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METHOD AND USE OF PROVI DI NG PHOTOCATALYTI CACTI VI TY

CRCSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
wapplsiaadsd on makes reference to and cl ai ns t hepoeisebins/ 000463

of priority of an application for a "Method and Use of

Providing Photocatal ytic Acjivity" filed on March 14,

2008 with the United States Patent and Trademark

é‘ﬁaﬁ%%&lﬁﬂ&ﬁe%ﬂ%@W@WE@@I&W@%%&%Y

March 1¢ In@k@ﬁ@ﬂ?iﬁ%ﬁﬁﬁ%ﬁ&i’ﬂ}i cafnesce for

al | purposes I'Ng an 1'ncorporation of "any
el t or part of the descripti clains or dr
(BT Bt SemulEaing ke GREPr ey 4 P19t e PERess. 03(135 jotity of an
apphcaﬁsn %‘zea RlAothUARUBE of PI'(R'ljdlﬁg Pndf caifalyitider dvity” 'ﬁllé:ei—al March 14,
| NVENTI ON [ 000 fesent invention provid
2008 vethTﬁtthalte«i Sdates a@gte an«b rTr ki @ificphand geradpy assigned sericl
numbef§ 1/0¥4 {5X7 Tmecoﬁ%nl?sogﬁsaﬁflﬁbﬁ%ﬁﬁo%?%@& E/BPAH ﬁfj 2b68 fst]ﬁcorporated
preveriti on of occurrence e destruction of
herein by ceferenga forsal} pmpvsesmpludnfgmgmsprpmatmhchf aayl eédnm or amrt of the

. argani ¢ compound or .an i norgani c co und
deseripfi e AL B el el B FARLIRet (o PokpféGap.se of the
PCT, pﬁysﬁmﬂft@gﬁﬂ@mwfofgwycapes or in the formation of an
antim crobial, antifungal, and ant | fouling coating.
The net hod/ use includes providin anoparticul ate
matter that incl JOESDhOFFHE:] NlTlI te ferrite
(al so terned strontiumtitaniumiron oxide) of the
[(@ODE Tat pteettiheenfion ip'tovxd& a0n&hbd of\hiicha Msebfer ppvidiyyg photocatalytic
. value i he a efr fol BACKGROUND OF THE
activity, NheNgre Sapat el’—“BP icth FrthesPregTRiln, Y RscrisEneefnd/ or the
destrucﬁBﬁ’bPﬁ %ﬁ&‘obk?%aﬂﬂsng QGARP CSfuhbe) aMholweddl gdd) bR otgdnRtdnPdund or an
Nat ur e 238, 37-38), nuch research has been
inorganig demp@lm Téaﬁy o, Eos phstanee fBed applisndewsciacady prrification, disinfection
of surfR& cgcoﬂld&l%.t 1R 0%t Sf 'aﬂlan'tlﬁuérﬂﬂlﬁf 'aﬁﬂﬁlngﬁ faﬁ't; aﬁtﬁﬂglh{kgc@aﬁng The
air deodorization, air purification nt i 0ggi ng
methodm’eencﬂades ,prowtling Itanqmrmmdﬁtﬁz metter thad dnadudeala stmsumaﬂlfsnate ferrite

t di .
s G T B RS BB B SR SRS, it »
being 2y ¥aRBSn G rahge flema foled as fol | ows. Upon exposi ng

sem conducting materials to rmtchi ng irradiation |ight

(such as UV, visible or solar % , _excitation by
phot ons from BH&KGB&Q‘éNBa@EéHIE NEEONN t he
val ence band of the exposed materials to be pronoted

the uct i,0 nd ove band .o
1900f spte, SORPIRE 1 HoRRE FendiEh 4be BnOB iRy cefopthositiop of water
into HyadndnOg (DRitghe (119172)5 238 eST—BS)THﬁucINréSEﬁrcmlgsdideﬂ mﬂdertaltm on the
s surface, these el.ectron- airs under

sol i e
applwaélpechfrlz}w foqaiplii e FerpiroRducing n%t?xﬁa %ﬁﬁm& “Tanging os air de-

odonza?ddint apl fufRAGn, %’h%%%lﬁk%nit%ﬁ@ CRERP HeatRlcBB Hnfi-bacterial materials,
npounds i ncl udi n e deacti vati on of bacteria or

self—clqggg‘qga@atqn@}s, énd dqa@aﬁh@al omateriglsi ghe ppsie (m‘gxq;}plq-ﬁg the progress of a
photocgtgﬁélgg%pgé%g lﬁgﬂ? :B? tdggc%fogg Y5 tfolilav% [ﬂﬁﬁl &pgsu?xg %ééni@oﬁi@uctmg materials

to matching irradiation light (such as UV, visible or solar light), excitation by photons from the

source causes electrons in the valence band of the exposed materials to be promoted into the
conduction band over the band-gap. As a result electron (in the conduction band)-hole (in the
valence band) pairs are formed. After migration to the solid’s surface, these electron-hole pairs
may undergo electron-transfer processes with adsorbates of suitable redox potentials to decompose

organic compounds including the deactivation of bacteria or degradation of organic dyes (Fig. 1).
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exci ted under wavelengths of | < 388 nm i.e. under W
irradi ati on. These wavel engt hs however constitute only

waea 24099018963t he sol ar energy (Fig. 2). Hence, it BCDSGR008/000463
photo-catal ytic efficiency under visible |light has
limted its use in indoor and outdoor applications
i nvol vi ng the deconposition of organic conpounds.

[iﬂm] eFHesco‘hb&[tﬁanf ?h(ﬂo&%ﬁ?st f’I(f@% Elé‘soﬁ @@E@l\yﬁﬁé %ﬁﬁ@gtab ®fhus it can be

i s capab utilizing e visible
eXClteds plééftrr YYﬁYelfméhS WaVeked®ft s, ive. tunder éﬁ@erradlatmraﬁﬁwse wavelengths

howev?xgg%{éqgggwg4 98?? glseé%tgr%néi%r % @g ig. C@Z rI-ge &l seg%?rrg}ﬁoto catalytic

efficiepeyr tnden Ivasnblaﬂigh’nhasohlmited fe ase:in mﬁo&ym’id‘l@lﬂd@(ﬁ apphcatlons involving
thedevo' sibl.e-1i ht driven gh tg cat.al (the Cﬂ?t%ﬁ}
FARRGLITL YU cqmpoyn Rete i e 8’F ?ﬁ@e ogipgpigcatalytic matter

that is lchgiible &fSﬁtmqu the@lisiBle-lighd spéatrin, 1. eldngBi3h tSrange from about
2996- 3001) To dat e, .the devel opmant of

400- 70&%?3‘%5?%@9%@@%9@@?&1’ eRFASY- visible irradiation
%3}? %as& fied into 3 basic research di rectl ons:
lﬁ 1B SRUIpose; many sesgaicheis ive dtvéd paricalay Attentiqpto search or
syntheﬁ% vRle-HeRea FPGY: «§-c£’cﬁlgbsoﬂtze:ﬂa€éhg hﬁ)ﬂﬁgﬁﬁvﬁeﬁwg’ﬁ'pﬁjl -1.8 eV for

gap sem conduct ors, can a sma
absorbifigsyipible JighfHiShpKiimet al. S/, Mater. aChem. A(@QD?p)el:B @99@35091)5 Te: date, the

develo&%?é{f %{%@tgl&%@ gﬁler%gsdﬁgg %1811)16 1%6@8 K0 Qb ag? aéns Sdf(%%]alto 3 basic

researah difectivns: V or N produces sone red shift |n t he energy
band resulting in the absorbance of a small part of
[0008] [Fimgtly, thecorthentioml phetocasigs. Til, €iespdgped doparith of dwipled with

s BRGNS0 S S SR LB bR o s .

al., ApMCZ%ZE‘I E)ZEBﬁP@fnibnml 124059139, 98407 2BeREkhowadEY. SetEl, Catalysis
é;?ﬁ' bl e g fre ncy. hgoo& Second| y, narrow
Today {Z0RabHY- ﬁé S 140z Soped witlo e aao gFesusbiong TegIshift in the energy

band r&sufinglif thd %Horl;efnég BE A Ghall 'g@ﬁldfq}l@ liqthé géibﬁf%ﬁ)gg TiO, coupled

bi nary- conpounds e.g.
with therrgriswioy berdnsap semivpaduser(Maistialy ésSe@bn(smzyl)S) rsach latl ds:) Cu,O/TiO,,

B1203/'E§'g§2pﬂ\%§ﬁ@7 ?nﬁ 4T 16”’@?&&@4&18%? %glta%s bn?t al ) lilgle visible light

frequercy997) 70, 117 140; Yamasita D., et al., Soli d State
lonics (2004) 172, 591-595). [0008] Thirdly, doping
[Qilﬂﬂdaﬁtesond&y p]@irpwdmﬂgamnhamtials ocan dérettiynabsgetpsdmadb aivugle Jrisible light
absorb.a.s

e cEALETER e By Rl 05 05 LOHE Mo, o

poly- c@hpounﬂOMTa@lI}pr(a‘)asJ' H%@ed e(xsﬁmolr@md&)ﬂ Eﬁwﬂ\%c% eB/1M04, InMO4, ™M
roauce

fePfeseélfﬁ ?Pget“ﬂiﬁt%(fﬁﬂt Jpaﬁttal v1] s%% chgﬁ?l 296@6?}15’9{ dﬁ%%% 117-140;

Yamasia D. 0 HE. Nlid¥sade 161iEL 0D Soci ety (2005) 25,
amasszim, 3212) . Z[6‘(1)09 ZA{ tﬁ?;]gcrg%%g??ed phot o- cat al ysts

[6008] qrﬁirmyutdbif-ﬂngedofpaﬂ@rﬁ p@fy &d}ﬁpaﬁnal Wi \)&Llﬂé’ 'Band gélgﬁab@’éé 3.1 eV)
to either aflimted red shift of energy Sl
can absgrl asmall| nagref the aisikie J:lghfdb?ﬁéﬂ demeaed ohift i m the energy band (Yamasita

D., et al., 2004, supra). For example, StTiOs (3.2 ¢V band-gap) doped La, N, F, Cr or Ta can
produce a red shift that allows part visible light absorption (Wang, J., Journal of the European
Ceramic Society (2005) 25, 3207-3212).

[0009] All these reported photo-catalysts can only utilize a part of the visible-light range
due to either a limited red shift of energy band or single visible light frequency dependence for

the hetero-junction materials. Hence they have very poor photo-catalytic efficiency under
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the hetero-junction materials. Hence they have very
poor photo-catalytic efficiency undervisible |ight and
woamansysbe used for limted applications sucRCasG2008/000463

deodori zers, anti-fogging materials and sel f-cleaning

materials. There thus remaings the need for a

phot ocat al yst that can absorb a w der range of the
visibleVEigiting dain it ; e,VhSiipl: ~ -

| i%iht ran g;,}'H}I/ %g%%% g&f‘ \A%I%/lg‘lgtgh%%ﬂ h&pg%%\g%raosné e?ggxllﬁfer%(%ltl—foggng
materigls 286 sel{-clrppingrmaterials. Thes thive reroaies desiaed fbea plstocatalyst that can

' [ ' ' d i sible |ight, .that .
sbsor IR R o8 i Bble L AR Heally B Vi B iBlnse, i e
wavelemgthe ranglesfriva ﬁlztgnt ef00t thaatibhduln a();grmm Iht Eﬁﬁﬁt%nb{&edesirable for anti-
, .ja, in order for the erial to prevent
bacterig Ap e ileh, s BEAEEr dhn glo-raIyC dpectoperste for the

respectife tbteriplsatfefibtet HaaThé BowHR riXe QF tHE bRt OBL P 4 RPF4:%he Fnaterial to
of providing photocatal ytic activity w th

use
prevenbg i1l BEVtHihat over cone at | east sonme of the above

%@i ssed,. di sadvant ages. SUMVARY OF THE | NVENTI ON

[ %Ccmlb}i Thy angPbgect Pf the pressat inventien foriwreride @method and/or a

use of @ﬁ@ﬁﬂﬂl@splﬁ)_lt_ﬁ@éaﬂr?mﬂ?h gcgtlvlﬁ’cgg?ﬁég 'é)g@%e‘}ﬁgslt gﬁﬁté)%r%ljng at least some of the

a,ctlwt(%/_. rovi di
above disgisput dipadyeategesmat t er . The nanoparticul ate matter
i ncludes a strontiumtitanate ferrite. The strontium

titanate ferritg I a SrTii_xFexq
3 d. hi this f%‘r%”ﬁ\@i‘}’??ﬁﬁ@m%ﬁ 0 to 1. The
met hod further includes allow ng exposure to
[ L Arcoprslingetol @ firshairatt, the iofertionauelidagh mdiohvBpouiding photo-
: . t m._[0Q12] According to a second
t ] .
s S3B0 Py 00,0 e R R0 502 PEE S e
matter meoiedeard stobtatre tvmiate ferfite. ARhatdCiaba tikebte"RWIBIs of the general

ocal atyi c,agtivity when exposed to el ectronmagnetic
formulf BEFGCRETOLS I it it o 1o 9 456 @m0 i T b mthod. further
include8 @Mowing ckipBsuiad EtQéléétIfdn%énéﬁ@rd&lﬂtfo%rof'ar\%\}éfeﬁgtg?ﬂn%l}l aabout 380 nm to

b ébrontiumtitanateferrlte of the genera
about 880 N. yFexq 3 d. hi this formula x is any value fromO0

t . [0013] The present i nventors have successfully
[@3?\11 ﬁé&?rég@ 19 h3f900% pspget thecvemtion relatesdie the use of nanoparticulate

tter S6TH GRABESLIRO R | ' | Lablg fior i
ma, ef phot gc at al ytyigc- gggggﬁgh%ﬁéﬁg&étazﬁi{lfgs‘%%% \Lﬂa{%’ﬁ&h rt1%l eellecttrﬁglagnetw
radiatiofefi & wavslepstd fromtabontadifenfioto Smtth SOAdmor Tlendampbrieolate matter

: | ' The. hesi zed .mat er i,.al.s gan, no nl :
inludegRRleb st R B 6T L BB Fni SEU B85 n s formuta i
any valeqfromdhtveht s, but al so the normal |ight under

artificial light (e.g. fluorescent bulbs). They do not

[00&3juThe ptageht givenfoos hateesiocossfhily 8 yptiesizE® b MRhb Mfrudffed metal
- nce .are safe cl conveni ent and economni cal for a )
oside QFRERITE G B S SRV L oo i st
activityhaslet tled whold vizise 1igm1faﬁge Sor BEIERIBBH ah@iohfiosr ab@%@aﬁ])ns. The
X S =0to

The conventional STEx (SrTi xFex(O3- % (x
Synthesgzg$ Atenials, gans gotr pfly plesegb 43 % of sunlight (Fig. 2) in outdoor environments,

but also the normal light under artificial light (e.g. fluorescent bulbs). They do not require UV
light for electron-hole pair formation and hence are safe, clean, convenient and economical for
a wide range of applications in common places such as hospital, offices, canteens, homes and

toilets.

[0014] The conventional STFx (SrTi;_4Fe,03.5) (x = 0 to 1) series have so far been
mainly applied in gas sensors (oxygen, hydrocarbon, C,HsOH) (Moos, R., et al., Sensors and
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mai nly applied in gas sensors (oxygen, hydrocarbon,

CH OH) (Mos, R, et al., Sensors andActuators B
w02000)3%83F, 178-183; Sahner, K, et al. 5 SensoP€TanA008/000463

Actuators B (2005) 108, 102- 112; Wang, Y, et al.,

Materials Letters (2001) 494 361-364), humdity

sensors (Costa, ME. V., et al., Journal of the
Actuatbs1 B (EOD) 63! #78- ‘PSﬁ%hﬁér}’ngglglg)Se;onrs gz@%'ficzz?c)t?rs%@ol%b 108, 102-

1 Vpggdrg gen i on conduct i oné
2; Wehgt e, eioHi> ddaterigly Lpttara $20093-491 891-364)Th@Ridity sshsos 6Costa, M.E.V.,

et al. ?g%g%?ﬁ eogc%g;‘%&r?@éa% E94 %%o@%e@ Egéddg) C@ q6g?@?mand\] Bxdrogen ion

conducgion ASigtinsvithy$, ef hD,QSMch@;ath]lagﬂ:s L(2(2(913)b1|43|:®03-115@ SrTiO; is also a
i on_under visible irradiation
Pr°P°S%¢‘%59 ‘%‘ew&frf‘é%ﬁ“ Qmwal%fan%m AccesHBaRoBr (DRAM) &airkuda, Y.,
o ., GxpUOpEL. Wi (1 wmaplﬁqm
. e sy S o
visible 1) ijtxl (g’ﬂaiﬂ%%&ﬁ) dte Pdoal) hagihowigvercept Heeih texpitbred up to

now eX'gtBlﬁ;iﬁ'y 5 4@({%%?21;9& g%g @%&gﬁ Fﬁl%\% ﬁ%g‘é@ﬁ@?’s some weak

photocatpixie Rspertycius fo 7 Haitedvehshifmlwhérzy bend#&trtabsorbing part visible light
(Yamasﬁg@?ﬁﬁtmgdéﬂpﬁg reference to the detailed description
when consi in conjunction with the non-limting

exanpl es and the accorrpanyi ng draw ngs. [0016] Figure

1 depicts t al vyt | action of a

seni conductlgﬁlﬁg "’clﬂﬂ%‘gq THE BRAYINGSht . R =

reducti on; = OXi datl on, photons energy (hv), val ence

[OﬁéﬁbTbG/Byvenmolelbbe betted a]lnde1(sﬁB)j wiklarudigraise t6 %3 detailed description

(h+ 0017] Fi ure
when @alibtedlfh, Conbndliy HRne Hhel o dlinkifigh SemERB0m e accompanying
draw1ngs0018] Figure 3 depicts diffuse reflectance spectra of
commercial materials and nanoparticul ate matter, STFx

[00X6]-Fighre UsdpidtthehotRbRABHicOfeadthR b %ﬁlcgﬁﬁu&og Qéglzr matching

d ur iMde |cts XRD patterns of the synthesize
irra lat@aﬁlwg ﬁ% dyctions ) g oxgetion. MhigierscemTah ¢y, vhlendd himd (VB),
conductscnﬂsdxfdt(@mfba‘nlagap%f(fsmeelééﬁtg{ ?@ﬁﬁﬁq +lgg{hﬂ (40 W and

internal transmttance fo 35. [0021]

001 YUFigufe 2 ERisthS | tion of
! l\/b?hyiiglelne Bl use (R/EB}%éesfoga?g% TFX hxhébodftﬁfo er 40 watts

[00i8]l Enguf-é L@fcﬁ)ﬁ&@tdlfm@treﬂé&aﬁféba hﬂeegﬁla Wt Qolnhgsl?&alf hdlals and

gure 7 depicts t ant | - bacter
nanopafélf"fﬂét?tfgatf%rs Ei‘)(XF"‘Z@; used jn @ﬁmetb@dm@hs irfventiort) | and (¢)
gclolggrol (fégerlrrent under fluorescent |ight at 0, 10,
[09 ure,d depists; 2R Drpastemnstafithe yyntheay $Tusamges with x ranging
from 0 tdgpi cts anti-bacterial effects for STFx powders (x =
0.4), P25 and Control under 40 watts fluorescent I|ight
00201 Origdfb
OOl g Sidoud the hanufiebn pERRPEHLrediiSidnrtp W) and
mtemalﬁ@ﬂi}mttaﬂ@%foéihghii BlteiGHb.sel ect ed- area di ffract| on
SAJ)J patterns (Fig.9b) of synthesized STFx
[0 gB¥fp O sdepictsrghe photosatalylic 4legradation of Methylene Blue (MB) for

STFx (x = 0.9) under 40 watts office fluorescent light irradiation with light-filter GG435.

[0022] Figure 7 depicts the anti-bacterial effects for (a) P25, (b) STFx powders (x = 0.4),

and (c) a control experiment under fluorescent li ght at 0, 10, 20, 30, 45 minutes respectively

[0023] Figure 8 depicts anti-bacterial effects for STFx powders (x=0.4), P25 and
Control under 40 watts fluorescent light at 0, 10, 20, 30, 45 minutes respectively.

[0024] Figure 9 shows transmission electron microscope (TEM) bright-field (Fig.9a)
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[0025] Figure 10 shows the diffused reflectance W-VIS
absorption spectra of STFx and pure Ti Q2 (P25).
wORTANLEB3 DESCRI PTI ON OF THE | NVENTI ON [ 0026] PO®/SG2008/000463

present invention provides a nmethod of providing

photocatal ytic activity. The photocatal ytic activity

allows or facilitates one or nore |ight induced redox

8di Nip | L -

and seﬂé&é‘dggxg Tfffehcgﬁlgt{gé\g a|d>@/it€?ﬁ§b§1%e I% %ﬁ%@z&ﬁc ]fi{;ﬁhﬂc?gomposﬂe
Hmﬁ@dﬁpdbﬁb in the presence of light, oxygen and water,

of oxidizing matter such as pollutants that are in

100231 lgure;} 0" eharves the diffuserhtelestangg UN-Y Heabsorption spectra of STFx and
mneTﬂgpg@g jticulate matter that is prOV|ded in the nethod

he” i nvention. The term"light" is understood to
i ncl ude el ectronagnetic radiation of any wavel ength,

i ncl udi NgDETARIED BESERE AN OF REeINvENATON NCt

wavel engt hs or any region of the electromagnetic
[ﬁ?fgﬁgﬁé;&reie%ﬁx%nﬁéd d@%b{d%% 5 Yr?et}?&&a@rg%dﬂfg &%Locg{a yrtllicsactlwty The
photoqaiﬂlytmcdeﬂs aﬂews onfadiltigtdesne dranaeraht Mdnckd cdo pmcesses to occur.

e S 5T 0B aERIREN A5 Bl i

the prédeneX ofltighCQxygén aad aeidry of Gkﬁl@ilﬁg' nhdtlel ShER ks YBllutants that are in
exanmpl e .of a polluytant that rrai/aébe oxidized is a

contachr [GPRIFE dRIOSRIFCh &V1HY the prappartigyfatemuiet that siprevided-iatthe method of
the inPHMOR! The Abrrk 0ﬂ1rgﬁ§’pﬁnﬁidé%twﬁio{ooﬁ§:thﬁiey LleCrhdgn¥tit Yadtiffon of any

t he production of R2 hrough the photocatal ytic

wavelengtly ipduding @rdlaimcmﬁwlel(gthm st of distineti wayelengthis oy agytegion of the

lectr gy n introduction see e.g. Kudo, A, Pure
oo Diﬁl%h °{ﬂee e stry (2007) 79, 11, 1917-1927), the

Nex@fn t Og -

Uk 3 X Mo B o

polycopdenspics.aaliienydes,rbeorensy black ouboooneg @nerable ta EMJlelemd inorganic
r.of u r n

com 1358 TP PR RS GTB088 fiy monorite (01 A

randomdlyf febactedtillbstomive kaample ctfmepdihnmmp et ineayl tedt @{uﬁﬂéd &ra herbicide such

act i a he .phot pcat al ee be be.used. .in
as atraiey PheB Rulied iBABHRTR RS S Bemtondie Photsa et aackvily are the
produddfontof ¢l ndt OF tirélghsthe PR6tHERAIHE He&iﬁiﬂdaﬂlo‘ﬁaﬂ&va‘ﬁéﬂ(f‘@ﬁt@r splitting”)
t he nanoparti cal ate matter. In sone enbodi men

of
using SPgrAPRtSY (AEBT INRGUEES 6 o B3GR AL fienard ireie Chemistry (2007)
79, 11PN@19C@0eY, ik Cded6 {p&hﬁé{n ! BYSH I RnP rr@oje%eoON ind 0, and water
occurr ence, prevention or inhibition of*gr owt A
Purlﬁcﬁh@l destr uctl on of a microorgani smsuch as a bact eria,
a virus, a fungus, of a nold, an al gae, an odor,
[902!%1 e the paamm pf g@teamuaﬁg@tmne i s A D verqesteuelpeigc aepulsion
b aftdr! qu
etweéglgllrn Iv](aﬁrtg{a gﬁﬁb% e léi;h@béﬁ/ t@!@ tloﬁ'%qﬁn%{c aelg%avglg an 1soelectnc point
differept frgrthati af $hé wanopamticulategoaésyiaviieg asathp ohytoeatalyst (see below) may be

used lﬁa g«lﬂa&%ﬁ?e e%W1ﬁ1 R Oagﬁonn%‘?‘de@rbjf 8 ﬁ%&ﬁ@ﬁgtgs?@p’gt p%gt(i:cle or on

the saraé twrfica as ﬂlepﬁinbplirﬁmhlateanﬂteallﬁ s@ﬁékﬁiboﬂﬁndtrﬁ@d&@ﬁﬁbﬁmd according to

conpound or ' sqme enbodjnments the
the preserH\? Vention the' pho tocataryuc actlv?ty aﬁows the prevent?on of occurrence,

prevention or inhibition of growth and/ or the destruction of a microorganism such as a
bacteria, of a virus, of a fungus, of a mold, an algae, an odor, a flavour, as well as an organic
compound, including a volatile organic compound (VOC), a drug, a carbohydrate, a lipid, a

peptide, a nucleotide, an oligonucleotide, an oligopeptide, a polymer - including e.g. a protein,
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phot ocatal ytic activity allows maintaining a surface
in aclean state. As an illustrative exanple, critical
wexb®rinzdeé3opt i cal spacecraft surfaces nmay be prevsoR@d/ 000463

fromcontam nati on with pol ynerized hydrocarbon fil s

using the nmethod of the invepntion, for instance by

means of a coating that includes the nanoparticul ate

I

a polﬁe@cx aﬁﬁ{de’ciﬁt%cﬂedcgﬁ% ta{i)lg élt?%l’lec):/ut‘fi@ca rr&g %&?{/c:ulrg[elﬁé Lﬁl@ﬁeé ﬂlte{a]‘l{)Shte a vitamin, a
pollutardy a stairf an@Opantle@ngamg cofrgpouask anr metah igm. e}mamnnq:] embodlments the

vevvetablllt n the.s
photo RRYRL Gy Cley SN35L b Bh AR AL s il s 4F Bl cxampte,
criticab ppaternczit omitaMBpARORTOGBTacks AP 25 pféi&nmﬁOﬁOﬁﬁtcahtﬁhlhﬁaﬁon with
activit

TR T RN L ———

coatin@Bh& indlude GO hakhdpatticul dtd en AP ARIEADAUDAER. ABLS FhirthtS Sflustrative
ILn the nethod of the invention is %;I:neral ly effective

examplg the phejoertalys pettvityrmay barrspipyedcior stefapppatiernipg,ofgr iewample in
prepaﬁrfgea H@&éﬁ? %f ‘&fscﬁﬁﬁndtiyé%ét{agﬁlt% %nsthé Qrh At d Eﬁmﬁ'ﬁ% & described in

ferrit so ternmed stronti titaniumiron oxl
internatipaalpatest applicetion VO 9606330 _xFexC>3_d) . The

vari abl e x maybe any value selected in the range from

10029 The phpieeatalific apljviainie methgdraceprdingdtoathe present invention is

s BT b 0RO ADBLARE b b b v

the methed rofirthe idventign <1@ Lberally eeffeatige a$ moph@ocatalgdio The (haﬁoparnculate

e M A O O -
titaniutrhigort a:nge) dF thte ¥erepalFornhile STERASTi| QPR O4t . ’Blliwvdrlagle7>5may be any

er 0 < x <0.75. The index d. sometimes
value ?%%Fé‘%% e gﬂ%’arﬁ%wo ds étaﬂﬁng Ry Xflpe fapeerilee 4read anamally 1or
larger @%@ﬁn@hﬁ&l@&%& W &8, QngﬁeM%Qriﬁ ItRS rankB fﬂﬁ‘n @ttt)%@ﬁt 0.95, the
o define d, Brixner et al. (Brixner

range Q/eﬁ X 0, thirange dnogs §)to 2bovidd9 Jihe yangedysst ¢ édD Sl, ﬁb‘t range from 0 to
about WRS! e (rhiEeSd &O:E“&(r? tt11 %%e s é‘nE'brtbta%ogtSO of th%%ﬁe%eséf '<t:g <0.8, the

structure, cou en to be repres
range from @ tor ﬂhﬂuaogﬁ'lbr théea@ed) %yQSOCWSZ Tivh éndexd, |snnhle'ombeﬁle 1ndex y, is

e Ln s illustrati
T TR AT T T —
definetSp Brieperees @ht(Btilmerf Lapwdl K MdtnRashiBeh. (1968)0311299-308) suggested that
wheregﬁé S{ral l%&h%r{a dfegl):(l eggsp ) ﬁé’r%@%ﬁ%ﬁg%qgﬁggr esen él;f :pg taken to be
represéiﬁ&ﬂ-bﬁ fe9brmizat Si‘f’fﬁhlljedOg;t)?Bb 2 (vlfﬁélréi @) in81E@S Sfﬁ@aﬁﬁcfés i the oxygen

e taken to represent an

rru a SrTii_ xFex
sites. Ién‘L’é lpstighire rforafﬂ% radléftw&rﬂf S howEex@bad/2 Whashbeiiaker ferapresent the
T e
A, et gl Cﬁ@meﬁﬁd@’y@@%l h%s 3@&1365% Reﬂxsclmld:ctmde(lblﬂt) siggested 8 in formula

t I f
)t i EX R TIETT p
differen‘aty;gykgen partiabpressteay aidrtgmperatunys akalmﬂge hxeﬁfam otoRrs. STFx used in the
oo 0 L A B O b85S b, s,

andsafwamhne@@hﬁwaﬁt&hénﬁalls{abnﬂy(see al so the exanpl es
bel ow), a solid-state reaction (e.g. high

[0030] The nanoparticulate matter may be formed according to any known technique
available in the art, including any liquid or solid synthesis method, such as the sol-gel method,
high-energy ball milling (see also the examples below), a solid-state reaction (e.g. high
temperature solid-state reaction) (e.g. analogous to Lotnyk, A., et al., Solid State Sciences
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tenperature solid-state reaction) (e.g. anal ogous to

Lotnyk, A, et al., Solid State Sciences(2008) 10, 6,
woQlwna®e3see al so Brixner, L.H, et al., 1968pCs8pr@pB/000463

a hydrothermal reaction (see Bae, S.W, et al.,

Applied Physics Letters (2098) 92, 104107 or e.g.

anal ogous to Ke, D., et al., Materials Letters (2008)

(2008)61%)- 637024’f'(78’ ‘ééé)alsé Bhf;ﬁeI”ErH gﬁ%?%@%ﬁjﬂaf@gao ermpl, geaction (see
Bae, 5373,, etlal:z @pl’!&.@@@)ﬂcsdh?@médaDO&)aﬂiorlOWoen ¢.2.omalo@u) to Ke, D, et al.,

BRI PPN O A LS, .,
Am. C&mf&&e (B08FNLID, 639(1)]7323613112,337 chbmbehl Vot deposition (CVD), physical

t er wal J.. e ., Thin id Filnms_ (2005 8
vapor §EsStipauBSER, molarilsr Dsith sHMare VIBE) 4F BofbAldsounaG e SH. o
al. Suﬁmtwnwgzootm@mml 1934-1 T60®: OMebvllaes, 1S et BONIERS0lid lems (2005)
ster beam (1 CB) dep 05|t|onR%]p. anal ogous to Zho

484, 132 K289 %98)aphemleﬁt %ﬂ PECPifatipe ww@pnmetteqna thermal or flame
hydrolgsﬁs ?&hzedf&@s@ér'b\églpqﬁﬁ)ﬁgetﬂoéﬁ%fl géj g%ﬁl b@¥%o Zﬂéchn 8ét al., Catalysis

Journ eria rocessi ng
Letters(@@@@)) 1080 2-2, $G47030@psting pulseddases clepeutione(Xu, Y, & Shen M Journal

o M SN Bl ol oo Y9 oy 85, 3088 Eenfgog grman,

Y., et diet/hbfdseet Res. (2888pD3,elX alliﬁl- 182) embDanyg syntieishartiepbsitibh Fechnique and

| m,deposi ti.o in which e | enents. are
S 3 PAmRle i T s thpd L ik il depqnitipnyic high gaseops slements
are chérﬂbﬂﬂﬁré&b@&'oﬁt@@'sh&ntam Suchi ds™ whRWPFRESH ERLIEMILIAShA film. Low
of thin filmdeposition in a vacuum The

pressw@e%@. isjagnetipeé @é thig filpedgnesitienda Yaguursy Hho geppsitipauipeed can be
1ncreas‘e5 %'y%nﬁ‘mg hapRetm 1hﬁd¥‘@'cﬁ9mf)£le u{ %hfthé Mid Tﬁgﬁexp Q8hdsREd, and the

d'the dénsity of a by-product
densﬂ}g@frﬁebsap@du@ywm cpn bs ganwaieh baiithe presench ef hipwande. IOWBd PVD is

a methﬁa tﬂatqgglgc?(fln Effﬁ ﬁ'lrfi fdﬁ%gt OAIP II\Hb rfla£ 'recenél}Q 3% gagfg)red as a means of

as recen een Tavored as a neans o
surfacec curingy sinsé ladhlnaﬁlnln ican belmore aanmbB/ shasieed byidw tedpadatieel treatment

PR YA e MR T W M

evaporatio et Bethee Bes idoed Rotideniofs, tahagputteid@s mefHodUB& uses ions, an

uttering nmethod that uses |ons_an|o
ion Pl%#ngtmﬁg ‘iﬁf’h@& maﬁaf}t%twr} Psthod: &R iiom bre HBiingpethod and the like.
Metal ReFBHITheH WheHBeRd iRAabtgn) ddtehisRiRt npl_ I a?bﬁ@@ 5@1&1% gporatlon

when heated in a vacuum and thi's princip I's appli
dePOSI'ilfP\'ﬂlnﬁ@lOévaporatl on deposition nethod. [0031] In a

net hod, two or nore separate sols, which are

[Qf}?éh? 8 8ok 2l anetiayb twp of Wease sepsitate ely, Whish irethen combingth One of
these s@f&' rﬁ?y 1ﬂMﬁd|eesh%HQﬁlﬁq{x1&n %V}Pﬁydaeﬂoﬁfek wee Iﬁdgt 1?19]&155%%3&&3 oxide, yet a

further one may I'nc Iron OXI
furtherr@gamgy inglydesirpn axide. yincth!s(mgardayn}b eult@@lprcﬁ«mol anaynpé @sed, for

exampff efiHBi ol folo G55 V" Selt R (F Rt Fbi io0q) 15, 57:65) or
by Bn(oPdstycﬂl @hyBcg E)Qﬁ)})6)3 884, 91199}3)An Mm‘éﬁ'r Vil gisa %Ftnht{itﬁleof amorphous

d
o GBSl ES
(Annu. Yo EMateP Res. (7868) 34/Bi8@L331REOne &1'21991@0f3ﬁe st%ﬁﬂiuﬁrgéﬁlde @titanium

or nore of the stronti um oxi de the titani um oxid
oxide, theeirqry eride ot Al ogidea used rian s fomaed Fap »erecwisaip dor emrde in situ

during RhE FHBO prdcBls. SHRYR!sEpdriteSioid!are combined one sol may be a strontium

oxide sol, i.e. a suspension of colloidal strontium oxide based particles, typically nanoparticles.

This sol may for instance be generated by hydrolysis of a precursor such as titanium alkoxide.
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during the reaction process. Wiere separate sols are

conbi ned one sol may be a strontiumoxide sol, i.e. a
weoeuspansicdsn of coll oi dal strontium oxi de basedPCT/SG2008/000463

particles, typically nanoparticles. This sol may for

i nstance be generated by hygrolysis of a precursor

such as titanium al koxi de. The hydrol ysis of a netal

The hydkd19sib i i |1l i t ituti .
1RO, 4 Tttt B0SY Bty U B o R

or haloggp aroupy lipdsecato-tioeimgtad b Q}et@u@H[gr@umnwh@hdhmﬂe@m@ the formation of
s ] GERLL 001 Lo SR T RGNS i, o

preparain lyr bypdobsisarf abyethyalkatidsican bé parfomnel inadnkaleohdé swdinas ethanol
. be perfornmed in_.ap al.coh such as et hanol or. .
or ison?GogiBl BT o (piBrert e AVRIEIE R of "UBT iapicidschighere the
metal dlB6xi0¢ ovabiede isTeaviob/daditivead enbiBRirdetb) kithwiOedtal9stQich as hydro-
.haljde is reactive/sensitiye to noisture. Any known

chloricagicprammepiagmaybeadded as Wellori ¢ acid or ammoni a may be
as, wel | . 10032] . Suitable sol-ge|l, prqtocols use
T Siuifcot ael Biolciony oedor Bubce el (i pase catalyzed and
two-stépEci@loafe afhlgz cEdired. RA enRsisiigl s soldARM second step a sol is
. conbining the sols in a second step a sol is aobtained )
obtaingdn that ceplainsnieveral aetal gwides) ek istrestivma qxides ttiteniwmyeride, and iron

' ) . oxi i i do. i
oxide. DA ariBbT Wl S BL B Al o R MR A0
TiO; and¥Fe@: ofn Be genarged'| Whergrdorretee tstiiod 15 sl atfetn a\thkbthat includes
Ny e R -
by the amopastdfike individual sx@leaonmhiongdsyappdieé.r Thened siibsedjidtly undergoes a

_ampunt.s. of, the indivjdual oxide-co unds app]i.ed. The.
catalysG 2B Fi08 . HCR Sl HoRe SRS L AR 8P FGH £ 30! includes
conta'cfﬁx@% theaoD®ith alsibgake CoRRREMFERM 1 {vahH f8strat@flay F6:0/b@nce include

.S i ncl udes contacting the sol with a substrate.

SO
depositigthgspl erfo@sabsBie- wi t h a substrate may for instance

' de depositing _the sol onto a substrate. [0033] In .
(ks gﬂﬁaa PRSI g O BT P D %{ne_ﬁ é’yfpé?‘r’r%‘}‘zﬁt’é’? in a sol
proces? @&l Rhy ShikMle precArsS! sublk As &% @%\&TF@(NVO | 4rAbd Btanium alkoxide.
precursors such as Sr(NG3)2, Fe(NG3)3 and™a titanium
The fonation; ofea napgecajedrneatden psing this vé hayfop gtgreple bsengescribed by

A

formede irh adbatkntillingeprneass pAntillostraiive Sumpld of faobatknhilling gprocess in the

o S LSRR ST Lo bRty et

(Sensoid dndf Acmarorsqp R200T) 126[2G8-268nd Fe has been di scl osed by

Neri et al. {Sensors and Actuators B (2007) 126,

[0033] 2% )nanbSRE4 atd ReaiRA DRI the Wi SBtht SiveHB&E nlah be provided

_ t he nmet hod of the invention may be provided I n_any
in any desiredei@rinopugh as e #IspEnsions a8 peraspber 2 aawdess incbiding a gano powder,
which RRYREL inbBs Lhind PR SR Fhmettth BHoRBNubeystalline). In some
embodiments yist addopadicnlatenmatierisearibonipoeent ©ftaheomposition, e.g. with one or

nagnoparticul ate matter is a.c onent af a .
more ruehS 98 gl oSS, i ¥ pagRetg gl raatks, The Segoppgieutate matter may
also be@¥beeed asufilin, apadienepating, oHhRiRIifRS ih@ther kafer. In some embodiments

nanopa{ti cul ate, t(} er. may . ) i
the nanoparticulate matter is included in a coating, which may be any form of coating capable

? acl)rf SrO; to

of accommodating the nanoparticulate matter. A respective coating may for example be
included in or on, or be applied to any desired solid. Accordingly, in some embodiments the

nanoparticylate matter resides on a support, such as a base, which may include or consist of
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al so be provided as a film a paste, a coating, or an
additive in other matter. In some enbodi nents the
woaanpasdscul ate matter is included in a coati RQT/SGR0SI000463
may be any form of coating capable of acconmodati ng
t he nanoparticul ate matter. gA respecti ve coating may
for exanple be included in or on, or be applied to any
esi : [
coramif LA, B2 ppAmAIRIEATLY cobfod @A 1R Utk e cppable of
withst4ysléreg thetviopditiony, d.g dbmperatoresc seledesdd fof depesiting or otherwise applying

net al | | o] ric material.s c site her eof .
the naffoefoufie aPlseB MR sERRBLs Pr o cfRR I e SafSpartcutat
matter oyl bt iapplied éndludet BuiliiBidateeRls FRlude®! RsbIn@r materials, concrete and
ﬂggoaltlnﬁlor]pthermn e appl yi.ng the nanoparticul ate
cemenhResed rmAFT{ipIAPTSy BSPAX SmSPERIIEY SRIGPP.cBrREh PhAsties mgile gr coated
metals! Bi@s9) 8P 0PAbinaGohsthereBBIARE siiRiceD8r iRl b?gilp_bﬁﬁésyg@ol surfaces, wall
building materials including roofing materials,
coveriggsn Siding mparizlenélepringsliration evysiems, cophrg dpwers, buoys, seawalls,
retainiﬁ‘% %ﬁg USoat ﬁﬁﬂ@,'@o?ﬁs or Eéifé‘fs‘.)’In Sﬁgtemb%h%?%‘l& the ﬂgﬁgﬁdﬁmﬁg’cc matter
coated netals,’ glass, or c¢onbi nations er eof, Inner
may be apilind és thef supfape ef Gberp pbpfebiine Thephotocstahyftizaetyityvalay then be used
. ..coverd n i di mat.er.i al s, ..floorin filtration
o iR R ne B p STt Bglisgle ARl et i igpbes. Clohes
and otheltbstilebony thud bs prosriteldSyitlokel€ aleaifg pkdhesti¥tresembling those of the
qnbodinen s the nanoparticul ate tt%r may be applied .
lotus plant; pat gBlﬁyf when gpony r%ar w1 rulgrglmqg%a@o g, 8urtace characteristics, which
possesP iRfiRGAsH-YlehGin@ ptdpéitley. MY then be used to initiate
or facilitate a reaction with air that kills nost

o] . : )
A1 ROHRRER. bl LAy FESHOER PREBY Ty o o se
detoxifyirggo pntposss. rEeenid bh atdmsticuddte trhattdrodacerddgins ,the\ahethod of the
. onl y..when_conmbined with ultr drophobi.c.surface. .

imventh FURYEr £8¢ oqa; dhe pheniRate, o Retridt] ol tmpigengfor the
decontpin@€ibh i 65 sufffléds SthalNangP &t iimtdnat CheTRbhRmiAR6D Wit Gokie agents,
) the gniles nt | nvention ,nﬁy al so be used for detoxifying ..
including chermical werfare and biglogigploparfare agenis Suvheeeis may dedixigized into a

form th& #NehERIREdAE, &ﬂqﬁoﬂt&{@,nttoijﬂ’lg fehétfdind 6F bﬁfé@gmc{l Qe Pticularly

manufacture of materials ‘and devices for t _ ]
humancpad sniraah 1ifs: Temrespeciivie harapsttiduiate majter mey iforsexample beincluded in

a nanogﬁ%da&j &%gg'i@htﬁbe} %‘id%sc?ﬁ?@tiﬁ 'intieﬂl%tiglgallgtgit%@ %g%l?{éltion WO 2008/
g war agents. Such agents may

war f are and bi ol ogl cal are
12720pe oxi di zed into a formthat is either less toxic, or
nontoxic, to the functioning of biological life,

[0686] i A HlRhadymenticied absepdt iMabtrdtive exaniple of B5iddEaS théSanoparticulate
nanogartlculate matter may for exanple be included in

matter é’nFPa éurgcféﬁ Spptterngy %plmeﬁi_}éa ig b%?@?l Oggthﬁéwpiﬂé% golfipion of a particle
with hi[%lge%%@\kli%‘ flroRhARE ARRY bféﬁgL&ﬂlemg&gﬁfed ﬁ%ﬁg%'respective target

] "As al ready nentione ove, an’illustrative

matter.dygivsxemptary gmbodineent he tangst optiet pudih sebstiatet are prayided ta define an

' el NG 2P [ing. . n that

e L6005 SN SI0 D0 iBEHEE L g B, i pyen e
anode tnd gethodmtuhéer, ambrpos amosphlesc Wses revult, efgont @@ dromid tHeeanode is
. spective target ter. Ln an exenpl ar odi nment
oize ERES A3t Bl S Bo PO, SERSSTE s o e
target fhaftem@reafeddiDdomAthe o8 bNABC ArT @sPB6mb¥@hiéent And b@Mbound to the

pressuye of about 10 2 Torr is_ applied between the
substrate, thereby forming a thin film on the cathode. Examples of sputtering include DC
sputtering, RF sputtering, bias sputtering, magnetron sputtering and the like, and in particular,

magnetron sputtering is a high speed sputtering method and favoured in various fields.
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anode and cat hode under an argon atnosphere. As a

result, argon gas around the anode is ionized to Ar+ .
woher9An39Bs directed to and collides with the aoD862008/000463

Mol ecul es or atonms of the target matter are ejected

fromthe anode by the Ar+ i?@ bonbar dnent and are

bound to the substrate, thereby formng a thin filmon

@ Jterlng, ﬁ5§§§59 éﬁgﬁﬁ% ttet?ﬁﬂ?¥g?F%ﬁge%é@%@P?Bﬂlorbdgw

the nasqmmigerrmrtblsaagiardhbe hadosrangétd talﬁbrpt@rdolvéwlbaiﬁcle RABhE tfodi about 1 to

ut t d
svout PO S B BT BRES SR sh Tl acmger cimensions,
such dsheidmriapnhe rhnge Rb@ 4Bt 61 [FBabJae 1%%%%1%1&0.\/@%?&1@ the nano-
iin or below the nano-range. In this regard

particylais guatten fas particlicgires i thevergepiiom; etblo@t TR me abw M50 nm, such as
t u at

Fom R0t ek, B SORRR, i T PR OO GRETELERA Bt 400

about g yathtopgbopt 406 s, rabphteS taalypeit 200 moaboahoud. 1]Iotaboa1b2(m‘ nrh. Within a

e | .t ] { g
e RSB Pt OO 0R AR i v
In sonabembodiments rthe sindpasiscul ate Moo i nﬁpr'égmm:d or dgﬁédt wggQ)ther matter
out 1 to about

ut 5 nmto about 400 nm
such o fhetSitths Sr iy & 3B GUEmETCPT e SBONPSS! 1ol Slotbe pediodic table of
elemertiNg. aabeuberloft@o@b 0T g2Qth N Yips, Df 3r&f) @Q)tf%golfgaj‘ € group 6,
particles within the nanopartlculate mat t er
of gm%zh} feHPuRg & S10UROs oY 19U i18n0f grAuR d Awr @figsrtiEN: metaHeid atoms
such af %Rﬁarsflicﬁi‘flo@tg%rﬂﬁﬁﬁﬁf ot Sioh TRESI9RBIS de gr pﬂ&Bﬁgr %l&)ﬁur selenium,

other matter such as netal atons of 10
iodinepjrpmdte, of chlesings Whetsuihs cgrresppzdmg ctdpentpls ra mdmtbelt edbgmup 3 of the
f e r up r
perlodgr tgﬁﬂg cgf"?él&?ﬂeﬁtrgog mg}’r qgf@?am % of 08% %n (f;)nod(rfl oS rS)ne of the
lanthaﬁt;idso(fle diroNd, Sm, &, @do'_ﬂj‘b ]9y, I@(f) E}t @up Ylfﬂor D, ‘Mheltdalﬁh& ¢ordésponding
dopant g'g?rﬂ%ﬁ‘l q?frﬁro%p %rpglﬁﬁ%g?ré 1%{33#; Cp gg%el? O,ng 21&3{ r Iexample be V or
Nb. Wﬁbﬂemﬂiﬁléorréspdnﬁﬁhgl prdn@ﬁb O@emBEOHT g18up 6'of ¢HY l%rioﬂﬁ) taﬁ%@ﬁ%lements
the corie spondi n (Eﬁ‘ﬁg is a nmenber of group 3 of th
it may {et; xgppée peabflocoro- #l- ghe nanogempesite @W@/ ipelugpany other a

stabllliéfr witich Mlar}rll% &Cﬁlbﬁﬁé %9 E%y%‘f‘e Qtameﬂtemj &ﬂﬁ d fl’{sogf‘e embodiments

the nmmﬁ@uiatﬁeméﬁﬁrrlésfmﬁ@ méompatﬁbﬂwr andr‘errbepregﬁat@nouﬂulé a dopant
e

o 8O L0 0,8 LTS g T

for tailofing oo uymifg dhe whaseleagthadnge trawhizhothe qhhetoeatalytic detinBy occurs (cf.

A AT TR TS R T S N

presenbmvél[tldnrtid wteequiye st d@aheincdrdseiat efﬂéleﬁ@ﬁ'ﬁﬁ&lﬂlé v1shlﬁle range of the
me enbodi nent s thepganopartl cul ate rmtter is fre

elecﬁoaia&%%ﬁrﬁ@ectgttra (59 0Pt} PaptaraialyiiGastaal e thadsme ‘fige of dopant” as
used héteRaféans YEd iR Such é’fﬁﬁ&ilmeﬁts 9 strdnfiei tRadiEd ﬁlrmte'@Xhéjgeneral formula

used in the nethod of the invention, for exanple

SrTiy. g Posi ingsas thatdeasqot mlm@waﬁ@qrwhﬁmr@b elemenhofonet ¢fegroups 1 -

12 of tﬂ{?%rfﬁﬁg:tt%ﬂé glegrr?%n'ts VS %y a%e%g |0£1 glfouph 5 PP %%)’up ?ﬁ%ragp 3, of group

4, of geovgh Sgsaégrw@mﬁ grgup G, bhgropp@seﬁgmup\&, rotfi godupo 0, nﬂTgroup 11 or of
order.to efficiently use the

eroup § SRy RTRI o Bl iy R aeln Gy ol pop il atoms, e

phospleBtsaiphup Belegiani, dddihd, brafinbVdrichlorieus, the term"free
of dopant" as

[0038] The photocatalytic activity in a method according to the present invention is

effected by exposing the nanoparticulate matter to electromagnetic radiation. The electro-
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used herein neans that in such enbodi nents a strontium
titanate ferrite of the general fornmula SrTil Fex(3 ,
woO200es@sb68 hat does not include any ot her chem eai/SG2008/000463
el ement of one of groups 1 - 12 of the periodic table
of elenments (e.g. a nenber ¢f group 1, of group 2, of
group 3, of group 4, of group 5, of group 6, of group
magnefic rélﬁatgfn%' Bf Bne &f meGOHQVe?eng@Hs ifl r’cﬁ’eﬁﬁné@ ofif ab%'hp?;' ﬂr}l t@ Ebout 800

of group 12), netalloid atoms suc or on,
nm, ingludigariram abent 460 nvte shonaBOGwnEomeghgut ﬁ@(bslptto rabout 750 nm, from
[-gQi I
ot S BE eS80 M 5 By B9 s 8B, BFsomeemboimn
the nampedicdlatgmbtiert dag apsab elmndlamnnaamtelr atleas em‘eflﬁa:llﬁﬂhe lwhole visible light
xposi ng .t nanoparticul ate matter to t.r opagneti.c
range. 143l hpodhmEn s B PTG TE ThAGT S67 AR AL IGAdgAan of & defined
waveldhglt§ otavielnehgtdrcettaint Wevelaipies, bf amakiH wiBh 2dkkon range of the
about 800 nm jncluding from about 400 nmto about 80

elecmmﬁgn?ticosrﬂe%&}t inglydingra ¢estapartioy ghthg mlSﬂ?IF &ghtiesge. 400
ﬂ@i t]o about 700 nm or from about 400 nmto about 600
[WP%1 1/ naponstrupised mgiels oxi Sﬁ%@f&éﬂ?@%?%@owt qfete HAx series

can foPPpS@hbe bé "eﬁ%’l@feﬂ @Br wﬁbcaﬁlﬁl@eﬁged%ﬁ%kteﬁl xctmej Wae!l e whole

visible Ii range. In soire enbodi nents t
visibleJight paakg@ |f@mlp<§h endmf ad ogileon prichtionsy auara@xamplefdeawted in Fig. 2,

the syfifédig %ﬁg eB9hBt o a%s&%%‘.e? h&f su%ﬁ%ﬁtalkmnoutdoor env1r01?ments but

wavel engt irradfation wthin a aln ran
also tlﬁhwrmlalehghtomuiyn @t’tlfwdd@lt e fluoeheeni bylba). Ooecrcbsdmg to the present

. nartj t ng L

v BB Ml o B OB STREL e s co

accordmfgl}t HB&JSS(T fa bigh Ieﬁﬁutﬁﬁyl stﬂj’le-ﬂlgﬁtt—dii’v(éﬁ (WED® m‘id)t@&ﬁdil}fsﬂ Photocatalytic
I c- based, anti - bact er. r t.h

setivie) AGOBTOR &7 Hice P RRIRE GGt FORTBOLY, HERGBE ISl dalase lormation

and hed®lat< 84fe OBBan, | dbn¥BnibMARR] BcdiRRpli&d Sdr 'andeegranée df Mplications in
' synt hesi zed nmaterials can not only absorb

Comm%hlfi?‘?j i¥tich g5 knspHdopificasicrpigesnhemesnd taﬂ% t he nor nal
l'ight under artificial light (e.g. fluorescent bulbs).
[0Q40¢ Phiotegataty tic haetiyity senordingy enthieomethmklt eff thehatventsorofs in typical
|§10I e%{as the STE

embod?%?nt Uye even egg :\_z)v;r &ﬁghéllgfg(géﬁ%l ech gge gohﬁ@lﬁ%ffice 40 watt
ﬂuoreseérftltubce by s‘pbﬁrlbh ds Ish@htindfigyv &N HoYlhited191s0-fantidddy Bl the art low

watas IOLRE bbb el e etousbis o e comentona
visiblefsetiftalor @&aﬂﬁ@hﬁﬂrﬂﬁt&faﬁly&ﬁf ﬁ)pll@;!ltﬁﬁms neAANBNASIH: 3804 500 watt. In
econom cal for a w de range %) ications in conon
@

contrash| thewgto, Syl 43rThedskPab), (Fbﬁ pc@s it lreedis respontive dnck 40 watt
ﬂuoresgghlt@g [0040] Photocatal ytic activity according to
he met hod of the invention is in typi cal enbodi nents

[ﬁjl?%bvc%n6¥1ﬁfbnﬂp Q?Fxl (FSWEH 10,1y (ad at t??pegéneg Newve so far been

nor imal fice 40 watt orescent t ube spectrum
mainly; @Pbﬁbw gfﬁ fengprs §9xygeny hydsecarhan, £2.Hs0HA (MosadR i ot alhdensors and

Actuards's he oys 1. e af%”'s*aﬁné}rﬁ ' E‘%Pf%%r%%ndficftua%}s'ﬁ #do3)'108, 102-

‘ocatalytic pirode veént
112; W(ahg,iﬁbl & doMaeids Lenbar(20019H9, B61-pobt hnmichtyystehm)rs (Costa, M.E.V.,

o ., SR 0 oo e 872 %0 8472 ot pyrogen on
condudti®n (Sted@ak, 'S5 BOAE] $6%id Stade 46niwRTI00h UABLIORN6). WIBIO; is also a
proposed candidate for the dielectrics of dynamic random access memory (DRAM) (Fukuda, Y.,
Jpn. J. Appl. Phys. (1995) 34, L1291-1.1292). For the photocatalytic application under visible
irradiation, STFx (StTi1.xFex0s.5) (x = 0 to 1) has however not been explored up to now except
for S1TiO3 (3.2 €V band-gap) doped La, N, F, Cr or Ta that exhibits some weak photocatalytic
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[ 0041] The conventional STFx (SrTi1l-xFexG3-d) (x =0

to 1) series have so far been mainly applied in gas
weem®anves oxygen, hydrocarbon, C H OH) (Moos, RCT/S62008/000463

al ., Sensors and Actuators B (2000) 67, 178-183;

Sahner, K, et al., Sensors Qnd Actuators B (2005)

108, 102 112; Wang, Y., et aI Materials Letters

onskPBR o 28R Ll AT TRL Al By .
al., Joz_{rgzal aﬁ@e Ermpearm GidrdnyidiSogiery (2005)25) 82Q7-812)( St ei nsvi k,
et al., Solid State lonics (2001) 143, 103-116).

[Qﬂﬂ]cﬂxq synshesized cpmppsitedt SARYi(§ekie.HeaDs t)h(ac = 0 to 1) has typically
strongdbﬁét%gﬁtﬁfygé Qrgd da\fxﬁﬁdy %Dira}’jl dr&%n &€ (eoiv%b 1r(=, Vlsl\Qle light range

(wavekmgm]rahgﬁﬂam 4(196100I 1e) mhmtdmair absdrbmg aaﬂmbStCﬂlhl vatiolel Mgkt spectrum
ible irradiation, STFx (SrTil-xFecO3-d) (x =0 to
%gm'%mever not been explored up to nom1except for

A AtoS B RO e PARET by ot it pombicnfiee mater used in

the mdt]ncrd diethie igcbnebi fﬂay(bfe m&gmn@%ﬁbdasfl@ﬁg @él)ﬁ @1}@@?([@ Kt The bandgap
Journal o

ble 1igh
may a"é%?%bbéeiw%’f% l@g%acsttg? 1pib®5f)ngz§ror@2bquta3zm abpgolysy, such as

about §_ bQo %chﬁt"l%é‘z QBoRPP RS At 9f7 e Ef(a‘t{o%[ 3] IO:Ito %56t o Q‘)/ KR inventors
1) has typically strong Eﬁotocata ytic and

have %@Wﬁ%é@%ﬂn&re%%g@mﬁ@c@m STHe (8rikii-rfexPb.s) bt & 0 to 1) series

s t i
o S g0 S G0, 00 06100 38 g e
matenxyh isishpwed amfig. 9 G‘bd@] my¥erinutovehalmost thetentife bisibig light range (see

v 1IOH RN DR, BERRE S SG R T e ss

to the agire tvisiblelighte@b&i HXOO dbvart Do aAgd prradiatioal Th@@@velength distribution of
th erature for.instance |nther f r om about
e iSO fietepiningS 146, Eh el copaEten e g st d 1o 9 diean provide
highly @Bfdiént ItifizAtonadTwdoot ard 6YtdB6r BRWpecda0 t O about 2.0
eV. The inventors have observed that synthesized

[06d) -Application @ECS’IST-EFQSI‘T§&F_ ¢xba)%):@@%'tﬁ )i 2) ﬁ‘?&tena@sérfbs 13 photocatalysts

eries . t cal | e ba f rom_about
n antsighel UGHORY dhi GG, SHdeE PR HifblésHet dmadiarion. This

matenilaﬁe@feb gk dxSclfnPWEd apMlidatiOns $h HERRS HRJ Bl ;k__l%al‘:@é’c% positions or
| most the entire visible light range (see

degradaﬂﬂlsé}ndéhbpthﬁéméﬂé%@pﬁlwlﬂ tnghe conventi onal

| et |ight | < 388 to the ent]
(0 st o incarss Gomsr OF Y PR pelat e (x =0 to 1

has thel B@ilﬂiﬁ‘e{ﬁhﬁﬁ&% hhottl %ffic?&ltlig@lﬂ afld tﬁé"%sfg J—%&ﬁ?d{@&h ﬁg 951&16hght with

det erm nes opti nmal cohposition
high efficiency f@bnsqﬁlﬂlcﬁhomrczttalgmcyapehcliatl@nsrifhmmsel is 2380] co:fnhaur&flt in terms of

ol M WA kR ORALSE s, v
treatmémi, antiibattaxislemateriabsp selfad¢anings nisterfaly, Sﬂndehwnwdﬁiﬁl upaterials) and
rrad(iglation. hi teria

strict visihle |ight
energy g ool ettt ey g e apor.eh ot fees has the
potentibl @bO@phet Ereeimes] tdophSerohl A0, 8@5@% GRS al @@Jtmfg%ﬂotocatalytm
natural and artificial lighting 5] The use

applications siich psapir-clsansiem svaser Qg@eﬁglieg& se lemg materials and anti-organism
materidlS' (Bhckertd; 0B, Wealt¥ mdOvir@sel). An illustrative example of a filterless air

purification system, in which the photocatalytic activity according to the present invention

in the 11)5

may be used, has for instance been disclosed in U.S. patent application 2007/181508.

[0046] As noted above, in typical embodiments the method of the invention may be
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has the ability to harness both artificial |ight and
the visible-light portion of solar |ight with high
wehbiitgresy for useful photo-catalytic applicaPCos62008/000463
The use is also of benefit in ternms of environnmental
protection (air de- odorlzatign air purification,
anti - foggl ng materials, water treatnent,
g erials nd_....
apphe(girﬂoma | caleﬁljog%sgpaggi%la%%d li‘ﬁdé’? go)%/ %q%v(%’og dgztklrse]%rpf:‘if‘s the' oxidation
processitdyi be g pastionla mtegam Thed oxidatien ptdced;oma)l inWidlvs the formation of

L al serle t he t|aI tor Iac
highly JEISHvE Fpeiey B ataneraty! Heey dbyaoteh aBpye, aniosiderign process may
advantpauelyaeadpplicd tcﬁﬁb@'rérﬁ@%ﬂ QR Seiihk: Bilaglgad §pcﬁéseﬁﬁﬁile{az9bactenae mold,
wat er, treatnent, self-cleaning material's and

allergenyaipy 3R ARY AR WeiPEPqIRINLY 198 Bichzas foedh gdor peiapsios omsroke odor as
well astvﬁt!é? f8dtmeAD I 1lnla¥' FriAdhiee b@é.ﬁgﬁ’xk &e%arﬁlfidt&r% oF Iaﬁ%ﬁ p%hrfler e.g. an

purification sys I n whi otocataly
air clegeari @irt freshoew radon glmmlatcbre cpr es’elmrlﬁemv anipbo alrn[amfteae, anti-bacterial

e by I8 A0SR Sy RE e 8 b vt o

photocttapised ktegitibatbinprinjcsed. ﬂ}&nﬂpﬁrﬁeﬂa’(&fSTfh@asi uRe€ Bédoeding By the invention

be lied to ar dox r ocess, t her e. i ndoor or
may alg, B Besd 10 dhe poapfagies i acon Hserg%&l?f&ﬁo ?aéﬂé“s&roneayes@ét may also

be incl@fledfitd bt ﬁfattbrntbq{r@ﬁﬂe Fﬂ&@cﬁﬂ'yﬂé‘bhﬂfért@'s%%tﬁé! in a biomedical
i_nvolve the formation of highly reactive species such
matenzgsmﬁ&;@grtgxw medigdlcpolymendA ﬁgq;@gtnaq) sodingamayxfod £xample be used to
§ P t
preveng bgg%?lrérls g@l)énfigl\,{@rf‘ té)ggaegglg% oH@ing sgfbkt%j(gagt Iédraﬁa of qﬁé‘c?llgze serve in
providiglg| & bg@nlsmd@lt effaot taimplanis/(see Yestenohuo |Q, Lt aaht Jouradb bf Biomedical

T XA R LT X A NC TG e

percutameous &nplans, aiid athefinattet! intbhdyd, fo2 1Be 11’clrth@|h[1m@h &RNMfimal body. In
ai.r freshner, odor eli m nator, g r air purifier,

some qpodypents @ (iRertyeurtage Mayhecise & Dhatpdaluic {ithogegphy purposes.

By usi@a8eS solb@dt @Eihad aRdfotints 8Bbn@im 2Rahat O#ifR%in combination with
material. It may al so be used for photocatal ysed

exfoliatadegtaphise, PrigR emmRASHE materia pzfrctaﬂm PANOSISEEWith stroptum titanate
ferrite ?Tl%%g}?a‘i{hags cgnt&ee obﬁfﬁ%&tﬂhgtn Qo%%ﬁgf? uz‘f‘c‘;t‘@ t t cI‘ 8so Liu, Y.-J,,

acture of a coatl ng t6catal
Materzpbo@)ee‘tem €)09) 63y 2@])—@62)b é}mpiutm deide im4yo betslymhesrmdt fbom natural

s TSGR RS b ebT o .
[ (gf:??%tré\b ct‘f&a%eﬁ& &Y of b2t 1‘8‘2&%&{)%1‘ liﬁs@zgxcgoh%r e%{re Bfowde self

erla col oni zati on of a corresponding sub
cleanmtgtprnpgmﬁmmensqpamdetosembhglmt whethied swgight baettiiciat lighd, indoor or

B RERRTENECR o O e
accordifigovvather pradeit (30N ZnaydBOubdDhas berP@ésctibed @i international patent

| ants, and other nmatter intended for
apphcaglggwb%g}@gﬁégﬁ or ani mal body. In some enbodi nents a

B DS L OB iy b o

to surfdces Ith RYvisrirAEtd tefuiridg #1ati6h lof toRgdnic 66 IAL i08 Mivtdolsanisms.
exfl%llated gwgphlte ox eacoi}m)sme material of
For exgmplee the BREIREEA b6 ePPlied ionkuilding mallnaglassteps,i exiles, household

items an@RGIRR "tﬂés(‘tb ?&v@ﬂfba@%rﬁ%@bﬁeﬂ it Egﬁall?%gpﬁ% iPH3h@boF ehFironments

activity ( also Liu etters
as it 1s(tg(m@(joc@$nvgonmggs g@i)whe@a@phed €0 theselsunfanes lven help deodorize and

clean tBe Qltrrtg%' %ﬁde{h 4] &%&%&9 smoke, volatile organic compounds etc) inside these

spaces as well as prevent bacterial growth and scum build-up keeping these environments



10

15

20

25

30

graphite and mxed with a strontiumtitanate ferrite
sol (analogous to Liu et al., 2009, ibid.). [0047] A
woespaasdese coating or other matter nmay for i nBCAISGR008/000463

have or provide self cleaning properties once exposed

to visual |ight, whether su? ight or artificial Iight,

i ndoor or outdoor. An illustrative exanple of a

t [ [yt

clean. TP ARGIAL o4 SYFPEE 186 HErotLET 1RRLAE M ' Wterypa over passes
where newral Hightipg dixtutes aviil kpecd/ldmsufﬁtlenhaxmnanah myedah be used to protect

1N 8/ 0798 0048 e nanqparticul ate
p 1380 B8 ) R AL B 1 DR BRI AR ARER brPrfe Soory and
dark. Ihmtheunﬂredﬂahsanmwtfahﬁeﬂlm AR MYInAORMEEY BblE @6l6khibR% super-hydrophilic
C¢ conpounds of nicroorgani sns.

radaI Lo of .or
Pf"Pef‘ii’olﬁ1 SR mcdﬁ%m%’a%‘rslf%\qmw&y"’@ebeaﬂmhﬁﬂﬂe @ airfosgingyfeatures for
mirrord\add gl,assgitﬂﬁ&‘éei R Dathr8th irb&R feAAHS el?&h&iﬁé to?ﬁ@l: @Hfélows S €% Visible-
toilet tiles to prevent bacteria growt 1S eq y
light Pléfﬁ@ﬂ?‘@&‘:ﬂsefof anti-haserial epplicasionar @f grsati ptotanslal fmdautadcma:a that is of
worldvﬁﬁ?’ pts and when applied to these surfaces can
deodorize and clean the air (e.g. car exhaust,

[M@?ﬂﬁist RandPRHRulakOmati &nq{egﬁiﬁbscp ﬁgpéa';gﬁgﬁg%ﬁ Jin an inexpensive

i nsi de these spaces as wel preve act
manney (Usifgh camensienth qut@}mplogﬁewchg as tbe elndustrlal ball milling, flame-
hvdrol g n _even
vl S TRRAEE A TSIl B UGB G i o e

Arentzewh €}. & Bbappai, RI i rgnarging and Miesg\woliknad (mosgtezosyj fgace g nt
excitation. They can be used to protect |anp-houses
(0381 mprdsr that therimednting maydeweddilyamderstqudeand put inito practical effect,

F t h
partlcufa? @félr%?gm ﬂllolgﬂ\f ET: ﬁgs?%r e&ﬁf;?wglg log %heafu I%W{%rgnng)%ﬁ rglfupg gxamples.
super - hydrophilic property under visible irradiation.

This function will be quhp@pjgtg to anti-foggi ng
features for mrrors and glass surfaces for bathroom

room features, vehi gigs 1aP£ﬁ&?.%t%&L~d°V"5 et c.
or

Vi si bl eI | ght phot o- cat a ysts anti - bacteri al

[m@jo? | HV\X ﬁ@”@'[n% %:Ote gh Rk ?3&'&@' e?ﬁgaéne% bayna Farte ?y op techniques,
such aslaigh paanpwramulrcascdlmwattmn (Bmuiag IHS Set . p@lg@gg @u@@ bt Yoland (h qui d)

sl 8L ANORSAE HBRShOHA0 EOBSTLL PR gy v miing

techniqhib dgediydnal yfedctive Qﬁetﬁb@ b CntldRE helbosizey Sntxaﬁ&?als Rith 3Blid-state
Illustrative exanple on bal'l mlling see e.
reaction, af, tgom, femperayre, Jaanothruc‘Eﬁgj & Bin kg Oam (ﬂmthpng 0 - 1) material

series \1@#& NAntke2e8) b 2@19gh cher I 3 un‘b{eﬁr%gg gﬂrnﬁlgéj e gt experiment.

he invention may be rea put T ntgd
NaﬂOP%V%%tP cHpntiyh ddanatgfertite of IVanom‘rmiulesmfrvt fromi 0 ko htwas lagalysed and

e SSEEIRS N0 ! 14 SH42RBR b 0 e metod

prev1ou§y'|de$endj€d)(ﬂﬂ A, evalt, HEXKE ;S’eﬁlsors J]oz)rnﬂB@?.BOS)ﬁ, 5982'5@52) In addition to
varlet chnlgues such

ed.b
the stk SRAGHYT B SUPRIPTR Gl (hO( B dnduty depsitiot. 14§ glom-3, Aldrich

ChemichB68ad Sitdiah (OV) SRid l S
o B Solid St(at)e Ioﬁlqgio ggqh)% ﬂ)mtéﬁh%lg J{dl OnSMatﬁE%)h Qematite

iron (aﬁe'@(ﬁg, A e puBk particlesize 5 pm) was employed using the planetary ball mill
(Fritsch Pulverisette 5) at room temperature. The detailed processes are as follows: An open

container with tungsten carbide (93 wt% WC and 6 wt % Co) vials and balls were chosen. The
vial had a volume of 250 ml with an inner diameter of 75 mm and the balls were of a diameter

of 10 mm and 20 mm. The ball-to-power weight ratio was 20:1. As an example, the starting
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technique is also an effective nmethod to synthesize

nanosi zed materials with solid-state reaction at room
woenpPansesir e. The nano-structured SrTi 1- xFexOPBTAG2008/000463

(wwth x =0 - 1) material series were synthesized by

hi gh-energy ball mlling te?%mi que in this experinent.
Nanoparticul ate strontiumtitanate ferrite of various

maten&l@'r&tﬁﬁfo?fST’FOféf &moQt %Lﬁe&'w\épes Ef'l yf‘(?%6 %ngp%?%geﬁgoz and Fe,04

results are shown. e s nt esli
respectivdyl Tdermdking sppetd and hmlermbﬂmcuﬂet pir 200 @m buyd UBGESIE @é’spectlvely The

om0l Sl Rl D1 SSBEh i o o s

betwecs;t?r EMEV (Thamgi Be F( @l MBI p sidsYB (ﬁ@@ uh(/%gl 769?16) (nano-sized

SrT1O @% dri ch Chem cal titanium
3T Do ‘Bﬁ?ﬁ“{‘i}nef’r%t(ﬁl}oéﬁn Jlbrﬁxg éh angt ¢ tlonhewmeu ¢agried out
accordirfgad St ¥: £i6 2083, ABrOPERULS by (E@P‘fsblﬁhf?tsaz 15 Suph) (48Fe0s.5) that

npl oyed usi ng t he pl anet ary
COHeSHﬁE}Fi\?@ setted Eﬁﬁp%ﬁtlvﬁb’o ﬁﬁ-taefnmev@r Ldlﬁ‘racfblnfet@edsfaSTE)d with x ranging

& ner wt
e T L T —

deplcteldanIFSg v%r@dcﬂbae&mdtlﬂ'hlas wbalt 2]7adn ﬂh@éwﬁlﬁgﬁﬁ? 258eritls can absorb a

nn i amet er 7 d.the balls were o

trge plbe 58 AL visfRE el i P8R o et o melcpalndiandgaps: 2.66-1.8

eV). Hmmegﬁlb &rm&mg cdsdrve ASvRibl&K gl rfsent

oy t el %&lal : r;t | g f‘(;r STF?M en : %tocatalggts that can achieve
1gh e %‘CH‘ELV f&g © Vg t-dewgw plgreaglytic nrppzemamd Fe23

t The Iling speed and tine were set at
U153P Rienk bt Fagovo s medpidne: bler SMBY i kegwo o bk ey difficlt to
degrad anderstikibld UsRdanel 3d s axdl 3 3 ﬁ]%élrﬂzs?%%ongz{yu(u t to evaluate the

% r|aI series for band gMp bet ween
activity\pf g phogecagglyst. Whe) hQtaoRia t@sd%rQCElOO@)OflMB 190.68 ppm) for STFx

materialOR CZA&)CtM&I 314008 ﬂo&és@%ﬁigﬁ g%a(gi?t odxlg\gﬁ-l dight-filter GG435 (Fig.

neasurenents (shown in
5). Thigfilteriserves ta cmnfbm.l@t Wavﬂbmgthﬂaeblw 41208 3thasidptha UV #BRk part of

pi,l 00 ( Sr Fe®3-
G R T NN M
nm) forpSiiflewithlixt=f0. 9 (toneitrarion0.(3TBAVIY mx«cbﬁ&gﬁ%x{ 0.0513M! Bark, ie.

As an exenplary size
n the aé%‘?f’?] 8€? Yﬁgla %ﬁ’é‘ﬁ&gaﬁ?ﬁ @p%@nm@ Q03 b3M; a Ieétpmcedly available TiOs)
and Cofitr (03§ p@[’&ll\/ﬁi)(l(%éy\%) Bth)) si gleﬁl k?lqulal‘%g uB@r 400 ﬂu qrescent light with

¥nt hesi zed materi bsor arge part
the lighf;filienThe porgmercigliycaveilphle 17 R30S nend aserbﬁtemce fdirccompanson as it is

|
: Wldegah&rd gi&%g%%gg@gﬁ dgép gsgragess ¥i s.%ﬁeHE?‘?‘i%%“r?{h%‘ﬁ pEgperty under UV
irradiatigh gt oowt G QFBD@ thdedncenimtRaluf elwea[WngiSo@hBh Sh&naYor the énaterials at

ive hot o- cat al yti c perties.
the ml’%‘%o@% e%o FHE afliabag YPEsres P.%CPHW o lcgRRPieim)phptgcatalytic
degradalnnm\mﬁ MB fe Mersfrmh infat€ 4l tis taPoROT AUBuMNFBTle P2S! Msﬁzally cannot
is often used as_a nodel dye contam nant

degradeQyftigfite, femg conditipgs «#fu‘radlaﬁ@m detexidest thatrﬁ"éFx tcrial degrades
MB und¥?QtegRt Abkipld ﬁglﬁeigxraﬁ Q(Idlf!}@b (%\lsi?{sﬁaspﬁgg be?n P?amed not to

materials i's conduct e uorescen
degrade; MByim dankoppngitian. IThgﬂonfﬂrhISeﬁla‘G(h@BST Kiingateriy) .deghides MB purely

throuchf t off the Iight wavel ength bel ow
oug ﬂéoﬁlﬁﬁw%%ﬁeé&&#e W light part of the |ight source

Fi he L Co Vs. .
Oy S P8 e B SR e . ot o
for the §Bomnessies.r Ehe mm-baomam ek@ernﬁﬁ( wetotsdnted twWidnS PFP&oncentration
0.0313My3 ™25 Rbcentratfon 0.0313M), and Control (only pure E. coli in distilled water)

under fluorescent light with the same beginning E. coli (strain: Top 10) concentration. Fig. 7
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in the absence of a |ight source), P25 (concentration

0.0313M a commercially available Ti®Q2) and Contro
woamioippgse MB (10. 68 ppm ) sanpl es irradi at edPamser008000463

Wfluorescent light with the light-filter. The
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concentration. Fig. 7shows the photographs
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the exc@%‘éﬁla%ak’él’sﬁﬁmﬁ‘fal]d’ég@tﬁddter@n and not of |initation,

ere is no intention in the
[0057] O er embodiments are within the following claims. In addition, where features

or aspects of the invention are described in terms of Markush groups, those skilled in the art
will recognize that the invention is also thereby described in terms of any individual member

or subgroup of members of the Markush group.
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nodi fications are possible wthin the scope of the
i nvention clainmed. Thus, iti1ghould be understood that
al t hough the present invention has been specifically

WS el osed by exenpl ary enbodi nents and opti onal

features, nodification and variation of the inventions

What i8R9dEed: t herein herein disclosed may be resorted to
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3.
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6.
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10.

by those skilled in the art, and that such

nodi fications and variations are considered to be
Aninlethofl off BRyved Sbcdtdll h&}ﬁ/ﬁg’t {1 et T
inyentiog hasﬂgggn desgﬁ?bed f oa 3L§ﬁ§§%%%er'cally
presriding naizpeiticufate Wettermsonmwisingpsieorgismatidn st fgatasf the general
f?%‘?‘#? nﬁs %al [ ng. within the generic disclosure al so

55 5 H e ORI 1Y VARSTORA tadeand #iovyaaexpesure to

IR &6 Pldti Radhtidn ¥ 4 WNRIMA 20 ¥ JBO@E%% 39 aBdut 8 PO nm.
negative limtation renbving any subject nmatter from

the genus, regardl ess of whether or not the excised
Thahetlical ofictaime eihbictiek iy ariyevdlie 2§ % 8hB 1arbQQRA 0 Bhdlaximally
enbodi nents are within the followng clains. In

addition, where features or aspects of the invention

are described in ternms of Markush groups, those

kill.ed i.n.the_ar i1 1. recogni ze that the invention _

THE Mgty JZ IR ) Shst hempindSe ARpoFHYBr as v W bmievention of
obBRARAEe /1d/FURIIQHBCRIN SBTRESBoR i MRS i

group. d ai nrs What ?s n(:I al ne ?S:Oftlml,&%rfdgfﬁggn’oafwms’afungus’a
meidan@igeg gesiopcatalflavour.acti vity, the nethod

conprising: providing nanoparticul ate matter

conprising a strontiumtitanate ferrite of the general
Theypsthod ofctpim 3x whgrgimthe photesatel yticaciivtyinpppliddte oneof 0

e i 0 ectromagneti c . .

o R ol A e RS e o BB F0P oo pticfoeeine
w80 traatmeft antheateredphictthgof claim 1, wherein x is any

value is any value larger than O and naximally 1. 3.

The nethod of clainms 1 or 2, wherein the
Thhaethodod kyy ploclaiotsi vi 4, ywlsdriowse sthomtipnenenite Gatritfis of a Perovskite
tAGEULT ence and/ or the destruction of at |east one of a

mc 8‘organi sm a virus, a fungus, a nold, an al gae, an
odor, and a flavour. 4. The nmethod of claim3, wherein

Jc.activity is applied tag. one of
T%I?lﬁ?lg?tr?l %135 gtl és{%lr alc_eg’ivi'ﬁhe &Elﬂieawgge(l?ﬂ% IS%HI? gt 400 nm to
abpat 7@0 mnng, air purification, anti-fogging, water
treatnment and water splitting. 5. The nmethod of any of
claims 1 - 4, wherein the strontiumtitanate ferrite

Thesmethod oPemyoefsHiits 1st 5, witen¢ia the wavelength is from about 400 nm to
about 600 nm

The method of any of claims 1 - 7, wherein the nanoparticulate matter is comprised in or

arranged on a substrate.
The method of claim 8, wherein the nanoparticulate matter is comprised in a coating.

The method of any of claims 1 - 9, wherein the nanoparticulate matter is free of a dopant.
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6. The nmethod of any of clainms 1 - 5, wherein the

wavel ength is fromabout 400 nmto about 700 nm 7.
woheoomesdsnd of any of clainms 1 - 5, wherein theCcT/$G2008/000463

wavel ength is fromabout 400 nmto about 600 nm 8. The

met hod of any of claims 1 -1g/, wherein the

nanoparticulate matter is conprised in or arranged on

The PIBSd 68 By oF clalil® 1 TRONRHe R Gk %hﬁ%}ﬁmé’é@ﬁé ﬁfaﬁelt 8 %btamed bya

nanopartl culate matter I S COTTpI'I sed’in a coatin
profsshielaetrd f69m dhs/erepp evnsistimgdfa sol-geltpsocsss htglneenergy ball milling,

r}e@ﬁ&g{pte;a@we%ﬁ Wt Bhotlop, & hffroflenBariRRARh: dbmidliSapor
dnmsamar phwd:edmemmlbpmtmrs nmcbécai,laréxéaﬂmepaaw, dmess] cluster beam

sel ect ed fro t he i stin sol - gel
oRos et Sngrh g o it R sl on Sowfiaiie, el dodrolysis and
flafleitddedladie reaction, a hydrothermal reaction,

chem cal vapor deposition, physical vapor deposi tion,

nol ecul ar beam epi taxy, ionized cluster beam
The pss'of Iila‘mpam:ihelaieaafhttar cempeisingiatsatohtinm tﬁ%ﬁmaﬂi’a@ﬁﬁb Othe general

R S el RBIFAY AT S R A0 A g 1, as o

phbﬂbeﬁhlybiﬂhetviﬂgq:ﬂl@t@afaﬁﬁé hétdisf wﬁéiﬁe;@@% BleldcRbAM tlc radiation of
SrTi J{?ExFexOS rein x is _any value larger t 0

agvaye ﬁ?hlﬁ‘l’m)?g‘im 3§9 g ooy 89 MPst  havi ng
phot ocal atyi c activity when exposed to el ectromagnetic
di atjgn th f b 80 1 t
ThEESE a3 EREE G T vt Eofet s e Rstaty
value larger than 0 and maxinmally 1. 14. The use of
. . Ny
Tgllre "E'ltk{lrgf %égﬁl&ﬁ lgﬁntg%e%rg\r/%\ﬁ ) f%@cﬁ‘f‘epgg G/ o?g}gredegprgétlon of at

leastomeusf,a micfaomgandsm,a vinisda fmrgus,ok)mohh dn adlor&ingaa alg’hﬁ
The use of any of claims 12 - 14, wherein the

veI e ouf 400 nmto about 700 nm 16.
gs%g%fofjézfﬂpnég |lg wéerilzl the Pgvelgpgt ?155 fomypbout 400 nm to about
70@¥%gl. ength is fromabout 400 nmto about 600 nm 17.

The use of any of clainms 12 - 16, wherein the

nanoparticulate matter is free of a dopant.
The use of any of claims 12 - 15, wherein the wavelength is from about 400 nm to about

600 nm.

The use of any of claims 12 - 16, wherein the nanoparticulate matter is free of a dopant.



