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Particles Conprising a Rel easabl e Dopant Therein
Technical Field The present invention relates to

W@ 00bi1835¢5 havi ng dopants such as hydrophobi ¢ PEl/aU2@b®00853
therein for release, and to processes for making such
particles. The particles nay;be solid or gel
particles. Background of the Invention For the |ast

decade, th,e enﬁsul atjon and controll ed rel ease of
hydr opRasticles, Lorwnising a: RelaasalkienBopant Therein
interest due to the increasi ng nunber of industrial

appl i cations using hydﬁQRﬁﬁm% thphl|lC active
nol ecul es. For exanpl e, e pharmaceutical and

agﬂ"hc lprewn’allnvmtioustreham tonparticlds bgsingr ddpaﬂtsl sleh as hydrophoblc

b
L R R AT S P

magd)bisvbdﬁﬂgaq)uftﬁﬁesrerral n a chall enge for these
i ndustries. On the ot her hand, in food, cosnetics and

personal care, ulatl n d cont[olled rel ease of
vol atil e organic g@ﬁ% Quiﬁeé\%"?ﬂt&‘?}burs and

peanUtmiB $ast @écaﬁ@ afit en@p ﬁﬁmscoﬁﬁﬁﬂe@x%léégééﬂ%ﬁopﬂoﬁm species
becom ng a, dom nant trend f product | nprove

hasgjirprir Boniderpile Heerestolvalto Siegaricasingpemben of industiia applications
usifB G gﬁoﬁefgxgﬂﬂﬁﬁc SP&R fofihle¥, Clﬁ(ﬁ; X Epz éqﬁl\‘cﬁe TRMhaceutical and

IMtFinsic a tages. in partl
agriguibesg | uuilustyles,nenmy idmigsi resi badcides hpdsseahlhydmphamd properties.

Nel FHHRRE e MRS e TBEADN S g iR BPate 1RPT prtive motecules

renenire rag cingdleage éor Itlmse\dﬁdiustmds iCh ithep etted MHand,0il 3R, tdddhetics and
yst ens have

few, of the no ani.c deliver
pers i B PHPRI L O CPBII I TSy olfle prganic compounds such s
ﬂaxﬁiﬁ@ﬁmﬂ)@ﬁﬁ%s”@f Rt RScomtRRd s AN rtﬂ’éa'cﬁ% fs%e%@ﬁ’x?r? a dominant

technol 09%1 has been described in "Controlfed re
ndeforpiad ugldmpreyesent.conposi ti ons t hereof, processes of

r 0 n rb
B EReH YR TR, Dahnid CBeriay Roaf oM mor
spetifisalie G¢mmll®d}avd ESANY | 1h‘enhsicyidBamtb@s Iit pai‘hculals tidyadre ibfologically
n corpora n hili
e BB o FEBREE PR Sl thema
statsilityl Thisfhas prinsred @cﬁﬁ@fe@edr&ﬁindﬁlstdﬂ%rﬁﬁg raﬂﬁhHBWGvel it is important
ter-ln enul sion (see figure 1).
to g 1PB Fi5E & e ook AGlvery SEEmS Aoy okigi N Praciee siogtrolled

reléé’sééftﬁ@eﬁ&%ﬁil@l@dh{blédﬂf‘ese“erna' oi | phase (nonpol ar
solvent) and thus will not be incorporated inside the

si $ychaa ﬁanwléqder@@sc tieghnelogy fhes rhedn debetitfed ciat 1‘©cm;rqnod release

t ”
e 0SS B BT PR BUESE ESEINAD of
BarbpyeC. aip{ér emtBamtt; b WO 62282 @D0D), Audifaiotenge Wfth ¢hd teehnology

des%g%:?l olgh %ﬁ%@ ﬁg?lg 3, fk@é 11$A'h nglg/ geélggn%gés%gs t Ieslgcegrfagr%ﬂog fof hydrophilic

species. Hydrophobic molecules are excluded because silica 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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t he hydrophilic phase. This is comonly referred to as

a nmultiple emulsion, or doubleenulsion in this case -
w@pweisiseal |y an oil/water/oil enmul sion. AttenpCHAUZ006/000853

apply this approach have been described in a

co- pendi ng patent applicatiop entitled "Particles

Havi ng Hydrophobic Materials Therein" (Kong, Barbe and
empBlsioni 1) this A@&?tfaspﬁqﬁcafl’l’yo&m S)Illbmibr/dib pmudxaﬂn okttddapts to apply this

reverse. t

9 9 native a roac
P%Qg)ﬁ%sﬁ%%e g%eél FHst’ ég% st Cg,? © Pgl t?i%t aé’lpﬂgarﬂﬂns F’?Jtﬁle(jsgpeamdes
Haf/ingu Hyd)phobioi dMateyiuld oTHeeein” t (Knga Bybe oo HignisPECi Asiralian
shoul g be %%1 I\S,% ng contai ned inside the oil
Iw?ﬂ?ﬁﬂ peplisghioa Ng, g -a consi der abl e advant age
I ndsdetmativy a P?gé‘élﬁ% tbri*@vé'r% he SANMEOL ahd i a@ruse‘@(ﬂ'(ﬁpm-water

may have i nportant cost and environnental wast e

emplsioaderehigyre agvehich gemld meen that A hyReiphebigsperiésnghonlu e able to
be SRRt %?e?lh i Ocilet G d eoﬁl Qﬂo@etfs %ilé)'v?m{?& Of gyt ?&sm%lrasb?% ead%antage

goo contr over article norphol o
lndastdalﬂxy decatse ube unap tobvemnssiventer, lgth myyr hpreobhportant cost and

a | oa as a contr over rel ease .of
i R T QTR -
is te desipsa lﬂaiﬂbwpr@ées@malt VRSwIRESId @nfrol H4dr 4 $drlile dorphology (i.c.
an oil jn water_ enulsion approach.

i ¢cles u3|
Slzgxﬁﬁ pacragiruefure JtOGﬂSPf@. whigh thyropbebigpaylpsd as grellgs a good control

ovedr 2Q0)ealtryBhRIRAYIbagd shel | structures synthesised by
precipitating a silica shell at the surface of ionic

m Eep| greupsThever adunpted ghe apeapselstion of | astivesdniaterjabs tnside silica

orphyrin. 60 % of the
pm%@?%ﬁ%&?&£8ﬂ1 eacﬁ%%kgﬁnﬁ£¥%gﬁpartlcles afte? four
hoMiagra mha}s I, afolbid dneraee i t 262, rﬁay$8;a(c100$) Haee peodub&l shell

sl P R8Pt BhEeh o WEs PSS e,

resalfihg bu@hﬂa@)aré a3dded by/Rst Rapre@RtieA %ﬂﬁt&rﬁﬁhéﬁ@l f)brpﬁyrntl P@) % of
matrix is forrred around the active). In addition,

the poghyrinawast leagherd fzqema the pattistss iafigr fove hovese Tihes lramdﬁql@se of the
paﬂ&lﬁ i€ QL& tPfhet 3B of @H*‘f’l’ﬂgl‘% ﬁldﬁsstlta% 3 Hhht géﬁufehig formed first and

hydr ophobi ¢ active an onsequen spee
lmnr@gr@ﬁﬁslémﬂFﬂleta@évmftWrdsMaihﬁram a trae Bmpp.datrrm (mfe the matrix is

oSt L S AP SO et
fornlingAthe Cbhemof Sthe, cd;ﬁﬁle 7181@@ %8@51ubﬂﬁ@3bheah§5drbpbdh1§ hetlve and

) ent plicati 04/ 0180096 ent | tl ed
conseuPT BbedBRp Brsiited | By ARy 4B APRljcation point of view,
capmh@sr 2B ﬁlégﬂ@ aRRvn fo%pﬁf@é@ﬂy NAMNG tb hﬁécﬁh@ﬁbllé&‘ Hurdelhage,

of treati ng sane" descri be the (E@S ucti on

origagsstial.ch 4anehert $ageL A% %(@Qéhp@dj publistied US patent
appﬁbé?foﬂsﬁﬁs 'Zt()bli)@(]:] g(ﬁd% Eﬂﬁc}légs LR %ta?éziy ﬂgﬁg (fli]eesr 8 entrapping

particles disclose rasad e erived
therfap@mc@gams dornphotodwmlis rchmqayamdi mothed qxﬁ ereqtiye saree’l describe the
Al t ho

b SRSTEL B R AR e bt BEANEE Yy cv
use iin photbidpganicuberdpy.i Vies yartitlesidisciozed by Prasadugudlaky derived from
limts their Ioad ng and ttlws t heir_ useful ness. Mre
stable micro-emuisions an onsequently are in the nanometer range (<100nm)
Although very small particles are of interest for certain applications including drug
delivery, their small size usually limits 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 compound

takes place. Furthermore the process described by Prasad et al requires the dissolution of
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importantly, Prasad et al disclose that the particles

m ni m se | eaching of the drug conmpound fromw thin the
W@2006i1835¢9 such that no significant rel ease of PCEAURING000853

conmpound t akes place. Furthernore the process

described by Prasad et al reguires the dissolution

of t he hydrophobi c active inside a solvent such as DW
theohydm@(bbi%hd:tim iside ree solgeit remoln merM@don’ PM$@, whlch becomes co-

vents are kn vvn e very toxi

indf L ool TIESEAIVAES et B B BF St n hus pose

s1gnﬁ‘mbhtﬁtm1th\lammerrxeﬂoaﬁ&ﬁﬂpmmehlstxﬂ&naskasédSmthTtBe BEtives.
h&[lefore a ]g)(fed for f‘h xpfid versatl | e process
FHRCS rpOrLREY ﬁgneg énilmp e xersgtilgyRIpesshdey tacorporating a
dopet, 8utibs a hidBpBsié fhaﬁhrnaﬂ %to%%ﬁ& 'o‘Pg 3;%&1&%&@&% ehd'B&4 to use

to ‘use toxic solvents. The solid part
toxiga §9IMents. nEheggndidner, el r@mqiwhwga I:hecdqmtl’e rei galhydtdpbpbicrmaterial,
b I e t opan
theperu‘:r‘fp?if@%{)%r Wlhgne rr(gd gl?t@a rglegg réé ?llg:p(gc?pgggi ag gly(aro%%oﬁlc material,
undsy Iaplpmpnais comhtiommynd)may ap ahp%laxb’f dbing® s @ cahtrollable rate.
controllable rate. Ooject of the Invention It is an
obj ect of the presepf .inve t 0, .0vercome or
substantially anel i gjbel tgfﬁ]e le"&?é' of the above
di Baswandbjgesf tHd pieserd ifiwsntibe to OPEREHe lod s@bstérﬁﬁﬂ& ameliorate at

arti sati t he abpv eed ummary of t
teaft i it e eslgtpgs ot 2 lahegrogwggo %fol.eawwy satisfy the
abdR@hke&! es conprising a hydrophobic material therein,
conprising: - providing an enul sion conprising a
cont i nuous hydrophlllc phase and a dlspersed
hydr ophobi ¢ phase, Syamany af thambentiswase conprISIng a

Pr B3 & h@Petu?rlbaaI fdsd e e %?Eﬁ’l?icfés Q‘xgﬂ r% ﬁxgdrophoblc

reacting the precursor nmateria orm
mat@mbt&mmmgompesmgdr ophobi ¢ materi al ther ei n. I n an
&0k on there is rov

aspe h ces

fojrg ??a%ﬁzri@g p%nrt i'C egn congriPtang § '5’6’38?& q’tyagﬁ’i‘qf? QBP%’ and a
dopardispbsstd dydephetsialphesd, (rjsﬁaiil lﬁ}hl@oﬂh@bfd BHeRS cotpfising a precursor
process ¢ si.ng: providing.an enul sion conprising a

hydr ?Vﬁggih§§%%5ﬁ@ CRAFER ¢ phase di spersed in

the hydting el grécupit? s@atersAdl FdIhe PRARI S Csﬁllgglﬁltng the hydrophobic

conpri si ;3 a precursor material and the
r eac R @fﬁ‘é’ﬁecursor material in the presence of a

cafnalyy SkpdeP of Ghan r I i.Sj he _dopan :

t herein Salpé) 3opé%‘%g§?ntgé{rée§:% @Fe % P{&e{ for bR é particles
compraisingcé égpanThlmrhy(‘,smdptftﬂ}iantb@hgs@eamMe feona the partlcles the process
COHgIJ ontl nuous phase. The hydrophilic phase nmay be a

%mous phase.
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 hydrophilic material, or it
may be a material of intermediate hydrophilicity, or it may be a mixture of two or more of

these. In one embodiment of the invention, the dopant is a hydrophobic material.
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The dopant may be a hydrophobic material, or it may be
a hydrophilic material, or it may be a material of
WO nioensasdd at e hydrophilicity, or it may be a mMP&I/AD2006000853
two or nore of these. In one enbodi nent of the
invention, the dopant is a hydrophobic material.ln an
aspect of the invention there is provided a process
f oin amlespayt pdrthe dhesitionrtperesis n]gomdhgv dr p;dtnehi fornmbleing garticles
t herein obi ¢ nmt er.i bei
corpiiig R4S RIEPEEERCE R st St Mot Gt B e fglensabe
fromnhepattisiegihe pivpedsTom@risingy dr ophi | i ¢ phase and a
hydrophobJ ¢ 5 phase dispersed in_ the hydrophili
phase, Pre¥id H%%IF ion éoﬁﬁﬁ%g &Hﬁmﬁhlﬁg vhags é’é%@s]@fdfophoblc
pha@@ﬁ%f)é@éd Adle %E}@roﬁﬂﬂilﬁ%g@ 'seﬁd MBERIphEbic pRAG cro I{%ga precursor

precursor materi al t he presence of ac

ma'tef;alf @ndrfh@ h]édrpnlmbll@m@@n@b ﬁp‘ﬂ resciing theeregpson rmmad; in the presence
of gacfa eﬂh@ }?':a?ﬁcqegqx ?Hgﬁgltﬁe 'ﬁﬁ?&leo gllalc gglf tl{eﬁeén said

omt partic '~ a
hydrwpI@btq matenhiehemg mlepsah\lﬂ ﬁim:i the particless for rrakl ng

pﬁrélt | Cl tﬂéglth ntch)r dlg E)gobvgg (ﬂﬁﬂ%rg;a%h?o% pn%fci(ellignﬁaﬂicles
con@;ﬁfs"ﬂ{g ?al ﬂigd@pﬁ@ﬁbl MERKE] hh{&él(ﬁp Rin | ]ﬁO@éﬁ@S&)Iﬂ@ﬁjﬂ providing an

]gl spersed hydrophobic phase sai d dr ophobi ¢ ase
CMYISRB CPIPHENG AFOREHRAY hydgapBilicathage, and ﬁélsnyraecbbwk@plaobw phase,

sa1d7ﬁ§/<ﬁ{) l%blc Hgsec&?%; st ég?ecﬁfs‘?){: atéMal 'Eﬁ%etﬁé ﬁgdtrophélﬁé Waterial;

t he partlc es Ising the s dropho
andt her ei n, The enul sion may be an 0|I-|n wat er (o/w)
emul S|r951

differ entmlgy oqrgenu rg:nga%&lea:im f8pr'%ave e ﬁ%i’ﬁ’? §Poprigpe the

hydmphebbﬁhamﬂthé:remt 1 nm and about 100 m crons, between
be wee bout 100

agﬁge:] 1@0 nm and abotl)t 100 {n gons
U0 9o et S VO IGE CHSLAaISt [0t i Bifdoetmulsion, or
maPbOH i ffferitGHOBembl SIbMER thaQ 1ADE HinchB ArdpRaied hetn #out 1 nm

m.crons, between about 100 nm and about 10 m crons,
andiahoite A0 aeiens,1krtwesn dheut 480 MM andriabewnl O0paicsetsn betssgn about

1001199 zﬂl@ a%%%h @13’ ierdds 7156’&55%&{ Mt 108LHE %@8 %B&lﬂct 5(5"8'901%& between

and about 0.5 m crons et ween about nm and about
abopt 260 mmndabObeﬂﬁenwrmobethem abowtah@D aboand BOGut 10 microns,

L Cr t out 200 nm nd about 7 i Crons,
berfLshl Ak 0B MRS bl KSR BB RRcibne Tod s, aa about 075
micabmubeé%ﬁh ﬁb‘mﬁi 160 dmadiﬂ_ wbo@o0. mnﬁlbﬂiﬁ%, bdt)@éeiﬁﬂ)@oo uﬁb(malﬁm?aﬂa about
m. an out m_crons, about nm an
025 G005, BefiSep oo thAlNIER snt Shevi 108 THaiosAb A 9y 800 nm and

abotHl '¢5 #i&ond) Qfeﬂ‘ﬁ&lﬂ ABRULOZEE N Aok %’ﬁﬁérogs Ebem/ééﬁ%%ut 200 nm
or between about 200 nm and about 0.25 m ¢rons.

and @lRis? HPGEAYS, dehAen sBowt 20y end sboutaliimiaignsy éetween about 200
nm %ﬁ Qbeﬁtsleﬂu%%ntmwé 5%%%,%66 %‘x?d utt '09591%1&8% IBgtween about

| d or yarti c
20091‘!1‘1 jagd @bMO mecrons or between about 200 nm and about O 25 microns. The

emulsion may comprise a surfactant, and may be stabilised by the surfactant.

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

precursor, or an organotitania precursor, an organoalumina precursor, an organozirconia
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The precursor material may be any suitable materi al

capabl e of reacting in the hydrophobi c phase of the
werwbassmto formthe particles, or to form theCEAURW6/000853

matri x. The precursor nmay be a material that is

i ncapabl e of reacting with the dopant, e.g.

hydr ophobi ¢ material. The precursor nmay be
prepiysirophabhigture tof ray twe, e pyfvesifithes. B papdear sosomprise, for

, r [ r 0
el PRARE S8R 8 B OHIA e, MRl BRUCRAITHERYe orsgposifpe or o
condmwablwmgdnbm%eo]t nfaytre aofialidorgmgardsilamy be, or

ris or _exanpl e, i | an
isEfign gompr i it e iy e Ber Ghsromnterinidodpm the

par@cl@@@&ﬁ&‘@ﬁh% idemasix. ame. prbdesiaydeoriprise the step of adding the

trial koxyorganosilane. The enul sion conprises a
catal gyt &0 theemdfion.eacti on of the precursor material to

T OFR {h8lsiA hif be %est%l irgbid, %ﬁ@r?nscge e Wihd Yro E{l?g%}/ change.

process nmay conprise t e ste ding the ca
Fort exanipde, eiﬂml enysion Tingy éwudestabdlsnd)byb thededdititm lof zhb|catalyst. In

partv%luz 1 1cs)1lé ?}%p/gc{estﬁgﬁgdr o(g hg &ea Itﬁe @ é)%?eéyle}yﬁgcrease after the
addttbahi dfltl@&‘lca‘i)ilyith ot atamhpis tthe tﬂﬂfbplbﬂ kilze eddlyde,in tecor@eAdfabei 20 nm,

dest.abil i and_.t he ze of the droplet may
c.&} B PEagHOR L0 ARG PO ehe RO OF masbtter additon of
the emrypﬂ The HRE HoPR! @hmSie? fial ?M R 1B th h@o ef Hl%[‘e afto @bomo 75, 4
ition of the catal yst

18

to Sninbon S B HEFoMheRe ! diaien bt GRmster he

o Tyl L bS5 S Al Bl
hydr@hQBICtphmey N@i@tm voltuntér & hiersiopamt] egr h]zdrephahlcatrmteeial may be

Th. b 99, 990/ ft
an i3Sk R R BF PP AR Ry BBRabR e iy hiuetie ave o
radmphatﬁiabmmcaﬂ' hedrdgpantnzyéneg a datallysohRbintonkpb Sidcade, ABYavour, an

n active Fopa an actlve hydr ophobi c

aro%ts aélpe qndzp @){1&1%?6‘@tlga%f 7 v%qryéglcsgﬁyg ewyét orgome other substance, or

it nfaediecwﬁi@&aﬁmhweb,oran&e ¥e thed® BRZYFRnt, 3. ggﬁ% ﬁ&blc ?natenal
hornone, a biocide, a flavour, an aroma Su

maypbg distgibiiads disperseds amrmhﬂwd anensapbedinsthe p@mcmnﬁhere may be
bet\%elﬁeﬁbo?ﬁ‘ I@Sdl@n %ﬁq_h 951(1:]{ SodrBt tﬂg d%p%é%%%ﬁg@x{ogﬁm ik ar?é,:l, in the

pant,
hydraphobie pihlas&t by ot gl or do]slpmr ﬂ“hel ;ratlonm’dbdlnplan’(s eg. hydrophobic material,

to péebcgla OF %{ag 51%;1%/ lf)iegge} %%1%'3}? l&l?ﬁtlh %n?ySOQS é)? %tlore %y weight or
voluinel r’ﬂiﬂlélbul@loﬁ’(&h@y b@hpnkmbét%eﬁﬁﬂdﬁplhgﬁﬂ s0RNi@sRophobic phase by

ght o vol une. The ratio of dopant, e.g.
ng@&F SH8 W@naterlal to precursor material may be

bejneaesd @fbﬂH%d%lglthéré%L@st?&Ph@ 059199189 fo Véthl%ye éiglli]tThis may

or V0| ume. The emul sion may nmpri se en a

comgrige SombiyeE dhbyirepithic Qh@y ﬁm ]@rdrolduh@yyhml amiea sm’fectant to
fo %%x&fr %ﬁ%bﬂlﬁ%‘ﬂlg}%gta&% h%'n%gtlﬂ@ rlr—%o :gﬂgﬂll%%elﬁlfg cgnmplqse stirring,

& emirsion rise co
swithiyngy dakinlgj sonpduding or toﬂmr\hysel rgiddting] an(bhnay ée aigbreus or mild. It may

ve e G HheroSrkcloly et o by Gt oL e fphobic Fase i

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 hydrophilic phase may be between about 1:50 and 1:5 on a weight or

volume basis.
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swirling, shaking, sonicating or otherw se agitating,

and may be vigorous or mld. It may be sufficiently
wQ2@enseis t o form an enul sion. The proportion PET/ALZ006/000853

hydr ophobi ¢ phase in the mxture (or in the enul sion)

may be between about 1 and out 50% by wei ght or by

vol unme, and may be between about 1 and about 20% by

weTlghmixdurebyayalditiamal IFkemprise the ahtabst foathiemehction of the precursor

Il hase may, bg b n. about 50 and 1:5
ol BRI e BERERe Biie Grnh® Rk GG Pl ERRIRT gt Ghal is o
tnaﬁ«mpdsngaﬁosﬂlinﬁe ahd ahtd@tst ey Behgn aR@ b105oré oftRe basic catalyst The
o formthe particles, or to fo

recurs te
catdlyel Tasy by Sﬂ@?lﬁlr ydrARhBieBlAse 3R theagravlsien. The gatalyst may for
exahf}il@'b@W%%Bﬁg%hbt%%ﬁ(oxyﬁ%ng atRé ¥§t§o BRYhd Batdl sl ﬁﬁ‘s Fecursor
sonme ot her basic catalySt. The catal yst may be sol ub
materiak ray hg BetBisro Bt Ghlagnsl 0.h ltcienaspinss weightveluses e mgke basis.

The!rrg%{tlag@g WP&%@ V‘Hﬁl g{é ?f@c 81t g)gptﬁ:iers 3 lﬁ? %E lrﬁPoq*ﬁ,aE&g in the

e cata recur sor
partyedesnding cafalyist may be addlecbaﬂlﬁr 1heoalop1mt e.g. hmdraphw}nghtatenal has been
Vt;c)” ucﬂe.f&)rh nol e _basi :% . The catal yst may react with the
COMPATLY LS S FEPH Jeeterql. hmy be incorporated in the
pal”lﬁd ﬂé}ﬁﬁf redtiéngCiib phatatsoftatdiRl ﬁﬁ?%@n@fﬁ;@fnaﬁxﬁﬁn RB&Emulsion
ophobic mterial, has been conbined with the
for 3 o %E\? %{ Updr efqngitions utiidien or the REecurgr theerdleioureagt in the

hydmrﬁbi@ﬁhag@ﬁn TP SR e BRI &ithl§i9i rﬁi‘@seﬁm‘i‘h%'tﬂﬂe Y 1R between

time and under conditions sufficie for the precarsor
aboph tleptinyte tand r @b dougsnor morey dhe shoditieny eeyecornpriseheonditions of

ten@ér?l\;ﬁ\gg ﬁﬁlgg%ﬁ :taﬁp ?l.it }ﬁs&g bg %@6\9%08%&,& 16*&%dtdd3§h*f‘ﬁéf té%nperature

urs or nore
may bcndlwmpamtureagt velooip thesdopanin digt hyarhep}nfmct mapeihtisstebleaitthay be

the t enp be het d 9QDC. The
g L eSS SRR U gk el TG peation of the
pre€@ur§pr hﬂﬁé@zﬂh Offi hérpiidbs dtefiaBbise.cohlie¥adlePefoR example a
{kmn&orature at which the enulsion is stable for the
tria reaastience fhenmrepctips 48 thegie@saraatprial difysespmprise condensation

ther@Bf %e%ltep 4 reB&ﬁrgQﬁ@ Hcafor Hﬁ&c—ﬁ-{ al Blay! c%ﬁgﬁ’ﬁé Somalfr Incans for

for exanple a trial koxyorganosi | ane; reacti on
reaqting hecraeursnr mteélﬂl afornespmpdenpf ithe presnen sztérinh is a radiation

crostnﬁka%(l)é margpigl %ﬁeeﬁe}g%flféar%@t nég'a{r}}lg %&%ré%% A ?{rta])r?actorenrpnsé exposing

conprise’s or reac
the rmmhuon; ao radibeen, ad.g. B, eeeanploe yi—rfadiat’len pTE@ lsfe@Odsf reacting may

teri is ,a radiation._crossli ble material,. th )
confpisf “BRHE Tk 1T SHILEE 3 e RaE b e PRSP bl e reacting
TheeagafihNehal/ e foALUfELRPt fiife 1@ frat he rpartﬁ:l& co%nsﬁrghﬁéabﬁarm e.g.
g-radjation. The step of reacting ma onpri se

hydaz:ﬂhp ic; %tel(l%lz Hherajp., qu sificient Wmnp mepyohe mwcamgye fdfween about 1
mmﬁf@’dn%' BBt HdNGs &flﬁ?rree@ﬁ%v'e&g abolf ¢ é}?ghtte%ﬂ @%oﬁ?é/ b?(%/etaﬁ) Bbout 1

ficient time to fofm articles co
mlndtﬂpﬁlldtz hawrgy betwagn apbsisi lmln’ﬂmsemd 8lhoutdy bﬂhweﬁm aﬂ'dw 5 mmutes and 2

e Y SRR,
betwreelnutb(euah@i nﬂnlhtesj asd 2klﬁilmeéﬂtvﬁ@ﬁ Wbodt 10 miheeamdd P hour, between
abogtbﬂipug}% %ﬁte gggggrggeé ween arinl'(l)tute ?5 zrirﬂgutes andu 5 %ou e{)etween 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 1 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 particles.
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hours, between about 5 m nutes and 1 hour, between

about 10 m nutes and 3 hours, between about 10 m nutes
wanwea3dour s, bet ween about 10 m nutes and 1 hPTF/AU2006/000853

bet ween about 15 minutes and 3 hours, between about 15

m nutes and 2 hours, between, about 15 m nutes and 1

hour, between about 20 m nutes and 3 hours, between

abautmo@r emhodiexnbiherelis ipoamided Dptonessrfondmaling Partidlesudoasprising
h)?ﬁpd 1.hour, . bet ween about 1 m nute and about 30
a rﬂ?hogéqmﬁfﬁggl;tpggg’sgomvl%di tionally conprise

separ airbvidirighen Raduldieh @dnipiieigt # &ohieicR NhyjdrépHiha pBase and a
. and may al so conprise washj ng and/ qr_drying the o
dispezsed; cjhy .rqnhogmt Has@ b Saidme ntydrorhobiq s phasyi deemparising  a
orgiRGARSxysAlnd YK NOsRBktaht | €8 CodmbLS! g 2 cemér\@&mb' ®f  the

mat erial” therein, conprising: providing an enulsion
orgawipalkerystane andrthe hydsoghdbjameishial; ped phase and a

di sper hohi 1S Al r ophobi c. phase . .

compr 1 SEaHE SRS ERRE SRR fo, WY 3Ry PR Bhiprising e
hydegthabicahatbnial thensiensati on of the organotri al koxysil ane

and the hydrophobjc material ;. and condensjng the ..

o5 el SPRSRTER e b 5 § ROCHRD: Brel sariessomprising
a hyidiepHopely aReAkI Rt esthplisihgrerein. I n another

enbodi nent there is provided a process for naking

par t i cCloabiggs ngdropjilic RhescoprvBrephabicathass anderwifactant, said

oina: > il hase
hydhyidr gipch glg%g ghag eﬁg%%l g“é%‘?; act aiéﬁ/ltS lffarlgéi ﬁ‘;%%eo p? ﬁ%‘l}fsg and the
hydpirhebiconatprials fonfyra aonixduret anidadtiongldy hgitating dlre suritme, to form an

| d hobj i al .
T DR SILE i, 8, b i, o
condensanguithsi cxparwonigikogisitgnet foefolyidhe pankise @hasBind seaiy@ieshhobic

t| n tﬂe hydrophi li c phase; and condensing the
matgid RFEI al koxysilane to formthe particles comprising

t e JRyeePBRB&ifelPBihelel i8 prdvidided Procésd f8NARIBAE particles comprising
enmbodi ment there is provided a process for naking

a hydgonhobjcanatedphihereinnePmaPHigjRE ophobi ¢ materi al therein,

conpr i Sk r ophisld L

Py opoonng ARRid ol 2BidRoRldtafiee hd gysupfagtant, sad
hydpsiphebicpbasy ¢gipripingamongamstialkak ysoays addathe hydophblsic material, to
Y i%hr%gbi c material, to forma mxture, formng an
nul'SIrofi conpri sing the hydrophobi ¢ phase di spersed in

t he h)fdmiingida_lﬂ emphésae c?mpﬁéiﬁgl &hlla Mlybtbplﬁgl:)fbaplidﬁg ddiﬁ%rsed in the

m xt.ure; addi.ng.a_catalyst to the enulsion; an
hyd’éo(ﬂ)ff& a5 oPH %lﬁ’é’é(r?@ftﬁ'll%l%%%%}§W%ne to formthe

parti gliemoGAR st tdWlie bhfdlsion; and

condensing the organotrialkoxysilane to form the particles comprising the

fornr1]
e

hydrophobic material therein.

The catalyst may be an amine catalyst. The catalyst may be an
aminoorganotrialkoxysilane, 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]propyltrimethoxysilane
(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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hydr ophobi ¢ material therein. The catal yst may be an
am ne catal yst. The catal yst may be an

wa@pdosnsasganot ri al koxysi | ane, for exanple an  PCT/AU2006/000853
am noal kyl tri al koxysil ane. I n one enbodi nent, the
catalyst is selected from 3gani nopropyltriethoxysilane
(APTES), 3-(2- am noethylam no)propyltrimethoxysil ane
( DATNG} alsadpeovideaina ppiitle havieg alopsit] agehxddsmtm)c mafgrial, therein

e T RRE Y SRS LB LA LB

an 2 'ggghonTgfq,aggﬂ@Sl yst nmay be added after combining the
ganotri al koxysi | ane and the hydro

it erseenaraRepe qlshaREEIRPD e B0 P Acpld PaYidly cgmprising a
dop%rﬁp?%t (ﬁ‘g oblY g{ ?é?'{;é? bhG é@itderhhtﬁ'x: TBE‘ 6P MkiePe ABYErophobic

ess e Invention. The particle may
matemfpbr $temay diengy hgdyoahilic ohetensl, ah 1@@1@}! é)gf:aq ingaerig of intermediate

ticles..Iln a, secan S [ n
nydf gy e HeChS FaRRE MERED mirp S i B, bBGment the
dophitds Bpdrephdebicradt@ed bleculas ma;s bt htdaced to s conpleddopapeated on the
may be a hydrqphopic rrat

partpﬁ].@sr eb ﬁlpq illéveﬁ-g‘t)lér o exaélilp ?ta };?é%é%glg @oﬂe&%{lg . mg? S attached to or

cout)féﬁ 5 B a?éc?oﬂ"ﬂﬁ@ ?Qﬁﬁlés io€ tHeYinveétioh ! TiEolidendrikimedybreeheproduct
wo or nore of ese. | n one enbodi nent, t he do%ag‘}iai Smay be

of mgtmphﬁm precnxsn@ﬁnwaéc&‘h%sdoma 562 ANIHEBIC
releaga%Pe ?r%mt the golﬁioglaﬁn‘%i gt ﬁ{%r tﬁ‘o?ﬂ %h?e &flid P&ticle. There may be

inven e a tar ting nol ecule may be
bet‘&édradhﬁld 0t01 %6 rand @hpﬁteﬁﬂ%pof)thedbma@t;j e }Wﬁ@pbgblﬁrgqitggal in the

e A T

dispRrEHa0 RRaRILElseEt @ eddapsulited e thel patelb] ddreotirn hemesdopadt, e.g.
matri x, and, therehy, fromth

at
hydsehobis Baievitle MaX 16 HRCBPUSH h apieGRohe By Sl €1, 2.3, 4,

lo, 19 & mbyda | The Babid Hay domprie apesrirnil @ bynodified
5’§g?qﬂ5)or vonbne &gﬂdeo ant , e.gy rophobi c .

Cerﬂatcerfoalexamﬂv 56 omgadiaall e 16@|°§E?@F1§=eble P fifeRic; Ragipg bound

or. eng t Non lic. Th
orggnig grﬂk}gsr }% fa{cg c{‘fgt:ﬁ gﬁ[’tﬁdlé: ;/'Eage | #?dfdﬁg?tgt@re}g fi‘%&?t ilic. The
parﬂaléﬁ nelyelse J@érogéiqoartmlwﬂihe rpa(t@kg may be gegparmcleg Thg partlcle may
haV@é}%l 8 81,%2: 9 r gleﬁlil E%Onii {creﬁlsn&iybéf\%ga{ L%t 200nm and

or ‘exafpl e
10PhH&Bhe at maymdidhieaenlcer amhay, be s@me athee shapiec Ithavy bg capable of

bound or ganic groups The surface of rticl
g i P L6 R BT Fs) et il TRPCE! iRy Plg e releasing
theT(ﬁJ t%o Q{yﬁfoﬁ?gs&c merifaht %bﬁt?ol[@yoﬁﬁe@@bmﬁﬂéd 6,68 .may be

have a particle size of between_ about
caphbhmfaddasﬂmmthm@pmﬁse g drydrahalismaierials oveompRTiahat E%Ween about

1 néwg an I{ gm%rg plth%réoﬁ matﬁfi bt th@‘i&éﬁtgﬁ’e SEREnRIRE discrete

capa easi n e dopant, e.g.
caviti €l @I@hgblh(ﬂldmt ebn@lartrriehtercm cqpsalesl thaylnbél“lmam@ par@ple or the

relea3|n t he dopan dro hob| e t _
malsging POV B4 G BPGAR: dF AR 20 PR b dnedu R, Hiere

mes o%’sﬁ!yngl“ﬁehgal‘ﬁli@lé@nﬁla eJin itwlmﬁh@fu gel nprielesl Th&)\depant e.g.

a ‘peri od of between a &
hydrophoblc material, may be located in the solid matrix such that it is not located in
discrete cavities, cells, hollows, compartments or capsules. It may be distributed
substantially homogeneously or heterogeneously in the solid matrix. Alternatively the
solid matrix or the particle may have a plurality of discrete cavities, cells, hollows,
compartments, vacuoles or capsules therein. It may comprise macropores. The dopant,

e.g. hydrophobic material, may then be at least partially located, or encapsulated, in the
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1 mnute and 1 nonth or nore. The solid matrix, or the
particle, may not have discrete cavities, cells,
whoiobas#Es19 conpart ments or capsul es therein. ThRCEAURW6/000853
particle, or the matrix, may be non-porous. It my
have no significant neasuraq#e m cro- Oor mesoporosity.
The particles may be in the Tormof gel particles. The
cavifisacels, ]eolbj)WSh yminmrhnd:ms; varicdes @l qapsmie;s (be. inacap@ds)i These may
trlx suc s jnot .l ocat
be 438 o WSOuCTE, P HE Bt 5 158 R BB B - 0:05 or 0.01
migapsinl dismeﬂet TI’&,){/ Ihﬁy dt Hetviden taBdutS(Nbﬁd abddtal ycron in dlameter or
hom) ‘ili iter Qgeneo sI éhe solid matr
betRpeL st b oat § OPn@OLaRd & daert b 61 aRdOdaPdiand. Adyind 0.75, 0.1
and@¥£0.2 al%htmﬁlo 1 ¥n@0.3di0SI8" Blde1, TBV4 hAPE.75 C@h!s%nd*ﬁ)osl o0V and 0.4,
0 lé@]l?)‘%art nments, vacuol és or capsules therein

Do B lo o e O Thd 21aabah 03,096 O ObpUbA 01 and 0.05
0.5"Bha" Qﬂ#‘d oMY HQQ?% B? 05 e!naeb% HR%F)M l%h(h?lin R %%g%ayolge about 0,

encapsul at ed, ecavities,
0.0t,00P&ra. lm!hi,s() 21,de2@)1 0623, i 24; @;%u 0es, 0i27e0. 2&}3@@9},{3@)3 34, 0.5, 0.6,
Thes be | ess .t ha ut, 1 mecr i n,.di.amet er
0.7 8860 Bfatt TSR0 Ginhefrg b0 Bre' U # R truRfagmments
or cdtpﬁﬂﬁt By bd hieyodiyerfid dgolaaheRbeind Qn@flﬁw@ kéiC[b‘;aléad]dlstrlbu’uon
meter, or b tween about and 0.05, 0.01

an r@‘fgoliﬁin o 8 may e pedeRy the Arocess pféhﬁjﬁast agpegt aﬁaw invention.
Th@pgrﬁcleonal'm% @di)qnpth%rel@ elﬁa}ﬁﬂrcgwhﬁblcométeﬁﬁdthgrgﬁl nQaylg E%oduced

15 an
by il g91 Brocess zvlmmmay b@ A Prapges @cmlng)tozhamcyemc@ 0.2 and

oy e el S s Sy e

reldasabddbGrom the pz&‘ti@]bs, s@idymartidle being nixde tbyszocﬁbsﬁé’omﬁnﬁﬁg

0.24, 0.2 0. 26 .27, 0.28, 0.29 .3, 0.4, 0,5, \
0. 6. 07 iipega Gyl pompRisipe % fodrpelb apiasera 3 hydrophobic
pha@d: anpéresdsinahe hh@ropRilic phatiy bid W dropBOHIa phAR dotn sﬁfg a precursor
psuleé may be nDnodlspersed or pol ydi spersed,
ma‘ﬁﬁ?fl%‘é c domspb#8ddi stri bution. The solid parti cl e rmy

be madg,hiet e ﬁ%&%@ﬁsnﬁferfah% ftiéé Ees@ﬁ&eﬁf 20 ath1 & to form the

i nvention. The particle having her ei n,

pafmlqar ephipising thedepans ther¢insaid miOP@ni)beine rphewbtaefdomyheapmues
: nvean‘{hﬂa %§1§e‘gle¥\®f 0 5 1%%\{ tlgg th%réJ [s 5’ g (gg %ge?l?ddnﬁggreatmg a condition

I on re s
in aOBl]Ih‘_]BGtJ rfgr cexdmplenta thueragj I’Do&iﬁdrdn@oradmﬁmhtehﬂg ® the subject a
fromthep ticle heing

ticl .
thef el R e Eaben s R Aot G SopP e e RiFErimestojn, wherein
the @@pﬁ@ﬂ’c | g, rmgd@phme QfIbrid] Coﬂfiﬂéﬁﬁﬁ@l@g lsafetéwubwﬂ&m saldrﬁm&es and

di.sp ersed in the hydrop hilic phase, said hydrophobic

is nahs%d EBripe |C§1il¢1§01& Bieeéqna@bre graeraphpbigiaatend, mepdeta drug or
R EARGEb ARG |
B R PR W BB el RSEHA ol oy v
a dl@@ﬁpanl“het ¢tradiion may He d@peiqatnplmcamgem eAlIESs altb]netls‘ Idmbleteb,ehonnonal
of t ent| nthere
dysfﬁ% {1&% hgzﬁerténg%(h gglfn L a&ﬁ‘ﬁr ccgld b(ﬂldl ¢ condition niay bé dne for
Whlsltu bplﬁmlled{)rebaﬁxﬁﬁm Eﬁlgaorfwﬂﬁfapem&)d Tﬁ)gfe:tns inpdRArEdnitshey be f@ne for
t he subj ect t her ca effec uantity o

whifh e GpEer LEGBPSH IR OTOHE 5 USinEea (vanFahomet aubeairofied 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 present invention 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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t he dopant, e.g. hydrophobic material, of the

particles is releasable fromsaid particles and 5 is
w0 padsa33sed for the condition. The dopant, e.g.PCT/AU2006/000853

hydr ophobi c material, may be a drug or sone.other

t herapeutic agent. The drug gay be an anti-cancer

drug. The condition may be a di sease. The condition
relgpggblp drofro said partiglecandqin duticatoll o8 theaeanditicn The dbmbﬁolemay be for
xRy A IS AR USSR B P B U5 ot
conﬂManﬂ | ed rel ease of a drug or a therapeutic agent is

ndj cat.e one fo ich the drug or .
t hehRaS dhehds gRViOSs o o BF apeiblin ciabrofper oes Byention for the
trefﬁineﬁt ePAtdoAtRA had Gubjbdt, MBYe:RenpdNE ﬁ&ﬁan"“%lﬁ:li‘elh hge Q%H&t e.g.
or therapeutic agent iis to be dispensed ft he subj ect

hydsqmobigmaieriah@é theparticles isreleasable ﬁ@dlpgﬁtﬂfls(&nd is indicated for
thePENitERD Bhdp@rid 'a‘féo ng ?&Hd’ch@guste of‘ rtgzlﬁeessgﬁtﬂ%é ?ﬁ«%ﬂt hr? Yor the

when used for th ture of canen
mapyfgeivreef a medmamonﬁdﬁor thertréatmentsur l]]r%(ﬂ‘ltloﬂ of aSonditioplirea aubject.

d s ' t , .
TRl 568 0, S pERRRE e o PER) SRR, Brnton
hypentﬂnmaﬁ ephif aor ﬁd‘mee @dﬁdldthMOanIﬁeC%didld:soﬁr EBY PO may be
g r@ % @?lncter ﬁl abet es, GDS hor mo a dysfunctl on,
a ‘W&é e Allgntopisaily, narendeatly, mg e agtinistEgiion ay be via a
singledobesr @ﬁmﬁl@@&eeﬁ higheu ?@m@fes Bf E&ﬁﬁ&s‘?ﬁolﬁ%&r 15 Mnﬁ&*tér@@ orally,

invention for the treatment of a condition in
topicaBy-eparentegllye fempranpe. nlibaadmirigrasion mae b@owanet singlegdose or
mupg)% apRbirfe '&Béagf;'o%' the gfartltcnig altsf;sgﬁ%fsxév?lf tvgﬁrg) SRS Yepend on

msald particles and is in
such@n thet Gonditioihagesnd sizal cﬁmhqopanwnﬁasdwd:lhas the @atofe pitht icohdition and

e Hopbii R R B oY M8 Sh4 B 8 B Rt ane
releasdaf Bcihe pahAelesondi ti on may be for exanpl e cancer,

d| betes,. Al DS, hornonal d functlon hypert ensi on,
I§S ASPPTOHTRSY 2 BEIFGSS Plomaking e pmRqskiosscaspprising mixing the

parﬁélgsp 86 td RRentiBRYwhE aﬁcﬁ&éﬁtﬁﬂ@ &SPl @lulels, e&&@ieﬁ@lahd’/gr adjuvant.

parenteral |y, for exanple. The adm nistrati
The patiglesmay be injhedomm of@ cempositietoessprisittgthg @amctﬂseEorq:arenteral

adn‘ﬁﬂﬁﬁgﬁéﬁ' {‘émﬂ?% B?tlﬁqﬂiréﬁtl%&%'f%g 1LY forl RP Infi\'t c&f}ﬁbuge may be

parenter’a rexa mns fation
prepdred & stemlglaguebos @r o}eagmbtls mlﬂlmspéﬁbﬁndm@aw sgitabldlution

articles,adn ni stered wi | and e n
or BRbHSat P ATMEIR RIfISRS o, wsnstiidh oy e S, phe, or more
buffegink agéntt hed estionaBy ofhet figtabRNAUIH VRS fake ﬁq't&dg&)?ﬁ&@bse
e effectiveness of the dopant, and the anoun
dg%%ﬂ?fl diggcamd a@t@&deénaurpe%éb%diomget Hamp af tthe [cegwposition will

comméefrd)rﬁ 6.085%4PICBOHAE By AwBRERC B85 Sn ik &amengergm ¢ tpﬁrtlcles of the

onposi tion conprising mxing the particles o
mvm’qb@@nUB@ﬁilyV\ﬁoaagarﬁom@p@@mgetoctac mmntlom willentmprise from 0.1% to

abo?%%jr?’lolﬁwae t?ﬁ%%lg}; 1 %jl 6%l evd 1{1%09 i[%?t/? t(?l 160*9f b}g &elgm% of the

{1 on conprising
paﬂﬁx&@ssrﬁthwhivemmbﬁ nistration, the parti cI es of the
ventf ggpeg’tub% %l 1env%r|1t%oen {h%ge tlshgrolvpc{egnad %&jeﬂlilosdefor}ageli?/gring a
dopant, e.g. hydrophobic material, said method comprising exposing a plurality of
particles according to the present invention to a medium capable of releasing the dopant,
e.g. hydrophobic material, of the particles, said dopant, e.g. hydrophobic material, being
releasable from the particles. The exposing may comprise immersing the particles in the

medium, and may additionally comprise one or more of stirring, shaking, swirling or
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prepared in sterile aqueous or ol eagi nous sol ution or

suspensi on or other suitable solution or suspension.
W\Qensss150l uti ons or suspensions may further POUAUZI®G/000853

one or nore buffering agents and optionally other

suitable additives for the jptended purpose. Dependi ng

on the intended purpose, the dosage form of the
othermiq@o@gitatiog\ the medhmrbawsg the particles tﬂ*&r&inoAEEﬂrfabyely\eh@ btposing

[ art S t he
e 0‘52?‘1‘“ PGS S%S‘a gt Bt /a"rr%ﬁm{*gh% Fth‘i? ?ﬁ‘SH’%‘%’? may be
a fleidpmid ey be @.rﬁcﬁhdl %hie Gn e gl tmagﬂ%a lbﬁﬁTo@da}lﬂuﬂadubN ad blodd. It may
16% and ev ypically 1%t ? 0% by wei ght af _the
be %?rtg@elpe@n ark{BaY Y GROFGIIC F91verty 196 L HHBIE JobYrahoplgosolvent.

Thd g Aly b %ﬁa‘dl@ oPHRYIIGEH tife ar@ﬁaap% g %rydfiﬁohbwl% ki, and/or
dopant, e.g. hydrophobic naterial, said

of fé’@ﬁ?iﬁg éhfhéo@%b@sg gy deoppplie amtmalofromaths |P@ﬁ€é€sa$b© petidign may
be F%aﬁf&eop gﬁﬁﬁﬁ& dé) nf{fﬂ t&l@&)l\;lﬁ . ophé{?l gﬁ?ra act?)ggntOfe g. o}%ydrophoblc

easin pan
matehid, paayt belfes exampld a;hop@m,c @ng.pouhgl chropibstahce, nfitoeesicadt, dye, a

bel ng rel easabl m.t h articles, The expasing
rec PR G RR o pfsrgheprutcal s RlArGE Fimho o SEHPRAY fetince, an
enziiy, adbrinons)ad lodtdIy bésticidee aosheti€, OhefHitigs,l zﬁgaganmde an
orotherw se agitati ng.the ned

shaki ng,. swi.rlin
mscwa%ﬁ fimngiqids i Havour, i remma SUIN%P@Pn% Pl 9uttr#@utwal a vitamin
sup Rféﬁ! S oTRY otR &bk RceD @lsﬁ'n‘i‘e@ Bee nididisn a%@%oad?%&% 6 of these.

hrough the particles. di um nmay be a ui d,
Thermpdibe mayibgua gas, f@reewmlm mr,n@yd the c@pmto b@g hxz@mplmhm thaterial,

U 50l T, AT by, Bvons
suitdthle MEdB]l@asenaf/ tlee dopapmbek. g bﬁ/dl@phcsbjb \Amitgn:ﬂh éntdothanmedium. The

. hydr ophobi c teri and/ or of rel eas t he .
et e 150 SRy B OB L B B ] Sianh i AR P RE paagerial to
releddeeinfRie wivditay. T BahadhRy @Hdlﬁ@ﬁflllyaddrﬁprﬁé tﬁé’étbp’ of separating the

| ving the do ant The dopant, e.g. hydrophobic

Paﬂf*Fé?se‘ﬁ??raﬁ C megium Fherstepefmspaad W@&ﬁm@né%ﬁﬁe@% ngjgrofiltering,
ultrz?ﬁlté?ﬁl%ncgentﬁfu%ﬁfgesﬁﬁﬁ%erﬁﬂﬁygl‘% L@éjcﬂﬁ)%h afidf ?ﬁ’% GRllysife, or a

phar maceut i cal substance vet er

combifpionrnfehesgn The nyatlod for N@hm tha doperdi de, thrOphoblc material,
ma)Pg e}él?éeda%r cﬂné%?«%ﬁ%é Cd’lsgglvih? ?*c%'rﬂﬁng, n%gi%oércéﬂq&wlse removing

at leastba; pam o€ theapuriicle, Tlee stubdiag etet maglexpasevthe dopant, e.g. hydrophobic
S g e nt or sonme ot her substance, or it may be a

matgridls Qr two or nore of these. The medi um may be
a N&ﬁrthéﬁémﬁ&ﬁﬁ%hﬁ o@lthe nimﬂtlblli‘ Sré@ER&Nh, methed of treatlng a locus
hydrophoblc mat erj al , be volatile (for, exanple an

comgFiging ARRIBINEapgrtictep eofem@om@gﬂ%;ﬂr b qompesitiognatcordipng to the

invéitibh 3P ki foRhs fne Qﬁq%u feffegﬁ%_ Q)Of?&{t th€1Rus. hﬁﬁ?dtﬂ&' B iment of
material, into i um thod may

the goephion ravidess apathﬁd of trgewnnggart h@ectommpnsu@ gdmlmstenng to the

I I 0 t
obj&ys%rﬁgﬂg %T ﬁlegﬁg{/ Tt é)%a rlayc%C gﬁ)ﬁl??ii %crt'(ﬁémgtt%gh 1pvenL€10n to tElhe object
in a&eepmmﬁlelf@ctﬁte tpakht ti esbjdor.ovet b dumnieai enibodientséethedhvention

arati.n onpr i efllterlng, mcrofiltering, ,
ProYifgh, S PIGTHOR Qe ins At GG RIS dosuatisrine githgubieot particles
of tBeinvbhtitth orde6abbsiGon StcatdiSd fthe MveRtion to the subject in an amount

effective to treat the subject.
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conbi nation of these. The nethod for delivering the

dopant, e.g. hydrophobic material, may conprise
w@booad33sey erodi ng, dissolving, excoriating, grPCTAUZY6/000853

or otherwi se renoving at |east a part of the particle.

The abrading etc. may exposg,the dopant, e.g.

hydr ophobic naterial, to the medl um A further

embodi ment of the invention provi des a net hod of

treating a I ocuBrieélﬂﬁs'osip’('ngpbthd Prawings cl es of the

h
' n#@ﬁfe' ‘I?o s & di ﬁlcagxﬁggahc'é ?e ese;?t%ecl%l eagwg%{ﬁlégpl ?n]“\@/elswn system in

whiohcsu}sgelAhemfsmy iecdiried owtrtb foim siliea inthehydrophific dviples a
i sing adm nisterin

h f.
R Dlis o ah i Sblsrot i, Bl BN gR ST emision System in
whﬁ:ﬂmbpgéltch@fﬁlsﬁ?%)éé}he@oﬁﬁn&lﬁlﬁl}}dﬂ&ﬁﬁbic‘u}oﬂ@t the obj ect
i n_an am)unt effective to treat the ob(;é\%ct Yet a

f uFieHes: 3 eisb® diave batit of RepropgdwR ifomn PRYGIginge sreanersilisa dparticles
acc@fdlﬁgf%%ég F&t%@nﬁgﬁ conprl sing admnistering to the
rticles o

ect the invention or a composition
acEJ@rlrh ﬁgShDWStthe dreplehsizerfor ¢ t he VNP empulsinn drefereoaddition of

APSESSELLAU® b LG QYBIGEL P Sl P AP B (v

emolsioa foatleurs aﬂemlaﬂdlennbﬁA@ﬂ‘ESyst emin which soI gel

ch ied outtoformSlllcaln
yﬁ% & ¥$%W%&§M gfansgisifeclsetion lglca?sgapz?nmmgéaphs of particles
synkleRIze6 e nbsiid on(1ef5 anr,/Pi | ornfbsak#ér) em»ﬁh§1-0n(a3yst;ﬁféhy1%) and
whi ch_sol - gel chem stry is carried out

ethyirmeiparosilanacdpl et ; Figure 3 is a fl ow chart of a

pr u r s r

st ub i, EGPACLIONT RO ShBRg
fon@p@m @mcgltlzaeedfctmulsw)ls VT WENVEN(a) sndPTHES );e addition of

R ST T —
(- )B:QS &fv atetisil ivetero{--APTESy dringil:&vabershows TEM

ans si on, el ectyon sco m cr Qgraphs o
DB OGP BET P de i DRATDS! Ry BT oS () 125 Vv

onﬁasnwaterge)) 2.PBENY bk 11 vadigk. et hyl tri met hoxysi | ane (c);
ure hovvs SEM (scanni ng el ectron m croscope)

m g%“@r%phg Faplp shewisgerariide migg distributiew of reghydsiloxane particles:
()1%‘41/%' ﬁﬂémf’&/at\g'\(@l) Q&%)s w-Tals M) %ﬁv%t@ Figure 7 is a

graph oW n e size ri’bution of
vilfighrsi lloahawe aﬁ"&fMumlagesof garfidePabtaihed Gom30/50 (et EPTMS/TMOS
--) 2:25 v/v ornosil:water; Figure 8 shows the
mixture
particle size distribution of phenyl si | oxane particles

(-Pigire2d shbws @' TEMIiiliag@bepartiCles pbtadied From ¥0/50 (v/v) PTMS/TEOS
ornosil :water. Figure 9 is a graph show ng particle
mixfyrse distribution of ethylsiloxane particl es:

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) VTMS/TEOS

mixture;

Figure 14 shows a graph of particle size distribution of particles obtained from (—)
50/50 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/v VIMS/TMOS and (---) 50/50 v/v VTMS/TEOS;
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(-)1 :25 v/v ornosil:water; (--) 2:25 v/v
ornosil:water; Figure 10 shows a TEM i mage of

W@2006i1835¢5 obt ai ned from 50/ 50 (v/v) PTMS/ TMOSPEI/AURNVEN00853
Figure 11 shows a TEMinmage of particles obtained from
50/ 50 (v/v) PTMS/TECS mi xtujg; Figure 12 shows a TEM
i mage of particles obtained from50/50 (v/v) VIMS/ TMOS
miFgure e} 6 Fhgws earl Sdsonptisn/desbEMidnmasptherfin pér oligenasdica particles

or d f 0/ 50,. VIMS/, TEQS,. mi Xt . Fi 14
prodiR0n VS fside'io\the wrebial IRl Lo Ton 0P
p&igire| E5 shbwvaiDEA (thimine)/ TGO/ Fheavl v1idS)MiloT MISVAMIS product

(---) 50/50 v{,v PTMS/ TECS; Figure 15 shows a graph of
accqydingite fhe RIPSERt VeI Ut i on of particl es obtained from

("Pig204 BCho ¢ DYAMBANTIS /804 (hoavy) liRPHRR o¥ PYMETBAUd @ ording
Figure 16 shows an adsorption/desorption isotherm of
to theryaseatinve’itonpar ti cl es produced from VIMS according to

SR SRS ST i, RAUARATRRRRSAGT AL Ty s
acccltr.dinghe;c}mmss;:ﬁtinivmﬁmﬁ]i on; I Elt gglfr ep_}_S sh:)\gls D;FA(t hi pdi
ine ) :
e 2 b O sk sl el SbS AR R i Oine v
the Iprdsent mVefidoh ealvylsiloxagg, pHeatisibxdnéMudpviasisitoxaey andisiifra, all

. to the present jnI ention; Figure 20 shows IR diffuse
dilufeditp @pRIRR o WE gt R BG0f  or ganosi i ca powders accor di ng

t (Fiélﬁg A’ GRBAL VddﬁB%nfeh%raﬁ'Lﬁ*E r'(Yil si haix 8DPDRIFT spectra of a PTMS

&henyl si| oxane and vinyl sil oxane) and silica, all 1
prodfict eqcetling taihp pessentanyantion; ayerie: speateal Fangp 2708 H 3RO cm™;

Vali | . - Q . ) ( . .

L3RRS BTGRPy 0 2ol EFcaREelil ioncn
doped ¥ T3 % partiales penogding Tdthein3500n,dmbeddadiig epexy2@sishows

550085 HRD e e PSS BR[O AR08 Resonanco
spedtRVETHh 06 oxbiidde dee phdnylstiprane (Fepdnd; vikylgluxane 8--ghows
égggﬁg" %hggv\ég: gqggﬁ gﬁlﬁ)slgi%ﬂs)g §N1qu é’ﬁN%ﬁ)léle%fr sa}'\{%)qg %sslsglved at pH = 12

witPheiRYfos bl %Zﬁil&ﬁ%e,aﬂdl V] Qﬂlbrﬁs'ﬁlb%,ne_A( ethiylstib@ateCardt-o- silica;
shows a graph illustratin he fraction of sanple

diigwrvay showpH Y/ Visiblg tdiffesentstlerignce spersipy P§itenQirfoped and
s, e RS AURRC il A PR R SR, g e
invesyienf ra of retinol -doped and

Figure 26 shows UV/Visible diffuse reflectance spectra 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 6G 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 (diuron-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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undoped phenyl sil oxane particles forned using a
process according to the present invention; Figure 26

W@ bwea33d Vi si bl e di ffuse refl ectance spectra BET/AU2006/000853
retinol -doped and undoped silica particles fornmed
using a doubl e enul sion proggss; Figure 27 is a graph
showi ng rel ease of retinol from phenyl sil oxane
pafigimel 85 showso TEM Smagdsv(seeHzmct 10 tron) of/dr(lafi irage), 4 (centre

anmount of Rhodam ne
1ma§laggﬁ(g7r%e atsleé%ﬁ?%r%%g%rpgr ?ggtgne particles into
vvdﬁglnre(ﬁBers 4 prash sEogMg&eEﬁsesblﬁJwﬁvddn dleh&srdgalfrom phenylsiloxane

struc f d| O shows Raman spectra of
%ﬂgﬁﬁi 365? W@terg ¥t doped vi nyl si | oxane,
s@gﬁx@@ma awtmumﬂg%wamﬁ@ﬁﬂrew ¥ il i ?ﬁlloml%qﬁmcles

t he undoped V|n§¥3|loxane bands have been subfracted
intoa{YS Qv iyredppnokwgier eves thmg; andy graph showing rel ease of

dl}t{gﬁ%;isf folys] gﬁgﬁysh&';v fégséf( of 3Lhd)a.la ?Q&jd 4 @%hfhérﬁél%g ?n{d’e using

es In Ium Ir oxi eso tron
(w) b8P and Q) QQXZfeVTMSIWtéw gsdv)e iBe e‘élhmi/soW@tﬂmmg es (size
bar = 100 nm) of 2 (left inmage), 4 (centre inage) and

L DAY e PSR e
phﬁrwpx_ssdnpm?mg?mrﬂatgi eg;;ameles Sﬁ)élﬁdlng/suh@paglingg]s Imzﬁ@f dopants
oo M Garo B materin B einanbive 85 ARGeE 1Lk Beelhett SaBf dtpm the

partiély, EieliateHtionalsdrelaws o biodBssesfdd plipatih€sih pastidesdBRMparticles
showi nhg rel ease_ of sudan red dye from particles nade

havipg #glopantienzapsiaied dergn Agr vatvsauet apleqse/ wpy bertssd as delivery
vehﬁn%%g%ktlv@é’ﬁl stuBRas L&d 1Bk RAdARCAE add G ik S

ment s o the I nvérition o The present I nvention
r dhathe presenp arventidrpshe pmbﬂmlorf kespihg ch pcvisel ewferial (or partial

rea V\ﬁYl gl%dg?fg a@%lseo Itgé/ ?{ ?R)gﬁglélg qﬁgt " ugin% aihf el ogﬁl trﬁ%ctlon is

addpesddi by &he?ﬁm:]lmmﬁﬁtatmﬁ ¢l ge preblams lAlthoﬁglﬁ)Cﬂi‘s s@sicdl odlkoxides
reparin, uc rti ces avi

(et e Bty LI wseq Foferiteh Blotaish sreusaarbohigy as the

hydhﬁyy§ qea@ﬁmdﬁlldcwsy r¥@hifg as rsgla@ﬁ{elnv Q)faﬂh%n!d!ioﬁli@ hgréﬁps with
yes, radiopharmaceutical s and like.

hydﬁ-‘r 2éﬁlanph \EPiRSo e Ineicp begsinedh @prek@éb@mghca apg a@wlsl@ rw1th the
conﬁﬁﬁ yus @Ldb&ﬁﬁh gﬂjaéealln ro‘?&&t oﬁe rﬂféufrteéurg&efn%%fn)al hdbatd¥Cin the

edurlngt reaction |
hydadﬂhpb@sﬁwswhmhghnm ghe mmneﬂs, @at wrgalmoeﬂl}t tm)dpﬁeelcwaae r("ormosil")

h h h | k
ma ot PREBH oV PR eSS HGB R ek B Bep Macea by an
orgdnyel gﬂmbphldh asasplengl Hydp OCEEHstor@adidean dig&ﬁﬁ@aiﬁoxysﬂane This

organ?c rlatgrlnggt canngte ‘t[))é %lcé:g\rfree nlsroanth}: I?:gnt?ell léﬁi(clogeatc?nri od%%?lgvtmhe Iﬂydrolysm
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

continuous hydrophilic phase, this approach has been avoided. Instead, 3-
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0 hydroxyl (silanol) groups, the species becones nore
hydrophilic and m scible with the continuous
whyasopdsid i c phase. In order to keep the precuPGDAU2006/000853
material |ocated in the hydrophobic phase throughout
the process, an organically;godified silane
("ormosil™) may be used in which one al koxi de group of
ammOP@pylémth@wﬂamean@%)bm rspd atedediglysen egdydmlysis and

con%r?édﬁo %?ﬁ%gn@s h&g Xﬂeﬁ%@ O&é%egcgingll% (?t?enB[q?e he 2 Jﬁtgpbnte, R.

org ano ane i’s" s organ ragnen
M. bWa]:U Jea/aﬁdﬁnqumn Ke & et rGdrami Sd:cco&B GIIZQ)BIIMI-BIII@ (LbE0); Wall, J.

s, BYOBO SRl gt £3EL HRTE IS rAeher® (HhSs@b/dB8 aoony The

me¢Ha@idHClor s mulolhwweu-@defs&@d bewever/®dppdafdihat APTES may
version, referred to here as_ organo- silica, where the

act tg, c¢fakyse theeforensation resetiapard dso mayde @CQT@[@IaéQdemtthé product to
sorr?é éﬁﬁdtdf‘esulgﬁ dy %g fourchSneﬁﬁlad Q6race® ﬁé 5 ?arft n%gdﬁ;rdl%phoblc

ydroph o rop et 1s nore o prob emat
mat@uak g@ly bﬂw@iﬁeétheﬁorc,satttw srmat Itlmergso(ﬁcg yls iacmixture . with) or after the

d
orgylol 3l HonBpecdiball % RiioBRoy Suflprial, plould py caded
befwe\adﬂmeﬁofes@gm&s |ncon'pat| ble with water (sucl; as
ratures in or

Si { | t
g Eﬁ“{s?} éhe:: gggste g n‘i’ e Ci)tf%’c égﬁcr‘%% ei‘ hBOrfFe ﬁ?ro rPgmfuomg particles

congiRigl b C@lpat, VARt h§&oﬂ%1@%ai‘&ib¢oﬂfer&ﬁnﬁﬁ@ Y894ed by having the
hydr ophilic phase thi s_approach has been avoi ded:

dopphs teega d1ydmphipbicomaispig), thisnstsae ipgie e ofl APTElSls afagn wildd-water
emuiSiofi; ?Ed&lﬂgn By ﬁ{e%lylsﬁ§ ’13'[%3) ﬁﬂgﬁﬁhﬁ en% alﬂrrhre nanosized,

or ga I con speci es,
witlal. Wlﬂ@ mmnkang¢ thankhe Mp;ca‘]/\hhsle—cathlyse& SﬂlCSﬂi dodlnqnmbgar df hydrophobic

mo@gtﬂres = §oAIm gﬁ%elpﬁ an% so&dg Ia:g cérl]c}% )111}:)?;<}nze4 3\3 %San( él?,fgcht)%ngl - ﬁave been
incdvporatedn@mtui partitles.( Iorp&aRr 6329, hﬁ/cﬁﬁﬂfh ib. ddh@t Shas also been

nmechanismfor this reaction is not we under st ood;
dempsiEaied: it appears that APTES may act to catal yse the

CO&&%&&% kPthelRakht BRemitth @bRAs Wl&% a{ PoRERIbAIBRink Particles
t he prodiuct to some extent, resulti ng n an

COmHSHE- npent, §1gahydrephahie matssial, theseinobamprocess gomprises providing

h r % f .
on PR ORI, & CBlin R oA B RS, fn lpel S8hobic
phagg, gra mthsdhl the dnydmphcble$ha&dmmxpemes heratopantategiaband a dopant, e.g.

hydr phoblc rial, shoul d. be a .0 before
ydE PR ORsTiaraREah®) i osthig b SEA s 58 PR gt precursor
matéﬂaCfol pesiude Ah® pagildsOTher Brdeiabdtgmattiial G4 eerC SMRIdSWRBIn the
hydr ophobi c, materi al, therein, and

dlSHeEﬁe 8113&9 ﬂ%&h?lgemﬂéloﬂofﬁ’arﬁ’ﬁn ethg. pHliglespAdsi keaction may be a
po]}‘lﬁér%‘aﬁéﬂ a &Un%@ﬁsraﬁ&g d 3R aliRE Odrbs ﬂﬁﬂﬂg%&? ﬁtﬁ r reaction, or
cftlo of t eAP‘FeEag.

| -i n-water enul S|on prior tO ad
SOHTEH@H&WHO@I efsthess Anthe Ryeevssarl thgteralerenets dg i fewal thd Barticles, the

dop%ﬁtt E gga ﬁ)@)&g@ﬂc Ptre@glg %0 AH@@ ne_%) G%o%w#é‘:}%%l Olbqgglgxlc% incorporated or

encamsilatl iasthe paﬂiciﬂsnthub |recectian i shidl prectusdr thpesial forisnhearticles
e been |

di.ur on, and cor, ted into
compeHd I dondnft P PR o Re el G The QARG added in
the &s8icelffasoHRAPOHEESF b2 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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According to the present invention there is provided a
process for nmaking particles 20 conprising a dopant,

W@ 2@6/1885t7 ophobi ¢ material, therein. The proceBGI/AU2006/000853
conprises providing an emul sion conprising a
continuous hydrophilic phasg.and a di spersed
hydr ophobi ¢ phase, in which Phe hydr ophobi ¢ phase

234 Q5P 8B S308, %)?103615053)80 mommmsamm 500p200, 808, 900, 1000, 1300,

' t nd ma mprise a catal o
Q37RO e R T SRR b oo o
mopgfok ibefven aHdeth Jur gRlldbRar 400096 drdetwéent dboGt 5@ akd %’out 3000%, or

Wi t hin t@gl sper sed phase ‘of the enmulsion to

betygen abgut Wezqoé?a’@tqré’ﬁwﬁ&y agautz> hand, shout éé@(?%gnor between
abdt@BOQAS @Bb&n,ooa%s 8t btk abdRB0 AdD50S50 th@@ 1% aﬁe%’%o 250

ot her reaction, or some conbination of these.

andyy Uk 1P8 6pd AHE er L8P anrd 309%, ¢.6. bodO,ND0p 45,208, ééQ, 309e350, 400,
b o) h ur
45 BPR4, Fieize B HRIDRII I dleg vilh IO G R droptets.
paThe skescrabumay eamprisnsvodllingd) eggloarrton) Osmtabd fiptning or some
t.he par onprising the.d
otk R ot SreRrkasE, TRy o BB et abs i o iiencin e size
of the didpeetabsihe d&peisedhgdrbpaibic gHaker than a surfact ant
as a solution, or mcella

Tgieﬂdgo pant may be adde

FBFFSGIPtﬁn‘ée“éIBPsf WEIo¥R slepof Agitftion 4k oionaybe ﬂlmd The method

emﬂb?@d‘fo? Qﬁes@@tteﬁ iseﬂot Eﬁtl@cﬂ QRYGSy Eﬁn@ﬂktdsgd Q%':itat ofl %q?%fn%nt such
he emul sion droplets, in which e par

as Q:ib]‘aidﬁ §T padde mizen rrmqharn@amtmmy magneiéastirser . Ao suitable. For high

g, (RO SRR LT 2R 50 5, 10

330he &b0lsiod8Bay B0@n oA, waABOemdBDdn, HADmMayAdmMpPBRe dréddés of the

ST TN NN M,

droplt wee bephettabb®t RAth alostout 00 Hichs, Qﬁtw&nm% 129 and 10
and about §0009© or between about 50 and about 2000%

micgpnsy diifedAd dgBistonsd aedl Byl asioTim, YOnge ergh &9 mjcrons, 100nm

miltgrtyabint 5 00, e e RRoalh T icons

1 anxht) myerorn0%ndd Ognicednsys0 &6 50nog, 1008m a@da mﬁg@a 190®nd 500nm,
0 The. siyz the dro

0 8301083 80°) e DR R B 5 TR o

SOOnnnauﬁiaB enicray, @awhmay kevesavelehn degppl@gidecsteibatti DY, 3@; 3\186,@, 8,9,

0,SDR0LA0 8 e LK A1 ) SUFELDSES3RE, 5oL, oo,

5001 60@f700hﬁ)(ﬁ6r®@b€iﬁ1$op§bcﬁjh¢ dssnersseds lsyqirzpphm g, 82@35}@ 15, 20,
resent inventi on, vari ous St eps of agl tati on

25, éPe3€>r4 , B® @8, 350 prlMhmieanps, oy aurst baverhesen droplet size

greﬁgﬁﬂ%hﬁnﬁ}@boﬁ.{]éﬁ)héim and any commonly used agitation
uch as a bl ade or paddl e m xer, mechani cal

st herléfdropmlwghase ey eaneprisetveater and uialy disl an, aqimnumplgise It may
cm@?ﬁ?r ré]]%ﬁh(g QolyhtS 8! IEI %v%{e?r{t mgye?rclzﬁg?s%ﬁo use mr%%/ sa;m or other

an ol
addﬁm&p rit Sﬁaﬂ f@péﬂt@l@feohﬂpﬁsdﬂ yoltiomhellotdd W&sﬂlhﬁ pElosige calcium
n the h £h|I| (Phase The ?quS|on nE have a nean
chloride of somts oth 1 salt oncentration of the salt may bé 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 mol/L. The salt may be useful

during freeze drying or storage of the particles.
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dropl et size between about 1 nm and about 100 mi crons,

or between about Inmand 10 mcrons, 1 nmand 1
wonR@eas3519 and | OOnm 1 and 50nm 50nm and 10 PET/AD2EE/000853

| COnm and 100 mi crons, | OOnm and 50 m crons, | GOnm and

10 mi crons, 500nm and 10 microns, 20 1 and 10 m crons,

5 and 10 microns, 50 and 50 | OOnm and 1 mcron, 100

arthe&sfieanporhfatarial MHObavayr witable inderihl 16 Gori thedbkd mbftix, or the

and 50 mgropns, 50.and. 100 m crons or, 500nm and o
varfifles 3 s DafiteS i bt sBepreasal BeiotsIga be pghle of remaining

in tHs hyddrophoblc plfase 6f thd enfhlsidi® Géh%rallgrothe gy%cu%%r nfz@bnam sufficiently
45, 50, 60, 70, 80, 90, 100, 150, 250 350,

nongistar %40 BT O TerrRiABDt dhe Sudtamisbie dhsent fithe precursor
matlenél 118 %ydl%lﬁablé it ?ha? ’be%ufﬁ&e%glg@roggyol% 6ha§ § 58’(15089%? 61%88(:’[ thereof

30, 35,40, 45
is CFﬂP@]PIQn@f r@nalrmgg fravlee Aydmogholde qmaeee, i lzeastgbefbteeraddllhlan of the

conglr T N So RO, B QPR o
therteyfjr mphi bé dnsdiblents spargqgly\/&bhrble |<br ey @fpfimi’gl)‘s%ohfwe in the
or exa

h dor Tor sal gs or other additives.
et SuSE JhimacomPRe & BreCSPE O SRR bF-AcRerauaPEs<yRsor. The
cera?BicGdyohd ﬁﬁor‘gﬁn@sﬂfﬂé & B@hncERkbnia, HCOreAMRMINAbE ADoPhnotitania,

the salt_ may any concentration up to the saturation

Or o BYREHTfR 9fa&W<b ﬁhI@P or Heursef] thegen of pe Ohgwc@kiwm«bﬁpm fise subgtituted)
i 4. 48T @R ol s sty o

metaf spéviess atherattho mettainmeyltbeafqrocxantpw raduramhmnl mrd;dmum (e.g. an

ors PRI & OBTE (0 Rl B R e S e of
sucH bigecial Ther‘rptyech@omﬁémﬂ nliaydwmpige,f dréRZRixdd WithgoBer addltlves e.g.
f.the particles. The ursor material may

tor
conggppa AlH Ve, HElLRS ZiFcopateR i ioR BB Y CoRmPeYngs, %tﬁn%t?ﬁeand/m

silaédrthhtCdoBsot besk @nﬂWd&dl?&h‘b%orgm@ SHmB s but m@h REPESRASe with the
mat eri al e capa remaining int

PreqyEpT F el c¥%a@éuré¢r mﬁéﬂ@lrmmspmpm@efﬁéﬁwmgle atsflene. A suitable
n
Sﬂaig% 1?1% tclﬁlgl npr i r%itrél)lzfa[%llgéf ﬁ%se&%dc}{%cp%r opﬁk(&[ %\jtﬁhs enables it
to crdsshitieby Dlemsaironrrﬁhe sulaje may hlgal ﬂl@*lfeysrabtgamcl gronmyttivhed to the
fficiently non | ar t anh S|
R
preﬂai‘mﬁelly aito Ithasiydiophebie pheakdi Suhiblehylikeysabledapgmt in@Iilde alkoxy
cat ﬁ] Tlg recu}{1 %ﬁ rrgteril?FL and optionally also
BroupsH{oRy WREHS; Strieht ¢hain srnches ghaye of greicuaky grgpp. The alkyl
gro@ﬁfﬁray ey b§t€%}e€ﬁ’ |a§@utqr a1y cabéd bt%ﬁis}’oﬁ@ét%!s@’l a'nH lchGE and 6, 1
ydrophi li c phase. may conprise a precursor

and&eéaﬁdé?% 2ad B mm & garlean atews, antteaycevarti 2, hﬂySb@ 7,8,9,
10, "'1“1] ) g?g’mﬁﬂ lltsi ?6 P of ﬁ@ada%hr{t&%'s Ay rﬁ%gx%aﬁ&%legn N3d 4 side

an orgaho anta, Oof a m xture
chalhe),LfDr @iamlﬂesﬁa 1, B3 ard s:ndgeltmmsaﬂ‘ hys ﬁhiedlla‘obcy @rduip. reay be for example

ubst j,t ut ed) m xed net al h ecyrsor eria
et o o S 08 5 PGB SR bl tony,
isoo8Riyes, dethRig, t ldediedy, Magetfiexy, Or steXaTaRle aiyumlsxﬂmy or
zirconi um ( %% an rg?rhezwconate or _titanj uml( gl
cyclgReriyIgRk, orks §ere oy Pt gugedifferont hydrelysgble 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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such species. The precursor material may conprise, or
be m xed with, other additives, e.g. condensabl e
wW@est133ses, such as zirconates, organoal um ni UPCT/AU2006/000853
conmpounds, titanates and/or silanes that do not bear
non- hydr ol ysabl e organi c grgups but which can condense
wWith the precursor material. The Frecursor mat eri al
maynby selstipried ée.g.owith anglopalagroppahalogans iArylagiosps elcane may be

unsg%%ﬁtu‘f&fm(r) h%le S{l%bqg @Mg%?gaﬁ%a?}o%gg rlﬁ&iﬁﬁ? aatﬁilgg{;eglh & ﬂlay have

I'con a
betwaznddnsias |amh 14 dasbosi dtans amﬂyn&y bayvehiav exanpley §,e8)i10, 12 or 14 or

morf HEAEH OB A RGP AT e SRR P Byiony and

antHi’zE SXyeMhesd vy datle) dptenilyg repdudbritatad s 6ne Skllrﬁcﬁt@|aﬁ<y1 groups
rolésable roups i ncl ude al koxy.groups OR, where R

(e.gi §1at<>s b strgight chaiprpr ypnghed adkybh ahaipgsns, cfwtmahms or other
sub&lf stigbr! &gémg g(\%@s Ry cAvie Retnren W the %ﬂgnelﬁlclude

car bon at ons, 1 and 12, 1 and 6, 1 an
alksdigecbups, fot 2xample T8 1orCE sirrdght 2hajas brencher whein armyclimsikyl. Other

..hav 2 4.5, . 7, 1
s Syfroifisefs fopnd i, fenetonst gy hoabentgh begzoions,
benagidd, @iithe (elgaimethyldtyikaxanp) er ofher Aydrdlysaleprotips kaewn in the
chains. Thus the al koxy group may be for exanple
art. ppt hoxy, ethoxy, propoxy, isopropoxy, butoxy,

| SRIREBIS Yy RERIPRaMacHR@XY lt%hcdﬂ%&%@ﬂhe bisRR GhMb@XBor example
decyl oxy, "dodecyl oxy, cetyl oxy, stear

ethﬁmpbﬂessypmyl bﬂtYésy&qhwbanfw pertid, gﬁmyll,dmp%xlo@ﬁcak dodecyl

ek eF LB 8 ] 8L PS8 ARERLEATCOU R, i

groqiso\helogam, i apyle grogp® @frs). 01Alrrw bé tungubstituitesl. utbersswatile organic

ol pelEe Vo 0Bl gu PR FacrPpht et 4 eflidins, and
ma)dl@[vb\f&deiafr@ke SNBH, 1D @t $4 of mpteathbn 04 kabon atvths E&hmples include

phoiyl g PR grt By aniag BT "Hsh s el colpnalhip i bgiuted by
oneQr ﬁoreci-lﬁyﬂgﬁfu% (E20 IR 06 sBidighe bhezlﬁsorcﬂra&h%ﬂ afllyd), halogens,

he above grougsnay be substituted (e.g
ﬁln(ft@ﬂélt Besvas oyr @herssublshituggiendhe gilionggtempael diec sijangrmaphave an

t
oLkl BRI ok $o61 olcBia Sl B, THONCALY A R bR yay have
betweaenbd nandt &h’[Bl,t Bndarbay daue 4ol nayabg Is‘aralgﬁt cBain,1 branged or (if
t han 14. carbon ato i ncl ude
suftfst Sa o SRR PESsS ) FEERT ROLIR a0 i e f Golfte bond, or
1 orlinesethamy tﬁ@lﬂborﬁpbn@ﬁa!yllmve b&nliubsbfﬂuﬁlﬁd aby t9ple bends. If the
nore al ky] groups ( strai_ght chain or

oW BAS ARG ﬂé@‘k%e) unsa@r%@éggup,ftgﬁ B{lﬁ?aélﬁg’qed GFIPS S besgamipeated or

unc %P@a‘té& uents. Suitable organic groups attached to the
si'Tcon atomof the silane include al kyl groups, for
exiuitpble Crilangs C1inckndeai gl chaimecthayyailaieed vingltrimethoxysilane,

pheﬁ%ﬁ'l %h@)é%@ﬁlgne Q her; (éﬁijabﬂﬁ‘hﬁetﬁ sﬁLl esabl e gﬂﬁlinethoxysﬂane

enyl oxy 1(S I'sopropeny 0xy)
ethybteneﬂmnysitane LOxinyioritBoxgysil e bhét‘gﬂﬂmyatﬂo&ymanm)soprbp}dtﬁwh!oxysﬂane

abl e roups known in the art. Suitable alkyl
and3¥ E%Iyﬂ’[of%{%} 8 to the silicon atomof the silane

| khétdeuitable R¥QIRre 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



10

15

20

25

30

35

ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl,
pentyl, hexyl, isooctyl, decyl, dodecyl, cyclohexyl,
w@ioenssstyl or cycl opentyl. These may be substPCTIABZD06/000853
(e.g. with functional groups, hal ogens, aryl groups
etc.) or may be unsubstitut ?gl O her suitable organic
groups include aryl groups, "Which nay have between
andfip GO asd 40,201 dH);, BOANA SO D’BZO amrtiS(ﬂPﬁy ahdur@y foerabextalitpll &, 20, 25,

30,85, 45,8, B g4 SR S g B st S0 o

lessathiah rabowd 10°Thésgia Eﬂ))é thaGhme Q&hp&ﬁﬁké ¥s tHEGteﬁip{@ﬁdtdlrElh‘t 8fhich the
strai

one or_ npre_al roups
Pree%%ﬁrrfs dractidaiecivan the I@%‘P‘j maﬁ‘azf d{jéh@a}’f%@}f&ﬁ@ﬂ t@maeraglre The
sﬂoﬁﬁn&llﬁ%s &*&Qﬁiéﬁ ﬁ'ﬁ?thﬁve Qih@as@ 'tﬂré@ﬁ’}'lﬂr JBI@%IO%E? p&ll th8fd8ule, and

have an al kenyl or al kynyl

the &vd@émbllet%omns mabe Hheksamd aSotlhosﬁ @f;snlybecbmhpr fonyhehsilape. They
e FEASS R BcARRAL bRl 007 8 1o AR g o o

grogsomsy he es qbeseshed darkigrabr the stltnarSyithidy elldxane dimeére of brétners may

1 .doubl e than 1 tr| ond,
inclyde have % ?ﬁ?%&iBgené’gﬁﬁFOé‘a’%d tripf yd}"f‘“ﬁ?’féﬂoxane
tetr@ﬂﬁkh@dl}ﬁﬁnﬂﬂisﬁoidﬂﬁﬁ one unsaturated gr faet@ethbiaﬁhvmyldl-sﬂoxane
unsat ur groups may be conj ugat ed. or unconj ugat ed.

tetragethory O%Y AgHesanenc| udetrasthrydiactidetienapsi | an gentamethoxytri-
phed{IRydifokhieet hBxMsdthAkrip I{Eﬁ?ﬁﬂéﬂo&hﬁ@at h Ladg r1V1ny1tns1loxane

I sopr opyl | fri et hoxysi | ane; benzyl tri et hoxysi
pentaethpiyirivanisiieiangn eentmnntiwxytne@tmbmgzkxxbm end pentaethoxytnoctyl-
tns% fepy! triethoxysilane, isopropyltriethoxysilane and

enzy'l triethoxysilane. Qther suitable precursors may
cdviptirse ofi doyx af ¢heliabeves desrcnbed Hases, plloxdndedinteatand siloxane
when m.xed Wlt t he. ot e onets of the
M P PR Wil ﬁ?ﬁd %fp??ab?oe%qlﬁsé% o popqlgmerise
WItﬁawp@myml@wuswl ch the enul sion is forned, the
hydr ophobj ¢ phase is a |liquid. The tenperature at
henemplgioa ey jakie P@W"éﬁen%&afﬁﬁ? b srddieeation sfuthe ttydrolysed
B S o IBae e (B Sy g into
the disgersed hpdyophmbisphase. Plge @aﬁ@lyﬂ@n@ b@n@l amgofmect@b@bs:ilama It may

for 1% m@% %%9 éc arﬁéﬂoaﬁ@d 1ko§(0 1(lea.rnet H %dl%cﬁg%t 78&3@%mlnoalkyl

tnallkezs&ﬂtaimm dixnuhoalk}?l@nalkox[mlanb@nﬁh@ tSafmoblkyp efiglkoiyBilane). It

o R SRS o SEULSBle by 5% St

groaps raaarxtly 2. anling iﬁh&tﬁ?ﬁ@ @i gTENE,, QUHRP] N’R’” HFNCH?(‘?HgNH etc.
| east three hydrol ysabl e groups Eer nol ec

Whez“hg Hy an alkys ap pry gf%mpﬁorr%'ymeb ey &?hyl,a:r;owidg@yclohexyl) R’
may e e HeRPsnSdld 636r ke B 6%211‘%%%101{9 lgdv%qor example 1, 2,

conprise at |east one organic group
3, 4% br 6 sarban atnmsa Mhetdrenae gmnacb(gr@mps compnbag% may be mono- or

di S?ﬁ&é%ﬂé&%ﬁ ter r %?;Xag; §i Ea§ Eldleaarlnnlgoall%%tna?koxysﬁan 9x a?nclude 3-

amm@mpﬁ’&h‘dmhmdmﬁinﬁn yl d |3S(|2lamﬁﬁmhylamlno)propyltrlmethoxys1lane 3-

tetr 0 I d ane,
aml?@rpjé}gﬁwg@ rr%dd 3?1(2ég]ﬁtg)ethylammo)ethylam1n0]propy1tr1methoxy~
silarte2 tTh8&Jatafysy tHay/ divihgHse Sl dRBd 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 wetted by

water. The catalyst may be a surfactant, for example an aminosurfactant. The ratio of
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t et ramet hoxydi oct yl di si | oxane,
t et raet hoxydi oct yl di si | oxane,
w@enwbassthoxyt ri phenyl tri sil oxane, PCT/AU2006/000853
pent aet hoxytri phenyl trisil oxane,
pent anet hoxytrivinyltrisiloxgne,
pent aet hoxytrivinyltrisil oxane,
catgdpt tta meedvosoy tmaso be )}vbtwqegmbgwaaé andld0.01:1, or between about 2:1 and

0.1 ACAGNOIML 110610 OT.4 St QANLr1 M AL 0597 0 21Verl bIE, 0.5:1

above i 1"ane’s, oxane
andt0.1:1p0.8:1 4nddie0.8£0.9: 1omt1|10(h9,| 0.95: lwnd h: 009536r98$1um:t B0®8%r 1:1 and

0.5} G5 BB JRPoOTIR Lok B by A0 bt 148, 3057 1, 11105,

1:19atalysst:fpri:s9) i:0u4f i.ass iom1,af .84 he 7hy dreel Y94, 0.4:1, 0.3:1, 0.2:1,
precur sor mat eri al Thi ¢ may be an amine. The am nhe

0. 11%a;9k9§ tapdbill gm wv/wa tW/gnivig of meqle thieaisdThp eptabist catalyses the
preéﬁfgd'r @?1 QRh&BR a’isl?e zstc?xtc@l%% oltBY if qh@ﬂgdrggh%bnic phase of the

am nof unct'i onal or exa
emlalsnpnoﬁtlolnyh plraqtlaallqmmmﬂ aewe, z(lthwugm domg oagammmahﬂem dalfidyill these

trial kox S|Ia L, npal k trial koxysil ane.and a.
crithf Be R YRR oy Bkt SORER 55 Verbito R o S as e sipaices or
Si é@nﬁmﬁg(@ﬁ)clé’s tHenpreferet mlyﬁ i8 aMals- @ﬂl(&’}@l?@'(ﬁtﬁlﬁlﬁbl thydR')lysable

is.an am ne functiona

silap et iconpie S8 Rt ST ipnEhRHARKE Db & BeRers oy he

prod@dsk i Y jrveNtiord "I‘?M %mlﬁﬂﬁn %ﬁ%@“@ GesiIMEL. oneﬁcﬂﬂtllon Bf ﬁféyéatalyst
or cycl ohexyl). ave "between 1 and or nore

The opaly® raay b@rqna@tmm hy%rﬁh/snlﬁy ahm@aﬁeoamm%lmrﬂr@ly&ablqzu@nate or

an eﬁ’mng h ?ﬁroﬁr}rsﬁgre Qﬁ%la?egg Qﬁn% cr:]a%] a1 OZ | %ﬂﬁ] @%a{?’g ?‘{e%ﬂ%twely

SLil" lt@dmhlao annﬂama}ﬂﬂyé pa’rtlalleknmyi)le IbatvmermidlﬂSemBl%, 7 and 23 mol%,

o o83 DAY Ul LU SLh8Eer 13 e 15t o o comtent o

art&iﬂbsﬁ(usrdwadrﬁﬁddeﬁ}h@lémlahﬂyﬁs)amdy be between 5 and 25 mol%, 7 and 23
et hyl am no%/e | am no] pr ogﬁl trirnethoxysi

o S et A TPOR bR HEOEeR LR o auAisgmin content

oftﬁ‘é’ﬁdfrﬁ@l'éé {ﬂagfbgfae&l&% 6fprs 9XWF1'1612 hs, Wl@eﬁgqqs?g'l@eﬁo,zl,zz,
above). Thére may be suffici’ent Catalyst t

23, 2 A @saBorstmalie particles made by the process are

pglﬁ‘[ iorgjla%sﬂh%blc%’hﬁ a{)flf t}ég g@ﬂ éﬁ \!{%81 £ %'ﬂr&&es% Poar él&?% }l}qe tpa,rtu:les,

are ‘ca I'Spérsing i'n wWa
of thépresamt irmeasomfnay hevelaattveal munﬁ(y aﬂnia99\99%exf t]bajpmamledSr material

by R AR Ry R pet b Behoa ryLhs 0 SR D0 L ane 50 and

70, be ab@ﬁwewana@@um andlwrv@ aacllmla o %ﬂ% 8(%?0%@ 99 @bom arsd 99.99, 99
an .

and(9919910r 99. Q agﬁ &9(99% Qf tl(.y Prequrggsgnatenal: in the) eg}ulslcgh dmd may have
abofh 30, 25, 60, 85176008, 49, 8580091903 3NG4 3930985970995991 99fid9%2 99.3,

99. ‘h@@lﬁt 9? 6199 i 99 & 9919 99 95 ot 93 99% Wy weight ar; U}SVQﬂumt Ihét(;: may be

bet\%ee 5 ﬁﬂ'OLE 9%)%?169150%% %tlie d%»p%ntlS 1gy<¥op]bo]béq -material, in the

hydfbpholic phas: Hy; WélgEt dr,volurite, by bétwieh hbeut (II)]Oéﬁdlél(l}Iﬁ) (5 and\v80, 0.01

By R ERR N TN I Yoy

and $300@5, hyedqu@wbs @ndom%el @ﬁd s@qmm §0 9. anfrVMB@ and 50, 20 and 40,
pr acti cal one organic am n

30 gud 40, PP jand 3'P'hb%éndc$(?'@e9 llzimfi HQ%%@H@I& 1%pj a1 ldangiot G rbéfdfvelght or
Voldgfr}é, Bnd BRPHeSLYR0/01, 92, b3t §84.5764 X6, Bid7 6BsPROS, F1,8%2, 0.3,

0.4,0.5,0.6,0.7,058,09,1,2,3,4,5,6,7,8,9, 10, 15, 20, 25, 30, 35, 40, 45 or 50% by

weight or volume. The ratio of dopant, e.g. hydrophobic material, to precursor material
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Si containing particles the preferred catalyst is
am no-si |l oxane or am no hydrol ysabl e silane which is
w0 pwenpssiat ed in the silica network in the parPCTAB3008/800853
they are made by the process of the invention. The
emul sion may be destabilizeg on addition of the
catal yst. The catal yst may be an am no hydrol ysabl e
mayabel httmm abeuti nb ah¢ dbmktylsﬁlSJOeorzmoEdnaWeigh‘r oanolamen and may be

bet\%ge%r odE lr’ufla%dtl f ath aélg ft@l 321?51&%0 erl CSOr%t'le?‘ll%d 1:2,1:2

ont Al Al ng partic és r € am
anddf 50001 Peaantli 1c1 6%, Iryankdd : fmé)l;&l\e@mdﬂ B0y 1225art&)1 90, 172 andl1:10, 1:2

ant 23 P10 i 1200 0Bt b0 Pl S lonCl PSS fhng, 1:10
andqemrcm 1ng§]bdaw3ﬁwdl)(§laﬁa my%): aHEWc 1b13 }bptlw@qm a: mds 2157 1 8, 1:9.

mol %
1: lQarl %btlxﬁ@eh 198, A0, 1750Rol d@OGEHeZ% héo%rlt‘g}ﬂo Cﬁfltii)@() by weight

or 7Y Byt 308 by ool oty g by 3 trophovic

phasmbPsveipheohylvapmebochepmemenbofit hendddl lsairoi2yd eatdild 1t 4wl 10, 1

andl S ERE o HAVPReNS Boruban osodbinEes hnRbERER: phissoand may

con@ii‘ﬁb eub@nrlb[mB etS Lisale, Dy8, \5953&%816 Qg Zésglsongs, 40t 4sray SO%VIQ/drophoblc
etmeen about an

phasqby gig1ghf gr 5@5 Vog@n ?Féwg%ﬂo %prgﬁ%rS@rsmat?@alatﬁdwwviﬁ@ Qwae may
be &@wee?pab%ﬁfil%@ a%a 1:9 Dr e 2R 288t 1950 aﬁkﬂl%@ 9%0%1 9909 1:20 and

and 99.99% of the precursor material in the emul sion,
1:5,ah#0 mag Ihavk2aeadl: Boor 580 agd, 1:20% andonaybe about 880, bd0), 1:30,
9 ’ 1.90, . 99.1, 99.2, 99.3,
12593 209%1 225 g‘.lg,%?égs.“g‘,a%"f8‘?‘%"9&3‘35' 99. 95 or 99.99% by
vvéﬂ@hbmutsmy mopartieulaiT higr dydephbleic bgliase erf ﬁieoamunlcﬁhl%lay be

0% of .t he ,dapant., e.qg..hyd ohi ¢, . ri a i n
stat iR B Sttt DRG0t Sisredirtt BPRTBOTHIE vhfsenin o8 petveen
aboas0 afd 0.5, arisetdBen &bodfl1:30endQ: 1091(50 a80d:2201:20. aﬁd 1a.md 30 and
115&&2@ 0. 1and1% 001and05 OOlan%8 1%

330 TS and sy 100uaid B30 ind mag beghputil Al i40, 1:30,

12(53%51@ 1@”‘11 95@~8 ?G/ %d)rﬁ% 0139“%%%1)25@ and 40, 30 and
5, and 30% 0.1 and 10% 0.1 and 1% or

1 EWd sw@m ey dm agy svszmt camabilemad lissabidng the Glppant. The

surfgctgr?t 189%9%6: 21 IQIgB éﬁycﬁg@lﬁ%{ﬁgophgl ggal c§9§<itw%fz‘r9 ngou‘?ié ’agd 20, or

betvégen AboBt I(DandLDS 1D5nd2@, 1@5nd iBB), 153md 210 ,1540d dB, ED&dYS, 12 and

14 i3 et it g I b BT el it 161718, 190

20. %bmcﬁhﬂ hﬁaylbel caishi@ @Enid,: fiinOiQ,nW OB/t nide |Iigﬁiay be for
ebeweenaot :1 and 1:1000

cxemple’ ot Telomtecs eaocikel 158 5 brancheR g pslohal
etho%ygag%,ngli 162tﬁ91913 o%ge ﬁ%ﬂ&l@nelqg&)de ]cogol?yﬁfér 15 dﬁ5g9me it%fiarwpe of
surfagtent1 Ssgalde dkﬂlpber@iﬁﬂholcyMOmaI lmecallewidgrwﬁ@betwem ¥oand 10
carb%ﬂdat%nelg’gglg% tfgn’l %%arglilg%d 7181900f0flp ‘JSEE%%Q %ngs 11011 Qrgdln%yqaave an
aver.hg@ nuﬂlbél(bf ethdXFlatd glolips BetdOeh atiou? 0@nd 12 56K hetvkechQdont 8 and 10,

B 20410 Snt B 48 kg DR ISt SR BBt affissolved
in w’:l&@ 4t a RRIEHR YNGR, Gave a pH of between about 3.5 and 7, or between about
4 and 6, 4 and 5, 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 ether (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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phase by wei ght or by volunme, or between about 1 and

25, 1 and 20, 1 and 15 1 and 10, 1 and 5, 5 and 50, 10
w@rw6As885125 and 50 or 10 and 25% hydr ophobi ¢ ph@rap2@n/dooss3

may o conprise about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,

15, 20, 25, 30, 35, 40, 45 ?5 50% hydr ophobi ¢ phase by

wei ght or by volune. The ratio of precursor nmateri al
matetalhjicthe preichisor phagsiel hasytribikobptilvk Emctibuality, thé Surdanthnt may also

havy, Biaieysip WEERORARN, Fit DkaRhS: W iRy Ry e formula
R'SIORAORINORHyin behietbRbis alpdf, grdupGnd R23R’ add R5mad b2he same or

A5, 2:25  1:10 .06 155 awwaor w asis. s The
it apS A oy pgef R Rt ﬁya%ﬁlm PIXfYEarggg- A lepgione of R?,
R® SR S@havBbetReerSibali 6 bR s Bitbén sehdsast GetveendRul 86hP12, 12
of surfactant to hydrophilic Ehase may be bet ween

andglfe §tand 189 § gad 16 sarbgn ajsa mapave 4:758, dnid, 11,118, 13, 14, 15,
; : 1: 3 . d 1:15, 1:25 d
16,%7%%1@@&%311 gf?)gls og&ofé}%?r%z)@cargoxigtf | an

I:15 and 1:5 0 an "and may be about
1:180grdar: oform: the emulsion, the h§drophilie, phbs® and 118, hyktrFphobibphase,

or..1: n W or W v,basjs. .0 The .surfagtant. may..b .
andfponp? B Pulleitnd ool el b "B B g rophii
phaseydadphobicphyisd) avé saifadthdd thatysle opiabined /td ifp@p kid mixture are the
bal a cel) .bet ﬁn about 10 and. 20, or. between abgut ]IO .
samiga . 1a40S S dboss. coRPoRFRls 13, thd ghliomas Sek oyhabaye. 1o il be
undefstboliby thescamelichdn e hPthandifibint 8 s BNAdIANE ey §diBe@to form

about 10, 11 1 17, 18, 19 or 20

_ 12, 13, 14, 15, 16, 17, ).
the PR sier. fHws dhe hygrpphudic cadihydraphobisi mhases, map heicopbinegs and the

. At | | _

R LTI e A AR, A0 LAGRSH i

hydadhohisl pheshand thet ey drephilet phdse tienmdded - Ip nopyyeemeessaiyde agitate
copol ver _.or,sonme et her .t. of surfactant. Suitable .

the RS RE ISR 1 0N (e ST siCR  EREP SO TR YIEREReRS Anidd. The

agitaniéh hihyc asthpriseahi@ibsieangr 16wWrshexaopngedbum 7shed. 10 n@y d8nprise

. carbgon, atons | ong, . .and mgy have an agverage nunber of
MixiRg, SUE éwgﬂlaap%akgx&»é@ﬂc%%u plisasomeatg. orotonpppthee panner of

agiﬁb@gfbr&az%@n%seQc&ﬁbin@ﬁmtﬁe@bout 7, 8 9,10, 11
or 12.

The surfactant may, when di spersed or dissol ved
i MAfigitte emplsionbgsdiven fermed, 8ie mrequsorhan thedydrophpbic phase, may
e ahay Rt - etween. ahou 4 .
be g‘ﬁdg{@g,&% andtt%eggr h@qg%t X’?f&otlra g\{‘@ufh esggllﬁtdfé ?ﬂ gq ?qoay comprise
maiBtating thes effulsron? for Sutittebdrel sudef aonhditibss isufficiche fBEBeIprecursor
nonyl phenyl.. et her . NP-9 PEG 9 octyl phenyl
margio BT WCep bfonhdid phise. ee, s, B g PE i pture of the
predu@pr,Tihe pedRentelor bencd bEcaslyEiach eelnabiBy ob theTabdia® pif re@ént), on
comnbi ni ng, folr? exar}plc?, ¢copol yneri si ng or . i
the gfensity SBf v PITESIhATIACIARR Piel o cawiertas Brecarsor mpteriRbto react (if
radiBfiGF 1nel), BRURE tedlpelsreldritRd KRuMkRIn abld Jn%flﬁfﬂ PRAhEE%: The time
the surfactant may al so have trial koxysily
may b grepish Hiantapoutrb mingiang geatbrethew pbea tladt 3mhyo, 162708, 9, 10, 11,
r 4yl ' AP [ [ ppl ar.~aroup,
12, 1878, B bR S R e B RE e gy BE B 0o ooy e
motkeebat abone6®holrR or R3s drad dRduti smandte ngleshhian abbiltyd, 10, 15, 20, 25,

30, 5040 5558 s e e B S a2
houds? 1 ndidute 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 hours, 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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and 18, 8 and 18 or 8 and 16 carbon atons, and nay
have 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17 or 18

W@ 2006088584 ons, or nore than 18 carbon atons. |PCDAUZN06/000853
to formthe emul sion, the hydrophilic phase and the
hydr ophobi ¢ phase, and optig;_ally a surfactant are
conbined to forma m xture. The ratios of hydrophilic

3, 3;&14341,5, hyads, cﬁolﬁcﬂoﬂw Phése,10any 18yt 3, a1(8t aht24; Bt 3@He, 48, 54 or 60

ned to xture.are th

houf) T B3 ofy A e nittd O A prdeii? Bltal she Bppeppre, the

nati@®Qvié. conterttatibn RE dandt sShoash bihet faes@s.Skhé k@fpdritutd)@nd other
art Otna{_{‘ldlfferent orders of addition nay be used to

reaqtigR (RORARIOBH MaY 4. selastrdd imnardsy deb fihifyasdngtfect the dopant, e.g.

hydMB&%hﬁQteﬁaprﬁﬁeé(aﬂﬁYe Bemaprh Eﬁgote@%gt tt@ Gagddl fh%c&ﬁﬁht e.g.
e added. Al'ternatively the surfactant may
hydm%bblﬁemammlh t N@em@nsemdtﬂn@tupea dé anayneptiawelly be selected not to

caugey t%% %gblltxtl gpﬁicffg?ﬁo%?@mapegﬁfj 1 ?c{mé/ (?ﬁbl@ i %l?es ﬁ%&oﬁﬁi{ﬁc phase

iTat n or e emi
or tagollaahseo ﬂ“hawynﬂwatunegmt)oalso be seﬂedte;ﬂ soldsencdi¢p taake otheneymponents

rise h| hsh ar _or di S r. ot
(57 Bisireps BarRl e Soeroplitfgfite o I g fg dosdmpose or
den8t0rY, @atd lslgl oﬂJﬁréézaSIDﬁiagl%lsBEct@d 6 EHEE tH! dh@ulsioR ﬁkﬂﬁﬁbl@ffor the time
agltatlng nprise a conbination of th
suffgigng oy ﬁ@ce% pga %e]plresgrswegﬁtee@fﬁbale ﬁeﬁ@emelﬂ;tslaey bg between
abot ) M@@hgpwweé}ﬁ%ut 'i'@)énmo T RPgide6h, 10 aBQ 48 10'8nd 20, 20 and

solid matrix, or to formthe particles. 'S

90, 40 apd PE.OthanidRa 2 |an@ 70400 mﬁﬁosero?t{) sk 308Ct arrﬁemanﬁe gbeisrlo, 15,

0 u t f h SQr
20, 52,2%%%5 4§ %6 8 o6t§f @6 fﬁag%@'iﬁ?% Cr o TRE ma’iﬁ gggtlﬁgthgﬁ about
9O°¢3kne1ersathane1bmit ltOﬁ(é precursor t he presence or absence

of catal ature, of the. cafalyst, (i.f e

© TTHEdReSS tny PO B ise hep i Bt clsS Bomyihs hwdrophitic
phasts @Ad hihyGidéS@nipiRe AVSRiiE 908/ o Btyeld the ﬂaﬁhdl@a%e 6tiep of separating

radiation is used), on the tenperature of the enul sion

the pRertigles ot aRRIIEt dHisringnemicrofitenng, peltgfiaring (RaRfuging,

b ;
ultr%&ﬁﬁ‘ffu%m@‘ %ytﬁlﬁg, %algcgr%atd?%ysﬁ%%r %6%b81ﬁzgr§)né%f tﬁgsuer ;l‘hé articles

mash dtenelesnwashedt The mwashing rasd babygtit weBrhauas ,aqmoumyllmen or the
aqug&s%éltsag aé‘rhxg%%’Etmggthglo&ﬁ%bf’erlxgisﬁgag 1&5@1‘. Iglg%gfg}ab%%gg washing
liqubd thab Sloes 16 reteasatirs dopine, blgnhyﬂf@phdﬂﬁ% hedteeain fiwottie particles.
mnute and 24 hours, 1 mn nd 0 hour ni e
Theggfray BRSAP OF AL fRagpng; SHR rl‘@‘aﬂ’upi%% <]:39 én@ 8,9 or
10 s"—teﬂﬂ ayﬁespartlcwﬁlaﬁ%hey "Wi"ashéﬂ eme veA3hihg %% bé s@ﬂfél&@to remove

hours, 7 and 60 hours, 10 and 60 hours and
unbpignst surfagtang femethensiticies. E@ehrstﬁntoééwahl@gs@a}hw téle samarwshmg

hquﬁfl SHOHES usd 2 ﬁéﬁ 1t Q4Eiing ‘hqggg ]%a%h ] grf a ﬂ%ﬂ)i?/n‘hgecompnse

2 and ours or ,
susmabdumg the ;@,ﬁlc&s i, the Wals®1ng1]5qu1<2,0cppt®&a1138@git£51g tho , patticles in the

wasgl_ olrlqsusé aqél N leeg% poa?'tiaagloéjefpgr’%tigé tgé p%xaw?ei if’rosrﬁztﬁe ?V?sﬁiilg’liquid.

Altefiﬂatlv%&/ an30or aBbof tHE stedBof wdshiig Mdy kompase Paveinkithe warhing liquid
end on the aturel of the grecur or material, the

lﬁsepeﬁ qF evertt Helgs andeidhe yeen graw%nvaseureaeegmfgsaﬂon or

som@ﬂﬁ‘héi’rfo&% NRE ekARpIeNS o fIRE fiMBD IRIHK&E fuAREl, KEARFfugal separator
or some other suitable device. If centrifuging is used, 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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reaction conditions, may be selected in order not to
adversely affect the dopant, e.g. hydrophobic

woraioen3mhe For exanple it may be sel ected not POI/AHA®E/000853
t he dopant, e.g. hydrophobic material, to deconpose or
denature. It may optionally,pe selected not to cause
t he dopant, e.g. hydrophobic naterial, to becone

ISOQQ)IZQIGD@ or QSOWIPIhny trroghb¢ aloupA8EQ 26001 3)0% Kaoe, 5088, 60te 7000,
0 S t $,not to cause

800@)3?65 @Oﬁpg &E}yéil((ﬁ) lﬁﬁ)tohgb(ﬁfrbeogérs §§? material, the

hyithe gfaktidléscmpin 86 Snecil ’ﬂhﬂtquasﬁ dmtr@rm}ty t:@rgﬁﬁﬁmllmﬁﬁg (tjl&r particles.

enature, or to boil or freez es ed.so
Theheating mRayebg i potﬁmpgragllr%gplg% g"le tFW@ e{aﬁ@ 15?: il'gznqlopant .8
hydfd@ho&@%ﬁ&tbﬁﬂ Qﬁp&ri%@s %Q%HE&Q rsuﬂﬁfg%é 't@éfgﬁ‘ﬁao%éag)&) deterlorates and
n abou an

et e EnHBIG eI aTIEtS, S (g JEeiw e litht 46, and 60 atfand 40,
40%88029 9860548 @80 Vna illy B AG 308 35 40 48050, 39, s, 7,

75 cﬁaO"@tDor #5y bb@reakds, thzﬁDSO"GSAltEﬁ),atlvay Badd@ibndly BEBEp ardrying

mayEarpsenr Ghat Mot & Gratte 1 Shob 2D R3He and Rartlet

“Cohﬁrsll@ﬁRble@é@Seﬁaﬁﬁ&Pﬁhﬁﬂd@y doapkitioss pleaas, Pﬁi@ésseﬁ)bf k&aration
ri se washi ng and/ or .drying the parti ‘i‘ﬂq”% BThe

andg\f?ntg%%?%?% thi SORfgRtE OE Mbichngy iRcompariisd y.crfﬁs-refgrence

T her@t&f ef Urfihe Eﬁd@gaddi‘ﬂlérfaﬁ?'drta@tﬁfdaﬁvel'?ed@h{ﬁrfsé' Pali¥ng a stream of gas
ul tracentrifugin settling, decanting, dialysing, or

ovepansderthroansh dlre m’l’tlﬁlh% Jhe grnmap beta gas deat ppipertrie themarticles and to
the V(‘B?Qﬁ g ﬁ I'lllgfd}'@ﬁg&@gmﬁgﬂalb% thyy W@tf){: ex R%”al?qfﬁ%gél argon,

€ aqueous p ase "or w
helismj tabbe divxsdd orgp inuqurecbf these; sndomaf ebleainieyl Whe ktep of drying may

washi ng liquid that does not.rel ease.the dop
ad iSRS Roist il el Rarieogs sy arriel eEeSRRare wie. The
partQiD @a@fun{lﬁfafl hb{?@dih QHESlu&I lﬁBssﬂfe (V&aﬁdileﬂ@m fe@etﬁ%@@fﬁbb@t ®01 and 0.5
articles

amﬁ%ﬁlﬁﬁé, %Eﬂ@f&en ?h@lt\ﬂa(%lh P‘?fb O&ay e D8 P arandc &5y eaged 0.5,
0. osumpy NSo! FRALPIY aflRPhdrbe aearrﬁay:h@/% arFASBIEE BRsfre of about

washi ng may use the sanme washingliquid, or may use
001d|0f0‘5e9én9 2v@§h0 A@r DiScpingsphegash st ep of washi ng may

CO[‘H%r g?‘o%e?su oF eﬁ%ﬁ{uﬂg ﬁ]ge Eltek f%]e%leé EH ehé’f@lihh{ﬁ% result in an

opt i ona yagt epa I'cl es”i
enca/malatmg dfficjandy; (1amchnahlcbz¢»aﬂ1opa¢ﬁ‘1mhd:3y the pana@tnit rod’ ddpant, e.g.

a cles fromt iid. _/Alternati vel an)
hydfphipic Bateriflo 18 ttﬂijevgtﬁf%ﬁ@?ﬁwgg iy HE R $5E S FRDpRRon of the
amduhsct)wcﬁﬁl h)@.d. hildto g tﬁlﬁ&m AlaBan rusé&iﬁltth@ Provesy) of Between about 5 and

arti cl es, unaer e

95% e¥ithetw ergaationh S gpd $8n aé@ﬂ@ﬂ@@fué@S g@ﬁ“‘é)‘?é and 0 gr 20 and
8094 1ahll §a M%htsaioB%%erf}m@& 33096“5"5' B?‘Qa%', 70, 75, 80, 85, 90

§e arator or sone’ ot her SUul ta VI Ce
or %&fntqrummgu then P§%u delmhndmeorsﬁl@etaﬂnawf ke beicwrsen thdoature of the

100Q a p n .about, 1000 an
dopdlod s 1B Rehs Be00-T BhroGuitHE Bty Bkt i g BB B gmd the
metA&Dod2d an det2hhiRe theddifibieacyd 15000, 8000 and 12000, 9000
000 00 .and .10500 |t
© i Tattuies CremBod 000200 6, P YOB6RLorB s deoBeaosess of the
inve2HORA& dJréseH’ﬁM 23§ valedble dBInatZdF pré@idste 000,
5000, 6000, 70003 ) ) _
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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8000, 9000, 1000, 11000, 12000, 15000, 20000 or 25000

rpm The particles may be dried. The step of drying
WOoreon6ssspY i se heating the particles. The heat i PgI/AHEY006@00853

to a tenperature below the tenperature at which the

dopant, e.g. 5 hydrophobic jmterial, vaporises,

evapor ates, sublines, deconposes or deteriorates, and
materiay obeorhe pthex saplien preduesar tabpieturser magrigloiianapbe a hydrolysed

s11angeee)ts gaaagﬁgéré)%@ %@%Sllélgb?ngbﬁu%or%@ns%n%x %g%anﬁ%E?rlﬂomﬁed

cerapfic, sath £0an @%an?@lly%omﬁe&@lﬁa @rgamaysilien). gftelaag rbet mamramic

800C. Alternativel di ti onal I t he st dr.yin
havigg o 8 Sows, hahyRiprins B g vt creePHL o Fropy.
butyl NisMA16 ZepBButy Bakehs ], &I&leB&’Jobb@I tdecql, d6@RNYT, Qiybbﬁexyl cylcooctyl
Rel ease Ceram ¢ Particles,. Conpositions thereof

or @P@E%Xlesﬂ’@ﬁe prayphe atlbsaﬁﬂ%ée RepRbcmelional &rqups; hglogens, aryl
grodpS UEN b%h%sﬁﬁl?ed' r@&éﬁﬁﬁ%ﬁ%r@ﬁﬁ@ 'gfbl.ﬁ&)! 1ncludeI e|1r§//l groups,

ross r er ence tep of drying nmay addition
whiglr may hevenbetimeen gbaut gpanidslet gaglaani atgma, andrmayrheve Hasxavele, 6, 8,

d/ h h
0, P o Bl 0SB € oy T g oo
and mnﬂirmhdﬁles}e m&ty%achJ optmmdllygdge bbsfittedepopt er aiare alkyl groups

(2T SSER o S B e 5 Shoy BV ot

subgifighntd, OMNRY bﬂgaﬁ&"c 2oty rrﬁla@}I b¥ @nYalkePrdrsakappl ot Béhz@l group. The
partial vacuumto t E}artl cles. The partial vacuum

alkepghyomalissnyd reraus mautf@va elyeegne @d ﬂzﬂutéﬁaﬁ%&r Hemgedy may be

stra: npé’h% rg bp%l gélfjoﬂd{%&?%cgaﬁ%%f)g%t X ar@ ‘fal’éé@l%‘ chﬁg?t ém?aﬁilave 1or
mor® .t hridublebood, or 1 oarmiore 28 httnpl@mwdesnd may hasg armixgure of
aouffS G P57 oGE" I 1B PR 1S et e, Q08 sl o the
unsfiatddcdrogpsanayl ®8 @bnjhgﬁe(h or endonitaytede STHet solid maatrix may comprise
che@?cgf&ogllﬁgglgr?{] ChdhG %{c‘g%/]fy %%%F&ngégésonﬁ%r atio jsurface of the

part{BdseIfitRd surfaféta&lh@s daphBik 6F &ﬁnmhﬁ%%@ﬁhlmytvhﬁl e @?&%fsoﬁﬁlatemal
a proportion of the anount of

ant dr ophobi c
the marizrnay comBEYe Fhemiond Zp1upe ég@ye o ahaistic g?es% dtor sxgRpfe if the
i b
Qg BRSPS e . ndofis o
tnalﬁoxymﬁﬁndfﬂkylﬁﬁhnezmen%g B&rix 402y 4£6mp5Eee aﬁﬁnoaﬂqlm% uni?t@, These
95% r epe N,
may{ R, SRR eyenphgr HreenVaOvef th Rz of BRE U BioRRentaity
nealettl]ll suy@drod| fﬂh@b&rﬁdﬁﬂg}@d}d by pﬁohﬁle(mmél degﬁfes)f lh?éﬁ)phﬂmftﬂkcﬁg. due
t he rtlcesa t he et u ne th
to appra BpehRylRterite 1S regd oA ol the SUTHOT PHicbe capable

of &Bﬁﬁhﬁlgcﬁkhﬁ&lfi{ v&ﬂhﬂh@%{:&@&rséﬂ“ﬁmﬁr&? €pSr ekarhfI@ if the precursor
I nvent’on may resent I n any workabl e conbination

materfal poopeises an @F@nOtﬂlﬁB(Opﬁllﬁ}’l@d aélgl tbe sprfectpicpamises trialkoxysilyl
fundtf&%ﬁ&lﬁ&,aﬁx%n SRR rﬁ?lgtag_a?ﬂ?ﬂ?en%fagkagt 9%\%@&?@@ %%eeﬁurfﬁctant may
be admtbérbomtﬂe;sdrfeqzﬂmfdhe:pamblecul e, for

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, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1,

0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 09, 1,2, 3, 4, 5,6, 7, 8, 9, 10, 15, 20, 25 or 30% of the
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exanple. The solid matrix may be the product of

reaction of the precursor material. It 5 may be a
w@ologiedsisat i on and/ or condensati on and/ or cr OBGI/ATRGOR/O08S3

product of the precursormaterial or sone other

reaction product of the pregursor material. It may be

a hydrol ysed silane, such as a hydrol ysed
weightganthsi Yodwrae OIftthmrtrs:&mﬁPheséomnt cﬁ@ahudgwh@lqm@tmabdnay be
cap (f'é 8%&11% §#8£e§‘§roﬁfth§ré%ﬁ clg aILheyd gg 'eﬂ}/@o{)%éso"i‘c amtenal may

or gano- be a Cef
be aapgiﬁelocf bgingupekasethfolnoha gadiofmove agpermﬂsoﬁ‘amebél‘lﬁi dhodant, e.g.

nyaBpRBYie mirSll Sk Grmpble eyt TSR b o Qs gyer a period

of u@né £ AhMbIIET orCstaRiRe Rity] Thd PesRlITaYy ReyeStidisietet befeen about
with functional groups, hal ogens, aryl groups

1 mataeg Fhet 10RymisEong ey hsbvean abent 1nap wad 19 gnictons amgaaﬁulcmwron
1 mﬂr%ﬁl '1%hl5@ﬁma%¥m%@l1@§mc¥&ﬂb Cfboﬂﬁmy MRy RGHNE800nm and 10
about 6 and 14 c¢arbon atoms, and %ave or exanpl e,
mic@ns gl ade 101mictoms,1% apd 1Aunistansab0 md éambo h0Qmmpesd 1 micron, 100
I
o SEPRRSH R A5 018 05y PUALD O s o 10
mlcmus@méoommrmdel midrqﬂ, agd engyshave .agdiaifibtet abdih 1S0r 3 41, 6, 7, 8§, 9,

10, 524 8y 3 BT om0 <20, PR G fRRIE 1Pomtih ARl 0 3RE P00, aso,

sooadsdmwb 0 o lobY Ayl oxodbo’ﬁﬁ‘ﬂzlyft 29p3UB, 3.3 438, l6e8Y7, 89D, 10 15, 20,
ve between 2 and about 18 carbo

25, B o, G B o e 1 oot e Seore i ot 100
fy t sa e
mlcidﬁg Ugﬁa?l? tgg %Dﬁfe&ﬂetsﬁ%ﬁ'ag dg Flfn %ﬁ:@gt) Wﬁé’l{: kﬁ ar!rlr%lﬁggﬁéhproduced
usmg mnqul dk@dddonmsdl myulh@wewherm the maélams mam Hee<a{) nm (e.g.
5‘8'% If t nmpre t ia
part nsat 28 Gr Bid (3R un‘J’Za% Sy 81PCY rrS8L?|osW i g the case of
TE@SYP]TN@E}QIéaﬂVery @mnj(u @atrag). Thik ehsvientiotpdlso promaiﬁs a plurality of
nprise cheni.c der ved fromthe catal

partifsy o ejasd B&X#ae dioGormel BigPyses opiaHES &ap%tcaﬁé*gsmbed

earlief, atdaethé Widaf Gaditle bﬁe%@l@l@#ﬁﬁ@l@s e bte& 888! Al and 200
with the precursor nmateria o the matrix may conprise
nm.chem cal gr oups derived fromthe surfactant. For
o S eI a0 e RPRENAE Rl Bl of RIS ARRIED: clisoid. It may
be tagukbalr k@X}nguma$H€pb¢I Itamey memntﬁmeousatqu mapaye mesoporous or
ri.s al kyl si. | ts. S 2
miofgBERss B8 BT £ Bt uliBie Srep R IREHT AL 2o g 30 m¥e, or
betwidea\abony? skl :p?r ef md 20t Bahdi ¥5 eaid IO)&Osauﬂfsapeo aid 23]65 and 25 or

20 i bl LT S b PR S A A b Och Pofbeli 5% 10. 11

12, !’39149@5“'60'1? I%UﬂéaﬂﬁZl@dQB ﬂnQb"% ZBhﬁ) sgrimtsfwtsomg The
be capabl e conbi ni ng c em cal precur sor

partipig @Waﬂomnn@@ 1RaCERN e, iand fray e @Laaf@@romaiTw imggcropores may be
betv&é%%%b&teﬁ) & é%fo oxysﬁﬁhaq éﬁﬁé%s lok B&%eeﬁgﬂo&tfl% ﬁﬂrzfsﬁci@&’id 100,

nprises trial unétional
10 amit 50,6 0nand §¥I0D sadi00f 386 and 56@r5®/enld aﬂOtos SOTdnel 100nm, e.g.

S, rface of the
abofiolcy 1,330, 208 256 ol 507560, R e Sodh it Eoleny 151y
r Hmeqﬁame bepaEieles aRgUbe aap(aﬁleaﬁdeﬁ@&{mgﬁchet ﬁ@aﬂ@a@ﬁlyﬁfophoblc
vol unme o Q VJoart icle, or between about
ma’l:ql@)agfJ oyr GPeﬁﬂ %l /gt een about 1 minute and 1 month or more or over etween
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 1 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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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%
wW@O206a88319% or 1 and 10% of the wei ght or the RCI/ATEZ006000853
the particle, and may represent about 0.01, 0.02,
0.03, 0.04, 0.05, 0.06, 0.047 0.08, 0.09, 0.1, 5 0.2,
0.3, 0.4, 0.5, 0.6, 0.7, 08 0.9, 1, 2, 3, 4, 5, 6,
12 hpms 0p,121end 28, hows, asd graR( edpabiccwbirgisesing theedopant, e.g.
vol e 0 ty, 58 hy d,
hycndhEe f éteﬁzh ﬁe? f:deﬁb ﬁ@tgéﬁ’ﬁ% 4, 5% 9. gﬂy’?lr(greng’?%jé%’ 30, 40
or SDanmlutels,el 2T Be4,d3;|6aﬁt],2 éS,ng try2r lophg di, 2, ’mgaﬁt,érorﬁ daysgly 2, 3 or 4

bl e of bein relea fromth ar
weslis O SRaRE OF OHS G e SR Doy ST e s p i, Per se or
the PRYicRRS ntciRY! tBe ?focbs%l dTghé ﬁiv@ﬁﬁ(ﬁﬂmﬁf' 8B fR Bagd f6heS minutes to

over a period of tine at a controlled or sustained
72 Taqire O eEC, pld) TGS tReld Boae ongr G st IinutRst ipe@nhoxisn ok mere, 20

mindfBs 3092 %ﬁi-ét orsHE gn%: hiftites 7?@5123? S%pé) 4o 1h it ?e% gﬁ r7n% Qours or

m crons, nm an m Ccron, ]
momomnmmeﬂw A Tmuomer, mbl@(?@nmmuesm g hmmer mmohi‘ﬁ widites to 72

oGy 8 R o 87 S50Rp 20gP At 2

miniites rtoms holirg g riMitesitc M@risours] G0anihubed tai48riamss, 6HGnhncks to 48

hou%q gﬂ,gftlé{lt%g%)o% h%lroggb %Hggft%s g Afé{ihouys %gnmgtey ﬂ)E‘X Egurs, ]d) minutes
to 24%houdd) 153RinuftE to 4% hotld; 26 thinuhls 188U h&Es, 2PRinut&lo 20burs, 30
250, éOO 350, 400, 450, 500, 600, 700, 800 or 900 nm

mingtes 3¢, g@thollrs 60 5mn12tes 0 34 hgur539($ m1qute&1ta524 Bourg, 12 mgutes to 24
hougsl, 5]111_31 ufks to 79 ’hogr'é 1031911 L@é 1049 hofh: én Q%mﬁlgs 082 h&fs, APminutes

m crons, e nore t about m crons.
to 1Qdheaird, QStmmumart@ |12 IhesrsaB(e nahmte»tolnbhm,&(bmmutwl‘terﬂQIMrs, 90

ar e, odu ed. al | xide/ or il.

mioffs by oo Pl RLPHES oy i WP RGeS 38 1o R T s 1o 6
houpsnl 5 ingihetes to 6 fiown@/ HOmmwtedo & koxd, @6 /mihows itd 6 hours, 30 minutes to

recyrsors, which the case of TEQOS/ PTVMS appear very,
6 D40 hinus th rﬂhovaOtrweuneﬁm?lp AN e\ APdolougs, S tinutes
to Phiid! 10 ¥nialitePab 3 kbR, TRASNMSE &93%@@@ 20 minutes to 3 hours, 25

al koxi de/ ornosi | precursors cont ai ni n%l dopant as

o

minges de Bwyre 4P Imigntes &n hows, 6R annyes ta T heursj Yemiputesie 3 hours,
120%{11%&' 653 HBY b§ nl?mﬁt\é@%] mg% 1h ﬁmlﬂéé(rjtlog%?lo&@ lér IilfﬁButes to 2

ticle nmay phertr cal te sphe
houm./ ﬁO gnigntee td 2 |hevms,d25 ininutesyto Rehaueg 30 aminotes o 2 ehgunisaﬁo minutes to

2 e RE s T ey 3P 2B GS o S 1o i e 3 PERRE GeRe dopant,
e.g. b@ﬁﬂ@ﬁﬁbl@bﬂ&éﬂtﬂ @a ¢ bb Qh#faéigrisedbybehiieesleaxd ainte, Avhadtlis the time
afteg gv’hiégﬁagg a% §§ @}gall ai‘?ﬂi““%@ g %)8%9%(9 ﬁ%gr}giglé éeen re?eased The
part?dl’ﬁ‘é‘) 1an1§ hﬁ\% 5 ﬁ&l?—réléa%@ tl%{el(‘gb&i'&/e% ab%ut flmlﬁute @ndi m§11th ®r more,

as qucnlzeqi algcsze éléhe Q@’aclg@) 1B%y t]myefoms bgrus@@ mgmgahcertm;as requiring
res,

5 Tk AR S TEBARRGL 67 RS oy it

abouaind laxbmubr 5y nmydbamse¢din applidatibne eequabing tsudtbinaddelease over

inte%é%ii%{c%%e%ggs’, %grgéxg%%leg%gwg% %tg)%gigg &WHSOO ?bloO(f.) é%&(}jl, c?rotgéy 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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about 50, 100, 150, 200, 250, 300, 350, 400, 450 or
500nmin dianeter. The particle or particles may be
w@e apabssi1of rel easing the dopant, e.g. hydr ophei/au2006/000853
material, over a period of between about 1 m nute and
1 nonth or nore, or over bejgveen about 1 minute and 1
week, 1 mnute and 1 day, 1 mnute and 12 hours, 1
veteriharmsabs;mmbelthh oarrigr thagibd a3@terinatily gccepta@iﬂjca:cﬂermndah@p;articles

may] e#%maﬁ y%csn\%g%(bge, g%kbe PAY g%n S a%ﬁ&&&l s%ﬂﬁsgg © R garriir may

be dﬂlﬁaumgalmyd adcegaple dardarddnd the lpiaﬂ:ldh‘s rith ae (H)l(ﬁ)ﬂddthLHcSeptaiﬂei where
may be ca

pahl rel easi ng t he ant ) .
the JRPAPIS ﬁ&&ﬁ@l#ﬁﬁ@bﬁ%@ tisyfariiey %@fr%ﬁpw%gﬂ geopptable ogrrier and
the ﬁame"—les ﬁray%e p%shc@dalliroaccégﬁablg Qrvhe?é'; the%paﬂt(ls @rcos'}_‘iﬁc:altw substance the

m nut es, hour s,
carripy Ny Be amosme@@allev atggpiablg canrier smé rthq mﬁ@l@ Ry e wormetically

acce lEab rvﬁ%eggg%r &5};& L %ﬁeerbb ide = Clsféagge rrglc eéagxq@r 1%19 bta therblcldally

€” process
acce{pﬁabﬂmmmwm the lparm;jes eayi be hdrkicidatly ecéepmhlﬁ whenutheslopant is a

72 .ho r or nor e nut es .t. or no .
e PG H5 FOATSE PR Ein oG ABeolsCler R i, 42 gprices
maym% Sgaridlalliabedpebld, and HhRaths dopantds @, fuddcidanstibeantothé 2arrier

hours or nmpre, 60 m nutes to 72 hours o

mayheafegicidslly acermiable erisrsmgd ¢ heiwwalieﬁma@?eggngﬁdﬂgmcgeptable

OFTHIGE fure? dBIRBES ﬁlr&ﬁghﬁgt R YpSvifidiiolloR Ulagifis fR tHBparticles of the
hours, 15 mnutes to 48 hours, 20 mnutes to 48 hours,

invep§oninuythepressniis thopartcles anyrverseble gombingben ef fegmres.

m-Rut . 0 t

anrll%t lgag'tv%lgs §§t e§ent 39\/”%%19 nqe?y BQ éﬁ}g‘% ?&u{réahféch condltlon in a
subjiect ‘tglladmaursse,nngfﬁo thermubﬁst 4 ﬁ)eﬁt@eilmmﬂy eff2Ctive quanety af (bh62p|art101es

hours,. 25 m nutes_to 24 _hou nutes t 4 hours, , .
or QG HOROBLOTRINE il pecticngo MrRieirt e Qepants &iee frdopRS Hoterial,
of the phftRFesti® reldashbler fom Zaidl pHiticles bad iindiated, fod QheTianditas, The

to 12 hours, 15 n1nutes to 12 hours, 20 n1nutes to 12

subjegfumay besa verighrets. @ad 1he Netigtsateaparibg s swmmaly 8 REgpRial or a
reptP. Fhé %ﬁﬁmtap he l%lr rimg® 0F AhESndaR FrEmARUES oth%?Qlon-human

m nut es urs, m nutes to 6 hours, 10 m nutes
marpal Theum@nmwnﬁy he s@sctccb fremhibe rgsoupzwnmshm efhymarg non-human

ur 1N t rs, 30 m u
i LR 0P 55 Bl s
mayde’lsHléiSed foori dlouinian, hbrse] cattteg sotvpbidl, hxxubsffaldzpshafém ulogscat, goat,
hours 15 m nutes to 3 hours, tes

lanigo SR 2o HEKED 35 5 OBt 45 SPHIRUTER 49855 gy drophobic
mat@x@alrﬂlmeesﬁ dltu% gndde rd%u 20y bt Babes-chiced dARUTEe c@{ﬂﬁuon L may bea

m nut €s to 3 hours mnutestthours 10 mn
disepgs. JTho gprditians rm)hbpe@r teFamplo GRIeeT, Z@ahqzt%tlggmpgalzdlsfunctlon

hypgxgéﬂrsn g U??ﬁnrgrr%gﬁsotﬁé} c%ngﬁUﬁsAn%@fe%W&ﬁﬁ.ﬁt%f %h@?é{{sléles to treat

es to hour s mnutes to 2 our s . .
the mondities may behmimmlsrdne;i r’ﬁhee pofticlas| may é)eoadmmt@tmdm mjection

. .e.d. hydro hObIC ra ] .
nifs ool b 3RBER TR okl o7 o BRRALT oL BY b Py suiable
meadb. Tﬁwdwmglmlh}fdf@hﬁblcoﬁatbmir ophdei m oiktenitedceltital, a vitamin

been relegsed. The parti cle may have a .
SR D S T AT B g R
hge@ﬁclﬁ@ b€ thedPred&it GhdEidn Ry Be ubbE fHAAlIVeLiBE B) dopavit, e.g.
therefore be used in applications requiring
hydrophobic material. This may comprise exposing the particles according to the present
invention to a medium 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 medium, and may additionally
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sustai ned rel ease over relatively short periods, for
exanpl e between about 1 m nute and about 1 hour, or
WO bavy/1888y9 be used in applications requiring suRBCHAOZMG6/000853
rel ease over internedi ate periods, for exanple between
about 1 hour and about 1 day, or they may be used in
applications requiring sustained rel ease over ]
compebaPhey 6F yndreed soing dbeking, gwigingaereothervese agithing (the gnedium
, . t r) i .
haviBg R0 Hisrely "B R SRR SARIBRFHIELTR Fikuing the
dopatcept Epireplwdia inaterialiftone thie paticlegi mdtmanté oapable of dissolving

dj uvant . er he do t.. S har maceut i cal
the Jahiiamse WAGHESHE BReha) B sclpRiin Gt Gatruli jray be over an
exteR@EERrRIAl of tigd, bé @8scAbell dafigerparticl es may be
pharmaceutical |y acceptabl e,, where the dopant is
avdteEativglythe gERISRE WAy FEMPHST Passngaihe paedaum past and/or through

the gahareé.nﬂ{é h'ediufl?ﬁx%?tb%bal Anfd2ahd HaydWWa 1iGGidPGhE nfddRsin TRy be a
e veterinarilly acceptable, where the dopant is a
biolpgicdifliad seatasttdeark It hay been prganivefjuideand wbe aapiganic solvent,

b i ticl bi.oai I
o S5BA0PGSHREI yRR A50 Bi "L
progianel, ciasproganotray lomid hydsdcaxbodael gy pentae; dlekanec drepiase, octane,

and s the particles may .be pestjcidally acceptabl
deciifer &YINEABarierrdien UL | SOLA0B: dhoEnpHETELr STlpt (o8
chloi8®enbéhed EEISIBRIbeAZNLY cAleSBiAD|dEc@bietanaNdatbb tetrachloride,
particles may be cosnetically acceptable,

. > wher e t he
ethyfrneatiehlpade dxdlerpethane, snashy] ghiorofone),cy ¢star(egngthyb aggtate), an

o . and th .'
et G gl e S By FRlop RS pld SO By Bcapable
of digmiving de sldssingnte tlbpantae.gi drydmphobie mategial.i Chelalopynt, e.g.
ac tabl.e.carrjer and the particles my b .
hyafphiy daecricl tpay B P Sxameli GPRep iR JuBat igphgrmaceutical, a
drug, ungicaryaé, sUlsineneeattiecidar 4ifavornyabarani unbstanddalahyoil, a
acceptable carrier and the particles may be .
MUTRGRIGPE A PN SHRTRE O STHE Gl P UaTGRe G i BeY be @ mixture of
any R0 QY &iRe bf t8e. SHRCIHEAIGAl hANLOR gak AofExdmle taienitrogen, oxygen,
particles of the invention may be present in the .
helipay ergeneearbon dipxideo ok apisture whigasasi and dic depsnty et hygdraphobic

t] [ j [
B 5L Pt FGPLESRAL TUSELAARY 75 LaSULtsy be i
conditionshevitblej forteleast hétheplopriic algl hydrbpleaxbi¢ meategiah mtobtthe miedium,

for PO i R P AR S e i
mathe rﬂ'aalahr,es dfe%oﬁ*iibed Iﬂﬁgﬁg'l‘foluegle}@eéiﬁgzﬁﬁmahgﬁaiﬁfsdm &girﬁlethod of the

. particles and is indica or, the condjtion. The

invdgipp B Deayesel i ¥ FicBkD eombIRRAGIHRY MEkLHFit e may be
a pPEBdPR bendits Bl BePr&kbniQhvéntiofRAdh®: The mammal nay be
a prinmate or non-hunan (g(l mat e or other non-human o
menmalthe @dingawnhahaspaiped én swking &g faridetes pbthgrisypntion may be
c | St.i - DrLnat ' :
roRecEl: Pierly e BOL CHBRUIE Fraf UbiSal, and jroducing
c pnvtiens dhesidaamahtimeoys ipbasalnewtie thef pavticles; human,
horse,, cattle. cow. hull., ox, buffalo heep, . dog. )
ot el ot n, fifrpoceRinal B rduchedhy SR bt paper
exanphigs probes togpble of achiehiygl pomhiaboportibe effidienthy; be
a drug, and the drucge may ge n anti-cancer drug. Th(}; i
condi theoHzeal thspagidesynae b iailoggdglodperiiths equiigR)ene of different
e@ﬂjpgaﬁoﬁgncer, di abetes, hornonal disfunction,

—  the possibility to achieve high loading of dopant within the particles;
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hypertensi on, pain or sonme other condition. An
ef fective anobunt of the particles to treat the
w@oemwdilsisen may be admini stered. The particl es PEHAD2006/000853
adm ni stered by injection (intravenously or
intramuscul arly), orally, by inhalation, topically or
by any other suitable nmeans. The dopant, e.g.
hydr opteqisssibitby terdxadnd theenge fiam einoparticies to subaietog and micro-
a V'Ifeg] n 0 supplenment or a dietary supplenent, for
€’ an onega-3 unsaturated oil. The parti cI es of
t he ptles;msmbﬂlmy/&ntelease e lopent (& gchyldosphabici materialyinea controlled

2 g e.g. hydrophobic material. This may conprise
e % Eﬂnng the particles according to the present

' IflV‘:-‘mit' Mot @sRntiBdioUBeCARADER t6fdisselv@aht Mephihiae@o badiophobic
%dr ophobic_material, therein. The dopant

Bibichnies by partenen afivaatage wilh é%ﬁPEthtP Sing fl,%wery etc.,
p%& Bfg%n%%owm@ nﬁaﬁa&eﬁkrﬁmmﬁeﬂpw dfnihiEEr Si ng the

particles 1n the " medium and yadltlona1lycon'pr|se

ore opmmtl@noﬁf ghé rdopayt, (sgakydgphehip rlma’qﬁ;ga]ar from the external
ot he.r a n n t

t ﬁrew% g(}h ﬁ%b’u ?ﬁrsg bgﬁ\é@gt\aé gsa&?cﬁ fe a%e%ﬁf&osmon is
embolaedle@okhlatldopﬁmtmole g. hydrophobic material, from

SRS ISR B2 SRRl S 5RL 1y i

A. M%ﬁrﬁ JEALi8 hab B A DsGIrodite@ by e ddsitraef Al0gretHollbivBonsasing of a
described earlier. A ternatively the exposing

silica sg i clpa%&m@dtaﬁeoﬁaur@mtbagﬂheaﬁweélﬁr t‘f}’fﬁr&@hrr%% entrast, the
e BB )0 U8 A )8 o
be Ihacnropbrous May pbetlc:lm tjmnprcsernlt un‘cbntlan cconiyn pmirengroups, which
enhemg anl%c Flg&rogﬁgnﬁyfa%rd 1?1@%57%8 §1%;g ﬁ%no ‘ﬂ? I%%t‘i: §(91L/¥1ﬁ§]t Raljtltczularly

ano

watér¥ OfHeopasibllity o bm@psﬂath;adrydc@ﬂbbm c(oﬁi;@un@emhmhydrophlhc matrix
hexane, hept ane, .dec ycl o P%P C?
is NI, ORIV SR BhF ddiirgt Reng sofiBl¥ HRgs orally

by iEEAIEHE BRE soldbiiy Y BRBLANRedis Ak Mellf8f1Bir permeability through
di chl or onet hane, carbon tetrachl ori de, ethyl ene
the gitatallori de, di chl oroet hane, nethyl chloroforn), an
e I
S34 50548, B L, BRIl R e poduced
rapidiyyinba waphb @nuifslod; wmh\memgtson pagiodessivitly at\hréexjs;padtsmbutlon

e..d. dr ophobi ¢ teri.al .. The
but § st PR RS RV EES s TAEnBD R Bhire aSoqrdig do Brppd ot ol
are n éloW@di'nQﬁfbaH@Cgﬁkiﬁg ﬁﬁinodﬁpﬁﬁ&di}parﬁﬂe@ DZ particled with a narrow
a bi qci a fl na suqita ce,

31zed11$tnblét1%l?qta?cgaq %ggq arogng 5&}:@ dn {?Bm gngfﬂsa state tﬂat their

partfAd&o S Qfgﬁaﬁi&ﬁﬂ %ledste h@@ﬁbpﬁ@be@ Hl‘ éﬂn%ﬁ e IﬁﬁYclésVH tRE present
nore of these. e nmedi Um nma for exa

inveabion, havovoi dn coBPAE PR s Slgstble Harube pames (Bhe extent

A t t
of rgly%ﬁ%ophoél C mﬁ er ?(grﬁﬁh ngbem\g/ol?&?ﬁgebue ? 16? p(ree)fgnt ]lnventors have
obsavehrelemt of Bﬁlvgt% dhtheesopasilatpdnimydraghobadEne dltﬁf@thrme @nprobably
rrees of th opa hydr o bi
e Y, oF Rl T PRESR Bt PIPREL Bt G RYPHRBADY aftcn ais
imph&§Rr theUbdin® raeBiRued, Codé-bevtioh TRV bf hek2 hdicioheparticle of the

medj um et c.
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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The features described throughout the specification or
clains for the nethod of the invention may be present
WO pooang3swor kabl e conmbi nati on of method steps. ROFaURI06/000853
benefits of the present invention include: - the
conti nuous phase used in making the particles of the
i nvention may be aqueous, thereby reducing cost and
aminapiopyltdalkenysilenst & utied pos antalysiid makgube pytiplesiiherponafed in the
S
par{ ﬁlg gtiﬁ% i§ ﬁﬂ%lbrntgg% dccﬁ@ﬁ%ﬁabgph%hgﬂs gla};rxrgﬁe %g{oﬁjéf: kn%&a)%%}ed in the
Pragais & #ig putticlesyad thiey use tQIﬁ)etlmBSJsts sAH'EES: apabdamlysﬁ The amount of

achlev od i ncor ion e f|C|enC| - the si.ze
mBbiondl BB instbRy A The PRuElay s GoRelsd 1 e 8 Sighficant cffect
on fIROUbHR B Sst@tutl, if Rreal kadph teAtthdAsture oft A6 orgamc substltuent
possibility to achieve high | oading of dopant wth
groppeofplietqrepuically predifisdssiiasang hps o stesnge idluenes pari@e degree of
r
confdgl‘ég%glgg?%?% atn%c;a;l lfo rdgfiéggigb? El%c?gpan fﬂug% fub thiRfostructure of
the padtiadp Ndbieovernberasd Pf the aitadyid acsivitecbffthe hindmgprepyil tsilpsane on

t cessenti . vent..t o _di ssol ve the ,dopant
the ABhIERREL b ot 1 vt S it OO e BB e seons
Varﬁtduﬂmfalg@ﬁltmmilhnfoﬁsﬂﬁcmrd of theygiriikadé i@y the @iount a8 catalyst used.
. ol vent be toxic and/or difficult tao
Th1é|c ﬁép 1n 310 6?'@@ i5igg fegtureod t i:le.<( %tt té\e present invention, that
theR YEAHN @@acaﬂﬁluﬁ rtb e closO tﬂnﬁ‘r BXdRERB! sufhYd. MRNTRA! words, the
wher eby for "exanpl e, unwanted réactions or
parieles APRSET HOBPOTIS 61 He Porasity, degseiadaby iragen ragsoupsipn). This is
[ [
S BS80S MR . RALAL I BEALHES e i
paripeles ascltaefmgmcﬂﬂmo@mtjaynd&admm tha figuradf 5 amet‘ohmelra'gﬁ pore size (no
conS|s which is f
e, e ot el Frren pee St i eniet Sy R 0% or ther
conpet tin Celt}%lobfsugétﬁtsptheﬁ €itie iV@n¢ ipdrosay hiosiph Ofhiswlthel active can
trices co t.ai ni ng vacuol es ich may_ be Cr opor ous.

diftpe MBERPY e S, SBPAERCCIRYIHE D EsFh 51eoss REITVHP A A porosity
me&buRARt sifPeSH RN TRO Fsast %cﬂéﬁﬁﬁﬁ RBUd! Mc&ﬂbf‘@\gelh ro‘?Yl?eSmatnx
suspension in _protic solvents (particularly wate
undeh épmegrsatb|epn(ﬂlgomSo0@w¢thﬁ§ne atle svallpbiilisy oé mﬁ/e: org@mp@ldnn thodified
Y, | r
fraﬂsl%?/@ljlkng l?rﬂéé H?Po%?em otilhqslh dhae I %Jé?ffr age%%g%r y tg‘gﬁ utgldegr ee of
condensgtoro @l Erpsdhipkingg raed shug tcbdtmlmﬂmﬂrcasajysnfmémtsxor |rat10 In other

oSS 0 Bt B A M o
mixp Mﬂaﬂl@ tﬁé ld@zf:lnigl’w dopesteinbide lﬁh{@ﬁértl@l@s akd W @dye@dnt invention
unst abl e Enul sion, which results in

maspgete?% @@rw H opeygrder ok magnigydet highert tham the paicles maeduced by

 Prade&iage(SioZ§1% qgf“t'l?er ﬁﬁjtl)él’es PEhOPFdstit! BFeHBPH €63 wi% for the

according to Prasad
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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are grown slowy in mcelles, giving nonodi spersed

particles or particles with a narrow size distribution
wheioeasmsize fixed around 30 nmin dianeter. PrBGHAU2106/000853

al. state that their particles do not significantly

rel ease hydrophobes. In congyast, the particles of the

present invention, however, do conprise dopant which

i sThegirecesabf thefpresent hlerelptmms Eola&i onTthe vex pEirueémulsions” which

v FLRRIE oD 1 R SRS AR89 ooy o

micefiart d@h;tmnc Bs uheaieeedwb yadstaknhqbef thehsgstetinf dfethe @ﬁ&elhtslnventlon that
r obabl e.to, ffere in partlcl size an
atlofise BF Aapids i vis Rrpdustion GBIy SErRtclss 36 Wqﬁpa%me high
loaddfg b ﬁ‘cdv@@‘qh%ﬁ e?@emuﬁdhe breasift i8Ratdro RaveEdHodh tRatl#h the system
m cron particle of the present invention shows a
of the)pissentdnveptienothe slroplpt fizemcrspegsagnifeantlydfropsd8 mm to 380 nm
o oadi f
for Bﬂgfp\?%éﬁogf(ﬁlﬁﬂﬂtgiﬁ%e@lﬁi Lﬂa‘% gantd fr ]Itﬁeéy é«? ?asltoe@gr@? eaglsalternatlve
preairsor r(ethdbpmnth@xyﬂega)) duftng thermldctmlpmfsart AT ESf cateﬂyst Conversely,
of. the prese

the ﬁg I Cllgﬁ]ss}ﬂ%y SRSPEeS Wﬁﬁgﬁe%? the grrc])cess I%ies)éloggg by ?t"rasag eg gl This

suggestreandi flofno piovith intdck@xyias FanBe two UFRSlerd précessth ainytﬁé case of
&Pa Ii the, particles) incorporated in the particle

Praspf} & 3l the we@e% Bt Esaneriapaigrs Hi giich e qoRdgasation of the

orm@SP tike ﬁld’b%oéa@éﬁﬂ/%qg/ th8 afn E%Bﬁﬁ %H?IAPQ{ES d%aaﬁﬁdl&ﬂl? ?nteﬁ@tmg at

they use 20 times I'ess as a catal yst. The anount
the gyriaggion dlpy wipsellesilh @smtn@t |1n dleg process ededrdingte theapresait dizvention,
e ' ,
o BTS00 RS o PR LGB AL o B e vy
the tatidition gefn AETESD Sthiet faeinthag o praxless b thor Qmsemainlvyntlon does not

dified,siloxane has.a stron flue n ede .
procgq%ecé’ﬁggﬁ?at‘?” FPOPH it afyr aﬁg flvglba% ?‘F‘? Cgeen ported in
US20840 8BG963 Rl g fdatssthe ReddisitynToR TS batbIGEUD Gefétrdtd ehe emulsmn walls

particle. Mreover, because of the catalytic actiyvit

and g PeHiSRAtoR AP thfpsAndsnsation rracten. (e faglithenis anicsamphifiedarocess
of tR@ptdseh HvEMOkibASHartly fn%?e BfnfHopt 109%1% £OMbétporated in the

expect a strong Vvariation of the’l
partiglesr(despita beving nadchtlmgeppartitles andvhul amlechawmant g@fmetnc surface

area? %%Zéoghﬁﬁ% éha-{glhﬁ @9@5@&%@ S 1n%8r§5{1a?{dn1\§/1§{] ) Pg%no-sﬂlca

mattlhand fsheit solslyrdquemedraemeamfmd th@pérecleb ose to the| r

ISOE i D Sersphi® NG pRbere HrcpBRRb Shtion ailows the

prodiichbl@ g€ Partidies iith IﬁEﬁ loaﬁﬁigs(l 05s @' Fégra r&thlél i d @l%pendent on the
di scl osur es_of Prasad et al. and itra et

amipg{grraesilcFatiny mﬁf@nﬁanmsky Eise2s I a@dlﬁgn e® GERSeEss Pf yhe present
1nvéz\ﬂgn afheanoe rEcﬂﬁ d | ﬁﬁuﬁcﬁl t‘i’(fn Bf ARk QLI RYESRGE ?‘ﬁl\ﬁ? S(anBMSO to

no nmeasurene ac t hat the artlc es o
disspkve sembydropterbid mylmﬁdn Itraah dg sléss8 3%l dfl‘ed;tl}emlSlde lmet &mrfactant or the

suggests that there is sonme porosity through
Slhc\%!ﬂg%%sﬁe’ active can diffuse. Mreover, this apparent

cdiroutidot ithe hedcifeation ehehseainshakié otemantdyhoplsbié ymaterial

R S P RE S oS S35 SSELS T e ononi

actlﬁélﬁgﬂehhm%l@fbéﬁhs‘eb itbrdBangbyswel [ abi ity of the
E%B@?m cally nodified framework is linked to the

ogimenty off thenénventions avilly apwwbe kdeseribadhwdthi reference to the
follc%ﬁﬁé 86n-Himiting examples.
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condensation (or crosslinking) and thus to the initial
catal yst/precursor ratio. In other words, the particle
WO nioensssho m crostructure i s unique to the procBGHFAEND6/000853
initial precursor mx. Finally the | oading of dopant
inside the particles prepargg by the present invention
may be al so nore than one ofder of magnitude hi gher
than the particles produced by Prasad et al. (-10 wt%
for the particles of theEpanydes i nvention vs -0.3 wt%
S fﬂés'st he particles of Prasad). It may be that these
y'ﬁl gﬁ | oadi ngs can only be achi eved using the process
Methbddlbgy present invention, which involves the

pr.qducti on of .|arger, .particl i.n an unstabl e_enmul sion,
skttt aptRs e et I drserBEL Py e B gHagra b figire 3. Typically,
a hyRit6yHBE Ints dixgblvadih durFhdght, ifalloviedtyr LditRsm JfelRaSEn a 1:20 weight
lications it is critical to achieve significant

.app ( i gn .
ratip fayuiEastant: watgrodo dpian gnhepulsiont ik ogmosih iy vplugeegatio 1:25

b St t he 0 ontain Si Qr gank 3 SO nt
(Ongﬁsé]h‘pgttssr) Dl\/F‘XJ(aJéj Drl\}/l%%e(ﬁse @t 0 tg‘fess% véSIt e hé/Igjr oplrt% iC APTES
(amdmppropelttiethgxylaaglattaseddet i) thetdagte whemépghimt asgké ormosil. This

S tance nd ver.y, diffj.c to. el i nate.once. .
torfitP R WARE Sl St s S5 DB e RaBLET popstes were
sep@tied dytcehimifegihg anl0,00tpsedr 00 niihetesised thie sipérudtant was decanted.

emul.si ons" ich are rel atjve unst abl e co red.to,
Theopy e iacs B Setrpauipeny RTCles ML eRER I Bgine
mcellar solution. It is the relative unstability of
Surfegmpyst em of the present invention that allows the
[ hi gh yield, production of mcron size particles

d,
ggﬂﬁe!w@g@ eBRIGHY| ot niyast NicPi WB3B |7 d@-8), which is a
non?%&@xici{x??@l‘yeﬁl?aﬁﬁﬁﬁﬁ%gm ﬁﬂt@éﬁzéﬁﬁOﬁhﬁc’m Oaé/lg% e n' ¥ 9, Other

emao e presen I nvention,” the Sl ze
clogehtrelrdesesirBictpnistwihigln wiege ysed era Tigton X160 $8DB v 3.6) angiiBriton X-

11PYREH SO% YT Bkt LEPLONYSH 98 cRIChT ke 49 9% and 5

or an alternatil ve
resp{eetively.t@theaedunfaciants| valnel) wesd teeted, tihdudatid wea 2 (fHIER 16.7), Tween

so BT SR 34 e PREYEDS S s e b g !t

confdaeato Bé iR HLBNG /019 @F tife fevvitll §d18H@ 1) s eHeWMrdsil is known to
mechani sns for the two different processes. |

be qdane! Db PR BTobEehbeorAdanaR ABTRS ssbsrgd &Y K. A solution
of TE‘IZ— gﬁ vaﬁéiie(q ) Wﬂy)%blg{ét;&%e%ﬁ QpdensafhQe 1Rt otflpl%;&%ir gg?%ris 43,

ke place, "catalyse e ami no group from
anddiritomXal 1fiser. ddoweyeatthe Rwesu sdlutensodive hesinmiag @, ee pH alone is

ifa.th Qce rding to the present
no‘c%%%eﬁ%?%%@@éornn%{ ?%hﬁgxgﬁgp%@%%%r“ cl es takes pl ace by
c Odleessicfaniant cdnctiteatiomhsstapnaiapy ebal isnde ¢a/Wysurfaetant: water,
addi ti on of APTES. The fact that the process of the ,
Congprigatiops iO_ﬁ\}éﬁ () disee tbeﬁPdﬁﬁ‘EetgﬁéﬁE‘irP‘i?P Sopjenfration doesn’t
appSdFI®Rhv: éigniﬁ@ﬁﬁtre@ﬁe&t doh¥baticRaprdiResy.r eported in
US2004/ 0 180096) suggests the necessity for the

catal yst to penetrate the emulsion walls and its
Hydseihobgi pation in the condensation reaction. The fact

t NatuinBeldr %?}}H{dbﬁd {ﬁgle‘aﬁEQ GRve Bica Qﬁat@{i %?ﬁgtthe 8reis%nt method:

invention significantly nmore am nopropyl sil gxan

solvienic biup GSaansldsudan red (grganit clyes), linhonene @diguid)iang diwoh and retinol
(solisdgi. %g‘lé:aé&%[attiioﬁle?f?ci@&%stt%y?ol@em% asnlatixjelix%l Wete re{ﬁt)r%ixf:mately 50 %
(i.e. 50 % 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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area) further confirns that am nopropylsiloxane is
i ncorporated inside the organo-silica matrix and is
woeicasdsed y di spersed at the surface of the partT/aUz®6/000853
From an industrial perspective, the process of the
present invention allows thg production of particles
with high loading (10 vs O at a high yield
part{cliesp eeeenter,o encapsulativm oéfﬁmm&mt “font limmpnene are more difficult to

24 h
detepien 1L BSR4 Rl Y ML e e U Pl g e too
highl 9 xo1cestohted i sﬁthbthn&ﬂlu@%rt@ﬂbn{g\ﬂi@HRL(ﬂtr&sﬂirmeﬁtf(ﬁlterference of

the PEReEB prb W i Fnrs pon e Tepeh GG UFGH theparticles have

beerd Bﬁéﬁ@ﬁ&‘d%r LBRraRRGS fin Qﬁﬁah&f’ha@B Beél Qﬂldrﬁseﬂ hR it §bsole, however,
ydr ophobic material, hydro obe(s) aé{dr ophobi c

that gy@g al} ékl% yncapw@tg@ higrnena aas nmgleé@m yhig gigne. Thus, while the
rele!;@édd’fqgﬂangeagg s %ﬁ%ﬁh%ﬁc}gl%ﬁe Iﬁ tHe ?eglge 15 - ?P %, the real

i nter nvent IFon Wi
valugenigbt e higher i Hnis. sfapndescwith oela.th@l}f hlgh daddinggs of hmonene in the

reech O e USRS ARSI DR LIRTF plrone

partgllgzg;bfumlddm dHl@‘Uf(?’nﬁ HPIYD mg&;lydllyshogzehmatcwheﬂgﬁt ¥@svalent to about
| SSOl ve | ur.tT ac nt (0] owe dition
3% (Y3 Fmevse ﬁ%m %03 i 80 Jeackineg e ]%"rr?ast gfﬁ@@f}@ls of a

chlo%‘foﬁﬁué&&t% 1rﬁ'%v}ﬁ&1{“ﬂ§é haicted é&@';&h@%lfyaﬁélﬁblé gtgg%ested a weight
(ornosil:water) was added to the enulsion,

loadiwerets> %ani nopr opyl t ri et hoxysi | ane) was added in t he
same vol ume anount as the ornosil. This forned a white
| si on, which was stirred overnight. The resulting
solid particles were separated by centrifuging at
10\ colecipm pHormOosiksi was destainusing dhis gyathetic em@thwhsas well as the

unmt%ﬁﬁ%gi a?l?muag %et?ae ﬂ%%%ifggfé%%k@%dgﬂ fnm%lb%l E end opgng with
solvEhieblgel df@bﬁrﬁﬁﬁeﬂeym that thy paseit Mﬂ@urI\Eﬁleatécﬂ-lkwﬁeﬁleﬂﬂ].e&)ydrophoblc

molg G A CORBENDA R O RSHA Jees 10 eprdhorarilang GV TMS),
phel?ﬁ{rﬁﬁﬁﬁogﬂﬂ&@ct(mm@ Wb [ ARRG iR zrm;msp il in blue

Or

B =1 Wwhi ch are

nd Triton X- 114
partmiozw@r@(l &E@M)ﬁchy wthw8§iarﬁ gﬂ%mﬂwlmmethoxysﬂane gave

e
colJu?l% v,\ég% %tgf% m%gﬁg Wk%%@;%%% HEtBﬁ égt)g?psulated for
theSIrprqzcuB@ra(, Hh:Bva;IsecaQNy randvﬁ[lﬁtr(rgmhe n’mhmgrﬁra«:ﬂsarmq particles were
. npok £ ant f der ed t he
obtaRoR F ey BERERGIE PRI Ve BRIS) R PimyTfgisSsiane
but e étﬁ:apstuldtﬁ)&Séfﬁpﬁh&y atrl the RyDicnl me@sb@;feowes delokirt dodipagdd with
APTES, =~ as ?bserved IR A solution
phenyltmmethoxym ane, so 1n subsequent work the methoxy precursor was used in
preference to the ethoxy for the phenyl-ormosil.

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 results in larger particles, and a broader size distribution.

Although reaction of the silicon alkoxides, tetramethylorthosilicate (TMOS) and
tetracthylorthosilicate (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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of NP-9 in water (1:20 ww) results in a pH of ~ 4.5,
where that of Triton X-100 is 4.3, and Triton X-1 14

w0 2006/1851However, the Tween sol utions give a sP@i/AER006/000853
pH, so pH alone is not a sufficient condition for
achieving particles. The sugfactant concentration nost

comonly used is 1:20 (ww surfactantwater.
for Gt nmexdtics risvaying: BOVSw hikewiae.e7 AL S dobmbtivies eaf; alkpneide and

S S e L

Hydr ophobe A nunber of hydrophobic nol ecul es were
Reaemcmamemﬂammd usi ng t he present nethod: solvent blue 35

uda ffg][:'é m C ]g%gtsw&ago a?eﬁ?azﬂlgsghgrlil bf! ehe%rnnqﬂsmn

cauﬁﬁé b@l@@@ﬂ@%fiwdrsplbm@ Tobéfdrvk&l lamndt@{ bdifﬁlaﬁmrs@ectrosc dpy (PCS)
Vi Erom matel(ﬁ{CSO % (i.,e, 50 %of the dopant sup
1

1y e4ftca 38 ipdiction pfr«rlq%f seual Serongissihe ey Sl%%‘é‘échﬂwmﬂky white
col AP SR gf)rtﬁatﬁ%n ¥ BS SR AN 128 rlﬂh‘)e;ﬁ 8. 1 gurleM/ 1H{1§rates the droplet

spectros . Determnation o tration
growthendupensnat ‘émtV% eantioan! eesdrophgt $1zmlndhe VAIS/NP- 9/water

emuIf 1esn1t€{1%%1 ever 11%‘5% H?e? %53511518}1 ?? ﬁgn 3 e&% droplet 51ze was found

encapsul ation cuencues re nor
to bd B8O e lAlftet foudl abewsmvhm paaaclehaeanpéojeﬂ 1 haue beeblefodﬁére the

C, and the s tant, solutions are too highly
semg I TS RS Phus per Lur by ng ¢ he HPLC

WQ@c&Htﬁcﬁﬂ@ﬂAP(FEBRﬁfd‘lﬁ%@ ﬂfeecdhﬁeﬁéaﬁoﬁ? of Bfg%hé‘-@ﬂlcﬁ%i‘tldl‘ést Blthough
the |inonene peak) eac sol utions _in whi

the prpentcatasodiey eblsined finm fergactionst BEVIE(age B%h}@ 1} puggests that a
s1gn?lg&ﬁf‘ badit %f @e&‘rﬁnﬁg%ﬁ%ﬁ?gxaﬂ hS al@@%ﬁéaﬁg&a%HQ%Vﬁﬁs material.

ot all the en ate |nnnene een
Indged) Neld @tjetahmg bands wenelqbservérmmsIR o iall ghred prodette aindicafing amine

1nc0|r%%g@ene ésrﬁg(g%%trk 1%@8?‘}%2%5@ lr%%f L ?A)e@%ér%éﬁag@nt %e H‘xe amine
spec}:ﬂ_éﬁ in.thSarpph@sslioa fidin z/tE]I‘}gEJ artr.‘]ﬁl tth%dreggt/bfggﬁdisp?sntgﬁ%d;hats t(l)le amines
Werﬁ# ﬁf@} t}\RéP@Q‘feo‘ifre? ’E‘%POBért@fﬁ uble in acetone and

pemt Ly s %ﬁbw@d &hatN theh ane$ ofrBursdzl radNaloks %y%‘l%%&’ before

hat a wei ui val ent to about 3% was renovéd from

additig o ghe LS, SRR TS GO dTOVS R oV BaBAT I aiipkyegd when
APl 5 AN SAEALS Ot B8 AR G AVIRPREL LEhSH A B case of

partially sol gested a wei g | oad
ETMS;Mid:lesAwsmlr@d:bbtamedf Tlmmwml for ﬂmn&yabd: 53¢ 1 ﬂEIhygrdlYHISproduct

or 45 SERGHERIEREN FSal Bl ndiade Srd PR A o prirsor was

not bﬂﬁ/sﬂ{ailﬁd t6l alpd hﬁllrmpl’idh?@ phase Whdhal d@gdi\fﬁdor; bﬂdmfeﬂh e,InS®ntrast, the
that the particle col our. indicat et her t

addﬁgvar%we? Sowadinet 49 ew&&w@ég m%rsg@p%ﬂ%thatﬁwtm@ence of the

heﬂ’j‘l | ik Subdid to ¥bdpyihb ro'r%@ﬁ)glﬁ&’ §fe|c§1@§r {¥i¥8he hydrophobic phase

henyl t ri met hoxysi I ane
duﬂégﬂsﬂh}idifﬂwlﬁ maélﬁép(@ﬁm)? resul ted in blue particle

ng{s@} tk: ﬁcreT:‘lgft ﬁ%’thah anee%%{lé g %IE”PI%Q{? lrésigﬁsﬁi@dfor catalysing the

OXYySI
formation of Si-O-Si 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 addition 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 NH;OH, and only very small quantities of solid were
retrieved from reactions of VIMS and PTMS with tetrabutylammonium hydroxide and
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colourless particles, indicating that the hydrophobic

dye had not been encapsul ated for these precursors, or
wor®easssid y renoved during the washing processPCTMAU2006/000853

particles were obtained fromoctyltriethoxysil ane.

Particles were obtained frogg phenyl triethoxysil ane,

but the encapsul ation efficiency for the solvent blue

hexglgmine Tnésspassipby théb#é’é%ousmm eéf?em i FatRlypiag B¢ Femensation
bec?ci%e s ?MQ%@ géﬁf‘eﬂtat 61 o Stl‘%%% @55?'2; d\éﬁﬁu{JS ed

erente to t e et or nosi | .
Thoeltamatn@ lamigoallyydi mlkw}ad@t@d w&rcra alacnl maﬂbdla%catalysts 3-

v/ v r.nosi | : wat er Vel 0L e, con
Ay SRR BRE P A AR DRI ESane, and 3-p2-
- a(mféuéthyamﬁngx)éthylalmaroémbpyltrémethukysﬂammﬁlll atsgﬁed pathel Iﬁlbéﬁctlon of
and a er si.ze distribut,ion ou actio
partiqles, ﬂtBP\éé’n 1y e PRpes et éacf?lﬁﬁé&’ﬁ%fs(ﬁ A |arg gate %\P&) when
AP?E@“kgh&@ethylorthOS|Ilcate (TECS), under the st andar d

preparation conditions, did not result in
z%lglhlés i was dypispheradded Paet ildl edy ﬁBIESar@QSIW&;O However,

s BT O REPEUETSL A ARG 0 ST 01

resudtied ainn paitioles siinm'tlll auasesi Howesr,i theohmbwmy &7 wElid Lpakieslés ebtained
al kaxi de ,and

9%
decrkies sieheshitt SFied ePietSie SufRg o A TES, AR ekl Sn the
foll@iﬂﬁl@?ﬂ‘bamt/\ddghﬂs QAPTESAPIVES fafisd)l 1S0i  (RINDEES g (0.5:1), 0.36 g
a

bilisation of the enul sion, causing
(OZé&APQQQéﬁéaF he dropl ets as observed by phot on

correl ation spectroscopy (PCS) . Visually, after an

ParticRUWhhk fitefR€itiond of several seconds, the enul sion
turned a mlky white col our |nd|cat|ng formation of

Pa’”édﬁ:@ﬂéer ably larger droplets. Figure 4 illustrates the

SN kRS Rh A0 VYRS PO e o5 v

oris\lrewa&Ir) miershows naﬁ'ngere addiet pavticlesf fraTEBMS tangelt Hpmedbout 50 —

20035f Sy I R o L G PR P AR Wi o Rt size,

witld an_p} gg@ageshmahms 1mﬁﬁlu Tad phsieks ffop E&“MS ap];Mﬂalldth@tﬁ different in
at a 0 SIl1¢ca

mor/é\g? logy from Léfﬁﬁwéwnﬁ%ﬂzﬁoﬁﬁeﬁw (AfEPob GpAai gurfaces. The

ETNIS Ciﬁlﬁcﬂ& agpRael %brefras%w@y qﬂi@%ﬂ@ﬁ’:ﬁcal)shaﬁié@@t%ﬁe%aﬁe@ about 150

a S|gn| I cant quantity -anlno rqf | oxane ‘was
nm. gl hese awqﬁowéee’@nqr rxwemahr@t HeoETaraied 1te db@e@ggrpgatps which was

asso%ia”cgf ph s 12&(3{1 \ﬁﬁﬁ&lﬁﬁ 6§ OlehiNat! tﬁs s&r € @Jé }{elp 21?? s\%x}st?ted of

ne ‘i ncor porati
orgamehlhcat erdothes $>eﬂllapm smﬁactamlt Inataddr Popadg wmh oflativedy dow headings

(< 196 Sl Piliend® LA TR e e S e maBlgt o 1 ocat e
atLatm pattid@c@ydallyng toamone2d uel)en a&dfitlaﬂ&b maﬁermm& were

the VIMS precyrsor was |argely hydrolysed before
Pfo‘i%lﬁﬁ‘is i wrefcothrwéwu I§ifleY (G2 P (K R tgPeapAbsprved in

SEM o ih¥idhyds RrBe U TMER Bhd 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 still 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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APTES i s added. However, when the addition of APTES

was del ayed in the case of ETMS, particles were not
wo@bioaiiseste The reason for this nmay be that thePCT/AU2006/000853

hydrol ysis product of ETMS (CH3CH2-Si (OH)3) is soluble

in water, and thus the orgagpsilica precursor was not

constr ai ned to the hydrophobi c phase when condensati on
for decpropedion| of letger pagiclestingha gampleoie ncreasaveéthfipengased oractant
unlmng 0ﬁrltlcal for PTMS, indicating that the presence

e he ‘phenyl ring is sufficient to keep the

orgEMVoisndges af prcehnutssﬁmsmlthsﬁ@éOt héxthned r(Ggebil0- BN abew that the

durinp al ysi s/ condensati.on process it is .
incqtpieafih phAKeNe T S PR ok AR EC PSR R ORe] g dbé Barticl
sizef 21 B dpRbIEYH NDiffdiént reulm biedsbtstheSivheh IMO® H@ﬁsddpcdlﬁﬁared with

anosilica, a nunber of alternative bases

Whetne'EE@g is ajsed.| Biie maytestelaed toy theeditiersne it wates Sphl@ﬂlty between
TM?@' g{g PEOR HTE@s%@argayqﬁéoqﬁmé be wapadidd aﬁg Qpedted kd8e located

ditron of APT The sol uti ons’ turne ite on
prefaciinilpm b hydepbetse dropiei glpmgside thet dratosid eergtams dldvogver, TMOS

. S | | ticl
is oiPacilE it SorubRIE ¥Fer )9 AR chelPRIGE TS MERGin solyept phase
of thae bmulsﬁﬁy T&xﬁ‘qiairtldfnu&ﬁﬁdd usﬁgg oMGc® Iappiehammi de bixhodadyaggesting that
rom.,eacti s of VIMS an T Wi t )
ther?é‘?aryallﬁﬂl913éﬁ?ﬁ>ﬁ‘?etﬁ’??m?&rsbt£i ki ergﬁmsfagﬁdsﬁ*ﬁwg THQ@S ppear to have a
s1ngl’@§>§ftfélees&8 AF 2ORRER-56 nﬁp%eefﬁ@sxdrmesﬂ PakiRicAi¥S dB@rmined by
he condensati on because it is to penet rate nore

hghéﬁ«faé@rmgéwaf sppew et ghsy eIt I p@n@oﬁﬁlﬂﬂl may gefiqchtheaggregated
nauﬂg'of*ﬁégmno 5ﬁlgm§ct§¥éﬁ desqgre also trialled as

cat I'tri met hoxysi |l ane,

3-(2-am noet hyl am no) pro ryltrimethoxysil ane, and
Surfgcg grea and porosity

a1 THRTLBREL B RESEH AT R RE b4 B BRI TR ecursor

resu particles
werk nlegaminedalsye Nt sloq:tmnmﬂneg -apyleaome elritiasr H)(m)ggSAﬁemteﬁd The BET

el 15051120 ASTER 1oy 080 ETER S b B i s o
aveMiper fzé %oﬁf’-@@s Eﬂ_lN@ﬂ'gﬁxte' Q6 eSO gy %ﬂ%rﬁﬁbﬁldés@lﬁﬁfo%d isotherm
from1:1 to 0.1:1 resulted in particles 1n all cases.

indicgfjipey dhat the mabtat does serti gopain i esnificasb meadieble micro- or
mesq)g e’ghé leRhfd Bfﬂeﬁ aW'ﬁl%h %?Ft gﬁésg&evégr%?mﬂg to the inter-

resu ting int
partig¢ gbntes Iﬂmﬁﬁ&emn@rd%e o pncapsidated d@nanIS) is dds@8edyin solution, it

is hi(%lé/?tg&tz ng ?rgaﬁﬁl gsn {)% rag,lbgﬂ)t ?orgs %élgeflcl)bd;}hef; QJe ce OF organic

gromarihitied didednnadtisied from VIMS, PTMS and ETMS ( 1:25 v/v
orrmsil water) are shown in figure 5. The particles

7 %g]VZVNB ranged from about 50 - 200 nm with an
ZQHV 44e"%i ze of about 150 nm Those from PTMS were of

a BTAITGA a8hlZ/Sis wils tchrrRd iV &f aig @sinipZeSahai! thdrfibanilysdih Bigures
particles from ETMS ap 531 eared quite different in
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 VIMS contained 52 wt % volatiles. The VTMS TGA curve is

somewhat problematic in that the weight appears to increase slightly around 300 °C, after

D
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nmor phol ogy from both VIM5s and PTMS, which had

wel | -defined, snooth surfaces. The ETMS particles
wa@ppeasasw nore raspberry |ike, as spherical sheEEaU2006/000853

aggregat es about 150 nm There appeared to be finer

material not incorporated iggo the aggregates which

was associated with the particles, although it is naot
rerrrolve]aof same loganisagbisweféechds mast élkélan@uest% epfery large heat flow

)
e L S e
31 Wt mpgraRe scdi(ti(lmby 200°6h, drdetha fpOarmanpoees 651 we%

ﬁ%;‘}t’% %logwltj{ %%Mﬁo g‘?rpg%ngl (fﬁ%)%,lﬂé/p %b e&;‘ﬁg ?)Ormo%%g}ei%l O%Qhe solid

is §PoE o%éﬁfbe(ihélﬁ(‘hﬁg 6| sdsomed (seffada@y Whtick)was finally removed by
ornosil:water as observed in SEM (shown in figure 6

80G 67 and¥d Wand PTMS precursors). Light scattering is
¢ Y q'l\)ﬁ? cd 8 AGEHS AlcB RISk @nonkhte(water and
s?g@p ?O@ E{?tﬁ} En pgwec | es 1Fg)rfgz‘la I es w?q;v\hl ch(

limoaeree off 78iwtds Bhe wpkd (donsisted hef §anpi’e q1garn@t(mcludmg ‘adsorbed

RIS BRSPS TRl B AVB MR o 510

reldYB&t 81 tht 225an2d BActi@s agivawntol be bivgustasatdd, SposW)lyI due to oxidation

particles under 1 mcron, i were sti.ll
oot MO Vo ATHIRS BEREEIS GIVCBrPTEA ISOETSINRE: igeeby reducing the
ﬁnémélgﬁ@l%gs (8bR: 1 oA the \proTudPSield Watier(veo MRTESlotthdsil reaction,
: v/iv ornosil:water), the general trend wasfor the

as wqmmd @nDEﬁ/T@Agf@’f ﬂ}ﬁéﬁﬂeP@F fSn the sanple to

i ncrease with increased reactant concentrati on. TEM

T3 gfod‘agt Wél@‘r}]‘glfglt@% {eQ&hﬁthﬁlaMe%%ﬁWMH eTME bEUEEMS.

e Lncorporation of alkoxide into

the Pr.eRYISglegligidas %ﬁﬂ&ﬁt(% Lidsig! | 9digRRIOPs (TGA)**

Nnar-t

paf—t €—St+Ze€—ant—1rot orogy. orrrerent 1esurts are

VTOWS ai med when TMOS is uIséd conpared w1 when TECS is

used, This may be rel atleg to the differ ?gfce in water
ubill ity hetween TMIS:And TECS TEGS v

< | ar ngl \L
g~

T‘M‘§°| yble in water, and; $0 is expected 1@ be |ocated

preferentTatty T the nydrophobi c_dr opl et _al ongsi de
* calfwiated pmueishl couirelent offt SiOHo Wk TePTTIISIhp SPEBTT el Sybytituent in cach

casTBE 6o1i8 QLR Rjuktbh Mﬁroﬁﬁleﬁnl%lﬁﬁ%oﬁia&irﬂac}{arm grate into the
mai n sol vent phase of the enul sion. The particles nade

usi ng TMOS appear to be binodal, suggesting that there
Infh@yd%ecﬁﬁf@l’@’han one reaction S|te wher e t hose made

uSigR@d Q@l@%@anﬂ @@mfw (tfescnaflédidice uﬁﬁ'eﬁ'ed)(ﬁpectroscopy,
about 20-50 run. /ornmpsi | particle siz

and|8tesprétrreepntered \yﬁh aspeatren pimpahabnaggrulipaiet erﬁﬂgqqe(Pee figure 20).
In &gq(?a%{ tC;leQ? NWHe o ﬁ@r’l& > B 1108 sHofld ﬁé‘\% &?mﬁ’&ﬁ{(ﬁlgl%ﬁﬂ 5 where R is a

ure o ese flanoparticles. I'gures 14-
miSuird af einyt eﬁ{aGHp)oamisarnmoiFMYh(NIﬂz(Gélz)ab geoung dn ﬁm@ge pf VIMS

pa%%{eg:ﬁe%gﬁ@y nadgrr?];)% gps 1n\|\{A1TeN?aos§re?§?‘fv§§S)f)%%§ and ethyl
(CH%Hz)SMﬁit Mnoﬂ'ﬂﬂ;@leﬁﬁuﬁstrf the casy eﬂE'mss particlds.tIb appeai?slhﬁely that
the am?no%)'ro;ycl) nggrlogl;se\rgltere\/\ql}cgrpo?apcg into tli]xpolg’fwlg 2 SSLT?\J@ palgucles 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

consists of an intense absorption at about 1100 ecm™ with an asymmetric shoulder to
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average size about 200 nm Figure 16 shows the
adsor ption/desorption isothermindicating that the
woreioen 3o does not contain significant measur abtBAU2006/000853
m cro- or nmesoporosity. The vol unme adsorbed at high
partial pressure correspondszgo the interparticle
pores. Neverthel ess, as rel ease of encapsul at ed
highsp arrgy rpicsh ebdiverdered S4Ob.n ithenqrghno-siicasi thisimain band isheplit, due

to Fﬁ% é{rés)énéesoif[ﬁé 8*'%3n1|c@%stft£'&1t PRI cﬁ—ﬁﬁ{o-m 1caoscp:,(?§ttrae $l¥% 'conetam a number

ence 0 roups 1n e dr
ofTshenpnhanchnmw hsommmwmﬁam CsHvMommtlbheﬁoM typlibal of the

padichiel SR e R I TRAE AFoReg G APrsh RS A BT Kigion 3100 -

2800 egfc{asyl siRiS@eel idvelty.thd @ﬁbsﬁ@&sﬂt lah@ Sedidval hetR8¥d/propyl groups.
Ilrmne%e vvereg?n?)st 200 0C. The DTA curves sug%eg group

Myqhatveplers” adkiyls G aﬁ%@%%@ﬁk@ the sifier actropnpeer fleoto residual
anPbmishe QHAceht ?Mnﬁ?%rﬁ?ﬂ@ftﬂfeglgu? 5 g?%é@?&s bE tifeh @tha{B"@orptlon

am ne (pr esent In sanpl es groups were
bapdsnepndumis ethoenontinipd pueserse ®I0be ngainp rseb\syitudmmnwethm pafitles. In

r s oI5 Y R TARGSEAT R Bt 150,

189@) 119Mana &7 2nei™ gtwhlelpmeayplcalmfuammﬁmahecgbmé 1 8hgund

30 QC, aft I ganics. This effect is
mifip %%“ygé{&gﬂ 't\‘;tgtoﬁ qs‘/ épff?érét asptwe\N e etseipling bands at

33671 ahdi3302 i BNgiich %E@@%és&ﬁ ﬁ%UM %?chcrd a to'?eché %??Jn]o -silid€species
or gani c conponent was 31wt % of the soli D

shopgpbeses Therg tands ere- (opisalip oreakitin IBgand so4t lﬂdeffwubdé @stimate the
amt){n?trﬁf PE&@T ﬁ'%ﬂfp%hgﬁaﬂ b%%hf‘gﬁérll?]elélgygj %&ﬂf |2§ %hoa;g] g%é%%gﬁ)d& etrle%mn 3500

% or
- 2§ (Y me:‘t wihich containg HhenbisH fand ﬂ-Hystnemhlmgadodtgs @0Be irenghd organic

fraé‘t? ]ﬂle C o:régng%eﬁtfe %@tﬁg % cg‘]n%yv% : on(%gi WB% ﬂ%ggg%égeqyr%% hlgher

enesgy wuthmmmgfrad 20fto 280 WC 9402300, €he(Bands bEbiun 8t BRTUESA08 cm™!

g S AR e st el o 0B pabout 1705
cmO r(ﬁ@tné,lﬁ)vsfnb aBBﬂhO(Bbs&R/@ﬁ@ﬂi§ sugBed QhAVIBE &RlihdPLE q)xuﬁg’e?lsétbif)@ °C to

ue to oxidation occurring when the organic material

for{ns -@H2)eh (HPF N tTélFﬁJ@P(ﬁhWﬂeamtme (asmide) delubemgembued over the
terrf e@rﬁ%ﬁ%‘%@soﬁ%o Eagﬁoﬁ)e Q%Ctérn% H rb%qu‘f 1t% cgvgn{; e NP-9

Of DS reac
abspiptionGreridoat i HED tchr 'eénop rsxhdwn) STheTainlfm:télnt \Pﬁ@d&tﬁbveﬂl 6h theating

A tant quantities for VIM5, PTMS and ETMS.
bet&(g’eﬂi%w/ad%e%@ Ornosil (g/equivSi *) Weight RS Qu
( TOHY AlkyMTNB sﬂretl:hiiag InfieBTBED0L- 2860 Em?) FEMR dre Hohidat&d by the -

CH,- vibrations of propylamine and surfactant, are completely removed by 450 °C. The

phenyl modes (3200 — 3000 cm™) 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-H 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
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WO ¢@bI23B19C( =0) - NH2. Thi s oxi di sed am ne (ani depCT/aU2(061000853
renoved over the tenperature range 300 - 450 OC.
Adsorbed surfactant can be jgpnitored using the NP-9

absorptTom band—at—151¢ccm I (nog shown). [he
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convenr en accessing smal ler particle sizes
sizémhgapﬁcnlihwtigactm whi ch require them without
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DrRIRESR 3BTy G COTBIFSNPE 190 A1 BTOTHES ol e microtomed.
ThFl%l W hY %b{/ﬁﬁf ERARH iR IS SRhdt@el (Ithé Snit@splicdel fioen side to side: no

arger particle size range for investi 9at| on.
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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The silica mcrospheres were enbedded in an epoxy
resin and cured overnight at 35 0C. The enbedded
whb@ek33seere tri nmmed and sectioned with a Lei ceCT/U2006/000853
U tram crotome at roomtenperature. Approximately 80
nmultra-thin sections were ?Abt ai ned and pl aced on
hol ey carbon coated copper grids. The sections were
exam ned at 200kV with a JEQL 2000FXI | Transm ssion
Solid geter o NWRr oscope (TEM . The di amaters of the

??Igrgni gllrlJ\/gl?o tteci 5431'111@ 3}11%8 ig&lé L%ngur éﬁre% ac ord?ﬂ(%% the present

mvdmtidne(rvar}ﬂsﬂowm@e @herfylslhmam asbkethgleiloxans) weﬂel ingéstightedgn order to

qusy Bl REPSER of opurar paRhSenn g freghpdugty Blementa
anaﬂﬁﬂi%bﬁmt%ﬁl)ntb hegtal ¢86lataBREN sPithée of biphASBINRE @8noparticles’; R.

pear. tQ he_a preparatjon artefact due to conpressi
M. &?ttqnﬁetwcﬁo&ﬁlﬂeﬂeé addigay Jydine Gerar.o¥esnedd, ( %é?el“m}a% 2000)

sug%@st&p Waf %oﬁﬂ?ff‘&ﬁﬁ dfarhing sgécﬁékcfs YhiioPbnl 3{1 gtr l@bﬁ 619 ?Qﬁﬁﬂe@ formed

romside to side: no evidence of an o
fromb S BMipe ithApria 986 081 hdvinghamd spties goupont ai ned
vacuol es which presumably still contained, or had

E z%’é sly, contained |linonene. The oil vacuol es are
* I st pl%gut ed random y t hroughout the matrix. Solid state
298ighNieRdIREG sdlidRstaipe ST magic- arighe-spingiag tvpeS) DIMR spectra were

d di th t t
N T T
opdrz[‘tit@Sdtltbal”S\ﬂ ﬂetlu@fc@i&ff TOC4OMERTY, | A PieMend RIMR @hta were acquired

usugl éo ' on agyllggn-@n otp&rigg% E)?(':ﬂqleg\);(vg ecd;)sr;-lgorl]aensg‘[lon (CPMAS) and
single $Rlde- @éc@ﬂ &&%9) ﬁﬁéﬂkﬁ@sb&h off @ﬁl@ﬁ%i@éd hx‘\%—power 'H decouplmg
nanopar | es’ Gtenbrite,

durg}gdhqtqq@qqulsylonp\rﬁhe@éAgrﬁquga,c1esgg1p@qge)nted3@1 ﬂ;em@meg@@e))lents were

~5 ﬁﬂ?g %trqﬁ? g@?b%&g r&?&‘ﬁfxérﬁp ?‘@E @5 O%Bf/.?z °3 “HS”E] pi%nmann-

Halnroccmadl/qmﬁodSmf fhmslan(j ahdnitisl M/ﬂqaufgsemanm ofB(psaWbmhﬁhon to all

R A e S 55 TS5 AL SR SR Grpuring

meakSidhgendd) dVEih %O@SNMQ sHle€ twieed LD, 50ns whsustd iRDnincAn with

at the 29 uency of 79.48, AU 29Si MAS
recbé? élef@(g a}f)qw &éd @g,qg@ntétaquj S meagpgements.  All ~’Si MAS and
CPmélﬁnﬁbaﬂ sH@t%rvbéi‘Q e}?treﬁﬁﬁ ‘N:f%ﬂzn@&pt%ste y?h&ﬁ%llﬁﬁ‘cg‘l C('Tg/IS) via a high

& and single pulse (B och deca
Purtﬁ’ sginplerrikapliniée avhicly wap else rustid—ltqj%zthluph |t1meg 1r]@rth1a -Hahn
conﬂﬁl%w sition. The MAS frequencies inplenmented for these
neasurenents were ~5 kHz. For the 29Si CPMAS
experinments a recycle delay of 5 s, a 1H 29Si
Reskfs t mann- Hahn contact period of 5 ms and an initi aI

S B b D o B b R s

shopilis Figurg?s palvesbled despettplelyng nmeasurenents, a si ngl e
29Si p/4 pulse wwdth of 2.5 ns was used in conjunction

with
Table 3. Deconvolution of *Si HPDEC spectra — peak positions and peak area (as % of

total abundance).

Precursor Peak centre (ppm) % total area (abundance)
VTMS 82.5 84.6
73.9 6.7

69.1 6.2
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0 OQ recycle delays of 30 - 60 s for quantitative Si
measurenents. All Si MAS and CPMAS chemical shifts
wowene/183sternal |y referenced to tetranethyl si |l aneT/ATMSH/000853
via a high purity sanmple of kaolinite, which was al so
used to establish the 1H 29%’5 Har t mann- Hahn condi ti on.
Results The Hi gh power decoupl ed (HPDEC) spectra and
t he deconvol ution $®%ults are shown i2.¥igure 23 and
pTNAPl e 3 respectivegye OQ Table 3. Decgpvgl ution of Si
HPDEC spectra - pe positions and peak area (as % of
total abundance). Bcursor Peak cent rQe3(pprr) % ot al
area (abundance) VIIMB 82.5 84.6 73.9 @49 69.1 6.266.4
2.5 PTM5 80.6 84. 56;77?1 2 2.371.14.9 722 8.2 ETMB
68.6 85.3 60.3 14.7 Tdeally, up to fo peaks are
ETM&ected for each &bmple. Two correspddB to the T3 and

T2 species fornmed gopm the al kyl trinet q‘??(ysi | ane
precursor, and a further two to T3 and1 2 species from

am nopropyl tri et hoxysil ane which are al so possibly
n¥gpibe rut tedfourpeaks mae expected fox paaht sapfple Pde wemespond to the T;

i
it . ' t i tq a5
endL3 Hhdbicd Qi 36y JHE A1 Aine ok PBRE BrARHDE b8 ruPtner two to T
andyRespecis fioxaasimpbpeittiyhexysixanehivhwee bise pobssiptinddrpstated. T,
den'%??ﬁtﬁ%%%? §£ &\(/)\Aﬂé%s%tpo%y ?ngﬁtgﬁﬁeler% {hgu%xe o tcﬁﬁqifg)&anes bound to a
censl Siesqui oxane particles using a nodified Stdber
sol-gel route', A_ Arkhireeva, J_. N Hay, J. Mter.
quQ?ﬁ‘ sz i@‘? speiks pf yinylsitsgane, phgnylaloxaee ad ethylsdogansdune been
ideRPSdd IHeN ' Uphd @%@b T s
1 ese gt(a i g%mlﬁgﬁsgépg%tthegl e: 0 Sge%éik%gl I%P&lt%% rb?h iﬁé}%ggﬁvg, and Hay
(‘Snﬁgessszofssuhﬂ@om 8ilyspanigreak pamsicles hsing EvBodiBed SEibes suigebroute’,
.as5j g T T2, of respegtivel .
A BEURSSLINSG Ky T2 A0 2y 31, ASSSPELLIA R0 gt g sl
peaBoditippakaicaby vpdsiabme® fipm,ahe e Ts pearation ivekfecid to be similar.

On ¥238 iasrise:qh‘ia QE% na%idt%BO E)pﬂ% 'pzalgé) ofJ tﬂe V}?\Ag-%ggvgg sample are assigned to
T3 and T, of respectively of vinylsiloxane. 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 PTMS, at least the peak at 67.2 ppm is attributable to an amine
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 HoN-(CH,)3- and CH;-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 VTMS 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 using the N content, as there is C and H present in the
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the sanpl e prepared from PTMS, at |east the peak at

67.2 ppmis attributable to an amne 5 species, wth
waeoosnsadmsity of 8.2 % In the case of the sanpt’BAU2006/000853

prepared from ETM5, the am ne peaks are not separately

resolved fromthe ethylsiloxane, as may be expected

given the simlarity of the H N-( é and CH3- CHz-
organbstbstitient mthapmhomgﬂntadéltlagshemml PEte baa amell appunt (< 2 wt

ffi.ci ent esol Y, [ {1 I
oSS L PR LB Yl L B 5 A B e
are%ﬁ@s@i%ﬁlﬁmﬁem oducts Q support previ ousl y reported

results of up to 10 nol % am ne being incorporated in

t he par icles. CHN-m r‘rp_a_na_L_yg_;_g_'Lh_g_aTM ne content of

nyl, | i AaNg.)el Rylog) || Rane dBatehi Cl € AMRAE content
Orgésht%i mat ag %o r(%)e) 5 Cg—ﬁ gont ent, r?easur ed using a
subGttdeot Efba 11D6 aut orrati c ldAwaP)ser . The |&meLD of

ter as at W 1 he r4{icles was ur ed
eth\&gf o€ g?-s?‘-g Zfiu fu?:?é £ \.%ei S—wt—9% !lzﬁ:]spal ti+ectes

viger e thep3 doi pgeat 60.33C fla9 6 days bef ¢i5e anal ysi s.

heé ext ent of | am ne |ncor|corat| on was estiémt ed usi ng
pheryd N cofAd-861t 1498 + OIS i< ™ and_H pr esamt? in

t heor gano-substituent in the particles. In addition,
there is likely to be a small anmount (< 2 wt % of
Tablerd &N pempdsstombefbtin, tihg apdmheeylstoxanhi ch contains C
and H but not N. The results are represented in table
4. Table 4. CHN conposition of ethyl, vinyl and
phahy bfmilevoarat calbdatediforeheayitiéodane & \cemj/ a]toe@ltofthe value obtained

| si | I h
by SRR, wherasieChErY bilogiays St amiGere Broniay %5 The

amOUHR éf%mn@fncérp%rd’!@ﬂ in%he JRG1sABRMRYS &fnsﬁfé’rdﬂ)@y hlgher than in the other
I ncor por at ed the ethylsiloxane js considerably

orgringsibipast #. T mot e Thistia ponstsipnt 34ih the kagger gmoppt of R’EB@U%
the | arger anmpbunt of product
Obt]o;mea ﬂ)fstg qg?tlefi letgéer}[\é‘ft)ﬁém al (see table 1).
Organosi |l oxane stability in base The rate of
Orgamsdbxtriestnbdfity ¢ asgosi | oxane particles over one week
glt l’[’ﬁH ggtfliéhsmﬁﬁl;‘%tl&ﬁ St eg%%go%&gnégﬁ{lclgg PU%%I \Lée%dat pH = 12, was
compaiee nelld thay dfarhsinfied sldlna ((m(DjLnnBIbhedm) 31Q —121][) mg_))f solid was

sustpéq(;jﬁl)%{] thg(gﬁos&iﬁtﬁg&dz)l ?0056135 ﬁﬁééﬁ%’eﬂ(%ﬂﬂlﬁusly for one

webR et HBBRAAE lfahﬁm @ﬁlﬁﬁ'y 333'@{(197 @ﬁﬁerﬂ@t@hﬁ’(ﬂ@dnlb)’was separated from
| nducti vel y |l ed Plasma Atom c Em s

cadpsenlo Sab By EFEDy SR F CoPblee P MpRa EriesionSpeghoscopy
(1C9. ﬁ%@:) \f&d&%mn? TR @Mﬂ oF QisEb196 Sandfle 1§3§hotxxhlemsﬁé'dr§ 24 for the

pheny Si1 oxane, viny 'oxane and et hysil oxane
3113:an;pﬁea§zlslldxane,><\payismanc uad @thmmxameewnmlm ca di ssol ved
relativel

or éigneé(giacft%{c}: P Wmé/dlfs‘ %%gl d&%}é\)/(é;ﬁlnréﬁﬁvglg %ﬂlglly at H = %1%1 dAlthough
thee tolymiokitisan €e. tﬁ&h@ﬁﬂhﬁea vinylsiloxane and ethys1loxane) tested had a
significantly smaller particle size (about 200 nm average size vs 100 um 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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significantly smaller particle size (about 200 nm
average size vs 100 mmfor the silica sanple),
wale@s0b3ste on was consi derably slower, wth thePCT/AU2006/000853
phenyl si | oxane sanpl es show ng the sl owest dissol ution
at about 12 % di ssol ved afteys one week. Experi nent al
Exanpl es Exanple 1 : Retinol (vitamn A) encapsul ated
i n phenyl si |l oxane particl es. S\ént hesis Retinol (210
ng) was sl ovvly di ssbxpedmental Examplesp-9 wit h

Exhiple L R AT RSl Py Phep bl tieg e

Symhegitire and stirred for five mnutes. Fi naIIy,

3-am. | tri t d
2 RETORERR A RN Wb G 176 50 P g RRg loea vy
ad&hﬁ@n Sv ) %ﬁﬂmsW%teﬂvzsﬁﬁgk){ Pﬁ&l}ﬂﬂi‘inﬁdﬁl@ﬁiyf@dhe( %P?ﬂgﬁvdspﬁHded to the
m nu es na_wasne W, C W wat er er
mlfctuﬁeapnci: shieed far s Binutesh &nadly; &- %gopgpmétw&ﬂ%s’im @¢mL) was

ad @PARNhe SEITRGH M Sifirink BvEREIR bPl‘fenfcﬁlonln% He%h tthe gd]ﬁi w%s removed

encapsul ation efficiency was esti nmat ed

y
by resaisifngatign (HE0QQ girh| & mivudesh and evaghied; WéC%Wﬁb Mﬁé@ramfter the final
t
cexﬁtgg%aﬁggo@ra rsg{lcll noa[%aa(vl\%ye?a a‘t‘é’aag{ﬂlélﬁ t&}ﬂﬁ ﬁ[yn% \%}1 V\%@ @bsence of
lighh afhecdneapsshatipn mfﬂhmc@d\maé tllnrhaekedstmebci ba %f byt h&a:bmng the visible

reé%]ggls%fd&%ed andtaBg g ?cg@ lsgs}éalra Ians Cgartfél g\e solid. The

lodd$hd6F r8tifbl fwfad 28lcuRiddas bange, gesdssory. Figure 25 shows
that the retinol -l oaded sanple has a strong absorption

Chepgrderisatians nm The undoped sanpl e shows weaker peaks
at T%@GUV%] Ribl@BFecA4 N e S48 feBnbiDGopRRS uﬁddi)gd'ﬂhehﬂ%loxane

anosilica matrix. Immersion of retinol-dopéd
partw astdigpersed ieBUFEpoimder (8 ywhtd, wérercelleciebusing pgi |reﬂectance
h C
acc%%iso%f_hsﬁ r%% Is%ng eglﬂ?'ﬁ?et e #)elsl?éc?ed ﬁ]%[eogla{esgaﬂs‘h%%ﬁ &ﬁg@&?band at
33been ’E}a:rmglepled)s’amlﬁe showa pealtatpcals grifted32, eiﬂdé284 nm, due to the

Ph{g?%’ drir?gl fngtl{e grg?}goz &ggplﬁ’%ére‘iﬁf@g?%?ns g:’f“l#t:ti Oﬂﬁl‘gmdg powder in"ethanol

resRKP @A HRNeshl ¥ chdeOMelind1Os dBREREH S a éHér&;@é’ﬁsﬁ@%bsorptlon peak at
retinol doped into silica, particles made using

328 o} Jmmn@p@tﬁs phelc dhes r@rg}q%gmvmeaba% ngf |he@& Jamaged by the
en&s’ef SGHiGPhroe ébgﬁ(ﬂ: 11’1?'“l o§9§2§%( 09 %lﬁtlgr?}c) 335 nm in the

bse uent I ng o € encapsu ate retino
soled tsaimlto dxft&semotof smmnmepemeaﬁm&ﬁ@yrth@ retimd] matemlg

that t een degrade . .
85 sl DB Ao o cpyionrces
usiﬁgDIM(DSeast zDsﬂlloanDédu(ser &h&i's dyichlogt 29 nhry(:i;ee figatres2 @)f Subsequent
tinol fromth

T . ease of articl into 5
Lot g oot AR TAAEY TeIAk Pl SOl SRS G oL Beak 4t 525 nm,
ind&4tin@dh&fthd etHhdY fas BAR deBrdd8E YIRS bhdafsulfon Hob&e! This is likely
rel eased into the solution, the supernatant was

to heflneivrxgosre waew rH e 19 iwing %@Yﬂwéysa@few&% asur ed

USIAkase 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 nm). 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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UV/ Vi s spectroscopy (peak at 325 nm). The cunul ative

rel ease curve is shown in figure 27. Approximtely 1 1
wQO2®bh/1833¢ encapsul ated reti nol was rel eased afPEr/ATZ®6/000853

day, followed by slower release thereafter. Exanple 2.

Encapsul ation of rhodam ne 6% in phenylsiloxane

particles The synthesis nethod described in the

present specification is suited to encapsul ati on of

Exaraple ghBacapswaliew of bedarkinadein, phhyysibpdant partinkes ecul es

su ] encapsul ated. . . .

Sy e Sy BRE oo CaB AR i Vi PERER S sikefttiation 5 svited 1o
enhigpsglatign Sofy hyfiphsbiti moteesles.50logyevér, diilrbptiRe Mele@liles such as
h s th dded and stirred for 10 m nutes.

r aé’?‘f????’ﬂi@fﬁ%’f( ¢P1oaRgigted.n ) was added and a cl oudy

Symihesisir e formed, which was stirred for 6 m nutes.
Finally, . 3-_ ami nopropyltriethoxysilane was added and
t hépiaRniecO dve (#Q mad)i wasostisrad; gk NP1 2.5 @) Ifom mgindty., 50 g of

. - . i i.1.h ter
T SIS R i3 M) i .
Waseafiged agd gerlnadamixtuth formedewhahawss wisedhfghé yninutes. Finally, 3-

: . ndi-cating that .th ncapsul at.i on ef fi ci ency
aﬁmﬁ@%ﬁ%ﬁ@%&%ﬁ%wﬁﬁeﬂ@% earﬁ%nﬁ@ \Rﬁi‘%‘Fe 'Ilﬁ’g Qo iy aygaught. The
folloming siey, the selixhwax sepataedd/ardiOn fdhealRE vaNtwaikt, hsRg deftrifugation

ri.od of one week, the supernatant was

' Over, a.pe
(l%ﬁ%%’& L%P}l@“tf’@rto PRV S Sensaajatts Th sunespatant ecpsvitighty coloured,
indicaEig (AR encdpeildtRh MBI GRYasblafiPagasy, ne 6G rel eased

th time is shown in figure 28. After one week the
Regegsq i¢q water emmai ned col oured, indicating that only a
S : td . | @t erial.had been
ol o SONPBAE b2l th AEp SRS AR TR o gRR Over a
pedpdipbene weak, tregaposiatantwas Eardvied ldedy fdoi WiV ONis @8&esis and replaced

£ ) ncapsulat ed i.nto_phenylsil oxane and .
Wl{llll %Fg’f %%Xgﬁ%%ptglr‘ﬁl teoﬁ%’%(?a“fl@? §9§SI%P Vit Hmg s Shown in figure
28 hy'dteoxorte weok uthic Opartitled hbﬁ&ine@ydﬂl&ﬁéd,sitﬁ%tiﬂg ik roﬁp a small
wa .stclgrtﬁed |ntu? t(ﬁg}laS wt % NP-9 solutions (25 nL) for
PrOPOHI, A thepicAD WiatPmaiesial kad besa reloassd pverdhisdimered t o
the first solution and vinyltrimethoxysilane (2 ni)
Exuaplesi(adapsaldion of daRosingd bikasdsiliddnMrtidiQl | owed by
adgl.tl on of 3- am nopropyltriethoxysilane (2 nl). The
soPiPRgesnigwrese)r pay epcanswlatslt intq phenydsilvarae edd anuylsiloxane

' i &-R: ' - rj ation (10,000
PSR b S S T
)

/ Sact eri sati on The encapsul ation efficiency was
. . 0 0 .
esﬁéd%tgelglutr@n Qz%s %t%rre/ gn7to ?\ng 5l vlvt \% K?IJ-& %gllu?lgnsf ?ZrS mL) for 8 hours.

Phenyltrimethoxysilane (2 mL) was added to the first solution and vinyltrimethoxysilane

(2 mL) was added to the second with stirring, 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 supernatant 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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phenysi | oxane and vinyl sil oxane respectively), based
on anal ysis of diuron concentration in the supernatant
wh 00683519 The Raman spectra of the undoped andPCT/AU2006/000853
di uron- doped vi nyl sil oxane particles are shown in
figure 30. Vinylsiloxane wasganal ysed by Raman
i npreference to phenyl sil oxane due to expected overl ap

prg&rmh@tOppm‘ayISﬂgxmrduwt@ espactEdoverlapof theghenfl gowy Gibrations with

th% bt r ac ﬁ# %}%ntgﬁo?gdso?fj?rﬁ@pﬁél u’rng'lﬁb%%’éy?%ﬁgﬁ@&wd from those

ofﬂlnseduuﬁsudldped anagead! Thonebsltidg @%ﬁcﬁﬁm i8 ld?hét@@t‘%tract:ted s?ectrurn on
(o] ¢} agreenen W

fgtugegé 51 on f| re 30, an
1805 Shows 890t astpermeng poth the SpRSiTaR fgreabaivrap, gensisting mostly
of @Jh@lﬁm'rl fg'eﬂﬂ @20 vibraivdsh E@{ﬂrﬁi e tlrféos%éersg%p 8ndaBSula ation of diuron in
success encapsul ati on of diuron in the paftic
thepartiglés The rate of rel ease of diuron into sodium
Reids oxi de solution at pH = 12 was nmeasured over a
period of one nmonth. Analysing the extent of release
i s Termatehaf rgdeasil @crréer(m ihie sodiuhh éylowideosdltnidd by pBf = 12 was
wat er der, t eter ne the rel ease
me %*?gc &t .as?%"éi ﬁoﬂ? Sronibpagalysingit nb?é‘% tenk 196 Jeleasypis somewhat

prahiﬁhatldl‘(hreetoshlénﬁ\ﬂﬁtﬁdblhty M&%‘foﬁ% ok nIn((QdE}J{O'Hélterﬂ’fﬁegthe release

tirred. At one-week intervals,

Ch%%?tﬁ‘flgtt?ﬁ’ az&go%éﬂ?‘?dl Patisles ahoytn &5 %uplepﬁawgm suse:md,@d in NaOH
solbfien 4001 ahold@REd 59 %g_'ﬁﬁ@ %tn‘?@d eAf gﬁ@ %/regf’ glgtgﬁ}a%,e (?hé oifition was

fresh solution of
cendtifuged qandrrbe r supsinstang u@myad aﬂthevvglalrsmdkpad vpatﬁcles were then

resggﬁe’ﬁ@ if 205l sblﬂtﬂﬁn o?pl%@fli g)g%lil & t%P e §6 L tapl(é stirred. The

I'SSO ved diuron is was re

remexsd| supeiga@pp max ishakenl WltlﬁﬁcﬂholO(rl@aIﬂLSt ifh ﬁ%bhl?ﬂng\@ﬁsk to extract
The rel ease

disk &S e({ged f di uron Si s s

SOy SR dinron, anqsr}remagegir e apgroxdmatebn30 mL organic

fracitdreaaetbsarive® forliudamaMei *}MC STHE fedast B&vE X $own in figure
a sulat gw'for bot h sa es. The anpunt rel easegl

313)2‘? 4p ﬁ reisleasesptics A dresawed about £&6 ﬁ?féh@tqmlleunapsulated)

fort BStH! daPnpds. Pihe™ al%%untTgléasch Wl 1e§d Bl o8fkctddC RORLG are h\glth the

extraction of diuron fromthe aqueous p se duri
dlsmlg’r@gg@sujﬁs & phkirlg. Whistgouldirafiedt an E‘ixcmnqqﬂetelbxtrﬁftfoacnf dddron from

el e e BB BTG Wl 0Bt ot 1 cact i on

on the particle size and norphol ogy, and the yield of
EXWDMtEfﬁvaSOﬁma@smltgm ed. As the interest was in

fo ri x rather, than
en%lgtgs uf 3{11 enttﬁen%%%%{%(?f%ﬁﬁ‘gt 5 ErRE b Be fam dhgyymicabovernight
reattivg dretiet paoticldisive Whe thdtphdlBsE Y Rﬁé 'yfﬁ’d‘bﬁ proa¥8 WESinYestigated.
ons were conducted using the Sanme basic

As Eﬁgg‘ta 7Sk wap 1L Topmatierngf the h@%thmagryi rather Wean quidosilation, no
addztﬁ)lﬁi—hﬁroﬁld% wasNEa&y t%gfééjltéa&fbnarﬁg(ﬁr% ih E}fege Eerihats.

m nut es, | owed by addition
Syntfiesii nopropyltrlethoxy3|lane The opaque

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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solutions were stirred for varying anount of tines: 2,
4 and 7.5 hours. The sanples were renoved after the
wap®eilsised tinme, and the solids separated by PCT/AU2006/000853
centrifugation (10,000 rpm 10 m nutes), and washed
three times with distilled er. The solids were
characteri sedby TEM and the products dried for 64
bshBEMs and therproduatodried foo 64 dmp)anmdblfmtrbgdfrﬁio ok the final weights
ob??% ned. Results In the case of the 4 and 7.5 hour
reaction tinmes, the products dried to a free-flow ng
Repow,der However, the product fromthe two hour
ction re i ned tacky, and had not fully dried. This
816 ¢ casg Rht et‘bﬁldh’éé Uk geactios: timems thegrrediicts ded tow free-flowing
p(fwlldek YHERERY ehe ptr&ﬁlcF %ﬁ?ﬂr%%v’o% reeI PSn remalned 1 tacky, and had not

Fhen yltri met hoxysi | ane. The wel g
fullg dsiededhis rugagstsethgt two dbursi wigp aot\mdfﬁl@emrf tuﬁe Sﬁ)ffulgy fconnplete the

R T A TR NN T

T@&mﬁmmlc}udfn&w velu82of 0.806k! for ase&tlo&pdfmﬂua&ﬂ opar 17 Bbes (i.e. the

t}’}zlgg}esryg Slﬁ&&&Pde};‘]ﬁ%q%ao h]é%g{ﬂ%t%%g élagwglln figure 32. In all
caps| tphelies daeidi@dwalct diaihdte NeAsi RS art QREE: I
y Vl‘il ght s of phaeln I'si | olgﬁainea( drtltﬁe:<§1%66b4fn ﬁfégverage about

abl e
15§M@naamma¥edm@demae losit fenedradtes theorarionsesachoutisys.
Yield of sanple (g) %ofs 2 0.920 * " 4 0.680 84 % 7.5
0.733 91 %17 0.806 100 % * sanple tacky - not fully
Tablg 3 Weights ofiphenyldloxanegdaed 64 houmpafta anniweatedductia time.
fromthe typical overnight reaction. Exanple 5.
Repetiasetéae Giousy| vent Yiatldef shreple (@m phenyVsof sndag] yield
o particles Synthesi §9§8I*vent Bl ue 35 dye powder (4.0
rrg) was added to (2.5 g) and stirred. Dstilled
4 H20 (50 nL) was themgadded to the surfggymant mxture,
§M th stirring. Phenél trimet hoxysil ane 62 n.) was added
and stirred for fi¥ ?nnutes fol | owed?b¥o addi tion of

173-am nopropyl tri et hgyysi | ane. The sanpjg sas stirred
overni ght, after which the solid was separated by

Wﬂtqr*fugéfwﬂmﬁrle@lo 000 rpm 10 minutes), and washed
twice with distilled water. The encapsul ation

In 8&dchisi N FoAHGBHAES rBeﬂ%@udeﬁ f#bglbg}%? %ﬁ&&l%@%ﬁx 't%ea? LPt he

supernafant rermve y centri appr
0.14 wt % | oadi Qﬁg Rel ease The sanpl e was suspended in
ExguyploSRelease REsavenidiusrdye fommphenyisiloxartei particles, At

Synthesis

Solvent Blue 35 dye powder (4.0 mg) was added to NP-9 (2.5 g) and stirred.
Distilled H,O (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
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
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each time point, the sanple was centrifuged (10, 000

rpm 10 m nutes) and the supernatant renpoved. Fresh
wa@olosasasimvas t hen added and the solid resuspeneedAUTI06/000853

rel ease curve isshown in figure 33. In conparison, the

rel ease of dye froma sim!l aﬁgsan'pl e into 100 %

et hanol solution is very rapid, with about 40 % of the

shd?re in étgemsbadd I:;fcbm:cpaﬁmne sl relféa_ﬁilbie@ye Edmrao;@iﬁllﬂ@r sdRehI8a®B 100 %

0 udan r.e e from phenyl si ane particles )

ot e R b et Spitr o BPT B AT of 6 B belFesd piiciseprabminutes.
1.25 g). Distilled water (25 nL) was added with

Exsiniple brReleddeafyhdan 168 ihoR¥al grrf@siloxknBbirtioRs added and
irred for 5 mnutes, followed by addition of

S
Syég-hﬁﬁ*f nopropyl tri et hoxysil ane. The sanple was stirred

oV 8uBkgRid dyaNd hBPEwhe sithdd L r

centrif ugat}i@g(% ( OYVOO%MJF gmﬁ%lg@rrgi ﬁluggg?ﬁgtﬁlgpdbv\%% e{egs mL) was
added wah witringg Phenyliriseptheiysilane Xhenknwapsddedtandstirred for 5 minutes,

i i . j 1 .58% analysis of the .
RN SSh Bk BB R S8 Bt Ui,
anfl deediesgding lﬁ(ﬂicbmeraﬂ'd;lga}rsﬂ_@amﬁfgg%m @ogpe mpkﬁ;iA 10 ﬁlil&%é@,_oand washed
oyt UBRBA SFREL 1A oDt o bt e mingbio Be s5% by
analiysisibEth sapandthe: rempesdsy etrifeHEppibk &8 1y Wiou?ﬁﬂg).

R@'%S then added and the solid resuspended. The rel ease
““di%e is shown in figure 34. In contrast to the slow

I elmeasemprt Ras bpedIvaL &8/50 HiRe eﬂﬁf}%ﬂgﬁeﬂ Al0%me)Y hage Ltirring. At
is very rapid, with approxinately o of “t'he ’
caghviimppeinhtleaisample was eentafiged 10,0000men, A O minutEx)eand|tke Fapernatant

a fosugan om.Vvi nylsil oxane rticles ,
re@%’? hig%isg G5 saaﬁsr'pﬁiers1 %ggei %%glr? Rl aflséls?ef’glﬁd'gﬁﬁe Shgurve 18
shavers p? ﬁ'g}lmeﬂal )Ilk’)lvmnggsittb rthe dlfoi\m teied’sllE’l-in% @hldrfod/atadn] tl'(e;lre%@se into

foll owe r.addi ti.on i,stilled water (25 niL). .
et S PP R FIRRATAET A0 75 Ofihs enciahiod fyg Telkised within
onahigded with stirring, followed by addition of

3-am nopropyltriethoxysilane ( 1 and 2 nL

respectjvely), The sanples were stirred overnight, and
EX?WB&%M‘?@%@%‘@I&P S vyl xeranatidleyat i on
SyHrAd3is000 rpm 10 mi nutes), and washed twice with

distilled water. The encapsul ati on efficiencies were

esT Waseagles of Bedapzed dife @ﬁl%nﬂe@@' aug iespbofivelyy wanabtirsidsinto NP-

S nagan ed by .centrifugati

9%2%%?%}& ﬁgt?jgl yé€4&%ﬁang QSYL e g)?’loéaaqfung(ﬁsmper& water (25 mL).
Vimydisipethaxysilane. (1 Reldesiel, Tespestr) egas( &Bled wairtd sé@ing, Mllowed by

W APFE NSl RASREBET) i £HIbeld00) T M wer
sitsomani, wamhes oo janions 0SB0 0,0, 1
nifesys and, waphed: fgpe 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 nm), to determine the

concentration of sudan red dye released into the supernatant. The release curve is shown
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The extracted 1.5 nL was anal ysed by U/ Vis
(absorbance at 536 run), to determ ne the
w@oemweasisiat i on of sudan red dye rel eased i nto PEEAU2006/000853
supernatant. The rel ease curve is shownin figure 35.
The second sanpl e rel eased dye more quickly than the
first, but by 100 m nutes, both sanples had rel eased >
in dipudé 85. The serad pamipht sdeasetidpe mede dyieklyEdanaphe fBst, but by 100

g PSP G REee 3T YdEe srepri P el e v
encapsul ate the foll ow ng hydrophobi c active nol ecul es

Example §aBaciphbulagorpeftitieaties: Sol vent Bl ue 35, Sudan red,
Li nonene and Retinol. The neasured encapsul ation

efficiencies in . the particles e as follows: Salvent |
51 GUReEPaEREn i Heps herfermyst 1oL WS Broms4 o imvention to
enBish1afd thé M%Win% h?dﬂogﬁé’d'i@ fctile thélBcAss iin\(ﬁgaﬂ'toﬁiéf‘clé‘ Barticles: Solvent

particles was about 10% The di anmeters o ' o
Blpepéi 2ydeg red, bimeonepe gnd Redingle The imeaswred eapapsuletion effiaiencies in

. . [ b I 0 0,
thé SO SRIORONE ar e Y @5op BRLH STl lpgnene 23%)
and BMtinhb o). hdthet loedipgrdfi tht estivesria thecpapdeouas dbout 10%. The
.each _instance.the active was rel easable m t he .
aificts of B TR B, el BB ot O A L erons. The
pofasity olikhe garpialel iviled smeR07di 181 BBTav40Rigit] & 8 ivhes dledsured by
T g@gt Q%%ng rel easable fromthe particles, the ,
wed cihat thes PRRGCLes r BYP JRRG OB OBTINS Pl BSHRBET Shgctive was

relByEpIR AN e ARRgEs A SIMERRRRARI ¢ phase 5 di spersed

in the hydrophilic phase, said hydrophobic phase

conprising a precursor material and the dopant; and

reacting the precursor material in the presence of a

catalyst to formthe particles conprising the dopant

therein said dopant being rel easable fromthe

particles. 2. The process of claim1l, wherein the

dopant is a hydrophobic material. Q 3. The process of

claim1l or 2, wherein the enul sion conprises a

catal yst for reaction of the precursor material to

formthe particles. 4. The process of claim 3, wherein

the emul sion is destabilized by the catalyst. 5. The

process of any one of clains 1 to 4, wherein the

process further conprises the step of adding a

catal yst to the emul sion, the catalyst being a

catalyst for s reaction of the precursor material to

formthe particles. 6. The process of any one of

claims 1 to 5 wherein the ermul sion has a nean dropl et

si ze between about 10 nm and about 100 microns. 7. The

process of any one of clains 1 to 6, wherein the

precursor is selected fromthe group consisting of an

organosilica precursor, an organotitania precursor, an

0 organoal um na precursor, an organozirconia

precursor, and a m xture of any two or nore



10

15

20

25

30

35

thereof. 8. The process of any one of clains 1 to 7,

wherein the precursor conprises an organosilane. 9.
wab®epsiseess of any one of clainms 1 to 8, wherBCTAUR®G6/000853

dopant is selected fromb5 the group consisting of a

fluorescent dye, a radiophasfaceutical, a drug, an

enzynme, a catalyst, a hornone, a biocide, a flavour,
Clasmsar o substance, an oil, a nutraceutical, a vitamn

I
il(J)p pTﬁ%P(? ggsglgbg H?qgkﬂg:é oﬁlg@ %q:ﬁ'}gl?snﬁ% d§ﬁe¥xmﬁg§eﬁ1 ryéfi‘ldecpolllmnt being
reletahé)lmﬁrdmdbhpMmIep,Hhspro«:eﬂmpn@esmget vveen about 0.01%
oo B a i, b RRE et BBk Bufapighc phase

dispdisedetnuliss pdiophidic piese, C@ﬁﬂill’@ldﬁgahbbﬁ pivate opdiitiseng a precursor
hase, f)h hydroBhl [ic phase and a surfactant to form
ma H% apd he &tftating the mixture. 12. The process

of reddiihgOMAE p?écu?ﬂo@'rﬁ@teﬁaltlﬁ tid préé@&reeéfna thtﬁ B@@anf&ﬁlt ?h'espartxcles

an_am noor ganotri al koxysi | ane. rocess o

comgriging the depant therein seid dopait hgma rﬁyaﬁabbrfmm thereerdedes. a
hygdr o
rise LB HsGedth B Baf Sl AF IRt s hdr b RARARKS:
hy?dr opfiebprocesatedrdlain, 1 too 2 evherein mhe(tmumonf amnprivgs a(rjbatalyst for
on_conprising.th rophobi ¢ phase di spersed in
rea i o R HRER 4O STt PR GRS, al yor to ¢ pe
en| siThe praceds ﬁﬂadﬁﬂﬂsl Wﬂerbthh@élﬁﬂl@ﬁﬁlﬁk abdegbiNsdd ANBe ERalyst.

formt e particles conprisi ng t he hydrophobic materi al
her ei ke PEPCG%Q?MC@%% o felamg fn tp1 4opwhemein fherrpeess further

corﬂfﬂﬁessﬂ{efs@ﬁ)t &Mhadise E%Q@Ws?tootfhe dnfqby,i fe cﬁﬁ@sﬁﬁ%ﬁ%%pcgtnatlyst for

A particle conprl si’ng a dopant therein °sai
reaQi@lnnﬁ th@re@gamveatﬁmaim forer hapeiticless, said particle

&.n9 "ﬂﬁd@o?yss f pa'hg o%%hy (rMoI%LI I]S{Ong,pwafrbro}{ll %8negmﬁsmn has a mean

errul sion
droplyﬁmzmlimwem fivat 0 dmsqpdrabedt 100 rhieeony dr ophi | i c phase,

saj d dr ophobi hase conpris ecur or materjal
arld tﬁél d%“ﬁ OF gl e § Lég éa atliored theyRicgay 15 felected
frorh hﬁe I%E(ﬁ@e&ﬁglsﬁﬁg & fCarl @r'g&(ﬁésﬂlda preéuisdd @n RApAdofik$a precursor, an
sing the dopant therein said dopant bei ng
Ofg?@PnE%E% P’@CF’?SBYnaPWég%?ﬁfz’tr‘?%‘%ﬁrec‘iféor apRiKfure pgany two or more
therdggording to claim 15, wherein the particle is solid.

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 aroma 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
aminoorganotrialkoxysilane.

13.  The process of claim 1 comprising:
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17. A solid particle conprising a rel easabl e dopant in
an organically nodified ceramc matri x. 18. The
w@2006i1835&9 of claim 17, wherein the dopant is PCT/AU2006/000853
hydr ophobi c. 19. The particle of claim 17 or 18 having
a particle size of fromaboy 10Ommto 100 m crons.
20. The particle of any one of clains 17 to 19,
whoerdbiming he hydpephilic ebeses enthydhwhekienphdseuand) ag gerfactant, said

B AP BBl Sl SPHTS R Pl i,

formMaghigtre,t he dopant is distributed substantially
honogeneousl

dn the matrix. .22, A nethod for .treati s
o eBnaB R A oRo TSt e SOPLo g Pt APECER ey drophili
phaEé}e subject a therapeutically effective quantity of
particles, said particles conprising a rel easable

ahcq@émgawtadwt@ Hereneasiry; addi fi ed ceramic matri x,

r . 0 l:S11.1 gl f t f ds ;
LR Ryt USRI SR Qoo e
hydseihebicadatbridrth¢rhim. gr oup consi sting of cancer, AIDS 5

ﬁ;%g It'tl#i}?r{ggésgﬁg&ggp r} oé)&ﬁ?,r}aéer(rg%[stﬁg g&%‘%c?%ft ésl %pﬁgl’e of dissolving
the‘&Eﬁz&ﬂ.i n the conditi (r)]n : 3 gne for which the drug or

t t i .

a1 coertols Gumprines o Sapa B S PRI from the
pard9B&Rhid pafticte BEASRAdE BYRDESIeBlcdRRRNY a plural ity of

particles to a nediumcapable of releasing th opant,
sapraviding b lemwlsior: eemppiising ¢ ydrephilic abese %@p&%ﬁ'gﬁoﬁﬁ%‘ﬁc phase

dispers” LEdhd %yg}?)ghflf.cesha%@,r mchmlfﬂo’éic 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.

16. The particle according to claim 15, wherein the particle 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. A method for treating a condition in a subject comprising administering to the
subject a therapeutically effective quantity of particles, said particles comprising a
releasable dopant in an organically modified ceramic matrix, wherein the dopant is
indicated for the condition.

23. The method of claim 22, wherein the condition is selected from the group
consisting of cancer, AIDS, arthritis, diabetes, hormonal dysfunction, hypertension and

pain.
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24. The method 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.
25. 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 dopant in an organically modified ceramic matrix.



