1 METHOD AND USE OF PROVI DI NG PHOTOCATALYTI C ACTI VI TY CROSS- REFERENCE
TO RELATED APPLI CATI ONS [ 0001] This application nmakes reference to
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[0003] Since Fujishima & Honda reported the photosensitized decomposition of water
into Hy and Oy (Nature (1972) 238, 37-38), much research has been undertaken on the
application of photocatalytic semiconducting material in functions as far-ranging as air de-

25  odorization, air purification, anti-fogging materials, water treatment, anti-bacterial materials,
self-cleaning materials, and biomedical materials. The basic principle of the progress of a
photocatalytic process can be described as follows. Upon exposing semiconducting 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 info the

30  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).



[ 0004] The conventional photocatalyst TiQ2 has a 3.2 eV w de bandgap
Thus it can be excited under wavel engths of X < 388 nm i.e. under W
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[0009] All these reported photo-catalysts can only uiilize a part of the visible-light range
due to either a limited red shift of energy band oz single visible light frequency dependence for

the hetero-junction materials. Hence they have very poor photo-catalytic efficiency under



[ 0010] Accordingly, it is an object of the present invention to
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[0012] According to a second aspect, the invention relates to the use of nanoparticulate

matter as a photocatalyst having photocalatyic activity when exposed fo electromagnetic

20  radiation of a wavelength from about 380 nm to about 800 nm. The nanoparticulate matter
includes a strontium titanate ferrite of the general formula StTiy FeyOs. 5. In this formula x is

any value from 0 to 1.

[0013] The present inventors have successfully synthesized a nano-structured metal

oxide semiconducting composite STFx series suitable for photocatalytic-based anti-bacterial

25 activity under the whole visible light range for both indoor and outdoor applications. The
synthesized materials can not only absorb 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
30 toilets.

{0014] The conventional STFx (StTi; Fe,O3.5) (x = 0 to 1) series have so far been
mainly applied in gas sensors (oxygen, hydrocarbon, C,H;OH) (Moos, R., et al., Sensors and



et al., Jpn. J. Appl. Phys. (1995) 34, L1291-11292), For the
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[0015] The invention will be better understood with reference to the detailed description
when considered in conjunction with the non-limiting examples and the accompanying
15 drawings.

{0016] Figure 1 depicts the photocatalytic reaction of a semiconductor under matching
irradiation light. R = reduction; O = oxidation, photons energy (hv), valence band (VB),
conduction band (CB), bandgaps (BG), electrons (¢") and holes (h*).

[0017] Figure 2 illustrates the solar spectrum from 200-1000 nm.

20 [0018] Figure 3 depicts diffuse reflectance spectra of conumercial materials and
nanoparticulate matter, STFx (x = 0), used in the method of the invention.

[0019] Figure 4 depicts XRD patterns of the synthesized STFx samples with x ranging
from O to 1.

[0020] Figure 5 shows the light spectrum of the office fluorescent light (40 W) and
25  internal transmittance for light-filter GG435.

[0021] Figure 6 depicts the photocatalytic degradation 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 (@) P25, (b) STFx powders (x=0.4),

and (¢} a control experiment under fluorescent i ght at 0, 10, 20, 30, 45 minutes respectively

30 [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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to overci
as atrazine. Three further illustrative examples of corresponding photocatalytic activity are the

production of Hy and O, through the photocatalytic decomposition of water (“water splitting”)

20 using solar energy (for an introduction see e.g. Kudo, A., Pure and Applied Chemistry (2007)
79, 11, 1917-1927), the decomposition of the pollutant NO, into N, and O, and water
purification.

[0028] For the purposes of water purification, in order to overcome electric repulsion

between matter of the same surface charge, an additional material having an isoelectric point

25  different from that of the nanoparticulate matter acting as the photocatalyst (see below) may be
used in combination therewith, e.g. deposited on the surface of the photocatalyst particle or on

the same surface as the nanoparticulate matter. In some embodiments of a method according to

the present invention the photocatalytic activity allows the prevention of occurrence,
prevention or inhibition of growth and/ or the destruction of a microorganism such as a

30 - 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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[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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25 [0034] The nanoparticulate matter used in the method of the invention may be provided
in any desired form, such as a suspension, an aerosol or a powder, including a nano powder,
which may also include a mixture of solid matter (whether amorphous or crystalline). In some
embodiments the nanoparticulate matter is a component of a composition, e.g. with one or
more metals or metal oxides, such as nanoparticulate matter. The nanoparticulate matter may

30  alsobeprovided as a film, a paste, a coating, or an additive in other matter. In some embodiments
the nanoparticulate matter is included in a coating, which may be any form of coating capable
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

nanoparticulate matter resides on a support, such as a base, which may include or consist of
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[0036] As already mentioned above, an illustrative example of applying the nanoparticulate

matter onto a surface is sputtering. Sputtering is based on that upon the collision of a particle

25  with high energy with target matter, atoms or molecules are ejected from the respective target
matter. In an exemplary embodiment he target matter and a substrate are provided to define an

anode and a cathode, respectively. A high pressure of about 102 Torr is applied between the
anode and cathode under an argon atmosphere. As a result, argon gas around the anode is
ionized to Art. The Art is directed to and collides with the anode. Molecules or atoms of the

30  target matter are ejected from the anode by the Ar* jon bombardment and are bound to 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 spuitering method and favoured in various fields.



20 human and animal |ife. The respective nanoparticul ate matter may
for exanple be included in a nano-sized or mcro-sized fiber as
described in international patent application WO 2008/ 127200.
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[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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[0043] Wthout the intent of being bound by theory the

nanoparticul ate matter used in the nethod of the invention may be of
any bandgap as long as it includes STFx. The bandgap nmay at room
tenperature for instance be in the range fromabout 3.0 to about 1

eV, such as 10 about 3.0 to about 1.5 e¥, about 3.0 to about 1.7 eV
or about 3.0 to about 2.0 eV. The inventors have observed that
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[0046] As noted above, in typical embodiments the method of the invention may be




[0047] A respective coating or other matter may for instance have or
provi de self cleaning properties once exposed to visual |ight,

whet her sunlight or artificial light, indoor or 25 outdoor. An
illustrative exanple of a photocatalytic coating in which

photocatal ytic activity according to tf@ present invention may be
used has been described in international patent application W
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of the non- I 'ng* exanp
20 femte nanoparticles can be obtained that has photocatalytic activity (cf. also Liu, Y.-J.,

Materials Letters (2009) 63, 2, 260-262). Graphite oxide may be synthesized from natural

graphite and mixed with a strontinm titanate ferrite sol (analogous to Liu et al., 2009, ibid.).

[0047] A respective coating or other matter may for instance have or provide self
cleaning properties once exposed to visual light, whether sunlight or artificial light, indoor or
25 outdoor. An illustrative example of a photocatalytic coating in which photocatalytic activity

according to the present invention may be used has been described in international patent
application WO 2008/079865.

[0048] The nanoparticulate matter used in the present invention can potentially be coated

to surfaces in environments requiring degradation of organic compounds of microorganisms.

30 For example, the material may be applied to building walls, glass-tops, textiles, household
items and toilet tiles to prevent bacteria growth. It is equally applicable to indoor environments

as it i to outdoor environments and when applied to these surfaces can help deodorize and
clean the air (e.g. car exhaust, cigarette smoke, volatile organic compounds etc) inside these

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



15EXAMPLES Material and nethods [0051] SrTilFe.03 ,3 (with x = 0- 1)
material can be obtained by a variety of techniques, such as high
tenperature solid reaction (Brixner, L.H, et al., 1968, supra) or
sol-gel (liquid) (Steinsvik, S., et al., Solid State lonics (2001)
143, 103-116) etc.. The high-energy bal4 mlling 20 technique is also
an effective nmethod to synthesize nanosized materials with

sol i d- sttse. Thaswfesilsatanr eembeanpe ratoadsde Thvatinanes s uadd el over-passes

T TR by AR L R A 5
Nanopar tlrwphatses sad wall irhuwieliagas evefles td pevaft whkiteisivalbesnial sdoty and
fromO t ed_and,ex ary. results e shown. The »
synt hesi@r%nﬁ n?r?%l:a?]gg){%r%%aees%al &Wb&p%@wﬁﬁ@&%ﬁ%@ ‘H‘g‘ihﬁto"i‘jsul’ﬁr'hydmphﬂlc
pr eviSoughgpedg swdirbesibletiradiXtiore Thisl fundtibkyiBaRSOhEcabRith hati-£6 A5 Yeafires For
825-832) ... I.n addhtion o the%%%rarti n%ﬁ}r}ateri al's of strontiumoxide.
(Sro, 9dMGIETNFIRY: “HEREE £y DAtEORm GPUHIeeTp fhicles coidie eamdows ey Visible-
titani uighffotezdtalest TorQdti-HAeHalvpplidavion bieldfgleat PR BndvR JnNEN) that is of
was

hematite iron. (.a-Fe/ 203, 99.9% purity particle size <5 p.m
enpl oyed" WY PR BiSnet ary ball mill (Fritsch Pulverisette 5) at

room t enper gfoyyy . | ocesses _are as foll ows: An open 30,

cont ai ner WF th ]?B%g%?%% caP{‘)a?%’efo%G%ﬁ%%%Samag‘bceaf%dﬂsd 1)i2g| BexpappIve

bal 11§ wenanerhosieg. colentional nanotechmnology such as the industral ball milling, flame-
hydrolysis, or chemical synthesis systems. For an illustrative example on ball milling see e.g.
Arentzen, C. & Bhappu, R., Engineering and Mining Journal (2008), 209, 3, 62-68.

[0050] In order that the invention may be readily understood and put into practical effect,

particular embodiments will now be described by way of the following non-limiting examples.

15 EXAMPLES
Material and methods

[0051] SrTi1«FexOs.s (with x = 0 - 1) material can be obtained by a variety of techniques,
such as high temperature solid reaction (Brixner, L.H., et al., 1968, supra) or sol-gel (liguid)
(Steinsvik, 8., et al., Solid State Ionics (2001) 143, 103-116) etc.. The high-energy ball milling

20 technique is also an effective method to synthesize nanosized materials with solid-state
reaction at room temperature. The nano-structured SrTiFeyOss (with x = 0 - 1) material
series were synthesized by high-energy ball milling technique in this experiment.
Nanoparticulate strontium titanate ferrite of various values of x from 0 to 1 was analysed and
exemplary results are shown. The synthesis and mixing process used correspond to the method

25  previously described (Hu, Y., et al., JEEE Sensors Jownal (2005) 5, 5, 825-832). In addition to
the starting materials of strontium oxide (SrO, 99.9% purity, density 4.700 g/cm-3, Aldrich
Chemical), and titanium (IV) oxide (TiO», 99+% purity, rutile, Johnson Matthey), hematite
iron (0-FexO3, 99.9% purity particle size < 5 um) was employed using the planetary ball mill
(Fritsch Pulverisette 5) at room temperature. The detailed processes are as follows: An open

30  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



vial had a volune of 250 m with an inner diameter of 75 nm and the
balls were of a diameter of 10 mm and 20 nmm The bal | -t o- power wei ght
ratio was 20:1. As an exanple, the starting 15 materials ratio for
STFO.4 (x=0.4) used were 22.41 g, 10.36 g, 6.91g for Sr0, Ti 2 and
Fe203 respectively. The mlling speed ghd tine were set at 200 rpm
and 120 hours respectively. The synthesized nano-structured
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5 sanples. It denonstrates the inactivation of bacteria within 45

m nutes while the comercially available TiO2 (P25) cannot elimnate
all the bacteria even after 2 hours. This is the first ever discovery
and report on anti-bacterial effect for this sem conducting STF,,
material under visible light. The P25 t@terial showed insignificant
anti-bacterial effect under the 40 Wfluorescent |light irradiation.
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i s commorigent PaFx I&ﬁ&ﬁ,{l%ePES (0. 0313MBﬁi1d Theatrioh wetht tlrﬁfa:mnt |tihd haddrva) w
describ prag e of an
el ement q?)hr&gsl%gﬁgl ts, aﬁiﬁh&??{e?@éﬁ?eg r]El #iﬁ? Sﬁ’é’lenﬁ% & 1f fthedrepstin all the
d isc :50 3 eseipytes olt emonsratel tiss, inhdtivatiam nf)bateria hgthﬁlﬁﬁﬂ Brnuges :ﬁﬂﬁlef’d(ljd“@)n?mermtally
"i ncl udi n e a read ex ively and w thou
it SabE SR ot el Al the VrokeER Gt RERS it ats e mever
have beetiscosad ambrepet nB amf-baimral efipdct foR 489 EbnAnd0dtink ST, Qi ug&g visible
n.i.n,the use of such terns and expressions

t here |§ PThrétﬁ%tlh A

excl udi ng any edui V%F%ﬂtsgo%‘? REnfea Atisbactsigh iy uada dhe ARV (ﬂﬂorescent
porti ondighheradafipnbut it is recognized that various nodifications are
possi ble 20 within the scope of the invention clainmed. Thus, it

shoubd be upeisap T@@ﬂstﬁ)@@i‘ dBCh BRI ol 16y DESS ngm{ lishd® liﬂngﬂt ﬁﬁﬁis Qfe%ﬂicaﬁon

speci fi c ‘lr% di scl osed by exenpl a%menbodl S an opt| on
f eat ur eSPOHD APF PSSR W%ﬁs@m Wiedgeament ﬁ%ﬁleld@nmnmb@damdf the state

t her ei nolilﬁ{mr(ig&ﬁhﬁ&?geﬂgpﬂykﬂ&wfeg rted to by those skilled in the
art, and that such nodifications and variations are considered to be

within the HOSSETR lﬁvlamsm nieRitiven; dé’&h@&ﬁﬁ&rm‘ﬁhﬁla& R ¥R ,{&}g&m@&%‘ the
descri beg bro?}g Z gen‘grl cal .y herein, Each t he narrower

speci es 23aN4"% Bd%’r? EfpeHy dinitation 9g 1%1@1%?% @W@pg@ﬁ@llﬁz@sclosed herein.
di s¢b osdhes afosoaxﬁmpra g ter@lfs ftobg}pdggﬁgﬁt iﬁglud{ﬁ%lnscéﬂ@ﬁh %es efeNenHEREN Eacd

descrlptlon of e{ provi so or negative Timtation
renovi n gé’t“{]q?ﬁi I’é‘f‘ta??lbrﬁqdﬁ@n@]éﬁd%e terggy andl Exmressighs whipldyed herein

not thehembeﬁaﬁﬁh eRhetelal of desd r
O her errbod$ %thss arg Wi ?hl?’? ?ﬁ%ﬂéﬁ%&)&\}mbﬁgﬁgﬁgl&@ &8 tﬁérgésdﬁ(?ﬁlﬂ%l& n the

feat ur e8¢ Bt S Rssansk expressiony of exdndiag eny eqeivilontd ofithe &memhown and
Manni sh deycEbEs or tpbﬁﬁ)ﬁs Sherbdfedul ft Khechized tiﬁtoﬁﬁfb‘ag A éal?l tfnté —possible

i nvg(gtl on_is aI so t her eby described in terms
bgFop Bre ssepmet theghverien plaimedis Faugi mhom@m@memmvmt alﬁhough the

cl ai medpiesént idvenflof B Bderd G iVl
nmet hod PorrT:)nrl swl'renggC gr ovi E(>:I| E\p&%ﬁz}\éggart %ocg;glj]?tb? Aol flp%é&j %m%gélﬁeg%n %onal

stronti £ 304 &t and ‘éﬂr@ﬁwg 9& thycinwerdions embodied therem herein disclosed may
be resorted to by those skilled in the art, and that such modifications and variations are

considered to be within the scope of this invention.

25 [0056] The invention has been described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling within the generic disclosure also form part
of the invention. This includes the generic description of the invention with a proviso or
negative limitation removing any subject matter from the genus, regardless of whether or not

the excised material is specifically recited herein.

30 [0057] Other 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.



5forrmula SrTii.xFex03_5, wherein x is any value larger than 0 and
maximal ly 1, and all ow ng exposure to el ectromagnetic radiation of a
wavel ength from about 380 nmto about nm 2. The nethod of claim
1, wherein the photocatalytic activity allows the prevention of
occurrence_and/or the destruction of at |east one of a m croorgani sm
a virus,CB®Mengus, a 10nol d, an al gae, an odor, and a flavour. 3. The
nmet hod of claim 2, wherein the photocatalytic activity is applied to
one of nwhati@ickimegl &: surface in a clean state, surface patterning,
air purification, anti-fogging, water treatnent and water splitting.
4. The nmethod of any of clains 1 - 3, wherein the strontiumtitanate
ferrite I.s oA nethbdRdmpomdding @hstorataliytic ectivity, {Reengtmidaanmoisimny of
claims 1 - 4, wherein the wavel ength is from about 400 nmto about
700 nm 6. THAVIHBEREBORSFtIGHAfC BTAtter eoIpRyisng a fronfiertinnpte Freriigef dhcesrgeral
is frrom abo at ou - 7 . i

15 8 mer RSP R T Rt R D e L 8 0 AR AEC
on a substr allewing exposire Theesrainipoed radiatiomoT a wakrelergth foheabout 380 nmto
nanoparti cul ate tter is conprised in a coating. 9. The nethod of
any of clai B4 800giMyherein the nanoparticul ate matter is free of a
dopant . 10. The nmethod of any of clains 1 - 9, wherein the
nanopart,j cul.at e tifer .i.s obtained b 25process. sel ected from.t he
o o coher aieradthid & daiis Dot ool iRV ERE BlavYs Ge i Rion iy
a hi gh tenpeyaliiRe 80d/bethedaittuckiBA6T htdBast Bnd W RidEdBRlistheAGHIOR fungus, a
chem cal vapor deposition, physical vapor deposition, nolecular beam
epi tléxy, i omddécncdlgast ar oferaprdiefagivti on, chenical co-precipitation,
RF magnetron sputtering, thermal hydrolysis and flane hydrol ysis.

3. The method of claim 2, wherein the photocatalytic activity is applied to one of
maintaining a surface in a clean state, surface patterning, air purification, anti-fogging,

water treatment and water splitting.

4.  The method of any of claims 1 - 3, wherein the strontium titanate ferrite is of a

15 Perovskite structure.

5. The method of any of claims 1 - 4, wherein the wavelength is from about 400 nm to

about 700 nm.

6.  The method of any of claims 1 - 4, wherein the wavelength is from about 400 nm to

about 600 nm

20 7. The method of any of claims 1 - 6, wherein the nanoparticulate matter is comprised in or

arranged on a substrate.
8.  The method of claim 7, wherein the nanoparticulate matter is comprised in a coating.

9.  The method of any of claims 1 - 8, wherein the nanoparticulate matter is free of a dopant.

10. The method of any of claims 1 - 9, wherein the nanoparticulate matter is obtained by a

25 process selected from the group consisting of a sol-gel process, high-energy ball milling,



511. The use of nanoparticulate matter conprising a strontium
titanate ferrite of the general fornmula SrTii_xFex03_8, wherein x is
any value larger than O and maxi mally 1, as a photocatal yst having
phot ocal atyi c activity when exposed to e% ectronmagnetic radiation of a

wavel ength frg @egﬁ)lé;atg%qoﬁ AN eQreQKEE 639 o mAZea FPS ﬁ%é%i%i)é%o?

11, wherein X val ue arger maxi ma
use of clai rﬂepdsltmr pmmm Ve depmrmn, mmiemiarbemmepﬁwemmm&ﬂ chirstetr beam

destruction ne of .a. ani a_ Vvi.rus

o1 0 an oddEpetem AnhisR-iacBirtiot, 88 HRENafh aftiishd fhertl BB sis tng
mhereln t he et ﬂgygsls fron1about 400 nmto about 700 nm 15.
The use of any of clains 11 - 14, wherein the wavelength is from

about 400 nmto about 15600 nm 16. The use of any of clains 11 - 15,
wher éi n tlhe Tienvpaf tdinophitelatcahiter cospfisiag aafrodidopambte ferrite of the general

formula SrTi;_Fe,O4_s, wherein x is any value larger than 0 and maximally 1, as a
photocatalyst having photocalatyic activity when exposed to electromagnetic radiation of

a wavelength from about 380 nm to about 800 nm.
12. The use of claim 11, wherein x is any value larger than 0 and maximally 1.

10 13. The use of claims 11 or 12 in the prevention of occurrence and/ or the destruction of at

least one of a microorganism, a virus, a fungus, a mold, an odor and an algae.

14. The use of any of claims 11 - 13, wherein the wavelength is from about 400 nm to about

700 nm,

15. The use of any of claims 11 - 14, wherein the wavelength is from about 400 nm to about
15 600 nm.

16. The use of any of claims 11 - 15, wherein the nanoparticulate matter is free of a dopant.



