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WO 2006/133519 PCT/AU2006/000853 Particles Comprising a

Releasable Dopant Therein Technical Field The present invention relates
to particles having dopants such as hydrophobic materials therein for
weleasasand to processes for making such particles. The paiticies:dmdanass
be solid or gel particles. Background of the Invention For the last decade,
the encapsulation and controlled release of hydrophobic species has
attracted considerable interest due to the increasing number of industrial
applicatiqpgrisieg yormphindinoRelisae b TReRIaSTHe 8aMPle,

in the pharmaceutical and 10 agricultural industries, many drugs or

biocides possess hydrophobicﬂ%r(%%gi Sei &Igvertheless, the means to
enc%gsulate and controllably release these active molecules remain a
chalféiige forthaseitiansizlalss dn Beisteferieing, darfossl, webneticatamdiobic

npessanaheais, fencapsidationiandcenisoliet felRaseselly platigrdaRic a ticles
.m%grgf)%i gr%%%]mausclysgvours an_d perfumes, or reactive compounds such
as bleaches,”is becoming a dominant 1s trend for product improvement.

Compared with traditional organic materials, inorganic matrices and more

specifically ceramics hatACHHR RIS b BERE98s. In particular, they
are biolbgitallyiesmdet, trtrmsicallytydrapbitie;oed repsasent Nighebbic species

ham%ﬁ%@&%ﬁ%ﬁ@&gﬂm%&?HR@E%I%QWH@I&E Ibuai’lsll}%{'oorg%}%gsg%n%wﬁ[cations

research in this emerging area. However, it is Tmportant 0 note tha
Utk DY Vel Rt ER i HEvaRrs S fisaienalshiby Bl phacigeccutical and
agwitotidd indieass, ofiheyerizaps ulatest saalecUlesscSLahy arsaERlledropertics,

Ng%lgai%%ggcﬁ{gqll%}w%s%ﬂ%%ﬁg CEI;Inl%FgOIn o arw]troll d re%%ase ceramic

particles, compositions the processes cﬁogrgprgr%ansce)n KRG FRatRJgL gules
regedn apeipfienes Jom these mdrsies OwdoeBe k01 foad, cosmetics and
P@mdl\/méa@ﬁmhlﬁhh&i_@ﬁ@ 6@1@@%251’%@?{&! M%ﬁi@@f@&i@%ﬂk%%&ﬁﬁé %@ch as
aelal\ s the incorporation rophilic_species. Hydrophobic
O MR AR S e et ties Somman
UHYRI IR FepletedIE: water-in-oil emulsion (see figure 1). Hydrophobic

molecwipseadded tersughiareagtion mixirewilips losated inhe exiamal .
Spgiligcha%secg@gnq)%gll gvg,%ll\'égnta Pnd’thudfvﬁvg” not Fe incorporated inside the
"PSilica particle as they aré formed, 30 ModtfEEHE B HE plspeys Sfgegcally
ingrt,/apP3pitidle Ihderrilestivhtatirsardbicter enatiieninebrperationef thermal

stdWErPNEDIG SPREIBE DA ARREARERHISHR &9&@@5@9'?{3%@&{‘9}% Emgortant
totltlﬁ V\ﬁt [in-0 &géo Ol%t% which gnglti{es\dlspersmn of hyo!rophoblc_‘ _

molecules indide” Ihe Ry atbpifc  SRAEE. STHRME RO AGBISVErresris semaeoled
relgpattipléhe sneigion zied dovbleles.

Such a controlled release technology has been described in “Controlled release
ceramic particles, compositions thereof, processes of preparation and methods of use”,
Barbe, C. J. A, and Bartlett, J., WO 01/62232 (2001). A disadvantage with the technology
described by Barbe, et al. is that it only encompasses the incorporation of hydrophilic
species, Hydrophobic molecules are excluded because sitica formation occurs inside the
hydrophilic ‘droplets’ of a water-in-oil emulsion (see figure 1). Hydrophobic molecules
added to such a reaction mixture will be located in the external oil phase (nonpolar
solvent) and thus will not be incorporated inside the silica particle as they are formed.

Modifications to the process of WO 01/62232 have been investigated in order to
enable incorporation of hydrophobic species. One approach is to add a suitable surfactant

into the water-in-oil droplet, which enables dispersion of hydrophobic molecules inside

the hydrophilic phase. This is commonly referred to as a multiple emulsion, or double
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WO 2006/133519 PCT/A132006/000853 2 emulsion in this case -
specifically an oil/water/oil emulsion. Attempts to apply this approach
have been described in a co-pending patent application entitled "Particles
widaving Hidrophobic Materials Therein” (Kong, Bathe and kirnig)an6/000833
Australian Provisional Application No. 2005903193. 5 An alternative
approach is to reverse the emulsion and instead use an oil-in-water
ee figeu[_e 2 woul an that a hydrophobic species

ent msli%sliog ﬁ?s c g dc\al#i%izﬁp an of /rv?eter 0;:1\I 1) rgio A i this
Should be ablé o be contained inside the oif drSBISE! TR HERAY A
anpERrsiel sl eriv alstagbedntiustriatyebéisause thie mmplinasiolventided dtarticles
Haviigh mayohaye dmpRitani:Cosi-ang emurennsial (asts,managemenh .,
Pragi\éanltae} es.h.'ggt? {‘n@ln g@a‘gg%n%susmg this approach to is to design a
flexipie prggess fiat S a% ad control over the particle morphology
(i.e Amigiternath wniarpstrdetiars) tovensuhe anhiivhyakbphebit paydoad a5 water
il RS RORREcoNtiol AvaL e Kelease of thisAAvaad, dng %8&185?5 AR 10

b attempted the encapsulation of actives matérials inside silica particles
USHEHIT illﬁla?at efuISISR!ESpro&eh M8l of aforpidssmdil advantage
indmrrfaloe 1Bein25 2L 82488, (2007) havenproduddd shellhsteugiiesant cost and
. ' Lprecipitafi il e . surface of jonic micelles.
Yo e R 1 L e S R
is noiptigrin feB1ble arotses Pt wasId serieel Remtiseptiricleera@e o ¢
sideous midrisnapidrepleaseuns thei shayloaglistd9dadhe 4S8 8 good control

ov@%@%ﬁ%@%ﬁfﬁ??ﬂ;}'& . the capsule is formed first and 20 impregnated
i terwards

with the active a rds) rather than a true encapsulation (i.e. the matrix

is formeiPEPSUNtY thetaami). the saaiporative mieseiivs ofidartdetantde silica
patfieposingaiheinicele: tarming the:earg of the capsule helps to soluhilize

the,hydro ic,acti nd conseque S S up Jis release.

Furt A(/ﬁr%gpe 'Fo'{h %t?l\@f)pl%gat}%arf %glcrftgzt vie%vs,%%aggoﬂb?% Eﬁé{ GiEgfucgAphell
SUREBIGH ToHlpsisee Basiscletiaing tostliseotigblke dhburstraledsenk 5 Rresad Bie
resaliidg ARgsulhers. 1SRk §250¢880:736Ri2003) ancpmblished Hsipateny, o
ﬂwaﬁ(%%atlganole%ggg{{%%Q%?G e%u%eg 'é%erfmlc based nanoparticles for

ehtrapping” therapeutic agents for PRofodynAit tHarady: At tistitsg of the
payreatitgisamdhesserbentioppmdtctiohdéorgandsiicananoplriotédirst and
impRYINg.aReReRPsHatedbholesensitiverdrug for é&%&;}@a;@@&ﬁ?ﬁ&r‘ﬁwﬁaﬁﬁ is

r e

o rtlggg apy. 'I{'ihfg g)artticlzs dis éose y Prasad et al are derived from 30 sta
icro-emuiSions st EbASSHEBNH Bresfi thairarieter PaRguTE TomiaT e
forpithio il very shaliparticids drelpf intesesbitiveeitaimapplibationsctive and
coﬂ@&iﬂgmg dpeadefivey digie sShalisizgHsally IM'%}B&%&Q}'&? %&gtag S view
thys thelﬁ% usefulness. More , , ]

capsules are fragile and known to rupture easily leading to wncontrolled burst release.
Prasad et al, J. Am. Chem. Soc., 125, 7860-7865 (2003) and published US patent
application No. 2004/0180096 entitled “Ceramic based nanoparticles for entrapping
therapentic agents for photodynamic therapy and method of treating same” describe the
production of organosilica nanoparticles having an encapsulated photosensitive drug for
use in photodynamic therapy. The particles disclosed by Prasad et al are derived from
stable micro-emulsions and consequently are in the nanometer range (<100nm),
Although very small particles are of interest for certain applications including drug
delivery, their small size usually Hmits their loading and thus their usefulness. More
importantly, Prasad et al disclose that the particles minimise leaching of the drug
compound from within the particle such that no significant release of the drug compousnd

takes place. Furthermore the process described by Prasad et al requires the dissolution of



20

30

importantly, Prasad et al disclose that the particles minimise leaching of

the drug compound from within the particle such that no significant

release of the drug compound 35 takes place. Furthermore the process
described by Prasad et al requires the dissolution of n the hydrophobic

active inside a solvent such as DMF or BMSO, which becomes co-

incorporated. in the patrticles. These solvents a ow very.toxic

{g%(?l ?E?%%pté‘gdgéC gf:g%r%cg]rsl eeeélﬁ%)elgfﬁ S{esﬁl\(f#o%smeh pr%rb egndg?\?\ihgf}l( ich becomes co-
inslerpseaisditin the aotitvess Theeecisthergforecakmerdh for besiropia@nd and thus pose

- e SRR OGRS P EIRGRTRALANREL B AOPRAL SIS, 8% ] Aydinheb

i
material, into solid or gel particles without the need to use toxic soi%énts. .
The ddifdcoisglIcpRifTeles Mg e Yopinans! gvaryeibphotsiesmieiatorporating a
dbgiginspeafasabhywapidbie sapahie altelensing JPeAPRABL GiGout the need to use

hydrophobic material, under appropriate conditions, and may be capable

[BF oMy §8 5t HEcTRATIISbIeEl RET ISR ARs IR dinvEIRBh $E1tEAARBjagt material,
théitia prabodimentsutlisslosgshbiereinrto-aviarcammeiopaubstantialyophobic material,
ameliorate at least gne of the above disady n(%ﬁ es. Itis a further bg')?ctﬂ to
TR Sty e B RSP AR it el aa b i
Disclosed herein is a process for making particles comprising a
hydrophobic 15 material thefdtieeoafihsidgveptiaiiing an emulsion

compyiging,a,sautiniows RydrephilicRhase ald %epéﬁp%ss&%%gp&}Oﬁigsmﬁauy

phase, said hydrophobic phase comprising a precursor material and the
RRliBpRoBid AP ARt AbRssfingcira Baseu st infatdiva i Feria dhécast partially
saakticles eBmpIiting the hydrophobic 20 material therein. In a first aspect,

there is provided a process for making particles comprising a dopant

therein said dopant being rgéjeasable f:gghtghf eartl les, the process

comprising: providing an SMUISIOn on [ % aeHyl&%philic phase and a

hydrdphdbiepHaseiisperspobirshddydreiphiticiphbdes saithhyidnaphotigdrophobic
&%ﬁgﬁﬁ@gﬂ%}g@ﬂ& ursor 25 material and the dopant; and reacting

the precursor material inthe presence of a catalyst to form the particles
comprism@‘ﬂ@go@anﬁmwsamm@m beiprpteleasabizdrophiiie phase and a
particlessi ey drophaRic RN 388MaY%:RerR HSERIMIBUS PRSI a precursor

hydrophilic phase may be a continuous phase. 30 The dopant may be a
hydrophBBiE LI rRBYObEc a3yliab Bl material, or it

— reacting the precursor material to form the particles comprising the hydrophobic
material therein.

In a first aspect, there is provided a process for making particles comprising a

dopant therein said dopant being releasable from the particies, the process comprising:
providing an emulsion comprising a hydrophilic phase and a hydrophobic

phase dispersed in the hydrophilic phase, said hydrophobic phase comprising a precursor
material and the dopant; and reacting the precursor material in the presence of a catalyst
to form the particles comprising the dopant therein said dopant being releasable from the
particles.

The hydrophobic phase may be a discontinuous phase. The hydrophilic phase may
be a continuous phase.

The dopant may be a hydrophobic material, or it may be a hvdrophilic material, or it
may be a material of intermediate hydrophilicity, or it may be a mixtare of two or more of

these. In  one embodiment, the dopant is a hydrophobic  material.
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may be a material of intermediate hydrophilicity, or it may be a mixture of

two or more of these. In one embodiment, the dopant is a hydrophobic

material. 4 In an embodiment, there is provided a process for making

particles comprising a hydrophobic material therein said hydrophobic

material being releasable from the parti€les, the process comprising:

providi S| kisin rophili : and ah Iﬁr hobic_ . .

D o o DB e o2 AR AR BBlFprisin

hasmphsiig anpietarsticrmatedil dndthebhbiroptishie materalradensable from the

ﬂeﬁﬁ@fﬁ%&ﬂ%%@&%@%ﬁﬁsﬁ%ﬂ?' in the presence of a catalyst to form the
particles comprising the hydrophobic material therein said hydrophobic

material bEIRY feREaAB WS TOTHAFHERSS 21 ¥ Grhbisarha, ahére ¥y drophobic
Iﬂi@h"@%‘lﬁé}@@ﬁ?ﬂﬁz fordrspng @ﬁéﬂ_@!%ﬁi@%ﬁf_gﬁiﬁgkﬁc %ﬁd@?’@@ﬂﬁ@@ﬁg a precursor
material therein, the process com rising. proviaing an emuision | |
RHEH tE@é#ﬁW?&E’éWB%&ﬂ@‘GH&@%“&ﬁ&% HISHRREdHERBp Hoth Presence
ofhaserdaid hydiaphabic pphases comprisiing alpracutsghotaterialiang therein said

hQ gro Oo}lgi%} 5@%&%{%"; gnde]reeasgg#ggtggl Rrecur orerspaterial to form the
parﬁg es comprising the ]hyc?rop obiC matenar therein. is The emulsion

may Ibezancoibinlivater (béw) snpulsicied|trpaycbe danicrdenguisicivlor corayrising a

g e e T

2nienbRyoBetNsEPPABBLPIEOD AR dandiaasrd Byalerdnd befiweensaisbbydrophobic
pHAQ L ARt AROLL R0 MIG ARS. RELVRER . 2RAW AQB am, Ard aboyt 25

microns, between apout 100 run and about 10 microns, 20 between about
100 nm artPabBat PinieF6ABREWEREBbUICL0 M Hitd ABBINY 750mprising the

HiespRsbReivesnabes A 00 nm and about 0.5 microns, between about
100 and about 0.25 microns, betw?ﬁt)ap about 200 nm and aboyt 100 . ‘
microns, BRIREEhBHODE 206 AUTAB0U 75 HEBrE HRhbeaipGmuision. o

n200bmn difttahout bl fiieroRihdtwesnhaboutRO6 nimvpandiaboust?&n about 1 nm

mjcrons, between about 200 ran and,ahout 10 microns, between about ,
T Ba B i beFre Bt A BN 00 i G A ipeen abou
ificronspdetvssr Abouro200heimesd atbott) 05 microdsatenibetivesmrons, between

a@@&f‘ltl 86 Onﬂmaﬁﬁdaﬂl?ﬁé“z@-%ﬁd}liﬁé%%@g& %%&? '?@onlﬂ%{ %ﬁ? %Bgﬁt aIbOe microns,

surfactant, and may be stabilised by the surfactant. The particles may

bspliecar e paHiSleyn T pHidiles M ConisHiseca SO mhatrirnB@khebout 0.75

neSHESBEMBLRNRLMAN b A SuitRRIematsriahcapale-A J8ARING BN about
hydrophobic phase of the emulsion to form the particles, or to form the
Gs%?i&wﬁ%ﬂ% Bgtween about 200 nm and about 100 microns, between about 200 nm and

about 75 microns, between about 200 nm and about 50 microns, between about 200 nm
and about 25 microns, between about 200 nm and about 10 microns. between about 200
nm and about ! micron, between about 200 nm and about (.75 microns, between about
200 nm and about 0.5 microns, or between about 200 nm and about 0.25 microns. The
emulsion may comprise a surfactant, and may be stabilised by the sarfactant.

The particles may be solid or gel particles. The particles may comprise a solid
matrix.

The precursor material may be any suitable material capable of reacting in the
hydrophobic phase of the emulsion to form the particles, or to form the solid matrix. The
precursor may be a material that is incapable of reacting with the dopant, e.g.

hydrophobic material. The precursor may be hydrophobic. It may be an organosilica
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precursor may be a material that is incapable of reacting with the dopant,
e.g. hydrophobic material. The precursor may be hydrophobic. It may be

an organosilica WO 2006/133519 PCT/AU2006/000853 5 precursor, or a
wixtoaeefany two, three or four of these. It may be, or compiise fekos/ 000853
example, a silane, such as an organosilane. It may be a hydrolysable
organosilane or a condensable orgaosilane. It may be a

tri XyQrgano qu, The emulsion comprises,a catalyst for reaction of
P %%glg%e’cu]rr_so er r%w%te%%?t%n?or?noﬂ%eg Brar@ﬁgfe%?%}etsg 'ft(f;%rr}rém1 Y SGidhiiRtse, for
oFHEPHrot 13N i S A s gHaostispcofaadin §atiehrdiripsble thgenosilane or a
cEraElsion Jhenenusian M oe wesiabiizablesiwherein the size of the

droplet may, change. For example,.the emulsian may be destabilised py

the AL G e CREIObE T VAL IEh THE Eh Loy SRS aom e
rafigltiedize Bither drdplenstray ifteansecafteratheoh@asitiorsobthé adding the
Gatysl tRosexamRle, the droplet size may be in the order of about 20

ran,. e.9., 18 nm, prior to additjon of the catalyst, and about 380 nm or

oS P ST b CAEA L r i 60 e PR Bstnss
ForSetokfB,othmereyi2ito 90533 Mo A&idbileE0pH the3@dlithto A5thies-dlyet. In
paige.oh the. initiakdroplet diamelet Theig Wmeﬂﬁﬁ%P zﬁ%p%tc?gzﬁrﬁ%er the
&}Pout 9§.99% of theﬁprecursor material in the is hydrophobic phase by
AR GRCO TS TRE AR STy, HpBlU SR HRaRhi e REPR, Hgul 20 nm,
egctivierchopaty m@déiﬁgmﬁﬁéxhyﬂfﬂphphiﬂ maber ) fanexanipleater addition of
wlkaresce A i 2 arBHARMATRASHIVBR 8 11918 DREUNG, 5 B3 krs, 4

hormone, a biocide, a flavour, an_aroma substance, an oil,
flradBdtic > da ity sisplenmd ko dh & stk dismsteance, or it may

be & heietureydfeeiny e abmose afidhoset Inedopaniee&chyveraphelie in the
ial; iStri iISRers immobilised ar encapsulated in
S R g0 P SRt A g be
2Ry SR dERhy B0 PROISHEY nBYerrRbehithaaymlo riotiemiase hipwedgtt die, a
radidphagnddeetiatip DliAgpant:o.gn )y rapehic MataHad, 1RIGENISHavour, an

material.m e between about,1:1 and .about.1:5000 or more, by weight
o G e e b e s gy bonce,or
It )R GpHOBiE BHasEaBy 9% wiskyhe of Byesollhtedothptstep bf drovidimgthesrial,
nﬁ%ﬂbﬁﬁﬂdﬁi@éﬁgﬂﬁﬂbﬂéﬁﬂﬁﬁfﬁﬁm% W%%L%&S%ﬁﬁypﬁﬁfglegisﬁlfmtma? be
ombining the hydrophabic phase, the rophilic se a surfactan
e S S SRty oG TP e aingg
hybppakis stiningy swighbgr shhkiegThomitatinbdopothernyissdagitating pandial,

topRtRSoYIgRraA Aild dimnay 300he SUTiRentLYigoney I 8veight or

mulsign. The proportion of the hydrophobpic phase in
V(SUIHB. LPhe emulglonpmay comprise b%/:twegn agoutpl and 50% hydrophobic phase by

weight or by volume,

The step of providing the emulsion may comprise forming the emulsion. This may
comprise combining the hydrophobic phase, the hydrophilic phase and a surfactant to
form a mixture, and optionally agitating the mixture. The agitating may comprise stirring,
swirling, shaking, sonicating or otherwise agitating, and may be vigorous or mild. It may
be sufficiently vigorous to form an emulsion. The proportion of the hydrophobic phase in
the mixture (or in the emulsion) may be between about 1 and about 50% by weight or by
volume, and may be between about 1 and about 20% by weight or by volume. The ratio
of surfactant to hydrephilic phase may be between about 1:50 and 1:5 on a weight or

volume basis.
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the mixture (or in the emulsion) may be between about 1 and about 50%

by weight or by volume, and may be between about | and about 20% by
weight or by volume. The ratio of surfactant to hydrophilic phase may be
Refwremanout 1:50 and 1:5 on a weight or volume basis. WEy; 4 uaoos00853
2006/133519 PCT/AU2006/000853 6 The mixture may additionally
comprise the catalyst for the reaction of the precursor material to form the
partiﬂ(las, or to form the solid matrix._ If the precursor material is a

trialkoxy Org R SIS dHare ARy SiaTss Be et ilos e seaedonhichpatgeursor
ngitalyisto Toven detabrsiciea\ebe sbtublbdndhié mydiepliohic phaseintagrial is a
BMYSIRRhha GtalNE! AN IPLR SRIRIERE B some ofher basic catalyst. The

aminoorganotrialkoxysilane. The ratio of the catalyst to precursor
0%@?&&5}%89 BEBEWRER Apdierhobiamiivern B frsion AReaigatyst may for
evatophelor molervasigandhaltatalyibinnaghke aatovith he @IeSrser parialessor
' ated in the | The catalyst may be added after, .

G Db U] e b EeraE e A thec e oeis
Thee CHRIS nRRB EReL 0vith et R Prefuratic MaE s precirgoPminesrinpisiay in the
peaiviprisehenaintpiningytbe Lidudlsivn ferda e anhiundera9nditing], has been
Sufficient for it %%E%gygls‘%{c[}%tgnal to react in the hydrophobic phase, in

the presence of the cataTyst, if | present. The time may be between about 1
mindteC &t 66 RetiirechemspeuForeeipIiplioNy nraypEseipristattngl tiorsofsion
féermperature, andthelemperauremaybe hetyeen @paukitQand 99C: in the

rature. 15 may be a t erature at.which the dopant, e.q.
Tl Ay B LGRS AT BT i beean

hT 15 tﬁﬂ;‘? & S8
F;y(?Poth C méterlaﬁ RSP
apfHbISieHIY S able 6 r ipersivie BafficiEhe forndtictiomuftivermprecursoditions of
te?i?@EEaﬁ@iB,l faﬁﬂﬁt]ﬁl{?@ﬁh@?ﬁﬁ?@ﬁ%ﬁ%'ﬂ@ Séf??@@l@ 38big. 119 raﬁ&(?wi.e Fhe temperature
rialkoxyorganosilane reaction of the precursor material ma
" arjﬁﬁﬁg‘ém St e e ?Pﬁ‘%%eeﬁgﬁ?/gﬁ?gﬁ’@fﬁw&?ﬁ%*%‘réw%%?- 1t may b
arifabelalnsest conepribe somgwthestabéa iy fibe 20e acing:thdgpreauisarof the
péaieral asexnamplejtthe-prasursondnatarial is aJadiation srgsslinkagle ,
mmﬁterlal, the sitep of reactin, th% &ﬁ;ecursor material may comprise _
it e TR R ke P el
isteplof heattingf meayticg thp isecagitating:(@lgnstircingyswishag etlshakiag) for

rélﬂ.%%@i&@c@ﬂ@?gﬁﬁ%ﬁgﬁ(‘%mexlﬂdﬁlégi{ém@%f@&%@? ]F%F]&L%F'%e t }H&%ﬁon
to form the partches comprising the dopant, e.g. 25 hydrophobic material,
CWFE?@% Aeifeidr TR hedrtrertic S ETHpRY BRtfRs Ana GORIPRSERROSng

thanetaibout 60 hdintioor mgré/eteen akoptdiimionterand3heiSacting may
cREEERARRM! f- NG AN, 2 AIOHES, heRysenaboll S minutes and 3
Eﬁgﬂéjrs, gg?wgégneg%ut 5 r%%nutes agr’L:g 2%10u{:gj,ri)gt\?vnéglrsll%%gaflggr%{l}r?ulteeaswng'

Theeeitatise rmpiRidenubdienioimsiaeaiePpdigies comprising the dopant, e.g,

hydrophobic material, therein. The sufficient time may be for example between about 1
minute and about 60 hours or more, between about 1 minute and 3 hours, between about 1
minute and 2 hours, between about 5 minuies and 3 hours, between about 5 minutes and 2
hours, between about 5 minutes and 1 hour, between about 10 minutes and 3 hours,
between about 10 minutes and 2 hours, between about 10 minutes and 1 hour, between
about 15 minutes and 3 hours, between about 15 minutes and 2 hours, between about 15
minutes and 1 hour, between about 20 minutes and 3 hours, between about 20 minutes
and 2 hours, between about 20 minutes and 1 hour, or between about T minute and about
30 minutes,

The process may additionally comprise separating the particles from the hydrophilic

phase, and may also comprise washing and/or drying the particies.
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between about 10 minutes and 2 hours, between about 10 minutes and 1
hour, between 30 about 15 minutes and 3 hours, between about 15
minutes and 2 hours, between about 15 minutes and 1 hour, between

wboub@minutes and 3 hours, between about 20 minutes g6 HYED0ss3
between about 20 minutes and 1 hour, or between about | minute and

about 30 minutes. The process may additionally comprise separating the
, and may also comprise washing

particles from the hydrophilic 35 phase |
i S R R e R et R
aém@th@étnbw@ﬁﬁréhhﬁv@s_ecimm@ﬁ@d a process for making particles
comprising, gfygrapheicmateiahierein ’&Qfﬁ‘xﬂ[&%{é‘%ﬁl@%fﬁ'ﬂf&g Mse and a
emulsion comprising a continuous hydraphilic phase and a dlspePse.d?
dﬁ?ﬁ%ﬂhoﬂ?&%ﬂ%‘%aid%ﬁﬁ’oph%‘%é pideorBafifisingfiases  comprising  a
ogrgandiiiatoiysiane; a sufadtant, acatalybydor dopdensaliarobine of  the
ograRnalialavsilang od b hienhobigmalerial and condensing the

organotrialkoxysilane to form the particles comprising the hydrophobic

material (REFEHFIIE Aifofigrealisbammeiinm &reirsprovidentisisrorensrisng the
hyalgihgpbparticieslchengrsing 10 a hydrophobic material therein,

o B B Y B B S hprisng

surfactant, said | }/ hobic phase comprisinig a organo OXYySi
2 brdgahebie amalatidhertie cAyarspMBbic material, to form a mixture, and
optionallycagiatinghedristize, j80/m RuPMISIORIGRMISINY M tant, said
hhﬁ{_g}g ]%%bi% ha%grgi% Sienrsed igrtheopl‘}/qﬁoghililc[{)hase; and 15 condensmg[
he drganotrialkoxyaitana t fornrthe PARTISE 8o dPsiAY fife FIERSHHOS I cthe
hytenelroai cheresinaliiafsth emeribod ménp thend ysapovidedamidess sddorm an
erBKING PRRHSIes.CAMNARGLERY fa@mlmﬁe@a@&e{f@kﬁla%d%i‘@ﬁﬁﬂb%ﬁﬁ% and

combining a hydrophilic phase, a hydrophobic phase and a surfactant, ]
R T SRR G0 i GREAG FARBR e dbobic

mplgded Pivotiic material, to form a mixture, forming an emulsion comprising
the faygranbobis pRass.disRerseR i j "
‘g({tati%%the mixtyre; adding f %g?g}ééyft%%gg%gmqggﬁggﬁ%ggﬁ %aé%%smg
‘&ﬁ&% smcg”%ﬁ"éfb‘ﬁg%ﬁ%tﬂa?ﬂB}&%ﬁe to form the particles comprising the

combining a hydrophilic phase, a hydrophobic phase and a surfactant, said

hydrophobic phase comprising an organotrialkoxysilane and the hydrophobic material, to
form a mixture,

forming an emulsion comprising the hydrophobic phase dispersed in the
hydrophilic phase, optionally by agitating the mixture;

adding a catalyst to the emulsion; and

condensing the organotrialkoxysilane to form the particles comprising the
hydrophobic material therein.

The catalyst may be an amine catalyst. The catalyst may be an
aminoorganoiriatkoxysilane, for example an aminoalkyltrialkoxysilane. In  one
embodiment, the catalyst is selected from 3-aminopropyltriethoxysilane (APTES), 3-(2-
aminoethylamino)propyltrimethoxysilane (DATMS), 3-aminopropyltrimethoxysilane
(APTMS} and 3-[2-(2-aminoethylamino)ethylamino Jpropyltrimethox ysilane
(TATMS). In a particular embodiment the catalyst is APTES. The catalyst may be added

after combining the organotrialkoxysilane and the hydrophobic material.
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hydrophobic material therein. The catalyst may be an amine catalyst. The
catalyst may be an aminoorganotiialkoxysilane, for example an
aminoalkyltrialkoxysilane. In one embodiment, the catalyst is selected
from 3-aminopropyltriethoxysilane (APTES), 3-(2 30
aminoethylamino)propyltrimethoxysilanes (DATMS),

3-a'ﬁﬂ%rg%%g}%m8é%%ﬂ'§ﬂ%d@ﬁ% )aacﬂ) an e).(%/.s }ﬂvdro hobic Ig jaellgaé therein

3-[2-(2-aminoethylamino)ethylamino]propyltrimetho ane (TATMS). ‘
particisie dmbedliprrissined dhtadjatlis RPTES . PRectatalpstoanayise addwde particle

@fg%ra%%%%g@jgg dheprganotrialkoxysilane and the hydrophobic material. 8
There'is also provided a particle having a dopant, e.g. hydrophobic

mateffaft H- e by ieviretessdithaaisdfosarentitiadparderant. .2

HY@Y SspRisa e BiNgieaRaiticlaaghan aggregation of particles. In an
embodiment, there is prqvided a solid particle comprising a dopant,e.g. s . .
e OB ERAE irBEGOND RENHE T & CBE c OBehd qgent Therein said
Joievidédiagaticlesbbmfisingha depaditthendih paitdctiopanideinde by a process
releasable from éhe particles, said (;):)artlicle beiqug}g

COMIPIiSing’ Proviaing'an enlflusl’s Ol COMmpIismg a dl%lbé./ SRESER 2 h drophobic
comprisifg: provu%ﬁ%g an emulsion co}rj’nprlsTng a hycﬁ'ophllr% phase anc}'g

dipdechhisbicdphabe bisierbdetinttive patdphitiepphbseplsaid doydposhebicprecursor

ﬁ?g@'ﬁglcﬁ{g%@E}%Q_n&lrgﬁ&%%Eﬁmteeg@cﬁ%lt%a(gﬁpﬁq Y E%%%H%go% catalyst

precursor material in the presence of a catalyst to form the particles
tedmpridia e s pamarsettkarpaopdhetsamtpid kensan lecirsniclisasable from the
ticles. In a third aspect, there is provided a solid particle comprising a
releasable dopant in an organically modified ceramic matrix. 15 The -
dopait B bas ey dRSEhBoEAR A s biPAR S B S Ry BRIRiRE PAsaRIGdopant in
MArofemadae mdugiediabehinéernegtiate hydrophilicity, or it may be a
mixture of two or mqre of these. In one empodiment the dopant js.. : :
e SRR THEE A RoAy SB AR Ot B s hh el or it
rofythe particiéd of thedisdosubedrapheXampte & mngatng nimiecwlerwayr more of
e attached to,ar,coupled to or coated on the particles of the disclosure.
B R e B B B RO gched
oT hevdipisanty ecy. chyidrophobiic wrataried. mapbelreleasabld frorrtmepsolid targeting

' ther, f t ' ticle een. :
PR G R e

TertiellsyaeightnPodhmpeoduse elofsantos. g7 hyirsprobigava@ridhhigpant. e.g.
Bedisttbitedyeisnersed. imrphilised sosngapsylaied nitheparticle-by, from the
ore 2 than one dopa, ¢.. ydrophanic meteril, nay bR ncoreorales
hydrophobic material, in the particle by weight or volume. The dopant, e.g. hydrophobic
material, may be distributed, dispersed, immobilised or encapsuiated in the particle. More
than one dopant, e.g. hydrophobic material, may be incorporated in the particles of the
disclosure (e.g. 1, 2, 3,4, 5,6, 7, 8, 9, 10 or more dopants). The matrix may comprise a
ceramic or a modified ceramic, for example an organically modified ceramic, i.c. a
ceramic having bound organic groups. The surface of the particle may be hydrophobic or
hydrophilic. The particles may be xerogel particles. The particles may be gel particles.
The particle may have a particle size of between about 1 nm and 100 microns, or between
about 100nm and 100 microns. It may be spherical, or it may be some other shape. It may

be capable of releasing the dopant, e.g. hydrophobic material, therein, and may be capable

of releasing the dopant, e.g. hvdrophobic material, at a



disclosure (e.g. 1, 2, 3, 4,5, 6, 7, 8, 9, 10 or more dopants). The matrix

may comprise a ceramic or a modified ceramic, for example an

organically modified ceramic, i.e. a ceramic having bound organic groups.

The surface of the particle may be hydrophobic or hydrophilic. The

particles may be xerogel particles. The particles may be gel particles. 30

The particle may have a particle size of between about 1 nm and 100

microns, or between about I00nm and 100 microns. It may be spherical,
conftoHey s suRtiststRupahaisi. Ithapbdeapaidelofcbleishsipthabe dopant, e.g.
HePaHo 59 ntiyaiaphebicpateials hetrin, apdunawbgkeRablen hih or more. The

releasing the dopant, e.g. hydrophobic material, at a 8a controlled or
priteirddhaiciayBe abubie deredasigite elsahplieys. compartments
dysiaphabic-reatetind, IRl paperiedoefRetnaan ahgubl AIAWE AR I may have no

[&n%%ﬁh or more. The solid matrix, or the particle, may pot have discrete

NG B R i B 1 o S8 PSR dBifge form of ee

mpatittle, ‘Bhdhipaatrix gmiaydbehomgorousall may havened sighficaiil matrix such
surable micro- or,mesoporosity. The particles may be in the form of

R B B S S s T may

hihedstiduraltricbsiohtithiy ihisnogehsoatdd ior distretgeaaatids, oellidie solid matrix,

Kﬁ%ﬁ%%&?%@%ﬁ%“ﬁa?ﬁ@cﬁséﬂgﬁaaﬁim%ﬁ_ ﬂa‘?(té'%u{ﬁgr i W&@P}% e cavities,

homogenéously or heterogeneously in the solid matrix. 10 Altérnatively the

csHie PRATE of AW HHRRIES NYAGRAREOR (DFHIRY GrtgerEterasitiewrisemacropores.

TR QB £OMNANRRNPHYBRUQIRS PCARMI CBIIETBIN Alt M8Y COMPIIRE located, or

macropores, The dopant, e.g. hydrophobic material, may then be at least

Bsrisipietdieticor encapsulated, inthe 9 cavities, cells, hollows,

compartments, vacuoles or capsules (i.e. macropores). These may be

less than about 1 micron in diameter, or less than about 0.5, 0.2, 0.1, 0.05

or 0.01 microns in diameter. They may be between about 0 and about 1

micron in diameter, or between about 0 and 0.05, 0.01 and 1, 0.1 and 1,

0.01and 0.1, 0.1 and 1, 0.1 and 0.75, 0.1 5 and 0.5, 0.1 and 0.4, 0.1 and

03, 0.15and 1, 0.15 and 0.75, 0.15 and 0.5, 0.15 and 0.4. 0.15 and 0.3,

0.2and 1, 0.2 and 0.75, 0.2 and 0.5, 0.2 and 0.4, 0.2 and 0.3, 0.01 and

0.05, 0.5and 1, 0 and 0.1, 0 and 0.5 or 0.05 and 0.5 microns in diameter,

and may be about 0, 0.01, 0.05, 0.1, 0.2, 0.21, 0.22, 0 .21, 0.24, 0.25,

0.26, 0.27, 0.28, 0.29, 03, 0.4, 0.5, 0.6, 0.7,0.8, 0.9 or 1 micron in

diameter. The diameters of the cells, hollows, compartments to or

capsules may be monodispersed or polydispersed, and may have a broad

distribution. The solid particle may be made by the process of the first

aspect as disclosed above. The patrticle having dopant therein, e.g.

hydrophobic material therein, may be produced
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by a sol gel process which may be a process according to the disclosure.
Hence there is provided a particle comprising a dopant therein said
dopant being is releasable from the particles, said particle being made by
a process comprising: providing an emuision comprising a hydrophilic

phase anﬁ ﬁ{@lro hobic phase dispersed in the hydrophilic phase, said
Cﬁyb%%r? RS SRR S RERAITS PhatEdl S ThB eOBRRE Hnd hese may
Heaﬁimglﬁlneabbacursmcmatemailmﬂﬁerpltes&@mkmhaa%talyasﬁ ta form the.0s or 0.01

Ipartlcle comgrlsjlp%’the d ttherel sald do § ébelnlg releasabl

11 1 B C? G 1) a out (0 a C¥l n 81ameter or
rom e par S In"a (0] men ere 1s provided a me O

Heeatinyabaoritiidifa G0bjest] 1foh. xarhplé & handah) comprigingd.1 and 0.75, 0.1
Adrainistey 'Q&ﬁ% %‘%%“Qh%cba they §%‘?&d“935y1 §f£%%“8 sayan Q{B&’feoarﬂcf‘% and 0.4,

according to t isclosure, wherein the do ant, e.g dro ho

(hlaitéﬁfél()ét the piticleg imweloasabie From- §aﬁj%o&¢ﬂc®e% Qr»?daﬂgdl Reficated and 0.05,
dar ihe 250canpiions The 6aran. % Gy rophabic malesiabRaxRea dBGabout 0,

or some other therapeutic agent. The drug maél be an anti-cancer dru

Orle Edhitidn finay e aldisedse’: Frig-corditioninly be'tef eXample’- 04,05, 0.

cangey, AT, |akthuitis, ﬂlﬁﬁﬁfﬁ%rhqf}%%%&Mﬁjm@rbempﬁﬂl%\ﬁp'&ompanmems
a|n or.some %her condition. The candition may bﬁ: one for which

R HHES T RS A TG S A O Rt < TR RRted TR pgibuton.
one fohS8olidhieiriibi dwgw fhekape tiie myeatssititefhe: dispenseditoithed above.

ubje contro ed ra It. may e f rwhlch he dr ]
R UG e B DS RS RN S IRTRE b ey be produced

kpf_em@@l geim@cefheﬁeqé adsra rovideckss pasticlengdodididgstdothes.
disclogire when i O&%V%e@ed &Eag%gr?sflﬁ egé) eﬁggﬁ} fid dopant being

treatment of a condition in a stibject, for exampfe a uman erein

rgdeasripa o GrenpaitsptobréchiatEakl b@ﬂt&@ﬁé@tkﬂeﬂlﬁf@@@&@@m@ﬁom
said particlgAnetis indicaigd;fal thegrREition. i@ﬁ?@%ﬂ?&“ﬁﬂag&aﬁﬁegq{vdmphob10

example cancer, diabetes, AIDS, hormonal d nction, hypertension,

i G e6RRdthEle BEAmRBHI ARSI A HIFGRRAPiS BBRTE uRPTiSING & precursor

REevideshihesisenha tharapeutically effective 5 quantity of partlcles in the
manufacture of a ng:'dlcament for the tr iagatm%[nt of a condltéon selected

from the gFEp oSG O WAnBEFRIDE! ARISSTIAbteS: FatfoNaC form the
pdystinctianptiyperteasigmantiqpain sshid aanictescoripiisitig &m&iehsab}ecies

dopant in an arg nlcaII madified ceramic atrl Wher in the d
el R et S ST TR R TR SRR o st

taceordimdcto thisdisclosyresiog mbnﬁt@Stﬁem@TQrﬂ]@fsalcoﬁdmﬁmpautmaﬂv effective
qﬁ}ém‘?n%t’of%%ﬁﬁ@@‘éc%%mg%Vﬂﬁ@&ﬁ&i&%f’%{&eﬁq@me dopant, e.g. hydrophobic
material, of the particles is releasable from said particles and 18 indicated for the
condition. The dopant. e.g. hydrophobic material, may be a drug or some other
therapeutic agent. The drug may be an anti-cancer drug. The condition may be a disease,
The condition may be for example cancer, AIDS, arthritis, diabetes, hormonal
dysfunction, hypertension, pain or some other condition. The condition may be one for
which controlled release of a drug or a therapeutic agent is indicated. It may be one for
which the drug or therapeutic agent should be dispensed to the subject at a controlled rate.
It may be one for which the drug or therapeutic agent is to be dispensed to the subject
over an extended period of time.

There is also provided a particle according to the disclosure when used for the
manufacture of a medicament for the treatment of a condition in a subject, for example a

human, wherein the dopant, e.g. hydrophobic material, of the particle is
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hydrophobic material, of the particles is releasable from said particles and

is indicated for the condition. There is also provided the use of particles of

the disclosure for the manufacture of a medicament for the treatment or
prevention of a condition in a subject. The condition may be for example

cancer, diabetes, AIDS, hormonal dysfurriction, 15 hypertension, pain or
SRmeaings sondiion e, aricles; of comRORLionsIMAY DA AAMIRIRETED. be ror
orzflly, topically, pa enteraﬁ'y, for example. The administration may be via a
esinyddeveer dalkple ddsis. ithapratidiesuoc domposiitnsiemyppie or some other
Adminigtered orally, topically, parenterally, for example. The

administration may be via a single dose or multiple doses. The dosage of

! . g .
the pArGEIS&EdminfetErB dRRFydRFEna Wivikssetig Bie 20 adkerapswsisally effective

SRndiior paeandisize ohinematientbas welliasthaaiuie efdhimensitiobondition
and the dopant, the effectiveness o%tyhe dopant, and the amount of
d

SAH: dHERpSfaEd Ghd ORISHBEd Hy tHBSarticked> THERE ESal§ioetes, hormonal
drovideda processabmakingatcanmp gsitiaiicsaroprisisig grixiagdbuble dopant in an
articles of the disclosure with an. acceptable,carrier, diluent, excipgient .. .
R (R e SR B BT onarion
cpmﬂﬁﬁirtgishélpheﬁqtegviﬁod p}aa:a_mena:[ a@mmwtm:ﬁimmm@s@mm for the
USEI051r6Of I%%&E%RE%E'E? i%&%%d{]t%%%l Oéﬁqé"@ B8R PRI S ane, e g

aqueous pl‘ 0 eaglnous soluthn or .suspens or ot QI’ Sl.]l'[@. e SO|U'§IO'n ]
hoidsepansioaionghedubspiutiolss vrrsisspensidiesnniay frthelesnidde isdicated for

E kg fering agenis andRpiianally qihersuiable additives (REdRRure for the
intended purgose. 30 Dependlrgg on the intended purpose, the dosage

RSRHiBFtHE ebmBRSiERSHI fRoMp HSEHSHT 0T0U5YF1E0% byNdigRRdR a subject.
TReresdie coramiepariclesalhe dnventioniédauallxidesagadamas dysfunction,
according to the disclosure will comprise 10a from 0,1% to about 25%,

RFETHRAIYHD P60t ien ﬁ?&%‘{%ic 15 BBy WERGRL GRS may be
Aheipattcidoefithediseltisupardniandihaoe sxhadinenhcthéng s provitecha be via a

Jnefhad for delivering 3 dopant, e, ic'ié’s‘]jé?%%%?i% Material, Sald %‘Eﬁﬁ%’s?ered orally,
Eompriding exposing a prurality & particles aceording 5 to the disclosure

tip@aliediparecapdble Gireleasig thbadeopamsrgtitly drophbbicimatetiaglofdose or
e Y e e
sisthslierisgdidopase saidmethdg parsprismykpodingaprpalibg epndition and
haislesitar edium ranabiar! Keleasing the-ia.oRant rRgRRtReS ulated and

comprising a releasable dopant in an organically modified ceramic matrix.
released by the particies.

There is also provided a process of making a composition comprising mixing the
particles of the disclosure with an acceptable carrier, diluent, excipient and/or adjuvant.
The particles may be in the form of a composition comprising the particles. For parenteral
administration, the particles of the disclosure of suitable size for the intended use may be
prepared in sterile aqueous or oleaginous solution or suspension or other suitable solution
or suspension. Agueous solutions or suspensions may further include one or more
buffering agents and optionally other suifable additives for the intended purpose.

Depending on the intended purpose, the dosage form of the composition will
comprise from 0.0053% to 80% by weight or more of the ceramic particles of the

invention. Usually, dosage forms according to the disclosure will comprise



The exposing may comprise immersing the particles in the medium, and

may additionally comprise one or more of stirring, shaking, swirling or 11
otherwise agitating the medium having the particles therein. Alternatively

the exposing may comprise passing the medium past and/or through the
particles. The medium may be a fluid, &hd may be a liquid. The medium

may be a biological fluid such as blood. It may be an organic fluid, and
%W@@@%%Q&B'?%‘Vﬁ%?pm@'%ai @MQE%B‘%%Q&F:EB%%E)%CXH? 1% to 10% by
medium may be capable of dissolving the dopant, e.g. hydrophobic

watgrRi s Brsiclereldbe figeireiBopant, e.g. hydrophobic material, from

the partigleser R BaREkR: Mav: 0. capaieof Rastially R fulydisseMNGpant, e.g.
the dopant. The dopant, e.g. hydrophohic material, may be for example

hy, rmee m‘@&nﬁigﬂ% RREPASUIe SEBRt dge plurality of particles according
sadiopharmacetdigahadiphacmaseutcatisubisianeedanahud) g ahvatornaby: material,

t , an 10 Lah , a biacide, ticide, tic,
oL PRI 5 a8 AR e TR S i giElGE a VB BT e

mswidstance, an oil, a nutraceutical, a vitamin supplement or some other
RURSIAES O TiMY0% A KIS, of AYGRNO,OLIRIA L INESR NP o gopant, said
medium™may be a gaé’; or examplepalr, and the opant, e.g. ]hydlr hO%I(E,)
megedighnmeyine Solasies(foplusaiipid arraebmémaredaim TheablkpoSinkpasing the
dOBRDEHRIRHEIRITRRS {8 sYieRIe SHiE!8858.P NG ARPANE B I modified ceramic
hydrophobic material, into the medium. The "'method. may also comprise
Ba81Step of allowing the dopant, e.g. hydrophobic material, to release into
the nragiwm, ok meshochmpyadpitinpally.camppisedhe sienef sepaiatinghd may
atéwﬁe ,parﬂ;:qles from the medium. The step of separating may comprise . .
B FhicrGARBKRG, uitP&filtéhing, B8Mtrifudfing SUIABentTRigiNg; sefifitfgine  or

decanting, dialysing, or a 20 combination of these. The method for

delivering the dopant, e.g. hydrophobic material, may comprise abrading,
eroding, dissolving, excoriating, grinding or otherwise removing at least a

part of the particle. The abrading etc. may expose the dopant, e.g.

hydrophobic material, to the medium. A further embodiment of the

disclosure provides a method of treating a locus 25 comprising applying
particles of the disclosure or a composition according to the disclosure to

the locus in an amount effective to treat the locus. Another embodiment of

the disclosure provides a method of treating an object comprising

administering to the object particles of the disclosure or a composition

according to the disclosure to the object in an amount effective to treat

the object. Yet a further embodiment of the disclosure 30 provides a

method of treating a subject comprising administering to the subject

particles of the disclosure or a composition according to the disclosure to

the subject in an amount
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effective to treat the subject. WO 2006/133519 PCT/AU2006/000853 12

Brief Description of the Drawings Figure 1 is a diagrammatic

representation of a water-in-oil emulsion system in which sol-gel

chemistry is carried out to form silica in the hydrophilic droplet; Figure 2 is

a diagrammatic representation of an oillih-water emulsion systemin 5

which sot-gel chemistry is carried out in the hydrophobic droplet; Figure 3
asherflow ehantiofalprovediure fovprodbcingdchandestioa patiatesiely the exposing

rding. t invention: Figure 4 shows.the droplet size for,(- -
e L Bt S R A0S, Tty may e
ailnidtendfrariabielitidinwi ARTFES: dawrd (n)av’ﬁmsb't@lmis_tbﬁd@w:mgu igood. It may
Hafte! @Hﬂxjﬁiﬁnfﬂfié%{g%mﬁi@g rﬁﬁo?&&ﬁ‘@ sEWagr?d}s&ﬁﬁ 0g lﬁ\(//:cﬁ'}gghobic solvent.

microscope) micrographs of particles synthesized using (1:25 v/iv )
inosiiEerrvingIcEIPlsheindiste)ang tarinnwiethaxysilnmhd)c mygireab and/or
sihewasNT-(a6aRNINg £lacHRRIBIGIORERRE) MiRURPPe-at RAMHE S iSium may
formed in concentrated emF;JIsions of VTMS (a) and PTMS (b); Figure 7 is _
b gﬁ%a?ﬁlshamf?@*@mé S8 distibititish OFviiEtoxaRe faridiess-§- hydrophobic
k2B VM Bsil fatelap)e2 525 stk armesiiwated, &iguiesG:showsithescent dye, a
Igarti le size distri utig@lofnph_en%zls(ifoxan? gg_rtigleg O125viv . L
OYmBeiTWatEr {53): 21 2B I oS WA 20 Figure 8 is 4 Graphi ERotviigance. an
gpasticte sizevdisiribution afiéthylsiexand: particlesstie)la2bevibicide, an agaricide, an
- 1 v=52).2025 rmosil:water; Figure 10 shows a TEM image . ... .
s B AR ST eI o v
ssnoWwsenT EMVOmageher pabticiess obitainealiisns BOBOTev aPT MS/TEDS: of these.
Hr Rixie; Fovrs.12 show: ahkMdmageof prrigss.ehiained f9Mobic material,
50/50 (v/v) VTMS/TMOS mixture; Figure 13 shows a TEM Image of N
A RIS TR R 61 BOIS G RAMATIRSED S i BEOPS B0y e urmler conditions
senawis a@rapkLkparticle airRualistibutionebhasticlasebiainadrem (Wedium. The
50%53 viv PTMS/TMQS %gld g---) 0/50 v/iv PTMS/TEOS; . L
method may also comprise the step’of aliowing the dopant, e.g. hydrophobic material, to
release into the medium. The method may additionally comprise the step of separating the
particles from the medium. The step of separating may comprise filtering, microfiltering,

ultrafiltering, centrifuging, ultracentrifuging, settling, decanting, dialysing, or a

‘combination of these. The method for delivering the dopant, e.g. hydrophobic material,

may comprise abrading, eroding, dissolving, excoriating, grinding or otherwise removing
at jeast a part of the particle. The abrading etc. may expose the dopant, e.g. hydrophobic
material, to the medium.

A further embodiment of the disclosure provides a method of treating a locus
comprising applving particles of the disclosure or a composition according fo the
disclosure to the locus in an amount effective to treat the locus. Another embodiment of
the disclosure provides a method of treating an object comprising administering to the
object particles of the disclosure or a composition according to the disclosure to the object
in an amount effective to treat the object. Yet a further embodiment of the disclosure
provides a method of treating a subject comprising administering to the subject particles
of the disclosure or a composition according to the disclosure to the subject in an amount

effective to freat the subject.
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Figure 15 shows a graph of particle size distribution of particles obtained
from (-) 50/50 v/v VTMS/TMOS and (---) 50/50 v/v VTMS/TEQOS; WO
2006/133519 PCTIAU2006/000853 13 Figure 16 shows an
adsokpiadesorption isotherm of organosilica particles progluggd HaMoosss
VTMS according to the present invention; Figure 17 shows DTA (thin

line)/ TGA (heavy line) plot of VTMS product according to the present
invention; 5 Figure 18 shows DTA(thin line) /TGA (heavy line) plot of

PTMS product accorcgrpgf?%Fogrgﬁﬁ%éwg?%wgﬁgre 19 shows DTA

(thin line) /TGA (heavy line S pro ording to the ‘
presERfEfGvEticn dRHgavesds sasmeTRinee rafberimed spadsaroystem in
Whiganvisilicalpenalers aestsdling tofiedhelprasent ventiandetbylsiloxane,
pherp{ | Xan ) vinylsiloxane) and silica,.all di 9t(—3d to approx. 3wt % .
in‘ICBflg?illzgi?qu glﬁ S _oa\;v%én \?afﬁa{ ee glrlnabéeor?;lt?}oré1 ?2?]-3-114‘%%) system 1n
ek -8l eTNAGY pr sl avb drdhsd e el girissbapieivention, over the

spectighfianges 22 Qw 3600: Coi-1 pioigiies 22 Shaws dEMImagesi(SizePadies

I c%rggzicr One}uca)f)It;ersc‘)e%l -I%eecrt!i,[%lned limonene 15 doped VTMS patrticles
accor&%ng to the |nven¥ion, Imbedded in epoxy resin; Figure 23 shows

29SitHHgR PowerDecbdpteENIR (Nucleay MAghRtierRiesonaaioe) addition of

ASperya.ofjetysilexanado-sivBRenisilexans («fo}cﬁﬁ&avé@mi@@,%é'éﬁj VIMS

Figure 24 s ows a.grap illustrati e fraction of sample dissolved at pH
CmTISI0n cr)]u{ OUrs aiten a mﬁngf oS A : ;
= with'time, for (r)-phe §/I lOXaneé; - - - - vinylsiloxane, -A-

ethylSissahehawd TEMilicans2soguie@sshows iy isibie giffiseot particles
ssafiestance %ﬂ%@tra@fi@tithﬂORy?Ql@sﬂ%F@Pp%Bh‘-e”yﬂéjlox%ﬂgﬂQﬁ%Qf|e%nd
fpryedi%s?%g ?8%006;55 according to the present invention; Figure 2
HHOWE oIS Eﬁ%fuse reflectance spectra of retinol-doped and
undéﬂiﬁd@sﬁioﬁl@aﬂiSﬂ@ﬂf@m&dmiﬁgc&cdngﬁl&cﬁmplsiaﬂimm 3B particles
ibiie:2hie arRRh shaicalaase @) 15t gm phenyisioxane

particles into, 50/50 v/v ethanol/water over time; Figure 28 is a graph
showlfg the SricHAP bR ARl dy < s rérminyliayrsioRatieles:
(pdrfitles mtoonitentayér-JiMes Hgoradd:shews the chemical structure of

g:ﬂ;g%ggg; %16% 'L?h% ﬁQRWI% BW%%H%P&%%? sﬁgga}{énﬁ’é?%!&’é??%l 25 viv
ormosil:water, (--), 2:25 v/v ormosil;water.

Figure 9 is a graph showing particle size distribution of ethylsiloxane particles;
(-)1:25 v/v ormosiliwater; (-~} 2:25 v/v ormosil:water;

Figure 10 shows a TEM image of particles obtained from 50/50 (v/v) PTMS/TMOS
mixiure;

Figure 11 shows a TEM image of particles obtained from 50/50 (v/v) PTMS/TEOS
mixture;

Figure 12 shows a TEM image of particles obtained from 50/50 (v/v) VIMS/TMOS
mixture;

Figure 13 shows a TEM image of particles formed from 50/50 (v/v) VIMS/TEOS
mixture;

Figure 14 shows a graph of particle size distribution of particles obtained from (=)
30/50 v/v PTMS/TMOS and (---) 50/50 v/v PTMS/TEOS;

Figure 15 shows a graph of particle size distribution of particles obtained from ()

50/50 v/y VIMS/TMOS and (--) 50/50 v/v VTMS/TEOS;
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vinylsiloxane, subtracted spectrum (diuron-doped vinylsiloxane, where the
undoped vinylsiloxane bands have been subtracted) and diuron; Figure
31 is a graph showing release of diuron from phenylsiloxane (- -) and
winylsdoxane (- - - -) particles into sodium hydroxide solutiogc(atsphhasdadkss
over time; WO 2006/133519 PCT/AU2006/000853 14 Figure 32 shows
TEM images (size bar = 100 nun) of 2 (left image), 4 (centre image) and
7.5 (right i e) hour reaction products:.Figure 33 is a graph showing .
o L B e D R B T e g gy il

ppfprech Aival AP evertting (ot Riguree@4riscatiaiph showing release of
sudpiied dyesfiars PRERY(SHXane)pasiclas M0 12Q3 SPot oethanabwatiQiuct
ove .tinle' and Fie%gre 35th a graph showing release of sudan red dye

Ao T riltcl}g ‘Made Vs‘;’ilﬁéfm(’(r))l:ZS and (o) 2:25 VTMS:water (v/v), into
ethampiroleshime I élliad DagdiiptiOrohPiede petiE MBddimedist ot thaling

tol&@ﬁF%tL%I&ﬁi%{,esem invent;]or(lj relahtes_to patrtiqlels,thcIu_ding ;‘,olid_ "
particles, having dopants e.g, hydrophobic materials therein, rein the
opaETE 17 393?8%’&?@3(%\ GBI %swé%nﬁhéﬁﬂb@ﬁn fproduct

agetabes to thrapessesfompreparing such particles. The particles having a
dopgptenerRRKated Rerein il SHPSEALENIEICASE MRY PE MR AR ding to
delivery vehicles of active agents sucﬁ as drugs, dyes, . »

T BB A P AEE G RS Pt Y TR RS SO IRV e Br Sifam !

dibfrkbepingraxpbesutsdr Kiaterial (or partial reaction products thereof) in

theﬁéﬁ{@%oalw@gsagwi&g&w&eﬂ t@@ggmgj qﬁgﬁf‘*ﬁfﬁ% £ a PTMS

S
chemical modification of the precursor. Although the typical alkoxides
PadirAATEtRORg<RARe PlstrAE GRS ALY (Be PRT el ateE st ot s are
hydroghe iz shsvh e Hydialysis(seaciian-Iaaeeds), € skingdflioned limonene-
r nt of the alkoxi with. 2 roxyl (silanol) groups, the
d(ﬁ%mes Efe%%)%lcggs a%ggﬁl?%%g%ij&%gﬂ%e m %?:%%%étﬁ t%j §X%5%|%rrl1’uous

p
hydFéprfiié prieses TbkHer ReKee P eraprelcifdsy Aiacdialbuadi¢ itogqaance)
spaysliophehiziphase throughawtsiha processnan ggnicathnenadified silane

("or. .osil"bﬁm? be used.in.which one allcoxide group of a. _
oS e s i I B LERHOR R Dsstyeg at pH - 12

with&myg. deodprtcerslytenprodace aidrgarorialkosifsilaieantignds o silica;
orgapic:fragmanteannetbenicavadsiaentha sentipdsiicen ateRdwHRE and

u th Qa/drf)%sﬁ.lggggtion%g[j Sthys ‘% CQS?rs' the siligon scec_:(%}es iqsiq%the ;
THydropRobic domain, The™ fstitihg preadctiThot iowever. Silica, buta
msotified version, referred to here as organo-silica, where the “organ’

depepds ofsthespeainsraddosaplace.Realkexigesta of retinol-doped and

- undoped silica particles formed using a double emulsion process;

Figure 27 is a graph showing release of retinol from phenylsiloxane particles into
50/50 v/v ethanol/water over time;

Figure 28 is a graph showing the amount of Rhodamine 0G dye released from
phenylsiloxane particles into water over time;

Figure 29 shows the chemical structure of diuron;

Figure 30 shows Raman spectra of undoped vinylsiloxane, diuron-doped
vinylsiloxane, subtracted spectrum (divron-doped vinylsiloxane, where the undoped
vinylsiloxane bands have been subtracted) and diuron;

Figure 31 is a graph showing release of diuron from phenylsiloxane (— w—) and

vinylsiloxane (- - ® - -} particles into sodium hydroxide solution (at pH = 12) over time;
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Conduction of the sol-gel reaction inside the hydrophobic droplet is more
30 problematic, because sol-gel chemistry is typically hydrolytic (i.e,
involves water). Non- hydrolytic sol-gel is a specialised branch of sol-gel

whemistryssiput typically involves reagents incompatible withpiwaigt {essetosss
as SiCl4), catalysts, and high temperatures in order to get the reactions to
proceed. As the inventors specificallymvant to use an aqueous continuous

hydrgphilic roach en ide e

200&%&%5’1%% ‘Eil?A 5}6%%8 ]5; 1 am%}é)%rop I?E:%h@xyg at e)’ 4 (centre

ipapey 2y Wadris dmascatilysteapécnypareReiss and condensation of an

organgusalg@riss;p%gﬁ sa&d@gqrémgebﬁ@tﬁ@ﬁ@@%@@%&@ﬁ%ﬁbﬁﬁ%ﬂ siloxane
%Nall J. &OS dﬁﬂ é/A J. A|n .Ceram, Soc., 83 (12) 3124-3125,

P?ﬁ% ﬁ 5 i Ws"afdﬂafﬁ‘i 13]“% Ottenbrlte R. M., Langmuir, 17

(19)F@26736029 gmgf}pvvﬂh@rslmmm sk ﬁmsfrmimy@mme particles

iweHamderstantoDoweysl.itappears that APTES may act to catalyse the
condensatjon, reaction %Td also may be incorporated in the product to

Eitent, Tl HtiRG MARBRTREG AR 260 Sirrdon PHEdspaAe using
(le)yilﬁydﬂiph@@ﬁ ViiddSrishtenty e raddibdrokforer aite same time as
(e.g. as a mixture with) or after the rg.,.... oy o,,.sih... .... b .b Spe,,.eS.

Eofw@@gagl@me]:smﬂmomyﬁ Mﬁwwmw;mgawqmmnmm

e addition.of ABRTES S the present specificatio Cr

prozlfagss oF prot ﬁ;g}ln%’ %5?{% ei SaE ﬁ%’iﬁmél go anfléep ﬁl,fhgls %P{B}%éhpams
emarefraphlaccmnten Sdrendd. wlﬁ'amﬁgetﬁ@mpaﬁrr 1lgsdqyanbphetsictrom the

péﬂﬁ’é%”a‘ii@iﬁﬂ%ﬁ%ﬂaﬂ@@'Q@a@@ﬁ@ﬁr@ﬁ@@@%@ﬁa%&%@sﬂ@t?&ﬁf&ls’m ;ﬁHﬁr es
ht%gddltl{?l’] ofttgﬁz AI;’TES The 1é)cle obtalnted enerally are nan03|(zie1
Ui SR BRPARER A Iy BIAPL S At S it o deltvery

vmw@ﬁhwmmbwmme@esm@mmmm realdkees,
limopeng. ditkan ardHasinale havadeer 1&%@5@%&%&&9 %{é%s(or partial

oration of hydrophlllc op nt has also been demonstrated.

Inco
m&%é?ffdﬁ’i&%%é RO inen o TR & s PhER RS Bee sy readhing s
agybirtistd sb P Gloomgdi simygl di dojoant! 6lg. tydrophobitlmateriat theiein akbeides

PraffelRok !
(;%ro T ok aRace? ST, os o

RS%MB?&%%%S?HEyr&%%‘}%é&u’f PERRRN ot o e axflepsidler, magps with
hrrdrgplisibicoihateript, dndspraicalsacamprise dxhtalysiclandeastivneol hethe

BRSO, *ﬁ‘ét&%@d%%}@é% Raigle sy The RIecursQr.material is,then, .

reacted wi h|n
hydrophobic phase throughout the process, an organically modified silane ("ormosil™)

may be used in which one alkoxide group of a tetraalkoxysilane has been replaced by an
organic group, such as a phenyl group (CgHs-) to produce an organotrialkoxysilane. This
organic fragment cannot be cleaved from the central silicon atom during the hydrolysis
reaction and thus ‘anchors’ the silicon species inside the hydrophobic domain. The
resulting product is not, however, silica, but a modified version, referred to here as
organo-silica, where the “organo’ depends on the species used to replace the alkoxide.
Conduction of the sol-gel reaction inside the hydrophobic droplet is more
problematic, because sol-gel chemistry is typically hydrolytic (i.e. involves water), Non-
hydrolytic sol-gel is a specialised branch of sol-gel chemistry, but typically involves
reagents incompatible with water (such as SiCly), catalysts, and high temperatures in
order to get the reactions to proceed. As the inventors specifically want to use an aqueous

continvous hydrophilic phase, this approach has been avoided. Instead, 3-
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25 dispersed phase of the emulsion to form the particles. The reaction
may be a polymerisation, a condensation, a solidification, a crosslinking
or some other reaction, or some combination of these. As the precursor

watarahseaects to form the particles, the dopant, e.g. hydropfrabiarzees/ooosss
material, in the precursor material becomes incorporated or encapsulated
in the particles, thus reaction of the ptecursor material forms the particles

H.omprising s Aenant.o9s 8y diRh i materal figreln, e sigoan
‘ma e?&%ded in%he ak_)s_Eence of a si%vent other t aﬁ%sp# éactagﬁ)gg %?fgs. and
HBRARETRRY 1 QEEe -SSP SRR, BT dfticimdrsoRitrabTite o shritstentrite, R.
NDURgLy éagtiGiddfdiie orecurson maiesial secpredlucs the parteles s siegl, 7.
fthe remapdsion dropl in.whi articles f ghur' id reaction,
Sgb%m'o'hrg}#nc%%léségg’e@ %Pieegemp‘é?ﬁ? Size r%{e@ I ’céggﬁeg%%ga&%@@ - The
mgphgeispooptioratien 3ot reol-urroont Wy 260611335419 that APTES may
ARG ALIZRA60L5%:21i6r2 30 c 2508383301385 3804 40 A3 duct to
450, 4%%,t 51%91}1%80 n801(1),&1%“(1)1(%&_ 009, 1;100 1500, 1%)%2, 2000, 3000, é_OOO, )
g@(goe‘% S P Pt e Ao ok tarb obo Atk sv8: Bydrophdbic
niede b barddearie o ut 400095¢ dinbetwéen. abourbOaadvathput after the
o300R%Rn hetween ahou:50.anshakou2000% 1ar Retween aboul 7Q and; 4
ba%out é}%OO%,B%;Ptig%%veen 5 about 50 and about 1000%, or between about
5 259" 80 Antf 700, 100 and 500, 250 and 500, 100 and 300 or 100
and 206%ite. geratsout §EciibBtios, 2605RS0, B0PpESE, 400,pAE0chiH00 M icles
IRe:aize of hpdrorigsimay e eauatedwituieidiameterofdp 9?9 "RRIFIS the
dThe size ngcr ase may comprise swelling, ggglome_ratlon, Ostwald
FB&HirntEor SO B e RO o P E AL . PRuY OBl e’k FRRfl-in-water
elolisyns @@ Stedivioncré dsing ES sivie ipanfdiee drapledssefidhdl dispersedized,
oiAsaRkebic phage. NG PIERENTVENAN. JALIQUS SIeRs of Aqiflion are,
or may be usedé.}%%e method “employed fo?%ﬁese s?%p% %&r%F E%%X%?%Obic
1%?8@%%41‘1%?@6%@%%}@&%%? phrrsntimeReneadippmardoiepaeidichave been
inixgsraeé chaniqakstiteer, hagnettwsliner Sthy&ssltablaidpanhigh si@aheen
a8gitation. a sonieator may also be used. is The emulsion may be an
oil-in-water emulsion, and may comprise droplets of the hydrophobic
phadeursiiasdadhin RERS ) dRspHine . TrRei¢ath gl Sroncasdy avis zematinles
colrgpleib gizedpatveas Rabuphdii ancbAlONcAOR Micrse.ardaiwasn Abeding
! nd 10, mi .1 mn.and | micron, .1 and 100mp, | and 50nm, 50nm, ,
ol Rt oI R0E o SO TS Bhae A s hoRei
Phaig: 10 Fhictors, lBoorrhokirirlesmieraris; 20 Draptso mrtidsns andkot, o.o.
hiieiinsi 50 asdab0ma, AP MBARG RSOt aRG 20008 JORNYLA0s0r
icrolnfs 1 aﬁd 10&) micr_gnIs, 10.and 50 microns, 50 and 100 microns_or
matefial I0 produce the parficles.” The precursor matérial is then reacted within the
dispersed phase of the emulsion to form the particles. The reaction may be a
polymerisation, a condensation, a solidification, a crosslinking or some other reaction, or
some combination of these. As the precursor material reacts to form the particles, the
dopant, ¢.g. hydrophobic material, in the precursor material becomes incorporated or
encapsulated in the particles, thus reaction of the precursor material forms the particles
comprising the dopant, e.g. hydrophobic material, therein. The dopant may be added in
the absence of a solvent other than a surfactant, The dopant may be added as a solution, or
micellar solution, in a surfactant.
During reaction of the precursor material to produce the particles, the size of the
emulsion droplets, in which the particles form during said reaction, commonly increases.

For example, the size may increase by at least 50, 60, 70, 80, 90, 100, 130, 150, 170, 200,
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500mu and 1 micron, and may have a mean droplet size of about 1, 2, 3,
4,5,6,7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 150,
200, 250, 300, 350, 400, 450, 500, 600, 700, 800 or 900 nm or about 1,
WD, 2013530 3.5,4,4.5,5,6,7,8,9, 10, 15, 20, 25 25, 30, 3prAQidhdetsss
60, 70, 80, 90 or 100 microns, or may have a mean droplet size greater
than about 100 microns. The hydrophilic phase may comprise water, and

y 0 e, It may comprise a hydrophilic solvent, e.q.
B e R R b b S, . 1300,
EnpletR15:i88080dith thi6tider; potassitmtetioritieyicaiciuduBiut 5000% or

ebielidemrsamenetiensalt M CAteenatRRREING SALIRYDS AR 000%, or
c%ncentr tig §p é‘tgf‘%e saturation concentration of the salt in the
o

B, B 20005 SRR AU 50 909 £500l 5701 dteen

deua 50 Bod 35060, 06857 OF 'ﬁstv%naspm(g&drzﬁop% efdtheosaliratio 500, 250
sensentiation Ok the,salidn.the dvdraphilic,phase; fion ©xam) %d;%%éﬁé,'%oo,

dium chloride the concentration may be up to about 2'mdl/L.
PR e rieSeiiG TFasE HITING TSty eR e P RE A plet
2006718359 REHALZ0HHO0853c licT herpreetisar, matesialmpaydor some
SR S&uahl‘eﬂwleﬂal 0 mrm;meﬁﬁ%@s%%gﬂé&,ﬂé@e *}%asr*té%e§‘*lfn"\%sing the size

. 1 FR BRRVE Ss } ¥ 4 ;.IJ:VLUQD o A 1LUED LIRS AV NS ' LW
particular embodiment, the prectirsor mateérial maybe capable o

tEhahretieiibenitmapHbbidprbcmie-emulsion. Generally, the
preclusbe prateriahiesifficientys sppspalagiagita @w_tif:ig{hrj? nﬁfﬂlﬁgﬂlﬁglﬂy method
dntadbeshy e, If.the precursor s material is hydrolysable, it
B b R SRR G s gl ot
%513 SPAderih § IR ER eI opFbBIdphaliaeattegttisefbreagiditiomatiie For high
shendemsAtoNncatalyslr e Nreedrseamaterial, and optionally also a
hydrglysis product thereof, may be insoluple, or sparingly soluble, or ver
spar?n%ﬁy%%lﬁlgﬂe f?ﬁytﬁg aﬁy‘é‘?b‘gh‘ﬁ?é‘% KRS Ay é‘&%ﬁ%ﬁé‘&’ ﬁsﬁrg‘é’ﬁ i’?ﬁr%ﬂle
hydiephrhic pbas dishermed pRebarspirophiitopbesariicemayplbmamay have a mean

REGRAQSHCGR AR IO TIFGANIR a8uH JADGAILHNAPHER,OLHANOHERIA oK 10
a mixture of twao, three or oucr]do{ ese, or ans r an:§ally modified (i.e.
sorfat

"Hihatituted] MikedHieth odde A hredl AT ARy doHipRge 400nm
aidOR speeits Bi0soraedoiferionetall Spevies] Whererths, Fétaimay Henfarons,
1EXRMPI S RASHUHURY 7 GRBIVHE, 6D 4n@B0REAB0ZICORCIE): REHHOHH 148 B0nm,
i%nagég?géﬁl%ar}oate), Orﬂlism%{ comprise a mixture of is such species. The
OréRUrs0? MRS A b gHEE R, 18 Aistet Wik Bthet ol migons or
Seondenshbiwisdditvesnsydhrasazincandteslcosgandalbioninium) EompPENYs, 9,

1itanates and/orssilanes that 69 PEL fLaLNAR;YE0lBABIR OrgRNS OTRIPS 50,
ﬁgt&?lc an.congdense with the precursor material. The prectirsor
Smatdfial ébé’o?ﬁ AL TP ple 2’ slahe: A ditdpfe’s 5 6.7, 8, 9, 10, 15, 20,

25, 30, 35, 40, 45, 50, 60, 70, 80, 90 or 100 microns, or may have a mean droplet size
greater than about 100 microns.

The hydrophilic phase may comprise water, and may be an aqueous phase. It may
comprise a hydrophilic solvent, e.g. water, It may comprise one or more salts or other
additives. It may for example comprise sodinm chloride, potassium chloride, caleium
chloride or some other salt. The concentration of the salt may be any concentration up to
the saturation concentration of the salt in the hydrophilic phase. It may be for example
about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 100% of
the saturation concentration of the salt in the hydrophilic phase. For example if the salt is
sodium chloride the concentration may be up to about 2 mo¥/L. The salt may be useful

during freeze drying or storage of the particles,
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silane may comprise three hydrolysable groups attached to a silicon atom.
This enables it 20 to crosslink by condensation. The silane may also have
an organic group attached to the silicon atom. This may render the silane
wuffigientbs fsydrophobic as to partition preferentially into theebydropheticsss
phase. Suitable hydrolysable groups include alkoxy groups OR, where R
is a straight chain, branched chain or¢yclic alkyl group. The alkyl group
ave between ab ut I nd 18 ca gbn atoms orfetw en I nd12, 1

g RGP ooy A realh i SRl maloiay g or the
p%ﬁ@ﬁﬁa%apaﬁi%ﬂm @@dvn@ltgh@emrsmzmwnﬁmms btGapabbr A8 emaining
nﬂ@;&%ﬂi}ﬂm&c%ﬁﬁw Jrave-hRIvee R Ans4, side,ehaing mfi‘él{eﬁ)ém %@ﬁgenﬂy

or 4 side chains. Thus th alkoxy may be for example
noz égtﬁl:(%( e{ﬁ Og(yﬁ%l(‘}cl)l flf.:!rcgg g’?ﬁw %B)IE%X Eﬁgmléxgbe precursor
mh@)(‘}‘lbﬂﬁ)@t@%’éwe @G@G’tﬁbﬁ}fﬂﬁe@]@mypdmﬂaﬁ%bwhmmmoduct thereof

Isst@@m@xw cygiahy @;?"W@r BRhryiepRNMY- healicnnlomalife or me
dame may ha rent hydrolysable groups attached thereto, for

e e PP e e
therydérstogd thatmearycofdheabiogt grolybécarer desivedpinominaturable, in the

nROUERER (Bhdke SIEARY QXY i derived from stearic acid, derived from animaly, .
fats or plant oils), and that these may be present as mixtures of chain

Cﬁf@ﬁzjﬁﬁw B TR (AR oo P HRBOKB i 4T3 HaUS A BIA 9 9 Gr g glitana,
orGlahiandéos 320, aheinsaf well as(z] 8chaingalisighave: Gsoups. \é\l&tztuted}

mg\%gqgegﬁ%%%g Cﬁxg Q&@ :lﬁ%%%z%ggm f d03 1%% %% %[grtlj e cc(xesqini {mae other

functional groups, aogens aryl group or may

meSthSPEHiRROIIRY BR SHe BYOUPS mLfafélar%thwmmmmw (e.g an

o;gaﬁwﬁemain@uﬁﬁtamd@f @arban @gﬂﬁb t&:t&ﬁ!ﬁd)n@t‘ haquroﬁagﬁmpl@ 8 Bire of
re than 14 carbon atoms.

S B O e R SRR e

CDB @@éﬁ@ﬁta%éalbvm’éwrﬁ@waw W@p@lu(félgluwl OB stightoteinutor

silafrenehe datiolhehahogensrdlipstional HRURS L BtRelhRURSHLEMSase with the

I tt h d tp the silicon at m of the silape include
B T e, SR P PSFCHsch G o Soable

silapeaay @mmmm@h&ht@yﬁy@k@mw@@amﬂﬁmm@ammﬁw @aples it

to ISﬂJ@EQHE%ﬂ%ﬁﬂe@%ﬁym@sﬂﬁrﬁﬁﬂéﬁmk@(}la‘%' mpog%ﬁmo group attached to the

meth ethylketoximo) or the hyd sab groups known'in the art.
sl %ke alky ' Group aff?g L?‘ SO St 6’%@%@% fifciQu@Fsition

prefesanipndy ety ﬂpmivrysitorémpmp;ahsbu@u;t@b Unydyabrtabletydr queatifdcndxydikoxy
eréepeatyl, derm, I@@Q@%ﬁﬁig@ﬁ/ CIORE XY QR Yy %1?009 Pfl g}Uﬁ%S%KQ Wiyl
n

roups, halo ens, ary groups etc.

be substitute ctional is
P&y Y?n%f}ﬁ’gﬁ{]u‘i’lg‘&“tdtf'f %ﬁlfﬁfggno?ﬁ’é}?ﬁcm etween 1 and 12, 1 and 6, 1

and 4,6 and 18, 12 and 18 or 6 and 12 carbon atoms, and may have 1, 2, 3,4, 5, 6,7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17 or 18 carbon atoms. It may have between 0 and 4 side
chains, for example, 0, 1, 2, 3 or 4 side chains. Thus the alkoxy group may be for example
methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, pentoxy, hexyloxy, octyloxy,
isooctyloxy, decyloxy, dodecyloxy, cetyloxy, stearyloxy, cyclohexyloxy or
cyclopentyloxy. The silicon atom of the silane may have different hydrolysable groups
attached thereto, for example more than one of the above mentioned groups. Also, it will
be understood that many of the above groups are derived from natural sources (e.g.
stearyloxy is derived from stearic acid, derived from animal fats or plant oils), and that
these may be present as mixtures of chain lengths, e.g. “stearyloxy” may also comprise

lesser amounts of C16, C14 and/or C20 chains as well as C18 chains. The above groups
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groups include aryl groups, which may have between about 6 and 14
carbon atoms, and may have for example, 6, 8, 10, 12 or 14 or more than
14 carbon atoms. Examples include phenyl, biphenyl, naphthyl and

athragylsFibese may each, optionally, be substituted by ong @R 0833
alkyl groups (e.g. Cl to C6 straight chain or branched alkyl), halogens, 20

functional groups or other substituents. The silicon atom of the silane may
ha ea nyl or alkynyl. or benzyl grou tachedt it. The alkenyl or
\ﬁj ?Ub e[ Xa@ av\ymb%e v(\:/teoenn% gu (?lltﬁgfgség%oﬁ at8Me ¥ §nc}5/ ma be

uww&ﬂ@th c‘ﬂﬁm b@&ﬁ@ﬁe@é’rﬂ(ﬁs@@ﬁﬁﬁ@ﬁpﬁ:aﬂﬁbﬂﬁt@rﬂ@afre%‘?é@emﬁ}’ have
HENRIG: ébmys haye 4 emaraithan A&%%@@@%ﬂm{@mm@e&th@n 1Eples o

bongin éd hav%ea ture of do bc! ahnd t)§$ E If the S%OUp 4
TR Hiore AR SR & iHSa %’&%#8 B e U PR AT S Bt S FRAY ety an
agibricgdeated BhesooljggdtedptBuithhl & sitahedutmd ddecsthygl more alkyl groups

(érgn@ihw,%I@f}%gwhmm&thﬂam@nQk}@ﬁwggm@th%(mn%m s or other
oprop trlmethoxysnane benzyltrlmethox¥5|la%e ethyltrleéhox ysilane,

SRR S B GHPRh BLRIRNS, 188 SHORYRALIROR Sheridesoiasipde
alhehgmu}veilﬁmxwlanb Othef $Litablehpeben sorsohal/ cbom prisgcsidoiyle Other
sdimersontrimers. provided that. when, ﬁm;g(edmth {106 QIBen CoMPRRE A oy y,

of the hydrophobic hase to form the” hydrophobic phase at the

EBFRRRTATEPER WY RSB TSSO RASTRE Ry BBl B g e he

attquid, The temperature at which the emulsion is formed may be between

abo!“s‘&\??oﬂe %8%3%&@&%‘%8%%%%%%%@9 A éz 8‘2%86&%‘8 AP wre

10 and 20, 20an 40 WO 2006/133519 PCT 19an
ey GEPRHe IRroDYAITD (9t EE 50-Brtyb Bedv30ex dnisdaeylbecaotedecyl,

cﬂc@olﬁﬁy@&ﬁ&w&m 3b,c48ofentH0 Tﬁ@seﬁ@w@&og QuibitdiQd 5.0 Q0K f@ictional
ne #I/ bﬁa%reater n abogt 0C o Ies thaQ %1 gC (5 ma Sm%bpe orpanic
gr 2] tem%eraituré a%r?ﬁ% temperature atwhic precursor Is reacte &t

glf@mﬁ thdwisliar vh P ribipaype favmfk@ﬁéfmeah@érét@ré ¥ tvargasi|asesre and

nﬁm@ﬁ% wrtéif&ﬂiiﬂmm hf.wq mﬂqasﬁ thige Mydrolysahie ﬁw&%ﬁpms include
moI OJILBS may be the same

p%Fesc:r ere“értrller fge S|Iane ey reﬁg A gaccom ﬁllyr sf‘ﬁjﬁémted by
Oléﬁgﬁrmog?(ﬁilbfém@cga@hébﬁét@ml@h e @rgbmr@hgﬁ)@ﬂbslhméylmens
ﬁﬁ%tlﬂﬁﬁpr'g@@@@aﬂi%r‘ﬁtar &?Esgi\@a% S%l«staalﬁcéuoa@%ﬁeﬁ/%%@ﬁ%&ril Shﬁ%}’an
nc | etra’ e rp ell
O L R AR5 e e ST Sy Heve
b@é&l@etrﬂoxydmwmlﬁlam atetnammﬂwowﬂubctytoh&lﬁxahm branched or (if
sugiEaeinaXyioRidiSHONRRBE PERIAMERAY e 1 or more than 1 double bond, or

I or more than 1 triple bond, and may have a mixture of double and triple bonds. If the
group has more than one unsaturated group, the unsaturated groups may be conjugated or
unconjugated.

Suitable silanes include ethyl trimethoxysilane, vinyltrimethoxysilane,
phenyltrimethoxysilane, isopropylirimethoxysilane, benzyltrimethoxysilane,
ethyltriethoxysilane, vinyltriethoxysilane, phenyltriethoxysilane, isopropyltriethoxysilane
and benzyltriethoxysilane.

Other suitable precursors may comprise siloxane dimers or trimers, provided that,
when mixed with the other components of the hydrophobic phase to form the
hydrophobic phase at the temperature at which the emulsion is formed, the hydrophobic
phase is a liquid. The temperature at which the emulsion is formed may be between about
10 and 90°C, or between about 10 and 80, 10 and 60, 10 and 40, 10 and 20, 20 and 90, 40
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phenyltrisiloxane, pentaethoxytriphenyltrisiloxane,
pentamethoxytrivinyltrisiloxane, pentaethoxytmivinyltrisiloxane,
pentamethoxytrioctyltrisiloxane and pentaethoxytiioctyl- trisiloxane. is
Whrduigss afiany of the above described silanes, siloxane dinpersandosonosss
siloxane trimers, together, optionally, with other substances that can
cocondense or copolymerise with thgge, may also be used. The emulsion

ocC ise talyst for solidification, of the hydrolysed precursor
e e A e AR iy B BA BB p o>
3this, 20, the Hispersedhy@ophdbid phage e watabpstmasy emsbout 90°C or

1R uReHON@ESIlaNG .t tRaYSQrRX %Q@r@@@fﬁ@%@@ékaﬁu& at, which the
trlalkoxysllang% gnclgdlng a maonoaminoalkyl trialkoxysilane, a dlaml.noalkyrl
PATREkyRTEHECHAA SHER SIS MrSHo%y Sike) Pt it Fonmamre. The
SHCRLSHOR)Y3) 1 hrwlsishr@Rhis a dyeholisableydgroymbR isansatikyleoicule, and
" i isanamine,HRCtonAlity (Fde NEGNERNRG e s
H%ﬁ%@CHzlﬁéﬂ%tc. g%%vhere_R" is an allf<3 I%rgl ;%S%b%ﬁfﬁ télfasr}i%%qg' Thf?y
TR SRS S psr B EHaEls Arore ﬁrag%ﬁm% BrROBRMPE G organic
grmgrerthah Gasakisontetornd;earid thayihaveshdrabkastiplends &mdisdr dridids may
iﬂ%ﬁf@\pn atomSL 9&1%{5%5 1'ue£§§ir1 El’igtoms Cor&p’[gx%’i}ut R' '9'. 11'91 isi Xano
mono- or_di- gab_stitutg{ggv{/%%h . Su:%gb1e’aminoalkyﬁrla %o?(}{s%-l"aﬁ S%SIIOA o

tea g S NSRS imethoxysilane, tetracthoxydivinyldi-siloxane,
teBefBectrminydittyldivitogdpeopy trireeibmsysianey1didxane, pentamethoxytri-
DAORMIEtOOXNSIANG ANM s ——
P 3-[2- 2-1am_%1'o’eth>llgl)‘am§|no g hjjglr%%%ﬁlslrlgﬁa/ﬂ?imeﬁ?g;t(%/r?gl glﬁg.nf he 1&%?%11 fs ©
PepaGsHBEe Kredieiissan ahamstondroshilicgiouwss (fod exatmpleostheioctyl-
traimines . described above). There may be sufficient catalyst that the
sur s of the particles made by the process are hydrophilic, or ,
suf |C|§F|utf§sh§)/§r%%hl %?ﬁ%_t&t e epaﬁﬁgﬁbspeg?éa@g%aﬂtg}b@g?s Bidihgaf siloxane
trifpgrer lesethen o2t thicther pabtttessnthyt bewettetdbys8 Srvateryleeise
wiRRS! May:pe 8swdactant, for example an aminosurfactant. The ratio of
WQI%eooe%l S\;’)5119 PCTIAU2006/OOO85§ 20 ﬁ)atalys(i,%g precurgor may. be
betweers AbSur 2258, ST PEF BefEbR o oS dlisHop, 911ths. fugsplysed
precgrsormpigrigd Ol may: beaavdatiinel | Thel anrideOr5l b Labaibel . fdrt i BiGgl into

thQehbekcl B8:dpBbrid de 019 @nddi Oy 89 L.aheh :0:85n 8- 98209 nay
f01:0.98 orll: and 0.5:1, anﬁiilga%bﬁ(abo%:l, 1.5;1,1.4:1, 1.3:1, 1.2:1,
11590019109 g8 20poplvhs melkqeysiipye ) inclpding a3 panganmiosikyl

trigligy1y0i81e,, 0.RidmdGalky0.5idlk0usilplS :dnd) 2 1Ha9iAoa @0 Allarn®sant). It
m%n}ﬁ\)@/ﬁgnﬁdﬁ X/-Y{QS{(@@?%%@@R%@A@&@%%Xﬁ%sg%ﬁ 13 'ygﬁogll?yiene
condensation. The catalyst may be soluble in the hydrophobic phase o
YHE B it SRS AR 5D ot Vi SR ouD GorHe iGN <t
wimmike'sidanfalfifithessyl group, for example methyl, ethyl, propyl or cyclohexyl). R’
may have between 1 and 6 or more than 6 carbon atoms, and may have for example 1, 2,
3,4, 5 or 6 carbon atoms. One or more the carbon atoms comprising R’ may be mono- or
di-  substituted with X, Suitable aminoalkyltrialkoxysilanes inclode  3-
aminopropyhrimethoxysilane, 3-(2-aminoethylamino)propyltrimethoxysilane, 3-
aminopropyltriethoxysilane and 3-[2-(2-aminoethylamino)ethylamino]propyltrimethoxy-
silane. The catalyst may comprise a compound having hydrophilic groups (for example
the amines described above). There may be sufficient catalyst that the surfaces of the
particles made by the process are hydrophilic, or sufficiently hydrophilic that the particles
are capable of dispersing in water, or that the surfaces of the particles may be weited by

water. The catalyst may be a surfactant, for example an aminosurfactant. The ratio of
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viwld Teiri, the product . yield obtained tined with diem is in the case of
silica pro,. yield very low. ~i xrca particles vi to Si containing particles the
preferred catalyst is amino-siloxane or amino hydrolysabie silane which is
woanpenatadhin the silica network in the particles as they arepnadedaysii@sss
process of the invention. The emulsion may be destabilized on addition of
the catalyst. The catalyst may be anzmino hydrolysable aluminate,

amin drolysabie zirconate or an amino hydrolysable fitanate in the
AL R A il g R R
el partiensstrsly bd Bedliddnts ahd@s)rhdiok; I7aad 23 nibloh, agidh@l 21 0.5:1
m&gx@n}b.amlcbﬂ@ Y0, 01 _b@l(;fysﬁ% @.Sfﬁlrlgna?z_ml).@@{%@fﬁ %ﬁ“ﬂ@.@@%‘ieﬂ(} and
the particles (as determin / | analysis) may be between 5 and
e D el & kot Wit £l o it e el 05
118 larddl 47.rhdI%. IThé Arhiho dohtedt ] of the Patticles mdybé,dbbls 636, 9,2:1,

®B1:9; 8054101 D, dB1 Ik gcav/%@’\%/z@ 18 %9’1391’@2935%2’?%9 g_éal% géa(?)';ses the
more mol%, The hydr hobé?gghase rg{;thegﬁ][r%nulsmn used in the process

TYSF RkiN AP U1 AE° SRS rREE ReinoBME ATiay RudreieRirahap obthe
e50laiva. 9999 % whtheaprecursbrivmateliatuply yeeightgeniolumiesstdmayfill these

Jave hetweenaboul o8anci%mapGand 9:-»0.and 80, 20.206..70, 20.and.
60, 60 and 95, 70 and 95, 70 and 90, 70 and 80, 70 and 99.99, 90 and
Y8885 U0 BY BEET Y 74198 SO oaTBRerE praM SR RiBReidiysable

sthaceniudsioninanchonaydiavie aibiowh&l;odb i6heGmiffley & 80y 88 BRAOLy the
pggcegs?o?fheg‘;%vaﬁio%? "l%é'e lggﬁ]‘m%?l?e §g§§qlggeé 9953&;%%2165}?681@ 'catalyst,

9.8, 99.9, 99.95 or 99.99% by weigtit or by volume. There may
e S e R O G R R l%ir/alasﬁgié Mot e YriyoRo Bt giesante or
ainat(;imohmdﬁogh@hi@tphlaﬁeib%weétg@AQ%ﬂM?ﬁfghﬁﬂQ%@ﬂi&@@%ﬁs@thlvely.
an , .01 30 20, 0.01 and 1Q%, 0.Q1 and 1%, 0,01
ana SRR oL b BP0 B BB R R et e o
Samd 3bmoleahd T8 Homeldeser, Tovaea 5basb lana St Ahanmine c@teaivf the
pAficBY andid3krhthand 30U Gdaard) 1%, s band &6 Gkl a3 l0% By and 23

weight or, yolume, and e ghout 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, ,
R R 0T G SR B T el b g pospen
o§thy prgiicles may bs abeit35640, 248, P 50961 By135 Meldh ar Mollind, PRe21, 22,
2ratig obdepant @@yydrophobic material, to precursor material WO

o0t BBGLP Y WPy eI ARG Ao A 8 BB il
of theareratlooe tion war Hk0s: ctraridut: 10 padl BRP %51 tht praculs@; haPerial
b R0 kia ANtk 08Q, Hervalth:tenP9 L 3504190042300 4659 and

:2 and 1:10. 1:2 and 1:5, 1:10 and. 1:5000, 1:100 and 1:1000, 1:1000
7056 fg%é% SE ga§d7ﬁir5bj%s’, 7 #pd 90, 70 and 80, 70 and 99.99, 90 and 99.99, 99
and 99.99 or 99.9 and 99.99% of the precursor material in the emulsion, and may have
about 50, 55, 60, 65, 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.1, 99.2, 99.3,
99.4, 99.5, 99.6, 99.7, 99.8, 99.9, 99.95 or 99.99% by weight or by volume. There may be
between about 0.01% and 50% of the dopant, e.g. hydrophobic material, in the
hydrophobic phase by weight or volume, or between about 0.01 and 40, 0.01 and 30, 0.01
and 20, 0.01 and 10%, 0.01 and 1%, 0.01 and 0.5%, 0.01 and 0.1%, 0.01 and 0.05%, 0.1
and 30%, 1 and 30%, 5 and 30%, 1 and 50, 10 and 50, 20 and 50, 30 and 50, 20 and 40,
30 and 40, 30 and 35, 10 and 30%, 0.1 and 10%, 0.1 and 1% or I and 10% by weight or
volume, and may be about 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3,
04,05,06,07,0.8,09,1,2,3,4,5,6,7,8,9, 10, 15, 20, 25, 30, 35, 40, 45 or 50% by

weight or velume. The ratio of dopant, e.g. hydrophobic material, to precursor material
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s and 1:100 or 1:100 and 1:1000, and may be about 1:1, 1:2, 1:3, 1:4, 1.5,
1:6, 1:7, 1:8, 1:9. 1:10, 1:20, 1:50, 1:100, 1:200, 1:500, 1:1000, 1:2000,
1:3000, 1:4000 or 1:5000 by weight or by volume. The emulsion may

®OBRiseBetween about | and about 50% hydrophobic phagehyweightosss
or by volume, or between about 1 and 25, 1 and 20, 1 and 151 and 10, 1

and 5 and cn and 40 or 10 and 25/ Iryg"r* 1 and may U 5,janU 50, tin U

and .,v, 25 an S nal io comprise about 1, 2, 3, 4, 5,
Ry A0S e o S B A o Bss ey be
betrightabpigylvokumhé: Tﬁﬁ@, raficmst piddulsbrndateralitd hydrophilit pbse, 1:2

afBaysh®, blemgsn qb@@hlz%@m%doﬁ QraQ@tW@@m @@%11%% al”ﬁi &,&9 10, 1:2
1:50 and 1:20, 1:2 5and 1:10 or 1

a0 5159 {Otag E)é%%)odt 110%0‘“‘_{ hé“‘i%b 1@%5‘““? 25,0955 %‘)ﬁdll 11(999» 1:10
a3 :d A0V @ anfl 1o BXIS, imdneyemalsion] ih paxticaldr4hé: hydeopliobie, 1:9.

120252 011B6, §YSINRMLHS }5}6&5"%%@@( 3 §H§@C1t%'ﬁbome1 I%U?J 8{; weight

surfactant to hydrophilic phasé may be between about 1:50 and

OHRWEREH O i@éﬁ%ﬁamo@% LD Vcod 2hosh Lirf el @%hﬂlrophobw
pﬁ&skﬂnﬂ.ﬁ%@ndz bl Solbrhb antelibenrabod amctilz10 antlanay e abouhd 10, 1
21420, 51:40, 15394 1:2054:38, 1:1Q.1:9.1:8,1.7.1:6 o 1.5 on awhw or wiy,
asis. 20 T esgrfar(%%(z)ant m?i 'be z a%{?surfa%}élﬁ“t“é"a ?{B'Ie i |SS‘6TV|ﬁ Tﬁé may

CIBRATt NS Isdrfactant ?ﬂ&yaﬂgvéoaﬁﬁﬂﬁ% %ﬁyéP@éﬁll@blﬁéﬁﬁlﬁ@%éﬁ&ﬁ@@)ﬂ’bw
plb@Bl‘E@eﬂe@@Qlﬂle Q0EN20, Okic batweepr aﬁﬁbﬁrlr@a@ﬂ%ﬂ-ﬁy Buanditd phike may

13, 1 2 and 15 an an
il B B 5 0 i 10 PSR a0 ana
1 ‘fhé Kheadtbat midy pelckifibric 1{%@?1{% lri?é’n#@ﬁlélé}’ bitlemidrid Ot hrdy 1:30,
1:%@,1‘13%?5(11 qmmﬁelar?]airyl@@awmwwﬁs@n a”W(L (straight or y
ranched chain) alcohol . e la t oxi opylene oxide
copolymar Qrmgomlé1 iy Slé t]egcgo %n &%3& AP sulsion, may be
stalidjspth &biclathrdssiate S heasp o€ wilikytigro Lﬁ‘p)shbémhéw ®lavd 18y darboiween
ARIANS 0, o7, e%aéﬂpfla%lfa%u&%@a&pl qagbf@oaéﬂ@fi@?gz@agﬂ@' 3¥&ng
rof e etween about 7 and
RS b dLIcs T 161 50 1 eOble dbotia FEoaa b b do! el 20
1:20rfattant ihayPmihen dispérsedordissbivadvin mater at a weight ratio of

1. Z%Ia%@@Aﬂtom§tm@eglﬁbs%lﬂfa&él@%gp%b&r BEWRENAROURARRAS: 4ne
Suggiﬁ%? 5and 6 or6.and 7, or abo or 7. Suitable

LAY R Dt SR gy i PN P s Gy 20, o
bapenybiathiet (agd TTitdh 100)16rREG;8 Denditenyl eih e (¢ shidtos, 12 and

14?%11%&5“1% SHiacia My e 30 £aRaple @f compinng.forexample ¢ g
Iymerlsm or co- erossllnklng with the precursor WO'2006/133519
INGb (‘? g edionic, anionic, non-ionic or zwitterionic. It may be for

example an aikylphenoi ethoxylate, an alkyl (straight or branched chain) alcohol
ethoxylate, an ethylene oxide-propylene oxide copolymer or some other type of
surfactant. Suitable alkylphenolethoxylates may have alkyl groups between 6 and 10
carbon atoms long, for example 6, 7, 8, 9 or 10 carbon atoms long, and may have an
average number of ethoxylate groups between about 7 and 12, or between about 8 and 10,
for example about 7, 8, 9, 10, 11 or 12. The surfactant may, when dispersed or dissolved
in water at a weight ratio of 1:20, have a pH of between about 3.5 and 7, or between about
4 and 6,4 and 3, 5 and 6 or 6 and 7, or about 3.5, 4, 4.5, 5, 5.5, 6, 6.5 or 7. Suitable
surfactants include PEG-9 nonyl phenyl ether (eg. NP-9), PEG-9 octyl phenyl sther (eg.
Triton X-~100) or PEG-8 octylphenyl ether (eg Triton X-114). The surfactant may be

capable of combining, for example copolymerising or co-crosslinking, with the precursor
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material. If the precursor material has trialkoxysilyl functionality, the
surfactant may also have trialkoxysilyl functionality. For example the
surfactant may be of formula R'SIOR2(OR3)(OR4), in which R'is a polar
wgwupsandi2, R3 and R4 may be the same or different, an¢-ghleast ongss

of R2, R3 and R4 is a long chain alkyl group. At least one of R2, 5 R3 and

R4 may have between about 6 and 18 carbon atoms, or between about 6

and.l and 18, 8 and d 16 carbon ato y have 6,
B e B S e B A TR R Al D et o
hewebbi leslyin bresonslibrmEtie ermuigionhthenyarephilicaphbsedndbrmula
m@dwmﬁmé)pimﬁm@ﬁd 1yrat1%1gslgm§ yriagtuir azg cpmAinad Eﬁ:f&% or

ilixtyic. T|| ra ios u ase, hydrgphobic phase, and
dgé rlf%ct S HAPRHS ﬂfltgﬁelg rgerl P AR OsRmY asme of R,
Rraftt@s%mhbbévedxﬁp@ne Absin (tmaéetﬁm‘km @sset@itcabavativwibl bel 12, 12

ax‘ﬂ’[‘@@@t&}@dl by;thase skilleddn iheArthahdiffersry orders of addifionnay 5
to form the emulsion, Thus the hydrophilic and hydrophoBic

! las%rs e 8 USMBiRBERC T Hhd B LAFPEAEay then be added.
Altemamdeiyqrfersutfac@anﬁmy the bpintyihida withs¢herdsthy draphdhibic phase,

aiG uytluxxaﬁyIQeSMLaBb &Iili% %%@i‘&gxﬁ{}) qgidlgd'a !£%¥Ub%1nep is‘ %af}l iio di"@phlhc
agitate the mixture in order to form the emulsion. The ag jitation ma

Pbﬁa%r’fm%“‘a’#*ﬂh & PR é@‘?téﬂbfﬁ%’éyt%rﬂﬁr%@mﬁ%%&f@r%%ﬁ@a? aje the

samediurnhshedrs kinhyseampriss:nBixingestitingosywidirg, sbakuage It will be

uSRAERNG, HRRNIERNG, 0P PHIELTIBRNSTEL AR NG, B 1o corm
a en orme

comprise a combination of these. 20 A e emulsion has
fhﬁé‘%ﬁ‘@éﬂ%s@?”&ﬁftﬁél}‘fbe@ﬂﬁoﬁfé BHASwhAY Phasts derd focforhitkd sofidhe
Suﬁat[b)ﬁ,t @natp fﬁ)dfm‘d@%cnﬁﬁlCﬁﬁ&rf[dlﬁemaﬁﬁ@@ﬁﬂﬁrdﬁﬁﬁfrﬁﬁbﬁ:@dn:!@ﬂlﬁh@d with the
ti onditio nt for t recursor .
#érlal i agaac'f[?nr(? t 16%&1 obbi o %asﬁglze "141 eeillrtrlutemrﬁ %‘E’Ejjreme"m’rgicfjl N retate
thﬁa&mf@lﬁr merdsieloureny, tﬂpfeemé%méfhﬁ amémvexmch@awmrm themild. The
agialive efihecatalshiinmsanty oh25Hhe @%@Mzﬁnﬁgﬁgvﬁl%%hcgﬁlpnse
m@glllatlgn usedS vg? ause aple Oé)reoc#&% rma rlal to react I§|f radiatjon is
lse temp&fa%ure he emuision i;c-filrs'lo SRBIRS! saPhtatsr s T of
aﬁ?ﬁ@&xﬁm granmecth aprabortion riifese; or greater than about 1, 2, 3, 4,
5, GAE:eBthQ chididn A, He%n%anﬁéz‘a 4&%&%&% ok %éyf@ﬁ%@@ OHhsk, may

bmllgégte %%uttGO h? s 0 t ore %éin abo 0 hours or less
thana e sehid g ?11 u‘f 38@6,%’5",’ £gypsise

msmtasslm 6?@ s “ﬁtheatmmagr mm@emn(mbmu&ﬂcmlﬁe andi24cursor

BRUES +d u
ek i b, s 03 B o

mlnutes | and 5 mlnuées "ib

PE R P SN BOR STE TP ARG LIS BH R G 8Bt s 56 are e on
thidiess 0 amirvteslenpth3d holintpd wed @4cheertedemrdrd4 Mo 4oanebt (if
rad it pUESnst NG Serka RN A7 BAUIS R And'ad R AR AT TAY B
may be greater than about | minute, or greater than about 1, 2, 3,4, 5, 6,7, 8, 9, 10, 11,
12, 18, 24, 36, 48 or 60 hours, or between about 1 minute and about 60 hours, or may be
more than about 60 hours or less than about 1 minute or less than about 5, 10, 15, 20, 25,
30, 35, 40, 45, 50, 55 or 60 minutes. The time may be between about | minute and 24
hours, 1 minute and 10 hours, 1 minute and 1 hour, 1 and 30 minutes, 1 and 10 minutes, 1
and 5 minutes, 1 and 60 hours, 3 and 60 hours, 4 and 60 hours, 7 and 60 hours, 10 and 60
hours, 24 and 60 hours, 30 and 60 hours, 30 minutes and 30 hours, 1 and 24 hours, 3 and
24 hours, 4 and 24 hours, 7 and 24 houts, 12 and 24 hours or 1 and 12 hours, and may be
about 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 or 55 minutes, or about 1, 1.5, 2, 2.5,
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about 1, 1.5, 2, 2.5, WO 2006/133519 PCT/A112006/000853 23 3, 3.5, 4,
45,5,55,6,6.5,7,7.5,8,9, 10, 11, 12, 15, 18, 21, 24, 30, 36, 42, 48, 54

WHeondauss The time may depend on the nature of the pregussQt2a06/000853
material, the temperature, the nature and concentration of catalyst and on

other factors. The temperature, and gther reaction conditions, may be

cted jn_or. to adversely affect the dopant, e. habic
SR o S by o et led mit 0 eatlsc nibdoperh, Bgst o 60
hdryelrBphdivic m@téﬁ%pMdbemﬁm@ﬁ@ema&modM@mﬁpﬁmﬁaﬂmmmm the
nAFIECIRE BRldOGaYSS e dRRARKE & BydropRekic mt%&ﬂj;e@ta%‘:%oﬁm

soluble in the hydrophilic phase or to volatilise. The temperature may also
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emulsion is stablé for the time sufficient for reacti precursor

cqpsdifafRate tentpdranifbit R Bl hdtfreat stiskie 0 éﬁd@@r@:@iahc phase
oﬂ@t%ﬂﬂr@é)dﬁﬂelﬁl@ﬁﬂﬂﬁﬂ@ 1Asai16b6Q, skRaad 40 Hdwandale 391@%11%16{11:3
Q,2nd,90,.20.and 70, 20.and 50 or 20 and.30C,.and m

e S R

. u.u:/ f?QCugbU}.zﬁlcuzgé laéOLug n%’géuyigu 6)9% éb é% ?Oa%‘ 8 Ou gxguorngﬁféf aor
d%’raﬂlféy%é"gl?%fé"rf¥ﬁ%€? dboat bs stesier esthah e atvolrians stphls Hrotwsime
smyeadﬁiﬂ@e@im@mﬂs@ae@afmmem @amglmgﬂmﬂe yegmbeliGerween
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step of separating epar es may cor‘npnsef térlng mic

9Q;|Iﬁ%%ﬁﬂgﬁ%@mm&%gﬂduiﬁa%‘émdfé@m@%émﬁ@ Geednting bdiatysing, 15,
2018, sonuEnasian, shiksseo i rarticles, 28 maythep he.weshrd el At about

[ e wi ater, or an aqueous solution, or the aqueous
Qdyﬁasepgﬁr\?lvat% Zjomep%%ﬂfﬁer suitable washing liquid. It is preferably with a

wa%ﬁgm@amnmwb@mﬁm relepsectirp dopamthe rgriwidrdpmobic hydrophilic
pmteaﬂalnfégmg&@oe%w@%sﬂhg @&@ﬂ%@ﬂﬁ%a@%{@sth@l@ QRS e hting

ashlna for example 2, 3,4, 5,6, 7, 8,9 or. 10 Steps, or. the particles. may

otpﬁglw%shg’ﬁvTﬁgwggﬁm HtDhe I&wgﬁ’f‘f‘&’remtﬁ% BE b GER beme,
uigacfactdngifronctmpakticleln g alth wieg, ofrvwashitdnatiey ofditive. SEraearticies

m¥ARRING e lIGUide AT MRV YSE R QHEVGQRW&SW&%“%P'% %@&é&es%ﬁmﬁ, or the

washing may comprise suspending the particles in the washin

GptBHRI GG tRe B@ma@éamwst}&a% K dicftia Pé?fﬂ‘“%ﬁ%‘é&‘él a washing
liquaditicidy Separatingdine pastibdesiioastiie tvashiby: liguickiah Brnative haafiyes.
T&?%nyfq %@oﬁ@m&\m}mgﬂ COMRLISS %ﬁﬁﬁs&% f washing liguid3g

throu or past or over the particles, under the force I'aVIt vacuum
gﬁ’fﬁ’fﬁ@ Ao Ragtictes may not be washed. The washing may be su ficient to remove

unbound surfactant from the particles. Each step of washing may use the same washing
liquid, or may usc a different washing liquid. Bach step of washing may comprise
suspending the particles in the washing liquid, optionally agitating the particles in the
washing liquid, and at least partially separating the particles from the washing liquid.
Alternatively any or all of the steps of washing may comprise passing the washing liquid
through or past or over the particles, under the force of gravity, vacuum, centri-ﬁigation or
some other force, for example in a filter funnel, a Buchner funnel, a centrifugal separator
or some other suitable device. If centrifuging is vsed, the speed may be between about
1000 and about 25000rpm, or between about 1000 and 10000, 1000 and 5000, 5000 and
25000, 10000 and 25000, 15000 and 25000, 5000 and 15000, 8000 and 12000, 9000 and
11000 or 9500 and 10500 rpm. It may be greater than about 1000, 5000, 9000, 10000,
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some other force, for example in a filter funnel, a Buchner funnel, a
centrifugal separator or some other suitable device. If centrifuging is
used, the speed may be between about 1000 and about 25000rpm, or

batwagn abput 1000 and 10000, 1000 and 5000, 5000 and zZ50Q0:k00M2s3
and 25000, 15000 and 25000, 5000 and 15000, 8000 and 12000, 9000

and 35 11000 or 9500 and 10500 rpny It may be greater than about 1000,

: 1 WO 2006/133519 IAU2006/000853 15000,
3B LoD o Bl B LD 2008, 300,800 BB b
89@@)@0@0009@0009_@.0@0911@@@9,1@@@_0,OIBGGCD? 28000 or 25000 rpm. The

partigigsmanke.driad dhe step abdriag MaveoRHSEDeRIAG IR particles.

arf&icle,s. The heating may be to a%emperature elow the temperature at
TRRRFF R GESalH, @ 4. SRGRPSHORE m iR VABETidb e A ger e, <.
hgdivipivds ¢ degerahoses:tree aterjorates , sahiomsydeecfop@camplitbatneean and

- ; d,80
<2R 20 a0 B Brdop e A3 200,80, a9fh 400 4 809800,
t

N 0, 45, 50, 55, 60, 65,

49ancr8oPBows HtohAY BK GPcatardamy ASELMMtcihativél): 67-adbitoriny S 70

Tther ST o6 diryindenayier thae OAN-GRefoatilel; casdidoT Mastin VD ing
1 20ay COATpSe Il yutg, vt exuupi{ . (6233, R a0, apd Bartle 10,

f%aoﬂ%fea Reﬁ%%se‘v C%fﬁat‘%nlc. Pﬁ#&%g‘? Sétg%ﬁdgiﬁxoﬁrfé‘fﬁé?zez‘ﬁa ”r‘b?:%%é’é”s'lfﬁ’

errrepetdtiefrssdemeirdustisteeseomass bordhescof Wieasape of Preparation

aHEcRTRBsAtesk hREen hy erassHferanee ard MR GIeR BETRARG: MRAYross-reference.

i as over and/aqr

additionally or alternatively ¢ rise, passing a stream of

S S R RSB LR B et B AR
OEPIcEY thE s mie o wtitloe ropheiewnidberiataa it intdpabitdhexarmgle aid to
zﬁytwﬁﬂsd a, %gomgiﬁdﬁf?téum,r@@w@n %ﬁ@@;ﬁ?@ mfﬁ§%9iaf?§%iaegm%g011,

e dried. e,step or arying ma' Ition or altern ely compris

g e G B T e e ey
agitilnebinter pléssseiscti fomaxiEmphelybtwecprtibd uteOu0m dndiie Harticles. The
pUMOSRARIASH A REVEER ARAMERQ08 B e::031206H00R afobi A8 ARt 0.5

0.25 and 0.5,.0.05 and 0.1 or.0.1 and 0,25 atmospheres, and may have
S ST RELEET IEbA . F6E0oh, ARG D Brs0g 4 oy brs nd 0.5,
Oéwsbhédres (Thenprogé ssrafspiakingatibmpayticles as destribed:dsereinf’ about

omawiesWlinanoensansuation &ificiancy (i.e. an incorporation efficiency:
the amount of dopant, e.g. hydrophgbic material, in the particles

orodUedByHHe ProRaESRhe pPBRISEDNf ST RSt T OR dBdnteRly, in an
cinygiropttobicfateral (Usedhintheporedesfbtibetwetr abheuhb ahddant, e.g.

h dg%!?lg%%erl%&?e?ﬂl?%p %65 ﬁﬂ%l@g 1p§oﬂ(19e§ %}%9%@0%5535% %”S'rc%?of?iQnaE‘F the
amount of dopant, e.g. hydrophobic material, used in the process) of between about 5 and
95%, or between about 5 and 50, 5 and 20, 10 and 95, 50 and 95, 10 and 50 or 20 and
80%, and may be about 5, 10, 15, 20, 25, 30, 35, 40, 43, 50, 55, 60, 65, 70, 75, 80, 85, 90
or 95%, or more than 95%, depending on the nature of the precursor, the nature of the
dopant, e.g. hydrophobic material, the conditions used to make the particles and the
method used to determine the efficiency.

The features described throughout the specification or clatms for the process of the
invention may be present in any workable combination of process steps.

The particles of the present invention comprise the dopant, e.g. hydrophobic
material in a solid matrix. The hydrophobic material may be a hydrophobic molecule, for
example. The solid matrix may be the product of reaction of the precursor material. It

may be a polymerisation and/or condensation and/or crosslinking product of the precursor
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80%, and may be about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,

70, 75, 80, 85, 90 or 95%, or more than 95%, depending on the nature of

the precursor, the nature of the dopant, e.g. hydrophobic material, the

wongtionssused to make the particles and the method usedstoidetermimesss

the efficiency. 30 The features described throughout the specification or

claims for the process of the inventign may be present in any workable
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stﬁmgisttﬁwex;l ryrehedan iibrefitiodt grobipsatieng. o0 o6t straightichamlare 1 or
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prEggmical el vom de“"s?e% from the S;E sala%ethen%“%ﬁ@ é?a{il%s RS
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to amino functionality, to the particle surface. Additionally, the surfactant may be capable
of combining chemically with the precursor material. For example if the precursor
material comprises an organotrialkoxysilane, and the surfactant comprises trialkoxysilyl
functionality, then the matrix may comprise surfactant derived units. The surfactant may
be adsorbed on the surface of the particle.

The dopant, e.g. hydrophobic material, may represent between about 0.01 and 30%
of the weight or the volume of the particle, or between about 0.01 and 10%, 0.01 and 1%,
0.01 and 0.5%, 0.01 and 0.1%, 0.01 and 0.05%, 0.1 and 30%, 1 and 30%, 5 and 30%, 10
and 30%, 0.1 and 10%, 0.1 and 1% or 1 and 10% of the weight or the volume of the
particle, and may represent about 0.01, 0.02, 0.03, 0.04, §.05, 0.06, 0.07, 0.08, .09, 0.1,
0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 2,3, 4, 5, 6,7, 8, 9, 10, 15, 20, 25 or 30% of the
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trialkoxyaminoalkylsilane, then the matrix may comprise aminoalkylsilyl
units. These may be distributed evenly or unevenly through the particle.
They may be preferentially near the surface of the particle. They may
Wwroifitiel sHimte degree of hydrophilicity, e.g. due 25 to aminoPfiifesommlig)ss3
to the particle surface. Additionally, the surfactant may be capable of
combining chemically with the precu#éor material. For example if the

wag@wﬁ%e m@t@ﬁ@lﬁqwgmlenﬂf@@eﬁaﬂall@ogyﬁya%%h@m thesuiagiante
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OF BB B RISEGY, HoP T E Ba% b ety eristeny [ e agg 200
o5, 20 25, 30, 35, 40, 45, 50, 60, 70, 80, 90 or 100 microns, or may be -
momfml@ww% spRigtensosaidheParticle SR Al 3 IR 1t may

ce t when the particles are produced Is using mixed alkoxide/ormosil

PLoPE WHEREHhS BBFtcIds TRy Be 2o00RPTiS (5. Hﬁé’rtfb‘ieglfﬁgﬂ?mus or
m@@fmmmédlaﬂﬁokwe/@rm@sﬁi@mdamwmmmmabase:ofand 50 m%/g, or

bel:ﬁegﬁxﬁ’wzsaa@ggaz y&syemalld-125nm) T@%tm?dlgw%@{a 350 PrOVides,

a plurality of particles made using mixed alkoxide/ormosil precuirsors

20 409t 3P h@ﬁ&éﬁ’ﬂé@ﬁgg&mg@c surface area of about 2, 3, 4,5, 6,7, &, 9, 10, 11,
12, 1,3 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 28, 30, 35, 40, 45 orSOmZ/g. The

particle may comprise macropores, and may be macroporous. The macropores may be
between about 10 and about 500 mn diameter, or between about 10 and 250, 10 and 100,
10 and 50, 50 and 500, 100 and 500, 250 and 500, 50 and 200 or 50 and 100nm, e.g.
about 50, 100, 150, 200, 250, 300, 350, 400, 450 or 500nm in diameter.

The particle or particles may be capable of releasing the dopant, e.g. hydrophobic
material, over a period of between about 1 minute and 1 month or more, or over hetween
about 1 minute and 1 week, 1 minute and 1 day, 1 minute and 12 hours, 1 minute and 1
hour, 1 and 30 minutes, 1 and 10 minutes, 1 hour and I month, 1 day and one month, 1

week and one month, 2 weeks and one month, 1 hour and 1 week, 1 hour and 1 day, 1 and
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earlier, and the mean particle size of the particles may be between about

1 mn and 200 20 Will The particle may be spherical, oblate spherical or
may be ovoid or ellipsoid. It may be regular or irregular shaped. It may be
WIOHPEIGES 9 Or may be mesoporous or microporous. It mayswaveranss/o0sss
specific surface area of between about 2 and 50 m2/g, or between about

2 and 25, 2 and 20, 2 and 15, 2 and 20, 10 and 50, 10 and 25, 15 and 25
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after which half of the ongmal amount of hydrophobxc matemal has been released. The
particle(s) may have a half-release time of between about 1 minute and 1 month or more,
as described above. The particle(s) may thereforc be used in applications requiring
sustained release over relatively short periods, for example between about 1 minute and
about 1 hour, or they may be used in applications requiring sustained release over
intermediate periods, for example between about 1 hour and about 1 day, or they may be
used in applications requiring sustained release over relatively long periods, e.g. greater
than 1 day (e.g. between about 1 day and 1 year). The particles may be in the form of a
composition together with an acceptable carrier, diluent, excipient and/or adjuvant. Where
the dopant is a pharmaceutical substance the carrier may be a pharmaceutically acceptable

carrier and the particles may be pharmaceutically acceptable, where the dopant is a
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minutes to 12 hours, 120 minutes to 12 hours, 5 minutes to 6 hours, 10
minutes to 6 hours, 15 minutes to 6 hours, 20 minutes to 6 hours, 25
minutes to 6 hours, 30 minutes to 6 hours, 60 minutes to 6 hours, 90

Wihules tesehours, 120 minutes to 6 hours, 5 minutes to 3 peyr Sy 46000353
minutes to 3 hours, 15 minutes to 3 hours, 20 minutes to .3 hours, 25 20

minutes to 3 hours, 30 minutes to 3 hgurs, 60 minutes to 3 hours, 90
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dopant, e.g. hydrophobic material, may be characterised by a half-release
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aGesiabisg VoGt dhfetorsiidiser vEh Pl TVBRARRB PP SABHS, 5w ditafiicidally
adeprbRcabRubAItB e ANd BhouUE hhotuidan theydmayibestisediin dopant is a

applications requiring sustained release.gver 30 intermediate perigds, for , -
e RNl SRR, RS B T
map iceginls e goiapg e statheaae| Brsto i ifedalpaiyiftsh guseireesthe garrier
mataateruthagddavde:gebriviess ahout hdaycrathiyeans FoRORrHeles able.

may,pe in the form of omposition together. with an.accgptable carrier,,

g R e e e

inyabsvanoe thepeersie iniby ibeialphiannacaukickihcavbéptabie BB atarier
andithe paricesmay berhaimassslicaly secaptaRle wwhale thesansntis a
uicg.a O 006/%3351_9 PCT/ U%O 6/000853 }28 ;/ terinary sub%a ce th.e1
PP RS BE SRS TS BRE T FHhe PAReY HERrHisIes
owveteninaioacosptable, thenend thre, ddisent ithe dipeidat subsiapbettivanaterial,

ofAltieLMaY: RerabiosidatlyRcerPialie carkiariangithafarticles BaYish. The
Ug)l_omdally %cceptable, where the dopant is a pesticidal subgtance the

APl Al Dha XPSRfady ARReiSTEnE Eamer Bhd iR R LY 2
repeiticidellynacceptablie, wehereriihete epanirisarcos metictsubstahee the-human

maAHE! MAYDeAMGPRICHCAN ACEERIBRIR RIS ARG:HR BRHIFER MY Rfan

cosmetically acceptable, where the dopant isa herbicide substance the
PR A PR Y e BRYGSHIFPAEEEP TG EXRHER dRdPhEparEs i amal
mbe ta cidadtydaf cepidbie s ierechetdopant, isull, agasiditie sithstadog, the, goat,

nGASIRRY BE, %?&J?c@?i%ﬁﬂyaa‘é&ﬁ&a@f %ﬂs[e?%éh&%%ﬁicg?g NdR@obic

e agaridally acceptable, and wheré the dopant is a fungicida su_bgtance
mgteriabparbatagipe adiigidramateasiGansefaisd the patitmspupe o
dibedfengicidalboaceepiable: The JeatyiescdeseliRes trquahaishthedisfunction,
hyc’;%%%lr];ls 91&&%%1%%%'%!)%%% 1(1::? goggﬁlil{%e%g fe??eective amount of the particles to treat
the condition may be administered, The particles may be administered by injection
(intravenously or intramuscularly), orally, by inhalation, topically or by any other suitable
means. The dopant, e.g. hydrophobic material, may be an oil, a nutraceutical, a vitamin
supplement or a dietary supplemeént, for example an omega-3 unsaturated oil.

The particles of the present invention may be used for delivering a dopant, e.g.
hydrophobic material. This may comprise exposing the particles according to the present
invention to 2 medivm capable of releasing the dopant, e.g. hydrophobic material, therein,
The dopant, e.g. hydrophobic material, should be releasable from the particles, The

exposing may comprise immersing the particles in the medivm, and may additionally
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invention may be present in the particles in any workable combination of
features. The particles of the present invention may be used for treating a
condition in a is subject by administering to the subject a therapeutically
wiestiveseriantity of the particles, or a composition containipg-Hheeos/o00853
particles, wherein the dopant, e.g. hydrophobic material, of the particles is
releasable from said particles and isamdicated for the condition. The

sublject max be a ve tebrate the verthrate be a mg ; ma{ ,a ,
comg 156 01313 T IMOre Stllrﬁl 1a ng, SWir or Qt TWISE & atﬁll.%m e medium
rsupial or a rep amm a primate or an

hayiipadbe W@fﬁ@rfh@ﬁuh dfhaﬁlz@uﬁwhwhi .Wr@yﬂdmﬁabmyl&@rﬂ@étéﬁg the

adpam, the g@@@ﬁ@&@@&%ﬁ mﬁme%hwaéadmgﬁ@ REMINE MEIBRIing
1b01\{‘|)ne Ie orlrile %ﬁ’ﬁ??‘ Qtré% nficanlne The mammal q;a y be
the SSBRSG frm S horse S‘att ca%fasm% &%, BUHSIS &SRB PHog e 20

e}@amdgbmnqwarxmmdeagéo%wkey and a camel, for example. The
dopﬁnén%véw@ﬁeQagmglgnﬁ&‘;r@hmaye%s@lﬁgu&ea}ﬁ&ﬁhﬁ QRO MaY:08:8in

anti-cancer dru% The condltlon be az25 %lsease The condjtion may

g ISRt sﬁsaenam‘é@e r?'H%E\% FuhdfBic %é?%ﬁ%ﬁ“ay bea
bipmﬂ@ﬂ ﬁmﬂnewtha@on@hﬁbmaﬁheeﬂemwmamhmf they particlesdoi¢radtent,

ofhexgondition may. e, adipi msterednéﬂ,haaoamd%mﬁy e adminisieredyor,

|nJect|on (intravenously or intramuscularly), orall by inhalation, topically
PIPHRP BRI St An I e SHEOTHEGo S, REGRGRSEADI QPRI i1 Cane,
daniay, becarichibx anputraeeusiical, @lvitamingdehsyppleméiironedietatyent  (c.g.

cHLRRIEERL. E‘i?&h%%%?e@é“ %ﬂ]&%@’ﬁﬁ‘”ﬁ?cﬁ&i@%‘?%ﬁihn@hec&%ﬁ&‘xc'?&h%g%%de

resent invention may be used for deliverin opant er@l
et é&%ﬁaacwﬁ@%gvlwﬁqsmee%@'ﬁgm?@éﬁw@ 5866 ﬁg%xhécewtex an
etpéesegltdiﬂﬂ@nﬁmarwoa m@dlumpap@b;emmwﬂe@sang kbendopaning e capable
b| maerl Wt The dop . drophohic material
Ofgﬁguf% % asa r2§1 tﬁgpggtr’tlgfgs ﬁ?élé %e}(’posi%g rtrlu'aél?(l:or%r dnt “&

hxﬁﬁ?@éﬁémgnﬁ@rsém'@bé’mfme%m@m %%Wta@lﬁlti@rf@ﬁgﬁ)W@m%eumal a

drd00@A1 33548:P € THAKKAEE D BRERE, 29 ﬂ@%ﬂfisﬁrpﬁﬁ)ﬁfan}.%@tﬁfo‘éﬂrﬁm%ﬁ a
niaacléﬁ% %Véll{‘)ll{gl l%r s?th I‘WISE‘t gltatm%m d urgge harvll ?1 artlcles ¢
herain & Mmadium Should be capa%le of ratl eaglng OF extr &’tlngatmm €0

angdpamT agrersidisphiobie medawmimfohy thespafeckremmel anayibeseapabigen,
he@hissRvINGathendapaik, %gamm@pgaﬁptmamzmgﬁ{@aé (f“ rophobic

tr ctin a an se tended perio as descri rlier
I e s e S ekt B s B S e
cotiidiggh stfiebiafticiekaThel e diepanin aye. Heférﬂpiwbmdah@aylbata treguiaks divrn,

for BeMRdlsmmays be Rrbigiegicaliudsuchasrbipadicl axhe.amaraanic

fluid, and maybe an.organic solvent, F e
df'her}eamreg descrr}bec? throughout the specification or claims for the method of the

invention may be present in any workable combination of method steps.
Possible benefits of the present invention include:
~  the continuous phase used in making the particles of the invention may be
aqueous, thereby reducing cost and facilitating waste disposal, and reducing
problems of residual continuous phase on or in the particles;
—~  the surfactant used in the process may be removed by washing with water;
—  the process is capable of achieving good incorporation efficiencies;
- the size of the particles may be tailored to meet the requirements of different
applications;

~  the possibility to achieve high loading of dopant within the particles;
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cxample a |l iydrop hob:, solvent. t. R may be be for example water,
methanol, eth .. _anol foi,.. to propanol, isopropanol, a liquid
hydrocarbon (e.g. pentane, hexane, heptane, octane, decane,

wychohwiane, benzene, toluene, xylene), a chlorinated solvert{e.gz006/000853
chlorobenzene, dichlorobenzene, chloroform, dichloromethane, carbon
tetrachloride, ethylene dichloride, dighloroethane, methyl chloroform), an

ester (e. %IB (ﬁ ?}tec)xten ROEn(S oy %&*}ef%;jr 30008 Q0CL 4 micro-
hydropho e medium may be capa ble is of diss0 ving or
relée?éthéeﬁhe dopant e.g. hydrophobic material. The dopant, e.g.

hydrophahigsaataiiainayhe e exgample 2 ikprpsesRt:dyR:id) in a controlled
radllpﬁparmaceutlcal a drug, an enzyme, a hormone, a biocide, a flavour,

an aroma’substance, an oil, a nutraceutical, a vitamin supplement or
sonme othewsmgt@ﬁeealoﬁﬂummgf ﬁévawhmtdre@ff@aﬁmy oot saneigfirophobic

thegeudihig) m@u%@aﬁé@eﬁrﬁa‘ﬁawﬂem@e&v@m RIFREEI, BXYIRNYEY etc.,
helium, ar on carbon d| X|de or %/ ét ftga es, and the dopant, e.g.
Sitie“to

hydel %p]f‘?o S(I% TGl 4t a¥n ;80\/% oF S AhpE nmﬁ droma material).
Theexp@mtrgtmayolﬁethmdmemﬁnmm risyduitdible fompédeabe ofithdigopaistnal

€. 9eHVi%QQQ@b'%‘Ell%%fv'akomt&%!@e%%mé@r LTS Eon@éél.@ﬂ%oﬁm ig
temper ?'iire pre}%ﬂrfe %?,tlo offartlcles to the medium etc. The features

destYbes o TGIBHP Y plfication or claims for the method of the 25
inverlemmaydfépresdritirean jhwpekaiide podibiehtipnibef mesthbdhetepsn and

ARassible begeltsnl ARBIESSOLIVERYN ml%%t alNRCRHIY %ﬁs@ﬁ%ﬁ%t‘ a

used in making the particles of the invention may be aqueous, thereby

siligtygRty eyt dh é%ﬂ?ta?ﬁn@%sféﬂﬁ §pbhF, Eﬁfflﬂéﬂ uﬁﬂ&cﬁrdﬂléﬂ%f %F the
parésiduaf tentmsousphase oneisinihaidantitiess 3thtathmgurkaciantuisadohmay

'%Q&&&SSESA%QV a‘?tf&@%oéﬁe%%%ée?ﬂ'%&%ﬁv@éﬁ{m heR %?S’@Es 'Sy hich

capable of achieving d incorporation efficiencies; - the size
enaa?ﬁee@?naviff@]@%%m FHEBIOWFS RSRSRSIAR it Bdigrerdpets (particularly

wﬁﬁpllmﬁqmﬁslbﬂil@ nﬁsedaﬂmy&at& aa’fyem}’mgia teasiognafid epanidedphifidReatrix
is B f%) tgw% %65/ ]1%%%]7%6 r%l‘]ozrqgg /<P 99@15 ot3 13 ortlh &A% %mgs orally

exte range rrom nanop rtlcles to submlcro mICI’O artlc
bitprersassiphiil ﬁé‘?‘eﬁe@@@%éﬂdﬂ@&&}% r@ﬁ@@dﬁ%ﬁ?ﬂéamﬁﬁt@wyﬁw lify through

thegotrelipd fashion; 5 - it is not essential to use a solvent to dissolve the
do%n}efa%igﬂ 3/ %r ?akc'iobr al. the particles of the present invention may be produced
rapidly in an unstable emulsion, which results in particles with a wider size distribution
but a tunable average size. Conversely, the particles prepared according to Prasad et al,
are grown slowly in micelles, giving monodispersed particles or particles with a narrow
size distribution but a size fixed around 30 nm in diameter. Prasad et al. state that their
particles do not significantly release hydrophobes. In contrast, the particles of the present
invention, however, do comprise dopant which is releasable from the particles. The extent
of release depends on the hydrophobe and the loading, but the present inventors have
observed release of 80 wit% of the encapsulated hydrophobe. The difference is probably
due to the difference in particle size and internal structure (i.e. porosity), which also
impacts on the loading achieved. Cross-section TEM of a 12 micron particle of the
present invention shows a number of vacuoles, with an average size of 230 nm. These
large voids are linked to the high loading of active in the particles, and enables greater
release of the dopants. Regarding the composition of the particles of the present

invention, they may have 5-25 mol %  aminopropylsiloxane  (when
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material), which may have particular advantages with respect to drug
delivery etc., as organic solvents may be toxic and/or difficult to eliminate;
- protection of the dopant (e.g, hydrophobic material) from the external

wavirenment whereby for example, unwanted actions or degPRPSHDuss3
10 avoided, e.g, oxidation of retinol. The main difference between the

particles produced by the present invention and A. Maitra et al is that the

articles ced A Mat aetal re hollo nsisting of a silica
T T G B T R RS A he
mec!parﬂmebilﬁ@mberwmﬁw Mmsﬁb@sdﬁr@ amatritascoptaittidn the

PYRGHOleSIWHICHBR Y tnbe ﬁ@@@r@%@&s&\ﬁwﬁgﬂg&% QiR Fﬁ%&tmm of
invention CQntarn amine gro \%hlch .enhances the hydrophilicity and

THRIBUEY ST AR SRR BRst §6 %?r{?cﬁfaﬂifeév@t@f’f%%%‘b@%%hﬁ@fﬁct
otothﬂmqaeuIate:mduytdrarphﬁbmweﬂrﬂpmwrdﬂmtamhmmh]ﬁcthmatgmzrs@bsntuent

fDRIFLBER towardsisolvingihe prgklem ofithe deliverypf.Poorly %QAU@%% of

drugs orally by incréasing both ther solubility in bi6logical media as we
C%dﬁréﬁﬂﬁemﬁ@a%rﬁwmaaaﬂ 5t tHisy tetAN 3PP HOR PragiReETe of
iitheppdricladotdhe, fresent mnvenrtioninay heiprodifopd aapicyoifyBEiloxane on
adnsiable smuision, which fesults n particles with.a wider size distribution,

AbtlbiL

ut atﬁlﬁb%e average size. Cénverse‘l the fSartlcFes prepared acgordlng
vigiBiesad be aﬁtear@? FrsvnstEtetnTg mf Fﬁf‘téﬁ’ésd'“gwﬁ]@ %ﬁ@@«%@#‘s@aﬂw used.
Thiyticles eppakticlesoyithaRag feabe iz ehelistFidion b @ &&e fixedtion, that

round.30 nm.in_diame er, Prasad. et al,.state th ttherr articles do no
B g o B Gl e I iy e
Pﬁai‘{}élﬁﬁ&ﬁ?%wwﬂwe%ﬁmme@%ﬁéht%@hdlsbls’elefaemﬂeﬁﬁ@mlthe) This is
diaitialeSohincaKteRk iy elante plapends Rl hydiephebe and d&rive their
0 ar?qes%skfa % 1tr;e resent s!1 ven § have %b erved %eleage of 80 wt% of the

encapsulated ﬁ BRoBEY The e HEECTRRfRore size (no

erence I
Wﬁﬁeremeet) n%rfﬁ@!é@t‘él%nh@ﬁﬂﬁi@&ﬁéﬁlmmre mwe:npgmsw)@lwmowww their

cHmPACts ehilie loading.achieved. Grashsestion BM.aLR %r%l@%'ct%nacnve can
&g}rggc %1; the pﬁ%sent invention s ows umber ofvaceL;roles with an

& O FRRAPhS 88“" §“éer‘3llﬁ‘? theinghaphdrigsity

average Si7& Ot
mehstveTin mmtimﬁlcar@bmmrgmmemﬂélem bf thectparftthe matrix

ul%egaﬁqmgrme comapesition AfdhepartsleswiineRieseRi3s: gg}(?daﬂ Mhodified
ﬁ&h‘% ’L?/ 3%1/7%5 -25 {{%%rﬂrnopr @lﬁlsnoxane (when WO 2006/133519

R 28 Borohyirisikoxy SR osuah hus satlsrse of
cdommmémmwmngbmdramm tn_rhe Jpar:tlclmglsrdnd@ @uiketyritiden other
woPESIgRr 9%&%%%&5&3&%}85&%&&%%@89{@@%%& '};J@&ss and initial precursor
mix. Finally the loading of dopant inside the particles prepared by the present invention

may be also more than one order of magnitude higher than the particles produced by

. Prasad et al. (~10 wi% for the particles of the present invention vs ~0.3 wi% for the

particles of Prasad). It may be that these high loadings can only be achieved using the
process of the present invention, which involves the production of larger particles in an
unstable emulsion rather than very small nanoparticles via micelle synthesis. For any
industrial controlled release applications it is critical to achieve significant loadings > 5
wt%. One other feature of the particles is that they do not contain residual organic solvent
such as DMF or DMSO used to dissolve the hydrophobic active (e.g. Prasad et al.) which
are highly toxic substances and very difficult to eliminate once incorporated inside the

particles.
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Prasad et al. particles, as they use 20 times less APTES as a catalyst.
The amount of aminopropyl siloxane incorporated in the patrticles is
expected to have a significant effect 5 on the matrix microstructure. It is
wieldeaawssithat the nature of the organic substituent groupafthaze06/000853
organically modified siloxane has a strong influence on the degree of
condensation of organically modifiedsgilica networks and thus on the
mickgstructure of . the particle. Moreover, becauyse of the catalytic actiyjty, .
of (2 BRASD oy T ERe ST CoRBER SR b A sons. Which
ayghelivdy siiceblsreeumssed dnendoaterewisions Sirohiisedvaiihtiopoofuiestant) or

mitgERa M RSH UCtHES Qhthe Rasisie with thesamovar @{ecﬁxt@sléﬁt M$€Hon that
cles of the present

This could explain anather surprising feature of the partj ,
AV niSn" 13};15? 1iryéolfs;agléoi?%{éogp%eglrlgf’dl b“’ézglé’gg?éetqné‘?r yebriddie gh
logdnacy. driivthdnwordgethrecp dhigless ap peanhon iporods inehno polesipptem
ofigteptech v Ntiagen Beerpiien) T his-iadiferentiom e disslasues &f nm
i both Prasad or EL a{]d A'g aitra et al. wha describe their 15 particles as
OhaR P HRELE Bl St ARE SHVAHE I 8Ty (b S fan Rl Alkerlpeihgtemative
pl$iZESm detimg rsueémeyit) aifhe af&c;t th@hﬁlﬂée:ipgrﬁﬁlﬂs APTS present Conversely,
miD¥RRgNcanrelease 8004 of hein contentin eihanol RUgYesis that therey;,

IS some porosity through which the active can diffuse. Moreover, this
S%ﬁﬁ%%éﬁ?daﬁﬁfgai&rawqﬁaéﬂﬁ@@ﬁlﬁeréé%tb%ﬁmi@@%ﬁ% PeFEEEy- In the case of
Pravedsureinépt simdestscthat tddraleaseameshanisfitold asalentition of the

i {l ' ropriate conditi or with time, The.

o e R B T e P
ﬂ%ﬁﬂ‘i@%l@{aﬂﬁﬁéﬂ)@?k%ﬁ@%ﬁ%if@ HegrEs<st Hsating saidhe (esent invention,
foetiosBinking) paddkusatedheiitaleatalysiterer s omiadion B QIhey Wakds by
SRS IR MIGONIGHIE S WIS 10 (NP PTocese ANd A0, ot

precursor mix. Finally the loading oFo%pan inside the particles prepared
Prpgigse preddat invihticmenHfay(Be aMBrAfbrécthafRgnderdbpesf reported in
Usnagnitudenbighegfean therpastistosaraduceday iPpasachet @b (a0l

for the particles of%]e resent invention vs_:0.3 wt% for the particles, of
LA R PR T R Al e
oftifes procabsryrutierpragBhcipilentions, whictrinyplsibsihe productionied in the

paldigey EREGISEINANMUSIARIS BARUEIORIAhS! INARNEN B ometric surface

n rticles.via micelle synthesjs, For any 30 industrjal controlled .
o] AL B (RSP eAFEG oL BFTRARTbAHG 1% §¥3pewslicn
mOmeothsnidaelry ofithapdridesistivatettby potivdtscontain residual

organim SelvaRhSHahRERMEOHRMSQused te dissalye Eﬁ%mfgﬁoahﬂm%he

O ST e Tk -
anfl 0061885 19tRT THAL2B06/Q0NESS 23R). In addition the process of the present
invention does not require the addition of toxic solvent such as PMF or DMSO to
dissolve the hydrophobic payload. It can be dissolved directly inside the surfactant or the
silicon precursor.

Throughout the specification and claims the terms hydrophobic material,
hydrophobe(s), hydrophobic active(s), hydrophobic active molecule(s) and hydrophobic
active material(s) may be used interohangeab'ly.

Embodiments of the invention will now be described with reference to the

following non-limiting examples.
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The process of the present invention is based on the use of "true
emulsions” which are relatively unstable compared to micro-emulsions
(stabilised with a co-surfactant) or micellar solution. It is the relative
wnsiabilitysof the system of the present invention that allowsdihreanapid;ooesss
high yield, production of micron size particles as well as the high 5 loading
of actives. In an experiment the present inventors have shown that, in the
system of the present invention, the droplet size increases significantly
(from 18 nm to 380 rim for one @ggmﬁggéwnyltrlmethoxysnane) and
fro 18 to 950 ran for an alternative precursor (ethyltrimethoxysilane))
Eg?ﬁe addition of an APTES catalyst. Conversely, the droplet size
ﬂ@ltiim’yfmfreases with time for the process disclosed by Prasad et al. This

10 syigansts wmditerent oy %&5&%@@%%&@%&% H&e ﬂ'fﬁ%{f?gtj Typically,

I’OC€ ses. In the case of Prasad et al e micelles act as r|g|

« RS ERIREBIS SN (eSO ot WegHitN RIS iR 120 weight

rat@taly sedibyahevaminoogioup oSS anacumoiavitteradting abtithe :25
(oeHifaes ke migglles, lingontrast, injihe progess,ACCOTding 0  ApTEs

present invention, formation of the particles takes place by coalescence

(a5 RPTIRSSI S SIE TGS OUa R HRIBROFAPERS, Hrpgrpagsil. This
fuiinaddthespiacassisbil)evhtesent inusntiongdogs.Mic peodtiag paidipesdihyvere

e?@%%? Q&&%}gﬁ% te{to Y)’Bi@e; ﬁ’lsfg £ IRRAE ts?gnﬁ]th %‘%gr%d'(an v§a9 96e)nted

giests the neces |ty ort catayst to penetrate T mulsion walls
td artasharbiviRcee soHaHE Bt G EaTides et aEnTidresing.

exempllfled process of the present invention significantly more
Snfinegropylsiloxane is incorporated in the 20 particles (despite having

mu%éargﬁrfmmwe@ﬁeglgh%@dm% smplier gapmelc sYRACeA18R) is ,
nfu%jher conflrms that amingpropylsiloxane is |nc $orateg inside the
a

Bt R SPRPRY ot Getuh Hipas S ar the  dhrieres the 9 Other
clpseityolelsteRromfzatmitduwbiriabper spet tineTthenpKotes St Bhe résend Triton X-

119ventian allpws, th@h&r@d&st@@f)f@@ﬂ RS, NSk, '%ﬁéﬁ (0¥ 9-3ng s,

% atah%h yled dependent on the 25 aminolormasil rati

RSB SSHER %aﬂy T SBAIfEH tepbtussdof eprAsBi e hidiy een
S aésmh ot BqGirg fieadsi tl@mpfahﬂi(fﬁf&b efihse et st Flop M8 @attors are

co 'ﬁﬁ&l&? tgﬁ'@ehxgﬁsfiﬁ%ﬁ: tHQ%ﬁ%q e GEIL éjjs% %%dag & BMAQ? 'fjg ﬁgwn to

surfactant or the recursor. Thr out the specification an
be-phisrstRar iR SYRaroH IO 1 atdHian @%ﬁ%’ﬁép%@é@yq@w&)ﬁh&?@lutwn
ofa‘ﬂﬂw(ﬁ)whgédr@mm&v&@&t@tiﬁﬁ@@maiﬁ)«m Rydro PhaIE TaRHINES- 100 is 4.3,
). |nter eab| mbodlments inveni
o B T e o, TR Bhone

ncé%#ﬁ@%ﬂmdz@%f%@m@ﬁnamm006/000853

The surfactant concentration most commonly used is 1:20 (w/w) surfactant:water.
Concentrations of 1:10 (w/w) have also been used; the increased concentration doesn’t

appear to have a significant effect on the particles produced.

Hydrophobe

A number of hydrophobic molecules were encapsulated using the present method:
solvent blue 35 and sudan red (organic dyes), limonene (liquid) and diuron and retinol
(solids), Bncapsulation efficiencies for solvent blue and retinol were approximately 50 %
(i.e. 30 % of the dopant supplied was encapsulated in the resulting solid), based on
analysis of the supernatant solutions by UV/VIS spectroscopy. Determination of the

concentration in the supernatant enables an estimation of the concentration inside the
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33 Examples Synthesis Methodology The basic synthetic method is
described by the flow diagram in figure 3. Typically, 5 a hydrophobe was
dissolved in surfactant, followed by addition of water (in a 1:20 weight ratio
vftsurfacsantwater) to form an emulsion. An onnosil with volexmeskatics bidsss
(ormosil:water) was added to the emulsion, and then APTES
(aininopropyltriethoxysilane) was added in the same volume amount as

pIPERIMASIL, IS 1 J%ra b at%t;‘é@'tgftec%%'(%%%“ sYnigh was stirred, overgigitin 1o

PHhe resu tlrggﬁsoh es were ro separated y centnfuglng at

delermdimnpth Rt Al urestddithe BYpEThatamd s teemnter. sotéoss fge too
hivRlS waslkesktaice, soyfiestspengingithe PaEBIEE(mwaleranrd: (mterterence of

centr urfactant The surfa nt typjcally used w B =
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solutlo |ve a similar pH, so pH alone is not a sufficient condition for
logd H’i@\?ﬁt Y barticles. The surfactant concentration most commonly used is

1:20 sw/w) surfactant:water. 25 Concentrations of 1:10 (w/w) have also
Opefflused; the increased concentration doesn't appear to have a
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p&ﬁeﬁsufwematant%ﬁ@ﬁle@awesﬁmmdwmtm@@néenummd@ﬁﬂene gave
colouvrless particles, indicating that the hydrophobic dye had not been encapsulated for
these precursors, or was easily removed during the washing process. No particles were
obtained from octyltriethoxysilane. Particles were obtained from phenyliriethoxysilane,
but the encapsulation efficiency for the solvent blue 35 dye was lower compared with
phenyltrimethoxysilane, so in subsequent work the methoxy precursor was used in
preference to the ethoxy for the phenyl-ormosit.

The ormosil is typically added in a ratio of 1:25 (v/v) ormosil:water. However,
more concentrated emulsions have been prepared using a ratio of 2:25 (v/v) ormosil:water
which resulls in larger particles, and a broader size distribution.

Although reaction of the silicon alkoxides, tetramethylorthosilicate (TMOS) and
tetraethylorthosilicate (TEOS), under the standard preparation conditions, did not result in
the production of spherical particles, particles were obtained from precursor mixtures
containing 50 % TEOS or TMOS and 50 % VTMS or PTMS. Particles were not obtained
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WO 2006/133519 PCP/AU2006/000853 34 particles. However,
encapsulation efficiencies for limonene are more difficult to determine, as
the analysis must be done by HPLC, and the supernatant solutions are
waehighiysooncentrated in surfactant thus perturbing the HRI¢G) s t20a6/000853
measurement (interference of the surfactant peak with the limonene
peak). Leach solutions in which the particles have s been suspended for
WSS SRsdn.changl have Rsen analised, s ppssible howeugr, tat,
not all the encapsula ed lfmonene [as been re(eased after tis time. Thds"
alighireatiboreidlase & eigrenis pggektdoamespaulation efficiencies in the
range 15 - 20 %, the real value might be higher than this. Samples with
Reelatpweby bighd@adings of limonene in the action mixture (15 rnl limonene:
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soluble in chloroform. HPLC analysis showed that a weight equivalent to
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| ed whether the r OoDIC, Molecule hal een encapsulated.
gttt S e
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sighefinas i pro oéssaNopadicledonare vobtainedifrorporated into this material.
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. but the encapsulation efficiency. for the solvent blye 35 dye was lower _
IngRipAlan iniss BrEny R oxySiaRR, Ko TS LEqIRMT B HEe amine
sprvath oxihpregursolivadsous®d MS prefehepc e tostiymieth prythbattdehat the amines

wikenrQrmaest -s{l}]?@c@[}f‘{?i%ih%%giﬁ@f&’ added in a ratio of 1:25 (v/v)

ormosil:water. However, more concentrated emulsions have been

prephrétPlisighautd g St (IMG BEPTate P R hiEm s dvdupl yard dhefore
adg#iiticles land Bl aeibersizebdistsibutl GRTBG Alhoughpredsiomafthesed when

Aﬁ&‘%@%ﬁﬁ%@%o&%@m@}@éﬂ%fé%ﬂﬁﬁ g’ﬂ@%dsa%s delayed in g—ll% case of

tetraethylorthosilicate (TEOS), under the standar g aration conditions,
EHidtnatrideitnsranetpiaietoh s spna deatbamirdy hatthedydvelsis product
ofabtdsed HOIHPREAUIBEY IBSIubBSin water, and thus the organosilica precursor was

not constrained to the hydrophobic phase when condensation occurred, In contrast, the
addition time was found not to be critical for PTMS, indicating that the presence of the
phenyl ring is sufficient to keep the organosilica precursor inside the hydrophobic phase
during the hydrolysis/condensation processes.

As it is likely that the amine group of APTES is responsible for catalysing the
formation of Si-O-8i bonds in the organosilica, a number of alternative bases were tested.
Sufficient base was added to increase the solution pH to 10, to match the conditions
occurring on addifion of APTES. The solutions turned white on addition of the bases,
suggesting that condensation was catalysed. However, no solid particles were obtained on
reaction of VIMS with NaOH and NH4OH, and only very small quantities of solid were
retrieved from reactions of VIMS and PTMS with tefrabutylammonivm hydroxide and
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containing 50 %TEOS or TMOS and 50 % VTMS or PTMS. Particles were
not obtained WO 2006/133519 PCT/AU2006/000853 35 for similar
mixtures involving ETMS. Likewise, 75/25 % mixtures of alkoxide and

allgydtisnasapxysilane did not result in particle formation. Reg&tigR2006/000853
mechanism Addition of APTES results in almost immediate destabilisation
~of the emulsion, 5 causing coalescerie of the droplets as observed by
haton correlat] RPCS). . Vi @ .ndyction ,
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48990 & Ghtl B TMS are only partially hydrolysed when APTES is
added. However, when the addition of APTES was delayed in the case of
Pertigis chartieiexisadon not obtained. The reason for this may be that the
Faygkrlysis product of ETMS (CH3CH2-Si(OH)3) is soluble in water, and

thu organosilica precursor was not.con in e hydrophobhic
M o S R R A N
ofgngad Tiatcth de ErittcalididREMSTindisdtity thantVa pi2sensd Glthebout 50 —

20hanylvingds suifigientiokesntheiganasiica Rrerrizeringide Revilar size,

hydrophobic phase during the hydrolysis/condensation processes. As it is
SR AT R Bt Y BSOS SPOh B PR GG rere n

iopheltan BHSIOUSVEbAR srid RHdGrgrridsitiod yaliviniived oiradtehnatifrees. The
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associated with the particles, although it is not clear at this stage whether this consisted of
organo-silica or other, perhaps surfactant, material. Doping with relatively low loadings
{< 10 % wt) of limonene did not alter the appearance of the particles,

Larger particles (typically up to about 20 pm) in addition to smaller particles were
produced in more concentrated emnlsions (eg 2:25 (v/v) ormosil:water), as observed in
SEM (shown in figare 6 for the VITMS and PTMS precursors).

Light scattering is capable of providing a more accurate picture of the size
distribution of particles for samples in which a range of sizes occurs (i.e. the sample is not
monodisperse), compared with TEM. Distributions were measured of samples suspended
in water using a Mastersizer 2000, as shown in figures 7-9. While particles under 1
micron in diameter were stili obtained when the concentration of reactant was increased

(e.g. 2:25 v/v ormosil:water compared with 1:25 v/v ormosil:water), the general trend was
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suggesting that condensation was catalysed. However, no solid particles
were obtained on reaction of VTMS with NaOH and NH40H, and only
very small quantities of solid were retrieved from reactions of VTMS and
W3 M&sadttitetrabutylarnmonium hydroxide and WO 2006/138%1812006/000853
PCT/AU2006/000853 36 hexylamine. It is possible that APTES is more
effective in catalysing the condensation because it is able to penetrate
w{pone Slasivel e e husioononic damaln ARG ATRIEIRY reacen
trialkoxysilanes were also trialled as catalysts. 3-
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average size of about 150 ma Those from PTMS were of a similar size,

lighfricatieserige SR EHo ¥ 8RS HhevTAE RSy A TR hiseaegseated
naguite fliffexemtyon 20i dwrphal dgyiom-bH6th VTMS and PTMS, which had
well-defined, smooth surfaces. The ETMS particles appeared more

Suaspberry likepasspherical shaped aggregates about 150 rim. There
appgared to be finer material not.incorporated into.the aggregates which
oo e AR A RS e R S

worhalttembisdcbn distecrpionrgsing-silitiaromethiars, pedhabSAstifpsttamt The BET
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did not alter the appearance, of the particles. Larger particles (typically u
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scattering is_capable of providing a more accurate picture of the size
particle pores. Nevertheless, as reiease of encapsulated dopants 1s observed in solution, it

is likely that the matrix is porous, but the pores are blocked by the presence of organic

groups in the dried material.

Thermal analysis

DTA/TGA analysis was carried out in air using a Setaram thermoanalyser, Figures
17, 18, and 19 show the results for the VIMS, PTMS and ETMS products, respectively.
The volatiles (water and limonene) were lost by 200 °C. The DTA curves suggest that the
surfactant loss peaks at 275 °C. Comparison of the DTA of PTMS and ETMS products
suggests that the amine (present in both samples) and ethyl groups were removed between
400 and 500 °C, and phenyl between 600 and 800 °C.

The product from VTMS contained 52 wt % volatiles. The VIMS TGA curve is

somewhat problematic in that the weight appears to increase slightly around 300 °C, after
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(i.e. the sample is not monodisperse), compared with TEM. Distributions
were measured of samples suspended in water using a Mastersizer
R00asshown in figures 7-9. While particles under 1 micreon diametesss
were still obtained when the concentration of reactant was increased (e.qg.
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Setaram thermoanalyser Figures 17, 18, and 19 show the results for the

I]%jal\]/le 29l JIMS an 9 ETMS products, respectively.

Dried particles were analysed by DRIFT (diffuse reflectance infrared) spectroscopy,
and the spectra compared with a spectrum typical of nanoparticulate silica (see figure 20),
In contrast to SiOs, the organo-silicas should have a composition RSi0; 5, where R is a
mixture of vinyt (CH=CHj) and aminopropyl (NH(CHz)s) groups in the case of VIMS
particles, phenyl (C¢Hs) and aminopropyl groups in the case of PTMS particles, and ethyl
(CH3CH,) and aminopropy! groups in the case of ETMS particles. It appears likely that
the aminopropyl groups were incorporated info the PTMS and ETMS particles to a
greater extent than in the VIMS particles, judging by the typical weight of product
obtained {(see Table 1).

The most obvious difference between the organo-silica spectra and that of silica, is
the change in the main Si-O antisymmetric stretching mode, which in the case of silica

-1

consists of an intense absorption at about 1100 ¢m™ with an asymmetric shoulder to
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The volatiles (water and limonene) were lost by 200 C. The DTA curves
suggest that the surfactant loss peaks at 275 C. Comparison of the DTA

of PTMS and ETMS products 30 suggests that the amine (present in both
samples)and ethyl groups were removed between 400 andeb@Q\ Coadi6hosss
phenyl between 600 and 800 C. The product from VTMS contained 52 wt
% volatiles. The VTMS TGA curve is ssmewhat problematic in that the
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OIMICH,)-C(=0)-NH,. This oxidised amine (amide) is then removed over the
temperature range 300 — 450 °C. Adsorbed surfactant can be monitored using the NP-9
absorption band at 1510 ecm™ (not shown). The surfactant was removed on heating
between 200 and 300 °C.

The alkyl C-H stretching modes (3000 — 2800 c¢m™") which are dominated by the -
CHs- vibrations of propylamine and surfactant, are completely removed by 450 °C. The
phenyl modes (3200 — 3000 o) are not significantly reduced in intensity on heating
over this temperature range, although there are some shifts and broadening observed.
Cooling the sample from 450 °C to ambient temperature reinstates the original spectrum,
but without the presence of the alkyl C-H bands or N-I stretching modes.
Encapsulation efficiency

The encapsulation efficiency depends on the molecule being encapsulated, the
precursor used, and the concentration of ormosil in the emulsion. Table 2 contains the
typical encapsulation efficiencies of a number of dopants in the various organo-silicas.
Some sample-to-sample variability has been noted where the synthesis has been repeated

multiple times, and this is shown in the table as a range of values. Increasing the



particles, phenyl (C6H5) and aminopropyl groups in the case of PTMS
particles, and ethyl (CH3CH2) and aminopropyl groups in the case of
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and so itis |f|i—%%ut teo-estimate-the-ameunrt fanlir'le HCOT pgauun uy th Uy
FabEns. FigUEIRE shows spectraliiféhe reqion!3500 is - 278D cm -1 whidHJV
wastains the defh@nd C-H stretching modgs pf e amine;apd organic | ¢y
fractions. The two amine stretching bands are observed tp shift
progressively-to-higher energy Aty heating-from-22.10-200-C.-At-250.C,
the bands qceunat 3427 and 34084esn 1. Thjsisisdden shifszefcides withuy
the appeardénce of broad C=0 ablslq{ptlon at pbout 1705 tm1l (not showh).
Both obseryations suggest-that the-amines gre-oxidisedat 250 C 1020
form -(CH2)ZEH2Q)-NH2_ This pXifised aminhé:-#amide) iq fiten removed; UV
over the tempgraiareicange 300 x#H0 C. Adsorired surfactant can be | yy
monitored ysi -9 absarpiion band at. 1510 cm -1 (not shown).
The surfactﬁ?%ﬁrgmoved en-hedting betc vfleésﬁlZOO ane-300-c: Thg uv
alkyl C-H strétidviisyg Miotles (30Q0NP2800 em)) Mafich are ddfinated by théJV
) PTMS/TEOS NP9 1:25 56 uv
PTMS+2wt%ECT* NPY 1:25 80 uv
PTMS+5wt%ECT NPO 1,25 g0 UV
PTMS+10wt%%ECT NPG - 1:25 78 uv
PTMS+2wt%EC45" | NP9 1:25 71 uv
VIMSH2wi%EC45 | NP9 1:25 56 [0%
ETMS+2wt%EC45 NP9 125 52 Uv
Sudan red PTMS NPY 1:25 41 - 54 Uv
VTMS NP9 1:25 15-95 Uv
ETMS NP9 1:25 21 Uv
PTMS/TEQOS NP9 1:25 44 uv
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25 CH2- vibrations of propylamine and surfactant, are completely

removed by 450 C. The phenyl modes (3200 - 3000 cm 1) are not
significantly reduced in intensity on heating over this temperature range,
althawghstiiere are some shifts and broadening observed. Gaolingie 000853
sample from 450 C to ambient temperature reinstates the original

spectrum, but without the presence ¢f the alkyl C-H bands or N-H

stretching m\pﬂ&a 30 Encapsu aﬁf)g eff|C|enc¥ gpe encap%lation HPLC

efficiency jcpcuua onthe-motgcute Ueulg encapsutated;jthe precursor

used, and theld&hcentration of (di¥Dsil in the Bmilsion, 129 2 contains HPLC
Lihsndypical engapsulation efficiengies of a number of dogants in the HPLC

various orgiano-silicas.” Some & [e-to-sam f variability has been

| HPLC
noted whe 2;. °ynfh°°'° has é\,n GCn"" '§uu |||U||L||J| > umeS and-thi
is shown in WEM&ble as a range Ditvakie¥) Indréasing the WO HPLC

2006/1335191P1\&‘$T/Au2006f000Sﬁeﬁggrgnc silayater conegntration fromyypr ¢

1:25to2: 25 resuttsimincreased encapsutation efficiencies for all sampjes

_&ﬁm]g_d_EaniBMﬂannn efficiencid® 8bserved fbeolv 'éédye UV

encapsulated in particles formed from 50/50 mixtures of ormosil and
* @it oxide csleres similartity thoseafo (id Wsing et oridsitorecursors
#(abeuLdDic.BR.%0)v THlSsthia s s canuenichtdnears@baocessing smaller
particle sizes for applications which require them, without sacrificing

éj&@ig&ﬁfg&ﬁﬂ%h&@@ﬂ @zﬁi@;@mym;(rj&la@;oma@@ulation efficiencies for
various dopants in or anos as. Hydr. ph Precursor surfac
Rea&é‘ﬁ?eﬁrﬁcgﬁguﬁ ioH MethGd*Wa e(Il)r %%ﬁlaendc’: S\? ?\{l%gi ot an
1RBEERal Vne/HN ScN PO iR: 25 il \pf PRVES Rt gugolo @zpuvscwﬁmsof the

: : | iV QsTd -to a
CQ{Bgsg g%hs&lo\g 41;1& YEPHEEMRINTRLL 2553 dalinBB RN SsTaeoed- 1

A P o CaASEIE e Hh
Limonene-doped particles were prepared using a 2:25 (v/v) ormosil:water reaction with
APTES. The reason for using the increased concentration is to produce a larger particle
size range for investigation,

The silica microspheres were embedded in an epoxy resin and cured overnight at 35
°C. The embedcieci blocks were trimmed and sectioned with a Leica UCT Ultramicrotome
atlroom temperature. Approximately 80 nm ultra-thin sections were obtained and placed
on holey carbon coated copper EM grids. The sections were examined at 200kV with a
JEOL 2000FXII Transmission Eleciron Microscope (TEM).

The diameters of the particles were found to range dramatically in size, from
approximately 0.1-40 pm. Figure 22 shows four different images of the cross-sections,
illustrating the size and morphology of the organosilica microspheres. The striations
(alternating light and dark areas) that can be seen on the microspheres appear to be a
preparation artefact due o compression of the microspheres as they were microtomed.
There was no obvious change in the structure of the microsphere from side to side: ne
evidence of an outer shell was observed. A number of the microspheres contained
vacuoles which presumably still contained, or had previously, contained limonene. The

oil vacuoles are distributed randomly throughout the matrix.
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PTMS/TMOS NP9 1:25 63 UV PTMS/TEOS NP9 1:25 56 UV
PTMS+2wWt%EC7* NP9 1:25 80 UV PTMS+Swt%EC7 NP9 1:25 80 UV
PTMS+10wWt%EC7 NP9 1:25 78 UV PTMS+2wt%EC45 NP9 1:25 71 UV
WO MBH2wWI9%ECA45 NP9 1:25 56 UV ETMS+2Wt%ECA45 NP&-1:12b 0% ohvsss
Sudan red PTMS NP9 1:25 41 - 54 UV VTMS NP9 1:25 15 - 95 UV
ETMS NP9 1:25 21 UV PTMS/TEOSNP9 1:25 44 UV WO 2006/133519
PCT/AU2006/000853 41 VTMS NP9 1:25 16 E HPLC VTMS NP9 2:25
SRR dimvmpene PTMS NP9 1:25 14 HPLC PTMS NP9 2:25 19 HPLC
VT iTI" XlO(%l:théZ t'}_;!xPLC VIMS T iti)f?Xll4 1:25 23 HPLC retinol
PTM SPEHR 86 B/ HECPS ShpEHAEEr Y vieessiRE"y ihpgresent
B0 solmiyatlere: etrunbl 86:20 ey sstoatinglceiiuidseosigatas dosityer to
qu‘aﬁt%@-éitéﬁt%ﬁ%&fﬂoﬁ%lﬂﬁpQf%ﬁ?%r@ﬁ@bx%@%ﬁ'%c Rlducts. Elemental

--Transmission Electrgn Microscopy of Particles It appears that reaction of
o TR RS e rh%ﬂ‘égﬁ%}%%éw@%iﬁ&F&ﬁg@wéwaaﬂmﬁéhsﬁfs PR
Nbc_f@tlwsﬁrﬁthé-tﬂ;l%@ﬂthb ail Gr@cﬁ)tﬁu, c_iiu_eim tﬁe'miséidnjlit)%i)tmg Xatalyst 2000)
sudlthedivaiphoRis gnaesihithus. e xheciehibataselid, eegrg@@@%&%ed

to a _hollow, sphere is likely to be produced. This was confirm
%

from SRR HRNA. 1 it ShehBaBISY B RIS W hrepared using a

2:25 (v/v) ormosil:water reaction with APTES. The reason for using the
Eyrersagid concentration is to produce a larger particle 10 size range for

investigatiapilibe sikasmicrosphesss. 1@?5%&919%}&%@@@ SN were
2 and ugt?dl%%%miqg%aé_% C. Thee w%:lg bllgc S were_trimmeBangA T

Clioned With A Leea 0T Githenitr RFApERg S )
opspHHEih e [ BOgmanitsacthiy 48 vibhs W& Sbidine MR plocede acquired
using a Bruker 7 mm double-air-bearing probe with cross-polarisation (CPMAS) and
single pulse (Bloch decay) methods, both of which utilised high-power 'H decoupling
during data acquisition. The MAS frequencies implemented for these measurements were
~5 kHz. For the ’Si CPMAS experiments a recycle delay of 5 s, a 'H-*’Si Hartmann-
Halm contact period of 5 ms and an initial 'H #/2 pulse width of S Hs were common to all
CPMAS data. For the corresponding “’Si MAS single pulse/high-power "H decoupling
measurements, a single *’Si /4 pulse width of 2.5 ps was used in conjunction with
recycle delays of 30 ~ 60 s for guantitative 2°Si measurements. All 2*Si MAS and
CPMAS chemical shifts were externally referenced to tetramethylsilane (TMS) via a high
purity sample of kaolinite, which was also used to establish the '"H-*’Si Hartmann-Hahn

condition.

Results
The High power decoupled (HPDEC) spectra and the deconvolution results are
shown in Figure 23 and Table 3 respectively, '

Table 3. Deconvolution of *$i HPDEC spectra — peak positions and peak area {as % of

total abundance).

Precursor Peak centre (ppin) % total area (abundance)
VTMS §2.5 84.6
73.9 6.7

69.1 6.2
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on holey carbon coated copper EM grids. The sections were examined at
200kV with a is JEOL 2000FXII Transmission Electron Microscope
(TEM). The diameters of the particles were found to range dramatically in
gipesirassapproximately 0.1-40 m. Figure 22 shows four differestimeagesss
of the cross-sections, illustrating the size and morphology of the
organosilica microspheres. The striatigns (alternating light and dark
areas) that can be seen @g the microspheres appegt to be a 20
ration artefact due ompression of the mic osﬁpheres as they were
microtomed. There was ho obvious change in the grlicture of the
microsphere from side to’éide: no evidence of an dter shell was
observed. A number of thd .inicrospheres contained.9vacuoles which
presumably still containeg; or had previously, contgined limonene. The oil
les are distributed rgndomly throughout the ix. WO
2006/133519 PCT/A1J20%$/000853 42 Solid stateé 29Si NMR 29Si NMR
spectra of the three typeé ?particle prepared accc]Ji"ldTng to the present
invention (vinylsiloxane, phenylsiloxane and ethylsiloxane) were
investiRfAta o iar Ryabt artinrrpecexdientashinepborationcofrespond to the T
a&ﬁ;ﬁl&[i@fapylﬁﬁxa&n amhth& @tﬁﬂ%i@ﬂﬁl@{ﬂ%ﬁ@b&%ﬁ&% Qtepbrite & T,
Self- sed synthesis.of organo-silica.nanoparticles’; R. .M.
a%%t%?\%?ﬁ%%%%. gﬁ??rﬁy Lfidec}?lquﬁfsj?a 4. @éra§§§§0039,3§§}Yf§f?fpm‘afed. Ty
depatas1ihe 2ty eligesistesdatipat idorporitivthoframine spetiesissinord to a
cemhy) 8t.least in particles formed from VTMS, with Lip to 10 % of Si having
bourﬁg irggdgfou%sk Eéjperime tal to Eigh rgsolution solid-state 29Si
magic-angle-spinfing (MASY ksﬁgfﬁ ARR RUPR B RS AE Gt SH A BRg tave been
idenfifiefatbrye wsingrisnnVISIUOSENTAR spettomptete(Bby= AdiiTiecopenatinglay
(BihBc2R S franvenmh Qi /R A MEZp Ml il Mg NIWR g@&%%ﬁé@s@_ﬁ%&' Q%gte’,
ug&r'%fiﬁBrok?r 17\r do S%F-a!r- arlng robe with cross-polarisation _
ACPRIRES ind: b piilSiotHlbes) o oothoor Witk bsliegiure
phighppdives Yiderouplingbisud Qnpg dtdladguisitioniofheddASed to be similar.

dreguensissinplementes rOQIL 3 e
H%%\%%Zﬂ ]S ex _erime%?ségégﬁgpd%of 5s, géﬁlfre%QSSl lar%rlgglrg\ﬁ-é% dto

P . y ;
AERSEHEE 0PE S SHerarpiritas thy crmpiige wraks 8F 67<l\pafet0.4
pedmaronsogald GPMAS: dptaickovithe: combipdndiag29 of BIAS: SIngle: case of

Tolal e bL PSPl »a singl 1.4¢/4 pulse .
e o 0 T R LI e

B AAR RSBEL AstirantB RS, Ae e msTapls resRIpdise RicdS. the
asiiftpedkserexisrnakysefe rented hogtramaibisiane, (FMS), Waa ighd given

the similarity of the HyN-(CHs)s- and CH;3-CH,- substituents.

Although the #Si NMR spectra are not sufficiently well-resolved to give definitive
values for the amount of amine present, the spectra of the VIMS and PTMS products
support previously reported results of up to 10 mol % amine being incorporated in the

particles.

CHN microanalysis

The amine content of phenyl, vinyl and ethylsiloxane particles was estimated from the
CHN content, measured using a Carlo Erba 1106 automatic analyser. The amount of
water associated with the particles was measured before drying and found to be < 5 wt %,
The particles were then dried at 60 °C for 6 days before analysis, The extent of amine

incorporation was estimated wsing the N content, as there is C and H present in the
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purity sample of kaolinite, which was also used to establish the 'H-29Si
Hartmann-Hahn condition. Results 25 The High power decoupled
(HPDEC) spectra and the deconvolution results are shown in Figure 23
wodMabbesdorespectively. Table 3. Deconvolution of 29Si HRPDEESISpacitesss
- peak positions and peak area (as % of total abundance). Precursor

Peak centre (ppm) % total area (aburidance) VTMS 82.584.6 73.9 6.7

09,08 40, 20003509 EGTIAHA00BI000RTH AB08 AP TN P

BHEIAB TG 4G 67,5 8.2 ETMS 68.6 85.3 60.3 14.7 | up to
o S A ERTRSAER S AR PO B0 G S T3 et
a}'@@@@@g&(ﬁqm&quom the alkylt imethoxysilane precursor, and a further
twoto T3 and T2 speC|es from ammopropyltrlethoxysnane which are also

poessibly-incorporated—T—denotestheextentof con

densation; with nmbeing;
@Gheanermber 6f(&io éﬁéé)oc dnitd & ‘Sréentatsit The F2NEtepeaks of
Jviryisilaxane, phenylsiloxape and ethyisifjpxane have baenvigentified by

comparison X}?th the 29Si specira ref ted by Arkhire %a7and Hay

»)

1 ticla
\uyntheSIS oF-5UB-£00-RM gnocoqt.ﬂ\.u\unc pafrteieS-usthga modified

Gteber sol-g&d.fouted.6A. Arkhitéevapd N. Hay, J. Mate2 Chem., 13,

%%% -3127) 2003).|\ While the, alsollite;10 peak positiogg varies by up to

Sbotit-2 ppi; the T 2-T3 separation is expected to be simitarOn this
basis, the 82.5 and 73.9 ppm peaks of the VTMS-derived sample are

BSNoNet e cI3@nrdidR dfaaspeativehdohvingisiloxase. Thus, the
remaining peaks at 69.1 and 66.4 peaks are assigned to amine species,

with a combined intensity of 8.7 %. In the case of the sample prepared
from ¥ Msna eaiest ¢ricpbad deerhpisierenadsarsslestoiaibaiiiiye obtained

by 2°S1 NMR, whereas that for vinylsiloxane is somewhat smaller, at 5.2 mo} %. The
amount of amine incorporated in the ethylsiloxane is considerably higher than in the other
organosilicas, at 20.7 mol %. This is consistent with the larger amount of product

obtained for this material (see table 1},

Organosiloxane stability in base

The rate of dissolution of organosiloxane particles over one week at pH = 12, was
compared with that of unmodified silica (100 pm spheres). 10 — 20 mg of solid was
suspended in NaOH solution (0.01 mol dm?, 100 mL) and shaken continuously for one
week at ambient temperature, On day 3, 5 and 7, supernatant (10 mL) was separated from
each sample and analysed by Inductively Coupled Plasma Atomic Emission Spectroscopy
(ICP-AES) for Si content. The fraction of dissolved sample is shown in figure 24 for the
silica, phenylsiloxane, vinylsiloxane and ethysiloxane samples,

As expected, the unmodified silica dissolved relatively rapidly at pH = 12. Although
the organosilicas (i.e. phenylsiloxane, vinylsiloxane and ethysiloxane) tested had a
significantly smaller particle size {about 200 nm average size vs 100 pm for the silica
sample), dissolution was considerably slower, with the phenylsiloxane samples showing

the slowest dissolution at about 12 % dissolved after one week.
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1s species, with an intensity of 8.2 %. In the case of the sample prepared
from ETMS, the amine peaks are not separately resolved from the
ethylsiloxane, as may be expected given the similarity of the

W RMEZHZR- and CH3-CH2- substituents. Although the 29SidNMBrous/000853
spectra are not sufficiently well-resolved to give definitive values for the
amount of amine present, the spectra4éf the VTMS and PTMS products

20 support previously reported results of up to 10 mol % alpine being
incorporated in the particlgxdeHMénteioBraipied he amine content

fohenyl, vinyl g thylsiloxane particles was estimated from the 25
R S R R R iy ser. The
Soribemit of water associated with the particles was measured before

gryinﬁeﬁba@ foup %fs@wgz%issxnf@daﬁftﬂd%wmw@%ﬁé{}&fé@d@s by
ays re alyslIs. e exient or amine, incorporation was estimate

S R R e i R R S bt gp e
RIRITA BRD 600 0856 3ivé4rongtaso udktitdemimo theppiritttes yédeaaddition,) was
Jﬁ@er@ éﬁd”ﬁ%‘%&&@&lqm% %V%(’Eig Wﬂe%ﬁﬁ%ﬁf@%m@mr%g Ehoved

the particles, which contains C and H but not N. The results are
YR 5rELEMEEHIR tABPY g AR R ieh 19 Iy NEAY AMiHE CoHEEnt kg final
eoniéntatsul stitusriid wia%od ! (ovalidA) etlyyhiddnBBert 14nBH3R1R6 2120LE alisyrlce of

B3 3 A0 AR &ﬁ&%ﬁéfg %Qéslﬁn?ge%- Wil 589,37 ﬁ%&%\fﬁ{% N visible

composition of ethyl, vinyl and phenylsiloxane. The aminé conten _
S@aﬂfgré@d%ﬁ%éwgﬁ%ﬁ%éqm s estarE NI otalieg thy sgigy The
1IbHRg whereabwaatdbnlired sl oxareisomewhat smaller, at 5.2 mol %.
%pﬂeajageaimggigt of amine incorporated in the ethylsiloxane is considerably
|gf1ert an in the other organosilicas, at 20.7 mol %. This is consistent

with e 1Kgeriare sreerpidtie basdaciolaprd nsternsiopsdenbpiglsijoxane

Fr@GaROSiip¥RBE stRE johRse [0het rale wédissnldtian.ahgry aitnsia¥aRRance
e T —
Raom sSlatodqm:d samplasioaysiveak atls shakén2d8ntindiédélyfordonéo the
phenyl ring in the organosilica matrix. Immersion of retinol-doped powder in ethanol
results in the partial release of retinol, as observed by a characteristic absorption peak at
325 nm. This indicates that the retinol molecule has not been damaged by the
encapsulation process. The bandshift from 325 nm in ethanol solution to 335 nm in the
solid is due to difference of environment experienced by the retinol molecule.

In contrast, retinol doped into silica particles made using a double emulsion process
using TMOS as a silica precursor shows a peak at 292 nm (see figure 26). Subsequent
leaching of the encapsulated retinol into ethanol does not show a peak at 325 nm,
indicating that the retinol has been degraded by the encapsulation process. This is likely
to be due to exposure to low pH (= 1.0) during the hydrolysis of TMOS.

Release of retinol from the particles into 50:50 (v/v) ethanol:water solution was
measured over a period of 11 days. Due to decomposition of retinol released into the
solution, the supernatant was refreshed at each time point, and the release measured using
UV/Vis spectroscopy (peak at 325 nmy). The cumulative release curve is shown in figure
27. Approximately 11 % of the encapsulated retinol was released after one day, followed

by slower release thereafter.
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week at ambient temperature. On day 3, 5 and 7, supernatant (10 mL)

was separated from each sample and analysed by Inductively Coupled
Plasma Atomic Emission Spectroscopy (ICP-AES) for Si content. The
Wwachoseldissolved sample is shown in figure 24 for the 2Gsitieas2eo6/000853
phenylsiloxane, vinylsiloxane and ethysiloxane samples. As expected, the

unmodified silica dissolved relatively rapidly at pH = 12, Although the
organosilicas (i.e. phenylsiloxane, vinylsiloxane and ethysiloxane) tested

adaprignificaptismalieranticie. size(ahoh 200 1aD AveLage size vs
100 mfor the silica s m@le) dis,sbc%:gtion was considerably slower, with the
phenrgpé?lo%neeglgm%%s SR tHe IBWREEHIL GG 2ioabut 2oted to

Jecaissbivied afichoheridek. WER086/ 133610 GTIAPAIR0GION085S 45h as

ﬁ&ggﬁmg@@h@wm@%gm{%&: Retinol (vitamin A) encapsulated in
siloxane particles. Synthesis Retinol (210 mg) was slowly

henyl
gl%%%@d into 1.25 g NP-9 with stirring, followed by s addition of distilled
wateR{R8amis)e Pietpdt(ifdetiapxysilanedd mio)ms'@‘dﬁg H@ﬂlh)em'iﬂ%tééf?() g of
ir. Ve mi i inopro, let silgne (1. mL
e R ey ke o
EBTidWES Pah BV REIFRUGENEH (THidD0 ARGl findtesated. Finally, 3-
arEsbpUtwicetitlysiater whfterddhe final ﬁ%tﬁhﬁﬁﬁﬁgofbﬁ?_@ slgel}ﬁ &%ﬁﬁ ght. The
r t temperature, in the absence of io light. The .
Y BB RS RS, bt i oaason
e BB dfhaHPE oY the Superamsmatase Rledsafen separatifiggihd coloured,
indisiting the welidcdReldeadiigafsting wWasalcidgted to be 14 % (wiw).
&%ﬁg}ggig}g{?g’n The UV/Visible spectra of the both retinol-doped and
undoped phenylsiloxane 1s particles dispersed in PTFE powder (10 wt
%), waketifiatteimmmrshinifpme vofisetardedc cessomd Bitue Boi8ROVSr a

pihidh setinekioasied sampla:has aslrong %&Iyyfgﬂ %1% 2%%%9 Teolaced

‘hendoped sample shows weaker peaks
R T R S TR AL Trrciibamsdnghotgbepeur
“Bovieesr inrahwaeh fosutstinltherpaniizdd alesecdf retinatins thseswBd DPysmall
plopbaractaniBic:RBSABIANRERIAlRAL 320NN s dPdisalgs that the

retinol molecule has not been damaged by the encapsulation process.

Eggglpﬁry;migg QM9 A, in ethanol solution to 335 nm in the solid is
due 1o differen}gce oflenvﬁonrﬁgﬁlpé))% ?fle()ﬁlglé:glb{}a{ﬁg ftinol molecule. In

conttA¥EoRethT61 iBpe P anicacpariled rvel@mivigiwdoaiedmviditinxane
pprddestor release into sodium hydroxide sotution at pH=12,

Synthesis

280 mg Diuron was stirred into two 5 wt % NP-9 solutions (25 mL) for 8 hours.
Phenylirimethoxysilane (2 mL) was added to the first solution and vinylirimethoxysilane
(2 mL) was added to the second with stiming, followed by addition of 3-
aminopropyltriethoxysilane (2 mL). The solutions were stirred overnight, then separated
and washed twice with water using centrifugation (10,000 rpm, 10 minutes) to remove the
supernatant,
Characterisation

The encapsulation efficiency was estimated to be 92 % (7 and 11 wt% loading for
phenysiloxane and vinylsiloxane respectively), based on analysis of diuron concentration
in the supematant by HPLC. The Raman spectra of the undoped and diuron-doped

vinylsiloxane particles are shown in figure 30. Vinylsiloxane was analysed by Raman in
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using TMOS as a silica precursor shows a peak at 292 nm (see figure 26).
Subsequent 25 leaching of the encapsulated retinol into ethanol does not
show a peak at 325 nm, indicating that the retinol has been degraded by
Weemeapsulation process. This is likely to be due to exposeire/tatowe pdodss
(= 1.0) during the hydrolysis of TMOS. Release of retinol from the particles
into 50:50 (v/v) ethanol:water solutionayas measured over a period of | |
gayseRuedodesamnositian.af rsiinglteleased into the 3Q solution, the
%uper%atar_]?) was refreshed at eac ti%eog,%?nef}?é%ﬁ ﬁw%%%?%%%“ﬁ% Lefrees with
it OVRE shisciRsstahbAse &k wdspsdrviny rkecatmutative relsad dom those
clivedsishotopdd figtueal 2TheApprosimalednil Lodaehthel easaRstiedcium’ on

i t ay,. followed by slower release thereafter.
BB G e Bl o e st ety
FhebenE 6 enth GHe rrstNm sqpdniies tinsusypitfabimepshioton of diuron in

ttleparibidek.in the present specification is suited to encapsulation of
Aydrophobic molecules. However, hydrophilic molecules such as

rhodamine 6G also may be encapsulated. 5 Synthesis Rhodamine 6G dye
(40 Y5 wale sfirrelgaraRIPigoR. Big) fodisminubesid0 gloficdistille water was

s thenasded,angistirred o Lmminyies: Phenylirimethe )%1%'2]@%2'5[%%%8 Iégvhat

added. and a cloudy mixture formed, which was stirred for 6 1

p»\g'”]’an%‘? y??fi %‘#ﬁiﬁoo?é‘reo%%%%@i{?é g ‘f[rél%@%ﬂ&“éfd BriadHetivareinethprelease

Sarstreivight direridlfolidwing dey (therwsolidowasiseparatedizpehwashe a0

sbriceithowater, usihgseentrifugation.{10,90 Q ninytes) to remove

sugi%néqant. The su ernatar%t was highIyﬁéoI(ghgr'%,\!;()},‘?'ﬂl'nI fggﬁrﬁsgsth%ts (?Iéhon was
ci

& B eRfciEReY UL oL ohPR RS dArs v atatictrre solie then

encapsu atal%n e
rovaspimdneéried ifrappsolximately MEOHL (datenandistitresh teymidan@Ve@HadiSThe
aeoes alpaseekydbe oysd,daily for UV/is :
Zanaf sis aBnd replaced ﬁﬁ@%@%ﬁ%@%gl Weﬁg%u? oft ng(}g?gﬁntg geract
1l g§é&%?ﬁ't?r%@ RASHERGALSH Greambihanesh bing wrsskdiimatplrfibled. organic
ﬁ@ﬁmﬂmg;ow@dfquimﬁr@mamwﬁﬁm%ﬁfae%im fmmxgn in figure
3ENPRPSY sed over this_ time. Example 3.
Enc%%suIation%ﬁﬁ?oﬁ%%%ggiﬁ?ggﬁ E)Sa?ég i %‘Sﬁﬁ%' %Sgcﬁﬁﬂ}lémd)

oo b S uRRIES s Ao ASNE b HRAIed oXan dess dhvimyisilostat ecoparticke sifith the
dislgaten ntsubis diLphl ky tzoXide Goldtion @t piimiempditRe8iStion of diuron from

the aqueous phase during the process of shaking with octanol.

Example 4. Effect of reaction time

In this example, the effect of reducing the reaction time from the typical overnight
reaction on the particle size and morphology, and the yield of product was investigated.
As the interest was in formation of the host matrix rather than encapsulation, no
additional hydrophobe was added to the reaction mixture in these experiments,
Synthesis

Reactions were conducted using the same basic procedure: 1 mL of
phenyltrimethoxysilane was added to 25 mL of 5 wt % NP-9 solution and stirred for 10
minutes, followed by addition of 1 mL of 3-aminopropyltriethoxysilane. The opaque
solutions were stirred for varying amount of times: 2, 4 and 7.5 hours. The samples were
removed after the specified time, and the solids separated by centrifugation (10,000 rpm,

10 minutes), and washed three times with distilled water. The solids were characterised
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280 mg Diuron was stirred into two 5 wt % NP-9 solutions (25 mL) for 8
hours. Phenyltrimethoxysilane (2 mL) was added to the first solution and
vinyltrimethoxysilane 25 (2 mL) was added to the second with stirring,
Yollowed by addition of 3- aminopropyltriethoxysilane (2 mL)edhaoligtions:s
were stirred overnight, then separated and washed twice with water using
centrifugation (10,000 rpm, 10 minuteg} to remove the supernatant.

terisaf] ation efficiency was estimated to_be 92
L e e TR o e ot weighe
F@éi‘i@?filively), based on analysis of diuron concentration in the
supernatant by HPLC. The Raman spectra of the undoped and

diurop: . eo’ Ig'o articles are shown. in figure 30. Vinylsiloxane
s e 3 6 P00 s Seroving

was analysed by
B?éi%%ﬁg@%’fﬂa&ﬁ/@w@mm@wmm&wmmﬁm Y kGACME not
vilxatioes with dheseoislivien. hesspactial bards.of m@qejﬁny complete the

yinylsiloxane were subtracted from those of the diuron-doped material. ‘
e S el Gt i L SEF bt P DA el 3orded o
affdeshoinslybing agrdeneiit WithaHerspeatetion abnead:etliusoe, CONSISHNG.c. the
masilys5:efahenysing and %ﬁ%éé'bJ@E}%“REru frming he successful,
CerslgsapsHIatlog of dl%rpn in tge,partlcles.' elease The rate ofl_rell ase of
ditironhnte CodniHT RS draxidR EBRi O aigificanb difiense s sieaievasnrge about
périod) ehdneapsonth ndindiysingithe extent ofdelpase issomEMakiQs.
problematic due to the low solubility of diuron in water. In order to

{j er \fwe,the release characteristics, diuron-doped particles (about 150
n%i%? STEAEY St RO A ondthsred Dermobeinyied Beqt) tmd.

slirred, ALonesweek interyals, the solution was ceptrifuged and the
su pernaiantra%mo)\e/ed. Th%lﬁ?o%%glg%e@%articles ﬁqus?qué%ﬁgpended
In a fresh solution of Nad¥3.01 mol dni 3, 50 mLy-and stirred. The is

4emoved supernatant wag ghiaken with octanol (10gg4,) in a separating
flask to extract dissolvegbq%ron. This was repeated twice, and the
resulting approximately 30'mL organic fraction wad réserved for diuron

nalysis by HPLC. The rél8&e curve is shown in fi§are 31. The amount
Qb alilredyeleasad after 27 days was about 5 % (of the total encapsulated)
for both samples. The amount released was less than expected compared

udiiniheigh dissabioniesii: ARELT g, Tis,coulf ellect an Incomplete

extraction of diuron from the aqueous phase during thep

Eﬁ!&?jif}i)?egs\!\ﬁgz%%ac%élvent blue dye from phenylsiloxane particles
Synthesis

Solvent Blue 35 dye powder (4.0 mg) was added to NP-9 (2.5 g) and stirred,
Distilled HO (50 mL) was then added to the surfactant mixture, with stirring.
Phenyltrimethoxysilane (2 ml) was added and stirred for five minutes, followed by
addition of 3-aminopropyltriethoxysilane. The sample was stirred overnight, after which
the solid was separated by centrifugation (10,000 rpm, 10 minutes), and washed twice
with distilled water. The encapsulation efficiency was determined to be 58% by analysis
of the supernatant removed by centrifugation (approximately 0,14 wt% loading),
Release

The sample was suspended in 50/50 v/v ethanol/water (10 mL) with stirring. At
cach time point, the sample was centrifuged (10,000 rpin, 10 minutes) and the supernatant

removed. Fresh solvent was then added and the solid resuspended. The release curve is
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Example 4. Effect of reaction time In this example, the effect of reducing
the reaction time from the typical overnight reaction on the particle size
and morphology, and the yield of product was investigated. 25 As the
wiienest e in formation of the host matrix rather than encapstiatians amsss
additional hydrophobe was added to the reaction mixture in these
experiments. Synthesis Reactions wgge conducted using the same basic

rocedure: henyltrimethoxysilane was added to 25 mL of 5 wt %
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varying amount of times: 2, 4 and 7.5 hours. The samples were removed
EfrennheosPebiffed fimdauand the solidstsepairied bycentifugation (10,000
$PMesA0 minutes), and washed three times with distilled water. The solids
were characterised WO 2006/133519 PCT/AU2006/000853 48 by TEM,
and HEPEULES Hrigtorastsatdnmal-fittofediPiviphrettetinall) was
addsig atish eﬁra'mdzm@tgn?eﬂm}m;??smﬁﬂbﬁvaaaa@dzfah@léﬁﬁ%%clﬁ's@@ minutes,
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Example 7. Release of sudan red dye from vinylsiloxane particles
Synthesis

Two samples of sudan red dye (164 and 197 mg respectively) were stirred into NP-
9 surfactant (1.25 g), followed by addition of distilled water 25 mL),
Vinyltrimethoxysilane (1 and 2 mL respectively) was added with stirring, followed by
addition of 3-aminopropyliriethoxysilane (1 and 2 mL respectively). The samples were
stirred overnight, and the resulting solids separated by centrifugation (10,000 mpm, 10
minutes), and washed twice with distilled water. The encapsulation efficiencies were
estimated to be 92 and 94 % respectively, by analysis of the supernatant removed by
centrifugation (approximately 14.3 and 9.1 wt% loading, respectively).
Release

The samples (53.5 and 49.2 mg respectively) were suspended in ethanol (100 mL)
with stirring. At each time point, 1.5 mL was extracted from both samples and centrifuged
to isolate the solid, which was then returned to the solution with 1 mL of fresh ethanol.
The extracted 1.5 mL was analysed by UV/Vis (absorbance at 536 nin}, to determine the

concentration of sudan red dye released into the supernatant, The release curve is shown
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Example 5. Release of solvent blue dye from phenylsiloxane particles
Synthesis Solvent Blue 35 dye powder (4.0 mg) was added to NP-9 (2.5

g) and stirred. Distilled H20 (50 mL) was then added to the surfactant
wibdture]asdtle stirring. 20 Phenyltrimethoxysilane (2 mL) wasaddecamchoosss
stirred for five minutes, followed by addition of
3-aminopropyltriethoxysilane. The sample was stirred overnight, after

ich the selid was arated by centrifugation (10,000 rpm, 1
R TR PR e Rl B o b b 100
vifdtehOphvavades hnfstecbe 889 bftbnanyeisubiiedswisperdatent
removed by centrifugation (approximately 0.14 wt% loading). 25 Release
EregdethBnvasdaspe nffedeinisd/50 v/v ethanol/water (10 mL) with
stirring. At each time point, the sample was centrifuged (10,000 rpm, 10

mi??ﬁéﬁ@?ﬁh&éﬁ'ﬁ@f%@%&ﬁﬁ&%@ﬁﬁ@d Eéﬁ&@ﬁ%ﬁ@%&ﬁ%@%ﬁ%aw to

anat SO} uspendeqd. Jelease curve. s | )

e e A b

Bhgy frowdaa sidhilkinsensipendt® 400l stharshsolutivaps:egnraffidencies in

withaalau 40-200f3hedye selaasedaftersseyeral miny tﬁng%fm%%&e (23%)
yn

Release of sudan red dye from phenylsiloxane particles esis 5

S TR 0 vl R S 1) 58 GO B A (28, The
fi‘iﬂﬂ)aﬁvasca%t&id edrw:rths stireirg .iﬂltmnytwam&ﬁmysih@aei(lqm hyrwasagdedhs. The
R hioh kB BLIeRen TRllQWE BY, 35ieitiQn Of o Iigibie but uﬁhen mgaﬁz%éed by

-aminopropyltriethoxysilane. The sample was stirfed overnight, an
f@%lﬁh‘@@&ié’@%ﬁ‘éﬁé’&lﬂfrw’ﬁfﬁfﬁ&éﬁ?ﬁ?{woé@ FBPH, TOlAHIIES) adikg was
rwlashbld fwicchwithrdibtllzdbwatdvedihgegh@apsulation efficiency was
determined to be 58% by 10 analysis of the supernatant removed by
centrifugation (approx. 0.14 % loading). Release The sample was
suspended in 50/50 v/v ethanol/water (10 mL) with stirring. At each time
point, the sample was centrifuged (10,000 rpm, 10 minutes) and the
supernatant removed. Fresh solvent was then added and the solid
resuspended. The release curve is is shown in figure 34. In contrast to the
slow release into ethanol/water, the release into ethanol is very rapid,
with approximately 70 % of the encapsulated dye released within one
hour. Example 7. Release of sudan red dye from vinylsiloxane particles
Synthesis
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20 Two samples of sudan red dye (164 and 197 mg respectively) were
stirred into NP- 9 surfactant (1.25 g), followed by addition of distilled water
(25 mL). Vinyltrimethoxysilane (1 and 2 mL respectively) was added with
wtisringy folfowved by addition of 3-aminopropyltriethoxysilane¢t/aneh@ mbsss
respectively). The samples were stirred overnight, and the resulting solids
separated by centrifugation (10,000 rpim, 10 25 minutes), and washed
dyigg.with distilled water. The encapsulation efficiencies were estimated

to be 92 and 94 % respectively, by analysis of the supernatant removed
by centrifd A 6?6%%&%%‘1&9‘;{%.?M’%%W@%%&&h?@‘??e%%é%ﬂ%ﬁmg
rReledde it halsgrapidss3B:pancs4 Sodipagingspectively) were suspended in
ethapo], £ ' H3€.Pol 5.mL, was .
B e e

RETAL AT ed R IR sBRatonsHtn PGP e sRietRafRIRPTHece ke R OF
atetal wbsadalysedday UV/Vis (absorbance at 536 run), to determine the

il LA S e e R
CPRETSRRBIY dapAp&rETEntEd dpathisie srders oot irsartelehy 100

minutes, bothsampleschad relerser m9A4ef thergacansulatad: sydan

red dye. Example 8. apsulation efficiencjes Other experiments hav
been 'per%%%g%ﬁfo%?ﬁqﬁ : éi porrocgi]%vgl of %gki%\c;gan%ﬁn[o RS GRktest for

TeRelifa ol tie g ey ke ete! ddavierm dheaatdistiag-organosilica particles:
Solvent BlugdReSudaniad, Lnensnr RdBeH Mok -Jhe MeasIig catalyst,

enc sulzi%gn efficiencies in the gﬁar?jcles ere as follows: Solvent Blue
35 (85%). SUGAR Ted (5798, VihSheR& 53960) Caftd BRBHEH BEokjoqdss further
cloaplings charwcn oi\ddineth ebaitic esthivagratroon, 1108 waTdlgst disimeterstdfst for

4HQIPRBIGIRS IR BAGH INFRACE WS il hizapge of 100 nm to 10 microns.
The jo porosity of the Earticles when measured by BET was negligible but

whefi meadtiféd 6y AW THE Het D artit e i Foe el S8 roats? fean
deadét Mstanoethelactivé wasnrclbagalile friomethe particles into a solvent

medium. WO 20061 38a L0 JRC THATIZQ0640R0833 1 ﬂg%@(ﬁirgvr%s selected

rocess for making particles comprising a dopant therein said dopant

Bl SRS O thepAPREISST R PHSEESS B BAAEFREFgFan o0
ocgmuisionicomprising arthygraphiticphasecandradnydrepkebicopaaseyo or more
thereof,

8. The process of any one of claims 1 to 7, wherein the precursor comprises an
organosilane,

9. The process of any one of claims 1 to 8, wherein the dopant is selected from
the group consisting of a fluorescent dye, a radiopharmaceutical, a drug, an enzyme, a
catalyst, a hormone, a biocide, a flavour, an sroma substance, an oil, a nutraceutical, a
vitamin supplement, and a mixture of any two or more thereof,

10. The process of any one of claims 1 to 9, wherein the hydrophobic phase
comprises between about 0.01% and about 50% of the dopant.

11. The process of any one of claims 1 to 10, wherein the step of providing the
emulsion comprises combining the hydrophobic phase, the hydrophilic phase and a
surfactant to form a mixture and agitating the mixture.

12. The process of any one of claims 1 to 11, wherein the catalyst is an
aminoorganotriatkoxysilane.

13.  The process of claim 1 comprising:



s dispersed in the hydrophilic phase, said hydrophobic phase comprising
a precursor material and the dopant; and reacting the precursor material
in the presence of a catalyst to forra4he particles comprising the dopant

therein said dopant being releasable from the particles. 2, The process of
claim 1, wherein the dopant is a hydrophobic material. 10 3. The process

cRhSIRIAY b Qb dropRIBe fhike, @MYIEIOMEePRIiass MaalalyshiormleasHan @ophobic
phase cor}RiIRIECH R MAte Ak MAHD 1he PRYHS id ARBracassohslaimdure,
fowﬁﬁ{gI&qtf@xﬁﬁgw@%dfpﬁw%@q@@% giiataysie iill}tées@aogeaﬁ@f}@avopmhc
phase; one of claims Ito 4, wherein the process further comprises the step of
adRBgingAreRtalNS O dhReBMISiD, the catalyst being a catalyst for is

ccf@@eﬁi&ﬁ@%&@r@éﬁ@&i&ﬂﬁo%ﬁ%' to torm the B@fﬁ@ﬂ%c@mﬁ?&ﬂ%ﬁ%ophebm
material B3¥pNe of claims 1 to 5, wherein the emulsion has a mean droplet size

between about 10 ran and about 100 microns. 7. The process of any one
14. The pRb& MBS latm 6. 1Whe IR IBR RracusahisSe e dashtiosT HaERaHP the dopant.
consisting of an organosilica precursor, an organotitania precursor, an 20
15. A paRl€anQARNRA RracpiSOihaRargan0zMseN BRLe IS RRdraMXUR®kles, said
particle b@ﬁﬁgtﬂﬂm@rbmg)rﬁoga@@gﬁlﬁugmg process of any one of claims 1 to 7,
pryigialn the PRagUSOr CRPIHSES an homaRasitandaSe THel PFotseshabk phase
dispersedqm&f Blairshli{o shawdereinHie clopant ishsslesiathiram: 250888 URaterial and
the doparffORsisting of a fluorescent dye, a radiopharmaceutical, a drug, an
reBOEYMEn FatalsE shermpng, mbigeidend flayalicam aioma srRStBRCParticles
comprisiBNtR dapadiracesiicaldaloftamieisUpPlement, fpsh ehebdieaef any two or
more thereof. 10. The process of any one of claims 1 to 9, wherein the
16. The paystRRhobidiphaselLampriseskaiwecpahautO0Lo and about 50% of
the dopant. 30 11. The process of any one of claims | to 10, wherein the
17. A solRigRabRrovigingie: eMulSioR aopaplisesCORRINAG A hORBORIC: matrix.
phase, the hydrophilic phase and a surfactant to form a mixture and
18. The pagi@ting &ermidiukdeidn Thedoraeessinfiashobr: of claims 1 to 11,
wherein the catalyst is an aminoorganotrialkoxysilane. 35 13. The
19. The pRraerRssfef4lainy hemnprsiag: patietmbiningrahyssophiliophase0a microns.
hydrophobic phase and a surfactant, said hydrophobic phase comprising
20. The paligangtaalkoxysitarieiand a hydmphiehismiateiahato tepiamiXigf@ecen about 1
and about 30% of the weight or the volume of the particle.

21. The particle of any one of claims 17 to 20, wherein the dopant is distributed substantially
homogeneously in the matrix.

22. Use of a therapeutically effective quantity of particles in the manufacture of a medicament
for the treatment of a condition selected from the group consisting of cancer, AIDS, arthritis,
diabetes, hormonal dysfunction, hypertension and pain, said particles comprising a releasable
dopant in an organically modified ceramic matrix, wherein the dopant is indicated for the
condition.



forming an emulsion comprising the hydrophobic phase dispersed in the
hydrophilic phase; adding a catalyst to the emulsion; and condensing the
organotrialkoxysilane to form the pagicles comprising the hydrophobic
material therein. 14. The process of claim 11 or 13, wherein the surfactant
is capable of dissolving the dopant. 15. A particle comprising a dopant
therein said dopant being releasable from the particles, said particle

23. The ReNaMade DY aHECES SHEOMRIRIDE P INAdNG AN @MHSIRNLOMALSIAN.AC agent
should behdpeRhilicPRRseBRE alyesapbbicphase dispersed in the hydrophilic

phase, said hydrophobic phase comprising a precursor material and the
24. A mélapatanditeastingdhpresiiisiinalesighiitheuessnse o aralalst particles
to a mediihfQiapdiie paririesnsanenising: ke dopanttheraisaid dopantReiRAopant in an

organicall¢leagaiia teanthaparticles. 16. The particle according to claim 15,
wherein the patrticle is solid. 17. A solid particle comprising a releasable

dopant in an organically modified ceramic matrix. 18. The particle of claim
17, wherein the dopant is hydrophobic. 19. The particle of claim 17 or 18
having a particle size of from about 100nm to 100 microns. 20. The
particle of any one of claims 17 to 19, wherein the dopant represents
between about 1 and about 30% of the weight or the volume of the
particle. 21. The particle of any one of claims 17 to 20, wherein the dopant
is distributed substantially homogeneously in the matrix. 22. Use of a
therapeutically effective quantity of particles in the manufacture of a
medicament for the treatment of a condition selected from the group
consisting of cancer, AIDS, arthritis, diabetes, hormonal dysfunction,
hypertension and pain, said particles comprising a releasable dopant in
an organically modified ceramic matrix, wherein the dopant is indicated for
the condition. 53 23. The use of claim 22, wherein the condition is one
for which the drug or therapeutic agent should be dispensed to the
subject at a controlled rate. 24. A method for delivering a dopant, said
method comprising exposing a plurality of particles to a medium capable
of releasing the dopant, said particles comprising a releasable depart in
an organically modified ceramic matrix.



