METHOD AND SOLUTI ON FOR FORM NG ANATASE TI TANI UM

DI OXI DE, AND TI TANI UM DI OXI DE PARTI CLES, COLLO DAL

DI SPERSI ON AND FI LM FI ELD OF THE | NVENTI ON [ 0001] The
present invention relates generally to photo-catal ytic
titaniumdioxide (TiQ), and nore particularly to

nmet hods and sol utions for form ng anat ase Ti2 and
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Ti 2 can be converted to anatase Ti Q2 at tenperatures

around 500 C. Thus, in many conventional techniques,

anBreGRO0Nparticles are fornmed by first form ng

anor phous Ti Q2 particles and then sintering or

cal ci ning the anorphous Ti Q2 particles (can be in a
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as te e or ymer su Strat
phasesyper at ure resi stance and thus it vvoul d be difficult
to calcine TiO2 filnms or powder coatings on them

(004300 HmdiRbGs 15, St ﬁ;@gﬂ_e[ag&g@%tggg%. 3,00t 1 BlRGtes around
S00F6r ThuaripImanyaeaverional ’@hmiqnesgembmsafé'dObparzbjc@elars édrmed by
first forming amorphous TiO, particles and then sintering or calcining the amorphous
TiO; particles (can be in a film} at a high temperature, such as at around 400 to 500
°C, to obtain anatase TiO,. A drawback of such techniques is the necessity to heat
the particles or film to high temperatures. Heating to high temperatures may not be
desirable, or even possible, in many applications. For example, when heated,
thermal-mismatch can cause de-lamination of the coated TiO; ilm from the underlying
substrate. It would be impossible to cure TiO; films on glass windows already installed
on a building. Further, some substrates, such as textile or polymer substrates, may
have low temperature resistance and thus it would be difficult to calcine TiO, films or

powder coatings on them.

[0004] There are also known techniques for forming anatase TiO; films without
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met hod described in Tadao Suginoto et a/., "Synthesis

of uniform anatase TiO2 nanoparticles by gel -sot

nmet hod. 3. Formation process and size control",

Journal of Colloid and Interface Science, (2003) vol.
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het erocycl ic ligand capable of formng a
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sol ution n_be a to formTi articl havi ng an
forrie AheSe 3¢ Ther S dat dopeh Br anourgrabis dineiin v
improved @Rgpertiers | ncl udi ng the heterocyclic |igand. The

particles can be forned in a colloidal dispersion. A

| ayer of the colloidal dispersion cac\hbe dﬁpOfSl Ited on
il en the filmis
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solution may also include additional constituents such as a surfactant, an organic
acid, and a base, for facilitating the aging process and improving the properties of the
formed film.

[0007] Advantageously, the anatase TiO, particles, colloidal dispersion and films
can be formed without sintering or calcination. The formed film can have improved
properties, including high photo-catalytic activity and crack-resistance, as compared

with TiO> films prepared by a conventional gel-sol method. The particles can have an
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2 average dianeter |ess than about 20 nm As a result,
the filmforned can be transparent. [0008] Therefore,
in an aspect of the present invention, there is
provided a nethod of form ng anatase titanium dioxide
(Ti@). The method conprises aging a sol solution
I [ [
A R e sh A B A p BB S o] Afermeg com e
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The(ﬂo%énzl@@%tmég} Bve é'ﬂ“@veTé?@ pQﬁlEFe' sﬁi@ﬁoh@ﬂoﬁﬁnrﬁ '

| ocene-1i ke Ti-conplex including a planar
teroc clic The Ti 2 particles may have an
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dl0>é?d5€p siticiad férhidnh SeeitHahd Rtk R abdvd a?aél_é Rrovided a
od of formng a titanium dioxi ) film

npris rq{de ositing a |layer of the T|02 particles
IOOﬁtﬁsc Inendr Serectarae Buasehibvealiosg eph e wAvHEd agplpica
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ma Hé\{/er'ﬁ{ %@Q%F%Qfauﬁq@%&-ﬂﬁﬁgnt i nvention, there is

pro Inclu the titanium di oxi de
articles described in the previous five paragraphs.
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[0012] In afurther aspect of the present invention, there is provided a film formed
in accordance with the method of the previous paragraph.

[0013] In a further aspect of the present invention, there is provided a film including
the titanium dioxide particles described in the previous five paragraphs.

[0014] In a further aspect of the present invention, there is provided a film

comprising a titanium dioxide (TiOz) matrix and a metallocene-like Ti-complex
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conprising a titaniumdioxide (TiO2) matrix and a

nmet al | ocene-li ke Ti-conplex 3 including a planar

het erocyclic ligand. The TiQ2 matrix nmay have an

anatase crystalline structure. [0015] In a further

aspect of the present invention, there is provided a
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poly(titanic acid), and a planar heterocyclic |igand
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100181, ¢ s HHcB o R ¥ Reiro TN wiSagpme apparent o
thosielodggdiinla:atyi gkl Zia_tl}nsr adt elpﬁn foview chi ’_ﬂ‘ierfgllcﬂrvi_ﬁc%] l@@séridtiﬁ_h' of sp%ciﬁc

2 1§ . a.schemat] c di,.agram i ustrating the
emiogits o sy ueriion i3 SRt WD UP SeFemPeyias owese

graph show ng Fourier-TransformiInfrared (FTIR)
spectra of a TiQ film [0021] FIG 4 is a line graph
shewihlg DESCRIPTIONGIE THEDRXRONGSat t erns of a Ti Q2
film [0022] FIG 5 is a line graph showng U/-VIS
absorption of nethyl orange; [0023] FIG 6 is aline .
[0011 apHn $heoligunegs, odhideitiusteate enemplaryrembotimemdsigithasmantion,
function of tinme; and [0024] FIG 7 is a scanning

oo PP PR acsr PR e oo ey WNeBaP b - i

{9(3025#‘ FIG 1 schemati cal I;/ illustrates a process for
[00F9] niFlG- &iF asehemelicTiiagram lllustrating ding faamgation of a Ti-complex;
enbodi nents the present invention. 4 [0026] A

SO AGE ol . ” .
O B2 (2L YR hol g E U T tansh Y S (1 i of
a Tigefit:, [Ti (OH) 4] x where x is an integer, and a planar

[0021] FIG. 4is a line graph showing X-ray diffraction (XRD) patterns of a TiO,
film;

[0022] FIG. 5is a line graph showing UV-VIS absorption of methyl orange;

[0023] FIG. 6 is a line graph showing concentrations of methyl orange as a

function of time; and

[0024] FIG. 7 is a scanning electron microscopic (SEM) image of a sample TiO,
film.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0025] FIG. 1 schematically illustrates a process for forming an anatase TiQO; film,

exemplary of embodiments the present invention.



heterocyclic ligand capable of formng a
nmetal | ocene-like conplex in a TIQ2 matrix. It can be
advant ageous i f precursor solution 10 also contain
ot her additives such as an organic acid, a base, and
a surfactant. [0027] As depicted, the precursor for
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[ooza}nd THehWelB@w’bmlgaﬁd 8am uétaﬁp%uifém%:a%r h&RrsQBiicidicRdle

own, gands that can form
thatﬁ%watqf @e&t&e $t 'P‘%}elmv@@ 'Kﬂ?f‘ﬂ I3 2 glosp¢-Tipa ORgaNig strygtyre

con@trfw& safﬂsin@}ou;isrm HA® 6AUDSH ééiﬁ.ﬁs éws.l mﬁtﬁ@%%ﬁ the

. 3-cl co- hexadi ene. For a |scus fon O
Preae@t PmCB% aditlangitring having=b pr & 6ng onprhlesie caniberadyantageous

bec@.ééﬁeéft?t% ch@ﬁﬁ&{g%kﬂﬁ%‘?:oﬁgrﬂ%?éjre CIIS gﬁorléélﬁ kf# %ﬁ%ﬁa? $f% ring

I exa et a
typicziyg rlnattaiesi'»wcucetﬂyfee Ié!@ulaierbo'ﬁdamlsaicare eeﬁara(eﬁaﬁylc)n!y vneé singdle

o TR ol i

IlgammlaewarfmrmﬁldetWIddEne%trEctuf&s With (FRREIBGN ARtRE 0R GME%Up% 4 and 5)
m cal stabili en such

| ack t abl h t
el SR AR PRYHBNPS ARhd ol SCu NP SRS, 9F e QCUSSIon of the

forn2ibd OF iretdlioteRElik cohpEtELwitRL bXe- nﬁ’erﬁE@Me@erocyollc compounds
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as tl@q,ugemdﬁﬁepoﬂ@r gkample, hefeBwks et gk, Journal of the Chemlcal Society-
Perkin Transactions, (2001), vol. 2, pp. 1679-1684, the contents of which are

incorporated herein by reference. While a lone metallocene-like complex formed with

a 5- or 6- member heterocyclic ligand may lack suitable chemical stability, when such
a heterocyclic ligand is inserted in the bulk of poly(titanic acid) or TiO» matrix, a stable
metallocene-like structure can be formed due to coordination of the heterocyclic

ligand to more than one Ti(lIV) ion through double bonds of the ring. Such multi-
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ligand to nore than one Ti(IV) ion through double
bonds of the ring. Such nmulti 5 coordination
stabilizes the netal |l ocene-like structure.
Het erocycli ¢ conpounds that have planar structures
i nclude i m dazole, triazine, thiadiazole, pyrimdine
Y}
B e e e
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BRSSPSR Ep ket B T,
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out sol-gel reactions therein. The solvent may al So be
aﬁ&? ali UId medi um for di spersing Ti Q2
I°°§‘ﬁ| | ol POl A CPR 1P pvalsiLonglpghah Bagesl. 110 EXarRler Ihgesplvent can
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dr ophi [ | l'ow of no’toxicit medi um
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a liqURd Rt #r ¥dpérsing TiO, colloidal particles, as will be further described
below. [t may be desirable that the solvent is hydrophilic, of low or no toxicity, and of

medium volatility. Hence, low-molecular-weight alcohols may be particularly
appropriate in many applications. As will be understood, in pure water the hydrolysis
rate of the precursor to Ti(OH)4 can be very fast, which may not be desirable. Thus,
when water is used as the solvent, it may be necessary to include in the solution

sufficient organic ligands to reduce the hydrolysis rate.



appropriate in many applications. As will be
understood, in pure water the hydrolysis rate of the
precursor to Ti (OH)4 can be very fast, which may not
be desirable. Thus, when water is used as the
solvent, it may be necessary to include in the
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pre@@$adonitioh0. As will bé dt%@ugée'ﬁqklﬂﬁ@%é‘léwtthé !—p@él@évof bréBursor
pH val ue of {)recursor solution 10 can affect the

SO'“{HPBﬂquaPé’gfeﬁ thepeopesties of the r%‘@ﬂ‘ﬁoﬂpelpé‘ﬂ@éesd?r fﬂml e pH
valuth§ p‘i’é’!:uré’cﬁ]rI sefuteh 1|{9rrﬁ§3$‘I bé ﬂ{ltleﬁlglfll&ﬁ QB‘OLS}OI ?2 ang be adjusted

initially from about be a juste
to upgo ﬁbmatb Jtthe basegan B&@elnmmtam@@n with ttl@rﬁmldq @nhamca/\mlinldal

- g )
stat{ljﬁg‘? d@ﬁﬁ%a%ag ?HQ %ag tt%gt!)n]-f}] ﬁét%ﬁbtﬂgﬁ’ c&ﬂélbéﬁ%ﬁﬁ?lﬂﬁg and ~OH
groupsd The@ehoige @(Jplne bésla:samﬂrtbe amnavint addedesebadetetrimediyunperson
. eqd ¢ ter ned b S skilled jnt
skl e il LR e e Y B BT Mgl it hs. RFas been
fourgbthat 0ldr-aiti 9 of the Haas imgensoldtionnday basuRable.-in 58miat %
f .the{) se in the solution may be suitable. In sone

appgﬁ?ﬁ'PPE' E)o:ﬁg’mi“"i%b%a%a%?ﬁﬁpuﬁe advant ageous. [0033] A

surfactant can reduce surface and interfacial tension
[0033]) t eswfdotidrit@an asdlicecunfabe and GsteffaciglaBhEioh if A8 solution and

can %Pq%?ﬂgatcgﬁtrr]ol Ige? ggr?dseng;tlgnhgrolclaéscgft cla%')i(—ggmlplr(]exteg ?n the solution
and the growth of nano-sized TiO; particles. A surfactant may also be used to prevent
cracking in a resulting TiO2 film. It may be advantageous to use a non-ionic or cationic
surfactant. As can be understood, non-ionic and cationic surfactants contain
hydrophilic moieties of the Lewis base type. The Ti(IV) sites on particles of sol or
crystalline TiO; are Lewis acids so that the surfactant molecules can facilitate particle
growth and fitm formation via adsorption on the TiO; particles. Suitable surfactants
include surfactants that have poly(ethylene oxide) oligomer (PEG) moieties. Example

surfactants include alkyl, alkylarylethoxylate, polyoxyethylene alkyl ethers,
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and the growth of nano-sized TiO2 particles. A
surfactant nay al so be used to prevent «cracking in a
resulting Ti@ film It nay be advantageous to use a
non-ionic or cationic surfactant. As can be

under st ood, non-ionic and cationic surfactants contain

alkﬁw&fz@ﬁ@bh?ﬁoﬁ%}b%hﬁﬁétaﬁfs 5“?@ Heel SFQlaé%rﬁJM gl:ﬁn:I—rI:I(g,rcilalles2

es on partlc eso I ne
ava&alée Eéﬁﬁ@a@télsugh ©6 Briradd™ @reTrﬁqm%GﬂH'hmaydueemmbls resFoNic

t
surfaBEhis, Rl offtefon R b B ey el CSB, THhtB  pregursor
soltitino [10deas cortainttah tes 4 th%it of Hiaey eur}fnﬂtafr(tewwnwapmcad@is, it may be

| P ieti Ex I f ts includ
o SR o o PRl e SR LA RARS 5 kr °°
et hers, 7 al kyl benzene sul phonate surfactants, and the

[0034]k e. Adcan I@aanmnémtoodplmymeahécyéss@ry&b barhzirmoagiyfsﬂﬁbua@thérwuse
or_Triton- X100t M ma be suitable

agithl5iBe SRILEON P Al T SOOI R CUPEIORS 4248 BregH{Sor soluton 10
anddurhg &gt Aseal kel fprégatad d(ﬁﬂmg-FM% ?glltllcbé’ foﬁﬁ&ﬁ%}ﬂf stffing can

solution 10 nay contain O.
Prorﬁetefrae$SaIﬁ@n5f¢rrbe§Wﬁ@n Heplenetian madium ancme "B@z nuclei. Without

tirrfHRY AL ARRS t
s;rrFHé; B R %H%[fo%bséﬂrmgndhg%y%g%rﬁgeg dgb@%sﬁld{d‘e?lﬁb?ﬁé g&i8tion
PFO%%.Srmg/thlecSUbemuemmmf aging, agitatboreamalse prel\garit ateversible
' Ti - cont ai ni ng substance 12
agg{o%r?fg%rﬂéf's‘@pzgélﬁo‘?@?lg)%ﬂbfge%. and during aging. As can be
appreciated, during TiQ2 particle formation stirring .
(003N Rrecmet}lesoimm 10 catsbe agédtodean Tidgpartiales ihaningesiatise
Ti Q2 nuclei. Wthout stirring, the nuclei nmay
Cwsgg%gbgtﬁgunded by organic |igands, thus hindering the
gel ation process. During the subsequent thernal
[0036)i ng hedgin Sagedwhearusedss preabdrrein refereosiubleeting a substance

o HRETEERONET, P A By o b OB Huctures o
the patrstaraleas/eh a\penlgd ahdinesAs cah pelumdersidad; dufieg Pa.&i@@%Imation,
n. used as a verb herein refers to

stov] Qs DT ap AT oo st 250 PRIt Ao did

forndtioA W [el@bhnigley. Ihm’d%§@§t%ﬂ§aildh RIWERdrigRT A reduce defects in
structures of the_substance over a period of tinme. As

the g chstalingestaichiyg, Thricomeplipd condifiens eaminciuga temperature,
predRVFY QHY 8ha ottt ROREISHSAG @Eto?@'@e%?'fe‘?éﬂ&néglﬂgr ey, Ill)‘é Earried out at

precipitation due to formation o ge p
roormigrnperadirg o §Y iskbjgciingnthesiubsiavha e heartreaioheot sdeh esirsa

) S r cqan I I ed
predl RO ASL B8 BUEAEHAS, ol DEn QP e
grovathhﬁcrwtaﬂirrecsimhlras isf aanilafr\mly é[&\ﬂ@i‘@:ldsyﬁ if 8@ $1@cMBYin B&solution
art i ed QU ut ﬁ-‘]t - . . .
preC|p| te very Tast, the precipitated particles are more likely in an amorphous state

instead of a crystalline state.

[0037] As depicted, precursor solution 10 may be aged at temperatures below
about 140 °C to form a sol solution 14. Precursor solution 10 may be aged at a
temperature from 80 to 100 °C for about 24 hours to allow sol-gel reactions such as
hydrolysis to occur. As can be understood, [Ti{OH)4]x complexes can be formed
through hydrolysis processes. Sol solution 14 contains a colloidal suspension of many

species including Ti-complexes such as [Ti(OH)4)x, where x is a small integer such as
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roomtenperature or by subjecting the substance to a
heat treatnent, such as in a pressure-resistant
cont ai ner. As‘'can be understood by persons skilled in
the art, the growth of crystalline structures is a
relatively slow process. If the species in a solution
frorﬁ"l%'m' ﬁ'ﬁ&%r&%‘é&! i Bitdwn %&‘Eeﬁrz%ﬁ{n?' tated particles are
nor e kel'y 1n an anorpho sta i nstead of a
cryst aI line state. [0037] As depicted, precursor
[0088]] LtAvPANLbe HageTBBOdGY Bersoe ﬁbﬁedatndhe@rtbbi wdlfferout
u 0
emt;o‘b(ﬂn%ﬂtd? the Bms@nlsiﬂ%er?\tfa)ln &(%I%r'géu]nﬁp (‘)I #] @%}J{JQ Bﬁe@%?%u#n a%%tl'{le
SUItalbie umarm@r Hcﬁﬁer@tn‘r@rradém\rbsd labges. Hoeaxamptes theU{T 1 O&b, )« species

b t Ti ((OH) 4
may e e ol Bt Shefifara G KagHR o peisohd sbiTed bl art.
TheSQiter@Giral‘blltgandS‘lmG? lﬁab&inﬁiﬁe@|rf3mb|]:@da(§iﬁbor%d}ﬁﬂi©ﬁf’:ju@§reoédded after
udi ng Ti - conpl exes such

specl.es, inc as
the ﬁ&{% Apscienhgyebsen forged $HPHOh RY@rglysisanstarg draught e the
Tio ) m=®ixd@uri Ehhé a@fn? bl s known as peptization. [0038]
rs 3

can be "unde y a person skilled in the art,
a different enbodi mrent of the present invention,

in
[003, s%ﬂf gelugien 14 caapeeadibveratedta iemamvetese Tiow paripies
sun??glﬂﬁ{lfioﬁhdf}‘??ﬁg{bt Ceﬁé@{% flgscri bed above. For exanpl e,

] x species nmay be forned through a
different chem cal route known to persons skilled in

[004e dpan exerplank eatgeifeentcsalisghition 14ds fupbenaged alk i n
temF@r%{Lﬁé%‘é]H&eQéH 1@?4@5h@ﬁ4@u@) QEC?O Qgﬂlt 3o fof ut 4 hours to
or ne olys

X speci es have been t hroudgh hy
allowrg@ aliog dpcondgnsation of Tieomple:x@s todomi SEIQprartmj;est lhea taglomigl

cssphgy 16483 b8, 01 16 EERBeFT bR Sl
the phatase phaﬁ Y an aftdaﬂnanve é@'?g&]nd”fn this seléem)la@hg can be at least
| Pa“@@ﬁﬁ@?@? b S a8 P e e NG oL RO g partially

aged&@ﬂbldélof spebsioh. T torl é?mgttﬁ?ne ﬁn'a?%ﬂﬁ'tﬂfér@rﬁl éMbodiments but
nsation of Ti-conplexes to formTi Q2 particles in

Sh%&'g ﬁP'&Q gapughyic ew&rewt%f the @nptagp sristating grichires.His
evnd"éh@d BP bRSaHNRSthIN dth S RRRES wWih&S Sest.c‘PlbeEi BBl ahdse

hase.” In an alternative enbodi nent, this second agi ng
conv,%merﬁhf atten aboyt 24 ba\dﬁcmagwg@ﬁlerreéuitla@ﬂ iQe pasticles fiel m

subggitdé?ggﬁt %Jﬁt‘éisdé 1Bt bﬁnﬁé’%xﬁﬁla rh?ﬂe% cgrcﬁ@[één% L\ ¥main in

| Spersion
the Vighyparticlas, fdremnmmemﬂboe;haﬂﬂm tsampjexessdmmumdted InoFiG. 2.
enough to allow growth of the anatase crystalline

[ooﬁt]r UGK iR belﬁﬁ limited to any particular theory, the formation of anatase TiO,
is likely facilitated by the presence of heterocyclic iigands because the formation of
metallocene-like complexes can lower the energy barrier for transforming TiO. from
the amorphous phase to the anatase phase. As can be appreciated by a person
skilled in the art, the heterocyclic ligands are Lewis bases and can donate electrons.
While some other ligands such as triethanolamine (TEOA) are also Lewis bases, they
are not as effective as heterocyclic ligands because they are labile and could not
remain in the TiO, particles by forming metallocene-like complexes with TiO,
molecules. The presence of the heterocyclic ligands may thus increase the maximum

anatase content obtainable at low temperatures.
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evi denced by experinental data, sone of which will be
descri bed bel ow, and conveniently, after about 24
hours of aging, the resulting TiOQ2 particles are
substantially in the anatase phase. During agi ng, sone
heterocyclic ligands remain in the Ti Q2 particles,

0048 " AR AGoNE 1 RIS, b o e

on tha@@m—scalﬁeTlﬁ@amrtag@ padiclessize as@arnetm cansbel cdnérbyed to be from

sl BEA. RaNEHs N RIS B SGE LB AL TR oAt OB

becaase thewean beeisedéo fyrmbiegisiparent ﬁrnst rmémmﬂge Pafitles can be

r th nor has th t hase. As can
conisa¥i oy adrSRRe Byl Sre oes iodnd: f durbascing e oY
adjdsﬁhgltmwdeﬁtréﬁmrmaﬁé@s é{ﬁim!nﬁasbﬁ§ @8n &84, n@afst&dm M resulting

el ectrons. | e sone ot her gands such

parijgle sizes ARy afrw%re(qujf I%@ml%cmm §ﬁ9@tg@§y amaenbergf e
factB :rﬁﬁjdﬁ'fgfﬁgﬁﬁg M&&ﬁ?oéhﬁkﬂré%% b%%%%&éﬁ

are | abi I'e and cou not partlc
spepigs pPorsenhiy the sal sahdisnesuich las th® nrgamiceaciadv t h Ti Q2
nol ecul es. The presence of the heterocyclic |igands

[OOJ%V tl*Hl‘%f(bﬁ’lEfee l@g%ﬁrngntgpdgtﬂﬂbw@(gﬂfaggﬁnfﬁ%@&%as used as both

t ai nab t enper at ur es.
the paseandtieqipordinatidndigaind dthabis, fhie@G2wper ho beiesodynlic or acid

igafids nThe B DRFESLS Tt ot §Rs doea B paite I35 68 had TG
parthmsc exdibited 16\0 cRBtailnity PagdarehtBsbduavise tairgé pesioRsisicyy the :
abau us because t he

t
parti 8 4 e S AL eh s S Rag e Seine (T aaiaties 4 fRove 140
°C dkbd élléscd?@@n%loncé?ﬁtgr@%trﬁ& Iy easiidést |U§%ahféﬁesPWhMﬁ| ue

of solutions 10 and 14 during aging and by adjusting
pregipitated Al tha eolinidal sUsrRRNsius additives. As can be
understood, the resulting particle sizes and

[00454]r U%)&ﬂ)’éﬂrﬁéﬁtaﬂ BBtaTaIs® sHcWdd Hlabfutifdphdee wid sekest \Werﬁthe pH
of factors, includi nﬁ\é’rﬁgl ng condition such

of thee?ﬁi@w&%@%fr@ﬁdaqm htriaboid 6 Méanche sobisen ihed amiég’émout 1,
the bﬁerbﬁ@ pﬁﬁlclesé?iéJ@th %béwmﬁ?ﬁdﬂﬁe Eétgﬁtg' déh é(\%h %@or

For exanp , eXp eri nment al ta s
anatges andgt lag)hl@@s'nwas ReoWdk & mmmwaem@eam toraboubarthe

cy.cl nds
ovolelrke DTSRI 0B EASYE L8 10 s i
subdiatially in the: agdaselpl@ie. planeverl, aheaxit was @dtHeomcreased to 11,

r. taII|n| cause | ar rtiops ..
noofigliR snpiratiin of PRRLD i mBERES kst BnBRensfrseTio:
partfdhissierg foieedidinng, it e eeadddirableahany pHLA e 6 [;S‘r@é'lﬁggr

ver.-condensati on and I_ﬁgr owt h of large-sized Ti Q2
soluggp Ap&r sl sqiwﬂoghm is from 6 to 10
[0045] A layer 18 of the TiO; particles from colloidal dispersion 16 can be
deposited on a support such as substrate 20. It may be advantageous if substrate 20
has a substantially pianar surface. The layer may have any suitable thickness, coating
area, viscosity and TiO, content, depending on the application. The solid TiO. content
in the initial layer may be in the range of 1 to 3 wt%. Layer 18 may be dried such as at
room temperature for about 3 to 12 hours depending on its thickness. The drying

period may last for a sufficient period of time to allow inter-particle binding in layer 18.
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preci pitated out of the colloidal suspension. [0044]
Experinental data al so showed that rutile phase was
present when the pH of the solution was from about 1
to about 6. Wien the solution had a pH of about 1,

the average particle size was about 4 nmand the ratio

Lay@F1§@éﬁ%Qﬁah?%€@é’dlé tmnseé Ame?z.%/e?ﬂsde éﬂér'tbgjrw@aﬁae

was about 1:1. We p was i ncreas toa
layeqs araygee mpuﬂn@hsfozreed tmfoeraﬁewllqkd" iimbyritstill Bllowneankl layieeto

oy BT84 B SR  SRAATRS WO E2HESS ot

desnelgbltlgclb’t&sscondensatl on of [T| (O—|) 4], conpl exes
occurred, and hence few Ti Q2 parti cI es were forned.

, H f .
1004612 THe iP5 PEREIARGFark - PRI R Bn He apreciptse.
the IransgdOAG] ofsheé fie carl Bargfdepbadihg OR thasizes bethefgaptitles used to
forng fhlgalnfcil dilgudl 3 %Lglyggvhepttﬁgzrgﬁ%@r%éé:sgs'%t ed 8@&%93 lél%'%%t(ter or

partididsize BeRw2Abo 129 ritn IHOGilnRBAH BE tranBpaBAL surface. The
| ayer rray have any suitabl e thickness, coatl ng ar ea,

content, depending o

d
EOO%*;Jp agﬂﬂﬁéogﬁt@ta 29jcep heghads of a"'ShSlt'W@q wptarial for
coa{nc'l’g’ ‘FFOQWFMr @;@arh;ﬁ]et @ﬁsefe%r&%h @k qhiaH® ghisWt Mbtél@%l%h é§alﬁﬁ¥mum

dried such as at roomt enper ature for about
andpzainl@§$ stegh seratning Rinstics sothal RUYBEESheRl® aﬂlﬂ)ihﬁ@ke may be

use@e'rl')é)gu dHRid, he gé%rs Y& Ch&infah Q%Heoiﬁ éﬁ’é Eﬁés%ﬁcé B TiQ2and

ow | ter-partlc i ndi ngln ayer
visiljaor by -ipfadiatipn sThe supperttdancisebs anyxdeinram@nbjleaym whigh a

phofoaéétggt,% 80%,.% ’S%Jt)%?éih‘%ﬁ | ayers may be consecutively

Im yet still allow each
| ayer to dry properly. The resulting film my have a
[0048]i cKrayss18 cambe deposite?! gmsubsirain2l bsing ade suitatilé éechnique,

suc B SPGB bt S €8 P P RRE o

coatnn‘tg temanibué forcagivemapplitafiemndiaygr 08 mdybst@aed 6h atdigface for
rticles used to formthe film Advantageously, when

SelfT mﬂg@y%gﬁs cl es have an average dianeter or
particle size bel ow about 20 nm the filmcan be
[0049]ans Patcedtied [189F A8 cemehes sutiedt tio OkibiaIOStV atradidforc arichiss UV

ioh{ 2% sl O 22 "lotheerenl prctge a6eur mbier d5<iaghana rosut

soni affthe héi@roc@%ﬁ’c Fdatidslig & ‘ﬁic%ﬂ{ple@raﬁmiﬁér’atéﬂ ﬁ&h'tﬁé
ot her pol ynmer sheets, and the |i ke nmay used. The

COMPIRNSSr fﬂ‘agﬁome&l are padanger cop dtﬂ@é@ﬁ wiih F']P Elfié(blcéﬂsllh thehe
comS@8 e RételddyRIiARShnds may also decompose, leaving a small number of,
for example, nitrogen atoms in the TiO- lattice or matrix. The nitrogen atoms bind to
the Ti atoms through Ti-N bond and can enhance the photo-catalytic activity of the
TiO; film. Other ligands such as acid or base ligands may also be liberated after UV
irradiation through photo-catalytic decomposition reactions. As a result, these ligands
are degraded to smaller molecular fragments which are volatile or water-soluble and
therefore could be removed from the TiO, coating. Consequently, a photo-catalytic
and substantially anatase TiO; film 18 is formed.

[0050] The liberation of heterocyclic ligands, and other organic ligands, from the
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visible or UV-irradiation. The support can al so be any
desirabl e object on which a photo-catalytic coating
is to be fornmed. [0048] Layer 18 can be deposited on
substrate 20 using any suitable technique, such as
spin coating. Persons skilled in the art can readily

fllmq,‘?ﬁ'ﬁfer@éi@ct@d St 5%@5 %@kég&&@gﬁk&?&%ﬁ k850 eg'ugﬁﬂgra

application. ayer surface
Fowsier-trapsfeaminfiarey (RT-IR)especirogetdl ternmixu: Aeat,anlb@yte'rdeilﬁood the

' ' b| d
s A8t Bt s L 2 BB e
anckmcauounmﬂtwﬁﬁ’lf fd)Bthgrtd;O@t@Ea W@aldk;tgnalssd!ms@f freltdm%mrme? cgn
IndiFFi,A WRk BRNFPRELS DPRADer Boch AEYohr dHASIICURLRY M ron Groups
canod&hﬂicaﬁéﬂ% éﬁ?ﬁdh éﬂﬂ)o-ﬂt G4dD chmPnd! 1650hen qﬁ?\@ﬂheéﬁ)%%troscopy

The heteroc l'i gands may al so deconpose, |eaving a
candfas pe Hﬁ%t@r deject the gxteak afpreactivationo gelibesaimsofi the figends.
r
Wi e b R fon RO 005l Bl . o
preictivaiionds adlenpletechEKampieyF'ﬁﬁ Rtshectra m@@siinedrnefdde laad after UV-

wa{ha@c?rpg 331% ti@?ﬂ%vé whreFea%\eSh(m%fggand %dma%es t?le period of

timpihetsangie bby been deisjocitodiradiaton. eact | ons As a result,
t hese |i gands are degraded to srral | er nol ecul ar

n volat|I r soI |l e an
toobfia o il Aimd a8 stf bBitioriy Bhotbhe & e good
phyﬁ@alsai‘quaﬁt‘,thamcsﬁipﬂfw’tﬁbsc Hbﬂé)yeirhﬁ[e @m@h ﬁiﬂll?léti aRtdedbdibed herein
%{@TF&O % |Im s forned. 50] The |iberation
cangx BrgRipivic 99%%1 Sdnd tm%é}lgfeﬁré%@n 8 film fprAted from a
solftioAWithBat thé HetdrBb @b li§sndiet ected, for exanple, by
neasurlng absorptlon responses using a

urier-transf infrared (FT-1R) spectroscopy
[0057&: hrin@gditiondo g‘%*PQ%t'V@riﬂfé’reé‘Fﬁ&d‘ the RBOIOCIRIFA eRivEY the

preéé?}%@rdﬂhé)ﬁetfafo%%l%ﬂ@ﬁn!ﬁ irfheaioy! Bé’rtu%l%@%aﬁ 'élso]m"f %vthE'

stretching vibration and at around 1700cm 1 for the
me@@ﬂ@bﬁ@})ewgr@f §lny A8 wichrast tRdibies eoheginem siregiutsauniformity,

adhbﬁ:gh Cﬁ@c@c%% V@fhduf Béin Ilhﬁt'ég tﬁgﬁ}/ ?%ﬁ@gt&? gﬁgy& it is

e bindin ydroxy grou
expetigd dial the pmeuce 6Hthe hetarodyclin dg&&stcanrbuﬁer iﬁ‘rmeria’Rstress

oontBAEA 0520 P R b B B
partidm tohbe 3tre$sr fadilitate Ryahs mqmllcxmen@?l@é(eomblekbﬁ Ay ?anl c
ete
nERioRe Pe R ecpel h el A selforetanar el o

redlhde“dadi ation are shown in FIG 3 where the tine for
each line indicates the period of

[0053] The crack-resistance of the film can also be increased by addition of a
surfactant such as PEG surfactants.

[0054] Advantageously, anatase TiO; particles and films can be formed without
calcination. They can be formed quicker and can have higher photo-catalytic
activities, as compared to conventional techniques. The organic species in the film,
including the heterocyclic ligands, organic acid ligands, and surfactants, can be easily
removed from the film surface once the film is irradiated with UV light due to their high
photochemical activity.
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time the sanpl e has been subject to irradiation.

[0051] The resulting film 18 can be highly

phot o-catal ytic and can have good physical and

mechani cal properties. For exanple, a filmforned as

descri bed herein can exhibit photo-catalytic

tivy ; r

100 s eGPk Piated MR RS acs Ol Falovel R TR to be
perfoooee it oncea Biffaremirsteps ¢anealpo be pedfermerd by diffeeent nsetseat

. f0= vt i i Vi resenc f
i SeBhe, 80 iahibld, btk pr e preB IS8 et sobifns pad the
colld)iumlrdjmrsihﬁ mayeseherepad al‘id(lﬂﬁlé_ﬂ}ilesui_ﬂiblé bd)rﬁﬂoiltrl]c&\s_ fsul@tm&f;e.

t exture.cohesi pn, structure uniformty, a si on, an
Thenalage, H0F BoTRES e BUTE BRSO e Piaies B sk contaner. The
store@phitieldsaanttiaatey uséd td @rm%@ﬁﬁ&@cﬂlfyﬁ@ flms BEoPHBREPGEPoses.

of the heterocyclic Iigands can buffer material stress

nerated during coating. The buffering effect can_be
[005Klt r m?t%ab%wﬁ@ AthPpent imyentioprqandaye apgligatiens in a wide
rr:an%éS bfafetds, Eagn hs fqrlcestilyvirls %Hﬁbé@ﬁ@ﬁh@m&;' dir%—fr%? i’%ﬁﬁeﬁn e

As a consequence, mcro-cracks in the final

coaiRgsen eeiiganstinterer wallsercgiaspwindows wf building0as] vatides, for
j i Q . i ner

prof bk ARG Bhu S Il B ALTRE | DREERP Bl
merhip@b43 foxairartweajeniilshtjon, andtheslikelTi O2 particles and

films can be formed without calcination. They can be

r - .

10087, tp Bt e, BBRR B B aloBE bt Bk rSi il no
exprEselyonegrdioned sheed ean be uhtiersfaodrfrom this Hestiription bad the drawings

et er cli,c ligands, organic acid |igands, and
byt %ﬁefsa@%ﬂ?&e %%'n be easily renpoved fromthe film
surface once the filmis irradiated with UV |ight due
[0058) t Hsiempiarg embpldoheth efipeskntiovéntionyare TiztHed Absirat®s by the

follchan be jﬁfﬁﬁzci ate the processes descri bed above do
o9 RRDEMINY exe ??'orrred at once. Different steps can

al so be perforned by different users at different
EXAMREE ilons. For exanpl e, each of the precursor and so
solutions and the colloidal dispersion may be

008212 8 23R bl B AR RO PO ot
prepriog deseusAmMEiss iverawdter baseh tferssiutiontfer esshasagtble was

articl can be later used to form photo-catal ytic
prep?qr?%sgﬁlsoyvar ot her purposes. [0056] The embodi nents of

the present invention can have applications in a w de
1. 0.1 g 5-aminotetetrazole monohydrate was added into 24-ml distilled water.

2. 0.78 g oxalic acid dehydrate and 1.0 ml Triton X-100 were added.
3. Appropriate amount of TEOA was added to adjust the pH of the solution.
4. 3.5 ml titanium (IV) isopropoxide was added drop-wise through a funnel.

[0060] The final pH of the solution was higher than about 5 but varied for different
samples.

[0061] The solution was stirred and aged at about 80 °C for about 24 hours until a

stable, homogenous and transparent sol solution was formed. The sol solution was
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range of fields, such as for coating various surfaces
including dirt-free and sterile coatings on exterior
and interior walls or glass wi ndows of buildings and
vehicles, for preparing sterilized textile products
or toolsets, for nodifying surfaces of ceramc

[RIMRearERn P Qling &ut8Fla¥@hbRd a?édi bt é’ﬁd&fm 80 apGof BSolt fZ& ours to

sealt®)
0057] Ot her features, benefits an vant ages o
nuclpatesaid giomyenataemphase Tidx pa@gbsyThmmllmﬁvédlsabmm cfaTqu

e SR SBA AT 0 LRSSy o v s

errbodl nments of present invention are further
[0062]1 udtigat ebowy thenéray difftastipm GXRBpimterisitiesi mgamedrbbmsﬂlms

a0 SRS, el it SHEC R e Tyt P oS
presaxep laeﬁemml:@dvm:toee wiiasesblufidrehaaigia IpBirbffabbuEGCtiUt&%n‘@ #yed
foI | ows not et etrazol e

at ol B et ias Tirdemmerty Sxain G sathdReva IS A Rgioates
the Bging t@‘nﬁé@'tdr@ f@Qhé lifeslea Be 38sh, Lvr%nrﬂ &Zégéd)ﬂt a<r01\90

wer e ad . roprlate am)unt of was added to
tempefatiye (bfPFEOI‘@ ilr"i‘)ﬁ heﬁ%W%I"tjﬁ ystal fnrmgl%l (in either anatage or rutile

phagéf)\énd 8 H’ﬂrﬁ %Bﬁfaﬁ%c]l gmﬁrd{#ﬁ&ﬁ%gﬁw@%nféﬁso WG, r Bging at about

nnel e sol ution
100H Colkay ilrter),am h@bmkapbaarswéﬁﬂéd% 81161 )f whichng theschaphateristic

ion was stirred and aged at about 80 C
pea{s%?ﬁé]b%ﬁﬂ 4&L§Ers until a stable, honogenous and

transparent so[ solution was forned. The sol solution .
[006Hs IDesaverage particle Tides oh TND4 paniclesformed aiv eotatichsagfatifferent
24 hour 0. _hucl eat
pH S Qe 488sind Mg B aiahs aiheft GctchmMiiopRe dzf.
dlsper3| on of TiO2 particles was spin-coated on a
[0063] ( 100ie phets tatatysic (acti\dtygjf&nsmnmlaﬂ' O flib@6ped-om a glass plate

wesiBtRudd fy ebfitod BRRSHAR ohatebel PRFEE 4R

holdivey & nieihymdarfgeommhb Goldﬂd)n (i] G@&ﬂ\ﬂl dn) apﬁ@lﬂﬁa;l e @ﬁj ambient
[ pH of ab

descri bed above with a, sol
temeSiafise- Fin g en ackhtByins Beutet E HhdPararicsl Toprer oauipped
witht BN (phbtochedall Rindddoéacie d&kA 301 weandnngiuﬁunﬂoutadt ShSRlength
t he ag_ﬁng tenperature for the line. As can be seen,
0

of 30 8RN o his; cepseatrationyof ragihyl orange was monitored during irradiation
using a UV-Visible spectroscopy (on a Shimadzu™ instrument). An exemplary result

is shown in FIG. 5. As can be seen, the absorption intensity decreased with time of
irradiation. About 90% of the methyl orange was decomposed in about one hour of
UV irradiation for the doped film.

[0065] For comparison, measurements were also made with a reference sample,
which was a glass plate coated with a TiO2 film similarly prepared but not doped with
heterocyclic ligands. Some results are shown in FIG. 6, which shows that less methy!
orange was decomposed for the un-doped film. As can be seen, the doped film has a
higher photo-cataiytic activity than the un-doped film by a ratio of about 1.5.

[0066] FIG. 7 is a magnified image of a sample film formed as described in this

Example on a glass plate. The image was taken after the sample film had been
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tenperature (bottomline), there was little crystal

formation (in either anatase or rutile phase) and the

filmcontained mainly anorphous Ti Q2 particles. After

aging at about 100 C (top line), a high peak appears

at 26 = 25.8 (101), which is the characteristic peak

a [ \V/ |

expgoed B PRSP OF AR AN AL, TP S8, Rl Shows no
sigrogfirisraeenackipglirvtilelsssnple filn.assessed using a

transm ssion el ectron mcroscope (TEM. [0064] The
Exaprﬂﬁég-catal ytic activity of a sanple TiQ filmforned

on a glass plate was evaluated by inserting the plate

into a quartz cell (10 mMmmx 10 nmmx 45 nm) holding a
[006/t hyn tiys axgepleginecipiutionl was aeokic basedvind asipyersred as
foll utral pH and anbient tenperature. The film was

I'rfadi ated in a Rayonet TM phot ochem cal reactor

equi pped with 10 UV photochenm cal |anps (each with 30

W 8rildg eb&iamime-6trngneaptat 1, ddvibiadiegole wad adGl torg 24-héso-

co G of methyl orange was nonitored during

[ rpg%:ﬂé{%%t%%si ng a UV-Visible spectroscopy (on a

Shi madzuTM i nstrunent). An exenplary result is shown

2.n 1Rl 6l ofactitsaaichand 6.8smkof, Trittre Xatoxmerei anttlednt ensi ty

decreased with tinme of irradiation. About 90% of the

S DL B ARARot T ASHRTRA R ploROBL MR8 Bl B,

measurenents were also nade with a reference sanple,
[0068]i cMheesoldionlveassstistesitat 8004 fod 2hihphrsato TorGR a fyellow-orange

LM Larly.: r . Wt het eracycli c
ool s sl SR8 spitioh Wagii RS, i oo EheH AR < g
treatdukbat 128’ foe & yZoursatodoge Tighatopaniohssed for the

un-doped film As can be seen, the doped filmhas a

i~gh 5 Vi tivity t th -d d,fil |
10064197 SarRiE TSNS ers e it TR npRSutio REP S fas®
shownhzgie?eﬁlnas wariTléLE)sfa'riltia}hf fmfgﬁd ohanstase ﬂ"i(libf‘ Cﬂl;té Bafnfb'{eﬁfilms also
anpl e, on S, . e_i mage was taken after
eXhEﬁ%gglgﬂlﬁf Bh&P?‘?ﬂ?ﬁﬁtﬂﬁﬂfg@(ﬁy ﬁ'fls'ifﬂie@a Tto Uv-irradiation

for about 24 hours. As can be seen, the inmage shows no
[0070]gn Experimental dacismghowed that Slargfomméd Wwith TEXaparti€le? having

a h%%gg%iglliggégésgg% lsﬁﬁgqt:tgaktﬁgrlffflr} o\% i\éq/aqsg@\?eldcg'ggll-re%?sstaer(ljce
and 2dRBEIOR, &5 CBMSABE ®o filn Brihdd Mth el giovas added to a

24-m iso-
[0071] Of course, the above described embodiments are intended to be illustrative
only and in no way limiting. The described embodiments are susceptible to many
modifications of form, details and order of operation. The invention, rather, is intended

to encompass all such modification within its scope, as defined by the claims.
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but anol solution. 2. 1.1 m of lactic acid and 0.8 ni
of Triton X-100 were added. 3. 4.5 m of Titanium (1V)
n- but oxi de was added drop-w se through a funnel.
[0068] The solution was stirred at 80 C for 24 hours
to forma yell oworange coloured sol solution. The
so[ solution was sealed in a Teflon-1ined autoclave

whahid cidiredied at 120 C for 24 hours to formTi Q2

1.

nano-particles. [0069] Sanple TiQG2 films were formed
AlrRéthbd 81 Ot g R HthGiLISSdioxi&s (TiDSS Bbiprisingow t hat

the films weré substantially forned of anataSe Ti Q2.

| . SO xhibi.ted simla -
e 3RS EBruisity e BieiG Sk & Bloney bepgpevetc igand
fodpan Tiearticléahaviag aonsthilysaetiRaTi-tomprxiinaudeg whidh
Ti @%ga]rti cl ﬁs having a heterocyclic |ligand and a PEG
ReterosyEieliganfer ei n have i mproved crack-resistance and
adhesi on, as conpared to filnms forned with pure Ti Q2.
T methad ofctaimst whenein sbivlaging a ol $edicandomprises taging said sol

IR i Eh e M B PR &2 ¢ sliscept bl to

many nodifications of form details and order of
Oipee mepthashof Cléim 2, whenein eaid teatpeeaturd is abotet?{Ed. to
enconpass all such nodification within its scope, as

. . 0 | ai e
T Bt 2Ly 3 o L PATBA 4 Barpy B
aloygh ¥ Sioes atesgiichtpnepesatures stherelmnsaio 4 srfiges are substantially
poly(titanic acid) and a planar heterocyclic |igand :
'f]oar%/%}aﬁ"?' wsﬁarti cles having a netall ocene-1like

Ti -conpl ex including said heterocyclic ligand. 2. The

Tied methaaf ofdngiomelof clddiras dito 45 aihdredg baig hatarotyctioligandias less
%on%ri.ses ?r%i 2% said so[ solution at a tenperature

8l JWBETEHDC. 3. The method of claim2, wherein

said tenperature is about 120C. 4. The nethod of claim
Phomethcal ohzdyy oneafelaims ditd 55 ahefdh Bhid tretérocyafielgamr  at

| east t.24 hours at said t . Wher eb
STaismo Wit e PLE=208. GlBedarfTH oo an anat ase

phase. 5. The nethod of any one of clains 1 to 4,
Vihee meithodsefiathy fomeesf etayrad i do 16, fathér basiphisiag aginanpréciilsog

ers.
S"ﬁﬂ{%n a?t a temperature from 80 to 100 °C to form said sol solution, said
precursor solution comprising said heterocyclic ligand and a precursor for said

poly(titanic acid).

The method of claim 7, wherein said precursor solution is aged for at least about

24 hours at said temperature from 80 to 100°C.

The method of claim 7 or claim 8, wherein said precursor for said poly(titanic acid)

comprises at least one of titanium alkoxide and titanium chloride.

10. The method of claim 9, wherein said titanium alkoxide comprises at least one of

titanium isopropoxide, titanium butoxide, and titanium ethoxide.

11. The method of claim 9 or claim 10, wherein said titanium chloride comprises

titanium tetrachloride.
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6. The nethod of any one of clains 1 to 5, wherein

said heterocyclic ligand conprises at |east one of

triazole, tetrazole, and thiadiazole. 7. The nethod of

any one of clainms 1 to 6, further conprising aging a

precursor solution at a tenperature from80 to 100 C
12.%Re hRAADPE éiwg%gie A an ﬁa}:\ﬂere% e5H (ﬁ&gu@(‘ﬂj 5514830 wt% of

conprising s eterocyc I gand a precursofr

sajdl peedugsorgolufipni t ani ¢ acid). 8. The nethod of claim

7, wherein said precursor solution is aged for at

1 R AU SISy bcuror

seliiibrpr ecursor for said poly(titanic acid) conprises
at | east one of titanium al koxi de and titanium

9
14. i S of P ZBIF 7 B3y BT S RIS O i it o to
1 swrafpaid precursot solutiom. but oxi de, and titani um
et hoxi de. 11. The nethod of claim9 or claim10,

| | m.chl e _conprise a o
16. 1€ Pk it 4 MR8 Rl o R g b4 57 B i seia
pretorspi solufier.ei n said precursor is 5 to 20 wt % of
sai d precursor solution. 13. The nmethod of cl ai m 12,
erei.n i d 86 tp 12 wt.% of sai
16. JRE BN S L inB o) 5s 7S 1. WBeRBuSRR ke ottion further
cdraprises Artargddic aolder ei n said heterocyclic ligand is
0.1 to 1 wt% of said precursor solution. 15. The
tho of cl ai wherein sai.d heterocycli¢c |igand _.
GRS oI et Y AGE oL SEs ahieastonerpién
atﬁétlb@dlcpbxﬂlﬁ:)/adm Qa(ﬁfc #iRicic dci Aaktlric BEB! Qidtinkahéld, g,p-
Er ecursch%sol ution further conprises an organic acid.

VErORpcataRY broRCIR o, BikgIane Larb oyl i, aframisp gamaxylicaed, and

& BORRY RSy Adid| east one of an acetic acid, oxalic
acid,” lactic aC| d, citric acid, tartaric aci d,

ucci ni ¢, aci d, 3- hydrox carbox lic acid,
19 BeNQd Ry @nbfé%ns Flairg 1§<9r& airg {73 Whereio saldrasexyicaeid is 1 to 5

@p,{,@fséia@re@rgc;’m@ﬁmr oxy acid. 18. The nethod of any
one of claim116 or claim 17, wherein said organic acid

to 5
19.'|'he method of any one of claims 7 to 18, wherein said precursor solution further

comprises a surfactant.

20.The method of claim 19, wherein said surfactant is selected from non-ionic and

cationic surfactants.

21.The method of claim 19 or claim 20, wherein said surfactant comprises a

poly(ethylene oxide) oligomer moiety.

22.The method of claims 19 to 21, wherein said surfactant is selected from alky),

alkytarylethoxylate, polyoxyethylene alkyl ethers, and alkylbenzene sulphonate
surfactants.

23.The method of any one of claims 19 to 22, wherein said surfactant is 0.1 to 4 wt%

of said precursor solution.
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wt % of said precursor solution. 19. The nethod of any
one of clains 7 to 18, wherein said precursor solution
further conprises a surfactant. 20. The nethod of
claim19, wherein said surfactant is selected from
non-ionic and cationic surfactants. 21. The nethod of

24. Thahidisy &ci& hﬁi@m@%rei%@fdes‘;d?fa%%ingissﬂfof AR Y said )})re%l.gsor

conprises a poly(ethylene oxid ol 1 goner nol et
sHetiafet hod of clainms 19 to 21, wherein said surfactant
is selected fromal kyl, alkyl aryl et hoxyl ate,

25.’SPI8e% mgﬂngrﬁe%f‘&}ﬁimgvng?; “P’ﬂg‘%}r@% 'bcf) lgpﬁﬁ?ﬂ?%olution further

_ urfactants. any one o
erapnresEobase. 22, wherein said surfactant is 0.1 to 4
W % of said precursor solution. 17 24. The net hod of

_ X ’ ; ; rf i 0.
26, TR ot I iRl SRS el e ah Bt o
claims 7 to 24, wherein said precursor solution

27. The medhod G@myrdneay claimaddo 286whatedn said poatuodor sbhition B&s a pH

j i 4y base conpri ses an et hanol am ne. 27. The
\\{rmé%]fg}c)lﬁ]oqﬁ%aﬁby one of clainms 7 to 26, wherein said

recursor solution has a pH value from6 to 10. 28.
28. methddof aol caeyof olame 7 te 2d| whergirt sai@ Zol sehdioei hassasalvent

iR P BReEE BB 0r any one of ol aime 1 to 25,

wherein said Ti2 particles have an average particle
29. Bhewethodmfainy on2®f slaim$0.to 2Bt whenein shio XiQlgpapiuiés bawsan

roed | rdan it h _any one of clains 1 to 29.
Vel ec%%"ﬂ%'?d%gﬁ%'gﬁ’@%gf’go&mof titani um di oxi de (Ti C2)
particles, said TiOQ2 particles conprising a
30. htaniunh diexivie- partided formedin escdrdartaediittgamy pheodlaims 1 to 29.
heterocyclic ligand. 32. The col |l oi dal dispersion of

o1 B5ahdh eSO e PIEL Doy B0, 0RUA5E,

airaprisirgila ovetalloaene-82s Titengen irkaidhde prnac listerdyti@iRpohd,

32.The colloidal dispersion of claim 31, wherein said TiO, particles have an anatase

crystalline structure.

33.The colloidal dispersion of claim 31 or claim 32, wherein said heterocyclic ligand
has less than 7 ring members.

34.The colloidal dispersion of any one of claims 31 to 33, wherein said heterocyclic

ligand comprises at least one of triazole, tetrazole, and thiadiazole.

35.The colloidal dispersion of any one of claims 31 to 34, further comprising a

_surfactant.

36. The colloidal dispersion of claim 35, wherein said surfactant is selected from non-

ionic and cationic surfactants.

37.The colloidal dispersion of claim 35 or claim 36, wherein said surfactant comprises

a poly(ethylene oxide) oligomer moiety.
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has I ess than 7 ring nenbers. 34. The col |l oi da

di spersion of any one of clains 31 to 33, wherein said
het erocyclic ‘'ligand conprises at |east one of
triazole, tetrazole, and thiadiazole. 35. The
col | oi dal di spersion of any one of clains 31 to 34,

38.THé EBIﬁﬁdé]@lIB%f%rﬂ@féh SH¥ dragdipatas té?? re%%éigislﬂgéctam is

di sper st on claim 5 ereln sail sur act an
seleeted &gnt allsyh albylanyisshoylatecpalyaxysitytens altyhethans, and37 .

%@bgﬂén@s‘#@hoﬂh%}g air? (of claim35 or claim 36,

sur conprises a poly(ethylene
oxi de) oligomer noiety. 18 38. The coll oi da
39. tihe pelioidad dlsofarsanyofcamr wfe aflckbinms 3350138, Bfereivhsaie TiO sEarticles

@%\Le{/?rg%\%ﬂ ?%é%'r%%tsife ﬁ%?%??g%%llene al kyl ethers, and

al kyl benzene sul phonate surfactants. 39. The col |l oi dal
40. Ainspbed pblormingantjtanine dibxide §Tids) fRin, compasingliepesiting ailayer of

[ cle have e art cIe e fromb5
s B Rttt Shemb e o Sr i G & bistaRe R ai ox de
(Tia) film conprising depositing a |ayer of the
41, 'Il‘lnmeﬁmdtofazllaem 44X, mdmyeloeeldafepolsanga I@)Ebrtoorrﬁﬁis@@déposmng a

f cl ai m. 40, wher ej
BB fieniybion e b BaRilsS A punncg a0t duecrihsolioidal
dispgreionite foraf s@didyer | 02 particles on said support and
drying said colloidal dispersionto formsaid |ayer.

42 P e Vel Dharcti} gl i T e 5 et g 0.1 to

®fimany one of clains 40 to 42, further conprising
subjecting said layer to ultraviolet (UV) irradiation

43. TR mARER Sy 278 olins G0 h a2 iBervaraRIREUbISRng 2 layer
tf)ld[tFé\f SIENRI)iifadisio BaBGafMMdn tifkgo @%%Beigteoéa@%te%chc

of claims 40 to 43. 45. A filmconprising the titanidm
Itgendifigen prid metallacepe-lilka yi-eprapleKk. cl ai ms 30 to 39. 46. A
filmconprising a titaniumdioxide (TiO2) matrix and a

44. NRInfdrAeane abédfBarde wiiP R rﬁéthba%lf HH¥ BAe Bf abw&o 043.
heterocyclic ligand. 47. The fil claim4 erein

matri x has an anatase crystalline structure
45.Eﬁ'm com;%smg Iihe titanium dioxide particles of¥any one of claims 30 to 39.

46. A film comprising a titanium dioxide (TiO,) matrix and a metallocene-like Ti-

complex including a planar heterocyclic ligand.
47.The film of claim 46, wherein said TiO, matrix has an anatase crystalline structure.

48.The film of claim 46 or claim 47, wherein said heterocyclic ligand has less than 7

ring members.

49.The film of any one of claims 46 to 47, wherein said heterocyclic ligand comprises

at least one of triazole, tetrazole, and thiadiazole.
50. The film of any one of claims 46 to 49, further comprising a surfactant.

51.The film of claim 50, wherein said surfactant is selected from non-ionic and
cationic surfactants,
19



48. The filmof claim46 or claim47, wherein said
heterocyclic ligand has less than 7 ring nenbers. 49.
The filmof any one of clains 46 to 47, wherein said
het erocyclic Iigand conprises at |east one of
triazole, tetrazole, and thiadiazole. 50. The film of

52 BN DRDG i aGbIHaiPol fuetein spid Atag A TRoIrEHRS Epgly(cthylene
oNide)aigamer moiglel ect ed from non-ionic and cationic
surfactants. 19 52. The filmof claimb50 or claimb51,

ey eIV s t ] I

53, TP O 1 el B B0 1o 82 R Pl RO S 58RGrea from

alkyj alkyla atlhoxdite wiodyoaiyethglend atiyt éthetsgmindiatkytbelneened

from alk al.kyl aryl et hoxyl ate, pol yoxyet hyl ene
%qlg%ﬂnaz‘% ﬁ%#asc:[a'gﬁd al kyl benzene sul phonat e

surfactants. 54. The filmof any one of clains 40 to
54. 8% filmhdfcanyi et of afedpardrd 535Whish $otranspemedtor formng a
col | oi dal dispersion of anatase Ti Q2 particles,

JSkng. . | east. one of. po titani c acj. and a .

55 S3AREPE I Yo 1 R e e o 8] Shaihee 31 Sitglés, Eomeising:

heterocyclic |igand capable of formng a =

Ftdeast ope oh eoly(tikaniaacigdhap aperegursor fon mﬁyﬁﬂmq acidpend The

sol ution of claimb55, wherein said heterocyclic |igand

Halanpeketefaeydiciigand garakiapéfosmingra mptedlosenedike hi-efmplex in a

fi3inBtpe or claim 56, wherein said heterocyclic |igand

conprises at |east one of triazole, tetrazole, and

hi adi azol.e, .5 The sol ut,i,on of any one, of clains_55 .
s6. Tif S0kt e, WhRraR st e P ey gt nSs 15%s Ty ang
weffbefs.sai d solution. 59. The solution of claimb58,
wherein said heterocyclic ligand is 0.4 to 0.8 wt % of

aid, soluytiaon._60. The.solutioon of any one of clains
57. T tQuis SRR o SE Miprelh 3 %P%’C_Xglcd'.gééﬁ compases at
18@dtWinewT titdzofd, 2trazbf, anbeigdinzsial d organi ¢ acid
conprises at |least one of an acetic acid, oxalic

cid, lactic acid, ¢itric acpd, tartaric acid, )
58. QiR Sy ONg o siaims G & peabbEie $0 Befedocyclic ligand is 0.1
ta,1(\9tok ot ea18 serkibeXxyl i ¢ acid, a, (3-am no, carboxylic
acid, and

59. The solution of claim 58, wherein said heterocyclic ligand is 0.4 to 0.8 wt% of said

solution.
60. The solution of any one of claims 55 to 59, further comprising an organic acid.

61.The solution of claim 60, wherein said organic acid comprises at least one of an
acetic acid, oxalic acid, lactic acid, citric acid, tartaric acid, succinic acid, a,p-
hydroxycarboxylic acid, a,p-ketone,carboxylic acid, a,B-amino,carboxyfic acid, and

a,B-dihydroxy acid.

62. The solution of claim 60 or claim 61, wherein said organic acid is 1 to 5 wt% of
said solution.

63. The solution of any one of claims 55 to 62, further comprising a surfactant.
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a, (3-di hydroxy acid. 62. The solution of claim®60 or

claim6l, wherein said organic acid is 1 to 5 wt % of

said solution: 63. The solution of any one of clains

55 to 62, further conprising a surfactant. 20 64. The
solution of claim®63, wherein said surfactant is

64.5RE €6/u86n bf 88N _@,l-w@é}legssaaﬁlﬂsurfé&éxﬂ g&é%%&& %h?ﬂéﬁ-gmﬁéand

The solution of claim or clarm erein sai
satficsfactad®pri ses a  pol y(et hyl ene oxi de) ol i goner
noi ety. 66. The solution of any one of clains 63 to
. . S el ; L
05 B PR T ol P2 PR e B P s o AR =, g
polistmdencemdde)saligpmenatoetg.ur f act ants. 67. The sol ution
of any one of clains 64 to 67, wherein said surfactant

o 15 Byt e S g
Baindalkyd) alkylanylethd@latd ipehwalethilene afkybethersn endhlkylbzingene

0.68, further conprising a base. 70. The sol ution
%@pﬁ?%q%s'é@?dﬁﬂér ein said base conprises an

et hanol am ne. 71. The solution of claim55 to 70,
67. Whe selutiors ef ahysaleubfli daimsdst @ qTHwhetdie shid@rfactaat £@®.1 to 4 wit%

éﬁ. %hﬁ éol ution of any one of clains 55 to 71,
S LPAYEY)d sol ution has a solvent selected from

wat er and al cohol. 73. The solution of any one of
68. Thasalatidrbot daif67 cavgpeinsaitds S ficthrip it W 3 %l éfrsaid solution.
poly(titanic acid). 74. The solution of claim73,

o0. FH7 Sl B 8L ol o R R G Rtcings bore

solution of claim 74, wherein said titani um al koxi de
70. Therpelu ters ofatlaileds twhemeinahid hadeastinmprises @praipandlsiaine.
titani um but oxi de, and titani um ethoxide. 76. The

, L7 . d titani
71,36 S0 BP0 th nefin PELUBeTB m b B o o 10
sol ution of any one of clainms 73 to 76, wherein said

72. Pheeselvé@r of anysorecofadrins %5 tof7 1s whdreiobait isolution has a solvent
selected from water and alcohol.

73.The solution of any one of claims 55 to 72, comprising said precursor for

poly(titanic acid).

74.The solution of claim 73, wherein said precursor comprises at least one of titanium

alkoxide and titanium chloride.

75.The solution of claim 74, wherein said titanium alkoxide comprises at least one of

titanium isopropoxide, titanium butoxide, and titanium ethoxide.

76. The solution of claim 74 or 75, wherein said titanium chioride comprises titanium
tetrachloride.

77.The solution of any one of claims 73 to 76, wherein said precursor is 5 to 20 wi%
of said solution.

78.The solution of claim 77, wherein said precursor is 10 to 12 wt% of said solution.
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78. The solution of claim77, wherein said precursor
is 10 to 12 wt% of said solution. 21 79. The sol ution
of any one of '‘clains 55 to 72, which is a so] solution
conprising said poly(titanic acid). 80. The sol ution
of claim79, wherein said poly(titanic acid) has the

79. fT@l?z"Qoiu-ﬂbﬁ%ﬂ\l ¥ne oS B5 Ed.e?zso J%ﬁ‘fseag%l sb U%Hh %9@\&1&&9 said

A net hod preparing t I on
polytitardoacidlonpr i si ng aging the solution of any one of
clainms 73 to 78. 82. The nethod of cI ai m 81, wherein

80. PR oRairGr GAIEPTS SRl @y (b BIRGEHAY e (BPHRi@R.,

whamepcssansrategera‘g:nmg todfpri ses agi ng for at | east about
24 hours. 22

81. A method of preparing the solution of claim 79 or claim 80, comprising aging the
solution of any one of claims 73 to 78.

82.The method of claim 81, wherein said aging comprises aging at a temperature
from 80 to 100°C.

83. The method of claim 81 or claim 82, wherein said aging comprises aging for at
least about 24 hours.
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