Met hod for electrolytic engineering of nano-partcul ate
| ayers TECHNI CAL FI ELD This invention relates to nano

WO 25061008 ed materials and their applications;PC€DAU2004/001768
nmet hods for the production of such materials. Mre
particularly, this invention relates to naho
-particul ate oxide |ayers forned on a substrate.
BACKGROUND TO THE | NVENTI ON The nanomaterials, in
particular - nano -particulate materials and nano
-particul ate oxides are used in w de range of

appl i cIu [ but. not ted to sen
ot + dietnod or alectiaty e sngineering o nane-Rartiguigpdayers
SoIagwgghﬁgﬁL,nghgctrochron1c devi ces, fuel cells and

evi Ces tor photocatal ytic cl eavage and purification
of water . H gh comercial potential of Dye Solar Cel
teChWi@gY1riv&nﬁEbﬂl e?t&daté% ough A~ eamﬂ;u-raar thetl-ab®s  and
structure e laver I por si.gned.
oo oS i Frefliaiendl ote, Brohs! Bis L3RS gy or suon
- enhaiesdakbi |varyetsaﬂa@sqwl@rénrffﬁ@#senwmﬁpnt ;reéﬁtes to
dye tRnelfeatictebye Cabldd @agotAlrokhdlon08 éibtrate.
i nterface between the dye layer and electrolyte . It
has. been recogni sed that surface properties of nano -
particles are critical for achieving high perfornmance

Ofo de3Hc&eRobAS €& @B NARGnTRALtI cul ate material s,
Modi fTcattons O6f the said properties can be perforned

by

The nanomaterials, in particular- nano-particulate
.materials and nano-particulate oxides are used in wide
range of applications: . including but not limited to
15 =sensors, batteries, capacitors, photovoltaic cell (e.g.
Dye Solar Cells), electrochromic devices, fuel cells and
devices for photocatalytic cleavage and purification of

water.

20 High commercial potential of Dye Solar Cell technology is
achieved through the nano-particulate structure of oxide
layer incofporating designed porosity, that ‘warrants high'

" surface area, and, thus,' - enhanced ability to adsorb
sufficient guantity cof dye to effectlvely‘ capture solar

25 light ocn the interface between the dye layer and
electrolyte.

It has. been recognized that surface properties of nano-
' particles are critical for achieving high performance of

30 devices based on nano-particulate materials.

Modifications of the said properties can be performed by

covering each particle by a thin layer of another



covering each particle by a thin |ayer of

anot hermaterial. The purpose of such coating varies:
w@e@aneaes a barrier layer (e.g. junction betweRCI/AW2004/001768

materials with different el ectronic properties)

Benefits of the barrier |ayer include creation of

internal electrical field, that allows for

unidirectional transfer of electrons (diode effect)

Creating a blocking layer (electrical insulation of

all or part of the surface ofza particle from

el echiod g . OFhE RLERSEY § Ak J%%e Ltion of
materi al s thatha%sogbel nftrr%!é&{uvczgIag\}1 ?lgght - IR

spectrum. Electronic shielding of nano - stjructured

oxi des s( Ms@)atmgcﬂt@am@at eay@a{» s(g Rat f8:idgnadiage two

to or |nt 'a m% % provi de el ectronic
shi el di ng*® ﬁl Jtshus g \% fe’i?ﬁ‘(‘i‘esﬁlﬁﬁpéo%r geFoperties).
t fansf er Behebilgh ¢hethat drfater bedywenitbbadur Eacs iand of

an el ect r;Qk ¥t gy Th'eie@@@f&q transfer C%%S '%@l'iQQS for

current: | gss of voltage and undesirable s

react i ond™EATYFirRaY “'trﬁnagﬁlf &fatiefit whsa (GEW% gffect).
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(ESM ar ptical Ly transpare nd che caII st abl e,
Cur r ent %e?hoos |pnc ud%nsgﬁ géjlr%% eniStry %‘r &r af om

dP f f er enteleaetrivtdeposicriconive oeharipies. Each
techni QUecbss!i ot ek aﬁaséﬂﬁalgoe&a@t a@L#J%N {)r?eSt .

and preci se dep03|t|on and achi evenent o des|ra
properti 8aShpl tHght - IR spectrum ‘

* Electronic shielding of nano-structured oxides (NSO).

Certain materials thét reside adjacent to or in the

15 ' surface of the NSO provide electronic shielding and,
thug, prevent undesirable charge transfer through the"

interface between the surface and an electrolfte.

This charge transfer causes leakage cﬁrrent:_loss of

voltage and undesirable slde reactions, which lead to

20 degradation of a device. ©Preferably the said

Electronic Shielding Materials (ESM) are optically

transparent and chemically 'stable.

Current methods include sol-gel chenmistry and éeveral
25 different vacuum deposition- techniques. Each technique is
limited as each does not allow for fast and precise
deposition and achievement of desirable propertiés of the

layers.

30



| ayers. OBJBCTI VE OF THE | NVENTI ON An obj ective of the

present invention is to provide nmethods for surface
worR@s06wes | ons of nano- oxides and to inprove PCT/AU2004/001768

performance of Dye Solar Cells. SUMMARY OF THE

I NVENTI ON From one aspect f the present invention

provides for formation of conplete or inconplete nano

particul ate layers on or in the surface of an

electrically conductive substrate directly froma

coll oidal solut ion by application of negative

electr t ent.i ubstrate and positive.
ele peaEtrive, Bp hﬁ;l&g@%ﬂggﬁnter el ectrode. The

nano particles are further interconnected either to A

mat eshal sRkrihe substrat %r@ge,t@ ea&;&t%herl?y £@l € E&rovide
S|nter%$ i n_furnace or ply AC el ectric

fiel B0 U FI% |%ﬁﬁfaﬁﬁgﬁpﬁba%9ag§88ﬁ 8§ RPEArPOcar and to
cUr r enprees senforenneent Myet Belas ceesul ting in heating
of local contact points and fusing the particles

toget her. From anot her aspect of the invention, the
nano§B¥%¥ﬂ%¥§sigiéﬁggﬁﬁgafby dye. The coating is

applied by imrersing the electrode into the dye

sol urk-eR aid apphydd)g @Heelﬁr.(‘ets%h‘éal idvie8t dod hEHrov:Ldes for
pkpn%tes nnvenegt of charged dye in the solution

t Owar 38" HE naRb- BRIRME TFay&F anBLHISEFueR  BERITguLates
of d}eym exulogs inothdeswsdiagenafioarn axidei@anlyi chegiuctive

substrate direct}.y from a colleoidal solut ion by’

‘appliéation of negative electrical potential to the
substrate and positive electrical potential to a counter
15 electrode. The nano-particles are further interconnected
either to materials of the substrate or to each wother by
either sintering in furnace or by applying an AC
electrical field of sufficient magnitude, such as high
local current passiﬁg between particles resulting in
20 heating of local contact points and fusing the particles

together.

From another aspect of the invention, +£he nano
particles are coated .by dye. The coating is applied by
25, immersing thé electrode into the dye solution and applying
an electrical field that promotes movement of charged dye
in the solution towards the nano-oxide léyer and
subsequent bonding of dye molecules to the said nano-oxide
particles, ‘
30-
In one embodiment in accordance with this aspect of'
the invention, the application of dye is followed by
application of anothe‘r dye or of another absoxber that

blocks areas of the nanoparticles that had not been



In one enbodi nent in accordance with this aspect of

the invention, the application of dye is foll owed by
wa@ppsioemvs on of anot her dye or of anot her absoreap2004/001768

that bl ocks areas of the nanoparticles that had not

beencovered by the first application of dye. The

application of another dye or that of another absorber

is conducted in the same manner as that of the first

dye, e.g. - fromsolution and with aid of electrical

field, wh ich forces the dye npl ecul es towards the

nanow,@%@'b; hale 16 aar E?J%iycaft%}l 99td pse 1d al l]%llcatlon

nano - oxi de . Accor urt her
i nverttfi BROthEHEVE| oF ’1 ePfj %“Gftélﬁﬁeélbscﬂ?bgﬁr ﬁac@omucrthﬂel in
sai d yhanGamk ekiadhex . afOkhiheopULROSEsrf &S e.g. - from

|nverét '1891 I1Fh‘,ﬂemf,ur{thce P | %%t%g?agl zﬁe}%ﬁ\r% er oq%rces

interface to a def appr oxi I stor
afoutthe0 dr¢ t r@ﬂellelcsleﬁ' hetowsars i ekhd aylenomwroaﬂu y that = is

CONPlriogRS1 NEt Bl OXdtd@ssehBGHIONI £ RLEPSLTdLs of which
differ fromthat of original nano -particul ate |ayer;

Application of such a barrier layer is conducted in
sol uti on Acordang ohcofa afwedtbetr repdctf | ef dthhatinvention, a

pr ormJa@%lg@veﬂa}gr of; dmat gydw@h, bR the form Oéf' ORfe Ofsaig
the barrier zer towards natioparticles with

bsé’ﬁﬂ@‘ﬁ?tedféﬁ si £i%n Of° t RRPIESerifal THiP siPraRRiQ), the

the sarfacrmnooparitsies| eshat| nregienerfpodi et ifterface to a

accorgdapge tgbﬁxf&'ﬁmé‘é&%ﬁt 46’f AEBQtMPn‘ée NELONHWR Ofg ynit

nore such materials wth ferent electronic
pr opé’ﬁlfL%S g}ee %ﬁégft %ﬂger typlcally comprises metal oxide,

electronic properties of which differ from that of
15 original nano-particulate layer:. Application of such a
barrier layver is conducted in solution by creation of an
electrical field that promotes movement of material, in
the form of ions, of the barrier layer towards nano-
particles with subsequent deposition of this material on
20 . surface of the said nano~par£icles.
‘ In one embodiment in accordance with this aspect of
the invention two or more ‘such materials with differednt
electronic properties are deposited.
In &a further embodiment in accordance with this
25 aspect of the invention, the substrate is subsequently
-treated by heat and/or by oxygen to ensure stable bonding
of the deposited material to the nano-particles .and/or

oxidation of the deposited material.

30 From another aspect of the inventign an electrolytic
treatment 4is used to modify surface properties of a
nanomaterial. In one embodiment a . clean and active surface

of the nano-particles is achieved by electrolytic



In a further enbodi ment in accordance with this aspect
of the invention, the substrate is subsequently

w0 e@anedoby heat and/ or by oxygen to ensure stB@I/a02004/001768
bondi ng of the deposited material to the nano -
particles and/ or oxidation of the deposited material.
From anot her aspect of the invention an electrolytic
treatment is used to nodify surface properties of a
nanomaterial. In one enbodinent a .clean and active
surface of the nano -particles-is achieved by

el ech{ od 3t ¢ dh SSO! Hirr@Be OhatdiibaCer MBL &ldr@l. ehifodiment an
anot her enbodi ment. an el ectrol yti c oxidation ensures

car bBheFrEE YFLS eP 5 G PheSHEHES- BEPT? chifeh el a¥gLar PAI . The
Fr omyed-rerot berataspeciriefi . t he i nvention the

el ectrol ytic deposition as discl osed above is

conduct ed under constant current conditions with

i ipofEel ittt Fgethemia®eciueh BRe vingrnvbn dde réaehesisgtic
pr edaépaeaid ibhMhé (Hﬁiﬂﬁ)ﬁé&dali:dd’é riespeafudtdd R@der constant

ref erence electr % ntr ol C|rcu ry s hes from
t he cons&f ant® cur Fen %h lmc‘?ons%1 i o%‘\t a%\g'énlr%o such " as

keepihgpn t Hel’@ﬁﬁ‘?st%ﬁﬁ‘:h?él _taaglereméen%mt Lo t hmascaerre#ewvith
dr opseHRd AW & prredetSidrenes uaémoaér a Ricedeter emﬁﬂitry

,quunt of el%ctrlqgl chgggh r§§§% Qr%%atﬁﬁ ol tage

IC SO u |on foun geous
to pBPﬂ@:r mkehpinn| dh@iepwstﬁmh |vnlaa<seer mede ofungyjé| esither

Wi t hoREAGTES SN s noaerl%ase of gh&re&%rh{@é@f iRt or a

through th gle troI OO_gnut on]nc Eh cmgl% cgngrisess

an i RE&PTHGHan ﬁ%tl pfrrica *9 passed
through the electrolyt:.c solution.

15 ‘ '
It has been found advantageous to perform the said
deposition in a series of cycles with progressive increase
of charge transferred through the electrolyte solution.
Each cycle comprises an insertion and extraction half-

20 cycle, During the insertion half-cycle a  material to be
deposited is promoted by an electrical field towards the
nanomaterial. = During the extraction half-cycle the
material is removed from the nanomaterial.
Both insertion and extraction half-cycle are performed

25 under current limiting conditions until the wvoltage
reaches a voltage preset magnitudeé, continuing depositio'n
under voltage limiting conditions until eithe:r the
deposition current falls to a current preset magnitude or
a preset charge has been delivered, and then terminating

30 deposition.

It has been found advantageous to superimpose the constant

éurrent/constant voltage insertion/extraction mode with an



cycle. During the insertion half- cycle a material t o
be deposited is pronoted by an electrical field
W owane®og he nanomaterial . During the extractPONAL2108/001768
- cycle the material is renoved fromthe nanonateri al
Both insertion and extraction half - cycle are
perfornmed under current limting conditions until the
vol tage reaches a voltage preset nmagnitude, continuing
deposition under voltage |imting conditions until
ei ther the deposition current-étfalls to a current

pr esappIBgi m@deeﬂéct&lﬁéﬁsa‘.tleﬁﬁar g8 h%%ebe&[‘am lﬁ the AC

dellv red term nating deposition.

been® %fdmﬁévgﬁ?gcge“o%sapPgl%p&‘ﬁ%ﬁée’“? h“é‘%oﬁﬁ’?ﬁ'é?ﬁte' in

curr en@ﬂc&m%amlwd pageendisel it o/ elé radbt sacarode

'md_t.h anapplied AC electrical field. In one exanple
Ee AC electrlc fleld is a glled parallel to the
bsEFEEe L SQRQ%JQMﬁ AE~ per pendi cul ar to the

N B @ 3 o nun

substrate. BRI EF DESCRI PTI (]\I OF DRAW NGS Havi ng
br Oagkuyl r tﬂx%\éﬁﬂyt I}?q%%@g éc? q;h t hea@lgrgzgrgb Xeno?reSent

enbo s thereof ow be deser

exan‘bP%e%Fr?d’nvl |GEPREITGS Sheyeof nvike fwf Ilew ﬁgscrlbed by

descwaﬁtbﬂnexéﬁﬁﬁiemﬁﬁ:Mﬂﬁﬁtfﬁrﬂﬁﬂd%nﬂﬁ ahQn the following
conpa dr aw n | re

gsa g§n§%¥ggorepreg%%?mf|onlgf a Sup f& o accompanying

eIecﬁF@Wyﬂﬁtlﬂr@%¥ﬁ%nt of nano- particul ate el ectrode.

Figure 2 denonstrates conparative photovoltaic

Figure 1 is a di'agrammati‘c representation of a set-~
up for electrolytic ‘treatment - of nano-particulate
15 electrode.

Figure 2 demonstrates comparative photovoltaic
performance of treated and unt;:eated D3C electrode at 0.3
sun. '

20

DETATILED DESCRIPTION OF EXAMPLES

Reférring to Fig.l a working nano-particulate electrode
25 comprises a substrate 1 and a nano-particulate layex of a
nanomaterial2. The working electrode is inserted into an
electralyte 6 in such a way that regions of the nano-
particulate layer that are .selected for the electrolytic
treatment are ‘covered by the solution. A reference
30 electrode 3 is located in close proximity to the nano~
particulate layer 1. A counter electrode 4 i1s opposing
the“working electrode. Shapg and position of the counter
electrode are selected to ensure uniform electrical field

between the counter and the working electrodes. All the 3



performance of treated and untreated DSC el ectrode a t
0.3 sun, DETAI LED DESCRI PTI ON OF EXAMPLES Referring to
wo-2@shem@oswor ki ng nano-particul ate el ectrode coP@I/AB2®4/801768

substrate 1 and a nano-particul ate |ayer of a
nanomaterial 2 . The working electrode is inserted into
an electrolyte 6 in such a way that regi ons of the
nano - particulate |layer that are selected for the
electrolytic treatnent are covered by the sol ution.
reference electrode 3 is |ocer-ed in close proximty to
t he Nang rodParddeCubdttbaney alprodkLRHPi&pRbREISAGR 5.
i s opposing the working el ectrode. Shape and position
of the counter electrode are selected to ensure

uni foremfeléctincabtérielld et weenettrel dourhier eampbldie

wor ki1 1618 tli0fBsae Al 11178 %ﬁ'c@@ﬁé 09@&1@&%%%9@@&%@&@
to a progfranmmabl e potentlostat The fo ‘%%ﬁ

nat ebd¥i%s &fe prBEEMTedH Mt s (Ek‘é?fﬁa

el ecésratetind2gldbs neassarsté hi(Gkmnahdck panlkmtahe TEC-15

I ayef, of titani umdioxide (titania) deposited on a

cond%c [ ﬁg gl ass substrate (3mmthick Pilkington TEC -

1 5 glass) . The titania |layer (approximately Ilnra x

8mm) rmscaft%ﬁrgdlat@e Sazﬁzﬁceﬂlﬁi&eﬂlty' ngmafx tédmnivas paaied by

f(S)l | OWGd by Lt:l.lnri:llg n@anl OJteSS olc_:fogvgd aggl %&ging at

: good Sifter ng an |nterconnec 1on of thet

par t hpatiewn vy agPfpark | de stPéeias g29d 15Fﬂﬁter“l’ﬁe and

wor Kifigelcnabeomte Was tis epatada usinigclbe sherdgs dodricle

Dye S;?Lear ngl |12t—?gr|'1]19)0.| o’91¥e p(nrgg]?lsnsg‘ electrode was prepared
using the standard for Dye Solar Cell technology process,

15 which is available in the prior art.

The electrolytic treatment of the working electrode was

performed as follows:

Reference electrode: Ag/AgCl standard micro-reference
20 electrode.

Counter electrode: Pt wire mesh

Electrolyte: 1.4g of YCl;.6H,0 dissolved in 10ml of iso-

propanol; 1ml of water was added to the solution.
25 Electrical characteristics:

* cCurrent density = 0.1 mA/cm?,

5 full cycles with small charging level (5mC/cm® in
the insertion half-cycles)., '

5 full cycles with intermediate charging level .

30

‘(lOmC/cmz in the insertion half-cycles),

"e 1 insertion half-cycle - charge of 10mC/cm®.



which is available in the prior art. The electrolytic
treatnent of the working el ectrode was perforned as

wo 050008 . Ref er ence el ectrode: Ag/ Agd st andapdI/aiz00e/001768
- reference el ectrode. Counter electrode: Pt wire nesh
El ectrolyte: 1.4g of YO 3 -SH20 dissolved in 10m of
iso - propanol; Im of water was added to the
solution. Electrical characteristics: Current density
0.1 mM¥cm2 5 full cycles with small charging |evel
(5nC/cm 2 in the insertion hakf - cycles)-, 5 full
cycl egsM th L ph&fHredi ate charging level (I1OMC/cm 2 in
the insertion half - cycles), 1 insertion half-cycle
- charge of 10nC/cm 2 .Post - treatment: Follow ng the
el ectrebloiing ttheatereptralystiandacdeddSE dyesvamiaappbised dye
L0 108, Lepath nan-pal tLaulahe (Lhbatl A a0d &l Aldakd, -ana
cell s were constructed. 1n sone cases, the worKing
ePecfERTeFrelosteref | gagtarEchatri od8 t &fiser apea®s, the
Phot Q?;Q}Hraj C temsbkpgded 0.vdUn qemmRsirad Ied at xaarious
significant inprqvenent..in open circui ol tage an
Lo B0 BEBY el BER A oY el e ratea
ef fi eiewciionns aeckiewadnt oint heesapipiaitwiipttrasasngostill
- firegeadt £230+ke (5RQAWAGT $hrfd18s2) ThRGIQE b G r@ c By Zas
alophgggj\./gxlretdal tcort %%tes soafmp é,eagr}elgchanvgas post-fired at 250 C

{shown in Fig.Z2).
Referring to Fig. 2 a vphotovoltaic tests of treated and
untreated electrode for DSC demonstrate that the

15 electroeolytic treatment results in significant improvement

- of photovoltaic voltage and power.

20
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untreated el ectrode for DSC denonstrate that the
electrolytic treatnent results in significant

w0 ppsosenent of phot ovol tai c vol tage and powerP@/AUR®4/001768
1 . Anmethod for manufacturing a nano-particul ate
el ectrode for Dye Solar Cells including the steps of
providing an electrically conductive substrate /
formati on of a nanoparticul ate |ayer on the substrate,
application of dye to the nanoparticul ate | ayer and an
addi tional step of electrolytigc treatnment of the
nanopasfjgculate .layer- in an electrolyte. 2 . A
nmet hod according the claiml1l, wherein the electrol yte
contains ions chemcally different to the
nano- par.t hculmdtBod ay €6r andlatmcsarthel egt r ahzy&-ip“artlculate

treat nent ?fgé?rrold%: ?t rl?é]est%ﬁ.agf Cenfit et I J.ucft the sFeps of

el ectrol yte nto Che SUrface
t Ae nano- Pparidiagl ate | aﬂ}ér:twe@l}[lvl ngonﬁqutewnat isgipsbfate,

a barrier rhayafionel Qf-f”Q{“ CnidReridesc@l Wiieh diddf erche
fromthat of th orlgp nano particul ate | ayer

3
A nethod S&BYdRg £ et tA8 Bapqparticulate
el ectrol ylayer r emtdrendn | sactd;rtlmxwe‘ld srdpeatdiing dlectrolytic

ensure st aplgfondi ng ofthghenla%gax%achﬁé{@er tyfhe sn  an
nano-parti _sul aﬁ Fl ayer. . A nmethod according to .

dPaim 1, GRETENYFRe sai d

2. A method according the claim 1, wherein the
electrolyte contains ions chemically different to the
nano-particulate layer and the said electrolytic
treatment comprises transfer of material from the

15 electrolyte in the form of ions into the surface. of
the nanb—particulate layer resulting in formation of
a Dbarrier -layer, electronic properties of ' which
differ from that of the originai nano-particulate
layer.

20 3. A method according to claim 2, wherein the said
electrolytic treatment is followed by heating to
ensure stable bonding of the barrier layer to the
nano-particulate layer.

4. A method according to claim 1, wherein the said

25 electrolytic treatment comprises partial removal of
material from +the nanoparticulate layer to the
electrolyte.

5. A method according to c¢laim 1, wherein the
electrolyte contains ions of UV, wvisual light and/or

30 Infra red absorbing material.

6. A method according to claim 4, wherein the absorbing
material is dye.

7. A method according to any of +the preceding claims



el ectrolytic treatnent conprises partial renoval of

material fromthe nanoparticulate |ayer to the
web@shemwhy/te. 5 . A nethod according to clai mHBCT/AU2004/001768

wherein the electrolyte contains ions of UV, visual

light and/or Infra red absorbing material . 6. A

nmet hod according to claim4, wherein the absorbing

material is dye. 7 . A nethod according to any of the

precedi ng cl ai nswherein the nano-particul ate | ayer

conprises a netal or m xed neiel oxide A et hod

. 8.
accor di ng ,hBe. £l a0 handhisseiB.ihe Aatal 0xids | 1
titani um gi odee. 9 . a,r& nmet hod for rra%.ujf'acﬁf%%ﬁﬁg 3 meta
nanopar ti Gl BeLMEERY G¥e9For DSC including the steps

of prow.dangethsubsteai@ngeli@et rabyhi @, dQIFL@@éIA Oghé:’fmetal
t he nanoparticul ate | ayer .fram an electrolyte an
applicati %%l%? lcfyelF%n%%edh%}ﬁlo@ﬁérti culate layer. 10. A
met hod %ac®ormgthec t fPampnsfactheipy ceantinegtébalate electrode

wherei n t kerebectinhidiny theaddmat ok NGIideSngta | KBS rate,
one step o&et{gorhsfteg &fe Oasigrgrgetter ned anount oft 1

el ectrical Charg@ bet ween the" ePect %I EPaRY thate laver
nanoparti égbat en| gpertrolyte Aapet hodl berddrdi g tdyecltai rmhe

10, wher enBnbtherGhRalge: 1gytransferred under constant
c%rrent co ditign% W th irrgosed voltage |imts, such
a Pea n

0 . . 1o
wheﬂ'Vo tgﬁg %Tﬁﬁ§dl to any of “the preceding claims
wherein the electrolytic treatment includes at least

one step of transfer of a predetermined amount of
electrical charge between the electrolyte and the
nanoparticulate layer.
15 11. A method according to claim 10, wherein the charge
‘ is transferred under constant current conditions with
imposed voltage limits, such as when voltage reaches
the imposed limit a control circuitry switches from
the constant current to the constant voltage mode,
20 keeping the constant voltage mode until either the
current drops below a predeteimined current value or
‘the predetermined amount of electrical charge has
passed between the electrolyté solution and the
nanoparticulate electrode. A
25 12. A method according to claim 10 and claim 11 wherein
the electrolytic treatment includes at least 2
subsequent steps (half-cycles), each transferring the
predetermined amount of charge; in the first half-
cycle the charge is transferred by moveﬁent of‘ions
30 from the electrolyte to the nanoparticulate layer, in
the second half-cycle - from the nanoparticulaﬁe
" layer to the electrolyte.

13. A method according to e¢laim 12, wherein the



the inposed limt a control circuitry swtches from

the constant current to the constant voltage node,
we®@pioeiyog he cons' tant vol tage node until eit hBCT/AL2004/001768

current drops below a predeterm ned current val ue or

t he predeterm ned anobunt of electrical charge has

passed between the electrolyte solution and the

nanoparticul ate el ectrode. 12. A nethod according to

claim 10 and claim 11l wherein the electrolytic

treatnment includes at |east 2 1subsequent steps {half-

cycles) , each transferri predet erm ned anou

of charge® l‘?%tﬁcl’}gtf’i:r"srteaﬁﬂg’i’t W&P%e? K& CRATYE | é’des and

transf er r pdedyterovesdnthafge ans fireomechedekgcle oLyt Barger

to the napgpardi.cukatg,d @ypL, dfiiLhe second half- :

cycle - fromthe nanoparti cul atye [ayer to the

el ectrolyte. 13. A nethod according to claim12,

wherein theel ectrolytic treatnment includes at |east 2

cycl es and predeterm ned charge in the second cycle is

| arger than that in the first cycle.
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