| 21 March 2006 METHOD AND SCLUTI ON FOR FORM NG

ANATASE TI TA , AND Tl TANI UM DI OXI DE
PARTI CLES, \ ‘ PERSI ON AND FI LM FI ELD OF THE
I NVENTION [ O sent invention rel ates

generally to photief®atal ytic titani um dioxide (1802&hsch 2006
and nore particularly to nethods and sol utions for

form ng anatase T102 and photo-catalytic Ti Q2
paMETEICES ANDSB OIOUTEIN BORFFORMING ANATASETHTARADKGROXNIE,
[0002] TiQ2 films or coatings are useful in a nunber

OANIPPITACAUMANDXI DR PARTAODES, COELOIWAL SBIS PERSION AND FiLav
photo-catalytic TiQ2 filmcan be sel f-cleaning. Wen

the surface is exposed to, for exanple, ultra-violet

( WFIELDICF TRE$QVRRTION of the [ight can induce
oxi dati on-reduction reactions on the surface thus

produci ng a cleaning effect. It is known that Ti Q2
[00at] beTrenmrepdrd irsveation relaleegaterdllyrte phqtosatdbitie titanium dioxide

stal line pk , at as okK| nd rutile..kor
b b OB o RIS 2P s P oL fiielals 02 Bne
prattarbhtelypit Dty-paeticidsy tolloidat dispersipn ahd filntishe anor phous and
the other two crystalline phases. [0003] Anorphous
Ti 2 can be converted to anatase Ti Q2 at tenperatures
ar ogEEK@ERBUNRD Thus, in many conventional techniques,
anatase T102 particles are formed by first formng
anor phous Ti Q2 particles and then sintering or
[ooeRri NTiOg filmcorastatingsaure usdul(R apanibet beapdlieatibrideF biexample,

fil at hi,gh t enperat.ure uch as at around 400 to
a Bhytncesoaed WA PROGREPRLE ToxBh Sin B8 salsalRnie. Whien the
SL]tcrg\leb iﬂté)t{besh_ ecila ﬁ)t, fd?&éxﬁmplesSl'trhwli_clléétt(bvaﬁ%ht,tit{sorhpﬁbh bfthedight can
film i erat.ur es. at.ing.to high ,
inuserodataP e aoR fescliofts oriberet HRrehuS PrasERS guteaninasetoct
It is{]krﬂml}thétﬁmd)i mthtbe)ﬁraorpﬁoms @gﬂﬂin ef th\‘él!_%ﬂibsbm]?é stalline pheases,

t her mal - m, smat ch can cause de-| ami nation of_the coate
arpRs. YOS B (IS CAERATT 530 RBRTeapeptatd Tis b more
sthlfip hsiokdagalytic autiviey thathef arhdheus gHdahe otien ayerystallinady

i nstalled on a building. Further, some substrates,
PRAFER as textile or polymer substrates, may have |ow

tenperature resistance and thus it would be difficult
[0063) al AnawhTuPIGqidambegonvestadde anataae iTi{ypsat tempdratwes around

5(%(532?2%18;!}?@%n?ircﬁﬂgér@\infgflﬁg%‘f/miqtu@g,wa%‘ésﬁégBa&iaggﬁaflaqformed 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 TiO2 films or

powder coatings on them.

[0004] There are also known techniques for forming anatase TiO; films without

1

(T

*G00002*



I WVN-VWAVEWYmM *300002* 21 March 2006 sintering or
cal ci nation. For exanple, anatase Ti 02 can be forned
by a gel-sol nethod described in Tadao Sugi noto et

al., "Synthesis of uniformanatase Ti 02 nanoparticles
by gel -sol nethod. 3. Formation process and size 21 March 2006
control", Journal of Colloid and Interface Science,

sir(témﬁcﬁc)r oadﬂlnatlﬁﬁgzormxamp&— EgatasmEO@ cab bagtsrnmh byt géi-sal e

' I, i.
maf6S SRS BRE I PR Shaliolol Bhabiiness) oL by HRaBRE o
nanepémcles by gé'll-sbtr gemw ankbrtriatier bﬁ)ﬁ@ééﬁﬂdu;ze( Eﬁ{i%)" Jduinal of
C i lehen SHERG: kB s 39, 1550 MRS nfnd O pfich e

m@drp@atedtrmeng el reveenagad tias aﬂﬁk@aéﬁ o, ﬂa?mob@ﬁb%smre prepared

oy £ s fEaNaa 1 a e redieArlmGs (TEQAL 1 §8ret paing

stade) fd dufutiohiwds\Gget @ 30@FC €dr MM ufd toF6rnRg THOHYL §8ein a second
However . thi

S apprqach S robl ens.  For
acl g e e e men af 10 8 15T Dol la rie alstane: roy apgtase
Tu@ppémblas ﬂh@tr@pd?ﬁsﬂaha‘ttalrﬁoétl dlMEOA ﬁ“lbféCQIb@Wérél Rerhtet filom the
es of il ns are not ver h. The filns

T'@YE‘B”’% iy “P%ﬂ’éF %RQ SP@BO‘%‘]’W%@& dhiiar Tog?c‘gf‘ﬁ% PP @“%’P‘ems For

ex%ﬁ“% ben e foﬁ’ﬁé@‘rﬁﬂ Mnoﬁéﬂléléé‘aﬁé ué%da@ﬂfrmgﬁﬂbtdléatalytuc films,
orm ng anatase Ti02. There is also a ne

th@ RBets:- C@?{'ﬂ!‘:ﬁcp\ﬂmeﬁ ¢fshe f‘mﬁ e hat Vqr}‘rﬁﬁgﬁv&‘.ﬁ WF@@&C’( tegd to crack.
SUMVARY OF THE | NVENTI ON [ 0006] A sol solution
[ooozs]pr iﬁ‘dcﬁ@ilm YHdre issnheechfor e inirdved ¢ dlfeddative approach of

t f f , .
fofiabg PRFEn L0 KB e aRBmesS i R s it iy
impedvetiipeoperttmsn be aged to form T| 2 particles having an

anatase crystalline structure and netal | ocene-|ike
Ti - conpl exes including the heterocyclic ligand. The

par 5URIGARY F {ng, gglmq-@an a coll oi dal dispersion. A
| ayer ol\? the col of\lda I spersion can be deposited on

a support and drled to forma film Wen the filmis

[OOﬁﬂ]adlﬁaﬁcfléomtlbﬂﬂ cwpﬂus"gjwpoly(mm:c a‘aﬁ)@ha @ypthriae hlete@mdh?c ligand
e C exes C e and
cagAble 58 RREA meBlpceTiod ke T RaBPiex S b PRoire T A spldluon

canrbat syed 10 102 TiO), partitles havihg as ahatase orystjlinelstacturecandle
ddi tion constituents su

m@ipfiang WRe TFERRRpte g duRY b otorRerdle i he pftaige cgn be
fopiartiasscalloidal digpepsiom talyer gfrtiapedibidasdiepertiba cah be meposited

film [.000 nta he anat a
o et g i i Bt o H4efaled WAA LV ight the
heterocyclic ||gands in the complexes can decompose and be liberated due to
photochemical reactions, thus forming a substantially anatase TiO; film. The sol
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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can be formed w thout sintering or calcination. The
formed filmcan have inproved properties, including

hi gh photo-catal ytic activity and crack-resi stance, as
conpared wth Ti02 filnms prepared by a conventi onal

gel -sol nmethod. The particles can have an 2 21 MascCliarch 2006
2006 average dianeter |ess than about 20 nm As a

average Hiarieter Idssitharf asoued0 aan Aba resulg tisplimaoimed MR
Therefore, in an aspect of the present invention,
TERRBRENs provi ded a nethod of forming anatase
titaniumdioxide (TI02). The nethod conprises aging a
[000B] soThdrefore, icempspext ofthe presehi inegrition atberd)is pnﬂ;ded a method

offo iRl BSEe BN G fexs i Tt oMol rpRBEs aging & go! solution
cdsmfrw irgepaly(tianici eg:&l) @nd EfmameZeteEaﬂyutd I@an@&yfohﬂ Tt(gﬁﬂa(r:ﬁtﬂes
a e er ur e S a
nf\iie 3 Reilotase B o mp e adidinestng eyl iing: The.Sol
s?uthﬂmﬁv bebyed atra @ﬁ”\p@?ﬁiﬁll‘é&%l@hﬁi&? 12mec sbeﬁ a8t Ve 200°C for
| can t st one tr
bl 30 i So et the Tick nar ks arg Ribtenlaily B 4 Fistesagnase. The
héterotpelichigamicaitinaludé acleast@he 9otridzbleNtetbizdle taﬁﬂﬂﬁlédl’hﬂ(ﬁl@ The
80 to to formthe sol solutlon

f
o)< QPR B1aY 51 oIeck P 26l A Btoauer HRIB RN AL AP Do ALarg aH B0 to

180 & foFrR e S 6ollifdn, w@r@mbsp(rédutrﬁﬁls@mﬂ@m nhbludér@me heterocychc
recursor for the titani can_inclu

ligandgnd d?\rféfeﬁa“f’s‘?rlff’%\tﬁ?lﬁ’ﬁ?;’ I‘%&Pﬂa) 3ha PG QU Lﬂht%P‘HYﬁ’“@é"C acid)

chaaclna@auweaarones:whsahiuﬁnalmud@é.&pmhnmw(smbr@aeTl@é .réeu.@.or
an or anl c acid, a surfactant and Tﬁ

a bas

5‘1’85‘%‘{’1 pRvdspipluds pRe g mare P%@fé°r|§8P‘P|3€|dea§P%°t?’Pté\ﬁ‘P§ ‘ftaée
TR TIOpattitz3Hhay rﬁav@rahtéw@rag@?aeme Sike tro@ PSR,

invention, there are prow ed titanium dioxide

rdapce with,the above

5L ol 5 B PSR e bR 8 PR dtaipm
dipxide partioles ferimeddn recqpdanciedéith the abbveopatagraplli sper si on

of titaniumdioxide (TiQ2) particles. The Ti Q2

[0%%‘( ' Cl’neasful'tﬂ&]éé Sct ft r@gérﬂ?r%ﬁf éH Iﬁ'?erg *515%8%&% colloidal

includin roc clic Trdand.
dlpaersnooloégtanwaydlhad@ (ﬁﬁz)amlwweTbe ¥ @zanarmqm ipcindc@ur e.

ST LU RS it oA Mo YO i barices
may brvelan gmatapy ciystaline sugiviesi ng dep05| ting a layer of
the T102 particles described in the previous two

[0 POT AR YaIrtAS: ApSetyd e pre&ém ifentich, thdid mﬁvldé@a%th&f of
the present jnyvention here is provided a filmformed

forfﬁ'na&tswa%m@éowem nylezhy !l "i‘ré’PHE’HS'BE deResitinge, layerof the TiO,
p4BElag Hagtiibed in the previous two paragraphs on a support.

[0012] In a further 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 (TiO2) matrix and a metallocene-like Ti-complex
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[0013] In a further aspect of the present invention,
there is provided a filmincluding the titanium
di oxi de particles described in the previous five
par agraphs. [0014] In a further aspect of the present
invention, there is provided a film conprising a1 March 2006
titaniumdioxide (TiO2) matrix and a netall ocene-1ike
inTiudingrapplanar heftodyelicigad@OBhe TiC, uditihgmay pbedarn anatase
I|c ligand. The Ti02 matrix may have an
C%ﬁ%ﬁﬁ%?‘& P?St alline structure. [0015] In a further
aspect of the present invention, there is provided a
[094511t i lora fucher dapent Gi@aapresdaritdﬂ\ﬂatlom itregre issprovided a solution for
' : i 0 ncI
f°ﬁ'ﬂ@‘5§f€°g,'§1d§'(z?'. é%l#)rg Bg%rli é{&ené éé’ﬁlglggu rhs?osr 'ﬁg’f‘ méluc!esa east
oppby(dy(titanic@cia} aod a peettrsor mr@nly(tut#md: acid); wod |acp|dmagand

VSRR B! BT BRI a6, e

present invention will becone apparent to those of
[O&ﬂ@] na@thes Rspecty and faatusast of tppresentiinvention wiidetoink appargnt to

trIES B ool inBREA L SIRA TP RNOWRD ob0GhBY B tethe

I'n conjun acconpanyi n
eMESDREAE| abtheTRvertien DReoMfNMGHof B0 THe aqmotrhenjmgﬁgwes

which illustrate exenplary enbodi nents of the

invention, [0018] FIG 1 is schenmatic diagram

i | | BRIEFDESCRIPTION GRTHEDRAWNGE a Ti 02 film
[0019] FIG 2 is a schematic.diagramillustrating the

formation of a Ti-conplex; [0020] FIG 3 is a line
[09dZbh IsHbeviguges;ovhicheiiustratsedemmptary eibadmeentd=di thy invention,
spectra of a Ti02 film [0021] FIG 4 is a line graph

n i [ )
L E‘*'E%%*é’f”r'@%‘?’"ﬁ‘ﬁr‘ﬁ%o?fﬁ%ﬁ{ﬁe O fim;
absorptlono rrethyl or ange FIG 6 is_a line
[99#3bh Eodihg Se'aﬁmaémda%araraﬂ@stwt'naethﬂ;ﬁqrrr@ﬂarm gta Zscamplex;
function of tinme; and [0024] FIG 7 is a scanning
[ooReict rRIG. Biisa ise giaiph sh&ki FonRereTrahsforns miiakel (FTOR) spectra of
trr 6%? DETAI LED DESCRI PTI ON OF EXEMPLARY ENMBODI MENT
%T FIG 1 schematically illustrates a process for
formng an anatase Ti02 film exenplary of
[082todi FiEntds a liee graph showing eray idiffraction (XRD) patterns of a TiO;,

film;

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

[0023] FIG. 6is 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 TiO; film,

exemplary of embodiments the present invention.



4 21 March 2006 [0026] A precursor solution 10 is
provi ded. Precursor solution 10 contains a solvent, a
precursor for poly(titanic acid), [Ti(OH) 4] X, where X
is an integer, and a planar heterocyclic |igand
capable of form ng a netallocene-Ilike conplex in & March 2006
Ti02 matrix. It can be advantageous if precursor
[09@6Jut | & prebﬁrsar sautimntGisprotidest; Peejmstqr selstlmum cagaing a

0027
sqhfc ErgErsiuiofp A Rris ity RO H) B idtkis R ibodtian a planar
heterwicydlie ligandcaplable ogSqirﬁIhnggs meltallbb@e; mml?lﬁfp'lrezd ih @R)id; matrlx. it
ere,Rjs a suitable sybsti nt r recur
catie avanlstpBs B pretttsnn ot A S8 eorfain el BERes SUch s an
orgdhiglagidr- @ bade, tandtahsurf@otavent ,  whi ch, vvhen di ssol ved or
di spersed in the solution, can be hydrolysed to

B gdenBhe Btisellor Bob ol it BBl
speaies in thel foce ofiTi{OR A nwbere & ismwiablersub%ﬁtmemmn}mgge precursor
it e i r4, ..
ol pE4SI0Ea s Sl Bo ST e e i,
when dissalvad @tdispehdedrin e olitich4gan beoMydrdsiysddi tsgendrate titanic acid
TR e oh s o) T CRb el e fEofiahine fhostence 12 can
inglubié taitmiunn atkdxida dr & imniuppbhickds, @ach E@rtaﬁmmb;ﬂopcgm Ti(i-
e
oratplikes Ihie Q:bﬁcenlt@tlémoﬂﬂ cohtéirify sUbstamdy dRtrRssotE 10 EHMARry
doREndg P s BoripnaHtaeneh dbed §nd b aPPlislah T oRapl, the
cdne‘e&mtibyia:lan (belun gmndf ngjes framd toszedvt% g@’gﬁr rgemsr:; pekcebchyweight”
r Qu n such as
nSiBE) 3o Sne bR 16852 18R ey BREv g 7 ocess
a planar ring having 5 or 6 ring nmenbers can be
[082%]ant Erpehmierocyadic figaut esn be anychuiiable planat heterdcyslic ridecule

inaE SR efo, PNAGE I oot B Tl SpdariEtryenye
cadgining atatinsoiyoro grqups 5é aridGA, eucthes ditrogénisr $uphvr.Epraise in the
pl%gérti/\{ﬁi'we? @ﬂgﬁaﬁﬁgtﬁé%unﬁ%?%rﬁﬁﬁﬁ ?)EllécctaH be: ade‘ﬁntageous

tTuct
begaube of @r@em'm stabtlit. §o( & helgrasyglis molgagg gc) t?e legarutm ring
BB IASE L DSBS SRS B LBl S
banswiiiusfersning a Btracturgrknewmnasiibe conjugatert staudture csisdonws,

3 D AP A AR daoefon I P v
inglgde sybstitied cyzlo-pentadiers- a3 CichdexedionaFor afdistibson of the
fo%?t aqn' d?‘ﬁ?étﬂf?ﬁrcgﬁg ﬁkeﬂ% Qx%%xmfheg eorr%r}ﬁ@mbwmtgro@yéhg BSmpounds

ocene-1T1ke Co
as the ligands see, for example L. A. Burke et al., Journal of the Chemical 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(lV) ion through double bonds of the ring. Such multi-
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a 5- or 6- nenber heterocyclic ligand may | ack

sui table chem cal stability, when such a heterocyclic
ligand is inserted in the bul k of poly(titanic acid)

or TiO2 matrix, a stable netallocene-like structure

can be fornmed due to coordination of the heterocygl Mearch 2006
ligand to nore than one Ti (1V) ion through double

cdurdidationf stabiiezes itgmealledenavlike istrbctdre. MetetdcyeOéompounds that
coor.di na u&n stabi| i zeciia ene

t al
g rie S HisB S ez G Btash e EE S nB B aas

pyih#ikgt ures i nclude i mdazole, triazine, thiadiazole,
pyrim di ne and pyrazine. [0029] It can be

he h lic li -
IFAE o ph AT U ablant polZh Bt rooions RS g hroptte, ™e
héty%a@zﬂlblhbammbﬁmbhdé aycg‘gpmﬁr@smmmte?grgu&%uchl‘&&—x)ﬂ -NH,, -
, a - X can IS recil at ed,, e
SRR AEOAGHT T 5ahbe Saeantsoh e Tetapiic fghnds should be
scﬁmild fithe slaventﬂmﬁ@ﬁﬂmbér dfiring m&hﬁﬁ&b {, of thé hbl’e@ocylclllc Ilglands may
e er,oc Cll1 u .S era ess
VAR 9 Gbatrpi b Ra e SRR Petbratisisdgaffanelige tiazoies,
tetrétc&lé’é? ligsdiazdies, @?a gieamﬁ fdw eﬁ@h@l’é) kseisablameiobycﬁc:ubgnds
a eterqQc an Nncl uae
NG BYREne IS sRuTdle TR imicarale ST the k) s it be
a;ﬁﬁdcnétbﬂ ﬂl?l*(éﬁ“ hlef&ocsyarb lh;%nd@lﬁ'tmyemb@fcﬁﬂlth pHi ang to form
eteroc | C i gands | N a .
[ﬁs'ﬁﬁ’erﬁé SI Ti-6BRlexes, l@@ tr@@ﬁ‘ﬂﬂé }“QQL PIF F‘Sﬁeg’&y?’ﬁ
Ild'_ah@sugh aé\en defib G%Q@an Bridigt Woolq ) |h% lek iafik FoHRdYH Aéman

azol e ring can I dge two Ti (I in.a Ti02 matrj X

i GPieaaa e sedn T he FBgsFaRiay ceprsinalien camalexsswih Figk

thfr&fgmﬁw E’ddﬁéﬁhbtﬂﬁi tﬁﬁﬁ'@ laﬁd §%n %&Ja.nsh&?-boﬁd},r %ggltte-F'thrthh the
coor di natj on bond -it coordinati on bonds,

double endsKinsitgRr Nﬁ'é! or @Ub’b PfsthB(S'ﬁélsA’E P3N BF PPRIECIRteR) bdra person

siie)in ffe drhiene bcrwdm&ﬁ)n%mdm@(e@@@é %téﬁb@amehmea.@smﬁléaes The
skilled in the art he coordi nati on conpl exes are

plagarStustehes-the kag ﬂlovt%tnﬂnaaé%be Tﬁ@calaleaﬂap the TiQetoutke

b&fauéé‘ %ermélﬂll&leh@-\ﬁﬁe bbis’ daGorn® off Both Hids Gt i r‘i’r@b TAE Benefits
he TiO because the netal |l ocene-1i ke bonds can

Offtb? Fﬁ'@ﬁﬂ%f’fhth% mesalogena-fe qamplexesidll brgostq ¢lear hgfow. Hbe

ccfrféém?étloﬂrbf tHe ﬁéi&ro@%hé'hbélﬁeiﬂ %réduks%r %Qlﬂﬁér?w §arYWérS/ Typically, it
econe clear below. The concentration of the

cmw 349 d Mt In spimeiappiicatiansuP 4de 0sowvite MM bf@daawag%w
Typlcally it can be 0.1 to 1 W% In sone

[08B0] | CPHd mnlt Barftbé Wafbr%r alcOhdbysé Faedarhplg, etﬁéﬁolvent can
The,.sol vent .can be For
inbipdt BhhaO 7ROk ATt o nstor R et Sig st i
sultaplecfpecenlyinglout gblegd reaetiortt thtteirl. emle\satvem mdyaiss bk saitdble as
suitable for car C
a i B8 NoPR1eE cloBprsfi itk ohoftel oo s i B8 R described
below. It may be desirable that the solvent is hydrophnhc, 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.



a liquid nmediumfor dispersing Ti02 coll oi dal
particles, as will be further described below It nmay
be desirable that the solvent is hydrophilic, of |ow
or no toxicity, and of nmediumvolatility. Hence,
| ow nol ecul ar - wei ght al cohol s may be particul arl y21 March 2006
appropriate in many applications. As wll be

[ousrqer stheastgani® agidlirepreatsor sdheiohyldrmayise any suitablecdcid foe

e el @i b St and S5t Pt haciton

ofsmll éi(?@ban blkso frmyctbﬁe ?H@@ﬁﬁ‘e@ﬂb@of Solitiesi ‘uﬁe)rgéhéé B@d? may be
solution _sufficient organic n 0 reduce

i GBS WGaIhEy Ca DTS CHOBBLAS BBAS oot e Srmyariie the

adikftsh sdivP b poistRMg @@htstfbmacm@tm@ionhetmﬂm Uit bf B-ceiptexes
for _catal SI n% sol - g‘@ reacti ons, é:h ag xdro %}Igﬁ

sush @sJdHQng é‘Pz Rd thelle; Brr-exammps t“i'eo?F' 67n PHah eF

ox%hé Qc@f l&&ﬁiad&@ltr@'ﬁcﬂf sINCRid/ A O tadsHcdid br # ke DRAEd can

advant ageous si nce they can inprove

S FSE AI2DG GISAING JIN e 531 5B A8 BISTQRMErDD Scis -

ke?&fé %BWII@§CI@@?%§’IIWC&?@WI§ a&@ a Eﬂ)‘ﬂ'h)didx?t bMfe like. A mixture
formmtion 1 'exes,~ such

OFfvp GF AT T the ADBYRPRIFSTRY RE NSHOITHE ASKIINSY b 80 BN Fan

prQ@ur@&@‘ﬁﬁBhQOaC' d, oxalic acid, lactic acid citric
acid, succinic acid, tartaric acid, or the like. The

OB Bl e FA S50 B kb O SRR a5
ad@hﬁgeowgbﬂéxdmme a?% 6ase’ica3r tiﬁ/g\amgmtﬁﬁdlbmm%lr?lﬁﬁigdnono- di-,
r or . m Xture (0]
o Stbat A AP SricaRUnGn T bSSR e Boreaetiss agiit el
pfeél%s@fsombﬁqor A9 Wwillssy (Blﬁ(tt!%@edﬂrrthbn@@éi@l/ thé @Hhm aeyrecbﬁsor
éswtable bg@s)e subst ance. %nlc ?PrX‘[tf-.
ohiHier0Lg8Alfect the prapedies) thetfﬁ e RATG Saﬂ'i epH
vaﬁidb@tm%wﬂd?%o(ultlﬁﬁ H?ﬂid?g)e?ﬁméﬂy , fréhh aboutOIftoTalbbut 2 and be adjusted
suns anol am ne
togih g 8bo 10 16, Bagk CanaIbs A coPbEaIm WOH e Fddag grop cgloidal
stéﬁ)illi?@ uﬁﬁ@gial%ug 1t e ??&d u?wy ﬁé befuptlional amed @ffnt?ﬁ b@lhr—fmﬂztand ~OH
SOl U on C ec e S O e res N
ey THe RPiEe SLg bass phe I ekt sgdedgarbe HOIGRTIREPY &' Pbrson
sk‘ﬂlébliﬂki) thénadrﬂ.lﬁhsféﬁ)mhﬁe desitedaiH ¥s fvél@% am$uborilsucte@ataine ut ?é’s been
an j ust o.up t L he e can a
fopd rah Bl LAt s of the bbb ndng B er Ry B SRS 45 Fomé
appliedtions ! ¥ toBIwt% tnydid itivantagedidse may be bi-functi onal
and contain both -NH2 and -OH groups. The choi ce of

o335, B B R AR T sl no
candid uses totcb&trol trensondensetionpsocels ohths Tireemplekesiindhe bealtition

algq#i? %(g&gh\éﬁ? %%@J—ﬁi%goe TR PSrtclEs! A SuiSlistit sy JBY béfised to prevent

n-so
cracking in a resulting TiO 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(lV) sites on particles of sol or
crystalline TiO2 are Lewis acids so that the surfactant molecules can facilitate particle
growth and film formation via adsorption on the TiO; particles. Suitable surfactants
include surfactants that have poly(ethylene oxide) oligomer (PEG) moieties. Example
surfactants include alkyl, alkylaryiethoxylate, polyoxyethylene alkyl ethers,
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applications, 1 to 3 wt% may be advantageous. [0033] A

surfactant can reduce surface and interfacial tension

in the solution and can be used to control the

condensation process of the Ti-conplexes in the

solution and the growth of nano-sized Ti 02 parti gl ®rch 2006

A surfactant may al so be used to prevent cracking in
alkyibe@rzehé suighdndbe sfirfdctants, andahye like. adwmhm@ummwcuam,e a

n oni.c .or. catl on r n
il SUSRTs SN S -0 b 26tb 100 B mag Be Aftable pop-ianie
sd?rﬂédfaﬁibhlA mtmwamﬁen@éuﬁd&m@ﬁfe? atzas’o% dowae Tymllyr precursor
S|tes on parti| cI}as of sal stalline Ti02

soél.'t@n dinay eantaja Os1of°t4h\m PHB%W@%mawtso ppljradiong dhmay be

advafitageb@ © IiRAf the ebStentTaNg Surkiethnt td Md DwiRt i on Vi a
adsorption on the Ti02 particles. Suitable surfactants

10901 STy G A bR dty B PPl Pk qiporvise

agiﬂahle/ﬂ'le salukign ﬁlteﬂaﬂﬁmg)élsci)igahtlell?lmwmneé hy i@n@c&*sbwéolutlon 10
ers
(FiagragfhecAs S b6 REPPRRE . Myinaag O Rpa e o ATHPs stirig can

pram@td mbéﬁtrérwféraftétvgef&n&hé vedttion mBaium §r€UTiHeqTO£|' mi‘ diél! mfvt}fﬂout
e sui.tabl e non-jonic cra m Xt ur e
SttS?"Q:n“fef may&ﬁ%ﬁoam?%d yeQraanic 9 S {HH ﬁi"“d?vm thg gelation

pBESSBY DEfig th‘é@uuéécfmmlmem agPg! aditatin dait Blsé prdvintifrelisible
s rfactant aglgl ications, it may be

W?B‘gb%fug ¥6°’|°i'qﬁ' IH8Scont ent of the surfactant to
1to2 w% [0034] As can be understood, it may be
[0085)S Smeyurtsor sohutionrtaiaslbe sfeid to turmdltlmspavitleles haghg ahatase
ctqe $9Q ﬁ}(l on after adding Ti-containing substance 12
rf’%alpsr ®or solution 10 and duri ng agi ng. As can be
appreciated, during Ti02 particle formation stirring
[09361 pTitmtetne ‘ages when aned as alyertbiwweintréfers tosubjeciinga sithstance

toadaﬂtr&ne% czhglggﬁ%ﬁl aq’ll)w r%flwglowghéﬁq%{ﬂ%r é?lgpéw%ltrﬁbwm%yof

be surroun organi c 11 gands erin
thg substarge over acp@sgd oDime.rfyp Qamdoesmbi@e&immtlmgapamme formation,

S50 B3 R0 M PRI ENEEPAIG s v
fopmatinurof targe padicies D wringeystéfizagige.cslevs change cen@educe defects in
th%ﬁié&l{@s?nﬁlirgbgéék&%@nﬁ'{eac%gtroffédy&)tnﬂltlgﬁ%EéWﬁ'\Ulruaé erL;?&?t‘EJ

as a ereln re ers
pressyreait, eid athaniesviconmental dactera: Gendralty, egindimaydrescarded out at

roBh tQMM bihdtblo ?‘Sb )éHtZiLzéﬂlﬁ{gqn@QQ?stér{Ee% Qﬁféﬁt ﬂrgaZmQPt such as in a

struc ures o stance over a
pressuresesigiant coniainer. ARSanke Widerstepdby mrﬁma Yilled I@ lwrt the

lﬁm& @t?‘l?ﬁgﬁﬁﬂé’&eﬁ%ﬁaﬂ@e]? AW rEYERT if HeSdPRERE T a solution
prempltate very fast, 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),)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

8



formation of large particles. During crystallization,
sl ow change can reduce defects in the final
crystalline structure. The controlled conditions can
i nclude tenperature, pressure, pH and other
envi ronnental factors. Generally, aging may be cagrim@eh 2006
out at roomtenperature or by subjecting the
fram o A0CTEhis progesweiatknbwe as peptizatisnich as in a
pressure-resistant contai ner. As can be understood by
on ' [ r . af .ct: line
10BF3T, o /i b e it ol Bpbraoh el arth oG
ersipatimest of theapreséni tinventiorp selcsqhutivatid ayr ye prepéredtimenother

s o sherRL BtaRAL b ERoRiel BBIE rel AfartolprBTTTIRIR 3845s

mdyg pe &ramgd thmoeghua differes ichémizal rbOtermpwhdo pgadnsskilled in the art.
t enper at ures bel ow ., abo 140 C to faor sol. sol ution

The BBt BantB Rtk pERTiloe i roue el Hlflgf Bl 18 allbed drer

the ETi{EH 3L specidy lavedeeh dorir2d thioligh hedrolysis 264d aesibroutlat into the
al | ow. sol - reactj ons such as hydrolysis to occur.

Ti "@gﬁ‘ %@"gﬁ%%?@P%8 P-1Ti (OH) 4], ( conpl exes can be
formed through hydrolysis processes. Sol solution 14

[00381t ai 3 salution 1dcarabe e traated toformengtase &) msticles

Malol el h as [Ti(OH)4],1, where x is
Sdggg'ﬁgﬁq’{fgﬁ%'ﬁ%&é&@&%&%s"ﬁggzl March 2006 from1 to 10,
This process is known as peptization. &0038] As can be

[0040@]er sih @D ExBIPPRNpeMBedimeRt, spksglutian fIAds tirther agedat a

teRpE i MetwddhORR! TBsHd Mo 4018udH &8 S5ut 180K 0‘% u hours, to
8I ut er a Pe

S Ion 14 nay be pre_ared I'n another suit '
aliowrgedatiogior cendemsationoeh Tiregmplenesitodomy &i0particlesdmrpicelloidal

di%ﬁb??iér:l_ & Ghly 4r]ansf§§ﬁ£ioﬁ%f tHEYiOD ol RUIEE Héré?ﬁtap‘]@es  phase to

rent chemc royte nown to persons
the lapatase phasendn #realtaroeativel snebadingenidbisraggonsbaging carcbe phjeast

Pty Raffpd ARLner i 0 (Reh (eI hel Euchllst o partally
agedrolieidalishispegtien. iThe dotekrgingrire meaxtvenin @ﬂffgqrefg embhedimantgbut
shvuRibe I@Q?g%ugﬁqko) fﬁ&lé g{vdvaﬂ oi$e%ata%§ lcé{% IleYstub @RS Ast O

form anat ase. Icles suita or form ng
evigrnced ouerpsiimentalidates some@dohichwilhbe eseariped pglow, and
. I o . N
SRR St Q01 DA B ody s YRR GOl 3,
substaatialiydp thernatasepheseruringaging, seme Heteseayslic ligands remain in
| The X T igEes in
thg Qf(y;%eq%g%%sl‘?fbrglﬁngpﬁée@%@)ﬁﬁé ﬁ%{ﬂ{)l‘%gé#;%s HI0str & th ?ét %e

rsion 16 a ormation o

Ti 02 nol ecul es in the anorphous phase to the anatase _,
[0B#Hs e Withpul heigp{ipyitad i 9oy RerbetRrieerry: thafametienplpngtash 102
is iRdly BRilifdted BRHe presence of heterocyclic ligands 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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partially carried out after a filmhas been forned
fromthe sol solution or a partially aged coll oidal

di spersion. The total aging time may vary in different
enbodi nents but should be | ong enough to all ow growth

of the anatase crystalline structures. As evi dengediarch 2006
by experinental data, sone of which will be described
[dodRDw, Advanitageousiethe sizéy of HOp particlbo int colldidblodispersibn 16 can be

' sul ti n

agi ng, the r Ti particles are  ,subs ti.all
of fhettdossia 108 pYee Pasioe e a5 ArgeEisen teeoahBlEyPive from
5lkd tB@Ffil}S Phﬂlﬁ&ls mﬁmng sizb|§ srhiallet tivat él:lbcﬁJt 20 n{n‘ lgéyfbé @dvantageous

net a ocene | Ke (0] Xes as uUsprat.e
bOaA IR B LB LT T eRatort it Thasiges.0f iae Petichs pan be
cér’ﬂ@tllﬁ@bvféﬁjuamg&ﬁe ?Haia:l%&)f'gbﬂﬁons 0 anded a%ﬁr@cadmg amsy

) e resence, o eteroc an eca

gl rtin S o TSians of SIS ARIELSS A5 B P OB oGt Tefidting

p&HiEle Bizeband skiictierof tHeaMish pram:l@g czin ea afféﬂﬁﬁ by I@enumber of

h h to.th t
Todiogh B RE PG SOPIoBHER 2R ERsTare ML AR i ghomical

s;ﬁ&iéfﬁ?&%@ﬁ inthé ls@l%ﬂﬁloﬂ"s@cﬂ—@y\ﬂw%di’@é‘rﬁ‘é @#d can donate
el ectrons. Wile sone other |igands such as

1005 & o Q@IS MY Gl RN T MRE TR B8 Uspls both
th@rbasé ahd ke amh:mm:hdugam (trllaiteﬁmhéte iweré he hae&ﬁ;ypwdri alees
or m ng I ke co
o 1 e S JEE Ao o SRLA R 44 " S a0,
paftivies bﬂﬁbltdﬂdbwmtdllhﬁymamﬁﬁy batmisasarge @6&28% inside (;262
t ai na r at

PG BR MR 03¢ gmotibetE PEES: Brthoghe Fang TearsF to abovs 140
°C ehusyddﬁvbr-ebrme:as&tlogmna@;r@gm dp &argedBizéd e?}wﬂmailurucg The

av rtjcle sjize or dianmeter can be controlled to
pqgg%ﬁt&%ﬁpﬁ@oétbe E%I%%SW?'BT’ES havi ng si zes smal |l er

t han about 20 nm nay be advantageous because they can
[09d4]is eBixpeninfentaindatacatepshosed thatirotile phifee was preserft wiea the pH

o@ﬁé Iﬁlll wSé‘ﬂR@eabogP{l‘y%Hu?g \RXer‘?meusso'i éi%ﬁ htaQ G[H—Hgfvaadoﬁﬁ

T 6h uring agi ng ting
thereyeage earticessizeowas eboutdriroasd thedatio ota@tedted trtbemshes for

oA85 PR el GRS | ARG BB Bl g 7 e
avarageepartifle sizadnaseaseditn eb@mnﬁgmagnmglecﬁﬂdbamdas werh as
SRR, oL A0 HOGop SN RGP ARSI 11
négligiblexcomplensatior oé [Ti(@Hhslatoropiexessivoursed, taind thenbe few HOA

th t ' d
pifiiet WEfb Bincl Thus, IERa B oSt 1B HOTHUAEK bilosd bt

solatiarht0 ercdolisolation Hhid fromeb 010t | on was aged at bel ow
100 C, the aged Ti02

[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 planar surface. The layer may have any suitable thickness, coating
area, viscosity and TiOz content, depending on the application. The solid TiO2 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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particles exhibited low crystallinity, apparently
because large portions inside the particles were in
t he anor phous phase. Raising the aging tenperature to
above 140 C caused over-condensati on and grow h of
| arge-si zed Ti 02 particles, which precipitated optmafch 2006
the col |l oi dal suspension. [0044] Experinental data

L&ybsws siobe df ark}aSUItaUIbitH\mmbas@tmmr luyessryasleh&ﬂdryhlduluble

of the soluti bout ab
s TV Sonec el el G o 2 thikaraoker Lo gHcty 0% o
dr§ pFdpen@sTresitidg film mawhiveea thivkh@ssofrorfl @t et 2@m, or another
Intensities for anatase and rutile phases was about
def"ib'eW@Weﬁﬁ was increased to about 7, the average
particle size increased to about 15 nm and the TI02

[0p46]t | CTrSfiliwarana beThiddd taamsbﬁ:lehyori trarisluieemn AL ase bp Rppreciated,
er |ncr

RGBT ES SRR BN SSPerdng ey Ses e Radices used to

fome the iimdAdamtadeonsle, wiess the TR0, gariidiéschare aneiverdger di@eleter or

palfile size belowatdtt 26 Ry B SR be SRGeRRM 4 s f rom 6 to

10. [0045] A layer 18 of the Ti02 particles from
[0007]I oi Theel suppen er sihstrafec20ceam beemade pharivt siitabla neateringd farr t

o 710, EOETIE ooyl B QRE APRE ich es atupigiom
addas)mnlesmytebameramhgeo 913511@&9 bihet polpivaeseets ataﬂ thedlikeanayabe
t T con e .
o TR ainbot Shotle B - el HED 1 e iponce ooz anc
VI%lalyéer _lNalyrableme Tﬂhesuppmrgear:)élsé bé apﬁ?:ﬂiﬁglrd_tgg?ttoﬂnnga
I su as enper at u u
p@"ﬁ%‘aﬁg‘; 8%%@3&? nge fﬁmq?cg t himgkness. The -dryi ng
period may last for a sufficient period of tine to
[08#48]low Liayeei8 pan be derosiipthan sybdtiate 26 vsing any sWtable teplnigue,

s&ﬂ%@ EW atuﬂ? FeSbriR&xibd m}ﬁg%\’{'éﬁ/ﬁ{ﬁdng%’e@fﬂﬁ% Slﬁabl;le

inn is easler to l ayers
cdating tmbatcue for &l givenoanpéieation. lﬁaMerrﬂ & mayi hﬂ@oratqdnn g gurface for

e?t(#ggnr@;)p w,6ach layer to dry properly. The resulting
h

ave a thi ckness from0.1 to 2 pm or anot her
desirabl e thickness. OO46L The filmcan be mad
109491 s pQem fried. layes 18 (car Ba sUbipg! te é(ﬁ'hbeeora%wré%q'%tméuch as UV

lighf£2 WS DA IRAE Y2, qfhomﬁemcbmeﬁarbng%wurdﬁ rh?afiwan@ astdW@sult,
sizes of the artlcl es used to formthe

soﬂbﬂlﬁfﬁbﬁﬂé@t@y’ihc ligads indhe Ti-epmpiaxasi & ERerpiaddrom the

coﬁ%ﬂé%ethﬂt @mhb? Brédho iongéﬁdo@mqa%@ Rtk HeO( 1I9PRHS irdBenM
m can be transparent The su port or

fi
C%"Lﬂi%’ielsaf'ée beferoskcligdigargramay a'éi[ﬁﬁegfﬂp?%ﬁ?l' @aﬁ'ﬁﬂ @gmall pumber of,

for example, nitrogen atoms in the TiO3 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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coating Ti 02. For exanple, glasses such as quartz
gl ass, netals such as alum nium and stainless steel,
ceram cs, plastics, other polynmer sheets, and the like
may be wused. The support shoul d, however, be
chemcally stable in the presence of Ti02 and Vi gi¥aRh 2006
or W-irradiation. The support can al so be any

filoheczanrbd eteaidy, dartexampid) bg iImemsuiypalssogiiva rydponsenading'a

is to be foroed. L d
Fist Fanga e E TaR) Sadibiiand ledBine oAt 687 B Ltk glbod, the
cmdnertsﬁatabmpt:d?erf@;mac)sisldt aeslind 2900 emeifor Cabstregeind vibration

hni f
e s oS g 6= KPre Nesk S 4t esh Bafendigcan
in8iehte- aﬂv@ﬁﬂbd?@ d?)tha’ct aUc&ﬁ‘lU haE%éﬁbrdﬁéﬁeTﬁé bRdingl d¥19droky groups

ec t I at
oo g pcisated iyt Petl 598 o s ieR et it he I e direcopy
cHOBUS bé oséoawefetéc% twtem%f Qreteﬁﬁlvétton oSiyEatidh of B ligands.
hetero C|IC nds in nplexes arellberat%d
Whep the t‘@ﬁgébsqrﬂ%ﬂn W%akSPﬁ@'y CRgRIGIPECIsS JHsappear, t
pr@%ﬁ@hti&atﬁ@@bmé@dt I‘E'ﬁan:l}blé FYIRI éé@étré gmebélﬁ‘ed geﬂpé §ﬁ(d3§fter uv-

he heterocycl i ose, | eavi
‘"§Pr‘§1"P“ ﬁf@r%‘@}"’“dﬂ F‘G %Wh%ﬁé%%l@e f‘?‘ileﬁP'&ﬁ%‘"Qlcaﬁ?é "h%P%rP?é °f

tlrﬂé%éaﬁﬂéﬁﬁs Bée dcXto ifrB8iafiéd.r ogen atons bind to
the Ti atonms through Ti-N bond and can enhance the

RRRT LD CTMIRRA MACRR A, M g

phyisiear ridadectdnital pdperties.arbr gkamplel &filbu@hmed as described hereln

e rite i SRS 1.0 L ETapteans Betiogped rom a

sdluitR@wthost thbihetereayelio/kjantis.l e or wat er - sol ubl e and
therefore could be renoved fromthe Ti 02 coating.

. tial
1038 ool Shlhahn 1P B35 Aol B3RP AR Al e,
preseriveta thechatérocydlic ggemﬂS in émadT iO% particles gam atsolinpeove $he

6 d

ey ificel Bropgried obfif T, Sdetbas icfikd Eohedar SHES By iy
adhesioneand gracisfesistancaf Witheut beg-linideddpeny particdantheory, it is

%%ngltt?é{grﬁe é%ggﬁ%n&g%%@&g{ ga%qlﬁaﬁ%gm%?ﬁ%%na%th%s
g@teraied: Huring mattmmtTl*@rbuffendg affeci canhel anrml@edﬁo Yielding o TiO,

K ¢Sk '
Pt SYCRLIARIRAG! By o htElsteh b AR EORPER S AR

coﬁseqltameu migraeérabkedin dixg finaj fitvo pad delamlrtagom ntithe ditne dahe
eﬁh | s at about 3400 cm and 1650 cm 1. The IR

spectroscopy can thus be used to detect the extent of

pre-activation, or |iberation of the |igands.
[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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When the characteristic IR absorption peaks of the

organi ¢ speci es di sappear, the pre-activation is

conpl eted. Exanple FT-1R spectra neasured before and

after UV- irradiation are shown in FIG 3 where the

time for each line indicates the period of tine 2h®arch 2006
sanpl e has been subject to irradiation. [0051] The

[0085]ul tAscarf bé appi&ciatad, the plocgbdes qesotilmedcationt yibinot hane to be

can hav ood... physj cal an chani ca r.aperties. For
peifplma aFosty PirePdht 3B cal Ao bR B AL P EFRBRL ssts of
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t he resenc f the heterocyclic M’gﬂrds in the Ti02
StpaRicies can,pedpteh Userip U PiRto-cAlaMtE AIMSr 0% Qg RUTBRSes.
of film 18, such as texture cohesion, structure
[0086] or Thet embodidars iobthe presbnt naektionasindtaga applicdlidiedinta wide

bei ljimted . i cul h i .
e AR B BB  Pech Bl one s
caaﬁingégu}f féﬂe[imraarﬂﬁ?taﬁorsﬁalle&is; glagfe :mc%uted:é dtlidirig; alcnglaxelhlmtefs for
The, bu ILn ec an | bu 0 Vie ng. o
prppgint Siefized Rl B Sduct S, B dS. oL mefiiing Sutases b Faic
mBBibAdries tarmardrivieterditgiiof X&wi thddké@ consequence,
mcro-cracks in the final filmand del am nati on of the

1opRer"; [ PheLBardFEseies pay Bdlantills o AR b St ifich
exuedshoneantionsd ahowescapPte undersicadhindrs .thig 08&etiption and the drawings
by@@%?@gﬂlgegﬂ}fﬂ%an anatase Ti 02 particles and filnms can

e Tornmed Wt [

out calcination. They can be forned
logui cker and can have hi gher photo-catal ytic

58} vi Exesaplany embedimandtiok Riesss vaptiasRie furthen Hiugliaied by the
foern ,rr%ﬂ'nﬁtirﬁoé@n‘ﬁﬁeé.n the film including the

etefocyclic 11gands, organic acid |ligands, and
surfactants, can be easily renoved fromthe film
EXAMPAEE once the filmis irradiated with U I i ght due
to their high photochem cal activity. 12 21 March
[0D69F [ 18055 pxAaplean nbebengfrsamipiisatkre hepapsd) T@8 $ekitions for

d ibed d t. h to b d _at :
e Bt PGS B TnebtiRe, Do SoB ol sl e
prepared agtfolloglisf f er ent | ocati ons. For exanple, each of

the precursor and sol solutions and the coll oidal
dy Sgﬁ ggﬁiﬁﬁ@pﬁﬁ& %R%ﬁ?dr%%fé IR ihtB 22Y4h AQINEd water,

con ter use

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 (1V) 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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The anatase Ti Q2 particles can be forned and stored

such as in a dark container. The stored particles can

be later used to form photo-catalytic filnms or for

ot her purposes. [00561 The enbodi nents of the present

i nvention can have applications in a wide range ®fMarch 2006

fields, such as for coating various surfaces including
sediedtin far'MoaHHlirmﬂeautdmvecamdtdgag st aout A2@ ¢ dor alodt 24 hours to

oy R of el e85 MO, e Billolel RSBer30f ot -
patticlésowhs spin-cobted ontdbi{ 400h guisstnafeaaresglads pleteani c
nmenbranes for air or water filtration, and the |ike.

[ob i .wsmo £RALY S ’dnfgggﬁe\ggﬁ?‘i‘@geh@ﬂ%é'Mdeaa‘%gﬁedcﬁon‘i Bifns

ent nverﬁ 1 on"nho ove
cdm@ectmdét(ﬁl&) sdbdtrates. The §invesereifarimeairfream doltdival dispeaisivgs

Praim A A e osp SekLull & sBldiog haYREp eRGAPRETS! but being ages
atidiffeneritterhperahbyed. fTae témﬂ:ératm’rmgalum abovei gachiling lI’fERl;ﬁTm ulade;c;ates
g EPUE SrpeiP e e it (5 e e P, el Bl fard 21 20EP

tespepdtwe (bettoen lwaet)ememasmjhttlér trgstabforrhation (nogithenamatasagyl retile
o R BT LR by T SIS AgAF ou
10D “C3(top line)) & high pedk defets at 26 28881101 )nwhi€hiid the carbot@ristic

adde 3. propri ate anount of TEOA was added to
Peﬁ‘ﬂ?&*{e? as&?r@é@t he solution. 4. 3.5 n titanium

(I'V) isopropoxide was added drop-w se through a
[oD63inel The {\@0&mR] particte Sizembf O, pdrticlaefasmed in solutivms of different

ol 100 B NESS LS HLSESBbe AP o5

for about 24 hours until a stable horm enous and

[0064ln s pEhecphiotessatalylis aetiviy ofasamele s fllmrf@m@,etﬂ orsa olaes igte
wiESvalidatéd bﬁ@fs@ﬁm&@@plat%Qﬁtb%dqldaﬁz%eﬂ_?lfd B K10 rmh 89 mm)

aut ocl ave and at about for about 24 hours
halging ﬁmtaﬂp@mwgp@w sutioade-05maide3 mLo at pritial pHagd ambient

tem%rawel Phélfin \QésSPr%Eifaté?nn %fRévoﬂ&w Bﬁétbbwérﬁéawr@a?ctor equipped
pin-coated on_a Si(100) substrate or a gl ass ate.

wq_ﬂoa)@sij FofRChemigablageeAck. Wity SGiV ancipexiBN cxnpyt at wavelength
of D) The BorERARECRCbr Ry ordrid wRARABr AR §0Rdiation

substrates. The filns were fornmed from col
usingp biVsYisible 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 TiO film similarly prepared but not doped with
heterocyclic ligands. Some results are shown in FIG. 6, which shows that less methyl
orange was decomposed for the un-doped film. As can be seen, the doped film has a
higher photo-catalytic 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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prepared as described above with a solution having a
pH of about 6, but being aged at different
tenperatures. The tenperature val ue above each line in
FIG 4 indicates the aging tenperature for the Iine.
As can be seen, when only aged at a | ow tenperat2n®iarch 2006
(bottomline), there was little crystal formation (in
exidsbe o @véﬁ?@ﬂﬁlo@rforf aliout 4 hplira sy caniee sdwh, thd iMage shows no
.cong aj ned am)r ro s Ti02 particles. After aging
sigR OLMIGIR-Crag ng‘,‘yl(‘?éﬁ erfgﬂ"; a hi gh peak appears at 20
= 25.8 (101), which is the characteristic peak of the
Exaraplaze phase. [0063] The average particle sizes of

Ti 02 particles formed in solutions of different p

H
et R L e L

foﬁtbwsx sanple Ti02 filmformed on a gl ass pI ate was
eval uated by inserting the plate into a quartz cell

(30 dmé nfiiB- 4 ekl _
atquueou és%%utl oﬁ nf%c%% w@gﬁéﬁ%og%\ﬁﬁéeaﬁeﬁb%ﬁﬂgml 10
anmbibstanol salytiesr at ure. The filmwas irradiated in a

Rayonet TM phot ochem cal reactor equipped wth 10 W

Photof e bt I6étc AR 0 83Ibf Witoh X3 PodWardaddyi mum out put
at wavel ength of 300 nm). The concentration of nethyl

0o sy prplios AUSE BB es bt diercwientnadh & e
An exemplary result is shown in FIG 5. As can be
[0068), Theesdhltnrvrs stiret rat 80 8€ ffor 2ddmuesioddrnna tyblidw-oengé

tion. t ,90% 0
b8 sBseBton Bt SIS wor Seef et B eI Hifboiny ano
trédted do1O0°G for B¢ hp()ﬁﬁﬁ]‘orﬁoT:Oe oarpnparﬁdes measur enent s
were also made with a reference sanple, which was a

[@%Q]SS §ér’gblﬁ T‘?@zaﬁlr‘ﬁg Jé forfed! 'frgﬁm thé Lribzsrlagbbér\‘é s, We%P:%E@l%

not terocyc one results
sfmethshthwf Immwste@ubstanuﬁilydhmﬁdwf@name Ti@s Shengample films also

d film As can be
e@ﬁ@%ﬂ% ﬁ 8§ 3 ¥ )?ﬁcd%a{@{yaésl1 Emﬁ%nﬁoto catal ytic
activity than t he un-daoped f m by a ratio_of about

[0078] | Bipesimeptatdata giso %[‘Q’H&Qﬁh@tlﬁgﬂs formge with TOxparitles having

ahb{eméyelrcmgane%nd AFHEG Batadtaht tHer&in hﬁwmrevémcracrg}e@@ﬁance
|gcéate was_taken after %_Fsarrpefllmhad

%qhef@“QQSW eé@fb@'ﬂé %"Héeé‘d""f"bmlﬁ/ Q2 adi ation for
about 24 hours. As can be seen, the inmage shows no
[07¢ ODf couese) thay aﬁdvbr@stﬁbeﬁfmtmaimér&s brd imenfxattbesilldstrative

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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[0067] In this exanple, the solution was al cohol based
and was prepared as follows: 1. 0.1 g of

2-am no-5-nercapto-1, 3, 4-thi adi azol e was added to a
24-m iso- butanol solution. 2. 1.1 nl of lactic acid
and 0.8 m of Triton X-100 were added. 3. 4.5 m BfMarch 2006
Titani um (1V) n-butoxi de was added drop-w se through a
funnel . [0068] The solution was stirred at 80 C for 24
Whetis slaied ist m a yel | ow- orange col oured sol sol ution.
The sol solution was sealed in a Teflon-Iined
1.aAtroethed of farming anatase titanium dioxide {TO2)24ompriging:t o f or m

Ti 02 nano-particles. [0069] Sanple Ti02 filns were

f agifga sof sotionecofipfiBing oyttt atigrandle plansesaibriosyclis igand

fil re substantial ] or med of at as
Theform it Resta e MEl e srgb g Colb ex Fohii S
Phé&fefocydlicaigghd.c activity as in Exanple 1. [0070]
Experi mental data al so showed that filnms fornmed with

2, T*TQ% R dd & lcfimNayhaQin Sid8giRG Q%Fédl&tdn'&ﬁ{bﬁs&r@g fig Egg‘;sol

surfactant therein have I nproved crack-resistance
asrletionogt a tempemipabelew apout (4G orned with pure Ti 02.
[0071] OF course, the above described enbodinents are

3.1 The Ritarbd & cldifl 2, Whiish SHid ¥n CPe@éthbe igAgoit 200C ay
l[imting. The descrl bed enbodi nents are suscepti bI e to

0B el o RN 2R I o Wi 90 soiclfion Rsitpd ot east

easwmasmufd at saldabmiyeditdre Owlhdraby ¥aid My, pdrticlecarB@ubstantially
defl ned %ethe clainms. 15 21 March 2006 What i s

PhESeA et hod of forming anatase titanium
d|0X|de (Ti02), conmprising: aging a sol solution
5.c 3hp methapfaol phe of aaims hiv 4 whensin aaid hetewcyclic ligand has less

het a%rfﬁr}égkéﬁful# gand to formTi 02 particles having a

al'l’o FKe Ti - conpl ex including said
heterocycllc ligand. 2. The nmethod of claim1l, wherein

6.5 Ahel megiaspfany one sbelaimschiac wherele said diefaoaysiialigasd
S Bhiibiid Rlecdt SRIRYRM SoiRBLRILAPIEIAARC 3. The

claim 2, erein sald tenperature is about
120C. 4. The nmethod of claim2 or claim 3, wherein
7.5 Ahe medhodse agy iopf of claimyelitor & further CEmBEiSing BYING aPIEHEEATS

ah%ﬁ?drﬁ?ttaeﬁﬁﬁkﬁﬁt%qron%@@fcﬁmo TRloGorhh 82id Rar oo SsaAd €
Sgre%u%gr ISOIUtIO¥1 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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In an anatase phase. 5. The nethod of any one of
clains-1 to 4, wherein said heterocyclic ligand has
less than 7 ring nenbers. 6. The nmethod of any one of
clainms 1 to 5, wherein said heterocyclic |igand
conprises at |east one of triazole, tetrazole, angl aarch 2006
t hi adi azole. 7. The nethod of any one of clains 1 to

18 Thé widtiieer ofcmgone ©f oiginegT g1 B whicestu sSid preciedarts Ho 20 with of
tenperature f Pm 80 to 100 Cto formsaid sol
ségﬁtﬁrﬁﬁ‘\’m%‘épﬁ)‘ 'Ohr ecur sor sol ution conprising said
heterocyclic ligand and a precursor for said

1 :p @ hg methahofclami 1&) whereinT$eid pectisdr isf10ab dARmt%, ofwiail recursor

'ﬁ Qrecursor solution is aged for at |east about 24

h o g'};\t said tenperature from80 to 100C. 9. The
met hod of claim7 or claim@8, wherein said precursor

14.d he srthpdoef apy toine &f cleimecT t) 13, wdwerrin said haterbeyalic ligang i©0.1 to

ti [ i tanium chl oride. 10. The
L'R'ﬁzd&@faﬂﬁ%'g@&ﬁﬂebe. n said titani um al koxi de
conprises at | east one of titanium i sopropoxide,
15.Themethadeicatndd, whergin saidheteracuelisdigparis 014 fo TBav% of said

nﬁf&gg PEoiGligd. m 9 or claim 10, wherein said titanium
or | e conprises titaniumtetrachloride. 16 21

March 2006 12. The nethod of any one of clains 7 to
161 he\m?é'm of aé\xuoaeﬁf eeimsoe 1% “@ef%n 53jd\RFepusIOr selyfien further

peg,gyr&(yars&bgﬁ,bgad 13. The method of claim 12,
wherein said precursor is 10, to 12 wt % of said

cur sor utjon, 14 The nethod of a
2R o of S {an Bherelr <aif aRRRBAFisESpeRTes AEjafd o of an
Oat&ehttcgamc1c o)b?l&foamfd w:d anaeamm@rdd&gtb?b la6ia, Slfb'élnlcTéUﬁ‘i, a,B-
od of ¢ erein sai eterocyclic |ligand,
V%'%Y‘iaéb%y Pﬁca'BP@é'B%@raéoﬁ‘ '{‘P&ﬁ’b%%!caﬁf’ea“d
Wﬁtﬂlmﬁymbxmd,one of clainms 7 to 15, wherein said
precursor solution further conprises an organic acid.

1%‘.§he m?héﬁeéf%(?lg o% o? l:l%intﬂégr clmﬁ '/Eiwrhe‘7‘§\h gaﬁrogggl'} c? 388 'ls 1t05
nprises at feast one of an acetic ac

aoit¥, of saidtprecussargplution.ri ¢ acid, tartaric acid,

succinic acid, a,f3-

19.The 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 alkyl,
alkylarylethoxylate, 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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hydr oxycar boxylic acid, a, (3-ketone,carboxylic acid,
a, 3-am no, carboxylic acid, and a, (3-di hydroxy acid.
18. The net hod of any one of claim16 or claim 17,
wherein said organic acid is 1 to 5 w%of said
precursor solution. 19. The nmethod of any one of 21 March 2006
clains 7 to 18, wherein said precursor solution
24, Thé hesthodcafreim 235 wherelr S s afrctan? . TTioe2 wish bbshid precursor
clar m 19, wherein said surfactant is selected from
Uifhi ¢ and cationic surfactants. 21. The method of
claim19 or claim20, wherein said surfactant
25: O'I‘Té fri@t&ﬁi af anpohy cetibysents i wthe)eirpsaig prazursap bellyon further
matgwod of clainms 19 to 21, wherein said
sﬁ?'?‘gré%egrﬂ 9%8- sel ected from al kyl ,
al kyl aryl et hoxyl ate, pol yoxyet hyl ene al kyl ethers, and
2G[Thy htwimbafele&rnlaﬁhwhatem saidibdsectomyrises as ethahelaminenod
of any one of clains 19 to 22, wherein said surfactant
27, 0 eyl ot o e B By 128 WSl 566 Phechfor syt has 2 i
sualﬂa&pmﬁtq@ 1to 2 w%of said precursor sol uti on.
25. The nethod of any one of clainms 7 to 24, wherein

28 &h8 nRRSISISHAY oﬁ@ loHEILRRS 7 4 37 YherdhP5RE 's§l€‘s%lLﬁ‘ro|%§§ a séfvent
The met hod of "claim 25, wheréin said base conpri ses an

efelgeted ApMiuatenand gigehdket hod of any one of claims 7 to
26, wherein said precursor solution has a pH value

29. TREfethcd dFGiny 28e of Bainie1 t0zB, Whershy s8I0 Fi@ pastiokisHavé aho
27, wher ei glgsal sol 8 uti on has a solvent selected

f PYSIPARPRTICE FiFedTd REP 20 58 The net hod of any one of

clainms 1 to 28, wherein said Ti Q2 particles have an
3@ Tiardge diddd perticled foeméd mnacsotdan@Owhimanydone dfi diaimis Uno 29.
di oxi de particles fornmed in accordance with any one of

3t Aadolﬂ?g (&lﬁ) on %rta@rﬁ%*d%ed(ﬁ*lqg%éﬁﬁléé'a%ﬁ Pib, phfRRsUM

di oX arti said
c opppiisinghy mtafbpeme ecHeomplex lrmludmrp Iplgwar h@temvm ligand.
pl anar heterocyclic |igand.

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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32. The col | oi dal dispersion of claim31, wherein said
Ti 2 particles have an anatase crystalline structure.
33. The col |l oi dal dispersion of claim31l or claim32,
wherein said heterocyclic ligand has less than 7 ring
menbers. 34. The coll oidal dispersion of any one BfMarch 2006
clains 31 to 33, wherein said heterocyclic ligand

38 Do collpial dispdreias bf ameorsd oftaldims 8bdo 37 evhaneiolsaid sunfdctant is

h Th | ,qi dal
oreIgtad fifmatof antnie G oide R eBike: ahvEpd it
SQkyIEFér&enelsulphdﬁte girggotargé.on of cl ai m 35, wherein said
surfactant is selected fromnon- ionic and cationic

f o |-aj
s AR Beoeiep B ROl s 8 658 U el T
plodve( @t dweragecpaniiclel sipe Gbmgbtoed20 moi ety. 18 21 March 2006
38. The col | oi dal dispersion of any one of clainms 35 to

403% %Qgry efrlmﬁ)x ? gfa‘éfcfrﬁ‘ﬁ Qi‘&% ltﬁ)ﬁ{jfﬂ}ne%rﬁﬁrll({x)fé)@é slbe’aI%y(frof

yox 'ehe a ers
athieyTiQeparticies sfmrwmnauf clagog B&itor 3ghersa s@EportThe col | oi dal
di spersion of any one of clains 31 to 38, wherein said

4T RL i Hokb o LR 45,%!?9&&“ s%lbedéig?ttﬁéétlé\fét‘ @orﬁbﬁs%sfcfeﬁfﬁlﬁng a
to 20 nm 40. A net

. formng a titanium di oxid
( lloiRpl dippersion ofhpaid JiQupadtioRsin sanys&epﬂoaw@d ds¥ing s3id collmdal
Ta.g reﬂﬁﬁéfdrﬁ%afbflﬁgé}ﬁ one of clains 30 to 39 on a
0

support . The d of claim 40, wherein said
depositing a |ayer ri ses, deposjiting a .coll oidal

TR B0 Y Gara 40 ar $RBhY barheen 63 e 38 adbgkesRe TRi-1 o
dpyihflg said colloidal dispersion to formsaid |ayer.
42. The nethod of claim40 or claim4l, wherein said

er has thickness. fr m.43. The.ne
43, TS mpBR gy o PraSms 4t A v fles RPrstitisuPlerngg S over
stdhjlmﬁélatqwairfhdhaiipa Ifor d suffididrt giedb elssdible sald ledératydio
f() ﬁ suffé?‘ﬁgl ert1tI ol.d ssi)m ate said heterocyclic
%35' (5 g}fe&!o%q II"‘ie dEREPIFke Ti - conpl ex. 44.A
filmformed in accordance with the nethod of any one

444 fitrh formed 4ADacapraedice 28thahd methodwiipny onegf ¢laigst40ttadiBum
di oxi de particles of any one of clainms 30 to 39.

45. A film comprising the titanium dioxide particles of any one of claims 30 to 39.

46. A film comprising a titanium dioxide (TiO2) matrix and a metallocene-like Ti-
complex including a planar heterocyclic ligand.

47.The film of claim 46, wherein said TiO2 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.
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46. A filmconprising a titaniumdioxide (TiQ2) matrix

and a netal |l ocene-like Ti- conplex including a planar
heterocyclic ligand. 47. The filmof claim46, wherein
said T102 matrix has an anatase crystalline structure.

48. The filmof claim46 or claim47, wherein saiZi March 2006
heterocyclic ligand has less than 7 ring nenbers.

52\ Fhd ffilen 6fi dlaimod0 enjaiortd , wheEirasaid surtactant 4@mpridesraepoly(ethylene
sai.d heteraoc ligand conprises at |east one of
tPi"g%)o‘ﬁ'QSm?é%Wé le, and thiadiazole. 50. The film of
any one of clains 46 to 49, further conprising a

53 iheé filen alany @e.of Tlaims 50 tn &2, whierdinsai0 sudhetartiin selactdd from

S A ah a3 RnE SRR Bitefe, 8 pUGRER SN
59ulphorrat@swfai‘1ant&mer ein said surfactant corrpri ses a
pol y(ethyl ene oxide) oli gorrer noi ety. 53. The film of

5@‘?’ eﬁl"r‘r‘?af)% ly‘%n%'df‘é ﬁﬁs E@to’5 x?&@nﬁfér&t?“rf actant is
I

ecte al ky r et hoxyl ate
gol yoxyet hyl ene al k et hers, and al kyl benzene
&1 sohdRR i feminge calipidal dispersipRef pnatasd Qe prisis, gpmprising:
claims 40 to 53, which is transparent. 55. A solution
f at leaistranerad palyfitariivacid) andi aspreciwsonfop polpftitanicsasid)i aR
particles, conprising: at |east one of poly(titanic
aeipthnaaheterooyelisdigrad caable pfdoyiing aamitellogenetike Hrmpmplex in a

Pl figterocyclic ligand capable of formng a
rre{ﬁ]aa(f\%@ene like Ti-conplex in a Ti02 matrix. 56. The

53¢ bh@lofsr e 48 Rperef AT h&eRByOicIGRRA Bi st fpapy AR

cha&mbebd or claim 56, wherein said heterocyclic |igand
conprises at |east one of triazole, tetrazole, and

S : ‘ . _

stIhRGoRIgL5 3G e, eRln S HORBPlacoghdFfrocs o
wiersbénesefitdazots, tatiagale, 89d thirgliazoleut i on of cl ai m 58,
wherein said heterocyclic ligand is 0.4 to 0.8 w % of

585 #hé’ sol%%u’#&ﬂ é?ﬁ .onBQf cihiltfs 591347, WheRin 8AY h@fé@od%hcclkg%hﬁs 0.1
. further conprising an organic acid
to 1 wt% of said solution.

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,B-
hydroxycarboxylic acid, a,B-ketone,carboxylic acid, a,f-amino,carboxylic 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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61. The solution of claim®60, wherein said organic acid

conprises at |east one of an acetic acid, oxalic

acid, lactic acid, citric acid, tartaric acid,

succinic acid, a,(3- hydroxycarboxylic acid,

a, (3- ket one, carboxylic acid, a, R am no, carboxyl i c21 March 2006

acid, and a, p-di hydroxy acid. 62. The sol ution of
64.Taé sokaboroof cldimi 68, Gheraii sdie istrfssard iDsaenéd fremiridniionid and

S5 W % sal d solution. 63. The solution of any

oﬁ@t'%‘FC%lr%CWé‘%S to 62, further conprising a

surfactant. 20 21 March 2006 64. The sol ution of claim
6@3 he sbiatien of daimBBardaimten vheirssdie stiréattdnt compases Hni C

Wt factant.s, 65. The solution of claim

'éf{fe?@%ll onl)%% Ol$APLiTAOEY; o surfactant conprises a

poI y(et hyl ene oxide) oligoner noiety. 66. The sol ution
6@ Thasglutiereofodnyadnei afrelabis 68 (GER, whieesie said Saifactsniris aeleetad

€ t y I a
poP?foA)E 't@&llaer%@‘g}( )Z}'lf/l{é Jé?lwg{yé%b%hé agﬁtytélﬁ%ﬁé hérgdnglkylbenzene
satlphonade surfactdrdst ant s. 67. The sol uti on of any one of
claims 64 to 67, wherein said surfactant is 0.1 to 4

eﬂ’fr?{% selhné%%r@gi tdr QRImEE4 67 Wf%ﬁ o ghggc}t%kt% 8.4t 4 wit

wher el n sal actant s 1
sof gaid splutior69. The sol uti on of any one of clains 55 to
68, further conprising a base. 70.The solution of

s@ rtk 3bifon M\‘Iﬁ‘éﬁu‘ ¥, MRkfbiPase ssr@éméﬁt%e% t@@ww@egsg ABiuksn.

71, The solution of claim55 to /0, wherein sai

6@ il PSR ity e o6 St b R 509@97'5%;2?%%& g

sol ution has a solvent selected fromwater and
7@TbekolutiorV&. cldimet % ehatdirosaid bassgonreses anEtfanotantibe.t 0
72, conprising said precursor for poly(titanic acid).

717 4he IBI@ti&PJJfLHIz?IWBﬂB 76l @hg’eyn?’szald’\'aﬂﬁtfd %Iﬁggfoﬁ% to 10.

conprises at least oné o ani um
titanium chloride. 75. The sol ution of cI a| m 74,

72hbe &PlHtianpiEnyiangof Geiras Ria Hle WhsFRM sajd solytion baga seiMent

Ofeleétell AOMWAteSARS ABSRdIde, titani um but oxi de, and
titani um et hoxi de. 76. The sol uti on of claim74 or 75,

n | n r ni u
7%ﬁe golutlgnao anty otn% oflé ms Jjg {o ';jZe comp smg géc’ldtpréc%rsor ?gr

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 chloride comprises titanium

tetrachloride.

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

78.The solution of claim 77, wherein said precursor is 10 to 12 wt% of said solution.
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tetrachloride. 77. The solution of any one of clains

73 to 76, wherein said precursor is 5to 20 wt% of

said solution. 78.The solution of claim77, wherein

said precursor is 10 to 12 wt% of said solution. 21 21
March 2006 79. The sol ution of any one of clai ms215% arch 2006
to 72, which is a sol solution conprising said
79 dlhe(solutianiot amycont) of GIMFIHE ts G uwhiomisa sat lsalutiory @omprising said

L n.sai.d poly(titanic acid) has the form
Fﬁ?‘?@%}ﬁ%&'v\herei n x is an integer from1l to 10. 81.
A nmet hod of preparing the solution of claim79 or

8% TThe eelgtion efaigimi 7, wherei sajd phig(titanit adid)drasdhe tany [Gi0@HRE,
wibBinWBis 1 iftadGronf R 1§ method of claim 81, wherein
salrd aging c

nprises aging at a tenperature from 80
to 100C. 83. The nethod of claim81 or claim82,

81ahanethed ehiprdparigiaribe solnfien efeclaiaigiSey dain & compriging adiogithe
sofdtiof ¥ ERy o 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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