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SOLI D PARTI CLESFROM CONTROLLED DESTABI LI SATI ON OF

M CROEMULSI ONS Techni cal Field The present invention
woeb@twmesho a process for controll ed destabil i patriaanomioo173s

m croemul sions to formsolid particles. Background of

the Invention Controlled delivery of drugs, for

e»SeQ{gMB RAR:t'IdCHaESB’FBQM CONTROLLED memsimh OI7'MDN OF
various nethods sul ate the drug
into a solid parti cl eﬁmw@#&ﬁa@l vered to the

site of action, such as and there rel ease

the drug at a control I edﬁa{'bﬁg?ﬁeg{der to be

efThe présoms, invention pelates ¢b e proness fdveontroldud dutabiRElid €f microemulsions

ging at a tunour site. Particles that are
to fo%%%llﬁg)prﬁlcggl mat el y 300nm di aneter will comonly be

trapped by the | ungBackgrethd dfidHeeMventioft her organs,
preferentlal Iodge at the site of

hus no |y
%Pgﬂuedﬁgﬁhtvf"@'l drings, for, example 5% tegshpentioddeapyrssasrheen achieved by
variélisameiheds. a(ﬁle‘&ﬁ@tﬁ@ﬁ ‘:i's & eP %lﬁt%tt‘hggirﬁ it S(%lglgpéﬁﬁlzle which can be

of bl ood vessel s, are herefore stri
delivergdoigdhosite thiétlm)@}wh a¥ths tymourt sidsthereptlieswtthodiugiat aicentrolled rate.

Sg'g'of&plt@ HeC% f%ﬁ? asugg jah? RlusPROLP )élg ?ag%leol]%l[ageomze for lodging at a

nm di anet er ave an a
tumowr|sgasarticlee thot asnateve appmb(amﬁ;dlydmﬂlgm dibmeteantill doiBnonly be trapped
have Panos

by (e, Y SolhER R Qs BREeR prp P S npieiiyettay Todge at the site of

actlo@ppﬁmmeb e afeHRRS appdkBnaté P‘:—D’Oﬁﬁf @amehp erdcapﬁblb e ?&Yletratmg through
i mately 2 nm_ and _pre erablg shoul d be abou

the Wity Ao vEssele. i ar thetplire editipibuted thipaghewiethe body. Thus for this
applﬁ:Qf'&ﬂ tii QrRsiPi 1SR RHR G t%é}ﬁ;ﬁcé@%f E]%ﬁ'SI ks #f@g%?@@gé |95 fer. In order to

oul’'d be such that t 0 Nno cant gr ade
havet mamrgglat@@dml pteap an @m&pelala@d ulyeg, the rparetmspslheuld have nanoscale

poregj OMQr 4Bl & t@f: gng:eg Ig%%ﬁh@%e e c% % Ir}sjgrldgxg O(fb éege &H aaé)propmate release

I's prefera par
rate, kel tpoads sthbuldcba:ibeiowoamnﬁmmla&ly Slﬂmcmmpmﬁeﬁahﬂylshbﬁ‘lﬂ be about 1.5 nm

dienfb3E R g soayismeBhis Bikhe PpRlbR Gan e M drtiaden partices
shouldi B¢ Qi@hGRAtltNey AChd sigditiEdnflsi degtad¥ tﬁW&h@P@bﬁlhﬁnfy’\ﬁitp&ncer drugs, for

reduces their detection by the reticul cendot hel'i al
examp)e dergrubis, picgisiabledn barig selutipw| and|sp fitels peefergblerfor any particles to be

prodﬁ@éﬂllﬁﬁgrném‘éﬁgﬁ’&:?dlc bdndi@chsPeen established that

spherical particles In e 50- 250 nm di aneter range
pSidise swinnparticles aq@pmswscmrel pﬁyem ;dyhatagesahs plrug)e'ameess for in vivo

ont B EBLAEL St RO 1 R i e
the1rd&tsctﬂ>ht‘ey th@tre%ﬂ@mﬂsthchaleﬁislt@m) afl |provide asxogded i sbEESlife to their
paylé%%gclggg\@eg el #@?%e&? restal?l ltllla%dsp{xgrgc% %Sm%fes 01}1 hthe 50-250 nm diameter
range possessing the appropriate physico-chemical properties can be selectively distributed into
tumour masses from the general circulation over a period of one to two days after intravenous
injection.

Silica nanoparticles may also be used for controlled release of other substances, for
example catalysts, enzymes etc.

The preparation of silica nanoparticles using base-catalysed sol-gel chemistry in
microemulsions has been extensively investigated. However, this base catalysis chemistry poses
two disadvantages for the encapsulation of bioactive species:

e many drugs (e.g. doxorubicin) decompose/denature under basic conditions;
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exanpl e catal ysts, enzynes etc. The preparation of
silica nanoparticles using base-catal ysed sol -gel
woheriises7y i n m croenul sions has been ext ensi veCy/AU2005/001738

i nvesti gated. However, this base catalysis chenmi stry
poses two di sadvantages for tRe encapsul ati on of
bi oactive species: many drugs (e.g. doxorubicin)
deconpose/ denat ure under basic conditions; base

* bma¢ edtylysis pprdadesciassoppop patictes pettith £fl@Se MRirCddntedteds fapidly for any
their contents too rapidly for any practical use. In
PEEHICPLSE.  acid catalysis yields nicroporous particles,

Wi edhti@sth héld tcatiiGly VHIQWRTicloBbRES ﬁar@i@le&,h\ﬁhi%ﬁ %ﬁﬁ%ﬂlrﬁﬁﬁdslower release

speci es. However, due to the intrinsic mechanisns o
of thegneapsuilated, megiep.dlovevescdur tonihe intmmsictmedhariseis f pofticle evolution in
id $heik rihd & i ] | t LS. d:S:.elthe
acid SRR 625 LA Aty B3Rl i 0 0Plss than 50 mm o
larger Hanginemaiceonneed for a nethod to produce particles in

t - 50 range, W th suyst.ai ned, rel eas . .

2% BRIPI2088 MBS 20 R 58%n y he 0-500mm rngo wit
sustaiigo efpnscattarqudristicd. @heipastiddeh e BRIV SRR @%‘ﬁlﬂ?ﬁ%&baﬁ%@im (between

and | opt i onal Ig betwei)n appr oxi mat etﬁ‘y 0 and o
pProSBIHALY 1 HE Aot iRy Satiialiy PEveR SppToxEatelyci b ed gadym, in diameter
and hefe Has ?i.é’.emic%}ggblilé) UoP fpabd® Wl Set Bl o MM HGs ﬁqemg? ido%r made under

conditions that” do hot degrade a drug encapsul ate

condjtipas Hgt dp apbdegrds) ading shcappdated e theipartidles. i s t he
obj ect of the presento{,ﬁﬁ%itﬁg,@%’% come or
S

substantially aneliorat’e at l'ea one of the above
dit ssthe abjeatesthe Ipresest iavémionhe overbpmae or substintihibysmeliorate at least one

tial.ly satisfy.th bove need.. S ry of .th
or B RblsonthRftodeSe i RN B0 B Rty Sk resbpye need
provi ded a process fSumpRHy oF theldavéhtion at e subst ance
conprj sing: - provjding an emul sion conprisin i )
d%?alflgﬁtsasd’ie% of teginvention: thers HuBPy1ded ipepcswag@, making a particulate

substHh&S &Infpriting: €ast some of the droplets conprise nuclei;
and - at least partly destabilising the droplets to

f-or praviding san: ewblsinecempriting deoplesidispersed iig 1A eendinuous liquid phase,
s b%}ﬁﬂeﬁtg PPI%E@? rsblfﬁ% 08u d?{)/ﬁi%t@ lcb&éaig%mgc?éi{ ¢ es. The

partic e subst’ance nma e se e nucl ei or
ot het Viease mhetly Westabilisimgt e droplets . to Themntiod @artivalatdeubstance, said

rimar) rticles. The.nuclei e nuyclei for
P or RRtiea R b g e M AR ey be
npigd phrticOlated QULIRLES a3 be Qbdddd BT HeChRsei (d6thed¥iBg derived from the
porous solid particles) or gel particles. The process

nuclélmy conprise the step of forming primary particles
fF®¥huclei may be primary particles. The nuclei may be nuclei for formation of primary

particles. The nuclei may be nuclei for formation of solid particles (including porous solid
particles) or gel particles. The process may comprise the step of forming primary particles from
the nuclei. The particles of the particulate substance may be derived from the droplets. The
particles of the particulate substance may be derived from the primary particles (e.g. seeded by
the primary particles), which may in turn be derived from the nuclei (e.g. seeded by the nuclei)
or correspond to the nuclei. The nuclei may be solid nuclei, or may be gel nuclei or a
combination thereof. The nuclei may comprise polymeric silicate molecules. The nuclei may
comprise pre-ceramic polymers. The pre-ceramic polymers may be capable of being converted
into a ceramic material e.g. silica. The step of at least partly destabilising the droplets may

comprise at least partly coalescing the droplets. It may comprise combining a coalescing liquid
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the nuclei. The particles of the particul ate substance

may be derived fromthe droplets. The particles of the
woaodsiosed7at e subst ance may be derived from t hePOTiAwR005/001738

particles (e.g. seeded by the primary particles),

which may in turn be derived ¥romthe nuclei (e.g.

seeded by the nuclei) or correspond to the nuclei. The

nucl ei may be solid nuclei, or nay be gel nuclei or a

and tk®eRuRBNI The bhgicRefof tHhparficifhteisubRyncean®yr be tormel oreeticed from the
silicate_nDIecrIes. The nuclei, m [

uclep b 260FRHPE $98|S59RBFS OF TRIOPFIBLieR b ECISIA PR af the Rrimesy particles. At

least SAREBE Gie Aol Ahy RRRIE 8 LohdtnSalRe §RIcRE] Thd'@ndEhsable species may be
e.g. silica. The’'step of at Ieast‘parthy dest abi | i si ng .
capatilhref thaciingwih fleg/préopgyriasiicles orl tbggpclga pRq ay @gcggqglen@f coalescing or

th ro . i onbiini i .
e MR S, SR S Rl oA el S v fom o
tetraafleuxtybitaneafee. settmainoaysitee dretefracthexy/sdane) er i anealkylidatkoxysilane (e.g.
aindgySp G e G5 b PSRBT RE By gy gpmprse o st or o
polysBifatd 6¢ &Smixfiire [tR@SHS. TheRIrOpletsh@ay comipeites analecambiypsitstance, and the
a condensabl e species. The condensabl ;@FC%§S n%y&ﬁ droplet
proces pryineakera Ragetats substange PW@PWIP&EWGEQ jugstagge. | fg droplets may

also &Hg#r%e’ oG ABYe REn-FARRRIIE sAbstHRBS 8RE HKOpRTes may make a particulate
aggl oner at 1 ng t%e primary particles or nuclei. The

substencedemsaising Sp aclcasablesgndmondisteasable sybstanges. The nuclei and the primary
.tetraal koxysi] a . . il sonally th }
e L GRS s TR DI A8 G pionly o o
releagibld) @ibstnck). I Thee tréloasgblil substancoomay e xelgasabiehdlogoithe @erticles. The
relealﬁﬁtb)(qngfybétcag %@g%p%?ﬁiéelz IaI%at eel%iea%%t@g %%bsns,t)alrn:céeebtrgné)}r ccﬁnprise two or more
individlaRIGRNSe SWiEeace, and the process may nmake a

particul ate substance conpri sing thfg rel easabl e
sThsspraeese mayrddiioppily eamprsg the FRYCIconpri se one or

nor € DA LR85 S B LAFRSn 2 BfbPI A diBpRSASE arBdtinuous liquid

make *a parti cul ate substance conprising the rel easabl e . .
and iphase; ehemindt|least sirae efibe dropfete corupyissnuglsy seidgdroplets comprising

pri mar rtjcl W f e t) may or may not conprise

t he raeﬁ%g‘gfgiarﬁiegsag)zeoéﬁlbgtﬁgéee’ ?gﬁd optional Iy the

nonr gbedshe thesanhdsian as) the Sheondenedsialsl e subst ance may

~be releasable fromthe particles. The re :

st S i o L B0 B R SPB TRl ropes. T i
casethe SOfMEsE BaltitRy @estABIliSing My ichuusiserat leas pintielly destabilising the

subst ances. .Thgmﬁ)r ocess (g@)c/ addj ti ogal IX conprise th% table for
dropitepbthefemulsipn end gf iy castaRysioRUT B¢ B! lél&ﬁ’rﬁ‘i’“sﬁ?%a‘ay © sutta
makﬁle'%gaf lggﬁi%u@{qsﬁl%grt%ﬁge E&n@?ﬁ?@iﬂé&fé@éﬁ%aﬂlé QibHarieB 298, the second releasable

I'n-at |east sone roplets conprise nuclei,
subs@atcél dropl ets conprising a second rel easabl e

subst ance, and.o - combi ni t j : ;
c JBrFEALPEr s i by B SR pling nicRfmulsion wherein af
Jeast! fogncSb e Qhoplbts Iceapiisp andleialThy nielst alay lbegirefgrmpd or may be formed in
droplets. In this case, the step of at least partially
situ.dest abi | i sing may conprise at |east partially
09516 alab oF BtosHih P edinAMish faglookpisenul si on and of { he
nd e

seco 'ston? The resulting, pr oces? may be sui tabl%e :quid
f or providing a precursor emulsion comprising droplets dispersed in a continuous liqui

phase, wherein at least some of the droplets comprise a condensable species; and
- forming the nuclei from the condensable species within the droplets such at least some
of the droplets comprise the condensable species or an at least partial condensate

thereof.
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maki ng a particul ate substance conprising the
rel easabl e substance and the second rel easable 5
weubwicassoe. The step of providing an enul si on Fay/AU2005/001738
conprise providing a m croenul sion wherein at | east
some of the droplets conprisd nuclei. The nuclei may
be prefornmed or may be fornmed in situ. The step of
providing the emul sion may conprise: -0 - providing a
PhE Step DP ForfiiThi ﬁieofﬁlc@éi’ iRy Sonf}ise la@Bing tilse ﬁ&ﬂ@éﬁ&ﬂulbﬁn&br sufficient
continuous_|iquid ase, wherejn at |east sonme of the
time for Gpnatien ofghe flil%l@l 1}5?9@ &mﬁw@%g@‘é%s and forning
SepRkRe afi"i’ P R SRR Sorp R oGRpe e by Bt .
t ke pwwdmggaatﬂnmlsple comprising amu]atonl cbalsltts pldapeised in a continuous liquid
cond gggte t hereof. The step of form ng the nuclei my
co 3 agei ng the precursor emul sion for sufficient
t Fmeadfitig o Iofdislisable Glecieh e thueheisid; and t he condensabl e

S .. Th f
eﬁif:alé- %ﬁt I?f‘ét;a { A0 e §ggg ﬁg}&él gsag];é s%%m%{ %&H tﬁa egylsion droplets to
ew|f§f@ﬂl§&)ﬁﬁéﬁs§bfég gty sion droplets dispersed in a
continuous liquid Rase - adding a hydral ysabl e
dpebydslysable H@W@f HIPTEE @ tetr%lgowdgne parexpmpletetramethoxysilane
g the hydrol ysable species within the
Ortetljaé(tﬂ{”&sggﬁé;ropl ets to formthe condensabl e species. The
hychnobmbahhmn‘s pbaees peoyidednprprocesa fort makingx g spariedate substance
ar tramet hoxysi| ane or tetraethoxysil ane.
Comp’i]ﬁn%ﬁ r%%@@?ﬁgeﬁ’ﬁtaqcﬁ’e@@i % ovi ded a process for
mikpr@ﬁdihgp@{ tehﬁl%cﬂi Comphisihgrikeplete rﬂispeﬁSedgmaa rcohtamabllruid phase,
subst ance, grOV|d|n an e

corBATSnr 1680 30meolcihe ASPRER RS GHEIoh UL roplfsy gomprising the

PhagRasMRENBLEn&L ahgast sonme of the droplets conprise
nuclel, said droplets conprising the rel easabl e

sulatt ]&nsteparﬁmddesta@ghsu&ghe shenlpty e forapithe Spqq@cqlﬁg substance, said
par;i%.rt%ul?at% gul;s? Egﬁgﬁ &J‘I‘l!él ntgr AL 'ic%bc\?her%ﬁ' tfle particles comprise

€ su anc ural ity of
parthé célmalv]beulmtancbhe particles corrprl se the

5o SRR Sepubeles b iR\ aticrihe Ak Al A i . The pluralicy
of parfibléet flalytby defivebfrbinGhe8roptys.be derived fromt he

ets.
The releasable substance may be at least partially immobilised in and/or on the the particulate

..._n

substance, and may be releasably immobilised therein and/or thereon. The releasable substance
may be an organic compound or an organometallic compound and may be a drug. It may be an
anti-cancer drug for example doxorubicin. The releasable substance may be a fluorescent dye, a
radiopharmaceutical, an enzyme, a hormone, a biocide or some other substance. The releasable
substance may be releasable into water or an aqueous fluid or some other solvent. It may be
releasable on exposure of the particulate substance to water or the aqueous fluid or other solvent,
or on immersion of the particles in water or the aqueous fluid, or on agitation of the particles in
water or the aqueous fluid or other solvent.

In another embodiment there is provided a process for making a particulate substance, said
particulate substance comprising a first and a second releasable substance, said method

comprising:
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The rel easabl e substance may be at |east partially
i mobi lised in and/or on the the particul ate

weubwicassoe, and may be rel easably i mobilised POoEmM&Ro05/001738
and/ or thereon. The rel easabl e substance may be an
organi ¢ conpound or an organénetallic conpound and nay
be a drug. It may be an anti-cancer drug for exanple
doxor ubi cin. The rel easabl e substance nay be a

1 ypéwa@ent fidy emuRionoctngiiaig@eplts disdersedin @NeonfiBuowd liquid phase,
hor none, a_ bi ocide or sone other substance. The

r e|VEEEeIB 1% leagheom ek theedroplets compaisa oelel, faid figst emulsion comprising
an tﬁ&ﬂfs@f@ea@éﬁlé duiRtane@me ot her solvent. It may be

rel easab on exposure of the particulate substance to
V\/atpmwdmgtm@e@qde@n@lstommnmsmg Idmplﬁs;)ld‘w@msed dn agontinuous liquid

S:Q‘e %e%m ali]ef 4 %Ilngl Shé Ard ét rlgé]%ua U%Q{dssecond emulsion
e, JYhelin &4 1% s

Pon. ol s I N wWa
t he:oﬁqmeﬁmgshé d;eaonid mﬂeasalﬂesulﬁtdnxzant I n anot her

enbodi. nent .there i.s pr VI d a process for making a
paﬁpp@mlﬁg@egﬁm%&’ ‘gSI B APCul at e subst ance

compnéast Ezﬁ'tl? destasilisiag dh@dﬁo%%w df fRl masakd SocshdSialishs to form the
sai d et npri si_ng i)row ding a first enul sjion

corﬁ@ﬁi@ﬂ%@swwﬁ%ﬁ@dmaﬁw eepbistange RSy BIUralHY P“epartlcles
ﬁﬁmr@@ﬁ{agbglséédehgmema #h tﬂe!?@;.sg'ﬁ@l@t(%t?orﬁ%@ﬁﬂc?&

nuc sal rst S1 0N conpr|S|ng I rst
The ooeibésEsabhey sobptisteeixing, swiling) agitainge bomogenisingi @e The first and

sconf RIS PR BS80Sy o o s

that tHeugdriitulats aubstateaothpeized theofirsCandsdcsnd geléah;ebls&ubs’tahces in a desired
. rel easabl e substance; - conmbining the first and second
1atio. emy| sj ons; and at |east partly destabilising the

g ﬁ%tﬁ&tserﬁf)odlﬂl%nf tHebd 1P PrOVERAOL GhrdIaHH ﬁirofﬂﬁklhg 4 parfichla® substance
particul ate substance, said particul ate substance

comp@g¥ngri sing a plurality of particles, The particles nmay

PE SE60RHheM dullReibl e&%hagﬁ% BRI 6pBRIdiRACh P AL Adifmous liquid

nucl ining onprise m xing, swrling,
agi tphaseng, hom)geni sing etc. The first and second

enul 1,0ns e.co desired ratio. They
%1 n%x%léfsafbi %’eflgﬁl()%hgﬁgﬁ%tl%t the particul ate
S Ub St &’éa@’ﬁpa@'@m h}&i@@lyﬁlhg tid lygliolgsubhl ssepecivsiwithineths aimubsion droplets to

subst ances in desired ratio. In another enbodi nent
t her nPé‘CﬁP%‘?ﬂS B5RFY°ocess for making a particul ate

SubshARGS n‘&@fépfrbﬁl' tA8 condeRE4bYd e@i@s AXhEIME ShMsion droplets such that at
conprising enul sion droplets dispersed in a continuous

| i quieest poras ef the dseniets gortaimarongiy article pad peleagt gomp of the droplets
emul 3,00 the condensable species or an at least partial condensate thereof; and
— combining a coalescing liquid and the emulsion to form the particulate substance..

The particulate substance may be suspended in the continuous liquid phase or may precipitate
from the continuous liquid phase. The emulsion may be a microemulsion, and may be a water-in-
oil (w/0) microemulsion i.e. the emulsion droplets may be aqueous and the continuous liquid
phase may be hydrophobic (w/0). The conditions (e.g. pH) within the droplets of the emulsion
may be such as to promote at least partial hydrolysis of the hydrolysable species, and the
emulsion droplets may contain a catalyst, for example fluoride, for hydrolysis of the
hydrolysable species. The conditions within the droplets may be suitable for formation of the
nuclei from the condensable species. The droplets may be non-basic and may be acidic and may

have a pH between about 0 and 7. The nuclei may be solid or may be gels. The nuclei may be
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- at least partially hydrolysing the hydrol ysabl e

species within the enulsion droplets to forma
woaonmaiesahl e species; - form ng nuclei from theCcT/AU2005/001738

condensabl e species within the enul sion droplets such

that at | east sonme of the droplets contain a primary

particle, and at |east sone of the droplets contain

t he condensabl e species or an at |east parti al

porouszrmdems%ercmb T lﬁﬂyfmaﬁhﬁive peTB e atoue 03 SRICSTE diameter. The nuclei
siQqn to formthe particul ate

may i)a %g \%ﬁ% éagout i [.r nm diametes. Wﬂy@abﬂmgpeg@s ayderadspgcies that, on
hydrblly31§,h@n01@ﬁhltﬁél ovifdehbAid shRNRISE My f{)?%x%ﬁfé'ﬂ%' %ﬁlﬁoiyysﬂane and may

b t.he conti nuous l'iquid phase. The enulsio
€ a f-cirh i @hoxséﬂalw_\,a mixgurg ofdweror o lof (IWB@)The condensable species

may B GERRBHASH Qlﬂe' arfdt m ttcl? gﬂg} F&r?d%nga[b?eﬁ éé Xsémggble It may comprise

aqueous and- the con i qui
one gryere hivdtslsig modicts Thibe dnymabil)tsabia Spc{cﬁesg ancblld)iy binBige 4 §ifinol species.

e NN T R R p—

mlanammﬂ/olhaemhmalohgmmldropl ets may contain a catalyst, for
sis of the hydrol ysable

I or de, for hydrol
e’é’éeng@% o ?Il’Jfé‘ MP’@V&H@W? ﬁgﬁng Kee avadescisigsliqrig thyéhe emulsion, or it
may 8éthpadd &1diRY tHeni®EiLR Mo ‘t?ﬁe E ?ﬁsﬁﬂgllﬁgld TP, gn:%gqgnse stirring, switling,

condensabl e species. The d ¢ an
sonicglgn %Otbﬁmﬂi;%a%ﬁﬁﬁn&ﬁl}hﬂﬁ éh@emubﬂnmthmalmung ﬂlqﬁldan'dm?h The step of

b. disO y The
comt{A846) B80S P 305 B ey et
meiQih’@qu theSpaatiehlBa rsublstmcet Ehe pahuhitee b@stamay s ERhMRRN plurality of
e droI sabl e gpecjes
paruc"l‘é)s %ﬁl g‘rfl;}c e Cpagtécl?sh finig oﬁqnﬂﬁfgw rcla)ﬁrq 8f mucky for example by
coale%d@ nﬁallph&aﬁt@@ﬂ Jﬁé nudléi GYEdY él@"vvﬂ?%@m Ruchg. Bhe step of combining may
al koxysj | an an dr-, tri

be a
compyige p "é’\‘lng&% éql?fﬁﬁ’éneo% r formation of thst P%l‘Wé}ﬂ@iﬁ srbstencef The sufficient time
may E&@?@o aJdif 1@%@@%@'%&9&) cﬁsth{rgé(rtlgﬁlggnssug%tlaré may comprise at least

condensabl e, and e po con
partial r epndpnsaiiamn| @olwondmyatmnpn gessbinkingy afothe Iaynﬂamhg}fﬂe Sspemes The

fomﬂoﬁ%‘f?ﬁe}a‘?ﬂc&lﬂg sﬂlysgé;n[% ¥1T°’a37bc}%)§1\}) gﬁeé%ts ?Q/\gp t%.F ﬁp%%ena'cim? ERFFIGS with the

nuclesi [Tha qiartgﬂesucp)%thpq.’rarﬂg;‘uﬂa&e lshlmtziuicé af@ poASRR S@l_?]}abe tmlcropforous and/or
i c silane and/ or sil ane o] | e step o

mesofGRAT n e Ty BEiopries befuho Rt b besimgibrglsry They may be

spherichke oe mHysbein nfd‘gulafr SH@E &%{d St8ePdHibO TR SarB AL ﬁia?rhave a particle
t he coal escin %wd It may conprise stirrin

size b§I%’I"?EI“| hgut 3G ant 2 ‘PLB B0nri; pbeiiveen alstut 30i angd abovh 8900nor betweon
about SUHnF 1 4BBui0F O(ﬁnﬁ?dlﬁﬁae? Sﬂie‘%aLe's&lgg ﬁ’iﬂﬁir tlg% E%P)g&?olé Wit &L continuous

conmbi ning may destabilise t
liquidgyhase; japd) mwﬁmf@p aglestebifisingiligyichand heypdlsd cofpris®a nof-polar liquid.

s [ rticul ate
The dg;tglglngﬁgZIQ%d&%C REA Igbggrﬁtﬁﬁlfg Qﬁ Vp @ agefone, of gthangl, oy a mixture of
acetorwfandlwﬁlqna}tl cl es bei ng formed fromone or nore of
I I f I I
P& Tl caogia) GF SRTCS P flocarmiemucleh aﬁéqa@é‘ cater than 7, and
the stepcbfhjr@hﬂﬂlgﬁﬁé’eﬁ‘aﬁml i6 SolRIveAyle 3tdh loratia 'tﬁ@?lfogfets ?nd adding a

tion of the particul at e 'substance. e suf
conde{lqah&a substance or a precursor thereto, such that during the step of at least partially

>

destabilising the droplets, the condensable substance condenses in order to form the particles.
The precursor may comprise a hydrolysable silane, for example a tetraalkoxysilane, as described
herein. The step of providing the emulsion may comprise combining (optionally mixing or

agitating) a surfactant, a hydrophobic liquid, a basic aqueous liquid and a condensable substance
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may be up to about 10 hours. The formation of the

particul ate substance may conprise at |east parti al
woaonm@iesabi on, pol ycondensati on or crdsslinki ngCcTafu2003®01738

condensabl e species. The formation of the particul ate

substance nmay conprise reacti @n of the condensable

species with the nuclei. The particles of the

particul ate substance are porous and nmay be

or pretwseptbeets aaddilowine teroneditab]d Reeri Yo RBNENROEE form the nuclei (or
en _about 0.5 and 5nm di ameter. Th be

allo bet V\E ; ey may '
VafR &9 pigcuTsgE ‘?ré‘imb cafPideRsells wbstgnespend the blovidrére condensable
substahieye. cohliensB @6 Fdrfl 1818 niB¥) MY EerRulBidh bk asfeﬁcgggg{rl]l\é\ﬁgﬁhe precursor

about 3Q and about 5000nm or between - abou
or thg sepdensatpaphsiancy dernibe muglsbmay H6 theisambesibr 8iFfment to the precursor or

Jel t L i qui he miscible with .
cndEhA8 Sl 67 BRI OBl PR Mobdors comprse
hydr@lg&b@ﬁllai}rlﬁ& rvgnblil thldlydr[dyse:sty fedrs at m@ﬂgfakﬁalya?.yﬂ%lywd' @d/or partially
condlaxlﬁsgg:szi:c\n%sh Swlﬁ_élitagee 'tl(ljelc g«lergﬁgsalbge? Is&s%%gﬁ ?vh?ﬁhpglaglﬁr sandense to form the
nucledforde édronthepadiobdshanol . I n anot her enbodi ment, the

glr Oa§| ts Wgécfh cgtgpri se nuclei _have a pH greater than

n ajqther ¢ra TN . epfqgg$scﬂflp§oq1ﬁ1@gébﬁﬁ@m1@ﬁnicgmp_amsdhesjteps of:
by- t Brovedifp a Bhsidemilsiod, 98ld %ﬁ%l%@@n%rﬁ%lﬁgigh 'ag?ﬁets dispersed in

condensabl & subst ance or a precursor 0, sucC

t hat 2GoRtimgus Hauidtrdpsesf at | east partially

dest g g I condensabl e subst ance
condens',legéiﬁlr?]'&g1 go}ggtagf%fs%%stthgﬁ %‘gp]tls’@lnes. The

pr-ecairlsant pamiplly diyprol wéngatht fiekt hiyshoashile spéoeavitiifthe emulsion

exanp| et raal koxysi |l ane, as described herein. The
st egﬁré) g %%5)\/#08*1 Y%’ée%ﬁqﬁl;g§P%%e%y conpri se combi ni ng
(opt acididlihy 8 ethulgiofrto &gt At dciBliedeniliAchant, a
hydr ophobi c |i qui g‘i? a basic. a(iueous liquid and a
cond@fiabP econd Sy disbweple gpesicr 8 8re acitified emulsing.
The stdp SRt Méhst PRSI Hmﬁﬁgﬁtrﬁ? @Jrhﬁjisetfgnﬁﬁ{bqle&'siﬁlcteg.e’fh%rwsic emulsion

the nuclei (or Tl precursor to form
may kehWalesibpid emutsierangemanbe @ ieroghiisitinng t he

canden to for.mthe nuclei).
?ﬁﬁg %ggrr%%glllngﬁ afrérgé L‘%@ ﬁge (tr’ﬁ%corrélé%g Ioi ﬁ’grf‘?epﬂ?g pr ecur sor 02
t hesepamting swpaeticildis sabseamcé Gom the contiueis Hgyid PRadehe
recursor or condensabl e

sane_as or different to the
§ub‘g?silﬁbgéﬁif’QPrtltCH%?ep%ﬂth‘iaE?ee?? as described above.
Ty pdroilg, Pidrei 626 AraRsRhé SatHMaelysaRkke Sil anes,
i ch may Ey(%rol se to format l|least partially
ma%tb%@a etayesh theerulgiony droplaie aempriss & aelessablensubltance, and the

procedy 8t UBRL C;%?ﬂj)‘f NRARSLRY bt?ﬂte RGBS G P %8}6?1 G riwg]i;e particulate

formthe nuclei, or to formthe par ?tc es.  I'n-anot
substange Gictiermsteasablesybstines mapbe peropordrityprtrhleasibly Simobilised in and/or on

j S 0f ;. - oviding a basic enul sjon .
R T —
substanae, abutobxt icapabls off | gl ap hase partialy deltgsed fhefdHom when subjected to

eas

a roh (%roI%sabl e St ecies to the emulsion; - at | t
PP %‘_iar? R0 FRPGH Njs Pty TPErsef 1182 figidorapahlsl ef qhessingsthe releasable
substantd, T Hdved 81ak bRl B8R example a solvent for the releasable substance, The releasable

substance may be an organic compound or an organometallic compound and may be a drug. It

may be an anti-cancer drug for example doxorubicin. The releasable substance may be stable to
the conditions pertaining in the emulsion droplets before and during the process.
In another embodiment, there is provided a process for making a particulate substance,

comprising the steps of:
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droplets to formthe condensabl e species; - acidifying
the emul sion to forman acidified enmul sion; and -

waddicrngosas second hydrol ysabl e speci es to the aecuiAfieed/ 001738

ermul sion. The step of at |east partially hydrol ysing
may conprise formation of nuc8ei. The basic emnul sion
may be a water-in-oil enulsion and may be a

m croemul si on. The process may al so conpri se one or

nor grodfdibger SHRASInQil mickePalsadd MavinkeemalsionC di‘@‘l&s dispersed in a
substance from.the conti nuous liquid phase, - was

t he CpRifuPBYligyd Phatss saif cau %hdmpwmqvgpmw 64talﬁ’?te"g§ Bydrolysis of

dryibngiokiglaRarti cul ate substance. In anot her
en‘ood|91m§-3)n?s‘?1 ﬁe emul si on droplets conprise a

r-eI e@ha@ﬂ‘@ aékmcsfsméo thgreinulsien,pr ocess at | east partly
P lendt é)(%gtlasli&ghss{dgé@%ﬁg% ealrﬁe ea%g:bﬁlthﬂl %Q Ui dﬁﬁ ets to form at

|cu e 'substance may
tenmastamelsylaml spedlmsabl y immobilised in and/or on the

par |culates at i1s, herele abl

b SR i o i She] SesgieS e EPER SO gplets such that at last
subséaeafp 1&@ tolt&inGagahhg paftidkeoMgetated &%t 1 pad 50aliy diameter and
rel eased therefrom when subjected to appropr| ate

reI ablsast somaidrqrieis compgse th?rﬁ‘%ﬁ*@bﬁpqc’ﬁsaaq i qui d capabl e
&jnﬁﬂl aé?rg &ﬁ?esfnﬁk | 8d SO il Sn td"@rhi @Y1 Shrii@Nate substance

le a so for the re easabl e subst ance.
Th e ha‘ehg as)attiC@ smalsthn@reabmy%@nChWQQnga ot beteeap abowd 56end 300nm.

z@ %ieﬁtq ?Hgg} I ug?%J gl%vex d rf%? oc %X%Irﬂ%l I %I t;}ﬁﬁﬁé’ulate substance

comprigosRiNagatie Biisence cﬁﬁlpnblﬁgmeed‘.ném dfo the conditions

pertaining in the enul sion 0 s. bef or

DB L0 ek R o0 SRR A persed in o
a PLegERdub AHuidRRhEY sAd I@ﬁxﬁlsﬁ&iﬁr@ﬁl@ts&i&bﬁigm between about 1 and 7 and
conprising the steps of:- provid ter-in-oil

M cICOBRTiFIE dhe wbeasabée e}batagveowdonr Tt o ellys gt palkoxysilane,

con ?]{g}g kidn errul sion droplets

corr%?élﬂg nll'wge %kgyngH yst §§% ﬁ %r ol ysis of an

al kakjeait pmteally h)ah‘dlya@gtth@ alécbmxlym wathin the enpdsion droplets to form at.
emul si on east partially hydrolysing the

al ké??ﬁ%?qeasﬁlgn%spﬁ?lﬁ ‘the enul sion droplets to form at
| eagbrngfg ndtlenfiom thpeilags specidsowithinghe exmbuksionf dropletsheuch that at least

si | anol cies wwthin the emyl sj dro t hat
' 2Be B Sie eami it S B B R e an
bet wernsiabpidtdrdpial ‘301519{‘1% fhe sﬂmﬁiﬁﬁﬁ&[esaﬂﬂi at |east SOFTE

droplets conprise the silanol species; and - conb q
a coambiing@ ¢qalpscingaliqrid Feithe et SmBisicnolor G fhﬁ:epartwu ate substance

par tha&fﬂ%%t}%rﬁag $128G6veen about 30 and 1000nm, or between about 50 and 300nm,

the particulate substance comprising the releasable substance.

In another embodiment, there is provided a process for making a particulate substance

comprising a releasable substance, comprising the steps of:

- providing a water-in-oil microemulsion having emulsion droplets dispersed in a
continuous liquid phase, said emulsion droplets having a pH between about 1 and 7 and
comprising the releasable substance and a catalyst for hydrolysis of an alkoxysilane,

- adding the alkoxysilane to the emulsion,

- at least partially hydrolysing the alkoxysilane within the emulsion droplets to form at

least one silanol species;



10

15

20

25

30

having a particle size between about 30 and | OOOnm or

bet ween about 50 and 300nm | n another enbodi nent,
woOhere®s059 provi ded a process for maki ng a part pcuiAaRes/001738

substance conprising a rel easabl e substance,

conprising the steps of: - providing a water-in-oil -

m cr oenul si on havi ng enul sion droplets dispersed in a

conti nuous liquid phase, said enul sion droplets having

a pﬂr&%{%’ﬁ@kim&hésim@l Fpedied wa o fesdri@sioh&lroplets such that at least
rel easabl e, substance and a catal yst for hydr

| ysj f .
an er@ﬁqutsa‘P%{tm&@leY .ls,gt“ti;g]r %\yqzeélrpé)opbl 3wigbr?m % diameter and
enmulsian sormie @*Qphf?ﬁ&r{qﬁgsretth@%ﬂa}ﬁof‘éb@&i%;yS ing the

al koxysil'ane wthin the enul sion droplets to form at
|-eastmbinings 2 | canlebcinp dighisk with the remdgion e fermfthe martiralate substance

sil anol species .W 1Dj e .S} P
S PGk RO ALl el AL o 00cip8RL Sty okt nd 300mm,
bet Weqiartiduise subsande Sainpriding the aetedsableanbstarice} east sone

dropl ets, conpri sée the silanal species; and -..conbining
 CBhEnE e PO RSB B CP BT Re L TR
par Waﬁ&ihgt}ﬁ: wiasil Ao sebshavs;ngda particle size between
about 30 and | OOOnm. or between about 50 and 300nm

t-he dpang the eeicalabyBs@ACe conprising the rel easabl e
SHDSTARE eemﬂo'ahﬁl&ﬁ;tﬂgfe i rﬁ%%ﬁ?&; Bt prob Q8T Br nSaki Y| Fhegledate substance

process for mak a particul ate substance conpri sing
commisimg: easabl e substance, conprising the steps of: -

ar oppordiaf b Bl st AT St PR E M Efifocus iquid
emul phese, dropl ets having a pH between about 1 and 7

and cqonprising t rel easahl e suyhstance and cat al.yst .

For AJURB P FaPeeraoIa esioR S5 he PR SULFA GG chevies Veing capable
al koxysitkAeiHelriloRtipRign, - at least partially

hydrol ysi ng”t he al koxysilane within the emul sjon

droplfemsng sueleirfierathe emdensshle speqiesitithigfag praulsion droplets such that at
form ' 182 i 08Canldes 184 dlft drBflets contain th
ewﬂ{%%%&?%ﬁog{e&s%ﬁaﬁ?? ﬁg}tn%ﬁ ast some dropl etrts)ﬁle S comtam the
cont abmdemsghi¢ spEciespandt i cl e of between about 1 and 50nm

in dianeter and,at.|east.s r opl et L

o1 oo F B eing Rl 5B SRR B SR Al fostance.

t ke esadeasddic speciedr mmy e Ppailichteybad enayubis hasotubld ailicatg for example

.a particle size between_about 30 and | OOOnm qf,. 1 oxide with
sodig Scals CABOTASSISE SHEFS OPRATOTeRS T AR B Slfine fugial oxide wi

the coRAMSARE BBedidie ThE ntdsiahhebs 4 BShAN6E metalSPP 8% ahpl8ditiriem, zirconium,
particul ate substance fromthe continuous _|iquid

iron, pting evanadiwass ehranivae op Apfnivmy Qther Qxidesq flech: agthpse of tin, aluminium,
germanium, calcium or phosphorous may also be used. The oxide may be added in a ratio to the
condensable species of between about 0 and 80% on a molar or w/w basis, or between about 0
and 75%, 0 and 60%, 0 and 50%, 0 and 40%, 0 and 30%, 0 and 20%, 0 and 10%, 20 and 80%, 50
and 80%, 50 and 75%, 25 and 75% or 25 and 50%, and may be added in a ratio of about 0, 10,
20, 30, 40, 50, 60, 70 or 80% on a molar or w/w basis. Biodegradable particles and/or particles
suitable for promoting apatite formation, e.g. for orthopaedic applications, may be made in this -
manner.

In a second aspect of the invention there is provided a process for making a particulate
substance comprising:

- providing an emulsion comprising droplets dispersed in a continuous liquid phase,

wherein at least some of the droplets comprise a condensable species;
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- drying the particul ate substance. In another
enbodi nent there is provided a process for naking a

woaondsiosed7at € substance conprising: - providi ngPamAU2005/001738
enul si on conprising enulsion droplets dispersed in a
continuous liquid phase, - add@ing a condensabl e

species to the emul sion; said condensabl e species
bei ng capabl e of entering the enulsion droplets; -

f.or gadigp theGhRilsidn fiMat RestaaheRsafd e species within the
enmul Si on drorlets such that at_|east_sone droplets

contlailepsia partivhdesiatilising cihe drgpletsado | fosmay t@oﬁ%ﬁ@\ﬂéﬁl gibstance, said
con ﬁ%lgul%{éesuﬁé%%%ﬁ%hgﬁ Qﬁﬁicfe% deRPEl fromQD LoNREsADle species. |

coa escl ng emul sion to formparticul ate
The apoingtramcee fomele@strﬂd &n5al), 803p80inaiguieayorde 2a3 4|5 @t kqurs. It may be
for b%wle?rgg\%/og?g % aagg :63}%35 r%%ﬁfeegl%i)ﬂﬁtx 1 CuZ% gﬁﬂ%ymgr 1 and 30 minutes,
1 and: OOVpiihGtes, S?I(I?dnh@tt@ aﬂiﬁt&ihomsgl ldmd/\ﬁ Ihbu]tsh &0 amnuiemambll Ghour or 10 and 30
speci es. e.ne

minuissAnsl may; befor g zﬂ%(gnj sz OF 'y oﬂec? Zn%ed? (fn > or 6 hours. The

agem%hﬁ%élfﬂr QﬁfﬁQﬂﬁlﬂtlﬁh@fOIQOhﬁétlﬁMfdﬁlﬁlel fufhtha soideassbl©épecies.
tin,” alum nium germanium cal ci um or phosphorou

&Thsoprieent sisentiom alse prejadesdyr B@arifase PYPSHnPR(Gr RagtigHjate substance
comp?&p%ee{]m V\?o !teﬁ%e %h% m ﬁ%gﬂ@)cegseg%t@cgg?ﬁ Br g}? second aspect
of thSOﬁz(aenﬁoan’ﬂhéSfﬂféaSﬂblalsdbSM)% 10 paesgni3mMay e ahlg:agae%l'tly) igmgbilised, and

% , B0 an O°q 50 and 75% 25 and 75% or
may%%a@ﬁ?:fg?g@'&)g' rglﬁ R‘g'ymgléo 4d%ed in a ratio of about O, i
gl(ﬂ a &ﬁrdBa@decterf tieOinv&Qion7hemr is &ﬁ%ldeﬂ a mizk@poraus Wm;:ulate substance
comgg;?é&?% Fx?_lleefos,él?e%ﬁmdablqeeng rt | %:qlel efsB qu'l%{oegﬁa{}; fécge?g’qs%l?ly immobilised on

and/&rﬁlhtHP ﬁﬁgﬂoﬁoﬁﬁ? bhﬁ@hla@&bsﬁﬁ&’e @ erReeclésnof fhie papiisulids substance may
In a second ect of the invention there is pro

be betwisen cbe Homn ke P 0RO ati hqnws%rba‘&}'é@@a@{@eaboutvloggm or between
abouf %Eth %B&gl 3000 aﬂ‘gcl@ thrrﬁé‘cbls AR paRilHS silftance may have a mean

et’s sperse a continuous I'iquid phase,
pore\meroébemaeten IabeuitO % amieS@fm irhdiachetsp! Iepmydmwp myigreperes of less than about

o SR3ERE I PO S an B BB Sa SOMhE) Py ool B vtve

abou"04Hde Gnrh OT lﬁ@gﬁﬂtﬁ:k@ ofahé ipatticalate subisthed aey mn;d*lse nuclei associated
articul ate subst ance conpri [ [

: ticles d :
e e e M ——
betwlegl?gts%o uti ahd S@nlehe ggrtl%la%osuﬁktﬁﬁﬂeqﬁay B¢ mhde By the précesb of the first or

urs. for between about 1 mnute and 6
secohrbaﬂpscmftb@m@wnabout 1 mnute and 1 hour, 1 and 30

mI"He re“:feetsable substance may be unstable in a basic environment, and may be stable in an

acidic environment, and may be a drug, for example a drug for treatment of cancer. The
releasable substance may be a fluorescent dye, a radiopharmaceutical, an enzyme, a hormone, a
biocide or some other substance. The releasable substance may be releasable into water or an
aqueous fluid or some other solvent. It may be releasable on exposure of the particulate
substance to water or the aqueous fluid or other solvent, or on immersion of the particles in water
or the aqueous fluid or other solvent, or on agitation of the particles in water or the aqueous fluid
or other solvent. The releasable substance may be releasable without substantial degradation, or
dissolution or erosion of the particles of the particulate substance. Over an extended period e.g.

over about 6 months, some dissolution of the particles may take place. This may influence or
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1 and 10 m nutes, 10 m nutes and 6 hours, 1 and 6
hours, 10 m nutes and 1 hour or 10 and 30 m nutes, and
woayoswsos7or about 1, 2, 5, 10, 20 or 30 m nut eBCT@AU2005/001738

2, 3, 4, 5 or 6 hours. The ageing may be for

sufficient tinme for formatiohdlof nuclei fromthe

condensabl e species. The present invention also

provides for a particulate substance, or a particulate
contrﬁﬁ’ébsﬂ'oatﬁé el 628 i b Rielgase Rf €igs rdasatie: beistamee maytveoumimg diffusion out

y the processes of the first or the second aspect of

Ofpaﬂﬁ@sloﬁﬂ@rﬁmlat‘?ﬁ@”?a@%asabI e substance, if present,

'Iﬁlé éaﬁrtﬁ“as;}e%ﬁéf h@%&énﬁoh RRROd #)r%@ﬂed anfeti8Y fdraredting a condition in a

"'east partly re easably imobilised. In a third asp %
mammfl, tfoe examplet & dwmane pempgmpg mdpn@gtegnmt@rt@sdp@\ggml a therapeutically

articul at :d particl
oecBf G2 rpBRLARE SARRERL Rl RPN oy, sid puries
compirisiiigbi kéleszable rsubstaﬂoe; sdidh rdalhasabdle(:subﬁi@m@ulselmlndl@mdaf@ the condition.

The rﬁégsa%)zeng&s iy emg}sg%lta%lﬂ?gﬁ ﬂ}fb(grﬂg ALhe uI &l ?1-%3%?@#&8& ®T'he condition

may B@%U&sé’a@e angk ahdikion fRXPHR for ebﬁhp‘k&fa\néﬂ?pdiab&@s drodmonal dysfunction,
about 300nm nean particle dianmeter,... The,  parti.cul ate

hypedension peia (FeexRaDle PRIHEeAtBLE P morphing, andiok QRiges) n P A§ thma-
OriRer@ dalénoﬂ}glr 1d8d ?:@Hfg fafe subEtaﬁ%yacB&‘dﬁlg'beﬁ@ﬂ%éiﬁ ifffention when used
| ess han [

aneter, together with mesopores
for tlm‘mhmmfwen cet‘rammedlmamm fe0themtrepionens 2f mspadiban e maggpg); for example

The
a hurﬂgg, S @mj?‘suéatﬁ 81&1?2 ancg géo E‘lgér}glegsaaﬁt] %@e §éi§%1@£b%€le substance
being Diddateiefonge wmﬁft&hefhméonmmhemay ‘ﬁh efommample nwelh aliebetes, hormonal

mean dj anmet er, of het ween about 1 m
dySﬁH’&FleschRﬂT@n%l%s?aéﬁ c,(£§ TEHe® Rﬁ]&egﬁa}fqﬁ eri) yprrng Ehme a?d/or opiates), or
asththfie first or second aspect of the invention. The

releasable subst ance nay be unstabl e . in a basi

ehldre dnfosther pr@ﬁuieﬁﬁlg,e wed of gmaglquipt%ﬁubgana? eccorcfing to the invention for
the t e%YxJn% n(;r;ffe{"g?n(ﬁﬁgn Ry rﬂrﬁnﬁaﬂ [0 exdrRple X RTRAE sﬁldjf)atﬁcIEQ fcompnsmg a

cancer. rél easabl’'e substance ﬁél
releabable setstamnt, shdreleasabie isuptrncobeimgtindigated dor B Lp tloa The condition

bi oci d n

18 B EEL5 B BRI AR il pain o xenole
paln%aﬁﬁléﬂfgluﬁofp'hiﬂe(hndﬁor Spﬂ'&:spbh esthinol venlt It may be

rel easabl e on osure, o par t.i.c at t

i D IRSACR AEL T,
subs#eﬁ'ﬁg@ ds'%!icp hefod BSmpivitgd ekpssigna Wattiulads siitianeeuecarding to the present

or other solvent, or on agjtation of t he

invepton oot i sanable o relosaing qadisarably TbSfangH [9gjd particles comprising

the R} etaﬁ ,% sub lfh%[c e’!‘ﬁ@?ﬁg rgsrgg’ftc&ﬂﬁﬁs%@%lﬂge!héﬁﬁtﬁbdl@s in the medium,

ion, or dissolution or
and ﬁfagadddmotnﬁlly hempaset correl (Ersmolfe aftsrieg, shatinatsvidingsaraiawise agitating

ext ended Lod.e. hou
the @p@gg}aﬂ{l g e% efeil; Agls”celﬁét;%etl)g é)ipg)gfglgw coragxq?e passing the
medhﬂﬁ ?h@ REE/oP ﬂﬁr@uﬁ\%}r fhb phmictes. Tlnteméﬂuﬁamay ﬁ)e affidid, anRehagals@a liquid. The
he rel easab

ybst by diff
medm’m prwthec islogical ﬂ ﬁiplfagéhlpg Tt &%&i}team}é@ueqlﬁ%l} (? 093&? %s water or an

aque%?%%&utfah e hoUeAL kap Heh@eﬁﬁblesop aRvoldRY enmldasld eubstance. The
treating a condition in a

releasable substance may be for example a fluorescent dye, a radiopharmaceutical, a drug, an

enzyme, a hormone, a biocide or some other substance, or it may be a mixture of any two or
more of these. The exposing may be under conditions suitable for release of the releasable
substance into the medium. The method may also comprise the step of allowing the releasable

substance to release into the medium.
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mammal , for exanple a human, conprising adm nistering
to the manmal a therapeutically effective quantity of

wea 2pmros00el at e substance according to the presear/Au2005/001738
i nvention, said particles conprising a rel easable
substance, said rel easabl e suldst ance bei ng i ndi cated
for the condition. The rel easabl e substance nay be a
drug, and the drug may be an anti-cancer drug. The

condition may be a:eﬁbeafrgztmﬁwfﬂmmr&mfymy be for
exanpl e di abet es, hornD funct i

héy gte ’érﬁ‘g %%%egﬁﬁyerpr?qegy 1@;@@@, ‘gl %?ﬁggqrgxga gy’yb\yay of example with

refer8RieRd 'tHéeac@&q yiRPaAWaSs wikfeigSt hma. There is al so
provid anp rt| cul at e subst ance accordi ng@to t he

pFlewnlt shomsearﬂovo phaxhdingrameef o wpcesh acepading 3 themeesgnt igvention;
IE% tVVS t?Jnsﬁka?mge ﬁcth%ﬁ 'an&)féreg)hg g"ﬂﬂMSE ﬁﬁls’crgtn?g the influence of the

initia$ lsbﬁ‘hcamazonoemn’atlsn MyPa5]raal thadatal @aﬂmtesmar;dlelogs(a(aj 0.2 mol/L; (b) 0.4

mov[?o{’?gﬁttsa 3')117L-|(ﬁ88§ ’Pghn?m;/nglec?g?de;g:mlt gecancer

diahet 8shows rlrmglludstfafuug cthé dnfludiicp ecsﬂ ffigdl OTMQRai(fetramethoxysilane)
(for exanple pajn treatable by m)r¥ e and/ ar

concer o N gl padickngize ,aewatgr/?mq aﬁrrgty? Fad" B EMOS 4 mmol, (b)
TMo*s,S@M&bgc) ANIOE R4hAbE (GBS EEmaREOr ding to the

i nvent for the tréatnent of a condition in a

nBigoed 4 saors ‘ERbdspllesteting rhlmnﬂgaw qfghe natressofchaspifagtsny on the final

par el TR B SHET SE0 R R ity BRYETGRBRLEES! BB g p-s o) Titon
X- 11h|ewitnr1 -poraaTll 6 0canoki(c) NPSbeitksl-pémanbl mopt (1) ri['ntpmrK 100 with 1-

%R?Eerteny on, pain (for exanple pain treatable by
pent éﬂinﬁé‘ﬂand/or opi ates), or asthma. In a fifth aspect

ofigdufies SRWANTERR ilIiaFRink ShmBvbatRbfahenhiiadof e surfactant on the final

el vering a rel easabl e substance éﬁl d.. et Tg p.6 (d) Trit
particlsraisre @dngowhgbgy kpuefagiantiTaAmel L) é&a ok )P0 (d) Triton
X-11ﬁ4; ffer- ﬁérﬁér?o” B easg)oﬁpt@wﬁhnieﬁérﬂaﬁo@ apahh®1 @f) Triton X-100 with 1-

easi ng sal e substance, said particles
pmﬁm&ﬁpﬂm&nub t he rel easabl e substance. The exposi ng may

ﬁ’glné’% Pﬁ!’m gl}lﬁﬁﬁeﬂ@gﬁ% Ir}éh‘ge?w%rg)f Bﬁ%rfﬂ%%’t’% fEH3f particle size and

rﬁm&gwg@? ﬁﬂNSrd % ﬂ@ll/Qt (l?tN‘IBS mdsmohib; ¢031NPH:§;1 oamowe,m pﬁmtanol 0.2 mol/L;
avin e particle rein. .

eX }:ﬁh‘é‘g Aghaw g fé@ﬁg\lqsggl glggtgqqq émfnﬁ)gr umetﬁi ne t§ﬁ al}lguence of micro-

emufsﬁU Uél»'l‘ve‘ht‘ eoﬁ?afﬂe' Cﬁn%f' péﬂi@le Wﬁﬂirﬁlﬁ@l&@gy (e ddstubilisaiorl with 100ml

i qu di um ma beab|0I0|caI
acetsmazSH)Omi q@maumdmg Wé\‘jﬂfl@e (aérpeéfa{?é‘%?,e@%‘?ad hexanel é{imm‘ﬂ (b) hexane,

—heéglbojb% 1%@8 Ia@zef)l%féﬁes 9l sééﬂr?)gl%)ls f‘fec&i YeBRY, Behexanol 20 mmol; (€)

VI n & 'substance. The
dodéo@h@aslad&laﬂolsnlmﬁmhc(etmynebe for exanple a fluorescent

dio utic u
h%}&ﬂ‘jﬁﬁé shawg) &%@{[ ?, r@gﬁ.edf JF%“S{S d %@%}a?ﬁx 'ﬁ?ﬂue?lce of I}‘/nlCI'O -emulsion
solvB® @nM fddlr @aﬂfcl@nmdphﬁlo@y @ftee QfestbbndaszmonThmﬂexﬁﬁml nethanol/100ml

may be under condi t| ui table for r as
conpalbadisapE e30h G) FFSELERY BREE rebeae! Th iR E@dﬁeﬁ‘ﬁ?e 1-hexanol 20
mmé&Y; $6§ SBHR! 1-8Exdndf 26 hfRoI9 (d)Aebaid, Mhekhivl 26l @A ltbEdodecane, 1-hexanol

40 mmol; (f) toluene;

Figure 9 shows TEMs illustrating destabilisation of toluene based micro-emulsions using:
(a) NP-5; (b) Triton X-114; (c) NP-9 as surfactant;
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substance to rel ease into the nmedium Brief Description
of the Drawings A preferred formof the present
wonvwsion Wil | now be described by way of exarprauvaidsivol73s

reference to the acconpanyi ng drawi ngs wherein: Figure

1 shows a flow chart diagramléf a process according to

the present invention; Figure 2 shows transm ssion

el ectron m crographs (TEMs) illustrating the influence

ofti gfile€1 0l Shlo vk AtEN S I fiRGAtAIY the QNREMEE of h%tﬁmé Nireriodto Héabilisation on

final particle norphol ogy: (3}b 0.2 mol/L; (b), 0.4 .
the figg) particle anorphadoss| (p) agefnp) 2oh.gbhagging 4&ihg(m @2ging4Qd. (d) ageing 168
TEMs illustrating the influence of initial TMOS
(tetramet hoxysil ane) concentration on final particle _
sFigareviilt $howsiEEMs /iltnasting e inflagics of the nagiyre Piths glicon alkoxide on

. ... Mol ., T T T e s
i o g A TR, GRS gt R oo
TMQH 6 tnlBolnetter destatfilisdten (cy TROS @t befoee féstablilisation;i (d) #@EOS 6 mmol
si ze ,gnd_ nor phol ogy ([surfactant]=0.2 nol/L): (a)
after degtabifisatiogy NP-5, (c) NP-6 (d) Triton X-1 14 with
Irig6Rt @NHowkOTBNR! illG§atiNE-tHe Whiluende REMEaRAl thé destmbilisation agent is
f)y Triton X-100 with 1- pentanol 10 [

é ’ : . ] nmol ; Fi.gure 5 .
added homdirpEmgrticls gizer atithh gaxiigles; oftpinedic @) By PRBIIAG (Y elpracetone info
i 0! apt frhi idd § ' ; ouring the
i 5B F psk 6 WERg ALY HE 50580 () by poing
micrdiadsiop dito NIPO @l dgetdire; {drby)pouring the misraemépipnigp apgixture of 100 mL
mmld(% P-9 . with 1-pentanol 10 mmol (f) Triton X-100
acetqpeand 18 PN ol - Figure 6 shows TEMs
i Figusd 13adHoRG THIMS iiidstraging thedhfloame roff ot quentipnof daetine added on final

parti&gfs%éegl(ai ﬂ@g&?@)@b!ﬂ P%IOS‘.%}; ﬂ%fc}l}gyfrfség)ng g@]ﬂ ébeégr?g plus 100 mL

cycldBikhds; (5 BB RL/aceiReSIhd BIBHILSEcRihekhRf (d)0200 mL acetone plus 200 mL
m crographs i1llustrating the influence of

cyclotiegamanul si on sol vent on the final particle norphol ogy

gg{g&l% lépﬁgkgbf'iliﬂfl? %dsﬁ?t:if{% 21)@ ifke BERTARE LdRHdns on final particle size

espondi ng ‘sol vent petrol eum behzene,

and fnofdotopyt (0 Irvedker,(B) bane(oads) nil- heskandt” b@; (S0 kg peaker, ‘/’ bar;

ctane, .| -hexanol 2 ; - he | 20
(d) "\%ﬁﬁf”fnc'(‘téc)m 2@&%%%@0?Ngﬁg§§ﬁ§ﬁﬂ)%%%mbe%ﬁ %‘o Uene;

FRgurs 18 shbawsTAMb lanthtiag rtke dnfluente rofsiH tof, water pools (discontinuous
illustrating the ipfluence o 1.CL.O- I si. v . .
phasghor Frel papiTe 166 S rBPTI08Y, () BREGD: GBek St S0k {B-705 ) 180
1.50M th 50n ethanol/ 100m corresponding solvent): (a)

““petrol eum benzene, |-hexanol 20 m (b) .he e

| Figuxah6isheos FEdIs andciepers aheesults | 51[/@5%};3? e 1%@0@ edfhe quantity of
acetgﬁ%gqan?ﬁlzafl &a&{@@}%ﬁr@ﬁ@%&gmb 10 bf). GPHRGRNE) sbrRex@nebo A2.; (e) 200 mL;

Figure 17 shows TEMs and reports of results illustrating the influence of the quantity of
ethanol on final particle morphology: () 5 mL; (b) 10 mL; (c) 20 mL; (d) 35 mL; (e) 50 mL; (f)

]

.80 mL; (g) 100 mL;

FigureA18 shows TEMs and reports of results illustrating the influence of the composition
of a mixed ethanol/acetone destabilising mixture on final particle morphology: a) 100 mL
cyclohexane, 80 mL acetone, 20 mL ethanol b) 100 mL cyclohexane, 60 mL acetone, 40 mL
ethanol c) 100 mL cyclohexane, 40 mL acetone, 60 mL ethanol d) 100 mL cyclohexane, 20 mL

acetone, 80 mL ethanol;
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Figure 9 shows TEMs illustrating destabilisation of
t ol uene based m cro-enul sions using: (a) NP-5; (b)
wonrodemiosxo 1l 14; (c) NP-9 as surfactant; Fi gure ROTRUQUES/001738

TEMs illustrating the influence of ageing tinme prior

to destabilisation on the fina¥4 particle norphol ogy:

(a) ageing 24 h, (b) ageing 48 h, (c) ageing 120 h,

(d) ageing 168 h; Figure 11 shows TEMs il lustrating

t IFeguraﬂDLshuwe TEM¢ filstiting e ohfluehge 6F {He%ﬂlréloﬁ?l?% 9&1&&ng liquid on
0g

& ial ep and.fi nal pg{stlcle size and nor
ha %3'[ %‘ﬁx&%ore ; 8) d30BFPadek O binreRramo}, ¢ mathyy eﬂmcewne d) chloroform,
) tdlmiamle @fbbﬁiene,e@t'[&m th:jMFq E M hyefilnel BP9 -SiRoL e Or @

dest abi | i sat i on;
d&iguze 20 shaws dEMsjl tr@tlrygt}@hoﬂgen'ﬁENE coinpasitioatoif nige tdescing liquid

addédn%I tH@ ﬂﬁ@rooéml](lﬁgnél‘@ﬂ tlfé;ﬁréelﬂ j)%}t?c?é hﬁ)rpggrk?g% ?g@ }%cmag? mged with (a) 40

ad fina part

mL Q@}onyyk b@mh hgr(ﬁianmliyb)m@t‘n'lnaacet(meOi~ 20 ailOBMpah6IN c) L®IL acetone + 30

roe SIO into 50 nL acetone; (c)
mL E? ogjou{)]i ﬁg IbﬁlgL AP 4) “pFOrHaB‘)liOO m. acetone; (d)
b¥igmeei r21n ghdvie arfglfapbecmlmb(@ﬁbidiﬁ Q@n@apSutatibh eefﬁgleﬁgp adla function of
t one .and 100 nL cycl ohexane; Figure 13 shows

doxqr}ﬂi?ﬁg‘tardg? ')ng the influence of the quantity of acetone
aﬁié%ﬁa 27 shéwah 1'llﬁbt?at§r11'§ztﬁe (i@%ong& Fﬂ'o %ﬂﬁﬁ)o&%}'{%lcm in PBS (pH

cl ohexane: aceto
69/2c5y<9)@h%7<a%e (¢) 150 nL acetone pI us 150 niL

yEah e anem s Lmad JF uRCHhER e iRinll ph gorpmbicin from sitca
nanqpnlftiCLee aceording o fepyeseonitiventionsinoPBS i (pHI6.925 f@)ﬁdt673’CZ e

%knnen 3P ggov&(r)sg%gra{)ﬁ é)f %lf,sl']@n ?l%;rgképe oggowgtﬂblcmgf?o?n g}hca nanoparticles

accotdnﬁg s prRént Miventien, NPBSY (pPORY/2 at®72cgol /L, 250 ni
Figure 15 shows TEMs illuStrating the

beake 7 b
ﬁ’ﬁP{?e%% éhBW? [ﬂtﬁrthﬁ laigiogpb afsprpiinnsdesatmtion oisethpimass of silica particles
prod@éédeW@det&ﬁrdekt%lﬁsa?tio%eotaﬁqn{m%ﬁ@%loﬂ%%{I texs}a%géljdﬁx%t% ' th ?% vention, NP-

ure

5/°Y¢§ﬁ1@ﬁ79§nq‘%eraiﬁﬁﬂ~é|@ndpﬁ—6f results illustrating the
g:%f)gis ?}? fgaLil%nt 1%%5 1§Ba§§f 8{}‘@6}&@0%'?'@056*( pa%tygb processes in
micrmﬂmulslems 200 rrL Fi gure 17 shows TEMs and reports of
trat | f th tity. of
e]fe o ?7 15 ql:JVYS F}%ﬁ% | n c,% uen gqy;theglé)%'oggllj a;h_%alldcig)o%gbexperlments
descriied Hegin;20 i ; (d) 35 m_ (e) 50 n; (f) 80 mi; (9)

100 n_; Figure 18 shovvs TEMS and reports of results
i Elgﬁ@tzi‘aithioW@ KHMs ilhstradng e gniluanse o6 Hisowiture o thyf organically modified

precd?%dri'telgré leﬁé@ %ﬂ’i&l%lcgr;osﬁlﬁ) ?ﬁﬁﬁ}g%n% AU &ﬂJerrl%le%?s 1b88bed herein: (a)
MTMS; (b) PTMS; (c) OTES; (d) GTES; () CheeTES; (f) APTMS; (ORMOCER (25 mol%)
with TMOS (75 mol%) and [N-57] = 0.4 mol/L),

Figure 29 a TEM illustrating the influence of APTMS on the particles morphology in the
additional experiments described herein (APTMS (25 mol%) with TMOS (75 mol%) and [N-57]
= 0.4 mol/L)

Figure 30 shows transmission electron micrographs illustrating the influence of the nature
and proportion of ORMOCER in the additional experiments described herein: (a) GTMS 5 mol%
plus TMOS 95 mol%; (b) GTMS 10 mol% plus TMOS 90 mol%; (c) GTMS 15 mol% plus
TMOS 85 mol%; (d) APTMS 5 mol% plus TMOS 95 mol%; () APTMS 10 mol% plus TMOS

90 mol%,; (f) APTMS 15 mol% plus TMOS 85 mol%;
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cycl ohexane, 80 nL acetone, 20 nL ethanol b) 100 nL

cycl ohexane, 60 nlL acetone, 40 nlL ethanol c) 100 niL
woyedenisessane, 40 nlL acetone, 60 nL ethanol d) pO®/AU2005/001738

cycl ohexane, 20 nL acetone, 80 nL ethanol; Figure 19

shows TEMs illustrating theisnfluence of the nature of

the coalescing liquid on final particle norphol ogy; a)

i sopropanol, b) 1-propanol, c) nethyl ethyl ketone,

Fedurer3af @hdws Qﬁan&lﬁisﬁi%ﬁeeleét}orp%ﬁé gﬁ?hg)lgﬁﬁﬁatl\ﬂg) t}]gk@ﬂuence of the

I ne, ut ano

proporqn%q Qgtﬁ\ggsnanq ﬂ@gC%Sﬂopu@ﬁC@armle clnﬂ@bglolgymn the 4duitional experiments
describG® BbiAE (DOTE OF Wstn gt ks R8s ThERL- BITERONS . Ofh, t(pgljes TMOS 50

final gartl e nor photogy: cyclohex

mol%; (@) THOSZ& et plusiBM@S ZSmnt%anol b) 30 mL acetone +
r.opanol

F %ﬁ %%Z & iﬁ)(gvg g Lhowni% a R{ocﬁ%'%{) B%sﬁ%lﬁsa%gﬁ Qf & }rgﬁtiplg IGBsion system

as describgt iythe Mdlﬂﬁ)ﬂbﬂk{kﬂr@hdﬁtﬁd&ﬁ&ﬂ%&'lﬁtélﬂn efficiency as a
funct d ru dded,; Fltgure 22 shows a graph
Flgurg, %faﬁlﬁoWé i $hesfia opf ubmiqex opersdess nsynthesised by

destablﬁﬁﬁoﬁmﬁrﬁcﬂf %u@@n éfd with Uibrerbhioiyee e%g?/p%EI i n@?‘? rr]?d%mme-B (B)

short-termrel ease rate of” doxo

methyl- g;qlﬁe gc) AWA élp{g dpped s mixiag twie sulstonsh €D pivesdsretmixed before adding to
emulsidngavention, in PBS (pH 6.9/25 0C) at 37 0C, Figure-24
shows a graph of the long termrel ease of doxorubicin

Figoomb4ishpws tmasmpsmnled:éoa@nanmmgiap‘rg 1ﬂlusttdtmgpie@&6ﬂisatlon of mixed

seed andné‘i V@%e?fa&pwg{égfﬁﬁ (epagiéﬁwng g)g? éégg]g:?q Eg)rﬁm (a) seed particles

syntheslzsdtmbasﬁﬁb)aizltb tel auiditivardfilcieesmpl. odmtcnyo @Q«Ehﬁﬁkﬁ F and 1.2 mmol
stem accor

of TEOR R lIPHoL bY Mshabition £l bHGrbx aMERORaY 20 tpiat! 30d HNOs, 0.024
mmol FPhid/1.2 ph@lblr 6F ﬂfOS %l%v@@%iaﬁﬂisﬁﬁ&? tdz Hitnhe Q(Edl ign of 1.269 mL of

different particle gromh processes’inh m croerru

1.00M HNGYy 8.024 mmpo} Fowdch&ﬁmmgh@f/\ﬁf M3 fodlayedd lnadwteﬂiﬂasatlon e) with the
f ysoms d I
addltlonséi;‘g:??@rﬁLFd it eﬂglgﬂgﬁob OQ!?.EJ%ST( Ee %(ﬂf gt 5 ?Sﬁ WSS followed by

destablhsﬁfld)IUence of the nature of the organl cal I y nodified

TS Bk O sBhbk SRR iBdsbision af swpmaision pontining

both nafSpWBicl¢scyntHEES:d (€pg @sﬁ%ataﬂﬁls ?Jéeﬁélé&§ alﬁfﬁoﬁfr’ﬂ—é\@ydrolysed in acid
(OPVYMOCER (25 mol %9 with 75 mol’%9 and
media; 5 4 npl/L); Figure 29 a TEM illustrating the influence

Flgﬁre%-r%v@ntrérﬁﬁnﬁﬁfnb'e@éc%%n'ﬂ?fc Ythdratig RAM LA of micro-
b B8 B8R

experiments descri bed herein
emulsionyoenteinsgrhybgd seed patigley in the addltlonal experiments descrlbed herein, in

which the seeds are made from: (a): TMOS 100%; (b): TMOS 75% + VTMS 25%; (¢):TMOS
75% + MTMS 25%; (d):TMOS 75% + PTMS 25%; -(€):TMOS 75% + OTES 25%; ():TMOS
75% + APTMS 25%; (g):TMOS 75% + DATMS 25%; (h):TMOS 75% + MPTMS 25%;

Figure 37 shows transmission? electron micrographs illustrating destabilisation of multiple

emulsions in the additional experiments described herein using 100 ml of cyclohexane and
100m1 of (a) acetone; (b) ethanol; (c) iso-propanol; (d) 1-propanol;

Figure 38 shows a graph of pore size distribution of sample LK-425 and LK 428
corresponding to isotherm in figure 25;

Figure 39 shows graphs of particle size distribution of samples synthesized without

sonication during destabilisation;
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= 0.4 nol/L) Figure 30 shows transm ssion el ectron

m crographs illustrating the influence of the nature
wandesegzor ti on of ORMOCER in the additional PCT/AU2005/001738

experinments described herein: (a) GIM5S 5 nol % pl us

TMOS 95 nol % (b) GIMS 10 mpb% plus TMOS 90 nol % (c)

GIMS 15 nol % plus TMOS 85 nmol % (d) APTMS 5 nol % pl us

TMOS 95 nol % (e) APTMS 10 nol % plus TMOS 90 nol % (f)
FAAT/E) $howeb ¥l ofpaftiiSsi8e di¥Ritich 9 %ﬁnﬁle&sﬁhﬁé@’&ﬁd with sonication

d ft1 sm ssion electron mcrographs illustrating t
uring ?15?? 8%f the proportion of TMOS and TEOS on the

Si ?F Elg)m ?x‘ealﬁi% gﬁ)étl‘aﬁn%% ggﬂmtdré}ﬂ@% OW(Q%%Pl%dOXOTUbICIH

atpH<("o§t 37E€ 50 nol %pl us TMOS 50 nol % (c) TECS 75 nol %

how
F%ugi gg ;%vg Ee%‘é I‘lS?ll’l Solgtqlglr ease ?Zf %3)}9%41@1!\{8? gr? Lmﬂs'rgjltlgﬂ o% (ﬁagradatlon

producigyst em as described in the additional experiments

f
F 262{4? s%g?)vhgégmng]rghgur & 3&@ geﬁqqfs%gg S, ?n df£o|m tnanopartlcles at

pH=7.4¢lest abi | i sati on of m cro-enul sion and WI t h di fferelnt

dyes capsul at ed; (A), rhodam ne-B; (B) nethyl-violet;

F’(f%‘ ﬁg’(ﬁ’&}eﬁ BRIPRAISBY Off %OWSIEmpéﬂ émple(orb)doxmbmat pH <4
and pHM4¢ed before adding to o enulsion; Figure 34 shows

transni ssion el ectron ni crographs illustrating
Figaea 46 showst 3 @mapt ilfsiteling ded tatald qudritigy mfr daxosytsdie nieleased from

: X nts described herein: (a) seed
mlcmp%g?ltel? é’éd’fs?@ gs@é{gsn base; b) with the addition of
Figu%@%rmhov@]‘d NG, iDusBiddngmibt Eim@latvel .rele¥0lof 0doxbEBcin from
f.0] | oned | tabllls.atlon c) with the addition of
nanopatfic é@c?ﬂfdlﬁ% 8, 0.024 15 mmol F and 1.2 mol

T | )
Fﬁgggel F?cs)zﬁdgts ?ngigbyﬂﬁﬁﬁtﬁwes %ﬂtﬁﬁlou@ rel‘é’h§eh o? r@arnn%tothecm from
nanoparjicles gegardige torfhegnyestioBined by dest ab| | | satl on e) W|th

r408 3001l 2l 1 MR B2l T o

nanoparpp]gg rec@8ingdo she inyemtivay, in whioki thg aquqoue phss Wy replaced at each data
afgstabilisation of an emulsion containing O both
nanoparticles synthesi sed usi ng base catalysis (i.e.
F 1geé@i shows T Edin ﬂmsfratmgdmel iyfieshck Hfaké ﬂatﬁ%jbiafhe@uﬁﬂdétﬁn@&a particle
transm ssion? el ect hﬁﬂt m crographs_il ] ustrat

size moyRRiOR PRGLHY GRd gitcr e BRHEAOORY YRR USHHEFtRYbA 82 mol). o)

Tween Bles) PRéeni AL BFTwBert §B d3ddyt i onal experinments descri bed
he?gl n, L.n V\,h)lsch he sZeds are made from (a): TMOS

100% b?etaﬂﬁmd?qumm%f%%’efea)ed“md ansts, + MTVG
Tl?esgfﬁese’(\l}%sn\]_é}{%n RiHeE El\ﬁogeis/ °f01( Mﬂi@’%‘%ﬂ?ﬁ@ of 9'- d5 size. In one

aspect, the process comprises initially producing an emulsion, for example a microemulsion,

point;

with well-controlled particle size through well-known processes, infusing a hydrolysable species
into the emulsion droplets of the emulsion, hydrolysing the hydrolysable species in the emulsion
droplets to form a condensable species and condensing the condensable species within the
emulsion droplets using well-known sol-gel chemistry. The resulting particles are then coalesced
by initiating a controlled destabilisation of the emulsion to produce a particulate substance with
the desired particle size. The chemistry required for making particles having controlled pore
sizes is known, and by combining that technology with the present process for controlled
destabilisation, it is possible to produce a particulate substance comprising particles of a desired

mean particle size with controlled pore size. Particular combinations of particle size and pore
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75% + APTMS 25% (g): TMOS 75% + DATMS 25% (h): TMOS

75% + MPTMS 25% Figure 37 shows transm ssion?
wel2emtasestom crographs il lustrating destabil i sarcomawmbosn01738

multi ple emul sions in the additional experinents

descri bed herein using 100 p¥ of cycl ohexane and 100m

of (a) acetone; (b) ethanol; (c) iso-propanol; (d)

1-propanol; O Figure 38 shows a graph of pore size

size arethes AdhivabieNha v Rth@tddSEHR: 18 E‘)?odﬂ'ée 428 r&@&s%%%ﬁﬂﬁérﬂ:g such as a
to isothermin figure 25; Figure 39 shows graphs

drug is gpgorpaspied dntp ghey crapsiopArpplats thexnitiad §m§§q¢nwéss¢rz éhslen that releasable
substan¥é hﬁ?% r§1@5‘éaﬁ 1hﬁﬂoﬁﬂ§ dnd 2H85F Qﬁgléérﬁgﬁ%ﬁﬂe Eﬁl?s'tgn%e hich may then

shows graphs part e size di Ion of sanpl e
(if the relensahbasiubstdnes i IS ) @"@@I b%usrzdw rﬁordhempgltmqmrmses |1$yatppmpr1ate control of

L T N T —

and by apprbiinﬁ;e cBn’gulr@f he pehovige,ahe aslpe irsteofahe radéRalsie sobstance may be
g bi.ci.n, and formati on of degradation products;
control aé%ﬁge%dgﬁtsm a graph illustrating the rel ease of

THO YRGS oF thd pRs¥emMARBRd ﬁia?sb@hsda"%7nfbke E! ﬁHérSpé%us fpartlculate
shows, a conparison of the deconposition of a sanple

substana@,xwh@k;, B camppise @ relepsable ulstanceFfeyutreatmsnis pHwenditions such as
cancer 9h aao%élﬁh?ptf&atek% fehg ﬁlﬁlltiﬁll %%l%éstlgf su%?tﬁ%eu lﬂ{a‘i} Be releasably

rel ease rommcr partl es accor
immobilised an iandior f dhe enid®petooswpartioglatp lsrubstdnust Tl nmigropdreus particulate

s TP FEERS s 9156 St MR DN e o

may belHehueHnrabuhg) tdil?a 500@0f almg a8 dhtdgl@t&;og a?ﬁ%mcﬁl decdrmbout 100 and
rdin

100 o 50 BTSSR A SR TSTY s on 250 o

about 19@ a@m @Eetb%ﬁt POU &I 005 ABBAI 100! 23 230 &P 55’611?959 And E?Onm and may
ention, whi ch t he aqueous phase was relfgioace

be abo"éé@h4@a5[0a6%o7%t80 Ahd 0 b50 290s OGENY), 00,1630 809, I@O 700, 800,
900 or wmmlln:;ﬁ?nl dishéer. qfhetpxﬁ.ﬂ daldtife giﬂltzﬂgtessgf)gt?fcte%&y B nanoparticles. The

e sizé norphol ogy pri
partlclesl o thelpiattiosbeté arbsmylcamy bR enl(:foqourduamﬁmahis]they BaP havd 4 pyre diameter

ot1es By SR} B b ST RS i G nd o
They may have a mean pore diameter of less than about 50nm, or less than about 40, 30, 20, 10,
5,4,3,2,19,18,1.7,1.6,1.5,14,1.3,1.2,1.1, 1, 0.9, 0.8, 0.7, 0.6 or 0.5nm. They may have a
mean pore diameter of between about 0.5 and 5nm, or between about 0.5 and 2nm or about 0.5
and Inm or about 1 and 5nm or about 2 and Snm or about 1 and 2nm or about 4 and 5nm or
between about 5 and 50nm, 10 and 50nm, 20 and 50nm, 10 and 20nm, 5 and 20nm or 5 and
10nm, and may have a mean pore diameter of about 0.5, 0.6, 0.7, 0.8, 0.9, 1, 1.1, 1.2, 1.3, 1.4,
1.5,16,1.7,18,1.9,2,25,3,35,4,45,5,6,7, 8,9, 10, 15, 20, 25, 30, 35, 40, 45 or S0nm.
They may have mesopores between about 1 and about 50nm and micropores below about 1nm.
The pore size may be tailored by adjusting the conditions under which the particles of the
invention are made. In the process of the present invention, these particles are produced from
nuclei. The nuclei may be primary particles. The nuclei may have a mean particle diameter about
1 and 50nm, or between about 1 and 20 or about 1 and 10 or about 1 and 5 or about 1 and 2 or
about 2 and 50 or about 5 and 50 or about 10 and 50 or about 20 and 50 or about 2 and 20 or
about 2 and 10 or about 5 and 10nm, and may have a mean particle diameter of about 1, 2, 3, 4,
5,6,7,8,9,10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 45 or 50nm The weight of the releasable



The present invention describes a process for making

particles of a desired size. In one aspect, the
wpnromases7aonpri ses initially produci ng an enul ComaU201001738

exanpl e a mcroenul sion, with well-controlled particle

si ze through wel | -known praggesses, infusing a

hydr ol ysabl e species into the enul sion droplets of the

enul si on, hydrolysing the hydrol ysabl e species in the

substance'PA &&J%nﬂi 'bﬁﬁh@h&ufeooff tE Eﬁ'l% afngle naakd Sf &E%ﬂﬁ:ﬁla@é‘ Sibstance, and
condensi n%gt e condensabl e species w thin the enul sion

may be biptwerealzouh §i0 gindd OPmg nevsrase pL prsticwpfe spttanpe, qrgetween about 0.01

(S
), O 198 S OEGHF L 41080 e
about 0.61 pad 0.1 mg axtabostb@l amte 0fung lor abmltdeasldrl@ﬁmrgaurtabomtelo and 100mg or

o S G T S G o R 1 1 s

0.1 and ggmlg pkfrlrgagh rgab?ﬁ%ﬁllatwéx?wnw hd hiagz uerabegr{m op,r(nogsasl focz, 0.3, 0.4,
rol I'ed destabilisation si 0

0.5, 0.6 ap ?)apr ikl late3 ﬁzés@a?a@e%b(}rﬂrsr 2 r?épg(irslSP 6&6@5 58 igsd% 65,70, 75,

80, 85, 9@595" &1 (R Bﬂncofepéﬁ&ﬁathﬁﬁbt&ﬁQt&qlnhﬁge D& 8hal @.91 or greater

Particul ar cgnblnatlons of particle size and poresize
than IOCan@p@rrglslna)@mméwabteesur)htanCMere hi t hert odifficult to

The 896%8 Cof ihe ﬁl\)é ﬁlt?gét@ C'chpo ufsof " dthlLibn having a

corpora ed e Initral
condensai)ler spemels Sm ouhe d;ﬂmﬂmoh hrh‘bp]letsl ezdseaebh eﬁhs lﬁhmﬂsinn edrnplytsbeompnse the
rel ea |nnobllrse?hin and/ or _on the ga rticu

discontyE et F R RSy HRERRrot Fedrt & QuBap @l op ot the

condens'aEle%chflékgl)s 16&uteds@aAhE @?uéolim eARBidH @roFlﬁsp(O‘%ﬁer pByls”). The emulsion
appropriate control 5 the particle size, the

may be pafe b¥ul at e substance may be targeted at particul ar

- p?f&\ﬁdlﬁ% aft eﬁﬁﬂél&ﬁ‘ko ﬁﬁﬁg enfilSorP ¥ropRil @iRpéSéERiICP Bbhtuous liquid

ore size, ease rate of the rel easabl e
spbsseance may be controlled to a desired rate. The

- ﬁﬁ@j%ﬁg ragf}}g&]égrrsgl?lgaﬁ)%{nek X ntﬂeogmﬁﬁ% b@rﬁﬁe%sd (f@ {TRX&sntinuous

€ substance may “conpri se
aphﬁe§3aﬁ’€hbleﬁnﬂ:‘ﬂimmﬂdhce for treatment of conditions

R TN, R R T S

aRghddnsdble iRl Croporous particul ate substance. The
m Cr opor ous partloulate subst ance naﬁﬁfonprjs

Alternatpealy it eendengebl eaﬂl@‘”@étm@’ehe atrfaﬁﬁd intp HiFCapSIop Jreplefsmihe step of

r 8 2P Rbus liquid and
prOVIdII%%Igéﬁg?Ogln agg%ﬂgbf and 1 gﬁolr@gboutgcio > 1%u1 mea
surfactafiOidGuantitdscund vBGer czmdltmo@ of agitatibp geitabie fon graygingran emulsion. The

5Q _and 3 0 I .S
surtctaf 5 8 o e Mo PP 08 THCat2hoP Rl ey Bro orthrec of
these. ThOUigithtion amdy 2bénpiisearvtiemay merealadustiBidg, 4Ahakin@, s$6Bification or
S ety St e S B0 o

solutlono"%lhﬁ'rﬁll}e%m‘i’if)n&é1 @oﬁﬁéﬁdnfsuﬂﬁf QreS phmirad G tH@)dlsbSntlnuous phase of the
nanoparticles. The particles of the partic

emulsiogy/Bke mumhgmé Enay; OPBISE 8\¢atalyshar hwérqlrﬁéi/ofn‘%y hydrplysgble species

and Optﬁ)%l;iﬁ% di c%fﬁ%‘s@_]f Péodd%?s% ibf) %? lﬁé)@oﬂdeﬂsag B8/ P catalyst may be for
or ous ey may e m cr opor ous and

examplenﬂsropdc caese (De. Thyelyoxide 1dmweh1ah meanbep fiom én aflealiemetyd hydroxide or

ammomfgsgr tahgansatPo%u%e al WkoSlfe I(g%s t{tgqa\%naggﬁgpgﬁgde)s%hl&omay catalyse

hydrolysis of an alkoxysilane. The aqueous liquid may comprise a releasable substance, which

may be immobilised in and/or on the particulate substance made by the process of the invention.

The releasable substance may be a drug, and may be an anti-cancer drug, and may be



5 4, 3, 2, 1.9, 1.8, 1.7, 1.6, 1.5, 1.4, 1.3, 1.2,

1.1, 1, 0.9, 0.8, 0.7, 0.6 or 0.5nm They nmay have a
worasv/3es7e di amet er of between about 0.5 and 5ROT/AAR005/001738

bet ween about 0.5 and 2nm or about 0.5 and | nm or

about 1 and 5nm or about 2i1and 5nm or about 1 and 2nm

or about 4 and 5nm or between about 5 and 50nm 10 and

50nm 20 and 50nm 10 and 20nm 5 and 20nmor 5 and 5

doxorubic@f‘ Br 1@%}’"%’ a tfﬁl\é?asé‘exﬁ‘%%@ E"i’écﬁo aﬁﬂﬁée‘ﬁhceﬂf aﬁ@ﬁb‘}m@ #®hormone, a
biocide Qr $omg_ (Eher1substa12ce Z“hg aqgeoug 15]111(11 mazy @e at5a R;—I thzat c}g)es glot promote

decompc}s%onlgf tth%le%sgble?Egb stiite Tﬂ qun%g ?Qgg}n ﬁ]ﬂ_ gﬁ%ltq%dhiﬁaxﬁbetween 1

por es
and 7 orrbecmaqncﬁoeat DHehdWy twbeedn dbont 3 Tk 7 frtwesi sboutrhund @, between about 5

ot , SRR OS85 TRE R BOG BIER AFg aou

and 6, bbﬁ@eﬂ AB&@NY and§,chdtwedh atidnes %né@l; betleen abow Ipamiiscetiween about 2
romO nucl ei . The nucl ei

and 5, Do dbPw 3 FRe) SBwoen sheth A JH oy bPRYea aHeh inbfeteen about 2
and 4, b@t%e@ Qpent Bqndbﬁ%%x%@n ﬁb&ﬁtl a]ndaﬁd BeRftel rab@{?c%léndlii QﬁBlet\?v@en about 1

or about and or about an or about 2 and

50
and 2 oxallzﬁﬁwpensalmd 731@‘1& andh oy beRbant] 5105,o?r, 2bGuB- 20, 4dd 55@5 6, 6.5, 7,
7.5 or &]h%bﬁgit %@S%Tgh c%éé%; %%lét a?%:ﬂ%l %lgtd% réﬁﬁfét oi?bggg l}1tydrolysed to

producels cotdeksable, sp5c1e§ It ihay de for exlamplda hydeblyshble stildne. JO magxomprise a
45 or, 50nm The

3 35, [ -
hydroly§aglee 3Lk BARE dartecs iy’ ASHEMR PREPhARERISdop pigon and may

comprisé a4BixaRe of RRhNALMESC004 nﬁhﬁrd’cﬁl’ shl:l@‘ blilla’ikg Siiﬂﬂable&ﬂﬁﬁes iacidde, but are
be between about O 01 and %r am of

not fe%i’é\%/tﬁﬁl clip att@d- sandbt e k@?ysﬁ@%% éH"lébéﬁt regaetheieysigy (TMOS),
tetraeth&{ys@%rg ag@idm féfraputgﬂ-ysﬁﬁl‘?e 5H?FB3(DS)ab°lﬂétr%r6¥bx§§iljanan (TPOS),

or abo

methyltlame’l]nbxynllane ANTNOS mhﬁtnmmllmeMEwﬁmngwwﬂape (ETES),
octyltneihoxggl S&STES a0 %R ylﬁ-gn%ﬂgpls %Tm ug rh%)é%ﬁ@*llltrgl‘%homsﬂane

(HDTMsmd afd Smadecylmeﬂmxﬁﬁlamr (H{DTEES),e ostads¢ydinmesthanydilaey (ODTMS),

octadecy)ltri;eahq;(ygslla@e &)D?l‘big asy weH a%%ieéhyl 7p01%s114c§1te i]gIPS%S ethyb polysilicate
(EPS), éélydﬁ%ox?ﬁlanéo(PDﬂ_S), Wxarﬁ&hyﬁ@lsﬂﬁ;'éte Hexacthyl 8ilichte, or functional
I per gram of partlclate subtac

tnalkoxvﬁagan@?e (ess moetoh;gwlwl@sypéqap}@m@ﬁ tgxysias, | Rhsmyltiet dhogysilare (PTES),
phenyltﬁnfrletm@f(%ll%ﬂé ate (§q~p,§§)ance gl 1&33?8&;)955 %ﬁm@ﬂmi VWelane (GLYMO), |

on may nmprirse recursor enul si

glyc1dotmom@tratlmamsi@ns abI éGIs](iE@i),es |naﬁrG¢1’é0R§ﬁW1§‘lQ§hPXd{ﬁldﬁmeet s (MPTES)
mercapp SRSl S M se I TS FETRRIOHER R prsitane o (APTMIS),

ammoplb@ym‘lé‘bh@xyﬂl@meﬁ(m ES);JE—(Z-&mlmdwtylarhmo)mn@ﬁtmﬂdsmmysﬂane (DATMS),

500 thie b ot S e AR 68 e NS
(cycloh@{eﬁyll)ahﬂq:tr@ﬂm@wiaﬁe ONn QOHEETES)I emiSil@indiicgsie  (VIMS),

pérsed in a contlnuous liquid phase, - infusin

vmyltneﬁMy@ﬂmWEE%)p@ca KR of 16 VEAY 81059 OF thsppkavs- (fh%condensable
species H}& cg{n%?@@glf 13KRBB% tetraalkoxysilane, or at least 85, 90 or 95% tetraalkoxysilane,

and may comprise about 80, 85, 90, 95, 96, 97, 98, 99 or 100% tetraalkoxysilane. It may
comprise less than about 20% trialkoxysilane, for example less than about 15, 10 or 5%
trialkoxylsilane, and may comprise about 20, 15, 10, 5, 4, 3, 2, 1 or 0% trialkoxysilane. Some
trialkoxysilanes may only be usable in the process in low concentration. The hydrolysable

species may be capable of hydrolysing to produce a condensable species. The condensable
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phase) of the emul sion, and - hydrolysing the

hydr ol ysabl e species within the enul sion droplets to
wbOanowasbeoo condensabl e speci es. Al ternativel ypPCimRAU2005/001738

condensabl e species may be infused into the enul sion

dropl ets. The step of provi gdiong an enul si on nmay

conpri se conbi ning a hydrophobic Iiquid, an aqueous

liquid and a surfactant in quantities and under

spec1es:masﬂ bk iacsilanelf spagies, ahd ‘i’ﬁhysﬁﬂvE gb IZe% 892 sf?l’éf?&i“%bﬁ% Ige[i] Iolecule. It may

i on.. The surfact ant r exanpl
be an ilg’ét Béimaf]\]/\)éé‘?{ldﬂseddpataﬂﬁhh@tlmgel of marpysilangl groupshpeeenalécule. It may

beamthﬁ@%fsﬂﬁﬁlﬂggc{egtl on may conprise one or nore of
stirring, shaking, sonification or ultrasonification,

Theyhydretypable spedies mapderadtied or awiegmisiots . ana[hﬂa}aﬁif@&umo the emulsion

i agueous _sol ution i se
ek SRS oS A B s o 0
emulsuplh athe parftltlbhmgdjaﬂ§demndéﬂﬁ @nafe eslatsve AffHItRls WRYhE RAREAE for the two

0 r ol of the hydrol ysabl e speci es
phases SRRl Bonh RS Maleal wilbbe ceaBnEmEY dackied #ho aqueous phase,
Whereag Qﬁﬁ@ﬂ?&@d&)pﬂ@ﬁﬁ:‘ Iﬁétena_lh\ﬁllpﬁé g e\iﬁﬁln{éﬂﬂ k?ﬁ tﬁé)ﬁglcﬁ‘gw hﬁase If the

ag ride, base (i.e dr oxi de 1 on,
materi ﬂ?a’é}tw&fi intprehe RYspyS @hfisgeanﬂr reanﬁmhﬁra,) thelm furthe maaterii4l imay partition

into thg%hﬁéou@' P dﬁ?élﬁoﬁ’ oftd flﬁcﬂb%&ﬂlg %B% 3¢S 10 %e?) C‘%ﬁ}ﬁ% rTa}/ydrophoblc)

catal yse hydrol ysis of oXYys
phase mayylgp tqmgrtltjgmpglﬁ ¢heahydeolgsebddbecies iistb ale squeshid phas8®the emulsion

e T R A TR T T A,

form ths wosdensatde spacidse ad dfb@&peﬁﬂfd)nﬁ&ﬁo@@f ﬁiblﬁn’i“he fothtatibn of nuclei may
and bedoxorubicin, or it m

compr1§e] &grlg eWS:P %ly &on nsatipn, Bﬁ ghﬁa@g\gplp hie smplqgn zThee addition of the

conden§¥dlTBBRicsamby O Ikl Abt &Oﬁ@coﬂfﬂ&q{ﬁzd HPst ﬁ%gﬁes

nquecus gt 4 oy B Bede om-léhg ta{lon or swirling.

t “does not
Browm%g&tﬂgg ;Mmaypyavige smﬁﬁ@eﬂbﬁ:@a&afw lising smﬁlmuEGXﬁ'ﬂmellp bpplieyd mixing.

Theqﬁo%ﬁ Wﬁfé dﬁgs%ﬂalg%\e/:\rgtg)% rg c{nqlgé \A%a/ﬁrfajly andwg:e‘tfyrdgog}ﬁ?pﬁélspemes and

about
condenggiign pf tlt@etewibmg achmi@nsa!ileaspdcﬁs totmernledRotin the@fthision droplets. If

the hy&%l&g\%&fg ggcggsg it Bgt%%sgﬁ%ﬁga gg COFlI'!ItBlléZlBIZP 6ﬁtsg§§§£§r?sg an acidic

fluorideasoditfon, tiehwke step iyt conpairé aﬁowﬁ@tWelﬁtﬂfh&’é fof tﬁé‘gkéxysﬂane to be

hvdrol %{)%\fﬁefn bout 13 and 5, petween about and 5, bet

ydroly Pr dew tingegopdetsablssnecics taﬁ@ndcns@tw@@n rlsist 3
Alteritdivély, ﬁﬁél&‘ﬁﬁﬂ/&%ﬁar}p%@lém da@xﬂ}é 8%@&% s and then

bet ween about 1 and or betwe
ac1d1ﬁeqlm@§ad5]@e wpdting emulsion m;gy de@tab@l;lseé 1) fornh, thd p51;t1051ate§su55tance

Altegnagg/elgf thé ﬁlgglep %ﬁ)(%/%rg%%rﬁﬁgz Mcé’lgs n ?’8 |p5‘i=’5t§ (af tSFgr ﬁ¥gagll@éhe nuclei

may be @aUUiﬂSsrfmfﬂbElab pefurmi sﬂlta wi\sone ol coNaidal ﬁla&:nalbfr may be some
ysabl e

other pzﬂ%?lg% eo¥ ﬁag)glfq%&% | Salgg Eheo £o GHV’E{% [rsllgégqgﬁ@% ,%rgaﬁl@@able of forming the
pamclesa(ﬁﬁthe baﬁcﬁlatesdubst@m fréi the W]k %Péka?ﬁplé‘ b?‘aéélﬁfn%ra‘i’lgxﬁ the nuclei by

%{EI | anes, or a m xture of such | anes.” Suli
Condenséﬂa § ProsengsoRs the gpclg & hﬁcﬁond@@@blﬁ csp@cdeSt way b -compatible with the

nuclei ah®iad ballpySht RAGHSHANMASulRE r amet hoxysi | ane (TMX5),

In one embodiment of the invention, the process of providing the emulsion comprises the

steps of:
— providing a basic emulsion, said emulsion comprising emulsion droplets dispersed in
a continuous liquid phase,

— adding a first hydrolysable species to the emulsion;
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tetraet hoxysil ane (TEQS), tetrabutoxysilane (TBOS),

t etrapropoxysil ane (TPOS), nethyltrinmethoxysil ane
wONbdRs9s7aet hyl tri et hoxysi | ane (MIES), PCT/AU2005/001738

ethyltriethoxysilane (ETES), octyltriethoxysilane

(OTES), octyltrinethoxysil ale (OITVS),

hexadecyl tri net hoxi si | ane (HDTMS) and

hexadecyl tri et hoxi si | ane (HDTES),

DCta@IE%MaHdIIW{yﬂﬁﬂyﬁh @B%rét HiNPysable specws within the emulsion
oct adecyltr| et hoxyi SI ane TES) as as net hyl

poldyep! ﬁﬁSé@fmthpsyn casqg SH§§1I3§/:S| licate (EPS)
Dolax%ﬁh{gqg s t@%@}n 2GR éloﬂi' jlicate,
ISI u

hexaet I cate or ncti ona rlal oxysi | anes

(—egtddmghaagcgndiwdmdywbhmplecms toethi emyhsﬁeldemm;lsmn _
SR B U T T PR 0 1

comprisgl &/ QurtHanp R YNPY, I@ﬂhﬂa(}yﬁddlmally(aoifﬁﬁ)se a cosurfactant, e.g. 1-pentanol.

The coqn@;lgg%lg%gé g‘gay:l{elr,a; @@%ﬁ&p@:qagﬁg&gﬁpﬁﬁéﬁhe first and second hydrolysable

species &k @BHBRYE taﬂéo’%?&fbﬁéé{ Stot %ﬁﬁnﬁﬁﬂ?ﬂ@lkoxysﬂanes as described elsewhere
am nopro%yl triethoxysilane (APT

herein. Fhep-maay hechsemai aroppy dsyditte rqﬁét%ﬂaﬁxyklu phihe basieremyplsion may be

betweerd aﬂ&:{%f%@@% ap&%]tg(ad ??“ %ijé fér’%{ﬂéc% % @;&ﬁgﬁb} 9 and 11,

and may(E\‘dEEE)'BESB, 8.9 By9PHyr ilOgeI(hi;xly]sﬂllaﬁnéZ( ‘VZ'E/S)r 13 or may be greater than 13.

After a(miﬁén 8? %Ogm%l%gﬁé&gf%@tﬁg SH si Lﬁl{: b%fa %5] Yor' 26 &Ent time to

at least g»@ﬂﬁll&&@dﬁﬂyéﬁg?lﬁte iﬁ@f’/h}td@(ﬁlﬁlm&(q}ey&s |vsathén t}mr erﬂﬂllsﬂoﬂ alsdplets to form
90 or 95%tetraal koxg/sn | ane, may compri s¢
the cong%ableggemgsé an@éo (g*gl ngel exg@p Iaill)él e time of ageing

may betb%fv!; aIBQifty§£ﬂ(fif‘(ﬁ) hduks, %Met%@iﬁ) EbuR 512880t hand 80,034nd4l/% and 20,
trial | ane, for exa | ess t han about 15 10 or

10 and $00,t20G m H}Oylsguand\rl eo, mdrﬁély 2@@%5. o5 &0z R0 Ipayurs, pd may be about

0) 1 r t 4ol
6.12.13%34,30, B 8 4804800 L g s st 72 7, 04,926

hours. letlme lmm)rﬂepanal on theTﬂampbmdtro Ioﬁ agﬁbhg vslpeh: inay beehetween about 15 and

o a of h S produc ndens
95° of 3R sTncHipBHEis i ohrLapBaoce FafpeBlE a gyt tomperamre The
tempera@c&%%@ysbe ﬂﬁ@xmlemmeh abdut B) &1d 89, $0laad 80, K S0 qme&‘o and 70°C,

| b t |east )
and mayRaabant i 20nd51 30 Sl 455 3nsh 6(5 N %’opjsng‘@ 85 % 90°C. After
aCIdlﬁCh 0 17 t e%rﬁulgﬂoﬁt {HE Gcf ficdl érﬁ‘lﬂgllonstﬁe?}ﬁb@&mé@@r aged for at least about 1

e specl es may to an enul sion,

and
hour, onayleasmbmlé 2 31143 5 Be,@nflios |16i110uli50f§1|r @wnple@ﬁﬁmwwbaut I'and 10 hours
or betwrgﬁ%gbou% lfantla €1 a%% 504 4 n?yanﬁelr()t 5%8’@0%5%@?% Wh‘?ldté’ﬁburs e.g 1,

he “emnul Sion, artitionrh
2, 3, 4,depende oph0 hbersr 'ﬁheaagemg mﬁy ibeiat betsvesh abtmd 3ﬁaarsir9(BC or between

st 3 RE S50 8 e T TSR S e son

30, 35,401 825035 '60 hés, %C‘S ogU) @i 3 QIﬂCeTh@hddMlbﬂl obfhe second hydrolysable
predom nant | y in the h drophobl c phase.

he
speciesnmgy theasondaeied tqusing ?rn%&f*ll%gw Ehig dettss tep H5§an§n8r pgeipg gBefore or
concurfed@Y Sithl J?ﬁﬂl(fnu&t tﬂ@ lsed5RH & Hﬂ‘Jl s@’ﬁbé s%@élteé tal QPFabtdhQ opfibhally the same

aqueous phase tion f a hydr ol ysable species to
as the smﬁictemhmsmnumakimgdha probicolpdmdesethyr Wihe sobvent and optionally a

cosurfa§%8 e{)vt&fgolg boeft%'l% gglgg X? 6P !il)ﬁ%?e%lt fo FREGLRSn'HE Badid €mulsion), may be

added. The solvent may be mlsc1ble with, and may be the same as, the continuous liquid phase.

The ratios of solvent, surfactant and cosurfactant (if present) may be the same as or different to

the ratios in the basic emulsion. After addition of the second hydrolysable species, the acidified
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droplets), where conditions may pertain which pronote
hydr ol ysis of the hydrol ysable species to formthe
woanmaiesahl e speci es, and subsequent formati onPOT/AU2005/001738
nucl ei. The formation of nuclei may conprise at | east
partial condensation of the czhdensabl e species. The
addition of the condensable species may or nay not be
acconpani ed by at |east some agitation or swirling.

emuﬁ[di’Mﬁhy?\Be d R siyERGiddE Gdieds af lBCaE d]fdrﬁzilly E}Vlﬁélﬁ'}ie {iersecond hydrolysable
m Xxi ng out externally appl m Xi n e process

Speciss. ?hiénf@wé@é\ﬁﬂeaﬁtrﬁb@m %hp%wr@bk%ﬁ?h abaulifh P64 § >4 Ped0 hours, may
be bEMAE R ua@%eanam&%s gppeﬁ@eﬁﬁs@ﬁ@mﬁs 496nd 8546 48954 or 40 and

con I"'e species t ormn hi'h the enul sion
50 homrspindirsay bd ahdulem)&ﬁ; a2 y”é?aﬁﬂ er 6pboures is an

AL o RO, B RELELT ETRELRE e e oo

thon
comBinin@\a ogaledeifg kidltﬁdltwﬁh the efmﬂswrha) fdrkoothy giattioniate sulistance. The step of
drol sed and f e resulting condensahl.e species
com’ ﬁ%tgpqlqy the, gmnulsionAp @ ﬁ]§§ql%f9u1d c’ﬁ@f comprise adding the

coal&dRFHeORqud it Biey erﬁﬁ‘l"sfo'nc T86 20@Me Reay & inhd Suring or otherwise
congg#?ons and t hen aC|d|f|e% g&d e ﬂgsﬁ???%§p s

addiaguims} arpynhy aseorpatiedhbyi ag@tion ?‘Whﬁl&a HET%ag:t $t8‘ur1&teéc and may be
acco?rgﬁlt@fl@qq ‘f%}lﬁ]@l Bﬁ gﬂmlg}’gil% &éﬁﬁf_dﬁ Gla§ b@rh@“ Y "rat@ré)m&t)éveen about 1 and

| e the nucl ei
1000ml/ma1r, br betwexmabcum I11anid &80, loatndflﬁﬁedi asd 10@,al, anslf 505 34 and ¥000 500 and

100R 35k S50 2 Ol of Pl L EBfut 1,25 10,25 50, 100

200,800, b£00¢ 2508 660,0770d, 0804, rw)othelo(wmn/mimse afr mhg be at some other rate.

art| ul ate su nce fro I
Foll ‘aﬁﬁﬂgdﬁﬁ r"gflﬁtlﬁﬁ gﬁ@l% fimednay, e ‘a'g ggr:qgoqflq%rc?q?éaogﬂhg QH%ISI to proceed.
The %rtﬁé?@ln‘i\%lﬁfa?'be uphe HeHIRBARS Q)rﬁff)et%l a%%utnﬁ)a bel hour or up to about 30,
npatible Wi th the nuclei and capabl e

20, I(bécﬂ; hgr @it minutes, srdmey be |ah015r9e Oeiq‘do%la e b@ 1t5h80 25,30, 40 or 50

mmﬁt@é’ %?tab&ﬂ 1] %hf £5068F ? §br P Y] TL ddafes |1§1'uRf‘may be a liquid that is
ises the’stéeps df? - providing a basi ¢ enul sion,

mlsabhedmhmbbm the cootionows plpse ol sho ematsiqn dropleds. stemas'e@mprlse a polar

jn a, con ous gui has din f|r
iouidy o o ExpmntEeedaatiangl 3f el Soffplipd flixure of iquics. 1t may
for @@frﬁﬂe’ibdlﬁpﬂi&écﬁ' Rl ptedentd o destabilisiig liyuid, sluyls adh @o&p (hqulds and a non-polar
hin the enul sion dr%ﬁl ets to formthe

hqutdp gbf-" agn-polag bgRidiPay, e thssammss g}peog:pqtlau?%sr}ﬁ:}%g% SPERY emulsion, or it may
be difFbrdhd FSPG}?AH‘MI@ ﬂﬁ:rboa%@éing haﬁil@ H&y Be & BERARe BY sictdntésablcgclohexane or

species to aci d enul si on. The basic enul sion

a ml’m;re tod eamwak %ild ¢Y¢1(616Ka@rrﬁ‘h9 Y gﬁ@esﬁp@hs@g lquid to non-polar liquid may
be bg v ?i;ga%utsi 9nandl3t } A &Qﬁpféﬂ%&‘y ﬁé’%@?ﬂ%ﬁr%outel .9 anﬁ‘"agl 1:3 and 1:1,

addrtional I'y "‘conpr’se a -cosur
1:3 dndoeiat at?Dind Fhel damdBnUous 1l angju3 : &), amlymb}eba abw;trbha? bohl, 1:2 or 1:3
Iohexane d_se ond sabl e
WS B eL RGP SaaTokig o FRamEE o4 SpEcah Y SAke formation of the
partfcﬁfa'f@@lllﬂé%é' 1 3RBEbe BERRME td b@@beedo&mtvmze of the nuclei. The coalescing

liquid may be in a quantity that does not lead to formation of a gel. The amount of coalescing

liquid may be between about 2 and 6ml per ml of emulsion, and may be between about 3 and 5
or 2 and 4 or 4 and 6ml per ml of emulsion, and may be about 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5 or 6ml
per ml of emulsion, and may be some other amount depending on the nature of the continuous
phase and the coalescing liquid.

The process may also comprise one or more of the steps of:

- separating the particulate substance from the continuous liquid phase,
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herein. They may be the sane or may be different. The

pH of the basic enul sion my be between about 8 and
wa2p0emsoet ween about 8 and 10, 8 and 9, 9 andprdB/AU2005/001738

and 13 or 9 and 11, and may be about 8, 8.5, 9, 9.5,

10, 10.5, 11, 11.5, 12, 12.5 2% 13 or may be greater

than 13. After addition of the first hydrol ysable

speci es, the enul sion may be aged for sufficient tine

to %&ashi%g&ﬁe patibilatelsybdieodnasi ng the first

hydr ol ysabl e species within the emul sion droplets to

f or frYiRg andiadiesapteing deinagiculatieisubstangs. m nucl ei, for
T, f .
AR EaREL TREY RBIHEEL eone The P B Bk gcgﬁﬁﬁgﬁnag, decanting,

or between about _
ultra8éntrifigeng figering nanmﬁzli@nng oamjneol:hell@utah]@ s¢roatigopraesss. The washing

mayr?gﬂ‘%pgl%g gﬁﬁ(gsg}ﬁ? epar’nD gl(l)bsi g% %ht%lgégl@gp igoneﬂ]g agitating the

solvét, add,thdd,sedatatidk thc#%olvsﬁk. ﬁ‘éﬂn the pafidulabel subflande6 It may comprise

72, 78, 84,. 92 or .96 hours depend on t.he
susperdfipe tig BP%ICB@%@‘&SF?&C@ it S&é@ntbé’r Bg%é!eﬁdp tPapging the solvent
thro@gh%@ P cAlateSQIBBtaRtd) Ghe HRRRIAE @ﬁatyraﬁ,leefs@ﬁarﬁ%l@ﬁ”ﬁﬂnﬂ)\/fe%aﬁhctant from the
enper ature or anbient tenper at ure. he te eratu

partlndyteb@bsténcee Taapplyepemar ds assbyant Jor @ﬁoﬁug"ecta@o The éolsent for particle

v} ) B0 P RLNGHS TP, £ B v

solusleqe. pOMrtsetveatSI mmchlasaatcetone of lask @omwﬁma suglhes chloroform, non-polar

sotvi ey x5 7 p3iE indy AT D SRty Bpohitly around 10,

the SOFfadtentie geserallyosolehia imptitheb prsem(abp@lhr sbl\mmds The quumgmay comprise
or between abou% 1 and 8, 1 and 6, and 4, %
expe3ingiie P ICp A ONTREE 1 acihe o) GRS 7, firogén, 5B jpxide or mixtures

theredf. ’ﬁh BravHe dkPediOHAE matNR HUKI WfordBike PEh@bxposing may comprise
er{? vveeenasabca)%/te %D%I dQ0C, g)j—r bet ween about 30 a%d Y P

passBg thadzas ®vesor &naugothmraﬂdatg@ubst@n@n andmayy cosnpr@ﬁ%suckmg the gas

ol s SPGB, BBl s we

partioyldteodupstabéeetosppartialsvavaymbEhe partiak vastugiunay ga‘oﬁr ara@zsoh@e pressure of

s U D09, 8 B95L0 FRUSH 5 By oy b

an aﬁﬁﬁgﬂe%‘iessﬁresdﬂ agb%ﬁt a3t (k) A40p13i, omalk())lly (0.{0);=] OS(lm,TE Oa$ Otd@é 0.002 or 0.001bar.
surfactant, used_ i n maki ng the basi s

The iy 2o beo ORIt dotk P OREPFORE J5SAUY 1 CeRRdpT Gpiperature of the

reledgg’é(le Qﬁb&ﬁ?cesﬁﬁﬁanﬁ@ tﬁéreﬂiré fd@ &ﬂt or thelddire bT9He té]eatsﬁ‘lﬂe substance. The

I ¢ enmul sion may ed. The sol vent may
drying mejy becondudte @ngxmgle@élesmagah@ltdgo G198 I@éﬁhqnnab@ufs% 80, 70, 60,

50, %dogt(}'rc?r a’a‘??g; 1553? bé 2@%&? e(afat ﬁgé)ﬁ%%bhﬁozégfﬁg@gg@% 80, %o or 100°C or at
somdbﬂfeematablettempmanatl os | n the basi ¢ enul sion. After
dit f th 0 drol ysabl eci.e th
lggp%ﬁa ]Ieesa WCg%]afﬁ% eaé%c oa?teg H?cg Ipell‘tléiﬁqs nea}yﬁ% rtegovered from the
coal&dcidgBlafifid R fouséd ffré'qﬁ%a)l yse the second hydrol ysabl e
species. This may be at |east abqut 24 hours, or at

A gxamplsafia process g"or npducipg thepaticypieisy gncer}ﬁﬁuraglanzed in Figure 1

We @@%@Hta 24ic3nrd 60 hours, or between about 24 and
and%%& gs GOS 36 and 54 or 40 and 50 hours, and may

be Anlstabte mjcroaﬁulsm isaprepsad &y BiXxing A surfasint.oai rwg—nql@ solvent, an

St egll,}]eiofug ﬁ(?lglgl)n;g ?ontg Bi I‘%L{ﬁé féleasgtpg ststince %eeé cﬂﬁg)t eﬁlﬁ a catalyst for the sol-
gel reaction (e.g. acid, F).

2. The hydrolysable species (e.g. TMOS: tetramethoxysilane) is then added to the

microemulsion and is allowed to slowly diffuse to the water pools (i.e. core of the
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conmbining a coalescing liquid with the enulsion to

formthe particul ate substance. The step of conbining
woayensedpi se addi ng the emnul sion to a coal escPayAU2005/001738
liquid, or may conprise adding the coal escing |iquid

to the enul sion. The adding n&y conprising dropping,

pouring or otherw se addi ng, and nay be acconpani ed by
agitation, swirling, mxing, stirring etc. and may be
ac&@iRlonsdiepletspihdieyit andebeusiydrolitgs Redingit® thaRymborabf nuclei, e.g.
arate of betvve?n about 1 and |1 OOOM /mn, or between

ab¥itd PHmHY P8Esless and 200, 1 and 100, 1 and 50, 100
ﬁngﬂép%naégg o?ﬁl@ nkBR0 2 pB@ar%Bg/eféto(Q 20 Ecejf&%) aqullonally mlxed with a non-

500m / m nute, and nmay be a rate of ab
10polgssolm1t (qgo:ycl@d)gxar@))@s cmxﬂunedswgh tlmmxttp@@o d@j@blhse the emulsion

0By 1 ST AL, R PR PR B s o o i

f ocommabuspimse,dnchhls tstep, thecblent(s) npayomeatiled Td éhefraixiturey or the mixture
up, to.ab 10 hours, or up to about 5, 2
or“‘i‘yﬁaﬁflg dotPQE?)S‘{J}Serg@gut 30, 20, 10, 5, 2, 1 or 0.5
4N THé gmlcﬁ@drdmm’&)%aﬁﬁ@tdnd%ee@e-aneé 2, 3, 4 5 10
15, 2 25, 30, 40 or_50 minutes, or_ about
"ng egnul.?ongpargm@Ferq @uﬁ%gpgﬂwqt%ra@gaﬂ"w/wﬁtqr,ratm)oas,fﬁ?ll as the nature,
the \tb?urﬁe lahd ghéjwtay‘%e 'céalgcﬁ‘%' Jgﬁd% hdAhly thRr ARt P Psticle size and
hase and the  enul'sion droplets. It nmay conprise a
dlstr;b(utlan liquid, and may be for exanpl e acetone or
th .
’Jﬁq ﬁ(g\)%{ah 01{ stohggy\‘ec s%? hﬁl(r?%e)%tv\mh)% H'{e%r&getlss tog h%ﬁ]‘suilsjrl]%n ﬁag%verned by the
samd Inmd:hﬁhlsmsl(}fs as aaccﬂtdldﬂl dusppnisidn: amdleatioroandograwth by either ripening
The non-polar liquid nay be the sane as the

|
aggr‘é%ﬂ%f’flr?ﬁfi%g%’é’ge of the emulsion, or it may be

AN fih &o8bidal Kaspeaxiafp heclbdtRnC BANESE NGl bﬁxﬂlsﬁbﬂﬂ%}ﬂk@@ﬁ piace when the
m xture of acetone and cycl ohexane or a m

conceptpatios) ofzgead éwbk@rf@ﬁﬁﬁ%prw 1p 4hg drogfetyithe ﬁﬁpm@uﬁgs phase) exceeds
the hhﬁb’éstfé)f wx@%‘l@ﬂ(ﬁﬂ gubﬁywﬁﬁf&&c@eﬁé’t@%& QHféli'_‘an& dassical colloidal

W or bet ween bout .
SUSp@nSiQH 15: tBata i ethulisjons; Bleasnb,ltmn2$ campargmentalised in: Smaﬂrﬁmplets Thus, the

concin’rﬁatbop (%‘ cgn%? dalglF 5370?6%%%2%519 e ?%g‘%'a%%é?oé i% %Vate:l' Ipzsol Qe from droplet

to df@i/ethelns ofhket craads, 1h0erﬁﬂsﬁ)ﬁs fthe matiben oﬁfmd)lbeules of condensable species
parti CE ﬁte subst ance. ﬁ b1 sufficient t Lis 1
incrBgn wal dhte 5o SuRRERERIOT R ICHR SR one A topgr pool is larger
than?@n n a quantity that does not lead to formation of a
The anount of coal escing Liquid nay be hefween
Iga@g@pn shesg gowviflerpionspthegrumbier; p§ méfﬂel InFgaTes Vil bingEsRGag oncentration

of C@P@%ﬁ%ab’ie aéﬁgclgs Oa‘hd‘z% & Wl%l tifa" ﬂulﬁgé gF rdrgﬁle@f Slnce5the number of

sion out
molé@uﬁesmf Gmdemblem;peofes sm;irspcmnonaértd thaymbnlns @ﬂha“r@t Weter available per

mice d eﬁg,lngtg N g)é]l }?8 rllrfcitr%g?sn\%t}mgcr%?%t hgrgg %&gt/ér ci%%ﬂe%t qg%stﬁer words the

numB& G usRi Giteeadés With eheofatbiie satfe@antabtio. S(Ermrvedterﬂgay be contrasted with

bo nglﬁ igé:gc%u% %; lsﬁfgtse% %gfeg{xélot %}sgffggtgﬁbby%ﬁg@h d and which does not

part1girgﬁgatrlg ﬁlééé‘ﬁﬁfr@lﬂlsifs ro?ﬁ?e%ﬂfdd&%le dpesieP @ d.4iRsdrBdIRoxide. The amount of free
water depends on the nature of the surfactant (size and nature of the hydrophilic head) and the
water to surfactant ratio.)

Another specific characteristic of emulsions is that the emulsion droplets are capable of
exchanging their cores during collision. An increase in the rate of inter-micellar exchange can

induce a redistribution of the condensable species before the supersaturation reaches the
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The separating may conprise one or nore of settling,
centrifuging, decanting, ultracentrifuging, filtering,
woneremsid7d er i ng or some ot her suitabl e separat POTW/AU2005/001738

process. The washi ng may conpri se exposing the

particul ate substance to a gzitable sol vent,

optionally agitating the solvent, and then separating

the solvent fromthe particul ate substance. It may
nucleatoapthreshokiu sSpiandineceasing thardollisidatod mideesamwer leml tthhen decrease in
nucles{olvent or it may conprise passing the solvent

#0RSRGh the particul ate substance. The washing may at

Ad Safl afadolub aoilvidal ¥RMRNSIVAS, agbat off rmt 1@1@& tlh Caphilkiens follows
subst ance. The sol vent may be a_sol vent

nucleafipny Ae @afst amexigtiobnthepytergagoly (drep I %comuous phase) may be
v1eweﬁ?9 ﬁﬁ&og@a&% 115 A gﬂaﬁﬁde %fb‘}/t §Hia@é b5 hd@iioh oF@RRABAsable species

opant 1s hi e 1n polar solvents such
to theawclat dhonghe targarske parnber of mlucleh tthe spaler e nuvladr Siierly, for a fixed

B B Sp BRI B ApE 50 MRS Bt s

As uidndichahtbove, gandsiahd ;{resd)jmabhe systemstdmdrthpoémmlsion droplets collide
non- ar solvents The ri se exposin
constgfy A TG SapIEdTE e PO et BeRRS i & eptocess. Growih
of then(!h{)ﬁl@&%ﬁay ﬁféhh@lﬂe Plabx byl @Oﬂ)l@lofﬂ dﬂp@bﬁscdnﬂﬁﬁlﬁgfsoha' hﬁcllﬁ& nuclei with
dry and_may be dried bhefare use

under@ﬁ@é@% @omw%ﬂmgs@%&g@dﬁ%@% EPgass- dp et %’rWPWF’o gipivth can take
I [
place %R%oﬁﬁfrﬁﬂ tﬁl}&o(%{g‘ﬁl ac.‘tﬁ%%%@'rﬂ?cl%geﬁag? grfg'ﬁcés'é? glr%l(ﬁ:l et§ QoalesdehBY. Thus the final
particlkd mmofahe greblets ineredseg iwith theyumbermaficoliséons 9t inrieeltan exchanges.
arti.cul.ate.su ang I
%g Ca ﬁl]yﬁgy )?1 0L Pgél ti Orfsu?re&gc?téés ?Jl?rtl\éw&mlk?%&%a& of' and, more
imporédifly! @ssoldridn, theh essmbinad @ithuimiCroZemillsibns,0bBse, catalysed sol-gel
B AT AT
leads Qo Al rapil @ORuntHtBR 20041l GhOebiRhsabld @peﬂiéé' ngideaie bﬁ‘lcelles and further
conducted at a tenperature bel ow_t he de?r adati o
growthetakesr plees by dicingeandescangingeok athst apiee aram’elsrrﬁygh dissolution rates
ensuré I?%J ?&%@@&TEF Q@w?ﬁalt Bﬁn@l@% 012%1 ggg rt}]féo?g”gggégi% fé)rmed during the
collisioass drhpiatsacbntﬁmﬂ@&lﬁﬂm (s»ee IFme 2ap Tl ovith ederes to7Bigure 26, once

nuclelg]e)dveg e&low t]%la %Bro%eg’ % s1(91e Pg%o %gis?sd]te%s t%baolldf)ld hydrolysis

and @&\bﬁhr oﬁp'duh&f@b ewhéiﬁ'a!ﬁaéiﬂ Ltfaea,lys&‘ﬂeasadll Erosiohs geovah, Ihthe emulsion is

as not been j nc orat artl cl es
destalp i B GORFOIRL REOD doclPtY Pofhe PravRa nuthedany polar channls are
formedE WATrEto A0SR FROWhOD @nﬁﬁﬁﬁ@ﬁ&oﬁ@bar@i&&g Y& ith& rddfd® of about 30 to
particul ate substance is sunmarized in Figure 1 and
1000nma fliapeetateeicabioptdl 1550081 ows: L A stabl e microenul sion
AL Y Rl HEO04P L RALEL S0l oABRARBRIAY il (et

very loubsi daecet (30)9 Codsaqgﬁnt&{; dorathe atmalsjest syindiresishad sglcqag?@rtlcles using acid

catalyr31es r%tan}(l) nuélel dte o2 generat’ed %ue véry little growth is observed. In fact, no solid particles

were observed in acid catalysed emulsions even after 48h ageing. A condensation catalyst such
as fluoride must be introduced to produce solid particles. Even in this case, nuclei remain very
small (i.e. about 10 nm) as revealed by direct TEM analysis of the emulsions prior to
destabilisation (see Figure 11). At this stage it is likely that the nuclei are soft aggregates of
linear polymer. They appear to be solid when observed by TEM due to the drying intrinsic to

sample preparation. This suggests that, in contrast to base catalysis, no coalescence takes place
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2. The hydrol ysabl e species (e.g. TMOS:
tetranet hoxysilane) is then added to the m croenul sion
wanadeisoabl owed to slowy diffuse to the wat er PODRIUR005/001738

(i.e. core of theenulsion droplets) where it undergoes

hydrol ysis | eading to the f of%rati on of nuclei, e.g.

solid primary particles. 3. After formation of the

nucl ei, a polar solvent (e. acet one), optlonaIIY
betwern stecdmplets duringriptsiramicelbir @eglswae The pa,rbbl@hgrwh@) filljthe droplet core
by co%%gnﬁ%gn gg\gwe%lg‘g}e&?nel %‘Mr %P]éc? sgo%g‘sle fn 1'ts F}?oog,ﬂ?u%gy}:&{fﬂ'ﬂled by Small
AnglepNéﬁﬂr@d Seatterinig CHANB e@esitt atre sﬂmtnanﬁed ire Tablet 1)nwdtch shows that the

In this st t he. sol ve be added to
Partlclgr?ézerﬁfs@f aays agein @%@%ﬁﬂ?}iﬂﬁ%@iﬁde tialierticlesTene
TableSIOKUNH {24 4. The particles are then washed, and
freeze-dried. The enul sions paraneters
(surfactant/water ratio, TMX/ er ratio) as well as
the nature, o theg velk he rHA [
liquidis added n*ay%lcl:ont rlo te{1 flvﬁgtestcgﬁe |c|e§§£§|d§gslty’
and distribution.] The gmowt h of |solid DPé%dlﬁsdr )
particles within |the droplets off an emulsign is
goveMiedlepy the slame medHhni sms Jas in a coP#8i dal
suspensi on: nucl gati on and gr ovvt h by either ripening
aggAegdtdagn or coagul at i%h. in col | oi 4P
suspensi on, nucl eation in mater-ln-oil enul si ons takes
pl abge fideys t he concentr&Pon of |condensabl 858peci es
present 1n the drioplets (the di dcontinuous phase)
Addidgiedof a¢rtorreuc| eat i on 1HPeshol d [Cn]. TheO8Aly
difference between this and classical coll ol dal
suspension is that, in enulsions, the solution is
TH&E&%&"&HR@\B@E&& ﬁg/ehﬁoﬁ {@Bthé dé@'t&ﬁ’h@h@n of B 8mulsith using a polar liquid as

concentration of condensabl e species may change from

a coalgating liguid) or 8s ampmpopers| thereel, t¢ siduge g@ql@qce:@cq@f the aqueous emulsion

crop! o BR4 e i ABBPE=l DRI AR, 02 LTh tni o

Aé&iﬁbﬁgff WHPEI(S éngh‘lytpodm sohvént) ishknewetagevell emulsion droplets and to

centrat.ion per |sla r. than
produpﬁ AL B Pl&gr’g]iufs Cyﬁ%rgs n WOHagcglwateﬁ C egsvglgch multiphase
domai’Mstalﬂe fdmce Q§gn@a&96§&&hﬁﬁtdnqﬂla§é) pothd easadl Reopecs ANS experiments
decreases with the nunber of ro lets..Since

reveahthqb additien of gymell Auestiyroi Asaigand aigpificant §welﬁlng of the droplet
cores K%eg pl%ﬂé Snﬁhs tsﬁ%%:lgf‘s tﬁﬁ%@&%n@&oésﬁﬁ&ac%%ﬁ%s&ﬁ@é bRk 8mBR droplets into

e nunber of nuclel increases wth
largen dropletsss Img)mnaetetommter additiomnf 2 largﬁrcquh@tntym ragetopg gloes not lead to the
e
B R
the dé@;mbﬂika’vlai Srsubchsful isethealosr pmcl!pualiomgf panticlevodtad s tsingle-phase (i.e.
hy dro lic hea and C 0es not participate in the
acetom,g,cmg; Gxangt WAt 3y ?&5’@1 Especies, e.g.silicon

TR §QbiBatidNEr heRHMsi6H syfste@Bappears to go through the following steps:
e Step 1: when acetone is added, the droplets start to swell.

e Step 2: as more acetone is added, open channels are created between the cores of the
droplets forming an associated lamella-like phase or bicontinuous structure. This
phenomenon has been observed for NP5/water/heptane solution at high water to
surfactant ratio (C-L Chang, HS Fogler, Langmuir 1997, 13, 3295-3307).

e Step 3: Further addition of acetone leads to the swelling of the channels and ultimately

the destruction of the emulsion structure, the system reverting to a single-phase of mixed
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O water depends on the nature of the surfactant (size

and nature of the hydrophilic head) and the water to
weundsasesant ratio.) Another specific charact er PeTiAL20/5/001738

enul sions is that the enulsion droplets are capable of

exchangi ng their cores during’col lision. An increase

inthe rate of inter-mcellar exchange can induce a

redi stribution of the condensabl e speci es before the

s apieeﬂa(cycédhenmaéadh@s* aostone) véwerd the mhfaeishbisctnol'éhldsrly dispersed

i ncrea n of celles an
088 IE A so iy dieisSirihet Brar R GRfinct H e ipg nggiet and otber
S'é@lﬁt%ﬁféabl)@ ecidsQWirBacp ffrevB, iféinjiag paticks hynclemdas b@lﬂtﬁdal growth (i.e.
fol |l ows nuc?eatlon To a fLrst approxi mation, the

wadditiop etihxdrelcyls%dpm@flgmetf todhepeslel) nuous phase) may be

118 UB oAt MoChR HBACHA SestdbiliatioN pedesd & 81s§Ta0KnBtic process with a
ta es place by addition of condensabl e species to

t he
compefitidnehetwatnthe enmdsipm drppiet chalespgnesaiatenfand (g Lﬂsultlfla éonnatlon of open
r d nunber of .
chanc (3 Wit - fuBhon s TyicBilisk proBicun rhes S, PTVRY | |
U@mg the ﬂnechaarsge mddhbouthmd ationg, ihisqlossibleAs ratiomeligertbd influence of the

RN RN O

morpE®6ERNYIi ng the content of their aqueous core in the
process.. Gowth of the draéq t hen eg\aﬁl ace k%\e/ b 4
i ndditian of thesoprlescombiatif TRt hirer af beliviRyg gy D6 observe
o W3 %9&531&99%@15@%19&‘3'1% %?ﬁ(ﬁé@'a&g fohdl GAAd@BSadstadilisation is
speci es.” I'n other words, growh can t ake pl ace by
comeftaepivé.on of unsaturated micelles (in a process akin

LSRR EhnT MR Pl Bl AP 10 T v s s

I SI ONnS
ma@%l dpﬁﬁgtﬁkkdﬂ angmae Basmtmattalcpﬂoﬁabgelg cWhlgte hppear as glued strings of
r eaCt 2%‘? z§> gg%dg\?%%c 8%%%? 3 \%F PHagl of about 10nm

mcﬁéxﬁet@r%'a% &&ﬁens@ﬁ&l%p@ﬂéeﬂhk&é%%@ stturg el Chem stry
| eads to a, raipl d nucl eation due _to

h l
* 1 akihs, surpRRSioApiopmE Grisd ABERCHFY e Bbfs ﬁilge%ﬁl %385101 pticles fused
nggﬂ%ﬁlh 325 » Eneﬁglhnélhﬁt\ﬁ&ﬁd?ﬂéﬁmﬁl ééé?a%il%ﬁtlérf‘éf e elfifsions leads to

er growth ta | ace by agei ng and
scthe/ dongiatipnobf dhehavateri denhels, bmhsmdram}h sqme Jwrtiplesogrowth but the

(% Pﬁlagigc{nev %1@?‘5%’1’8? u&{ fagﬂif n%ﬁ)glgﬂt e art é/tér&%v{??glrﬁoélnes aggregate

oftogbthml ets cont ai n| ng nucl ei (see Fi gure 26) . Thus
vvlth reference to re 26 oncagnuc eg have

* i Hh5i SHSPERSIQH Crpﬂglz'gnlaﬁrg dnean, %'c}rﬁg MBdze of between

| ep@at 3@ aRd 1800, hMUdHéhVSO sn@ndogm oM dboof 15mEkd SD@fﬂn The channels
wher eas acid _cat al ysi s does not pronote grow

rhae (bsan jssvodles t@biavPR desiroyed DBRIEOPRG AL ﬁﬂ%?ﬁ) é%us releasing the
%&Ef&&%@rés H%ﬁa‘tﬂfn‘gstﬁfﬁ cérﬁ?ﬁﬁ@ bt &hdeRAbRY spefiaddsdasti@pste in particle

forme ng to oi dal growth to fofmnanoporous
parowt.es in the range of about 30 to | OOOnm di anet er,

USI“&%%S%%PS%B%E ?sgﬁ% si % 5 Il?gcon Spﬁ?r%ﬁﬁ@ L8%he influence of different
procedéifi§ phrdtrietdns.(€xcept at

Increasing the surfactant concentration is known to increase the stability of micro-
emulsions. Correspondingly, for a fixed quantity of coalescing liquid (e.g. acetone), emulsions
with increasing surfactant concentrations are more difficult to destabilise and result in slow

gelation of nuclei (see pictures ¢ and d in Figure 2).



10

20

25

30

very low pHi.e. pH < 0). Consequently, for the
emul sion synthesis of silica particles using acid
woabwmloges7s, many nuclei are generated but veryPCTiA2605001738
gromh is observed. In fact, no solid particles were
observed in acid catal ysed eﬁhIS|ons even after 48h
agei ng. A condensation catal yst such as fluoride nust
be introduced to produce solid particles. Even in this
cAsegxpacied,ean imuredsn iuethy asmaint ofisiléconapreotrsdOleady t@sn increase in

particleCYEE REde O T, ot BRRR, 8} AR iy B b e rate of

condehsatibh ke | 1¥wl hv&hcn eeafs Chi thé manief tof aB@icReRt @6leshiles is high and the
| i near poly They appear to be solid when observed

numbeggy o prgley g@m{u@s dows. 4B ﬁh%@nP‘l‘ﬁtrq (FEIcON{REEUETAS| 1 increased, the number of
hydroBf'é@cp ?fe%ﬁfs@f‘ mol&udesSHORESS Ss@ﬁﬁéantl;ynmﬁfénfh%ﬁsthe HAnPeS 8f new nuclei.
Catalysis, no coal escence takes placebetween th
Whenddqsbbétsgtlm peavgs this deadpite @l lnlahercmpmr@p@rof mqmsner to nuclei and thus
les growto fill the droplet core by consuni ng
large@?%t%/\}e% all the condensabl e species present inits
paphrt ffblnm $he| case ofi flritore A - 1P, Siiidh fomng Iperti‘dkastprmm to destabilisation, two

tre results are su
surfac%q h’n i‘»ﬂ? %gyglphcgoxb patticles wgﬁmigﬁgfqng Ng6 glé?laé% ldmtermedlate
HLB’§ edfginis 19 maHLBo of hE) iinditatad ep%trbhgl #mpliiplile hatre-de. balanced
SANS dat basi. s f@ﬁi]e pr esent vention _is the
hydropfiilieigshian shy rgphelrici IdgnesRS (s inghium pereaeth .rmlpwl%rs interaction
betweén ﬁﬁ%hﬁﬁ&hﬂ%&lér%h&j ancPGvat%? ﬁ@mctﬁg'ﬁ%gﬁ&t Stdhey 1%951111mt 19teract10n leads at
I nduce coal escence of the aqueous | sion droplets
high watdr conjenti taj the acp@leg(ye@m lof éhﬁjd@@gqts;ggd ithen faymatipe of open channels as
surfacEaﬁg \A\xﬁﬁ} 8/'\51%5} 0§{r0 SI on "illl %tg*\lg% 810 ?én%ln d’lgﬂﬁﬁ'ged' &roplets This
reinfotms thecihgortaddd of m/elfchﬁmaﬂlpn totﬁ mte:r&hmmeis (hnmgrdestabllmM(ar to provide a

ter whi ch lti se domains are f « ”

vatt Gh ST iicersh Tori B THROEHE ‘omibrte BBy BAb,orgigel Micelar “prison

towar@s?(ﬁh&ﬂélr@lﬂt thué pxRade aRkiaRdB: baﬁﬁleoéroﬂftlﬁ Tlﬁir'HEEam idoyparticles were
cetone leads to a significant swelling

detectgc} élﬁgg@ﬁtlrggﬁh@gth(sgélgltrpgmfeacgtpne qlﬁ¢ssnc§l§§aq§§ti dn flﬁg@blhsmg the emulsion.
In corﬁﬁl@tt ‘P(?}eﬂﬂﬁg% ' Jbgtéﬁﬁlsﬁt?@ﬁ RYARAGE0 st Eﬁ@ﬂﬁﬂﬁiclm Qgg&géﬂe S0 form a gel

rger droplets. In contrast to wat Pt
beformgrozwth aargecrcuq,wéﬂnpugly Tofeemgb(UhS, lijb)elsasmn lfexznd todbet yseble. Thus an

HLB ? Sél? E‘Rﬁts. Onr}ddéqotlﬁ? ntjghv\ﬁga ?S'slulgt&gg &t Vegé vﬁ]ﬁ%e erfactant It also

appeaﬂe&l‘a’aburlfacsaaﬁs havihg betweesasbbul 4i adt hexgéthylene units in their polar head
pitatiaqn of . rtlc s out of this single-phase
g

group(rq\aygaesgg @ used edﬂ}é % + watert- surfactant)

SWﬂeﬁrfhe Thccaali@P of ksBictap iPinctdased wlﬁilwtréﬁtstsedﬁsewed with the
pears to go through the follow ng %?5) Step 1:
Wl

dlfferwefé thah destelribsation by 30tm@d1¢ﬁe@p|ce¥1%1dglt fﬂﬂofugqﬂenmcles suggesting
a partill s Bllﬁﬁtl&p fafid ar%%fe@&%cé %faxggt@fj dréil &Fei’f“ﬁé‘rlfhﬁbﬁaﬁtr feduction in the

Create et ween e cores of e dr mng an
averagesppotitlatsizg dhdaieéd withi MRS plgde &mplebme;&m Am dagease in emulsion stability
str.ucture, henonenaon,.nas been observed for
due tol@ﬁé?%\/ﬁ?sgrl?ﬁ pﬁué%gta%o(foﬁlf"? g’ﬁ‘tlg " high water to surfactant
TMOD hﬁrbly@sangcrel-ﬁalﬁdb'l ehign LEPQRUiand 168%equshitly for an identical
3295

concentratlon 0 a?lzomde inside a droplet, the TMOS system may reach the nucleation threshold
faster, thus leading to production of more nuclei. This larger number of nuclei in the TMOS
emulsion system leads after destabilisation to the production of smaller particles (since more

nuclei for the same amount of hydrolysed monomer provides for more and smaller particles).
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Step 3: Further addition of acetone |eads to the
swelling of the channels and ultimately the
wdesdorosei7’bon of the emul sion structure, the sSyBCEMU2005/001738
reverting to a single-phase of m xedsol vents
(cycl ohexane + water + acetod®) where the surfactant
is nolecularly dispersed as in a true solution. The
swel l'ing of the aqueous channel allows the nuclei and
Atwide rogedd osgenicligpdcwish dtf&rereddﬁlednieed)r;stantmldi pm@;arities were used,

either thylapegmﬁs dl%lnge;oﬁ%stm ?%u{nowith %18%?2%1{1? V\{(o c}e(s agﬁ}s q}!%% 2Mhulsion and

produf(@stﬂﬁhh@roh@ﬁdléﬁ Geel Eﬁblabz lwitgett S}Qj’Wsplhe ¢1€1&ﬁ1slﬁc<ﬂjdﬁig t@ their dielectric
inetic process with a conpetiti tween t
constagiy| e HiEch prethe amayigiop SHEEr 41 ¢ ﬂef‘a

ak ﬁtg)rplggglgyf id}féers drastically

depenfi ?%tth&f]p&fm@pﬁﬂ tRAPRRBESVe MibdibiliREindRkl G8ler AEREFdIGHExane.
. €. I"i ca production rate).” Using the

nechanlstlc nodel outlined above, it is possible to

a { cessing
R R ST G
Experltﬂeﬁtaf pareaietqps NPHE 1€ moal fpHA IYQ,;, Wdtdres0 nankd{Ft: i0d)6 nofolichdohexane: 50

m i8S Eelibsripd o cenblosdahErTIon B i BR1Y R Hetoneranc

particles are .forned and the destabilisation is

I neffective. The suspenS| on remﬁu ns tnitrally clear
and a gel forns veryDilestrig  The |fj nal appears as
N° as"%"ﬁb ge- | i ke strucl gpgstahf CONt ra"é‘f’“"f‘ﬁ'%col | oi dal

gets,—whith—appear gs gt ued—strings of particres— A"
very sl ow destabilipgation | eads tl@ passs, &{j@’(@bmiybhwsf
1 Wk of about | OnpPUiAARIEE in

aonae-_li ke anL ot
orJUIly\. 1 CC—gtH Stf

igl% imsny gnal o

' Tho o
uru‘rc ITIC P uDlJCITJI JIT T O A UC

ipvesth at el y. The fi ha.6gel 20°€ coI |200tGads, all cRar
particles fused togeLher Tn_a 3 dinensional_ net
R Rietpminio al " sloat noc| A0 AbAD Dy ot 12 miisese DR CLAGEN, o

B O Mt on of - hbs el §120aNN ]yl 6 ceBuces

ommepPpdail tTctes gl ow I but—the degtabrtTrsatiom 7S ot

'‘Siethangl' or rapi d endudhat2fdCt he |Paphased, BN clgaown

particles aggregate|together. TH us sion for
' 4ol a T gf?*‘&l%’%ﬁ"‘i" Sof

S ron-size part| ghes 4o
6 bgt?l\;\ﬂ/ééein about 30 anp chfbn or atgewledSO and 300nm or
The channel § have been swol T en

apout 150 and 5UUnW

B W N

r even destroyed forgjn si|rigrhase, ckeas particles
7 g FE9% ng the m cel gé'%&?%‘ge’gnd ap@Rhi ng their
ontents—of —condensabtre—species tjo par tTcrpate TN
partl cle growmh. Us these nmechdmplese ddar,im pposdesl e
8 |t bPpranel ate expl anh ‘?é?@t%ﬁ‘ G he

i nfll Hence of

|'F'Faran+ Nnaranmmnt ar c

(aYd r\r\ac-m n
—HI_U —PMTWIWC ol I,

1 phase, clear, no particles
settled

9 | iso-Propanol 19.92 at 25°C

1 phase, clear, particles
10 | MEK 18.51 at 20°C

settled slowly

1 phase, clear, particles
11 | 1-Butanol 17.51 at 25°C

settled slowly

1 phase, clear, particles
12 | tert-Butanol 12.47 at 25°C

settled slowly

1 phase, clear, particles

13 | 1-Pentanol 15.13 at 25°C

settled slowly




I ncreasing the surfactant concentration is known to
i ncrease the stability of m croenul sions.

wQ@aoreasgondi ngl y,
liquid (e.g. aceton

e), enul sions

for a fixed quantity of coal e6TiAUg005/001738

wi th increasing

surfactant concentrations ard nore difficult to

destabilise and res

uIt

in sl ow gel ation of nucl ei

(see
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pretures—c—and—d—nr+
in the armount of si

i hblesansd in particl

h\/drnl\Lcl s-of the a
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phgnithise@ant | y
destabili sati
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bat-anced—thydrophiti
denotes a nedi um st
'bBengesh t he surfact

Tty andhydr
rengt h nol ecul

A8l H Chead

Hm | nf Qrar\f|
o

PITODI Crty)y—amnd

2rpHastse Odeteann- O/'W

algﬂdﬁater fromthe

ronl et Sueh—a—ed
TVPI Lt &  UCTTI GO I u

content to the coal

LY

escence of the

T LAY v =) atT l1| 9II vwaAT T

Aistoptse OS(cRag) - OEW

h2a8B8et 35%5 surlf actant wi th weaker
i an with wat ddclogdyl n aq dispersed

HEQHbﬁézéne This reinf 908857 (gclaja |rmortance of the
f-ofmattomof —water—chanmets durimng destabrtTsatiom, to
provide a path for the unreacted hydrol ysed precursor

i th | I i son”
They e dlenties B0 Bk ORGP GRS mt er ol < for part i cl e

. glP@le BolvErs (é‘h%&tﬁmtﬂlgdmﬂiahslb Sshick are (dﬂjé etisable i 1n water. Addition of
estin at the ition cet one does no
g&vq Laégq Hmie aﬁéwleﬁ]ggm the systam, maygs roggpf the W/O phase

5 f%mbllnﬁﬁéooat a@@fégﬁcﬁ?(tw&er prias®TWaD eh@Ridgst and the

nucl el aggregate to forma gel before growh can
* odomrpolay] sq%ﬁm (ergeEplugne, Benzene Llgyrofigran)p sdich aigenlygmiscible in

gyéi§ﬁek?4na§e aAsu ?ri”‘gﬁ gdlcﬁ’ E{ Iq%égﬁ?g rl?eQﬁ:g{rg%tr aFdnehe ltes, but a large

act ant .
alqaantﬂppasa}tsntthapr(xiuctﬁmmmmhatsmmn@mbet ween about 4

2@@8&@%&%@ ngggtg QJFY ‘Iﬁrg L q?l%haq:wgﬁgqr%éov%cﬂaye miscible in

C BBEE Rlatet i c%loﬁéﬂaﬁ@ckdﬂitlohse\fdmfrﬁMgéi anfoudtsTalvedys leads to the
trend is observed, with the difference that
d@rqdustion ebauedthasksysfen} 30 produces a col | oi dal gel

Aé’"ﬂ&s}&n%&f%v@aﬂfe'l& €S a s§é&9&?§lt A30bAisPRSH ds@he formation ofr as single phase

dest a I sation and coal escence of water droplets.
systern jueh will alled dee cantent ofithedrpplat sois tpaerticipate Seely in colloidal growth

and cc?rpste@% ¢ ﬁro\'&%a&{; 4\%)1[6 u'gﬁ’}fm%ﬁ pﬁf‘cﬂ:lle%' ﬁﬁgxom’en%gicgﬁ{/ etﬂﬁ%né}pbe done either

by a substantial swelling of the polar phase channel and the formation of a bi-continuous phase

20 [ 'Doloerid on of open c

or stronger interac

21

or simply by destruction of the emulsion into a classical solution. In other words, to produce
submicron particles, the addition of the coalescing liquid should form a single phase (or bi-
continuous) system. This requires the coalescing liquid to be miscible in both water and

cyclohexane.
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due to an increase in the surfactant concentration.
TMOS hydrol yses nore rapidly than TECS and
woansegqessnt |y for an identical concentration oPCT/AU2005001738
al koxi de inside a droplet, the TMOS system may reach
the nucl eation threshol d fasikr, thus Ieading to
production of nore nuclei. This |arger nunber of
nuclei in the TMOS enul sion system | eads after
It dkcisipmibiahi ®adtfess thab thish eigpitwbtycieqeirenodnt snammx)hutt mqilseﬂicwnt The

amoull%dﬁsieaﬂs ]g?\lﬁi tgug lél?qlecﬁr?é%c%nggagﬁmmu?ﬁlﬁ th?ﬁé% @X}X%x 1s mixed with a

non-p&ﬂaﬂ ﬁqﬁlﬂ%egdﬁfaraw ﬂl@ﬂio@lebMﬁgl ihdﬁld\)\/h:i Impbirtdne f@iﬂctontrol of the formation of

lelectrlc const ants, arities were
submigip PG T AP R OlP Aoy onSNE& Rebn gessfully used
to prod8&d ﬁﬁinlnbﬁﬁ 1?&?11@1'5’55 aﬁﬁyﬁgﬁi Meﬁ'ﬂ@ff&éﬁdﬁ’cﬁﬁd§(&@é‘%ﬁﬁm) were tested and

particles (see Tab shows t

foundatoc prodiegy at s;nglﬁmhased |e@iuhsm ipferc additigmt This 'I"Fféieélfffeé dhe dct that the
m1sc1l§c}nf§'sl?nn3§§$ 'tl?@capﬁ% gﬁ@ g&fhg v&fa'téfaé A R %@gﬁédﬂ&t {dre8£5 single phase

elr ar t
system aﬁﬁednstabﬂlsamm fidomdtistufficiiamt bmﬂsumthe produchalwﬂ submmmpartlcles

;I' ﬁ’glP ?‘n%‘?né?fé ﬁwﬁlg‘% g]{uiﬁ{ E’c\ 33 f gctglg(r:cor q' ntgg% fhe destabilising
liquidNitayx’ a % Eﬁﬂ[@hh Rht %Mfules&bﬂﬁ@tldﬁmf flfe émflsiof and production of the

IO O AW Y ————
by gr%l.h#a lgysﬁbg’cﬁﬁffﬁ@ GeetbRy bwppljéﬁarﬁl aggi l‘t’lbl%ﬂO]O@S’Q)ft the &fhal product slowly

rent categories: ol ar solvents (e.g.
evolvesc §ponsphericel, s lhmlmpf)l’twlﬂh ite lpgaeaaten | spbwicen (etidles that gradually

{
8 AUy SR R, e g eruion s
that, dsmm rli¢ladtric a:omwanp loéisthe rexitwa i Vibtweredpths elestbilising power of the

ol ar solvents (e.g. Tol uene, Benzene,
destal ?%%k)‘fl\b‘)fiﬁias%‘?‘g‘ﬁ ‘gre only niscible in cycl ohexane.
AdglbA dridhotd gislish 6 o Fﬁ@a&ﬁ thedise tvpatéh @hmnbhamblso forefed during the
the mcelles, but a argoe quanttj%ty results jn

destatphmet HENIQS la’égedie RESeRt the “copieat @ TB%?F‘A?% g, flow frecly and
partic Vf?ﬂ;aﬁlﬂ{e W bot Er ‘5V9rd§ez$sht!‘1k d‘é&t'&'l)ﬁhsﬁ@b@%) dedpbiised) the mobility

e M sci wat er and cycl ohexane. Addition
of theeh}ﬂhoﬁyned piregessembenons laiaa fhan| theitl sondsnsationpietsdanst them gelation takes

place gﬁt(l}%r t§1§$ %%stg%eség&& é&ﬁ g?ds file! ﬁﬂloﬁgﬁﬁ célﬁglgllﬁﬁythé Yafer channel or

the bis¢ongiheoyphsimse. SP$ hypoﬂms(shls vﬁm]heraiohﬁvmdsdwby tlenvemtoped structure of the

t he ore atef ly i.n, colloidal

gel ohspry; I"Pghg’{gg &bé:n{%’aéi: ?dtﬁl fde SUBIRr on
I@ﬁf tHeCoHtRSr: haTlie RMHER NRLREL G Iré acell [HyS etfiiyol bthe@bpheloghafrogressively
by a subst antial swellin t he_ pol ar phase channel

evolven G FOIRHASEEIEAISS of PO PR @eaéroan%%eep%ﬁwl@ﬁ mpltly trend may be

,explaméfl %?sdtnrlﬂﬁjehs%rln%e bheaw gﬁgdhéﬁ %eﬂ RhE aFufth&Se8EHon of the condensation

I'n ot her wor roduce subni cron
rate ‘qyaa re-ebtedfication @fdﬂxethsaimolmedt ibicatesainethei prgsanice @if xcess ethanol. This

accrsRiOY) SR RO FaFLISR B RMAE B ShaB STty conans
submiwdri‘ipatoﬁélei tl@ﬂﬂg_g@@/gdt@dhw«a Browhiahsnatigndntoadense dusips.ess

Elf ﬁ%w@%ﬁ? E%I%q%lgtb c|># ldegltabﬁ%ng E)gggp’ dllsc%ssré C Ss’ea o ap%lélgrs r’Ehatt the amount
of destabilising power (i.e. a combination of the volume and dielectric constant) needs to be high
enough to fully destabilise the emulsion, thus freeing the contents (i.e. hydrolysed alkoxides) of

the emulsion droplet to allow them to participate in particle growth.
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amount used, as well as the dielectric constant of the
destabilising liquid (which is mxed with a non-pol ar
woi2opsiodot79 generate the coal escing |iquid) is PapaURensto01738
for control of the formation of subm cron particles.
Two destabilising |iquids (elthanol and acetone) have
been successfully used to produce subm cron particles,
al t hough seven different |iquids (see Table 2) were
Ifaastefﬁcmmjccﬁabcmﬂlgt liqupd asl intepdaced, raggﬁ ip msdaliynibenehby collision of
r ti.on. This.under fact that
nucleip 455 B CGAPHIERRIE FOER 16 S h 200 S gl G in figore 17 £ fo
ethano®g! | as the production of a single phase system after

destabilisation, is not sufficient to_enpsure the
pAe B theotee frogy Eﬁb@r%ﬁn‘gﬁ%‘tr% Te@s thedicleqifisneqpstont of the non-polar

leSEn t I; t
hquldrt%ﬁplﬂﬁ %glest %!ﬁ @hid @&r%é@ thd Yno@ﬁho%g%l §Ee ﬁnaﬂ%ﬁ&tﬁﬁ degrades from

1"l si ng l'iquid plays key role in the
well-fompetesphierital pagicldsi inj cs'abhgwn@f(&teh@gtﬁﬁ@ 49 agergeaied submicron particles

in dcherggrg g‘% ?%a%f S\%g‘%etsphg %}pxg I F&f }(S)%ﬁ{:lﬁss stggg% St and particulate and

t abl I Si ng
condeag@ngel iis Hemaver adl petrajewan LtdldryThusbfdm 4 ubnstgltahastabﬂmaﬂu;n power (i.e.

same GFORa REisRED Srspt S it i He SEARRE RASHY constant of
the de@élg{lﬁi}@tlﬁﬁn@ \thid Iéﬁ@tﬁg RRddually €5 é‘tﬁaﬁve@ BeEivhyn epliicitieacetone by a

into fused string earl s' ultimately to a
less pelanerdrkiodhg formfign et}grlmwwné WeHs that, as the

di el ectric constant of the m xture is Iomered t he

destabi |l i si ng power of the destabilising I|qU|d IS

Tabled! dfluescuefaliffeehenarmpelet igiidnl |y, it appears that the
wat er phase channels forned during the destabilisation

ar-e—heot—arge—enoHgh—to—permt—the—content—of—nircethes
Solveh©o flow ffB@le(:tnimd PaaltProdyaMorpholpgy ti cl e growth, ki
ot her wor(d @ as the dest abi | i si ng power decreases, tihe

'8\ A

nmobility h\/drnlycad precursor -becore—lower—tHan

Hexa&hel r con

densat i _on

rate and thus gel ati on takes pl ag

rattrer—th

@ partic

Tolueoé t he cop?2.8Bt of

fe—growrtt, eading to tne gelration
tlaenmsteg@th@ﬁnmlelor t he

Cyclo I-contin

Th| ﬁ’?t%l&es' s is further

CEHACy e d

Dodeédpeer ved
€,

and f){
by et hanaol |

WA

On the
therm

m.oiFEM (F

$ub1;1,1,g vre—of—the gcﬂ

—y U'JCII ractur © Ul

Hﬂiﬁly%grégaaﬂduﬁmﬁmdﬁppﬂadlek with9 d,

ot her ;{]d when acetone is replag
WEﬁlttry‘ach\/nl y- evolyves

Decatovar ds d
particles

in the de

aggr eg

E[l_?ﬁi s tre

St abi | i sa

étxﬁg/ a%g ga%%%mo@ga%megm Si 7

€ expl ai ned by an increas
tlaweml:)shspesmw a further reduction

Octan,%i the co
Dy

dr elLyc-ahﬁgglsaE\Iguo

esterification of t

i Bl uhggeL 1T LCoL1on o ¢

Hexafd hanol .

Thigs decr

eBs&selangfagmtd@faatlepn rate mght |9

To tThe pr

Petroleumgtheron! N

pducﬁ on
t icle

Tsoft" fon-ful_ly condensed
quﬁﬁﬁse #8r egate due to Brownian

* Nofg]é;g?:gglerﬁegat%%%o%

1S 'ng ‘power
varied depeading nt thefir idepective Voluimgdrastions (i

Ofl'b#hl?np\{)(r)tlarliltn% r?ortg t}(tja{t %ee 88a1es%1n(‘goln(ﬁ}1c?%ﬁt.aﬁ%8 d%ot A Qpcyclohexane thus

I scussed above, 1t appears t

shifting the average polarity of the oil phase upon addition.

e

ed

e
e

he
ad

ﬂ‘rf"gﬁler 'i_'éj bl rﬁ%ﬂ'g IR0 GRP th®Wielectric constant

hat
a conbi nati on

Figure 25 shows the N, adsorption isotherm of a sample of submicron particles prepared
at pH=1. The key values (surface area and pore volume) are also summarised in Table 4. The
peaks in the pore size distribution were determined from Figure 38. The isotherm reveals the

presence of two regions of porosity, inside the particles.
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enough to fully destabilise the emulsion, t

the ¢

wenlegiseaTo dropl et to allow themto partici pat ePCIWAU2005/001738

parti

i ntroduced,
nucl ei .
system can form a gel
As can be seen from Table 3 and Figure 7,

Table @, BET GRS qiSH0

final

ontents (i.e.

cle growh. If
a gel

t ant

F’H“SBSW&&?@% ¢

hus freeing

hydr ol ysed al koxi des) of the

insufficient coalescing liquidis

of.. the .n

is gradual33} forned by collision of
If too nmuch coalescing liquid is used then the
(as in figure 17 f for ethanol).
as the

n- pol ar I|qU|d of the
Fhe ror phol ogy of the

product degrades fromwell-formed spherica

parti
submi

S"‘%ﬁ’?&% i

" BBl

et her|.

clres in cyclon

cl es
LRt |

cul alRdiidds con
Thus, for a

exane‘(see ij
) St
denqﬁﬁggy

const ant ~ des

lgure 0) to
Mibrepaseute

€
?&anlln\gﬁ%gqe7an

n hexane and
t abi linslat i on

aggr egat ed
( Hegkifreparee
d .
pet F6l eum
pdiskeibution

e

decr €

LK- tl?s d

obser
sol ve

.ase§ﬂﬁ

sane quantity
Hok he

Pl |
CRkRAe & HOOML
nt ) cytcéohehanef or

of acetone)
decreasing d
qui dg1¢ hus

hati on of 3-

, the destab
ielectric co
| eadizggy, gr ad

repl aci ng acetone by a

di nensi onal

iTisation

nst ant of

ual lty; @S

| ess pol ar
net wor k.

Tabl e 3?11 Ig%nge of different| non-polar I quids *
Not LBV BEE alise petrol eum et her is m xt ure of

alkane@oamﬂumhaom{e ectric constant varies [depending

n.their tivel volu fraction or t
Iiféz 0 h@%gYQS@Eﬂcoalescgﬁb l'i qui d ggﬁlalnedﬂgﬁﬁézﬁrg?
cycl oﬂﬁé@ﬁl@&mg@n&h fting the average polarjity of the

tion. Figurel 25 shows the N2
_QL_a_saﬂpLe_QL_subuLQLJn particles

The key val ues (surface area and

d

prepared at pH-=
pore volune) are also sunmarised in Table 4. The peaks

itnis timpopanteo siokethet ttersubfaté ereawd ke patie}eMCans;fondsrto the surface of

Fi.gure,. The . i.sot her.m revea ence
cense i BECIH P STy I 1AL A6 CRETBATES BRCe Mg g By e internal
surfacé @FUtheSpaticiesmdi 66r88qwdntly Cthapaké isabmcrod paﬁldlénp@fet afghly porous.
to note that the_ surface area of the partic
pxtela%q inpH by titration

Furtheggpice fisaHerortion pheiQapagrevpmy drciEass i
of thear %Ijﬁ% Gprgﬂ‘ td) debtZBitisatidnS 16 Q8T kdofn ttﬁ‘aﬁt acﬁiiﬁ(ﬁ@‘%ﬁ' %s%amay promote
ated to the internal surface of articles
condelzasntjom aidsqiberdrpgletshims tlh@e@mﬁl@rwhyamf |S@io & pagficdes. This will, after
r
destabﬂ,ls npc%a%gvoef gllr(éé{) oh B¢ n?esolt)(;}% h?éjﬁ)fotv R0 0% xarﬁplg ﬁf ggntrol of the

ropor ous ecreases an |1 ncrease
It

particles integihdl gtructiiret and thusopleaseskipeticoof the entepsidited imdddutes.
k hat addi t
Sorbiichel osetnas of fhe ReeBBR B of e iilsion et goligigal srowtn by

m1grat[BiP®? fheOborftOhtl 6 BRY Edr6 | thfough Motarpldse cAldils is the low encapsulation
destabilisation, increase the prop ortlon of nesopor.es.

efficierpy of the wﬁaféhleéﬁ B3ehpios SsAmple fudrip (ssp Figge Bhk i thedaitial emulsion,
the drﬁ%'ise ¢ Qﬁdéﬂ Qn?ﬁgkd tﬁeh%tef ‘?lhﬁﬁ'&? f’f' MRfeafioPnd IEowth takes place

caps ate nol ecu di t'1 onal consequence of
inside tthe dopkt abid puert uoaiﬁstablltshfeoreﬂwh shodrugnid enetpsvlatkd in the silica. After

destabﬁlsatlon, tgy contents of non-condensed droplets (i.e. hydrolysed silicon alkoxide + free
drug) are diluted in acetone. Although the silicon alkoxide may migrate towards nuclei and
contribute to the growth of submicron particles, it is unlikely that much of the drug will get
encapsulated at this stage.

In summary, submicron particles may be produced by destabilisation of acid catalysed

sol-gel emulsions. The resulting particles may be used to encapsulate and release small
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m gration of the content of the core through polar
phase channels is the | ow encapsul ation efficiency of
woOhersrosdzzasabl e substance, for exanple a drug PEeEAU2005/001738

Figure 21). In the initial epulsion, the drug is
conpartmental i sed inside t heldat er droplets. If
nucl eation and growt h takes place inside the dropl et
core prior to destabilisation then the drug is

moleceles ap s doatrelied fashion oviet extendedipediodsies tinsi (b $@ 6i oenths)hdhe internal

struct%rfel &3}2 s@%&s&?l%élw%ngaﬁéc e8y ?%%&R‘ar%lée 1{?{% ee ra&@ XQ&;g%éé ? Qrolled by initial

sol-gePprﬂimws tshéh 9 [pH: Orheatdoapduttaioneeffiviegcabppdacsner ts dependent on the
ucle%Pand contrlbute to the growh of subm cron
solubigy of rpg & desfabilisingmNWey t hat nuch of the drug will

T&%neﬁ%apﬁ&eaéaeﬁt@acmé% §ue°c%m debﬂabﬁl@mappe&ub Becr on
particles m roduced by destabilisation of

o cét surfaséant swsuth @m ﬁbﬁumdé@iﬂillefﬁnﬁom@ulﬁ@law) &gmeglfl& and 14. This
ns@&eéjmg f% %8&? Ué BeBreRR9nt § r@g 18 c AR hﬁﬁb@ﬁﬂb S8gions of the

a control I Oon over exte peri ods
( surfatodmﬁ, which hs )equﬂfhé forrthe foralation rof M@n@nmusmi@ses or liquid crystals,

. n%lga{lg)g(fﬁt:h% :ni(l:ig@?%étof Eheteﬁ%%rglglgedt élié&ﬁé; ?oaﬁlngltrgl?ge? aﬁ@hgﬂlclpatlon in
a&leplba\rtlaib erentenduésst Inosrder fol adhm‘ve)Sumepsfal destabilisation the surfactant

Sepengn Soie ool Ly ol 91 i dest S0 LALAN o e
WBG@le q‘ﬁfs%oﬁ@ﬁ%@ﬁiterh&ﬁin' 1Hhy 8O @Eﬁfﬁctteﬁ’seﬂeby thé sﬁﬁﬁét@&tﬁﬂipnnt which

(Hydrophi | e/ Li'pophi | e Bal ance) between
amlcaiwlatwh bs dividing|the ewfdcn tafﬁaé)fdb%) Walss dzenied yefegieln the aggregation

the lb%x? gﬁ | %ﬁfa@%ﬂt hydE QR i fa‘éﬂblﬁ @%&ﬁ)oﬁ&eto a s%lrfactant footprint

sur IS reqwre or t tion o
bibetveeh ruD 1ad ABase’sparmbiequied A& syiatae syrfadtans Hoetptioiwor a surfactant

v i B PP Ep by BrsieEt §RSlidr Ay Pl Fmotecue, or
O'bgl??gfl gﬁ?ﬁ“'h %ﬁfdf htm}ﬁﬁsﬁgu thlIJ(ﬁE,SIt.ﬁblhd B, %ﬁndoléo 2had 10,2 and 8, 2 and 6
ot 2randit B IFONSEBIa 1Y SRR e ISt he e S T 8 9 or 10

Thi/mmkagyl ar interaction may be characterised by the
surfactant footprint, which is calculated by dividi ng L.
* t e coglesciee lamrg vdtich Hgesvatot rfoem ofsce Phases f (g Wotet 14ad water-in-oil

a%ﬁ’@? )'V%E HRRE b0 Be dénﬂ?sﬁﬁ”é sﬁ%aﬁne d%m G Ufncwo phases will lead to

i'on corresponds act ant otpr
bdabwﬁgenéoui rmckbatién anPsqpesgation ef ﬂieqzarﬂclmmchﬁh@nt physical phases. In

surfact gotpri.nt f r a surfactant usable
> L A OIS B nb S sttt R B coHRREn i Hfpnd be miscible
1%8%@1' AU fer ﬂfasé?ﬂh&ﬁﬁ nit aheuld hdvesthaapprbpridte @nmnfy
3, and 5, 1.5 and 3, and 10, 2 .and .10 2 an
e arfhed d@ﬁtalzﬂlaﬁumpqw:wdr &ccembingtionsef pglarity, 3n thBne gdded) has to

séfﬁc?entlg e qUIu?{ anfel fdrmaion hn@' frdd WL MBIt c6re content to

coa I ch does not formtwo phases
( @aficipede & t@ngtowah of nuplebinto enyvbstieran narfiche. ahew thedestabilisation

|t Eﬁg%{ ec%ea €s, 1 $REGDs n;rcﬁ%ltgl TR th@ Bol% pﬁé’é@ cﬂglﬂl%?énd/‘ﬁtjahually leads to

an evolution of the final microstructure from discrete submicron particles, to strings of

coalesced particles and macroporous condensed gel. This could be viewed as a gradual
freezing of the bicontinuous/channel structure.

The process of the present invention is capable of producing sub-micron particles in an

acid environment by use of a sol-gel mechanism in a microemulsion. Acid catalysis is important

in the production of microporous particles that can encapsulate small molecules such as
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het er ogeneous nucl eati on and segregation of the
particles in different physical phases. In terns of
weabasmsos7dy requirement, this nmeans that the cearaseirs®oi73s

l'iquid should be mscible in both oil and water

phases, that is, it should hd¥e the appropriate

polarity. The "destabilisation power" (i.e. a

conmbi nation of polarity and vol une added) has to

doxorsbifcin endmtlegsehthgin im a nohirodled Hashien. The rpatsent inviedtién aiges a novel

ool Rl B J0bE Bl Bl ALt byt coner wor

(WO1238alBdrbs a8 | Bartlpnvielomiwtie@ askease céraméel particlesp lwolnipbyitions thereof,
i nsi de the pol ar has%wghag{el ,and g‘g]@gﬁal I \év | eads to

Procegis o PEERAEHIOF ap eMERSF P4 B dt Mlc fty B3 gpesepsery to screen

surfactHRRBIGERNcRPIds 16! SHtain 14 ShhilkiddSwidh 1160 8brest Aoy i€ ke Benerate the

~and macr oporous condensed gel. This could be viewed as .
desired fiplehparsic efsﬁz@e@eﬁgetbpd ohthe pressnl inveriog/stasts wrigh a stable microemulsion

having 'iifcgﬁ%ty BP?boleg écp | B3 H Sardted Bl MeR %@ﬁ&bi}i@é% @ oéulsion to produce
apabl e of producing sub-nicron particles in an acid
partickes wif betwieem tbdnt30wsd 166nm, eraiboyie]0 andci¥ininsen abautal 00 and 400nm.

. croenul sion.  Acid talysi.s {s. nportant, | 1 -
T B BfbsHrE SEaRS B bR hiybER T shfioly Famobilised therein
and/of fieadauhay Be a5ad in the heatuleds of b ebndido k08 uikinahal. ¥he mammal may be
rel ease themin a .controlled fashjon. The present . .
seleclp G 13 SUS ST OB BHRBRCHOT BT Ty cduite, murine, bovine,
leporipEPoline, eiprire; FelidcAhRE AMAL) TREMhABMEP ndy BEWeRcRA- from a human,
Contrary to earlier work (W1/62332 Barbe & Bartl ett
monkeyoanes bptsedeatids, shew, degaritceqrir Hama,agbbit gnghgssamebnior example. The
1.her r e f enar.at | 0 156
cont 78] o B SGES5T00 cHESOR'ALL 90, 8P LRI, (i b
dysfuactigm, dypertensiona ipaina(for rarsplenpain ttteatahle by merphingrandlast opiates), or
size to generate the desired final particle size, the
asthMaet hod of the present invention starts with a stable
DdxbaMHdh Th be RAvipiglatbdapsieé sheofubahivuén partiole @nrdnrelease gradually in

di aneter, and then _ destabilises the m croenulsion to
PBS @h@%ﬂ?@@bﬁﬁifﬁ%}n@ﬁ%ﬂl%tmen about 30 and | OOnm or

gfgl?:j){reslégt 20ehtRROREY Sko 3B %H%d AP Qorisl1ldeRA}e I Gther substances, such as

cul ate substance of the invention having a drug
fluorgse¢ns adyeb) jadiaphetmacenibenls, FRIZENAS, GABLBHS t hsFenss; nkigeiges and/or other
< N ; . bt T
substfRES bl oph A MG Blaefo SRR AL AR AR FRMrap iotechnology,
bioreduoraimagmg-diciman pri mate, equine, mnurine, bovine,
| eporine, ovine, caprine, feline and canine. The
Exanﬁa%ml may be sel ected froma human, nonkey, ape,
ThOfRwif@lcbhdal SpRfihentiddrocedire vaRalsed lih dBexpesibients detailed below
and a canel, for exanple. The caondit.ion rravy be a .
for pegnasiag enanpREticls rantaMngagoRoEER, Wi Vagats from this general

LARREERA (ANERRRY M Skpahég. hypertension, pain
proceg?%ﬁﬁeasgnp e pain 1treat abl e by m)rghi ne and/ or

1.ofdiatodes) NP [nasyiphanoxgpalyeliokysthanoh Cdbboeab RSt EHeOH, n=5] 4.40
I nsy - ' d rel dual |
| b DR R LR B GlbhaaeB 0 | case gradual Ly

2. Add 1.08 mL dilute nitric acid, pH1 (equivalent to 60 mmol water) containing 0.06 mmol

NaF and 0.1 — 1.0 mg doxorubicin. Stir for 20 minutes to produce a microemulsion;
3. Add0.911 mL (6 mmol) TMOS (tetramethoxysilane) into the above system;
4. Age by stirring for 24 to 48 hours;
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The present invention may al so be used for controlled

rel ease of other substances, such as fluorescent dyes,
woadiecopbsap maceut i cal s, enzynes, catal ysts, hor FOTI&32005/001738

bi oci des and/ or ot her substances. Applications my

i ncl ude di agnosti cs, radlodl%bnostlcs radi ot her apy,

bi ot echnol ogy, bioreactors, imaging etc. Exanples The

fol |l ow ng general experlnental procedure was used in
5. t Reure fze résubtants emelsion édo be| stiwefl omiyneepaf idry acetone (100 mL) and

AR E9D T YR 0 BBl st plon s contcs

t iR panifbilest dual experinents: 1. D| ssol ve NP-5

nonyl phenoxypol etho eth nol 19CBFM
6-[ Y o am elprat e NIl S G HRO e Gy ahagind wash tho

arﬁgfé 18 tﬁﬁesqwﬂw.i@ rHLtaEét@n@@hdlﬁ tnﬁb“ A(t@ﬁlldtl\/él& emd phricles may be
8 ol WAt er) containi ng

0
niyashsdopsing o procsgise d@rmb@i rw n\M%/éZ%Z &Bé@ﬁcé‘ Rartlett, “Controlled
?‘F%{egs%r@% ?dp cleé‘c@o CRofMbiesddd ST ZFreparatlotglyand Methods

et ranet hoxysi I ang) e ‘above system
sbfUseg for 24 to 48 hours 5. Pour the resultant

SV S AL 5SRO B i i
t @oﬂ;@ﬁfrﬁiﬂﬂ baﬁ@‘%ttb@ t® Wg&d@ﬁt lafml &S%Ibﬁslmedﬁyfmtass of the total solid (i.e.
articles er i nentation, se
D aier RO D o Fgan GV (b R D ASE (o O IALH PIRES
This }86ddhfd %as fo'[lb%d RS tW'd) viBOhE B IRAERE NI RREE: i ne.

ternatively the particles may be washed using a
1. Nprhamenteatimseffécbed in W1/ 62332 (Barbe & Bartlett,

,?%210 esowergdsggigﬁsses o?ﬁ%?ggpgbrnz:t%% SJéﬁe'f‘i .rﬁétél@swater (pH1) 60
mmolUsE" (.06 TnmoeDpTMDEI6) mivhod, telreloberand (parstapcl)eéov\mih ageing 48 h and

ut.i on. Wi t
cosapiap USSR DRer 300 Bl Do B CRUBEABGE L gm0
concefntf@tﬁrphﬁ'stePOi ivehs(VarRd Sbmi 62 @oWL Na@.3 , mollenTEMe exierographs of the
dry the solution to make the final dry product. This
resultineesiinlesearasRownin g A steps 1 to 6) with the

Resu&olfhgﬁ%ﬁlglevﬁﬁé @édr%ﬁde with NBeRsif® Seattdm coRtenthifi@ tAbove 0.4 mol/L,

es were synthesized usi ng the foll ow ng
nocoebcmncmmalbsepadaneters water (pH) 60 s nmmol, F

cycl ohexane (at step 1) 50 nmi,
2 T@E@‘i’f&%ﬁ”ﬁ"’é‘ 3egést abilisation with a mxture of 100
fPlartﬁir@tv@eﬁe /sthtﬁéhiﬂedofsmgythda fdibmamgexp‘éhmeataﬂ paramaters:

Surfaﬁggpt/ I@’ 508 3 %?hﬁq@mﬂ% 61%88 r()v@h gva af Blélflr r&&ierzcane (at step 1) 50

mL, ageing 48 h and destabilisation with a mixture of 100 ml acetone/100ml of cyclohexane.

The TMOS concentration at step 3 was increase from 4 mmol to 12mmol while keeping the
water to TMOS molar ratio at 10. TEM micrographs of the resulting particles are shown in
Figure 3.
Result: The particle size was found to increase with TMOS content. The coalescence/fusing of
the particles at [TMOS]=12 mmol is significant.
3. Surfactant type effect
low concentration:

The following surfactants were used in place of NP-5 at step 1: (a) Brij 30 (HLB=9), (b)
NP-5 (HLB=10), (c) NP-6 (HLB=10.9) (d) Triton X-114 (HLB= 12.4) with 1-pentanol 20 mmol
(€) NP-9 (HLB=13) with 1-pentanol 20 mmo] (f) Triton X-100 (HLB=13.5) with 1-pentanol 20
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resulting particles are shown in Figure 2. Result: The
particle size decreased with increasing surfactant
woamm@ies7at i on. Above 0.4 nol/L, Q no coal esceRrCEANA®S/001738

observed. 2. TMOS concentration effect: Particles were

synt hesi zed using the fol | owthg experi ment al

paraneters: Surfactant NP-5 0.4 nol/L, F7TMOS nol ar

ratio 0.01, water at pH , cycl ohexane (at step 1) 50
mmolnBartlaIyeuwage 48nthesirad gieg titsi follewirigoexpatittental pasemetass:oFurfactant 0.2

ot 30 REFAEASAD, O S VRS 30t o B o gane ot st 1,

agelnglaglﬁgiéﬁms{a@ﬂﬁ@ﬁ@}] Wh;mmlmteedf 100 MMVaSster H0mlatficyclahexane. TEM
. m crographs of the resylting particles are
microgiaphenof the pysyling Partiokesse ¢ OWF’n’é‘Lﬂﬁ%‘FF cle size was found

Result: Orﬂefks}{1§ 398etid 1 ol MBbRAFIb L Bized Iﬂer&qaéxe&mwm N?I-in @nd NP-6. No
the particles at [TMO§] =12 is significan

deStahillsaSQn fieale place inygaepdd facThg | akeéw@ec}r@lalgt .eﬂrphq’fh)ey of sample (f) was

the redfls %’)‘[ﬂ ”\% %%g r?c}‘f\ﬁrg%tffkﬁvi@ircgﬁs Hﬁx?%s)ﬁ Rﬁ:&éﬁi‘ﬁ. 9l %L;?S 5( 2;

htgh&‘dﬁcﬁn&'&ﬁ(ﬂtzl 0.9) (d) Triton X-1 14 (HLB= 12.4) with

entanol 20 mmol (e H 13) h
i’ g nsﬁlsqe e(xpfnrflrept[s o\ﬁergz u?te_ﬁ}_é fg %\Sv eMn{:%ntr#i g?ano? increasing the
surfactifi¥Bheenfiatidd & Bsp Wes €.45i 6D eREM gl ctisgirayhs ol éhef edriespomigng particles
experimental paraneters: Surfactant 0.2 nol/L, water
are shopmin Fegyredol , F 0.06 nmmol, TMOS 6 mmol, in 50 ni

Resul‘éy’?llleogrﬁfég@ceﬂ@to ?Jrﬁpsujo)mc@ﬁ %bl‘i’&eﬁﬁ tﬁls%ﬁﬁ‘actant ooncentratlon were those

ation wwth a mxture of 100 m aceton

with NB&miAlbthempladre Mathathe exqpkipiof iwge ApHSNBTO Pll‘?éu?eésﬁﬂ“t“il?ﬁgOf diameter
less t 540' ol e g%es?m%qggt\qhé Bhidrb SHhusidh a g'ﬁ)'t’ héstab_ﬁlfk%docﬂ{&’the particles do not

subnllcron si zed spheres were t hose
coalestde] bn bﬂ’dlﬁoﬁnd abiiterfe. Tho stightt grbivith ebdeied foo e}et@nawethuhﬁP -6 suggests a

. The "coal esced dropl et" norphol ogy of
rﬁucgﬁﬁ%@ﬂg&%w%s the results of the unstable nature of

4. cj.m,mug,{tc&?ﬂy; sion used in its synthesis. high
concentrati on; The sane experinents were conduct ed as

Rerticlww veon surhesizednngdhe (o wingexnesuenty! pprameters:
Wateﬁ_ﬁfl—flg%e}ﬁﬁlopqﬁ@)%trﬁﬁ%l oMek @ﬁlﬁﬁ)l JeyeRhexhe® dtép 1)THMnL, ageing 48

f ‘the corresponding particles are shown
h andi desﬁbglsateorﬁwﬂl?@smmmreﬂfé 08 nmlyacgtpge/é RAem} of pyﬂlcphexane The surfactant at

step 6@/ (EL]SJE %Benﬁglapa@) tl\% $ ?h@g\ﬂsﬁt@)ﬁfﬁ%vﬁt i Yentanol 0.2 mol/L.

TEMgmeﬁxg’famﬁ oﬁfhetdeﬁe@omdhig p}iﬁicﬁesmr@ shoyedindéguiedl. es of
ianeter. |l ess than 20 n S esti.ng that
Resulf ¢ NG B FORORBCT YRRy PAUBE 2o phalipg i gprgiptant) to the

emul§lOn.NBlcreasing the surfactant concentration (experiment 4(b)) was more effective in

narrowing the particle size distribution.
5. Microemulsion solvent effect
destabilised using 100 mL acetone/100 mL various non-polar solvents:

Particles were synthesized using the following experimental parameters: NP-5 10 mmol
(0.2 mol/L), water (pH1) 60 mmol, F" 0.06 mmol, TMOS 6 mmol, a non-polar solvent (at step 1)
50 mL, ageing 48 h and destabilisation with a mixture of 100 ml acetone/100ml of the non-polar
solvent. Several solvents were used as the continuous phase for forming the microemulsions: (a)
petroleum benzine, 1-hexanol 20 mmol; (b) hexane, 1-hexanol 20 mmol; (¢) octane, 1-hexanol

20 mmol; (d) decane, 1-hexanol 20 mmol; (¢) dodecane, 1-hexanol 40 mmol; (f)‘toluene.
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coal esce, on addition of acetone. The slight growth
observed for systens with NP-6 suggests a reduced
wdesdsabii7p sat i on. 4. Co-surfactant effect: Par PCTIA®R005/001738

wer e synt hesi zed using the foll ow ng experinent al

parameters: Water (pH) 60 mdBl, F 0.06 mmol, TMOS 6

mmol , cycl ohexane (at step 1) 50 nL, ageing 48 h and
destabilisation with a mxture of 100 m acetone/1l

Hexafflmvaofaddyd | ashe xaserfactoie muofdee ttandbtained tstgbld m@sy-erpalsions. TEM

nmol / L; 0.4 nol/L; NP-5 0.2
ml"“’ﬁfﬁp}iﬁ"f %ercaﬂﬁ%ma r%pfﬂ 75/4re Shavy %Faé%)ar Taphs of the
Resud€ S0P ftgn Raftidlés WerebaiSdiDRA dxPerirhenits 6d6md%5 hdgesting that a
No vi si bl e inmprovenent, was caused by addi ng

partiaf ocanffoflad t deﬁtab(lhsaéwns (et gettigle )coplgsienecle rﬂﬁss .aeweved for emulsions
synthéé%%d?ﬁ%%etaﬂﬁ dggg hagt ant concentration (experinent
4

was nore effective in narrowing the particle
destaézilixellwiﬂmilbalbmmi/wﬂmmwdwansl on sol vent effect

ﬁ[g%fs lem%?ﬁ N ésn szl:rglgerdtrﬁ:nc égﬁ%@ﬁ/ é%%ré["kr é%reh gﬁ‘iﬁ destablhsed using a

arosorvent s S wWere syn Ize
50 mLhadlaﬁlol/ l@ﬂmﬂgcﬂkﬂﬁkanﬁemﬁﬂhremrsmm.éﬁm mﬁr@réqﬂlsmﬁthe corresponding

. | /L (pH) 60 nmol, F' 0.06 mmol, TMOS 6
Paﬂ‘“ﬁﬁ‘?ﬁeé@ ﬁb‘%F sol vent (at step 1) 50 nlL, ageing 48
Result: @ %eﬁ‘ﬁéﬁlﬁbfbdnlzﬁﬁlll Rékanibll DO andil %hd 1Y Hb&aﬂé)ﬂ-h&tanol 20 mmol systems
acetone/ 100m_ of the non-polar solvent. Seve

formagly pubsmicronypiréicles.e Foaleseenes @ribe Mstns/ 1p1PF’d‘é‘é01f 3 %}.Oh (pgperiment c)
result%% th nﬁ‘gﬁfaﬂg EI? cﬁgl)g(.g%relce( t%})h @%ﬁ 3 @20 ﬁﬁlﬂ&dd& %rs O{E:ﬁéfﬁr‘f%lts d and €).

toluenie ivéoraerollssrmol ; (d) decane, 1-hexanol 20 mmol; (e)
d L 1- Y f
B SEREng A0 o b S AP 1 0
NP-97Partiales nirs synﬂwsﬁ&l\/lusmgrthg rfalddvsingfexpbmeninl @amparetkirngsurfactant 20
{ Fi 7. R te S
mmo 5 nEl B i T L0 i € G Ty Dbk 5 B etstuengd0 L Gt step

1 in 3‘}]5’06661? @/Uﬁﬁ@;ﬁinleﬁgaédﬂi’é 234 Rasdd destgBinbdtidhnl @6th a mixture of 100 ml
estabilisati on Eartl cl e coal escence) was achi eved

acetongsf} Ok K eysich Aayrqgsanhs of the spacpendiag marticles are shown in

FigurQQSt abi li sed by 50 mL et hanol /100 nL cycl ohexane: The
same enul sions as described in experinment 6 were

Resulir Bpan@dleasmthdﬂs,tsalmalpagsxliesumrn dsodat&biroin the pranlsions @Gthntime and they
ovent(ifF) BOERRARRL AP ol utlfl spe liriell SRR Rocul
6. @geﬂ@tﬁﬁb effporbenzi ne/ 1-hexanol 20 mm .and b) hexane/1
Paﬂl&g{x(zggrggﬁg eggec{ Hggg&]?%ioylﬁ)%ﬁ%ﬁnm ererztgrlscg\J%SS 10 mmol (0.2
mol/ﬂ)emf’ér'(ﬁﬁlﬂ 60)mhR$ Uit ®06 infindl, IAM08 ¢! nitfolCa @ﬁ@&f&‘i@na 50 mL. This
pl'ace in decane or dodecane éexperlnent d and

emulsg(yn Was aged for: (a) 24 h, (b) 48 h, (c) 120 h, (d) 168 h, before belng destablllsed with a
mixture of 100 ml acetone/100ml of cyclohexane. TEM micrographs of the corresponding
particles are shown in Figure 10.
Result: The ageing time had no significant influence on the final particle size.
7. Effect of the hydrolysable species:

Particles were synthesized using the following experimental parameters: NP-5 10 mmol
(0.2 mol/L), TMOS or TEOS 6 mmol, water (pH1) 60 mmol, F~ 0.06 mmol, cyclohexane (at step
1) 50 mL, ageing 48 h and destabilisation with a mixture of 100 ml acetone/100ml of
cyclohexane. TEM micrographs of the particles before and after destabilisation are shown in

Figure 11.



10

15

20

25

30

tol uene m croemul sions: The follow ng surfactants were
used in place of NP-5: (a) NP-5, (b) Triton X-1 14 and
WOQ)osNEeE9 Particles were synthesized using theCcT/Au2005001738

foll owi ng experinmental paranmeters: surfactant 20 nmol

(0.2 nmol /L), water (le) 40 Afol, F 0.06 mmol, TMIS 6

mmol, toluene 100 nL (at step 1 in place of

cycl ohexane), ageing 24 h and destabilisation with a

Resulti Atcorr@anéorﬂﬂ(]hﬂ’pamc% bafard al@Dm&ercdfestalylhBaﬂwxmey shiBivs that addition

t he correspo particles

of acqlidx GRL o8 (Bt PSS S PRGN Ky PREPE Bt B R Hhoro-emuisions
into @Wlﬁtlecﬂrééipmé eindaedsadre thef fddroédopicestules subsnialt ﬁartlblﬁl?growth Final

partclisabiogA TISEHY FBBSTPaFAIC B RUBE RGO ool byrolyseblE specics.
8 PrB& ]Bfthﬁ&ﬁéomrﬁejfééﬂt hesi zed using the follow ng

erimental paranmeters: NP-5 10 mmol (0.2 nol/L),
\BarteqleS(wene) systhesied usingghe éoliaveng expaminentainprirampigrs: NP-5 10 mmol

02 FABLENIETGER) ool e G ETTIRR Pl eyl b 5

mL, agesigalBil.i sed with a m xture of 100 ml acetone/1 00m

e AR BLSPE it Vo EPoETR 67 RALGET VAR agei ng

8-1 Alddi®nReguehge si gni fi cant infl uence on the final
ticl 7. Effect
(@ DyPaegs S0 i BITORHIHGES (R OF SN G icrosmlsion into 50

mL a%éﬁ%' @nflz:f" Ogof&ﬁﬁérfﬁ@ erﬁﬁroelhlﬁl(lsﬁ%&?nmbo QQLzac@ﬁlnéLXd) b?/ pouring the

, water (p
m1cr0@;mlllso¢rem@ nfisfuresefcld0mmL Boetone argb]é]Or@Lﬁgclph@me TEM mlcrographs of

the o R SRR b B0 he of t he par i cl es

ResulteAltheughiibafitren pdﬂmtea fard olstaiedm al wssi; eeonringthei rgigraemulsion into a

: 1. Resul t. ri.son artl es bef or .. and
aittegy B asFiOR CRPPHREEY Eix P eRhae FHEG PR 5 et homogenous
andl@ggg%agatemrﬁﬁ]epn the macroscopi c scal e results in a

cras Qg olf the stable mcro-enulsions into a white

QUESCINIWMSs on the m croscopic scale

%e RatchdenhBsi: Owgl intd d""i‘lluxﬁfi‘é tdCk@SmEX Qbé?bﬁeh 3nd 50 mL

l'arger particle TECS is used as
cyclohgpcanol apbea rsp@mﬁ 108 mIPﬂ@fttﬁ)rpi étnalt §109rmEmyelobexane; (c) into a mixture

of 15§ )%12 iletodPd a(lflguﬁe WS EBhEVENET 1G4 ﬂfﬁ('r{}g of 36 pﬂgx&%l{égand 200 mL
cyclohatane. TPV ﬁncﬁ@grmphBIo,f the dbrfsSpomdirig paffi€dS 4eshodn in Figure 13.

Reon ! SUBARATES,§ oS B 50s e 2Rt S8R s of cclohnan
(expefindn€ 18 Ma) W¥@uced submicron particles, the particles were largely aggregated and

fused together. Increasing the volume of the destabilising mixture leads to a lower aggregation

but an increase in polydispersity.

8-3. Precipitation condition effect:

Particles were destabilised using a 100 ml acetone/100 ml cyclohexane mixture. The
destabilisation (step 5) was performed by pouring the microemulsion in: a) a 1 litre beaker stirred
with a rod shape magnetic stir-bar; b) a 250 ml beaker stirred with a cross-shape magnetic stir-
bar; ¢) a 250 ml beaker stirred with a rod shape stir-bar; d) in a 250 ml beaker ultrasonicated for
5 minutes; and €) with NaCl (0.2M) added. In €), 0.135 mL 1 mol/L NaCl solution was added
into the microemulsion, which was then shaken until clear, and then destabilised by pouring into

a stirred mixture of acetone and cylcohexane in a 250 ml beaker stirred with a rod-shaped stir-
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8-1 Addition sequence (a) by pouring 50 nL acetone
into the m croenul sion; (b) by pouring the
woneremsearb si on into 50 nL acetone; (c) by pour pagAthes/001738
m croemnul sion into 100 nL acetone; (d) by pouring the
microenul sion into a m xture#®f 100 nlL acetone and 100
nmL cycl ohexane. TEM m crographs of the correspondi ng
particles are shown in Figure 12. Result: Although
bar stiningi atrmodepatet sticties speed. obEMI médoguaphd bf tes eresponding garticles are
croemul sion into a diluted solution of acetone
prese‘etggﬂjen}r:]ig?'}'é%{wl 1-1d) appears to have produced the nost
ResultoThg ebhﬁhlﬁleﬁﬂdluhﬁﬁ sagpgicegaibad ssarphimsorBeio antdlt yddition had no
f colescm i |d by pouring the mcroemnul sion: (a)
Slgmf? CltrPRtﬁE}%]ep BHCl88IZR. acet one and 50 L cycl ohexane;
9, Ejﬂ&o ﬁH@f@hé@,ﬁhH{(ﬁ,% plkf® Nl acetone and 100 nL
|'0ohexane; g‘h@ into a mxture of 150 acetone and
lom_s worsl yheesiged vsiap thedellowipg >@f<1a¢r§n@¥ta12walﬁﬁters NP-5 10 mmol
0.2 Iﬁgl%)o%t&g@H%?% rcﬁ N AR, THA %ﬁgf Eb?l@l%hgtantz R& step 1) 50

or r’éspon es are SﬂOMﬂ In
mL, a@mg 48 hAIhethgdf thh &V%I@fsirqﬁctblvmtadmtaﬁi irbrnal fritex 7 Uryeadglition of base

N e R e
cyclolﬂ@)(aﬁe |'BR ahicragasts @ﬁtl@co@&dpdﬂdﬁ%aﬂb@ed areshowmar Eigaiend.

t I f th | eads t
Resulty o paCaicnt Ve oo e aleis Ml Eofymed.
10. zgnﬁem%ro?fi hPhbive 2hd G0 &p L@V dfRE HestdiRBSin £ lighider €
sed using a

st abi m acetone/ 100 m~ cycl ohexane
10-1 Acetong e. The dest abi Ilsatl on (step 5) was perforned by
e i
%Hgérl%gw%#t W&E&g@lﬁkﬁggﬂﬁggwg@h% %x eljilh ﬁt§1 P%%%@fe&s 6\IP -5 10 mmol

(0.2 mbl/Ieadater (i1 )y GOammall tH 0D6onmek TM@S@ nmlgh@wclohgtmc Katrstep 1) 50 mL

and ag%mg ﬁl-%gl é[g% r%%?%%éﬂ%{)l (Nirag g)ooﬁ%t@&hggéj ]ats sﬁgfgg r%mrl]lgta m%{ture of 100 mL

cycloﬁébdin@)anMIfferﬁ@no@ﬁtsZﬂﬂacﬁdﬁt& da) 10me) (b) 20135, (nysamml(d).l 00 mL and
NaCl sol ution vvalmﬂ% ]clled into the m.croenul sion,
(¢) 208 L REM miaR@AP e eqresspondingparHelss eShawp i E@aﬁb

Resuﬁo!ﬁ{ 'eﬂgerin'i‘érﬁs @Oﬁﬁ'arnﬁelcb ™ {(fdelez@fmla&,%fo%Bﬁ‘ n@ni%medlate precipitate was
cyl cohexane in a beaker stirred wt

observed -h@h@p@lda el gngémallsn ﬁormﬁch gfltéttlfﬁ%déreépéﬂ@ﬁmr&l ~Hgy (50 ml acetone), the
gel 51088 Mtggc %@Hﬁﬁnﬁg z?t ﬂﬁes 1 (? qafﬁﬁ@djiﬂ‘ 1% PBOM Gb&Sne), spherical

are presen ure e cont ai ner
submmbmpaatw]magme&founsdl r-bar shape, ultrasonication, or

02 ddltlon had no significant effect on final
1 %le size. 9. Effect of pH of the emul sion

dxaetwl@t werePamtliegize8 umgethsf@m&vaﬁg Zggeritnentgl paremeters: NP-5 10 mmol

| owi ng e>I<_Per| ment par arret? % NP-5 10 J

0.2 mol/L), water (pH1) 60 mmol, F 0.06 mmol, TMOS 6 mmol, cyclohexane (at step 1) 50
mL, ageing 48 h. The microemulsion was then destabilised at step 5 using a mixture of 100 mL
cyclohexane and different amount of ethanol: (a) 5 mL; (b) 10 mL; (c) 20 mL; (d) 35 mL; (e) 50
mL; (f) 80 mL; (g) 100 mL. TEM micrographs of the corresponding particles are shown in
Figure 17.
Result: When the quantity of ethanol was 5 or 10 ml (experiments 10-2a bd 10-2b), no
immediate precipitate was observed, however a gel gradually formed with time. With 20 ml
ethanol (experiment 10-2c) a gel formed immediately after pouring the emulsion into the
cyclohexane/ethanol mixture. From 35 ml to 80 ml ethanol (experiments 10-2d to 10-2f),

spherical submicron particles were formed although aggregation increased with the amount of
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(0.2 mol /L), water (pH) 60 mmol, F* 0.06 mmol, TMOS 6
mmol , cycl ohexane (at step 1) 50 nL, ageing 48 h . The
wobbmioses1e wat er dropl ets was adjusted from 1. BCT@UZ0d35001738

addi tion of base (IM aqueous NaOH solution), before
destabilisation in a mxture4bf 100 ml acetone/ 100 n
_cycl ohexane. TEM m crographs of the correspondi ng
particles are shown in Figure 15. Result: No

ethanel, ghiifig damto emfiztire of partieley Hnd rgel for the sahplpadestabiheed with 80 ml of

ethangnl't;@QhOI o tlm dfg S} Ve??thcgel%g pul Q}g:l uenﬁt %l Ee%%&lx%ent 10-2g) led

to geldggi.one Particles were synthesized usi ng the foll ow ng
experlnental et rs: NP-5 10 mml (0.2 nol/L),
10-3 Naxture qfagptongsandigianol = ' o 06 ol , TMOS 6 mmml ,

@ﬁﬁtc@é@%é&@%yﬁﬁfcsﬁ&@ﬁsﬁé R0 féllovans eﬁﬁ&irﬂ&tﬂ%d?am&@ﬁ NP-5 10 mmol

m croenmul si on was then destabiliSed at ste

(0.2 melt ) eatesf(PHAY 6Hmmgk Fo RelbamenohnBMAS 6émeﬁf Céfﬂ@ﬁ!ma@e &at step 1) 50

mL, a%%gnig( 1 .2’%%) &Qo%t%glwé%%éﬁ- estayhs%ﬁ F‘(s:tg‘pr espﬂ%@nﬁkture of: a) 100

mL cpelobéxahesStamé. sdetoue, Rh niL gthaeollb) 16@ gull. cyclbhexane, 60 mL acetone, 40

m. oFARSGPERD B SxrpRedre Ak dprdRedle R sllaoff 8 2R Sioherane, 20

mL a6étask) B0l L fedtidell ’DEMhntdr@apHsrbf&K@ @biredohdihg-particldsSdie presented in
m acetone), the gel formed inmediately. In
Figurgd8eri ments 10-1d and 10-1 d (100 ml or 200m

Resuﬁc§\§tﬁﬁf’e}on PRAGE Gte RHAB it Bl CySIoh¥aN., 4RfoiB@nd ethanol. The
-2 Ethanol Particles were synthesized using the

aggreg@itQmmcragsqsxwéh iinerAesins p@@aﬁ@me@fs,ethmmlsglymm tq @.gel structure for

morecyc/jcg))hexane 2 Eé_elk Q}%d}g%}ahf%e’%egﬁ]ﬁg é)L %bTME Sl

10-4_Oiler edwedtsi on was then destabilised at step 5 using a

?@.ﬁ}ﬁlﬂ%ﬁwg{e 9 eﬁtge(? %t%t})g rtﬁxﬁ;ﬂ%vﬁgg eggérﬁ;ﬁén f?lt d%@tn;getﬁ{s CNP-S 10 mmol
(0.2 106)YLY Qvatds; (pHfl) 68Gniibl, K 9)06LEEha L TMUSVG ﬂ‘mﬁhbl}gﬂye]!ah&(m‘é (at step 1) 50
t he correspondl ng partlcle re \NQ in Fi
mL, gggiig) 43 h. (ks AnicrSTyBision; w3 taen T HAR o0 s B S gpmE fxture of 100 mL

cycloh&ReRE hh B cPent Bmdantsk tﬁ@fo@@mné‘%lbéﬂ@d' ate precipitate
was observed, however a gradual ly formed wth

(@) - ti meisowreranl 1/imlet2%mb gQ@i-péQ@fﬁhnt 10-2¢) a gel

for EHEld \: e r he emul sion into the
®) cyclng% ane/ ?k‘ﬁlﬁ SO%L Ol?%eiE romL35 m to 80 ni
(c) et haNtdthy(le&hxddqetmntSsnﬁQ 5Qanlt,d 006aI2f200 shheri cal

subm a med al t hough aggregati on
@ incr g‘)’% ?ﬁ@@dﬁ@uﬁ?é thanol giving rise to a
(e) M xt wheen@fmmﬁ[,l cles and gel for the sanpl e

destabili sed with 80 nml of ethanol (experinent 10-2f).
® A fubegere:ilfi@mase in the quantity of ethanol

(g) (eXPRELIRRbrid: @9F) 860 f, gel ation.

(h) dimethylformamide (DMF): 100 mL

D pyridine: 100 mL

G) 1-butanol: 100 mL

k) acetonitrile: 2 mL, S mL, 10 mL, 20 mL

)] methanol: 2 mL, 5 mL, 10 mL, 20 mL

(m) dimethylsulfoxide (DMSO): 2 mL, 5 mL, 10 mL, 20 mL
(n) tert-butanol: 100 mL

(o) - 1-pentanol: 100 mL
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10-3 M xture of acetone and ethanol Particles were
synt hesi zed using the foll ow ng experinental
woaommstess: NP-5 10 mmol (0.2 nol /L), water (pEr)AUB®MS/001738
mmol, F 0.06 mmol, TMOS 6 mmol, cycl ohexane (at step
1) 50 nL, ageing 48 h. The niéroemul sion was then
dest abi Ilsed at step 5 using a mxture of: a) 100 nL
cycl ohexane, 80 nlL acetone, 20 nL ethanol; b) 100 nL
(p) cyclbﬂnexamk 1060nli. acetone, 40 nlL ethanol; c) 100 niL
cycl ane acetone, 60 nL ethanol; d) 100 nL
cycl‘glﬁﬁféﬁ%éthaﬂ? g@%& etone, 80 nL ethanol. T)EM
TEM RhicfoReHphp b serhe bflﬁlefcefreq&ﬁdmgiﬁaglcﬂmrdré showa mrRigure 19. All samples in

) resented. in Fi esul t: m cro article
Fig. [omers bt ARG e By gRBIRICT H A FEREI, Al 100 mL of the
approplif@RBlvent’dH ROIHEIFE1bRkaheCr €ases wi th increasing
ortion of ethanol, giving rise to a gel structur

Resuﬁar ernbilisatiem using OPEapRRAANdiTHPIpand ded tpoihg rf@maénon&f "gel with time,
Destaéﬁf%?ﬁ&} HRMAS: Rs ?Pac%%ﬂ&l 'a)’&)comt}@e é?ﬁ%n]oﬁ Wa¥ %E@ no particles were

es were synthesized usi ng
formesik Ghtdrofonmded paﬁ)arfenmtm dﬂFeoaleacthrmbbm(@urE, aml use)of toluene, benzene

OrT}ﬁg%ﬁé%&{%gﬁ%du(cg‘PmTlgBe gt Sgggtﬁl{ne]go;gel-rrl\gs 42 hmml'l'he micro

10-5 ©fRér pligiiresas then dest abi | | sed at step 5 using a
m xture of 100 yCJ ohex and dlfferen anount

ol vow Hgtisered &tofBing  GpariDetia) pipeisy > mmol NP-S,

cyclofz{%vbané Qat"ﬁe)p %e@?r?ﬂ elth%] ylllﬂlETe(?ggxﬁfgﬁ’ ngezﬁglﬂ&moﬁoﬁ '01-030141%1 MMOS 3 mmol

1 ni,
and 230 A8 }(ra) Tbmrmcm clsios was thep ﬁgstabﬂ@@dngsn(lg)a mixture of 50 mL

cycloh&ldiE A6 di %M&MH% fdlﬁ)wnjrg Q}l%ntﬁ 9)

TCT1 all_yUI ot ttran [NLILL D T 11) IICLIIyITUFIIﬂIII UE
DestaBiflne BT () B! 'od'm”e 5 o o] Bestdiy put and L 190
LNK@B@%L abetthe +3 O'HrL 1 oﬁénol 20 nL E)lt,)mlcron partlcle

di net hyl sul f oxi de ( DVS m., 5 nml, 10 ni, 20 nL (|n)
LNK-gp3- ¥ mbrasetong @0 mL 1-propanol Particles and gels
LNK-754: 20 mL acetone + 30 mL 1-propanol Gel: Fused particles
LNK-755: 10 mL acetone + 40 mL 1-propanol Gel : condensed
LNK-756: 40 mL ethanol + 10 mL 1-propanol Gel : condensed
LNK-757: 30 mL ethanol + 20 mL 1-propanol Gel : condensed
LNK-758: 20 mL ethanol + 30 mL 1-propanol Gel : condensed
LNK-759: 10 mL ethanol + 40 mL 1-propanol Gel : condensed
LNK-760: 40 mL acetone + 10 mL i-propanol Submicron particle
LNK-761: 30 mL acetone + 20 mL i-propanol Particles and gels
LNK-762: 20 mL acetone + 30 mL i-propanol Gel: Fused particles
LNK-763: 10 mL acetone + 40 mL i-propanol Gel : condensed
LNK-764: 40 mL ethanol + 10 mL i-propanol Gel : condensed
LNK-765: 30 mL ethanol + 20 mL i-propanol Gel : condensed
LNK-766: 20 mL ethanol + 30 mL i-propanol Gel : condensed
LNK-767: 10 mL ethanol + 40 mL i-propanol Gel : condensed

To illustrate, the morphology of LNK 752 to LNK 755 are represented in Figure 20.

11. Encapsulation and release of doxorubicin
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(0) 1-pentanol: 100 nmiL(p) 1-hexanol: 100 nL (Q)

di chl or onet hane: 100 nL TEM m cr ogr aphs of sone of the
woantsgsgondi ng particles are shown in Figure 18CTAU2005001738

sanmples in Fig. 19 were obtalned by destabilising the

microenul sion with a mxture*df 100 nL of the

appropriate solvent and 100 nL cycl ohexane. Results:

Dest abi |l i sati on using isopropanol and n-propanol |ed

Fizurd2l ﬁhwwmmeaimxofubgem engapbulationectficientnb$ b iferatioo wfdhelquantity of

doxorﬁ@cwa:ﬁﬁ]eg Q%zh% %tlc}n ?tc &%POT C%P%I%tadg}lq orfr%t hangicpﬂge%ali'ﬁe%dencapsulated
the rebotvagldsd rﬁuﬁhg ahéldesetsitisaioh ssép (thieuwethe aiigh welabidity of doxorubicin in

tg ir})‘e Enzene or THF led to the production of fine
acetongd PN e ¥astiigs. 10-5 Other mixtures Particles were
Y Abhed ﬂﬁ)@pﬂb‘ié 'Bﬁfﬂalh Qio&&lubom ﬂgccﬁ?ﬁ&%éé @ﬁﬁn@huanly dunng the first ten
par anet er s: NP-5, cycl ohexane (at” step

days m_th }wﬂ-f:ﬂeqqmc@”m) ﬁleux/a& &dagh amiownFnoFgura gl Th endwmosmon rate

T
becorr?émsj abr | | sed ué?’% gm?’}] ‘Z}?/ﬁlrrgéfcd %%nﬁld?&gﬁ%e%gggwg%é Release of

doxordbitinefremt tharrmquarbéles isesufnoh drgsed nnslhguresntZ& an¥@4. Figure 23 shows the
r at t he mor.phol o 5 are

short- (g B4Ry QiAW Ghirioaoid sEReiRth ifn s pieedd B the prosen

1nvenﬁi@i aadowtr eaxe represehiRfhe bétyedndn-sbmutsratedy ddmbluhi & afunction of
apsul ation efficiency as a func%)l on oéq uant it

time, GRC ABXSF QHHL R FHARIARAPATS COREIEBITR PHACHIe dNaEHbicin g3 e maintained

over 30%yef Tl%’?ﬁ%ﬁéftﬁﬂéé réﬁ%ﬂf‘% t61AF ﬁﬂ%ﬂﬁt%f%xbﬁ@wﬁ&?élea\é@cﬁ (1 e. active +
l ost during the destabilisation step (due to the hig

mactlmﬂ Higure 134 hovio Keat usnepaitielas éy@ixemeﬂ uyiag tthe nreeess nvé the present

e SR PROSARSE T L 0 PP TGP IB i n s

concedigation i0Miit®) about 4.5 days, as shown in Figure 22.

..JThe conposition rate beconmes slower after 10 days:
Add‘%%%e %yoxor ubi ci n di sappears in 2 weeks.

1) Tyﬁﬁhp@sﬁh@is ébmditiomi cin fromt he nanopartl cles is
summari sed in Flgures 23 an

23 sho
BHb7 B batantant salubn Ban P oeH 10 ﬁ&n%ﬁiﬁtemees P e acid 0.1m

contaipy (166 'n%’ﬁgl N§F %St d48e PP ARSRirfabtahh S GS AN the resulting mixture was
I nvention. | ower curve represents the active

stirred fsn2® énawtm éa etdugeeomifsoemnyisias. & muak TMAS orast thaw added into the
r

B

mlxtui‘B gllaée of U00 esL ragptors and 100 enk alyelohewmne rmnd ofas left stlmng for 10 more

R N MR R AT I LT .

times BV i@I€ @6&0RH, TYREEpﬂ*tl@FeE Nyerk NHEN késQEpended figlabage10 mL of NaCl agueous
doxor ubi cin over, a period of nore than fil X, mont hs

solutiom ashed g By ideeantaiinmewith shiogpform, apd; finally freeze drled dThe particles

were found to be distributed homogeneously in NaCl matrix with silica and sodium chloride
weight ratio at 85%. The particles could also be used directly in the form of an aqueous
suspension after washing prior to freeze-drying. The process is shown schematically in Fig. 27.
2) Influence of the nature of the surfactant: This is discussed in section 15. |
3) Destabilisation of ORMOCER/TMOS mixture

The particles were synthesised according to the typical procedure (see Fig. 27) but using a
mixture of ORMOSILs and TMOS as the silica precursor. Both were introduced in the micro-
emulsion at the same time, 48h prior to destabilisation. The corresponding TEM micrographs are

presented in Figures 28 and 29. Only two hybrid systems produced particles (i.e. GTMS and
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Addi ti onal Experinents 1) Typical synthesis conditions
A 0.2 Msurfactant solution was prepared in 50 nL
woyalspestane. 1.08 nL nitric acid 0.1M cont ai nPaAR205/001738

mol NaF was added to the surfactant solution and the

resulting mixture was stirred4for 20 minutes to

produce a m croenul sion. 6 nmmol TMOS was then added

into the above system which was stirred for 48 hours.
APTMBgFigntel 28-dnandl9 respectiyeby)r e imtoduetiant off 25% f GRS (glycidopropoxy

il Sine 4 1 BERLE" Pl o BY ISP 959, M6 i
propy® @ﬁitirlﬁﬁﬁiﬁgliaﬂé), leﬁ,gﬁtdialt’]etsﬂabiliﬁaiow te aéﬁ’madﬂ:](ﬁstribuﬁwn of large and small
.organi c phase and washed three tinmes wt c ne
particlsr Pt S8tef Ve waﬁstlrgégegslﬁéwdl@éyer ReigaecsiB- Fohtt RROSILs. The
corre@%ﬁ@iﬂgs’[wUMi%ga\ﬁﬁéﬁ hed fokssehied By BigGRNtHL | TReM éHow increasing
chloroform and tinally freeze dried. The particles .
agglomsrasionsfiibie sebmisren paticles ferdingtsAtias AEWYBY 9 G M§ bping introduced in

e oB41 s o 4 SRR SRUITIAHLAL B KA ik el

4) Deftabitisationof AN WY@ gpiahwiecon aft er washing prior to
treeze-dryin Th rogess i.s.shown hemat i c j .
PRI e s 08 RO S B TR LT MO RS i os

silicaTO'ﬁi}iGSul’éé‘Rr)/s gikl/%glasgseﬁ b mi%etdllwxidéiﬂ&) ca&sstpahﬂihl'ﬁsﬁm/bgniofographs are

MOCE] m Xt ur particles were synthesise .
presented i BiEes 1o NRSIEYAReELIITSrgEs s QOTeEHd \ﬁf%?@%ﬂ%ﬂs proportions of
TMOSBFEega M xture of ORMOSILs and TMOS as the silica

precursor. Both were introduced in the mcroenul sion
5) Destabilfsatign of multiple engHsigns sifstem : dest abi | i sati on. The
' LC h reSant echitdl K 83 conditions.
R T L
Emulione\ c&ifhiBs dpetAPAidSemEsipus: c@8aids dpetb2Bnmediptetyt bafeteydestabilisation,

The introductian,of .25% of .GI ci dopr Qpo e s
the (g FrppiGER 6 PERGY "SR! #5) SETSGT 5 CAF BR- o e 32) Destabilisation
by thé ld_béfbli‘e[/]@%l(ﬂl;%{cﬁﬂ&ﬂiﬁf&ulgﬁﬂoc?ﬁ:%’d é&ﬁliﬁﬁrcgﬁfﬂimpz_[rdolyk. The resulting powders

tri met hoxysi] ane) |e t er_.dest i sation, t )
were (ghamglensel JEHROUNSF BRIFKr gﬁfglﬁ%rﬁghswcﬁafqrﬁ%?fﬁﬁmﬂ Transform)

t @0 | hEvidaNedyR ey &t HR0SMmthesized and
s 00 YO A s L i
analysgdetopredded eemparingur e 30. They show i ncreasi ng

. t 0 i E 1 t] 3 . .
0 DRAPIEIAL 8 ok Bt HEBORR 6 LGB sypipeised usng base
catalpsis {ienyeells) auhimonasmenbydivdysedinatidahediRTVS i ncreased
R S SR B R i BRBYAP okt B350 s s -9
(6 m@AeDO PefiRndo(6 drcIRbndcPslelibxage (X0 ALL)avdbixeE@gether. 0.648 mL of

m xture as_silica precursors, in place of Si qg&lre )
aqueqysjapyneria NHOH 3 H’l‘eﬁ‘a“mEIWr?ﬂE’rvélﬁFﬂaﬁ@néﬁ ater was combined to

e REAARTLAADGTAN & sty BSADTECRAN > g 950 e o
microemulsion and the system was aged for 48 hours. An acidic aqueous phase was then added
to the micro-emulsion now containing 50 nm silica particles and the system was further stirred at
60 °C for 5 hours. NP-9 (12 mmol), 1-pentanol (12 mmol) and cyclohexane (60 mL) were then
added, followed by addition of silicon alkoxide. The mixture was further aged for 48 hours and
then destabilised using a mixture of acetone and cyclohexane. The corresponding TEM image
are shown in Figure 34. A summary of the synthetic procedure is given in Fig. 35.

The original seed synthesised in base may also be made of hybrid materials (i.e. using a

mixture of ORMOSILs and TMOS) A typical synthesis procedure for these seeds involved
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5) Destabilisation of multiple enmulsions system: Two

m cr oenul sions were prepared according to the typical
weynicvsei7s condi tions. Emul sion-A contai ns dyePATaAwd005/001738

enul si on-B contai ns dye-b. Immediately before

destabilisation, the two enul4¥ons were briefly nixed

and stirred for 10 mnutes. (See Fig. 32).

. Destabilisati onﬂ@a; t he acetone/ cycl ohexane m xture
mixipg 9f D (& m;mla cydlohaxanp€d5t int) esd 0Fenk. ds383M NH,OH followed by

the aq%%?lusem grﬁ%%cfa ? gregﬁrlsn oﬁﬁv{%g\élﬁc’ﬁ g{?szrﬁol?qﬂrs The corresponding

TEMsmeqrt)gspmf the e&dl—'pagﬁcl&?e)re sRQVﬁIﬁT FigQfyBEULDINS). 0.54 mL of 1.5 M
esi.zed and anal ysed to

I
nitrid %,1 a\\gvtﬂtgll’lﬁ C(% %ﬁ th%gic’a Bq: mixtyrg 2 the sygiem was further stirred at
60 °@nﬁot $i hwurs.0 rmeusmsnmmy Bnd) apaagéﬂah@ 25 ﬁr%?n%x%sbcﬁi%ﬂ followed by the

USI bas ?ﬁi\’gQgSI s (i.e. seeds)
%@S dr h@esd'ﬁtéml‘ﬁ%s @Fﬁlﬁrcqged 2 dourstririir és destabilisation with
a muﬁ.ﬁﬂﬁiﬁ@é&oﬁ@ hﬁ@cﬁ%‘lﬁx&fg Q'hé! TR Yiﬁér%gx?%ﬂg Qfﬁfﬁgﬁ% Barticles are presented

faollows. NP-9 (6 pent anol
mth‘%:?éllltcﬂ‘?%h@f]flxgre@@) vvere m xed together. 0.648 nlL of

) DRHEAGABHTRE £ Bl o Mo TR I e 1 SpatFibLSamoparticies

(synl&odilmd ambasr) fandnhaothee lbﬁe emﬂamswlgoﬁﬁ%ﬁ%tl?esmllﬁ adidsp
i nto t e system was

1 &1& ??1 | si on and
ageéfn SHC 280¢eges fo Sa dichemg jaotig éﬁa%thfxﬁ@uﬂﬂi@hl using a base

catalmtdmn Eulsioa 2isgigdactdbdtsliysig. now cont ai ning 50 nm
i ca partl cles and the systemwas further stirred at

6 pistogrl was prgpared fy @X{@Nﬁrﬂ)(@ miol)s drpeatanio]l (6 tamol), cyclohexane
) X
oD D Ul lier 889, 55 KRLOHPIS KR ARl ofppe. TS (12
Wagmpl)rw e gédedfinto m&rtbﬂmuul&oaradd theesysttas tvabiabéds £ 48 hours. TEM
usy cetone and cycl ohexane. The
c?rfﬁggg%oér?dg(%ﬁé)%éﬁl %ﬁ gggr e shown in Figure 34. A
¢ s Emusipndl wiab prepyet] hogtmmny NESA@embb a8l 9elohdkahb B30 mL) and 0.648

35., The h d b s
gf }ﬁ)r}lbw rfﬁ’c%éﬁzdegs t(m%l SﬁM s, (%afﬁﬁmpnﬁrggq)ﬁhen added into the
OﬁM&ﬂehﬁlls%lﬂanm}esﬁltﬁﬁﬂhl%ﬁlre %QE%E‘?PEO? 48 E{S‘l;r‘?dur e for

he ¢ t hese seeds invol vedm Xi ng and
The twg epgitagnswere shenmixed ad @eﬁﬂblhﬁ_ﬁd usmgawmxmmﬂ 100 rolved cyclohexane

h recur sor.
and lg% niLaﬁfe (Iﬁﬁgfe’ht ?51 12;0%%%{%%@%?% i h%‘j Slﬂth%fgmespondmg particles are
Pfesemf?@rrbglgmﬂﬁ of the seed particles are sh_ovvn in Figure
5 T st S osG MR o Suicon ik bk st SE ot vitsation o

microagmaulsion her stl rred at 60 OC for 5 hours. NP-5 (5
Iohe ane fol |l owed by

{fﬁo 2; and %25 nL) vver e added,
NEEPEeR |a rBtF‘)nB SSREOBAsOMEIES fohiwvossrnnien symthesised htemvo different
pH’s ﬁ@&%dbééﬁ HiSeHsSedPiB Ve, I@ng%éésa% '(Lﬁaz'soﬁm%ééiheﬁ a{Pﬁi{g Y €nd LK-428,

acet one and cycl ohexane. TEM i crographs ‘o
Synthqs§§@| 2t PRy’ ﬁﬁﬂ‘{fﬁltﬁeéée&r@ dmt@slesatled), ithre cdrsespmrgimhg podewstiae distribution

are prefentdddWiRse t
p syesl;l eml{r nS gver%)cglr%ﬁgegﬁélﬁ g ]!r)]gtgsé g L%chlf)%@eﬁ%ory (ZB%T) model with
cylindrical shaped pores (P.Webb, C. Orr in “Analytical Methods in Fine Particles Technology”,
pp81-87, Micromeretics Corporation Norcross GA,USA, 1997).

9) Influence of the sonication during destabilisation on the particle size distribution

The particle size distribution was measured by dynamic light scattering (DLS) using a
Malvern HPPS instrument. The silica particle suspension was sonicated for 10 minutes in water

bath. 0.5 mL of the resulting suspension was diluted by 5 mL of pH 9 NaOH solution and
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. (480 syaxm@W@ta@OWésmwﬂck UEEFSFIRGe

(synthesized in base) and the other one contains
ol i goners (synthesized in acid): The synthetic
wonowedes7e fol | ows the scheme in Fig. 32, w thpEmMAUR005001738
1 using a base catalysis and Emulsion 2 using acid
catal ysis. Emulsion-I was pﬂ@pared by m xing NP-9 (6
mol ), 1-pentanol (6 nmmol), cycl ohexane (30 nL) and
0.648 L of 1.333M NH4AOH (36 nmol equi val ent of o
filteradetbrenizh a XEOB( mtef mtma plaseasivetie Meastehentst were conducted at 25 C. The

| d
o BB, S g L Qs ppmoc i
small I@élﬁf&lr z(ij‘rd%ﬂmé ZSSrlnm gl N&r@er(;ﬁammlht)edaardum.%i)hm%n the solution
an

of pH. with F Q.036 .. .
was svmgste@ ysalgrﬁwl}ram ket SRS T8 YR A S (R (Sonicator
Ultro?d?ﬁ’c Ph&elRs UHEANGy R U S5 00RS Iﬁ@?@uﬁﬁg 48 dbaabiEsatibestep, the small

two enul sions were then nixed and destabilised usi.

peak pf X& nmedigAppewed (Figyre %@c%ﬁ@méomoawm sigF diiribition centred on

avgr'aéégﬁ B2 }nﬁr sol vents. The TEM ni crographs of the
respon ng particles are presented in Figure 37. 8)
10) Efibspsmdatiorsofzdoxvisbicinbint siliva pirtisleb synthesizesd ati different pH

,%,a]ét | C!grﬁ%a%t?/ E%hqexﬁllée‘fiﬁ%lg " %%xg)ﬁusg %gg\lpr%(tseaéfeg%gg oarcc?rdmﬁg to the following

" procekdife @@hﬁﬁolfdiHWa§mmﬂ®ﬁt}SWﬁlhE$fsydohﬁxahm e3] mLerfé{NOg at pH=1,

pH s have bee dISC hove, I n Fl r 38 (LK-4
0.12 gy*ﬁ@lhg ,S@aﬁaf prp|glo a 1012112@)0@%1@ g—‘f@leBu as&1| orh Australian

Phar&dbiiél | ®gfbaRakopey, dedh.abl Ihmat @ ”DMO‘ShWaéi Qhérﬁ&ﬂ@ém A the micro-
pore size distribution are presented.

emulgien ous aged forsh dgys Thend) 432 mbnef NanH] 0. -’rrMoW%S %@F#)to bring the water
poola%ﬁ W|th cylindrical shaped pores (P.Wbb, C Orr in
ytical Methods in Fine Particles Technol ogy",
-313 additioromé the | e, Cthep sanapleso iwekp rstirted sfoGAL wgne hours prior to

b e B PR AL T LA e e rrcs

the botdrh iof i Bdaker thies Wehbwtaslmﬁ w&ﬂsl@ﬂaaﬂm&tdmbyhmv miardscThen the particles

wereinerions st b Shphah bP oo B Y By FShigd n 20 mi o dionisa
watesS @Rk %ﬁ‘é}ﬁﬁsﬁn‘i’ "waé QuaSh& e tifles B} &dcaRiatibn ugng 106 n9f of Eioroform each
resul ti n% suspension was diluted by 5 nL pH 9 NaCH
H

tlmeSsﬁ@ldlftqe@‘tr igdif i | tered through a O 8 mmfilter into‘a
11 0B b B L SUFATER Rl SR darilEP iy .
' FAlysoleerd® use'ﬂheerp ARLC peads aad ﬁltsred |t1mod§l a Qid5huna fidtemptior to degassing

vy RSRUEETEAS SRECORG 3R SRR, B S0P ISk SRSERpLC . i

com‘rﬁﬁhtid)ht Wﬂﬁ QUWWGteRs OB phist FutSddplis] ¥ Wyketse248VdDAalsk @bsorbance detector
ne (Sonjcators. U trosoni l%ﬁPr ocessor

cigt q%ppqr?g? E@Bnnm emission A:
550 rh £ Phe! BPLBMBIImRAGRKd Has IBWHILSI SppAED ad- (i Tuhe 440hm x 150 mm

giving rise to a nononodal size distribution centred

columlm, with Waters Atlantic™ dC-18 guard column attached. The mobile phase consisted of
1% acetic acid in water, and acetonitrile, with a gradient of 5% to 95% acetonitrile over 20
minutes and a flow rate of 0.8 mL/min. Doxorubicin concentrations were determined by
integration of the area under the curve and comparison to that of standard doxorubicin samples at
0.4, 0.8, 2, 4, and 10 ug/mL. The minimum acceptable R? for the standard curve was 0.9.
Processing of both absorbance and fluorescence HPLC spectra was performed using Waters
Breeze™ software. |

11.1) Rélease atpH < 4
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an average size of 220 nm 10) Encapsul ati on of
doxorubicin in silica particles synthesized at
wdizbdemsestd pH Silica nanoparticles containi ng PCT/AU2005/001738
doxorubi cin were prepared according to the following o
procedure. 20 nmml of NP5 wad47nixed with 100 ni of
cycl ohexane, 2.16 nL OFHNG3 at pH=l, 0.12 mmol of F
and 1.5 ng of doxorubicin (Doxorubicin-HC purchased
fTthe neléass tof dbx@mbieawasstedied atatH KrigpBidi et as the gompeuiid is most stable

o o e T T ERARE v BRSE AE A05 SR et 1

The pRelsiaes Wwerebduspehdett en Vish atetposdid sbkutlpirl;ﬂ Mﬁh-Q Watert(h@ mL). Samples

e O o Tt (e SRLGE e SECAR Sl 50
rpm 88 hiARed Shndptes W&e%ﬁl'y@é!ﬁé(}aHPLC&fstp%w@lﬁl}f Jlésﬂﬂbélf t he

particles at the bottom of the beaker they were

ed
wiguie #dchews theetelngse profibeoyer el dayrperipd: ﬁ@eﬁamplecﬁy@@eswed at pH=1
e
R
2, bothussensi aamivks! shashe dlophdesecase neéomuldemanmacntmﬁons”fhig decrease is
of chl rofor achOtlma r
due Tl%e&@WagF@P U 8? Gprofybiein i oxo %‘be’og? ncorge 1§3§e fg“‘re 42 shows a
comphigsf)(r:ﬁdﬂ th% ?eléh@g b}rdf%leﬁf wﬁmﬁ%le ldﬁhiﬁes%dg aﬁ;f gH\#e r(?ﬁilmdmdd:ymbbks) versus the
raean iltered through a mm f i
formation qelgRRERdFGOB TR GSAYAE syrfrﬁﬂs)nqﬁt@ayy‘& oA By B, graph that the

decrerr:e ﬁﬁ é%t:@ﬂt?au@)ﬁaﬁ' dxBAbYCIHIT-Cery WiRilard 0 e HidMAL b Eie%‘l’la&ahlon product
ters 717 plus autosanpler, a Waters 2487 Dual

detecwldsmrtba&b@@ draget withs: ¢hpage nwon%m&aﬁowf &pth betng approx 0.2 pg/mL
I I iL.at

vt B A S 3GRIER BRI O BRI 33 s e,

releasdt vamtrasked)byd GactSased amnunts, 6f rdwgmﬁalqrm ad| pmqlplwwrh of an orange

colou\lt/f\%]topqo u@h%ésgé%g%gnéttgﬁ S}B.E cﬁ%&% gpec &mta 1'3 Qtnbltéﬁ t8 the limited

solub@f§b@Bbthrdokerubidif Andithgdagiagationorodicts i aﬁlﬁ%us solutlons
acetonltrlle over 20 mnutes and a flowrate of 0.8

& at ubi ci n concentrations were determ ned by

OSHl(ﬂE? Qleftt blﬂﬁr@f(erf th}@rr@ﬁ,aéén&edoxbhﬁ)léiﬁ ray 9h§fﬁé*loglcal pH (7.4). Release

onparison to that of standard doxorubicin sa

at
Smdl@ WPTGOPQmeZIGd 4n 0:1dM plmaphate buffeeedrsaling (RBae @gg? a@l @cordmg to the
84Sk %ﬂf?fj‘g rﬁeé‘{:rg 93 Vé@?_hgg E%Srelf)éagé; Eakd gbtg m@g 7.4. In the

Bance. an énce ectra was per
sampwssyngaemécba@}ﬁrle dlreeé viap aszmiltlmmoeeas& in dc)xoﬁdhelas:eneﬁntra&bn in the first

20t N i SR e? o BB, Anayis of

resul{Ze QAR KRR I JIETRUE, &@ﬂ@gr@(ﬁl‘bﬁfﬂm&hdﬁb@ndme@lap@ng iwith the peak of
oped nanoparticles ticles were

doxom@mawemwnlwacléﬂ(vl aguams aeutm% Hay 7 19 PRAlYss Wigp ppssible, as the
peakd 38oBkted wit"Bégadation products began to swamp the peak of doxorubicin making it

impossible to discern.

sameggg %r

The decomposition rate of doxorubicin at physiological pH (pH 7.4) versus its
decomposition rate at pH < 4 makes analysis of the system difficult. Figure 44 shows a
comparison of the decomposition of a known concentration of doxorubicin at both pH 7.4 and
pH < 4. The increased decomposition at physiological pH is clearly evident, making study of
this system difficult, as the degradation products have a retention time similar to that of
doxorubicin itself.

11.3) Cumulative Release
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were incubated at 37 OCwith stirring. Aliquots (100
m.) were taken after centrifugation at 5000 rpmfor 5
woist086s79 Sanpl es were anal ysed by HPLC as pr epComMslgns/001738

described. Figure 4 1 shows the rel ease profile over a

9 day period. The sanple synffesized at pH=l showed an

i ncrease in doxorubicin rel ease between an initial

burst and day 2. Subsequent to day 2, both systens

Ganveresns iow, prablsioen ddiemetive ekpertnsntalupiocedure was developed. As
oppos&a é eﬁ}g{/%ﬁ}% %%Fhoglgl g}egeg%i?lﬁq%%t og thggl U do\g%ﬁg I[Sé{e(&\’%rom the total volume,
the rehdWicteAdres bimsves cefplatd sanowdl dhehe edupasmeatapt dbi leacloftime point.

SR TLC O W NG G T ST R

room tEmPEYtPE 288Re fré’q%ﬁ’e& hinge poiaRN(1tiRk, 1,he dlesd 9&&95)' fhe samples were
concentration of doxorubicin is very similar to the

centrifgedn{126300d epma it ijAvisHo 4ud tthe efpERalen} rrepiuedipithe particles were
resuslgaern%&? in g‘e%pPﬁ $ %?%9 ?vve TJ% %g&‘ %Eﬁét{d'ﬁt éo&ﬂnﬁ’éd. B9k r}elii;l@{/&ﬁ supernatant was

and
then amﬂ;mq wesing HBLG:agccsrdzm theomethndldspsl@"daedrabphe Bigtee 45 shows the total

r masked S t
auantf gy R AR P e TR SEREA g FBRE P table shows
that L(i)@thlﬁl@Ij exostitecto wéer, @V ﬂ@”kﬁf dldkotﬂlﬂmﬁ pzvdsemleamdpfrem 3Ehmg of doped
recipitate is at rlbuhgdtothell dsoIU|I|t d3 106,
partiqes hAdEk St JIVES: iF o SrEAdRPEH pRERRFER o7 2 Jand 3 to
appro & ak'e%l Ui QY5 g bF wlke ﬁ@é&@é&%sﬁéo@i‘d&l@r Pighkd!4lb SoWEIhe cumulative

unde of the reI ease of doxorubicin at

releaq@mfsioapn@icm fropHhe mangpariiglee shewing fhateyensp do Sedaysrdaxgrubicin was
Coftinual over the ti

rlende, B4R T Ehe Sahe i St BBy hE P Soffig gver the time

periodShotows t he rel ease curves obtained at pH 7.4. In the

sanmple s esised at pH=l, there was a visible

12) Ei“ﬁgF%‘Z%té‘y“#] ™ n concentration in the first 24
tCaniftothesih Somes irﬁ@vo“rﬁn’ﬁ@ulf)ﬁhe Btcﬁ)lng forfri withta higt aetsancenefficacy but
concentration i s seen.

whlclqvg@sspappg ¥ spluble igaway tt %ﬁar ?)86@833 ul t %gq@/ scﬁuble in water
but V\@ﬁ(&r is %Hﬁicﬂﬂy Yi‘ia'éﬁ'vé Hee Ql%ﬁgfo%atﬂﬁ?(ﬁ’élﬁbin@'fﬂmﬂo ﬂﬁtcﬁ“lﬁlér'lQ PH dependent.

m n. Beyond day 5 no anal ysis
Wherp pHsus lgt@terébart fhethp dagkanediorn ds gﬁ@ﬂoqurﬂn@e@ﬁ&wéqummd (carboxylate)

formp;{n(a%léf ﬂg{é‘gﬁmohggﬂﬂgak of doxorubi ci n maki ng

Bi'p] I'scern e deconposition rate of
doxorub|C|n at physi ol ogi cal pH (pH 7.4) versus its

10704 and  peedte The mcn"éas geconposi tion
at phyS| ol o@ 3

] ® pHis clearly evident, o st udy
of this %(/s kemydi fficult, as the degr gét ¥ ‘ products
have a r&fer®i &h tinme similar to that ” {3x3r ubi ci n
it séﬂcff”]" form Hydroxy acPd 1crm

Ry Ry Ry

Campiotesin H H H
Topolacan OH CH:N(CHy), H
g-Aminocampiotecin H N H

Q
trinatecin © ~NC>—N ) H CHCH,y
o)

SN-38 OH H CHCHy
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11.3) Cumnul ative Rel easeTo overcone this probl em an
al ternative experinental procedure was devel oped. As
woppmase7d he previ ous net hods where an al i quot POT/Alth@5/001738

liquid was isolated fromthe total volunme, the new
procedure involves conplete rdhoval of the super nat ant

for each tinme point. Doxorubicin doped nanoparticles

(35 nmg) were suspended in PBS buffer (1 nL) and shaken

at roomtenperature. At the required tine points ( 1

: ;6 .t he.sanpl es re centrifuged
The pRSens vedin’ s T PRAGIHSY ROPR G MRS v, 1n order to
achichee: lgh theriesmtivkindex; ésispstnbiotol enchpsarie ARG yARSIIBbic(ladone form of
cam&%ealn'd#%g‘lﬁt at |}gn continued. The renoved supernat ant .
RAS St e APy 4 PESER Ispiéom dt ofesished it eeneapsilage only hydrophilic
moledalesr Tbedvarbane. thiv Giwigitidh SEOWTADR td@éi%}legg %@%E%éévrv]ﬁfg alternative

dc&#glr ubicin released fromthe m croparti
CNCaPIHAUOR FIMEEWCThe t abl e shows that upon initi al

. Py LUDI G .e| eased .
oL h R 8 BB ) A ncennion
mg/mlyr }.A@mb of thy akaye selutias evbs Bhtedeiato daysmal NP-3, m&ed with 50 mL

[ .3 and 0.2 . wer e
cyelchetihedo FARICRH HRYSimuSior iy e oiEeE Te fbe ERhGrdste farm located in
the wat¢repsds.of sbooad uiicemufsicnmaih DréaiRed assingChe StypRAOYY i sis process
an

hat. even up .to 9.d ., Jdoxorubi cin was rel eaSed,
desc bﬁg ip pfu‘ragit‘ﬁpFHeaq . |1g1-a%f. %ggelgg 4§61ﬁp@xtlg_tgorpg}u131ﬁ@ were mixed, and
subsdgateBseird Fo£ DMidimuad. ThY Sixéd\Entilsides Retd @dn ﬁ@&%li?eﬁ@y a mixture of

EﬂgaaSﬁl ation of canptothecin Canptothecin cones
100 mk;sy¢lghenane apd 4 AQ miaagetpns. Wremthé rasubtingisgbmimon padicleesettled to the

b f £ ' ' i nal y: S0 e ipwater a
o1 8 SR EL AL WALl 0 . e
Then mLf o HNMWE 83 Msoc Dilan: solityoni naﬂaihli/f%hNIGB (sucllz| that the weight ratio
] grone formt.g t.he other is ] )
bt MGLBRIRAGE i LSSRG LK 41, S it B e for 3
minufes. Thigasifliffaation iwat desibeedpdemxformcthd eh&apeRland Atdkylate form of the
cam E)er&n]d%aqd tllk%ello ‘FH 4 the . reverse reaction occurs. )
PR EhER offh pé% f‘o{%d'asl‘if‘oﬁhﬁ PoTea Rt Beetlier prlmigron particles. The
resultii@Pbgaion GrhsQrb e GHed té;gl%gé&HQ W@%ﬁﬁg@gﬁsﬁ%&ﬁng the presence

fctrtoteon H CHaCH, SM
of campfoihieeing its dackanedorm. production of a practical drug

13) CHEHCH &34 tiBH I R cdrfipfihifiin FheAEN! SVe @ hi gh

erapeutic index, I's desitable to encapsul ate the
Aherelpase _m‘f @ajnat;fchm:en Wgs anadysed asingd PEC ’ml;le H(F\Bmllgfstdhh Bonsisted of a
: . ned to .encapsul ate on
Watelﬁ;lg?g %‘.‘4‘?\?&& %%m'p? iff Gomn 1nagon with a%atersa‘}ﬂ plus %utosampler, and a

Waters 2475 multi A fluorescence detector (excitation A: 363 nm, emission A: 550 nm). The

HPLC column used was a Waters Atlantic™ dC-18, 5 ym, 4.6 mm x 150 mm column, with
Waters Atlantic™ dC-18 guard column attached. The mobile phase was isocratic and consisted
of 70% 0.075 M ammonium acetate buffer (pH 6.4) and 30 % acetonitrile to which tertiary butyl
ammonium phosphate (TBAP) was added to a final concentration of 5 mM. The flow rate used
was 0.8 mL/min. Camptothecin concentrations were determined by integration of the area under
the curve and comparison to that of standard Camptothecin samples at 0.4, 0.8, 2, 4, and
10 pg/mL. The minimum acceptable R? for the standard curve was 0.9, Processing of HPLC
spectra was performed using Waters Breeze™ software.

Cumulative release
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nol ecul es. To overcone this [imtation the inventors
designed the follow ng alternative encapsul ati on
wonowmades7e: Canpt ot heci n was di ssol ved in 0.1 pOT/AII2005/001738
sodi um hydr oxi de solution with concentration 2 ng/ni.
1.08 nL of the above sol uti o80was added into 10 nmol
NP-5 m xed with 50 nlL cycl ohexane to produce a
m croenul sion with canptothecin in the carboxyl ate
fheninitiat atleakei studibe ofdtaempt@bedis .webe pedformied using a cumulative release

oo AR L RE S AL A B B163) YO BRAa n

mobiRIFHIE Whth MOUTBAPt iRlel WB0@iILY, Sind %m\bﬁrcﬁ)nﬁht(@ﬁly ank the time points
utes. The

t t d f
toquiteihe: SAPISRAeL HOR TGS 451 I RHuD) (0t bf SugrateRs isolated. The
superm:tgﬁty CE@W@&@@ u@ﬁl% HPOCHh RecthaRethe \W8EntBod 68 WatnpRhecin. Figure

ron particles settled to the bottomof the

47 shbwa ghe, cunindativeaeleasgef{eampiothpeips usi ng 50 nL

SHSBE A R o8 W15 i 1 e I e Camptooss

releastdiig Bpprogimatelip St pxgesustSm@i andr N@ﬁiod/vaﬁuﬁﬁz 35pyswdbisrsuggested that the

o S o e Gl B by Bl 3 ampoei

in aqhdds @&T@M' RUSRnAd ok @dretotREii 9 bnlykpartigilp beltbledh water.
into the lactone forminside the pores of the silica

Release wigh @queous rarene@@cenié resul ting suspensi on was
Waf4ke Eflé\’@l@d Othaf fotBedid Hénly %hérﬁi@lﬁ kQEbktin water, an experiment

suggesting t resence of canptothecin in its |actone
was €ardprted 3p wzlmah dbe equenasiphaseovas Heple%ﬂdp%tombcmme meidate prevent the

s SEL B3GR LPLPSE S 0P St TA OBy 5 mo

were rsum@nddamlmthe‘d{ﬂm inoobiles phbse&w%htmr”EBIXR hdfibdj GAt the time periods required

the. AL BIETS BRIES B9 oA e e s gl EBEERgRy removed and
malygékﬁ fdﬂ%(;ﬁ@{h%iﬁ d&@&tﬁhﬁ@n Rsibt I§PBEC ATh@ phritieles Werel ChehSresuspended in
mm colum, with Waters Atlantic(tm

ffeShd@bl]@ phaserd b Wt@m@%m@mﬂﬁ% thptsariscdiRge was
' g?’ftg' S&u?? ?ﬁﬁi‘llgﬁ\?@q&&m@o‘f’ @mﬁgtétﬂ%lﬁrfeléﬂéédrﬁrom the %artlcles The

4) "and 30 % acetonitrile to
totauyequanawreﬂmsgd fmmtind pantisles Sp HhiseexpEEARNt ida8lnzas d@ubls the quantity
concen 5
relea%f,_ gx / EXDEIITEL mgl?{g Q &Béveconcen% tégofnﬂgt ':cl‘?e% geléja%g%fv@eﬁnptothecm is
depefitiheonita esiubiity mtth@hqmldmmedmimt he area under the curve
and co Jar i of st andard Canpt ot hecin
14) Fé’é‘ﬁﬁ?‘@ ﬁ“ﬂerﬁ’ S 4, and 10 ng/nl. The nini num

apee RS 1RRYiRg MRolkBliled flh@vétb%gﬁj andagstilavd Was i part1cles using the acid

Processi ng of HPLC spectra_ was perfornmed us
deStaBﬂTe‘@tZ@‘( PifFesso Ofange dl (Bothi thedareing 8 é%g?rﬁ]éo‘iaﬁ}lﬁ? 46 (R6G); methyl-

violet %{/Ie? %éi‘ddeﬁzplﬁlflal fngtt 'uﬁ"ofﬁ% ra%upfe'hfa%dﬁ?rﬂ édﬁ'(@ﬂP@) (tris(2,2 -

ase appr oac Sanpl es Canpt ot heci n
blpymi}dhdmhl(umsdlmam@@ﬁrhﬂx@hﬁkaté (BUQPY)Z\Eh@d@MQ thothipgyanate (RBITC).

The e'?lch)lﬁr%ulatlon efficiency of each material may depend on one or more of:

1. the polarity of the material i.e. the solubility in water, cyclohexane, acetone, and
chloroform;

2. its interaction with a silica matrix;

3. its molecular size ;

4. the existence of hydrophilic functional group such as hydroxyl which may form

hydrogen bonding with silica surface;
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nobi | e phase with no TBAP added (30 nL), and stirred
continuously. As the tinme points required the sanples
worow/sesri fuged and an aliquot (100 nmi) of  PCT/AU2005/001738

supernat ant isol ated. The supernatant was anal ysed
using HPLC to determ ne the eéncentration of
Canpt ot hecin. Figure 47 shows the cunul ative rel ease
of Canptothecin. Fromthe results shown in Figure 47,
it c&n ditergeeressinatparameterstsuth agrienamennt Qfrastiveshdag wolume of each
rel eased |s approxi mately 3 ng, sustained over a '
peri od 8} E&g 3 days. It is suggested that the

The @Y RhatefialGaaptet loscantwe Is’agsssdf ftheopirdcb&s darihg alegtsbilisation, due to

|imted by the s bl.||t t ot aque
dissoliih flsreane: 78 SR HS TR S TR U0e 1 (G ey e minimised by

R IAD R%uwreva»smn beicles Rehanse; Mydrbplalic aolenitase
usin repna}ggr?esr?t Wth the E@OV\A edge that rrglzot hecin is

~ 15) Adteryativesurfastantsol ubl e in water, an experiment was

The ﬂﬁe%st 6Rrd Qofﬁﬁicfela Wie _fausry ﬁerﬁﬁ?\feesﬂ@a%taﬁm%ol’ﬁfeegor?éspondmg TEM

pol nt to prevent the saturation of
mlcrc@amls airh qncswntcdwgeﬁlgbgp #9.s Submictand particlehi wére yprodaaeg| fog the Tween

surfaﬁgxms nptagtt Eog wg‘#ﬁﬁg A\S?aglg%%ﬁgg%}%%é ?axttﬂﬁes 'ﬂplthc e HLB and the

preseh€sIof PEG uniteplpwy 4 tole &Sthﬁfsuecqssful éésﬁ]blllmﬁtlon of the emu1s1on Because the

e s SR RE A A LE bl Y it

were EPB q"eco}_&% a@ﬁratré gxleﬁf&lté!éﬁﬁlethé hen colamas¥gnged40n fres h
bil e phase ( and stirring continued for the

Wred time. Figure 48 shows the cunul ative quantity

he particles. The
D De(%{%b?ﬁ%quantl % easedfn?ggimkt he particles in this
émmancommtwls oﬁORM(DSHomm thetphgictusnchurg isriglpettart iegause, in addition

o R B8 0 RGP B pppiio

efficieficyt B¢ chigihgl tli@@btﬂ%lzd%)ld Efmeﬁms lstradithmnobf:ambhe ras well as providing
nmol ecul es _The follo t%gm)l ecul es have

chemigad apehors o dhe mrolecylesite sneppstiple (&g ﬁg’lnﬁ’ggrtOHBs §opyAPTMS which can
react %ﬁ{ @J?b&ly?é%é 'gRﬂJp@ 'il?ﬁ‘?i Rﬁatn HVES e, las Ghdw In Fféﬂﬁ@Mbﬁ@F%ure 30, two

r hodam né- 6 met hyl viol et (MYV)

ORMCPSI; q:mtem (&mm EM%)slwedW% f%imdotwm)ﬁi%owbmmn ‘particles and

gy
these %htr %tr orﬁqw“éﬁ{ogérfﬁal% ngpécﬁ atZ )(Rubpy) r hodam ne- B

|’Eltd hvcocsymeaafel G)REInTsC)laveThdlseimmdw oeganten gefupi ajtaghesly to the silicon:
t er.i,al

i S SR B e SIS g o s
hydrély§ddaha opess u@@d&bﬂlﬂm todhélraabti@:of orm 2. its

intgraction with syrﬁ matrix; 3. its nol ecul ar
sizﬁ
0 H;0" '

o}

_—>
N\ s
(o Si
0/ \O’ HO‘;/ \OH

The fact that the alkyl and aryl substituted alkoxides (Methyl (MTMS), Phenyl (PTMS), Octyl
(OTES)) did not produce any particles suggests that the organic group stabilises the emulsion

(perhaps acting as a co-surfactant), thus preventing its destabilisation. The gel obtained using
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4. the existence of hydrophilic functional group such
as hydroxyl which may form hydrogen bonding with
weiibiepaowar f ace; 5. ot her processi ng paranet er sPeTAW2605/001738
t he anobunt of actives, the voI ume of each sol vents,
etc. The active material may She lost at two st ages of
the process: during destabilisation, due to
di ssolution in the acetone, and dur i ng washi ng of the
CHERPEES lsuggsts thdtethe a:ydphmylb@hyﬂ; hgandgtegreages tbe sepbiity of the emulsion,

| t f
il L P ] SR R TR o
IHB bfiReASo e i cyduedified vidnk isfawaced the finalrmatphvlegy of the partlcles

. surfactants. The corr spondl i.Cr ographs a .
Figurg 4k ShOWH i FIeGRPBE e SIBHCPOI BUSt e O Bpieing necking and
agere &tﬂﬁ%@eérpﬂhetﬂaﬁlﬁéﬁﬁﬁﬁr gelt{aedafibh SA fﬁid*ssﬂﬂ@tex{))l@ﬁa’d@'lfor this is that the

HLB 10-15), sSuggest| gl% that the partic|es

increasirg aW@bPIﬁeO ppenedcelysilypraey et ap|Rejantial P@P&nﬁﬁlqnh goints between
partic} fé%ﬁﬁén o }egpédég?épgraggnof the emul si on. Because

act ant oduced unst abl e enul si ons,
Fﬁmmms hibe particlec$ise denréases with deweasing ameunt 9% ARINS introduced. A

possi gﬁplrg.rel%g)%dte&g nggﬁa}f r%la?%ecg& aq%}ﬁn ?ct of {}%tan‘ﬁ% %mepq;n the sol-gel

ion
condm kn/hIdIBads tot afastef Maclestionr (her pttoduwtlomfommuclalhm hence less
t he F@hl cle structure is |rrportant because, in
wihcdsmetes BAieleYi di ng al ternative hybrid matrices, it

2) Degia}ﬁis%nanﬁ,@wd%/@m)s hiknhie¢r ease the encapsul ation
I ci ency by changing the pore size and internal

Ay axpededthsre isaotsignifepns difigeence for rpqawbplegﬁ é‘o rReiglesgynthesised with
pure "?Md‘s%%g r \&@iﬁ%ﬁ%\ﬁ%’ﬁl@ of. oDﬁHﬁ échﬁfa?ysé@ hﬁdroﬂfé'isn@hether starting

groups rom can reac W th car oxy ate
from g“mm TMOS, dmxame)hydmmd eilica abigemenanard progiepdr e 29

30 GIES d APTMS
3) Deﬁg\?’ h%ffé‘lﬂ%’ %“IEJ‘PB%IEP' exg&iz‘%fnic g?? éarti clags and )

thosal sadenedtatidly glay beencapeblated finsidd dilicuspaitides produced by the present

| ess). The two successfu errB hav a hydr.ophi ljc
Procegy- gH‘rﬁ fetiyed dpvabe Hieyce R v P e alfy gsye the water pool
follo@fiﬁj b?ltﬁg'aqgﬁ%ﬁr&pﬂ% s11|id'bna§1‘e§hrs<§rh Sr BPOxikifig B&vepdl éﬂ’i'\ﬂsmn systems in
doxypropyl group is cording to the reactl on: ‘

Wth]ﬁ al@jiferpmtaactltvh eneleyles ghwhmhychffg%g active wglesplies hawe geen incorporated.
The ((e%émégnc‘rwgft\@th tsfs@ g eaéf -5'\{@ gro@ﬁ&t%n ﬁ E@lérog AR containing the

uce an es suggest hat the org anl I‘OU
dlffemhadbydslaﬁheugmﬁ ienetl @itein E(tpd‘rahﬂ’msscabtthﬁ gyfzssara dlspersed is not known

gL g LSRR STLAP 3o 5RO nossnons

distrib¥€d0 BEXRNNEtivek Hitdidé |ﬂga@abrﬁemnepeaﬁsles loe veliedlinr| the ysubdicron particles
t he enmul sion, which results in_a ve

r
contain B AR EHO LSR8 o SHPORAE R P i pogle of cach emulsion

de Wedatiofhe amount of organically nodified silane
pnor ??S%aences the final norphol ogy of the particles.
4) Destablhsatlon of an emulsion containing both seeds and monomers.

The results in Figure 34 shows that 50 nm seeds synthesized in base may be successfully
embedded inside micron- (and submicron) size particles using acid destabilisation. The acid
catalysed hydrolysis of TMOS provides small oligomeric silica units which acts as glue between
the based catalysed seeds during the droplet coalescence triggered by the introduction of acetone.
This variation of the process is important as it may enable synthesis of particles with high drug

loading using the base catalysed process and their transformation into microporous submicron
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Fi gure 30 shows that increasing the anount of GIMS
| eads to increasing necking and s aggregati on between
wohewspasstbcl es after destabilisation. A possi bPeT/AU2005001738

explanation for this is that the increasing nunbers of

opened glycidyl rings act as Shotential condensati on

poi nts between particles, |leading to an increased

aggregation. For APTMS, t he particle size decreases

particles) thus rpa:cv\edwg rtbemrmnbhmumlnei@ird’l@se icharedienistits andpossiomiag the rapid

l.anati.0 ren es to the catal ytic
dlfﬂlse(frf %}P {}?18 % 'Ig tﬂsggﬁl%tc té sol -gel o
FOREEBS @lﬁdmhamw&bnlcqadﬁn be e&pérﬁlsd & hyhrili materials seédse although not

roducti on of ei S rowt h and
all OGUEIIE i e Bles SByiogh ey PLSHAF QP GRSAEe Thvom

5) De@a&m%ﬁon%‘f zﬁ%ﬁ?@ﬁlﬁ%l&ﬂ&%ﬁ&hﬁ on® con@iiihi Qﬁﬂbﬁarncles (made in Base)
difference for norphol ogy for particles synthesised

and the pthep one cOMBBIITEOBNOMEYS (thld) m xture thereof. During

36 AR5 L 5 SO i 0 Bt Bsoporns s
dispesedthstied. mi&)arplbe@xsadmd Gatalyscd wiltsh nzattings tomuikdwodiffergeitammlsions, one

eral. act Il
contaigiel 58 Garepinet qecus i 5 FREEPhE s BB, Bflyged, pasicto, rapidly
beforé) d&sadilisafion. ﬁ&SSﬁloﬁhﬁa Figllirle\wst}ﬂ(ijmwﬂﬁﬁotlsnwe@sﬂlbadi ®binfuedal distribution
m ngtemjntl side t ter 00

was me@mc&a,ewﬂb SERRTR- B H AR A BBy & ofmuch smaller

partlcpéé %?é'rﬁﬁy §§\é§?}5]§ine& 'B:&' thé ALt SNA! B0 HHE Hvo\rhGRions are mlxed together,
ferent” active nol écules in Which different act

exchange et ineasicelloy eotss dendp Hrorapit lnceegse afitbe pEafhe aqid apdlowhich leads to
f
a raplﬁ coflﬁérf%at?&r?‘ Le Jl%@ﬂx%riﬁ’i %P%fﬁgog{é%giyigdg a??tﬁgﬁgg}]ha&lﬁ?ﬁlc grempltatlon

es con ai ni|ng t
ofsmalbhamrqaattm]esthﬁtmlbldtygeﬂle scal e the dyes are di spersed.

not Kk whet her 1 he t.abi at,i on_of
6) Intty ROt MIPEP B A durd Ss BN Ealiph S MG nifyspersio
g eloehasys that 1|5¢rﬁiﬁmﬁgl thf déskubiliation gn&dem&ﬂtrd@orﬁ%on is capable of
mcronprtlc es or er e subm artj.cles .
broviding GrTA AR RO A HERG FERAET BEHERS 868 ‘ﬁBnJH]i“ﬁ gontrasts with
carlick ﬁnghlﬁgs iyRidhl @bod@dethaPBe hfetiid SoitRmdig! 'n@ﬂhaWe' #% ihBuence over the
destabilisation. 4) Destabilisation of an enul sion

partickeotizeadnd merpbeloByseeds and nonomers. The results in

":Ilv%ug?fe?’éht %Q&X\% e{rF %gég(gar@ gbe?af:ed?hes R8s 'aﬁﬁ? ésr\NQ‘ésp%rformed using

€ succes I NSl d m cr on-
TEM,swhnhas alp))OEmEﬁthﬂdbt artalmngrpamgle atzedlistabutidy; Iané ahq wtrasound source

B TNy T L —

the p@%@éxﬁe@ﬁr%rﬁ%ﬁcﬁ%&ﬁﬁc}ﬁnbtewvﬁehﬁl dropl et coal escence
triggered I§¥ t he introduction of acetone Thi s
7) Engapsulatighang release of Doxerubigin ipparticlas sypth ?sezeﬁ‘eat diffeyent pH.

SFY%JTE§§ iBus@hicP 86l 61 8Gjudhidd thBiABmAr B9 dhARE HRGyHEAS, it is possible to

ase cat amésed process and their transformation

changerthe patectiaspbisiobstisubid ﬂwe#pﬁaﬁelﬁa&q i of thagciivoieciampnsirate this, the
invenécg'g g}é%gl%gﬂat%? ?%’%%g% dﬁ &l §idfifent Bﬁr A 804iSd iESrefAle over several days at

two pHs, 3.4 and 7.4, using HPLC (see figure 41 and 42). The interpretation of the results is
rendered difficult by the rapid decomposition of doxorubicin during the release experiments.
Nevertheless Figure 41 suggests that the release of the doxorubicin samples synthesised in acid
differed from that synthesised at pH=7. The concentration of the doxorubicin monotonically
decreased when encapsulated at pH=7 as it gradually increased for two to three‘days in the acid

samples before decreasing after. The decrease in concentration appears to be due to the
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di ffusion characteristic of based synthesi sed
particles. Figure 36 shows that this concept can be
wexpwmndedot o hybrid material s seeds, although RroT/AaR005/001738
ORMOSI L particles produce submcron particles after
destabi l i sation. 5) Destabil?%ation of a two enul sions
system one cont ai ni ng nanoparticles (nmade in Base) and
t he ot her one containing nononmers (Acid) An
degraddtioar ofathievdoxermpbidin witlo tiuwme as chpwsiih Figuderd4 fomthermore, as shown in

. ticles containi oparous, seeds di.spersed,i nside .
Figord s 465 GPOAROCH AR G GROLIH {LOTTEPYS 101 BE o Gecrease in
doxortBRirédrcektetione AUl this G ggeso fiat, abnainBhptglatddeat g, the doxorubicin is

cat al ysed species and the qther one the base, catal ysed

releasgd qupdifingantangouslyyAngeswly desradasi erxendsnas whe fbihepgpsulated in
more BEEIE 3 reld S mbASAbal .Tﬁ%ﬁﬂﬁﬁ&he@ﬁgnﬁ“rﬂédm%ﬂﬁ'gure 46 which shows

I'stribution was produced, with the initial see
an extended relegse ever baloped i nto a col | oi dal gel of much

8) E“?ﬁﬁluflﬁ\lr,%igﬁr%ﬁk@tﬁﬁi%ighi s may be explained by the fact

WO enul sions are m xed together,
Sraiptothecin fwds hencapsokitddaand oelessed bathsint thealactapé dnd carboxylate form.

i ncr ease of H of the aci.d pool,.whjch |eads to
Attnop g e 36 i HELE: Bfodhont Ao i afEPessiold I duarPts pichndely the exact
propoktisi 6FthesRo SotisE Shesdrug Bicdpbslatet easidy thaphritledf a SubBtantial proportion

nanoparticles that rapidl gagl . 6) Introduction of
of thegneansylstndeamndrtogein Was H’e%‘? 9298 on to decrease

e%*g@??ﬁ%ﬂ BtwbAOME fuaiits PAvs el haFiRes Ipana g Q%u?@géfh shows that one

sation under ultfasonication is ca{g bl e _
of thepfactersdimifing the neJéase wb dempthatheeinds ita paossolghtityyinsyaier, which led to a

articl i ibut i ' cant ' i
s 8 oS0 Qs R W e et t rolr
intervalsd{Figuire #8)v &n thiy cdsa biieren steeingtial réleaspaver tedasis aslawmel release took
mor phol oqy. . T different factors.are .i. rtant t )
place ek 5% At e Jisendifeil "o FurBE s b respptoteein for
theraly&!ﬁitigﬁp%fcaﬁomor met hod for anal ysing particle size
di stribution; and the ultrasound source used in the

9) Altermativersugfgséamthent was a bath rather than the
Yt del 63 QHT% 5@? th& Paked BRIHIBS Oz gﬁdﬁubéﬂ HiMeat?E 68RIons that generated
whi ch I's nmuch werful. 7

experi ment, much nore _ ). o
submienarapaticles poior sndestatikisation.of THosk setumictinnparficlpamere pbeimilar size to

thesi zed at . dif i ' . .
oo SR 450, B LTI R R B BB B8 s e
submftyéHt pRsitle, foirhatich takessplheepriar tohienigbilistionp & theséase of Tween 21(HLB
ST T s T —
for THENRIG1DInEI 8’1I).aAft91i feh&im@Yor Bldapy) thespardéledwihecenelfogeat 12000rpm for

over several days at two pHs, 3.4 and 7.4, using HPLC |
20 mimde tecenerea gelptiveln spall yigké afnprodpctefrglaive tofthgprormal yield after

oo 7 1A ot St B B st o s
someeaeeOntyemfew paitivies appshesisphengal.cThe inventerg bypethediesn thetiwhen starting
with & s?tlaﬁg%nelor%f-erklglgio%? X34 Hgsjta%ﬂri]saﬁgg?sl &%GSEXJ}HQ %%%a?r? g]‘binﬁcx%ﬁipql'ticles.

The inventors hypothesize that the number of oxyethylene units in the surfactant molecule
may play an important role in controlling the production of submicron particles. In those
surfactants which provided an acceptable product when used in the process of the invention, the
number of PEG is relatively small: 4 for Tween 21, 5 for NP5 and 6 for NP6 compared to 9 for
NP9 and 7.5 for Triton X-114 (the latter two surfactants having been found unsuitable for use in

the invention). Furthermore the number of oxyethylene units, (which form the polar head of the
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differed fromthat synthesised at pH=7. The
concentration of the doxorubicin nonotonically

wdearemasszd when encapsul ated at pH=7 as it gradaalAvR005/001738
increased for two to three dg\és in the acid sanpl es
bef ore decreasing after. The decrease in concentration
appears to be due to thedegradation of the doxor ubi cin

with time, as shown in Figure 44. Furthernore,
surfacz‘sdnbmleqmld%w mﬂn@}cetth@m@a@mathewﬁe@fth@p@pmﬂ| g@jcppp of the surfactant

¢t corre ved decrease in
andw% :ﬁﬁ%lg%c Iitpg ?Oaa %S%Jrql%eﬁ%%? N s suggest that, when
afithepghiihatmehbat oﬁbﬂﬁh}ﬂm uhétx o thisisaifactarst m@beﬂs plays a critlcal role in

cone SRS I SS01 S B nare prope

destaiifiRRAST (HD eMulicd uakd 1. exEﬁipﬁﬁb@ bl BrijieY, vﬂﬁd&lf pédﬁ&ﬁeby oxyethylene
Figure 46 which shows an extended releaae ove

units gynisn bapsforas  Biblef eralgonst hatide aghpte w&ciSHf;%Féon paticles  after

u S 0 t &P destabilisation, th
destaﬁﬂgﬁﬁﬁ %\/ﬁﬁg&ilfegﬁ%rﬁ t?fﬁo%ﬁﬁi’ fnuh%t‘dteroioth%ﬁ;gﬁﬁ% Ls%&%rsoced%srae ilisation, the
surfaaﬁ&ﬁc’should h@emcdlpmssirdngﬁl moleg@hae mtﬁliaetlfatb@tm@uv Rokar head and the

Waterg?]ogo tIﬁlls g%gl AL rger%f Th(gl‘p ﬁm& fPa[rQ&ex‘?Jedtb@e Hﬁfactant footprint (A),

whiclpé@sy ¢dl@inated by ldﬁu&mgamwr&t:e dreaajfp)]nmwahe draple.t/asrfacre (I1 * d?, where
t he Iact e for The c ri son bhetwee quantity
d is theayaigicRey Hﬁnﬁt?gf Iéﬂl?fuéﬁgtg% APEreE? %n%rﬁg hat one of
t he fact g[é?mwm”ljmng the rel ease of canpthothecin is
its poaor solubility in water, which |ed tofg | arger
sip

Afsinghvalees Gemthe btdiateren thecioatpsial wip calcpigieddiop a range-pfithe surfactant
iR Qg@l'f?% Bled BE1LHATA %nédi‘ﬁrﬁrlﬁfélra?ctlﬁﬁ | QeeSpohds to a footprint

that w@hg%d
I'n thi's case_after a steep initial release over two
betwataylss ands] @wef perahelgswet ook pl ace over the next 4 days,

showi ng the pot enti al

for sust al ned rel ease of

C%ﬁprtﬂt hegiha—foer—ther apc"+, ﬂ:tppl -eatt v - %) .
Al ternat i VS act ant s ?50351 1 (HLB é‘;résongﬁ'&m’}ween AOT
8 1 (HLB 10) produced unistabl e enul sions that
ASRDEIBh U [R=gPMsgr ON pargLgIA® prior tfq4o R=5: 60
iﬁgﬁﬁrabl |i 98§1108%. 45hose subm cron partigles were of R=10: 130
simlar si 1t2°86t se obrt ai ned after adgid
dest abi | i gati on. e inventors hypothesize that in
Rdveiss case |then€RbiBdy on pRee:ild menf or nat|idér 1mkBsSH) aceR=5: 4.8 nm
miell®r to JdesamliRE1%4) i on| (SANS fwutage df Tween 21( HLB| R=10: 6.6 nm
didmetdy @ relatively stableasgmiogi on formed (i.e
appr oxi matjel y transpar entBgmconpar ed tlo opaque for
61 fte AeOT dgys, the 20 (R=5
R M el g GEAm o6 20 4186
%Cfue ~yrel'd of prqduct (relative|
to the norrml vield after destabili-satilon). By TEM :
Réfbiescepr odUovl. Spgpkarset t o] BeObseogsarg, cbdRabertdgBobsga e F.J. Arriagada,
and cont ai|ndAdoiligil s. | 4niGollaidsemd par|tet el. dsPlappear edK. Osseo-Asare
spheri cal .| Tiiefab)SENEDr S| Sy S| 221 -t HaThenh 877, J. Colloid
starting widghi60-304bl e n g3geiegw). si on, 88:1!(111),1075 1078. | Interface Sci.
dest abi | i Sa(bb@n i's neces;@ﬁm-mpc%gaan Tyl Zh@ret al. J. | 170, 8-17
particles. al. Langmuir, 13, Phys. Chem., (1995).
3295-3307 (1997). 1992, 96, 2382-
2385.

R: [water]/[surfactant] mol ratio



The inventors hypothesize that the nunber of
oxyet hyl ene units in the surfactant nolecule o may
wolhens/0a0579 nportant role in controlling the pro#aTtams/001738
of submicron particles. In thgse surfactants which
provi ded an acceptabl e produé when used in the
process of the invention, the nunber of PEGis
relatively small: 4 for Tween 21, 5 for NP5 and 6 for
mP@pcmmhatesmfaotagtsf with KB Aetavepn Bbewr9 Tnd abwtmlan_x_hhavmg between

s 406 4 B b AR ADL R R SIS gl o

besuiﬂahh@ﬁﬁu@éuﬁhy@tdwxhtéﬁ&nunn.ts, (which formthe polar
head of thesurfactant nolecule) may influence the
i nteraction between the polar head group of the
surfactant and water which may control the coal escence
process. Although the nunber of oxyethylene units in
the surfactant nolecule plays a critical role in
controlling the production of submcron particles, it
is not sufficient to ensure proper destabilisation of
the emul sion. This is exenplified by Brij 30, which
possesses 4 oxyethylene units units but fornms stable
ermul sions that do not produce subm cron particles
after destabilisation. Mreover, as nention earlier,
in order to achi eve successful destabilisation, the
surfactant shoul d have nedi um strength nol ecul ar
interaction between its polar head and the water pool.
This nol ecul ar interaction may be characterised by the
surfactant footprint (A), which can be cal cul ated by
dividing the surface area of the water droplet surface
(1T d2, where d is the water pool dianeter) by the
surfactant aggregation nunber (N). A= (I T d2)/N Using
values fromthe literature, the footprint was
cal cul ated for a range of the surfactant that we used.
The results are listed below A nmediuminteraction
corresponds to a footprint between 1.5 and 10 nm per
nol ecule. R [water]/[surfactant] nol ratiolt appears
that surfactants with HLB between about 9 and about 14
and havi ng between about 4 and 6 oxyethylene units and
having a foot print between 1 and 5 nn2 per nol ecul es
may be suitable for use in the present
invention.Clainms: 1. A process for naking a
particul ate substance conprising: - providing an
emul si on conprising droplets dispersed in a continuous
liquid phase, wherein at |east sone of the droplets
conprise nuclei; and at |l east partly destabilising the
droplets to formthe particul ate substance, said
particul ate substance conprising a plurality of
particles. 2. The process of claim1l wherein the step
of at least partly destabilising the droplets
conprises at |least partly coal escing the droplets.
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3. The process of claim1 wherein the step of at | east
partially destabilising the droplets conprises
woaQodsinso31g a coal escing liquid and the enul si ORCTAU20(3®H01738

process of claim3 wherein the coalescing liquid

conprises a destabilising lifdid and a non- pol ar

liquid. 5. The process of claim4 wherein the

destabilising liquid is acetone or ethanol or a
Clainms: Xt ure of acetone and ethanol. 6. The process of

laip 1 wherein I ets conprise
T cometanie Bylbe a5l Rt EutsRRT " "
wheprevididgen eandsos abinprisipgcadrepleissdidpersedeth hravmtiauous liquid phase,
tetral kox iilane, %fgrialr?x%%{llane or.a mxture .
t heV ?P{n% caslioghg Qe dropiety computsequplshand | cate or a
M X4tU (Rt Bﬁﬁl@oaestﬁ)ﬂisfﬂg 16 Odi6pIstsOto Gbah NMhe phitiEde bltance, said

droplets conprise a releasable substance, and the

pr cpwtieulatgivelestance cpapriping palwalityIod paritctesconpri sing the

hel e%@mrgcéﬁ BELRREY: w?erei-ﬁht‘ﬁe REPCASH 1805t ghﬁi Me8tabilising the droplets

conprising the steps of: - providing a second enulsiaon
compdeesat l@stpridly opllescmgdhegdeopstsl i n a conti nuous i quid

has wherein. at. | t f r.opl i
P oSS O el TR 0 R 1GLORRANE BAIR SR oo wopes
compﬁbébl&foﬁﬂﬁlﬁhgamgales@@mqlﬁﬂagdt}i&e:nﬁmiblai on and the second

emul si on; sai te ei ng ,conduct.ed..pri.or to. the.s NPT

o R iecess o AERT gt e oA eiRe L Fomristes ddstbRlising liquid
and a%ﬁf&ldi}li‘qhﬁlﬁt ep of at least partially destabilising

conprises at least partially destabilising the

: . |, g,
& oplTheprocess 9é clawi| 4 vaisreim dheofestabilising Hiawidaig Acsiopp or ethanol or a

mixtfEbha U ALGRE ofRNO the particulate substance, said
particul ate substance conprising particles conprising
tthe Mhegasasd of dailos{ avicecimaticasisomeod it dropkstiscompise a condensable
.substance. 10. The process of claim8 wherein the
SPCCI{%| easabl e substance is a drug. 11. The process of
7, ai MhtOpitfeesseon dliien dF wgherdn atheaodridensubds species id Aerived from a
The process of claim1l wherein the enulsion is. a oy
tetrallgrpilatou b SRAkORSHIANR R AREEHE Ehssrolc PLFUmBFISHh g sHicAie, hRolysilicate or a
mixtg8Wepd@n is a water in oil enulsion. 14. The process
of claim1l1l wherein the step of providing the enul sion

Sonpribs@socess of Joimyl wherein thecdiprlsis comprise a selewaple;sybsignee, and the
: : : p el
procelf SRS BBk SOl Gl e
Gonddisabd@sspibdaiess cangrising terstapg ofthe nucl ei fromthe

con dgr%%? 1r|1ge a § c%%(li %%uﬂignhéor%nﬁr{]slengd rgglle%tﬁsp%lrjs%ﬁ iﬁa %1 cl)l%l%suto

quid
SOMEe us liqui

phase, wherein at least some of the droplets comprise nuclei, said droplets comprising
a second releasable substance; and
— combining the emulsion and the second emulsion;
said steps being conducted prior to the step of at least partially destabilising the droplets, wherein
the step of at least partially destabilising comprises at least partially destabilising the droplets of
the emulsion and of the second emulsion, said process making the particulate substance, said
particulate substance comprising particles comprising the releasable substance and the second
releasable substance.
10. The process of claim 8 wherein the releasable substance is a drug.
11. The process of claim 10 wherein the drug is an anticancer drug.

12. The process of claim 1 wherein the emulsion is a microemulsion.



of the droplets conprise the condensabl e species or an

at least partial condensate thereof. 15. The process
wohomlaosw 14 wherein the step of form ng the nBCTRIU2005/001738

conpri ses ageing the precursor enul sion for sufficient

time for formation of the nuéBei fromthe condensabl e

species. 16. The process of claim 14 wherein the

process of providing the precursor emrul sion conprises

t1Be ghepsodess of-clgimolivilereth tha esilsici 9 waieminiosli engulsion.

enmul sion dropl ets djspersed in a.conti.nuqus |iquid .

THes 410 Drogse Fisimn, ARGy Che e S ETatng fieamuiion Comprises

MU S fihe afflecursdt ehfRAsibn Rampiisihg Yirdpiets @ispetsed ih hecontinuous liquid

hydr ol ysabl & sgem es wthin the emulsion droplets to,
f or phashavheseit @hleass|seme 9é ghedroplets compaise p serdeasaie gegies; and

16 . h .
ot PR Be Lo ghY SRRt Gy SRPRY L Tgoflsis suet ot loast some
t heofhther diopleth cemppis ihes corslensableaspsctes xgrsan ahdeast partial condensate
tet{aet tgoxysi | ane. 19. The process of claim1l wherein

t he h&:e(? ‘ess of providing the enul sion conprises the

I5epThefprocespobslhith My wheteasthe sespudffonningshe duddeidosipoises ageing the
conpri sing_.enulsion . drgplets dis sed.i.n. a continuou .
prcu a2 e SRR e pecics
tilge gMdl {b&ds of Miml PASheRAM thblokedRyst BbyRIindtHehstecursor emulsion
first hydrolysable species within the enulsion
compgisesphesisps of:f orm t he condensabl e species; - acidifying
the ' S 18t AkpeRBd ix ti liquid
iy AR Ll 5 S ety g copnons
enul phasp, t 0 form the emul si on. 20. The process of

cl ai 9 addi,tionally compri sing..adding a surfactant

and gaé’%@ Xgrokﬁgﬁﬁgg%&?sgg fﬂilee%mgsrﬁj%ﬁ’s%ﬂgn. 21. The

pr-ocgsigadtpagiafly hydd] gdlel the biydolysablerspedied wighiaghe emutsion droplets to

acidified enul sign for, sufficient time to at |east

par t fP e goptasilesRefieSsecond hydr ol ysabl e speci es.

22. TR Hre&RsSoPf claindi M6 1 wMRN®! thet NdEBIPRAbRE Sspati€s comprises a

acidic.23. The process of claim1l wherein the nucl ei
tetralboxysganrcous. 24. A microporous particul ate substance

G PH8c&s ¢l EaReRY Gnstils HRNGRrWSEHE BpdeltS is tetramethoxysilane or

tetraethoxysilane.

19. The process of claim 1 wherein the process of providing the emulsion comprises the
steps of: ‘
— providing a basic emulsion, said emulsion comprising emulsion droplets dispersed in '
a continuous liquid phase,
— adding a first hydrolysable species to the emulsion;
— at least partially hydrolysing the first hydrolysable species within the emulsion
droplets to form the condensable species;
— acidifying the emulsion to form an acidified emulsion; and
— adding a second hydrolysable species to the acidified emulsion to form the emulsion.
20. The process of claim 19 additionally comprising adding a surfactant and a solvent to
the acidified emulsion.
21. The process of claim 19 additionally comprising ageing the acidified emulsion for
sufficient time to at least partially hydrolyse the second hydrolysable species.

22. The process of claim 1 wherein the droplets are acidic.
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particles of the particul ate substance are between
about 30 and about | OOOnmin dianeter, said particles
wboavierngosm cr opores of | ess than about | nm di aneCEMU2005/001738
toget her with nmesopores of 5 between about 1 and 50nm
25. The m croporous particul afe substance of claim 24
made by a process conprising: - providing an enul sion
conprising droplets dispersed in a continuous liquid
Bhas@hepim:&e&s' of cietiml bwbere@dhenmleitdmepdnoupl ets conprise
said dro [ reI I :
psPumEOpanE BRuCl e QIRE S M el LR Byoypge wherein the
partlcﬁaQQﬂ liied BartiGulbrr maaﬁﬁdmalbbmmeeﬁfabpw 30 addesbout 100(hlm in diameter said

. m croporous partlc sub tan 6. The m Q
particl5a, havies FEToBRIsSL b Biin e ogefie” Sk tHesopores of
betwebt hB@&gabind souhst ance | s reI easabl e Wt hout
degradation, dissolution or erosion of the particles.

25 Khﬁ@vﬁr@aoms Pﬁlitléblﬁerﬁg‘b%a%rﬂf iclaig24i tRade hipdpagress comprising:

C ti liquid ph
g} g}é@ﬂ cal Lpél?’# ec?‘?ﬂs}hg J@ée‘{gédmﬁlc ? ocog rlréllljosu 5 W phase,
parwhezrainaatelessjl kss»nmn@fethadimpldtsr@mm‘lscl maiclei,2shid \dtmql@s igomprising the

the ag) Ug){s subs{iance is indicated for the

cortd ef‘? 8409 #F hod for delivering a rel easabl e

subgt Rage partlyl destaiiiifie ahepiroplengtoeXpasi @lwrality of particles of the
particul-ate substlance according to claim24 to a

me dRIFHOROAPEN I GHlate SPRSIEChy sai d rel easabl e subst ance,

bge %Etﬂn"éfo%‘ér&fs p%ﬁio@la@@éﬁﬁs&ﬁb@b?clﬁﬂ@&ﬂ aMeReif AP Feldaksitle substance
t he rel easabl e substance. Q 29. The nethod of claim 28

is relw@l@watho@q degradation, dircolptipr axempsian ofithstraridesoccur s by
dif fus :
e SR Bl LSRR if AR g administiog o

mammel ethesipkaticilly stieoie (EnEy ot mitrépaous pretigaagubstance according to
sting of a ugsr escent. dye -
claimn S i Sele ekl SbSaGS s deiedor e contiigh mone, o
higoc lﬁdﬁlet}ﬁﬂdfoﬁ delivering e @fcagibye substante, saidemethod lceserising exposing a

particulate substance according to claim 24 to a medium capable of releasing said releasable

substance, the particles of said particulate substance comprising the releasable substance.

29. The method of claim 28 wherein release of the releasable substance occurs by
diffusion out of particles of the particulate substance.

30. The method of claim 28 wherein the releasable substance is selected from the group
consisting of a fluorescent dye, a radiopharmaceutical, a drug, an enzyme, a hormone, a biocide,

and a mixture of any two or more of these.



