JP2008/071828), and 2.5 mg/ml of a lignin solution. A
solution used for Ci contains 50 mM KOH. A solution used for C2
contains 50 mM KOH and 1 mM potassium permanganate (KMnO,). The glass
electrode Gf on the negative electrode side was irradiated with UV
light at 365 nm. During irradiation, a voltage increase of 32.0 mV
and a current of 0.4 pA were measured. When the light irradiation
was discontinued, this potential difference and the current promptly
disappeared. In this system, the positive electrode of the
photovoltaic cell may be installed on the MC2, rather than on the
glass electrode Gb. Even in this case, upon irradiation of the glass
electrode Gf on the negative electrode side with UV light at 365 nm,
a voltage increase of 21.6 mV and a current of 0.2 pA were measured.
This potential difference and the current promptly disappeared when
the light irradiation was discontinued. Practically the same
electric power can be obtained with the use of the above-mentioned
Synthetic Coproporphyrin I (ALDRICH Company) as the coproporphyrin.
[0023]

Fig. 3 is an exploded perspective view showing, in an exploded
configuration, a photovoltaic cell according to a third embodiment
of the present invention. Fig. 4 is an explanation drawing
conceptually showing the photovoltaic cell illustrated in Fig. 3.
As shown in both drawings, the photovoltaic cell is constructed by
integrally combining a front member 1, an electrode 2, a spacer 3,
an electrode 4, a membrane 5, a spacer 6, a membrane 7, an electrode
8, a spacer 9, an electrode 10, and a back member 11 in this order.
This photovoltaic cell has three cells, i.e., a cell Cl defined
between the front member 1 and the membrane 5 by the spacer 3, a cell
C2 defined between the membrane 5 and the membrane 7 by the spacer
3, and a cell C3 defined between the membrane 7 and the back member
11 by the spacer 9. The material for the front member 1, in the present
embodiment, 1s preferably glass which is a transparent member
pervious to light, but need not be limited as long as it is a member
pervious to light. The electrode 2 is secured to the front member
1 and, likewise, the electrode 4 is secured to the membrane 5, the

electrode 8 is secured to the membrane 7, and the electrode 10 is



KOH -62.8 -> -56.1 +6.8 -66.1 -> -59.5 -67.3 -> -60.3 KOH KOH KOH
-92.8 -> -75.3 +9.1 Coproporphyrin -82.0 -> -76.8 -84.2 --> -79.0
KOH KOH KOH -77.1 -> -72.8 +3.9 Lignin

secured to the back member 11. The spacers 3, 6 and 9, in the present
embodiment, are each formed, for example, by cutting a 1.5 mm thick
polyvinyl chloride sheet into a U-shaped form. The membranes 5 and
7 can each be preferably formed from cellophane, a carbon membrane,
a water repellent carbon membrane, a carbon membrane with a catalyst,
or an ion exchange membrane. The electrodes 2, 4, 8 and 10 are each
formed from a mesh sheet of stainless steel which is a conductive
member. For the back member 11, its material need not be restricted,
but in the case of the present Embodiment, the back member 11 is formed
from glass as a material. The cell Cl which is irradiated with light
is charged with an alkaline solution of lignin, together with
porphyrin as a photocatalyst, for example, a solution dissolved in
potassium hydroxide or sodium hydroxide. The cells C2 and C3 are
charged with an alkaline solution, like the cell Ci. As a result,
the electrode 2 is immersed in the alkaline solution charged into
the cell C1 and having lignin and porphyrin dissolved therein, while
the electrode 10 is immersed in the alkaline solution charged into
the cell C3, whereby each electrode ig in contact with the alkaline
solution. The electrodes 4, 8 are in contact with the alkaline
solution via the membranes 5, 7. In the present embodiment as well,
the same lignin and porphyrin as those in the aforementioned
embodiments can be used.

[0024]

When, in such a photovoltaic cell, light is entered into the
alkaline solution of the cell C1 via the front member 1, a voltage
occurs between the electrodes 2, 4, 8 and 10. That is, this
configuration functions as a photovoltaic cell.

[0025]

To confirm the occurrence of such a voltage, a combination of
the components of the solution charged into the cell Cl was changed
in the structure illustrated in Figs. 3 and 4, and a voltage occurring
between the electrodes was measured. Concretely, the following four
cases were provided: 1) The cell Cl was charged with a KOH solution
(50 mM) , while the cells C2, C3 were charged with a KOH solution.
2) The cell Cl was charged with a KOH solution (50 mM) having
coproporphyrin (50 pg/ml) dissolved therein, while the cells C2, C3
were charged with a KOH solution. 3) The cell Cl1 was charged with
a KOH solution (50 mM) having lignin (2500 pg/ml) dissolved therein,



-76.2

Copr opor phyrin -66.8 -->-8.1 Lignin -68.7 -> -8.6 [ 0030] [Table 4]
Conmposition of d,C2,C3 Voltage (nV) before and after

-->-72.6 -75.8 -> -72.0 KOH KOH KOH -87.3 -> -8.5 +65.9

C3 Before -> After Average change KOH

while the cells C2, C3 were charged with a KOH solution. 4) The cell
Cl1l was charged with a KOH solution (50 mM) having coproporphyrin (50
pm/ml) and lignin (2500 pg/ml) dissolved therein, while the cells
C2, C3 were charged with a KOH solution. In these four cases, a
voltmeter 13 was connected to the electrodes, with the state of
connection to the electrodes 2, 4, 8, 10 being changed, as shown in
Figs. 5 to 10. In each of the cases, the values of voltage were
measured before UV light irradiation and after UV light irradiation
(after 3 minutes of irradiation). For each case, three measurements
were made before and after the irradiation, and the average change
in the measured value was determined in each case.
[0026]

Tables 1 to 6 show the results. The manner of connection in
Fig. 5 corresponds to the results of Table 1, the manner of connection
in Fig. 6 corresponds to the results of Table 2, the manner of
connection in Fig. 7 corresponds to the results of Table 3, the manner
of connection in Fig. 8 corresponds to the results of Table 4, the
manner of connection in Fig. 9 corresponds to the results of Table
5, and the manner of connection in Fig. 10 corresponds to the results
of Table 6.
[0027]
[Table 1]

Composition of Cl1, C2, C3 Voltage (mV) before and after UV irradiation

C1l c2 C3 Before — After | Average change

KOH KOH KOH -10.8 — 1.9 +7.1
-4.9 — -0.1
-5.9 — -2.2

KOH KOH | KOH | -31.0 — 40.6 -3.0
Coproporphyrin -50.8 —> -52.7
-55.7 — -52.3

KOH KOH KOH -5.8 > -11.3 -3.6
Lignin -11.3 — -14.3

-12.1 — -14.5
KOH KOH KOH -23.8 & 51.7 +73.1
Coproporphyrin -15.6 —> 60.4
Lignin -16.2 — 51.7
[0028]

W irradiation d C2



KOH KOH 36. 2

-->36.0 -0.8
64.7 --->74.7 +6. 6 Coproporphyrin

| CON KOH 56.4 -> 51.6 -2.1

37.9 -> 36.8
83.3

-> 03.0

37.9 -> 36.9
112. 9

| CON KOH | CON
-->112.9 | CON

[Table 2]
Composition of C1, C2, C3 Voltage (mV) before and after UV irradiation
Cl c2 C3 Before — After | Average change
KOH KOH | KOH | -81.2 — -65.8 +10.0

-75.9 — -65.8

-77.4 & -72.8
KOH KOH KOH -32.9 — -22.0 +6.8
Coproporphyrin -26.0 = -21.3

-25.9 & -21.0
KOH KOH KOH -88.1 — -76.4 +5.3
Lignin -79.7 — -76.9

-79.6 — -78.2
KOH KOH KOH -48.9 — 28.0 +73.0
Coproporphyrin -34.6 — 60.4
Lignin -38.2 — 33.2
[0029]
[Table 3]
Composition of Cl, C2, C3 Voltage (mV) before and after UV irradiation
c1 c2 C3 Before — After | Average change
KOH KOH KOH -62.8 = -56.1 +6.8

-66.1 — -59.5

-67.3 — -60.3
KOH KOH KOH -92.8 — -75.3 +9.1
Coproporphyrin -82.0 —> -76.8

-84.2 —> -79.0
KOH KOH |KCOH | -77.1 — -72.8 +3.9
Lignin -76.2 = -72.6

-75.8 — -72.0
KOH KOH | KOH | -87.3 — -8.5 +65.9
Coproporphyrin -66.8 — -8.1
Lignin -68.7 = -8.6
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Lignin 64.1 -> 58.4

Copr opor phyrin

53.0 -> 62.8 ROB ROB KOH 17.7
-> 17.2

18.7 -> 17.6 Lignin
Conmposition of d,C2,C3 Voltage (nV) before and after

C3 BeforeAfter Average change

18.1

->16.9 -0.9
[ 0031] [ Table 5]

[0030]
[Table 4]
Composition of C1, C2, C3 Voltage (mV) before and after UV irradiation
Cl c2 C3 Before — After | Average change
KOH KOH KOH 36.2 — 36.0 -0.8

37.9 — 36.8

37.9 = 36.9
KOH KOH KOH 64.7 —> 74.7 +6.6
Coproporphyrin 83.3 —> 93.0

112.9 — 112.9
KOH KOH KOH 56.4 — 51.6 -2.1
Lignin 64.1 — 58.4

53.0 — 62.8
KOH KOH KOH 17.7 — 16.9 -0.9
Coproporphyrin 18.7 — 17.6
Lignin 18.1 — 17.2
[0031]
[Table 5]
Composition of C1, C2, C3 Voltage (mV) before and after UV irradiation
C1 c2 C3 Before — After | Average change
KOH KOH KOH 106.7 — 96.2 -8.9

106.9 — 98.5

108.5 — 100.7
KOH KOH KOH 105.7 — 95.2 -9.7
Coproporphyrin 103.4 — 93.7

101.1 — 92.2
KOH KOH KOH 105.3 — 95.5 -6.8
Lignin 99.4 — 93.2

98.8 —> 94.5
KOH KOH KOH 97.5 —> 87.5 -8.6
Coproporphyrin 95.8 — 88.6
Lignin 97.2 — 88.6

11
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KOH ROB KOH 106.7 -> 96.2 -8.9 106.9 -> 98.5 108.5 -> 100.7 [|CON
KOH KOH 105.7 -> 95.2 -9.7 Coproporphyrin 103.4 -> 93.7 101.1 -> 92.2
KOH ROB ROB 105.3 -> 95.5

[0032]
[Table 6]
Composition of Ci1, C2, C3 Voltage (mV) before and after UV irradiation
c1 c2 C3 Before — After | Average change
KOH KOH KOH 30.0 > 17.5 -11.7

28.6 & 16.5

27.4 — 16.9
KOH KOH KOH 96.1 — 86.8 +7.9
Coproporphyrin 92.4 — 84.8

91.5 — 84.6
KOH KOH KOH 53.0 — 40.5 -10.6
Lignin 46.6 — 36.7

44 .4 — 34.9
KOH KOH KOH 40.0 — 29.7 -8.0
Coproporphyrin 36.2 = 29.2
Lignin 35.1 — 28.6
[0033]

As shown in Tables 1 to 6, certain voltages were measured in
the respective cases after irradiation with UV light. Thus, the
structures shown in the drawings were confirmed to function as
photovoltaic cells. Of them, the structures in which the cell C1
was charged with KOH having lignin and porphyrin dissolved therein
and whose connections were as shown in Figs. 5 to 6 were found to
be preferred.

[0034]

It seems that the voltage values shown in Tables 1 to 6 occurred
even before irradiation with UV light. However, this phenomenon is
considered to have been observed, because the experimental
environment was not completely shielded from light, and the accuracy
of the voltmeter 13 was problematical. It is true, however, that
the resulting voltage differed according to whether UV light was
incident or not.

[0035]

The results of Table 3 show that when the KOH solution using
porphyrin and lignin as solutes is irradiated with light, the mere
connection to the cell C1 provides a certain high voltage. If a cell

is constituted by an alkaline solution containing porphyrin and
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-6.8 Lignin 99.4-> 93.2 98.8 -> 94.5 ROB KOH ICON 97.5 -> 87.5 -8.6
Copr opor phyrin 95.8 --->88.6 Lignin 97.2 -> 88.6 [ 0032] [Table 6]
Composition of O, C2, C3 Voltage (nV) before and after UV irradiation d
C2 C3 Before -> After

lignin as solutes, one cell is enough to form a predetermined
photovoltaic cell.
[0036]

In short, the present invention is based on the discovery that
a potential difference can be produced if lignin is irradiated with
light. Thus, methods of generating voltage by light irradiation,
and photovoltaic cellsg, which are based on this discovery, are all
included in the technical idea of the present invention. In
practicing the methods, an alkaline solution is prepared by
dissolving lignin in an alkali solvent, together with porphyrin
serving as a photocatalyst, and the resulting alkaline solution is
irradiated with light. This is the case where voltage can be
generated most efficiently, as demonstrated by the above-mentioned
experiments.

[0037]

In the present invention, porphyrin having a carboxyl group in
the molecule can be preferably used as a pyrrole compound such as
porphyrin to be added to 1lignin. Of the porphyrins having a carboxyl
group, for example, porphyrin having a total of 2, 4 or 8 carboxyl
groups in the molecule can be used as the porphyrin.

[0038]

Lignin is not limited to those of high purity which are free
from impurities, for example, a reducing sugar and f-glucan such as
cellulose. That is, conditions such as the presence of impurities
as evidenced by somewhat low purity or insolubility in water, the
average molecular weight of lignin, or solubility in water, are not
limitative.

[0039]

According to the present invention, the reaction is allowed to
proceed further, whereby lignin is photolyzed, so that lignin can
be effectively used as a supply source of hydrogen. Hydrogen ions
directly liberated from lignin can be fully used, for example, in
a fuel cell. That is, a photocatalyst and an alkaline solution, for
example, are added to lignin, and the resulting mixture is irradiated
with light such as ultraviolet rays or sunlight. By so doing, not
only can a photovoltaic cell be prepared conveniently, but hydrogen
ions can alsobe liberated from lignin. Concretely, a product having

high purity and free from impurities such as a reducing sugar and

13



Aver age change KOH KOH KOH 30.0 -> 17.5 -11.7 28.6 -> 16.5 27. 4
--)16.9 KOH KOH KOH 96.1 -> 86.8 +7.9 Coproporphyrin 92.4 -> 84.8
91.5 -> 84.6 KOH KOH KOH

cellulose (a product of SIGMA Company, Catalogue No. 471003,
molecular weight 60,000), and a product containing a reducing sugar
and having slightly low purity (a product of SIGMA Company, Catalogue
No. 471038, molecular weight 52,000), for example, are available as
the lignin. Hydrogen ions can be liberated from all such products
to lower the pH of the solution. That is, hydrogen ions can be
liberated from lignin, regardless of the presence of impurities or
the average molecular weight of lignin.

[0040]

In the present invention, hydrogen ions can be liberated more
efficiently by irradiating a lignin-alkaline solution, for example,
with ultraviolet rays at a wavelength in the vicinity of 300 to 400
nm or light having a wide wavelength range such as sunlight. The
wavelength is not limited to the ultraviolet region. In performing
photolysis of lignin, hydrogen ions can be liberated by allowing a
biologically produced pyrrole compound (see PCT/JP2008/071828), for
example, to act on lignin.

[0041]

The concrete procedure is as follows: In the method of
liberating hydrogen ions from lignin, a product having high purity
and free from impurities such as a reducing sugar and cellulose (a
product of SIGMA Company, Catalogue No. 471003, molecular weight
60,000) isusedas lignin. Inthis case, 1 ml of a solution containing
2.5 mg/ml of lignin was placed in a cylindrical tube having
transparency, say, close to that of Eppendorf tube, and was irradiated
for 24 hours with ultraviolet rays at a wavelength, say, in the
vicinity of 300 to 400 nm or sunlight. As a result, the pH of the
lignin reaction mixture lowered from 9.4 to 7.3. This is suggestive
-0of the occurrence of hydrogen ions.

[0042]

When hydrogen ions are to be liberated from lignin, moreover,
a product having high purity and free from impurities such as a
reducing sugar and cellulose (a product of SIGMA Company, Catalogue
No. 471003, molecular weight 60,000) is used as the lignin. A
solution (1 ml) containing 2.5 mg/ml of lignin and 2.5 mM of KOH was
irradiated for 24 hours with ultraviolet rays at a wavelength, say,
in the vicinity of 300 to 400 nm or sunlight. As a result, the pH

of the lignin reaction mixture lowered from 10.4 to 8.0. This is
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53.0 -> 40.5 -10.6 Lignin 46.6 -> 36.7 44.4 -> 34.9 KOH KOH KCH 40.0
-> 29.7 -8.0 Coproporphyrin 36.2 -> 29.2 Lignin 35.1 -> 28.6 [ 0033]
As shown in Tables 1 to 6, certain voltages were nmeasured in the respective
cases after irradiation with UV light. Thus, the structures shown in the
drawi ngs were confirmed to function as photovoltaic cells. O them the
structures in which the cell O was charged with KOH having |ignin and

por phyrin dissol ved therein and whose connections were as shown in Figs. 5
to 6 wereSUGERETHE B SPEf eFFeiFecg034) hydrogen) £08%ens that the vol t age
val ues shdwoe4Bh Tables 1 to 6 occurred even before irradiation wwth U

| i ght. However ,_thi i | dened to.hay, o] ved,
because the ex%%r%&%ﬁ%gﬁmgﬁgpﬁg%%gﬁggagﬁ' 51 c%ﬁpﬁg%gf§%gﬁpe¥%§%"rom
li ght, an@CFREVEEcarRISAUSE RHe ndopt FHePeF 193 aRds eeobT EharPea tisst Sy t r ue,

however, fthat téeudiesultyag ol tegeudbéd e(eeraacot dbngdcoawbethety UV | i ght
was incid no T Tabl sh hat . when t he
Kot sof ut Fagecerieie 0ldat, norqopl TonE ool £, Olo) 87 Bed SNOM A0BRLYT

light, thdOR&f#k connection to the cell Clprovidesacertai nhighvoltage. |If a

cel |l is constigytmedthyradldahi fe-rsokutbisoua@ant audh G perPhyin) asc
photocatalyst to a lignin solution, as described above, hydrogen ions
canbe liberated. As the pyrrole compound, one biologically produced
using Escherichia coli or the like (patent pending: JP Appln. No.
2007-310116) can be used.
[0045]

In this case, 1 ml of a solution containing 50 ug/ml of porphyrin
(see PCT/JP2008/071828) and 2.5 mg/ml of lignin, for example, was
placed in a cylindrical tube having transparency, say, close to that
of Eppendorf tube, and was irradiated for 12 hours with ultraviolet
light at a wavelength of 365 nm. As a result, the pH of the lignin
reaction mixture lowered from 9.2 to 6.4.

[00456]

In light of the foregoing results, hydrogen ions canbe liberated
from lignin by irradiating lignin with ultraviolet rays or light of
a wide wavelength range, such as sunlight. By constructing a device
for collecting such hydrogen ions, therefore, a fuel supply device
for a fuel cell can be constituted.

[Explanations of Letters or Numerals]
[0047]

1 Front member

2, 4, 8, 10 Electrode

3, 6, 9 Spacer

5, 7 Membrane

11 Back member

G Glass electrode

M Ion exchange membrane

MK Carbon electrode
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lignin as solutes, one cell is enough to forma predeterm ned photovoltaic
cell. [0036] In short, the present invention is based on the

di scovery that a potential difference can be produced if ligninis
irradiated with light. Thus, nethods of generating voltage by |ight
irradiation, and photovoltaic cells, which are based on this discovery, are
all included in the technical idea of the present invention. In practicing
t he methods, an al kaline solution is prepared by dissolving lignin in an

al kal i sollPemmentoferfer wrtd Por phyrin serving as a photocatal yst, and the
resulting[abkahine solution is irradiated with light. This is the case

wher e vol tage can er at no fi.ci.ently, as denonstrated by the
above-nenti oned Pélfgg?’lg%g% Cg (}0357 mﬁl 31 the present invention,

por phyri n havihgeal daBedyy ghatplis aphelkidiieeut e tdh eV brdf ePait Y Sused as
a DYLF ol el@ﬁm}_@uﬂd }_:ﬁjif‘plnyaﬁnlpﬁ Qbyﬁ&é’bf,t Onbe aagstat &0 ﬂeiﬁgnipmrr‘]tdlfy_ tdwened I
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mol ecul ar wei ghtehotovpymic amllsorampiigipgi:n water, are not linitative.
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lignin, and the resulting mxture is irradiated wth. light .such_as
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Cat al ogue No. ,47L03%. D!l gcular wei ght 52,000), for exanple, are available
as the lignin, drogen ions can be liberated fromall such products to

| oner t he (pLPYF lhe solution. That is, hydrogen ions can be liberated from
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phot ol ysi s gnin, hydrogen iaons can be |iberated_by allow,ng a
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to act onthegater [(@044% spaces;The concrete procedure is as follows: In the
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purity and free frominpurities such as a reducing sugar and cellul ose (a
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used as |igni nghd Rithes €BsE; rolentinofortcasal witbnciconflanhing R1utaghndt of
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wavel ength, say, in the vicinity of 300 to 400 nmor sunlight. As a result,
the pH of the lignin reaction m xture |owered from10.4 to 8.0. This is
suggestive of the occurrence of hydrog?g ions. [0043] In a technol ogy
for liberating hydrogen ions fromlignin, noreover, a product having high
purity and free frominpurities such as a reducing sugar and cellul ose (a
product of SIGVA Conpany, Catal ogue No. 471003, nol ecul ar wei ght 60,000) is
used as the lignin. [0044] By further adding a pyrrole conpound, such



11 Back nmenber G G ass el ectrode M Ion exchange nenbrane MK Carbon

el ectrode [Docunent Nane]Clains [Claim1l] A photovoltaic cell, conprising:
a cell fornmed by charging an al kaline solution, which contains |ignin and
porphyrin as solutes, into a space at |east partly formed by a transparent

menber pervious to light; and a pair of electrodes provided to oppose
the al kaline solution of the cell while naklng contact with the al kal i ne
solution. [Caim?2] A photovoltaic cell, conp e ce|ll foined

by chargi ng ant® ieiheRecebt JtaraRa %I%r(g&ﬁga?}?% 811%6},}?,6 aﬁﬁ}“ﬁéf’f}htﬁti% as
sol utes, ithtoother aff ahel ggsted,Ww0 spaces separated from each other by a
menbrane, the oRe. F8LE-ORL 0 BndRAsh: PRLLLYAQNTRE DA {LLANSRAECle MEMber
pervious to |i ormed by charging the al kaline
sol ution Pﬁtéh?heﬂdﬁheﬁnéf the spaces one el ectrode in contact with
t he al kal i ne sohaltdtheroéldderaore iaf céhmazelvi sh tardalkaline tdoduot berof

el ectrode _in h al kal i ne solution of the other of the cells.
[Claln13]tk pﬁg?ovoftgké Cé?f conpri si ng: one cell forned by
chargi ng dflai®a?i ne solution, which contains lignin as a solute, into one
of at |east twch@gﬂ@eevaeeaaicatcedlf aem:emi@; ebhaty neaocmeairiarel thet one
cell being,at |east rtl. for d by re 0

l'i ght; Wk th%% all %Ehe égéﬁﬁb ?ﬁéﬁﬁﬁggt?ﬁ§§§g u%?%n into
t he other[6ﬂathe6hpaces one electrode in contact wth the al kaline
sol ution of thenoncRbvbieateldedn aaelordmg tot &gy Qttaebfetmﬂnrsodetbrs,cont act
with the a kaltnejeolut an ofs Q% Qegqulghe cgéﬁg E%gé%h
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t he spacedClaim 8] one el ectrode in contact W th the al kal i ne solutlon of

the one of theTl@@bhéto%@:alc cell hecethsig ebaataiade, ino€ant@adraint thd he
al kal i ne solution of the other of the cef? [ aimb5] The

phot ovol t &P %tPndﬁbSFBF?EPYnyﬁh? one of clains 1 to 4, wherein the

al kaline solution is a solution of potassium hydroxide. [C ai m 6] The
photovol taic cell according to any one of clainms 2 to 5, wherein the
menbrane is forned of an ion exchange nenbrane. [C aim 7] The

photovol taic cell according to any one of clainms 2 to 5, wherein the
menbrane is formed of a water repellent carbon nenbrane. [C ai m 8]

The photovoltaic cell according to claiml1, 2 or 4, wherein the porphyrin
i's coproporphyrin.
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