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Particl es Havi ng Hydrophobic Material Therein
Techni cal Field The present invention relates to

W@ a00bi1835¢6 Whi ch have hydrophobic material theP€i/Ap2@6n400852

to processes for nmaking them Background of the
I nvention The present inventorg have devel oped a range
of processes for encapsul ating materials such as drugs

and ot her oI_o ial.s, bas on ,
formng ce éﬁf’ 3'{‘?%4 Mfé’% aﬁﬂﬂa‘iglﬁaﬁ’@d”
t echnol ogy. These wer e devel oped for controll ed

rel ease application, althqughnebhffe/dpp!ications were
al so envi saged. These have been described in WO

01/ 6BBpresenti invientierstelates tarpapidlesnvhigh pieve hydrophatés matgrial therein,
gﬁ% 15 and AU 2006000193. These
rretgﬁ(ggs r%’eSﬁ%} Igé)&l Ir%m:ttl on of water-in-oil

emul sions, in which the encapsulant is |located in the
wat er phase Consetuackgrouhdwfdm Ineentiont ed to

hydr ilic enca a arti.tion

oY ot OBt ey BRI Bt BV et raBEY ok Blhsses fopoencapsulating
| ragterisle eadteas drh@ &Cahsliglopienllpactiveanite@dls, edsébLfFRing ceramic
of hydr ophobi eC| es. has attract ed consi der abl e

e ioifgeol-8°t Red ek alsPhnplegypEiese Weradigyeloped for controlled
%@Ehéecéﬁﬂli‘éﬁﬁorysdl’d%ué}y @f}fép Q@t&{lbﬁdﬁ)%w hisG eﬁ@{sh%e% These have been

nol ecul’es. exa e, har maceuti ca

a@mrth@ritlarwp Oh’é@%& |a@d in néamramwemr appliogticeNos AU 2005001738,
PO§SB55001%5 QR@%*?J god%ro%’f%“ es. Nevertheless, the

nmeans to éncapsu e and controllably rel ease these
act i vﬁlemlrwhxbcmsraigrmt tie formatidr efgwatesin-dileseulsions, in which the
i ndust and n foof cosnetics

d s
FBPURHERT B oo B ARa SRaeab RS HELare b Eiied Tpvdrophilic

Vaﬁbép’sulaﬁts(lﬂﬁalﬂ 6l partpien PebTersitedlyafitofd @vRidded vdisk phase
per f unpes, Leactlve compounds such as bl eaches, is

becori%h eala #ien they gngppsulagen BE*Q)EQFEtoﬂeﬁﬁtl@%Séﬁéht’drOphoblc species
%@Hﬁfa@éd"@ohﬁd&%@l@'1ﬁﬂe%9!iué)trogﬁ@ irfordRfn rﬂ bor of LSRRI Spplications

matrices and nore specifi cal cer am ave many
iusingi ngirephatiicdinapdis. adtive mcvlcmﬂ;@,st &or emmyleamethe pharmaceutlcal and

al. rt tpin dr h| Li
Iy TR I e —
N eazbrthelégs, thfbmtmsr tof ewapsudatg and contedliabsyr yelsags thexs dodve molecules
achi eved

SHCAPS | gﬁ% %:%%&%ﬁ}etéé% 2 reI oo s?%ﬁ%ﬂfﬁ“b\ﬁldfé’og cosmetics and

Rabialldafe, @RcapRsEti e hﬂtﬁc@%llé’@rdﬁ%@ bf %lﬁttl'e '@)r@an@@&drﬂﬁftﬂlds such as
vehicle. These systens, consi st of two ferent

iflsveve and perinmes.js geadtive compewds sueh ay blre@crh@mls becoming a dominant
trend for product improvement.

Compared with traditional organic materials, inorganic matrices and more
specifically ceramics have many intrinsic advantages. In particular, they are biologically
inert, intrinsically hydrophilic, and represent higher mechanical strength and thermal
stability. However few inorganic delivery systems have achieved precise controlled
release of the encapsulated molecules.

Double emulsions provide a means for encapsulating active materials in a delivery
vehicle. These systems consist of two different interfaces that require two sets of different
types of surfactants. In the case of O/W/O multiple emulsions, the first set of surfactants
is preferably hydrophilic for the internal interface, while the second set of surfactants, for

the external interface, is preferably hydrophobic. The composition of the double emulsion
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types of surfactants. In the case of O/WO nultiple
emul sions, the first set of surfactants is preferably

whyasopdsid ic for the internal interface, whil eP€Ti8aU2006/000852

second set of surfactants, for the external interface,

Is preferably hydrophobic. Theconposition of the

doubl e enul sionis critical since the nature and

cle weiipal rsiitgedhe opture andicoasnisationsed tha slifferent, swfagtagtsyiatomg with the

: t] : ' A .
g AT AL S RSO SBARS M e mtsin
eviultiploersuleng (e. £ WWJOusually yregrepapecthacuet 4 twestgh peocess. In the

two:- st e cess.. In the first step, O1L enmul sions.

ST BB Pl By sioup aics Prgeieh e, AEBHREE B Djoel Pl in an aqueous
aueUsn I pickdite iof athigh HLBS@REEtanf. TheFofatidaBf an emulsion of very
surfactant. The formation of an enul sion of very fine

dine o JpaPaets I walgtie achigvedchy EXteRpTIy SRSIER NI @Teqessegypuch as high
| AR hORRERISRTh GUaRRiHEhEbh. Sﬁgﬁé sdBAP gtgﬁ %Weﬁﬁlsiom is added

ul trasonification. hi the second step t
denthe iesternat ot drhase containingex oy MHIB swifaqiddis€o clipessierthegnner phase

. SUr T0.,di spe, t he inner. phase
TG0 B B RO o MBS Bty s e
magstebmmaeily nsedr ddublegganelsisht yreusfed/O/Miery e Hiut OPWHONnyulsions have

sed doubl e emul si ops are of. O Wtype, put CAV/O | .
JRER FBh O s e s doRNLRa dfisyanse Bl Pie Blfns include their
Dheiei¢aifsapaity Odnddhd idéh%l@(ﬁ@' §f QRS | AGLHEAR, tdMAI Eonsequently their
intrinsic instability and the qon;ilpl exity of their
spplicatigne davarkpeaopbsgubmly yestnieed deppitd dlall gotential asefulness. In

S . » .
CAERRRUS AR b BALHCHSAIREANE LUENC ) L bbogaion s
icegkesdsned bytweghidrbpleesinl the iinarpltabe wifghble g@iitomatmns of emulsifiers

n bet drgplets.in the.inner, phase, .
309 JARE"GRA0 R APPSO Shiisith OBl BRBRS, Gonlqt gizes. The
ienmuisifiers taheatesotbedi ab thesduaface bf yroplets dethgce do@itioh of emulsions and
sizes, .The_enulsifiers are %nbsor b at_the surface of

d
FFOFPEIETHEPTEPRIRE HeSP FapTBhiootoakites: flobuerimeymphedigemulsifiers as

tygIMab 010 MAREbrdIOGReL R B hIR0 CRaH EBIC BomBAbNSE With monomeric
synthetic enulsifiers as well as natural

R BHeE sdighdivedremnghoaste impeayeistabdBiiond senteniledirelpase.

nono ] s . .
T S SE L SN EnE R RMGA b AN o v
adlrgelt ehpoystof, sdme | hotllown o cpquoop éndrp@sc odfphenitdl i particles have been

SEHAERO S SO ST ey BT Bl i oo n e

wanetuglede bjlosegers nier v llinyitddntvoeld bias e oatwdty® tto 36dikte spherical
net al., al kogi de precursaor in the water phase.  However

VERTIE i RTEEES OPIETHAS BheH Butraneqbivl spscisy diinge a O/W/O multiple
SRVRibiE athi kG tdtghie ny i i
i i§ 8§ @k CroP@et dtfét ?q{g’?%%ﬁﬂu o:?%hg[:nléodg/ﬁn%rplsciag%stable double

hydr ophobi ¢ speci es_usi ng JW
THIUSIONS igueery garhy dompdie of stakjlityrio Wemquatehary phase diagram (water-oil-

ST ek ER R S e ByglBl oo U
@8y OaMultipe dmusibsslty LesuMyung-Shane Oy rdeohg-PreapaMdonp$ei-Ki; Bae,
%feonsgi- 01(.:11? Jggltntal %lf eéoll:?)qg aa%auin?é&algg g\c):?gnicg,o!24otfsé3rlg9 (2001)] has been
undertaken to improve the stability of double emulsion by introducing thickening agents
such as block co-polymers but with limited success. Once the metal alkoxide is added into
the outer oil phase and subsequently reacted with water, the structure and stability of
double emulsion is changed due to the perturbation in the balance of osmotic pressures

between the two oil phases. This inherent thermodynamic instability of the double
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QWO Multiple Enul sions”, Lee, Myung-Han; Oh,
Seong- Geun; Moon, Sei-Ki; Bae, Seong-Youl, Journal of

w@iobosxiand | nterface Science, 240, 83-89 (202A)/AULMS/000852

been undertaken to inprove the stability of double
enmul si on by introducing thickening agents such as
bl ock co-polyners but with [imted success. Once the

r?&lﬁﬁlo%ﬁmmad@m@% tpads tavt Birtheedisydvantage withsasle syptems: a fast (i.e.
d
. gxgs?ﬁ I&Jiagéslg%éf glg%g%lﬁgtea‘ﬂnfal?em iffo th% Iaﬁtels girl gﬁcjiéér € an

e enul'sion I's changed due to the
gFerthemivat; the cd)rnp]leh @atviad afmeltip{e mﬁsbns:rqndas slififieslt the assessment of

ORI stk 48 e RS 5Pt srilEtdehence; She main experimentl

S@t&bﬁ}iﬁb is baged minythé @r&ﬁSuréﬁheﬁt dfltht MEMmbet &@M%bﬁﬂﬁ Miikiple emulsion

syst ens ur st rel ease of
@Qﬁé ek arOHﬁ‘feé%rant%A m%%laflﬁlé oatﬁn% emyision,siakility because it is very

FchR tIRERrminB e BRRLEXal HROMES Ff cd&l-é's&é Rk e gl i re Again,
renders difficult the assessnent of emul si st abi

aifep dueingchesti g fipanh ampunigftsilicon sretucoainge dmﬂp@blemlsmn mystem will

SR8k BRI Maud S SOBI A oRAGRA N AR pasur ement of

Size O e enulsion droplets
Wiorebvery odu cedbility rtotreplrodncﬁeotheapnepatramm idbecribodltsi Dee et al and the
becaus rmne

ShERfhe o RO Tl sl Bt BUCLDHGe RPBET G blper o
lcupfiteh the sfghfidhnt indtabRiy anmﬂre@r&iugmﬁty &R Qﬁchadﬁod-]b?ha@ﬁ

silicon precursor into the | e emul si on systemw ||
i ncr eRsEe i ehemters & meed, foma ﬁ@}?ﬂsf 8Rd rgrsetile Eﬁm’% ifon encapsulating a

GHETHRGBIY miYD 2 QHf%r 3 89%1 cld. rl‘laQb{ﬂ'dtl?( fn%f%?rﬁ& ﬁ?ocess provided

preparation describ Lee et
gpntrelnoysarthe sizesofi thst marticlo;f anch epmr:aﬂltypdsct |oab1e1:he release rate of the

ry conf i Hn t he
SRR RE st o RRY Gt b S bR bRy agon sffgiency of the
ay&@phﬂnanhumﬁmere is therefore a need for a robust
and versatile process for encapsul ati ng a hydrophobic

material into a parti ul.d be.preferable if

such a process provi deégffghf’fggeé@'é?"tf size of the

par t ilicisean 6tjebt aFtthe padskit ial&tioaus rov'éﬂ@nfe%ﬁ@u%@taﬁﬁdl@ éaﬁehorate at
e h hOBIC material fromthe particle,

g‘z%fdméq%fgfgea s Yradvantagese el aoirtheieoligadrte h lﬁ@stcpartlally satisfy the

ABdRIeRl. Obj.ect of the Invention It is an object of

the present invention to overcone or substantially

aneliorate at |east one of the above di sadvantages. It
is a further object tS¢mmaryaiithgdrventiany satisfy the

abov Gﬁeefbrmﬁﬂ Xntqgv dfﬁ%n ﬁg\ﬁﬁés' @Ero]pgsrsqglfg%gélﬁ‘%ggmcles having

present |nvent| roces
p&ydkmhd&chawﬁn@ﬂunmyﬂmmhhommscmapnmngl therein, said
pr chrso%uﬁ ogrrp 3 Insl{lﬂ%ie emulsion comprising a first emulsion dispersed in a
hydrophobic medium, said first emulsion comprising a hydrophobic phase dispersed in a
hydrophilic phase, wherein the hydrophobic phase comprises the hydrophobic material
and the hydrophilic phase comprises a precursor which is capable of reacting to form a
non-fluid matrix; and

reacting the precursor in the multiple emulsion to form the matrix in the form of the
particles having the hydrophobic material therein;

wherein the precursor is added prior to formation of the multiple emulsion.

The step of reacting may comprise:
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providing a nmultiple enmul sion conprising a first
enul si on di spersed in a hydrophobic nmedium said first

we@pwba33sm conpri sing a hydrophobi ¢ phase di spePGEAUR006/000852

hydr ophi |l i ¢ phase, wherein the hydrophobi c phase

conprises the hydrophobic materi al and the hydrophilic

phase conprises a precursor which is capabl e of o

react i ng reasting the arepyprrindhemylinle emulsiog to o thegnetrix in the form

rec it inp! i f t i .
CCUSRE R R B B B i
mat ermatbridlisreéasablesrometha pettislesr ecur sor i s added pri or

to f ti.on.of.the .11 | si_on. The ep of .
eactl g g RbinPRelH bR, PO BadPe dPissple Bo e partictes over
rbdriqdl &f i) The hydropliahienmiale@iainid Eliexpdrticled enadyemeddasable from the
the, particles Eavi ng theﬁg%%{ oghobi c material therein

e arenfgdedistromier 2 PIHME-s el easabl e from

the pedelst) SprovibmgSOmaRpRDERuIERL $hdyAdontgtisthe

particles may be rel easable fromthe "particles over a .
per i ddofling; e firsh emplsinnopiamprisingraheehydophabie phase dispersed in the

IR B, ksl SR G HLE PRPHLALES sl ronio mar
End vhahytgopHikc phdseicpinprisasuhsprocursery ambnpr i se:

providing.the fi.rst enul si.on,c risi t he, .
b smsii Shes Gt ST o8 "ok RE by Bt ffiom, tp faa, the multile
wheailgom t he hydrophobi c phase conprises the

hydr Qphobi ¢ materjal .and the hydrophilic phase i i
cgrrp(r}-\g§e€‘5t pCy PétB’rePtl%ifhgleEﬁ isgupdfetya prreey fogpreparing particles

i ' ~ inCs AEFod @t t he

R Dl B Vention

t her @19 ¥dipgowi dedd emplsione sempuisingr & papdrophopisr tpheseeslispersed in a

L o o ol . : ' '
TR UL CORORIETIAN B ES! Do BALE BE 9585 mre
fayd rtg hpdiophipib ghesaleapaissed precuasdnywdiicphd Eapablehefseacting to form a
wherei.n t he hydrophobi c phase conprises the
W&Bﬁgﬂﬂgﬁpggnaterial and the hydrophilic phase

ConpIdispResirk PE FestrelsivhinCdhydrostabedhediah &ash aRsultifle emulsion;
forma non-fluid matrix; dispersing the first emnul sion

igd g hydr ophobi ¢ mediumto forma nultiple enulsion;

and LeRGh: Mk ﬁl@@ur%rqﬁ gﬁef%%uipib SPSlsitH S k&lgﬁgg Wﬁdtﬁj{ e Form of the

formthe matrix 1nt ormof the parti avi ng

redicsschagingché bydraplabicimatehek thenein.

The multiple emulsion may be a double emulsion. It may be an oil-in-water-in-oil

(O/W/O) multiple (or double) emulsion. The particles may be solid particles, and may be
ceramic particles. The non-fluid matrix may be a solid or a gel. It may be filtrable. It may
be a filtrable gel or a filtrable solid. The non-fluid matrix may be a ceramic matrix. The
internal hydrophobic phase may be a discontinuous phase. It may be encapsulated,
compartmentalised, incorporated or enclosed in the matrix. The internal hydrophobic
phase may comprise a hydrophobic diluent in addition to the hydrophobic material. The
hydrophobic material may be miscible with or soluble in the hydrophobic diluent. The
hydrophobic material may be composed of one or more than one kinds of hydrophobic
materials. The first emulsion may additionally comprise a first surfactant, and the first
surfactant may at least partially stabilise the first emulsion. The first surfactant may be a
hydrophilic surfactant. It may be referred to as the “internal surfactant”, as it may at least

partially stabilise the first emulsion, which is internal to the multiple emulsion (i.e. it is
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The multiple emul sion may be a double enmulsion. It may
be an oil-in-water-in-oil (WO nultiple (or double)

weprwbassm The particles may be solid particl eBCT/AnED06/000852

may be ceram c particles. The non-fluid matrix may be
a solid or agel. It my be filstrable. It may be a

filtrable gel or a filtrable solid. The non-fluid
naeated infarpally ta @@rdarﬁpl@wn@n dispersech @hpser ef g multiple emulsion). The

t Y,
S ALARIR P 195 BER cHfnfn R h i CorBR el dmay be an
eﬁqoquﬂhasm Thk erevmtsor xnay Hee pra¢wsarad theyphrtigbsg bjectopﬂhamtnx If the
hydr.qph diluent in addltlonto
TGB! e PR 1Rt Prsb i & AAPRoral thaye igomic, ic. a
ndegemnib Ipeectirdod. RM&Obe Bl gosshnitabR My@riap oo lﬂha?r 8 h pantally crosslinked
The h%/dr OphObI c material may be conpgsed of one or

BFE 4l nGh e bRi hdBIXBHRe HRfd 6 obi eardice Ficapable Phereacting with the
fHyiedphBBi] Bh@AaIMRdAHE boRMAIs YarRBF /i it Q'eetdtsr &f form the matrix. It
surfactant, and the first surfactant may at | east
pm}t foalekgmpleaiomiprise athydrofyseble sdang, sh ehleagtrtiallystydrolysed silane, a

an may be
R R L i L A
I eastT}parhydabplyobgi aﬂnatensb mhy: foer sor eaxmﬁplen a Whi@Bscefit dye, a

i .ernal to.t |tiple enul sio it islocated

RSP RRinab sl acHie B SrEr 2 4RGhbh 2ohorpimREes Biodidte a flavour, an

muéma Pt o semp othbh %ulbh‘t’fﬂk@ Rd it nfay e ik deari two or more of
i nuous phase. It nmay conprise water, and may be an

E‘??Sous phase. The precursor may be a precursor to the

par t ifheRydrbplbid ﬁleﬁhﬁn MLy b thd §arhB&sPA! bkl &R t@rtﬁe ha/drophoblc

ceram c particles, the précursor nay edbe a precurso
dmléel@teitamsccomprese the bEdTaPthIdelémt sTlBle mlllltlp}m}mﬂaoa may comprise a

Cr oa S| | %@%h@ a{]&tﬂ% F&gIPd :gr%r &% be a tpl%rsg pgftla%(lp{eséaénhﬁe the multiple

rwyllsb«m i sithapglblieisofiotr m:eisat}gfom thb rhlh’lapley&hﬁlpi@(ﬁbﬂocbe stable. It may
Fﬁr under the conditions .under. which i t r eact
Hor

e Jgpecessary fo larﬁ ap gm %él?'fﬁ? 11@%@% ag a sur%actant and the

pysbesd MS}’ﬂBé Suchi that® erdillsidh slaBABEr B thal 4 YurlPaeiRhy/REd. It may be
si | ane, parc}lall crosslinked silane, or a mxture

dlfm%%wfw #4d pdpiskening asmt, B RyEecsEhBIsY dengichthatino thickening
@Eé’ntt@ all®d. ’6 3}%@&1?161% Ma%a?ﬁ&g%% £MBd. 'f’here may t16 no methylcellulose

radi ophar mace drug, an enzyne,
worcetbHese bassi deickenersor b&mo’dnnqkeacrs arsedrin ﬁwbp;rbaessseTh)asre may be no

S DS RDARE B 08, L0, BBl st

timy teasventasedowith itticf leyd‘.irﬁlihobtb rhbcﬁuﬁhy ditiap fb@ﬁj_lr_ﬁ dirin f@fﬂtafter dispersing
e multi

dil |
TS RO Boh o eio8 daris Fereainte, tndiepind dispersing may
26mpHsk aiéf)ér@i‘hgaﬂﬁb 8y eﬁﬁlsioﬁaﬁt th@al{ym@hbbﬁcsﬁl@&h{ﬂ ?5\/11'&@ ®he second

mul ti pl e enul si on, although i S"not necessary

SHéackant ﬂﬂﬁgplée@naylsmr@ﬁd ©b d@eersqch&ueeem Ito foreny thmmmbfpckr emulsion. The
S t

?ﬁ%ﬂ#]@% I ag%é}gﬁ){j@%@% dr%let% hd EREen RS dispersed in the

hydrophoblc medlum The second surfactant may be a hydrophobic surfactant. It may be

referred to as the “external surfactant” by contrast with the internal (or first) surfactant,
as, in the multiple emulsion, it may be located externally relative to the first emulsion.

The first emulsion may be a microemulsion or it may be some other type of
emulsion. It may have a mean droplet diameter between about 10nm and about 50

microns. The multiple emulsion may have a mean droplet diameter between about 0.1 and
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process may be such that no enul sion stabiliser other
than a surfactant is added. It may be unnecessary to

w@dweassms ckeni ng agent, and the process may bBCEHATI06/000852

that no thickening agent is added. No pol yneric

material may be added. There ngy be no

met hyl cel | ul ose, or_cel |l ul ose based thickeners or

cﬁbﬁ@fr 109 micsors: Shadirgt eulsion apd dhe swiltinlh emwlsiey niry, drlependently,

EﬁinQHoéto?Qi_}p#aﬁeJif‘edigﬁhﬁﬁﬁch han surfactants, used in

the process. e second surfactant nmay be conbi ned
wi t h Ehegrogeds opfoabing the st emulsidnheay behpiise, thelsiepef: or

after_dispersing.the first. emul sion in the hydrophobic

medi lfmnbggpg z];(ea%ﬁp&al 11% ogltog) C Bgasgi ‘gﬁg rv%ql'%ﬁrgalﬁg)tpep Erst surfactant to
formaifEe nixBRe 5 ogtibMdlyfdgftslingoy lisdt amixtue;t he

hydr ophobi.c medi um havi ng the second surfactant .
di ssEPPORIng g Shsslieabls, sparisy witharptenfefarm a seeprdonintengecomprising

e biRhRBoL I HaRR, whEiniinet Eieecrgﬁ}’cihﬁéﬂg est 8 Qlé@}%rcﬁrsor or the

conprise droplets of the first emnulsion sperse
toresshglenblsp Bstsies reaets um thy wessaew 0l watert ot aontiomally ke catalyst (e.g.

' . It may be referred to as the
hég{ogf%%bggﬁgfgfp%ﬁ%%y contrast with the internal
(or feombiningtheffasttmixtyre asd theneddind mithire;nd enul si on,
it may,..be ] ocated extgernal relative to.the first )
el SPORTAR G P Ehsat o mBeeEs P Pt gulion.
it may tRefiSOsMuRloAe thelriie o PvaRfW i %@drdl:?saﬁﬁkp@élg@n@% be between
ggan dropl et dianeter between about [Onm and about 5

PRYohd and rBowul & Tptrebebvrernsikont Adyanthahous Grpan aimopirdmsis. In the
%&ﬁﬁtlﬁfxuﬁg_ttﬂ\@?ﬂioaﬁoﬁétepmﬂth_@E)?@C@l?sl& ln}aggl%e Qn%cyeglp $bout€1 and about

first emJIS|or) and the nu tiple enulsi
iShid ep @rmaielat, Iweightar oolunmeabastowThe raticdhobthd amianat of the first mixture and

j i kan. s.of form th IIst
ShEELB 00 I ST T Ak Bt st 11 15 o
lanve@ gintadr viojutn® phid iFormhgaeohe prevaiser nafydalktdiBetlveéss bbout 5 minutes
surfactant. to forma fi.rst .mx%#{ﬁe, and optionally
35 FBPH B SLLoRing Jaieon chis PrengSer, By gsalich et an alechol,
SRBCHeESyaApbiafedBdfBfe donbiRiEtRe 5ifE ARG sgédﬁhliﬁ{e%{t%ﬁmfr' mhy'8e partially

the precursor and water, wherein either the '
EVHOEPh R Blay 19p beicxapqrated hEhererttomek gep of agitaling may comprise high
chass!inpk i.esnifa I Dgs pr n f F et
and o pf_l{niapna yleycggﬁglgfg aP{%gt g%%?g.ggl%?ﬁ}l’ol lﬁglgs?&tag P\é\gﬁ’ sonication,
vHeaspriegtionsyrsomeorepibinatigntaf@ny 2; 8 tor @i oftthese. @hid nhdyeemploy use of a
' ;. and.gptionally, agitating the first
gﬁlgg%grc@na ?ﬁgegtetﬁ' 33“@25}1‘68?%% e first emulsion. In the
f i r sThe prdpsitivm oftthe it kindlsidn inah&multiplé BRURIGA LY B&B een about

eci A e between about 2:1 and about 10:1, or
E%(t %vléﬁff?oab%%‘% 0821 Welght %lb%ﬁllejm%b&%w- dieatepotalisnsesingthe|fisst emulsion
e $§8:PHBIE Xicdiin hix cbﬁlb}i@e @k SY@E §f to the precursor
may be between about 1:1 and about 5:1 on a nolar,

wei gBtovishing @) thind mtiee, cornerising ithe bfdrohkotieronetivmf archéhe second
§ﬁr¥a%¥an‘€‘," xture and

combining the third mixture with the first emulsion; and

optionally, agitating the third mixture and the first emulsion.

The step of reacting the precursor to form the matrix may comprise ageing the
multiple emulsion. The ageing may be for sufficient time to form the particles, and may
be for example for between about 1 minute and about 50 hours, or between about 1 and
about 10 hours, or between 5 and about 50 minutes. The time may depend on the pH of

the first emulsion. The ageing may be at any convenient temperature at which the
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t he anmount of the second m xture that are conbi ned may
be between about 1:1 and 1:5 on a weight or vol une

wha®ea33skor mati on of the precursor may take beP@EAIN2006/000852

about 5 minutes and about 48 hours. Foll ow ng
formation of the precursor, by-sproducts, e.g. an

al cohol, may be evaporated before conmbining the first
dydrophebigdnatesial iy eable evemthy swidicisat timg) ind wewpe batwedn ebout 10 and

e Tr 1 —
agayt additiopallyi gimsiseame mirxnog, ofsthaistepk iodrat least partially separating the

ul trasoni cat i conbi nat,i.on of

n.or. sane . a 2, or, 4 )
SRR e R AR e B At e iias ey dfying the particle.
A k@ rthe @te? of at Rhglpafth@igrseparxigig, t%‘?hrﬁél@@ﬁfaﬁr ibe Fuhertd38d. This may
first erm_%ﬂi?i on in the nultiple emul sion nmay be between
26019t 21 6nitakle Besindk TosoButher Eragidomy et the prespisee Basay for example be

Hetveheop! 1dc3Pahd aB8utt I hbik Hr rﬁgﬂél, $b@Rech WbBE30 minutes and 24

hydr ophobi ¢ nmedi um may conprise the Steps of:
FroBts Aimereabattiencrbeik? hews aodpbousi2ddioutserrhyete dpdtebércabout 3 hours

i n t. conbi nin e third
A ey ST LA u R R Rt T i e
aboutal howgs the abdit 24 hourst errro@nar béteveén alsdut grivusd &til about 24 hours

The step of reacting the precursor to formthe matrix
nprise ageing the nultiple emul sion. The ageing

nmay e ah embsdibdent tRhprotdssBofpriéedr m t he particles, and

may be for exapple for between about 1 mnute and .

abouPT®B0dIRg up siirsh ey e poTaRTIRS 18 dydrepbebic pbassodispersed in a

Ay RBhMREEhage, APELBRAUE hyBrdM) T BSimpdi i

S aiRph e, PR BRONE r3rPhOtt Dhasel Ainbid2E B HEEBERLL: materia

any thohydopbiic nhespeempiises ateramic hrechsbry deipfichiemulsion being at
' ' .ahl.e o the sufficient tinme, and may

g%gg@tr@gyn&%@%%?b (?%T%S%% .nHDuri ng sai d agei ng, the

mul t idispersamgiths ifiost emaysion imajitydophdiic agdivat @dtheTiesence of a second

proces additionally co i se one or nore of the
§?r3?3°§mﬁ1t° %%itlpg%???léﬁopy parating the particles
f r oméadendyily enhald srebBeblim theasiltipe érﬂﬁsi@ﬁlrtb'fﬁlt'lﬁ % &2fhic in the

drying the particles. After the step of at |east _
b phrevwmie partigles hgvingtbe parropbotis matgrialehengin; vaid particles being

A88Gsed 1§ roBBoliOmmeivit!l t @bl e period for further

reaction o e precursor. It may for exanple be
bet wieanadixsembodinaent theroedso admpPaselour s or nor e,

bet 0 | nut es _and .24 hours.or re et wee
abo\llj\?&gb%gnﬁ é hﬁﬁ%?%gn%ﬁtp%ﬁe RO W8t aﬁ%laef}rrégé? ?Pt\qlg form a first
alictute, Swhereirs thn hydhuphibbid4 phazer sorbpriseer the RPdroPRébic material and
abtout 114 oursdgqr;)g1 gbgﬁu 24 hours or nore, between
SpEenally afsg iy degpotissiltesy hours or more, or between
aboutoribieiyl £ crafdinREKIE kpedes Pt aRe 16%rfh a second mixture comprising
a precursor and water, wherein either the crosslinkable species is the precursor or the
crosslinkable species reacts in the presence of water, and optionally a catalyst, to form the
precursor;

combining the first mixture and the second mixture and, optionally, agitating the
first and second mixtures, to form a first emulsion;

providing a third mixture comprising a hydrophobic medium and a second
surfactant;

combining the third mixture with the first emulsion, and, optionally, agitating the

third mixture and the first emulsion to form a multiple emulsion;
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In an enbodi nent, the process conprises: providing a
first enul sion conprising a hydrophobi c phase

waele®pasydsesl i n a hydrophilic phase, wherein thePCT/AU2006/000852

hydr ophobi ¢ phase conprises the hydrophobic nateri al

and the hydrophilic phase conprgi ses a ceranic

precursor, said first emul sion being at |east o

par t ireadtipg shaprierirgerdn biye multiplsemulgiohde ferm a selidpetrsi inghe form of

i ' i c. medi J he .. :
oSS LS DS SNBEA  pg ierst n e
drydtaphobic mediumpact i ng the ceramc precuLSO}r in the
cor aiff AP et R o PRIy b st oabo Bl g
t her eyRhingahélpaatlet;eh@s bei ng di spersed in the

hydr ophobi ¢ nedi.um | n another enbodi nent the process
corrprd[igﬁl@g:thecﬁﬂ%‘?lﬁﬁ-ng a hydrophobi ¢ phase with water

and apkistestorsddia %gt“’f‘% forma fi rst m xt ure,
wherein the hydro%ho I C ﬁase conprises the

hydr é@Aséibg chenpreeurserlin dredmubbiplcosmaiilsipn dbd ormma kol mpitiddii ¢he form of
i i i nj crossl i nkab specj,e it ter, . .

A0 VR O B 0O PD] AR bl Sl i

weltasaplevituen dhenpaeiidlbe sait pertictes dsingnkaietsed w&&i}@ardp?ﬁﬁib @nedium;
recursor, or the .grpssli.nkahl e species reacts in e

P eo it is Alsqent Gty Bo B AR b B A gaees of e gt dspect of the

tilvengogcur sor; conbining the first m xture and the

second m xtuyre and, optionally, agitating the first .
and dRaserPngiagpast akthe inyeptemitisre is pravidad g partiele having a hydrophobic

SR AR, T S ORI TR QLRI ot o
Ao lxgal peoagks whichendy bee pemwatssicoordimgni, the pvientian.| The particles may be
S bAoA S T 5 L ot s
matrtix phveng thel IgidesphiobicfthéreinaThe hidtopldbic ¥ateiial ARy bekBleasable from
O e b L B PO, TRl o e
PaeicRR "ok Ca FRALYNST @ine! GRS thyRRETHOBI naBERANAL ﬂ'h@ﬂpattﬁ‘ﬁes may be
particles fromthe hydrophobi'c medi um washing the _

Fasasalle deom dhipartiglenin & wentplted ar sustaingh aatetapr afperiod of time. The
p&asd b BR: tHOPRALRE per se or the particles made by the process of the invention
may be in the range from 5 minutes to 72 hours or more, 10 minutes to 72 hours or more,
15 minutes to 72 hours or more, 20 minutes to 72 hours or more, 25 minutes to 72 hours
or more, 30 minutes to 72 hours or more, 60 minutes to 72 hours or more, 90 minutes to
72 hours or more, 120 minutes to 72 hours or more, 5 minutes to 48 hours, 10 minutes to
48 hours, 15 minutes to 48 hours, 20 minutes to 48 hours, 25 minutes to 48 hours, 30
minutes to 48 hours, 60 minutes to 48 hours, 90 minutes to 48 hours, 120 minutes to 48
hours, 5 minutes to 24 hours, 10 minutes to 24 hours, 15 minutes to 24 hours, 20 minutes
to 24 hours, 25 minutes to 24 hours, 30 minutes to 24 hours, 60 minutes to 24 hours, 90
minutes to 24 hours, 120 minutes to 24 hours, 5 minutes to 12 hours, 10 minutes to 12
hours, 15 minutes to 12 hours, 20 minutes to 12 hours, 25 minutes to 12 hours, 30 minutes
to 12 hours, 60 minutes to 12 hours, 90 minutes to 12 hours, 120 minutes to 12 hours, 5
minutes to 6 hours, 10 minutes to 6 hours, 15 minutes to 6 hours, 20 minutes to 6 hours,

25 minutes to 6 hours, 30 minutes to 6 hours, 60 minutes to 6 hours, 90 minutes to 6

hours, 120 minutes to 6 hours, 5 minutes to 3 hours, 10 minutes to 3 hours, 15 minutes to



10

15

20

25

30

35

reacting the precursor in the nultiple enulsion to
forma solid matrix in the formof the particles

whawonspsthe hydrophobic material therein, the PCI/AU2006/000852

hydr ophobi ¢ material being rel easable fromthe
parti cles, said particles being dispersed in the

rophobl c nedium There is also provided a particle
v%lawrm”@énwtqsﬁ@ Sproyeeds minutehto 3 howss, 3 piettesto 3 haus, 60 minutes

i n n t vention.ther

Itg\%ggﬂ\l}‘g dge% kﬁénﬁtg??& ?I gmﬁg‘pleib m%{ tésgg)oé hqlggl:f]sc n%ItlréUiI?S F 2 hours 10

trhigntes ho 2 Hoersp 315 thiahies tmﬂhngsh&@mmkte@tocz h@ire) 25minutes to 2 hours,
rocesg whi ch

b | | .
o OS5 R B E FEd  Penc 1
Meyr. b&hyepagele paryt hal®sa p-[ﬂ@h’@ardfl alseretdB4vRs ORklls, hollows or

particles. The parUcIeHéy nmprise a solid matrix
r?ampﬁﬁmpﬂfé Wy deesh Hopeision i the ﬁlydlrt}?@owdm@wﬁéb may be located in the

RdcRdit ayARY, Bails! ‘%ﬁ@\%@ Ryr ecok{dﬁﬁlﬁehfse P! fycggpho-m? material may be

hydr ophobi ¢ ‘matetrial in the rtic
reafapsulatede ebmmtmhetabmd; |m¢0®1$0r@t¢ér0raelpéoseddmothet pareicle, or in the

AR/ TR B b R coronst in

gfaﬂic%asneﬁtheﬁtm/emrm (agpéy 2pad, @ 3,i6ye7, he, perdroghoss dopants) The
er se or _the artlcl es made

rticle
t‘]ﬁg%sf@z%aégatsﬁﬁt R 1o B ERBTP ey ABEFesdEnt Hoer %%‘E(’Phaﬂﬁﬁceu'ﬂcal a
5111[‘@, Abl efByrhe) a7c%ta{ly§#,ra§h&fno‘f@re?bloéi‘ae N A&, 5rpar31%at}>ﬁblsrta°hce or some

nore, 15 mnutes to 72 hours or nore, 20 m nutes
?ﬂieﬁ Sebstanse, qfdf Bay bs amixtire of eay g0 pomose of thess: dhe $’art1cle may be

%J&Ht‘tﬁfsa bihcbss HaHASesChot f&h@gsé QsdHP Httﬁ%ﬁ%{ﬁ ng %g%}g.s ﬁo%artlcle may

nor e, mnutes to 72 ho or nor e,
hgvm&gcl@mn@mgent & emul]sjolestablhsewhd:reimrcs,the‘reonﬁothﬁ ¢isntasurfactant.

SEBRNES: SRR 3 13,088 S BBl RS e ey beve o

6€llui®8ﬂdea$ratﬁ*£e (73328 m@dfo&yplﬁﬁylﬂblnﬂb@ tHePeifl Br ieiech. The Particle may be
O%Eileﬁ 48 hours, 5 m nutes t9 .24 hours, 10 m nutes

, 206 TN DR erna IBtisle, The hydrphebict watesial may be
B b§ulat35 oF BUI@St ttéinﬁ&aﬂ%“ﬁﬁmoﬁ@wéﬁ NHUBS 15&9’:1816 I‘Iggrﬁartlcle may

60 mnutes to 24 hours m nutes to 24 hours,
AYmpHisss betyeom ahautr 8.1 MdnPPRat whv tas wiv hﬁdreshydrophnbmwsenal The

hé}'tlll% B hive bl lz'ﬁ)?\g[ L(? and aﬁ%rﬁrm cr'&en(lflévis s, 8?”’1 S hollows or

ours mnutes to an es ' to
mnmmwrés o0 btpvérnurlsqut 900 nalmijt]é)é tdiscidte hearities, l“al(lb hollows or

12, hour nytes to 6 hour 10 mn
PpeiRerh® Fud Sakiion o ofllydofiBit o soPRiRhens Bty b Substantially
kyhierisal (286 sphevidadsr ﬁppr@xlhﬁwl)_% sph3fical), e ls6%e lothed sﬁkgiér #nd may have a
60 m.nut utesto6hours 120

6 h
PR CBLcES b0 BouE! QR anepovt B rgians 1 echaridhe ey be spherical
bOsomnd GtHErSshapge afill %&h‘{y@ﬁv& 9%1339 ﬁbﬁﬁlclezﬁafﬁ'eféyb f%ﬂ a§out 0.1 and about

hours, 25 mnutes to 3 30 mnutes to
5¢00hicross ©thes mejegudes g@ynbm atteched do30th coupded 1(2@>r coated on the

?%rﬂ%!‘éﬁ%ﬁtge %&%%%Bﬁufgrs @%QH@@S tta?ggttlhour ﬁﬂ'ﬁ% §m{yog§ Sitached to or

¢opleg], to 25 critedibeshe parficlenof the invention. The particle may comprise silica, a
crosslinked silane or siloxane, a hydrolysed silane or siloxane, a silica-like material or a
polysilsesquioxane. In particular, the particle may comprise silica. This has some
important implications for the application of these particles. As silica they can be
incorporated in food and oral/topical pharmaceutical formulation as the organo-silicakare
not approved by the various regulatory body. Furthermore, the fact that the particles are

made of silica also makes them intrinsically hydrophilic. The possibility to encapsulate an
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30 mnutes to 2 hours, 60 mnutes to 2 hours, 90
mnutes to 2 hours, or 5 mnutes to 1 hour. The

W@2006i1835¢8 may have a plurality of discrete cavP€i/ab2006/000852

cell's, hollows or conpartnments. At |east a portion of

t he hydrophobic material may bgylocated in the

discrete cavities, cells, hollows or conpartments. The
tydrambHisoPemprindr inapn devgropbilisnmapiuliseeupior step towards solving the

I
A UL S5t S P SILEE R, gt oy b
isphlermah dihie partiemapbe capapldef releasing tredtydebphobicheaterial. The particle

i .qQ. 1, 2, .3, 4, 5,.6, 7, )
B, b8 LRt of FElenine e Barkliobi Hiatdiol fiver neecionsot time, ic. the
mgirdphobior mekeaiap! lﬁaﬁ bd g@k@%gﬂten@é(}ﬁula@ed and{orI 1mmoblhsed and/or
a drug, an en . a cata

EHONAL i he GETIHSe. Ty BB inlcasablo 5y Gremtai ouand e particle may
PREBpMEEr re&HQﬁ% élldhobitc rH&é(neP Gt & c&tﬁc‘lféﬁq%t%f ’gl?g%te may depend
nore of Thesé. The

two _or particle may
Piobe sturp Hf the eraterinl, teonmtirseofuthe lmdr@hoblccmetmag the size of the

k
e STIANEH he-TR Do LR i e
saSJ pHaﬁteetmhperhmrmlye llnaetme of dleatddcﬁdmpﬁlvMﬁH[ thelgartioly isHaMersed and/or

A AT ol B i by Rt 6 S o st BRI the imvention.

t her o8 thilh&ppardfi ltHé RivERonBerR i§ BrovillBa! thihbe ’foﬁ?ééitlﬂ'gﬁ condition
be a [ am parti cI e. The hydrophaobic materi al
éthc%tpg‘g %t e 1fo FXERP Pe&shum@h'péﬁalapmly& savpibisteringd to nthe subject a

ftﬁb@aﬂéﬁflédl &”fecﬁtl‘éa ﬂ&ﬁ‘};tltt #‘ rﬂ@ﬁé% ﬁgﬁ&)&lhg?o Eh% St ﬂ‘P’%H‘[tlon wherein

.17and 50% w w o erta
M}@mnhObwemmalmf\xbe p@tl\l\bew I&tﬁasﬁbldﬁommil(hbﬁutlei Biidis indicated

| artnents,
SRR, ThEBvaiRhiT: o AT e e SR pu rrapeui
hgdnitomsl the drogmaast beah &nu;t'hﬁceeah‘ul & Bt ccﬁﬂhtﬁcﬁm Tﬂa?meoaf\'dlsease The
tantia spherical (i
SbTE R ok s abeliaeaiy 4IRS, REbTS Gibcicimbobonsl dystunction,
hspnsiend paiRY o AWM e 2otHBA BoktiAGET Bhe kb%h&‘ﬁ%ﬁ 1?19? We 'oﬁ%‘ "or which
and aboqut 50 microns. The particle may be spherical or

s lise pelpass H’éﬁéh'u& AtitheeRpewiis egent weadﬂcgiad +1t s1ay be one for which the
Qh%rﬂ%taeﬂheﬁﬁé hldobeldlglﬂ% &ff?)uthe 199 Qctrgtg c%ntsr lled rate. It may
es rray g upl'e %

nol ecu 0 of -co
boanerovhichtheglamg octhespodtict dgent shoaht bcodilspdﬁsed e»(?ﬂ‘ghlﬁject over an

o Iecule may be attached to or coupled to
%%t&g({)eg éb&‘gf e particles of the invention. The

par t Thére isralgo pevdddse paiticleCatcodiny ’@lstﬁla |p?é"s@ﬁ’t BiveRY When used for
or siloxane,

oxane a hydrol ysed si
ﬁ’ﬁ Ppdiliie ohacmedicaments Oﬁdﬂﬁ? raageeueton Lgvedition in a subject, for
aitgl€ i haman, Wigréia rtﬁé H}La?’oﬁfﬁ%loclﬁ%f%lstg t%% #érﬁ@le id: Fla'l?asmg from said

sone inportant inplications for cation
patcle %‘érlﬁ iledieaied for the|dosditioheYherars lalsomromdp«b tlaet esk ofa particle

éc%eﬁiiu@g) tHE ?l'efsérﬁgh\%ﬁtloﬁwtﬂ@?ﬁa%ﬁcaoﬁlre o? a me cament ?or the treatment

he organo-
of a condition in a subject, for example a human or a non-human animal, wherein the

hydrophobic material of the particle is releasable from said particle and is indicated for
the condition. The condition may be for example cancer, diabetes, AIDS, hormonal
dysfunction, hypertension, pain or some other condition.

There is also provided a process of making a composition comprising mixing the

particles of the invention with an acceptable carrier, diluent, excipient and/or adjuvant.
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not approved by the various regul atory body.
Furthernore, the fact that the particles are nade of

W@ 00638588 SO makes themintrinsical ly hydrophi P€VAUTI06/000852

possibility to encapsul ate anhydrophilic conpound in

an hydrophilic matrix is a majpf step towards sol ving

the problem of the delivery of poorly soluble drugs

t hr ouldisre lise fagther mmde&rﬂae peer of palélCh:ayorb@nméms alccording to the

H%n'%ﬁtf%l t!c}:xg rtra 1 PP Q?ﬁl?&lﬁm? [r} 4 F‘ﬁbﬁ&%' £ gx%g%gg] }g,lnbarn wherein the
rhe'ﬂmhobug thateridlyod rthmimmcles m&’ekeasahle ﬁMﬁrsaﬁl meticledardf is indicated for

' i b bl
S Euditfn o TS chSTHOR ey el b caml iRt o b s AL, hormonal

tdyefupetidd, GlyPertdnkioAByail@r %oﬁl@'&l@é}%h@ltﬁﬁdﬁ‘ﬁ@ r’i%?ﬁéles or compositions
article my be capable of releasing the

nateri a
ﬁ%’r%ﬁ%ﬁw “r?ﬁ(i) arallyy toatcaﬁyadzﬁﬁ%mwlhéofor gxanplghhe adnginistration may

f
YO A T 1€ P v

@pdval gpendson such as ﬂzeeconﬂlttoheagmﬂ sidesof thépatiphadesi] as the nature

e h,.as he tenp
FR I S PRI U R Gl TR Souns f dop
ienwsde@dand/fdeased b thefpaeticies . The particle may be
made the fir aspect, of t

¢
i nvem f?he Sgg‘if fﬂsf tgne daptiong erteh’é PRVdRd |aoﬁ1%f}ﬁ’ér@f|d§lweﬂng a

hyd)mpﬂ@iﬁc &heﬂ'ﬁ@ia‘ﬂ adidf @ethbd %@anﬂﬁng ekt 4 Fidr ddlﬁ‘y 8f Partlcles according
ect, for exanple a_human, conprising mmnis ng
q"@r?ée%eabﬁn@%wa tp Ranediwntcapale 9f @ﬂffaé@gltb%hy:}halvhqbwmafenal of the

?&"u’ble@l $ard ﬁﬁﬁ@ﬁ%‘b%&t@n%ﬂfe};ﬂg %&%Q&bl% Y %nt}uls %Qﬂld’é@ SR ) particles may

he hydrophobic materi a
bg |11@ Hiralvira ofr » perapesitiqracaressg ﬁncbamclesn Cﬂoc @hmﬁtefrzﬂ radministration,

b
%ﬁngg% :DE -521?%06% S{ F@Paﬁge ﬂ?g?‘%rn@l 1H@ng¥%5§q1§vyﬁ)§ prepared in

stnnmaqueomlcleoledglﬂ@ls s'EihLﬁlcﬁDdSld?,lfsp@ﬁldiﬁ)Acf@l@%@s D@éﬂlmﬁeor suspensions
cancer
Thelﬁﬁﬁgékélg&%glg%/ %121%0)];?81{) Xagpa(g;g’qs @ﬁétqugnally other suitable additives

[; t{er I
e ey g B S i, gy o
Eﬂlﬁ%os jory mall a@érmqsg fé@én@ 0pE%i t9d80%t by. welghtmay hereofn¢he ceramic
fvaﬁ{lcl‘é@bP@le it} Bﬁ'q} allg ddg?éeaf&%g &eo (% %@gﬁlveg%lomll comprise

di spensed he s cont
femdh Eefto Iabwﬁl%'%,me tynicpliyri tohm%tpmdjévan ageYpissIdul % to 10% by

el SpaRe el Do Bl ealyOVRE BB ended per 00 0

IDEhTHClpS' Hsmatmedmtﬁ,rﬁnd%ay\/@dﬂitlbh‘ia@@' dodprisb @n8BRHRE BP‘§t?mﬁ£ shaking,
for.the treatnent. of a condition in

Ssvﬂge%gc?f E%WV igagipine thepnedpm haﬁmgethﬁ patigles ;thnr@tphébpmatwely the
aRposihy ahaPfcohdpisP E}J'a'éshx?% &hé §né'cf1°1!1 gd/fOE o %@hdthe particles. The

particle and is indicated for t
%F@Bmpff@(/b@ adlvidyang, @@Ydfe &ah(ﬂladtThﬂ mefhumomaiy hg aﬂa@olb@eal fluid such
f 14 iaon facture of a.ne
ﬁglﬁ%?ﬁelttr?ééi%heaﬂ 01]?5 g con’ggﬁjcrannyl P &n Qg fo v ’gtrn?or example a
hyidzanblobica shluemtn The medinm huaprbeavipible ofhds®iving he releasing the

hydrophobic material. The hydrophobic material may be for example a fluorescent dye, a

radiopharmaceutical, a drug, an enzyme, a hormone, a biocide, a flavour, an aroma
substance or some other substance, or it may be a mixture of any two or more of these.
The medium may be a gas, for example air, and the hydrophobic material may be volatile
(for example an aroma material). The exposing may be under conditions suitable for

release of the hydrophobic material into the medium. The exposing may be under
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hydr ophobi ¢ material of the particle is rel easable
fromsaid particle and is indicated for the condition.

wab@easasds ti on may be for exanpl e cancer, di abRCBEAP2006/000852

Al DS, hornonal dysfunction, hypertension, pain or sone

ot her condition. There is al so;provided a process of

maki ng a conposition conprising mxing the particles

ePndiiens puiiahle ofer viclensea Rt zasc effeetbice amarnti &r tredt laueemdition of the
L P ER: of - ad] -The [ ther provided

Qe AR G LHY B 106 Belkbl B Rt vBSitrethe step of

iaHowing tha hiydrophdiec tratesinentleade iatocthadiddivan, i n a

subj ec for ex | e human, wherein th ydr ophobi

et e gy e o e UVPRiont ek Ean et e » foous
pamiprising SpplRthg irtidlel cfahethvefiont diey _ 'sfti'oﬁ'&cco-mﬁ‘lg to the
condi.tion may be for exanpl e cancer, diabetes, Al DS

AROYREARfo T doqys dn ppmof sEieetaedp disat thalorusr Aruther emttodiment of
R bt R ' i L& ; o

L pr APPSR AR Hoct LARDTRY aBfipistering o the
eRissppasticlvhef tha invehtion et 4 enmpnsitidnercvordirg teitingineentivado the object

Mol : f othe particle . .
S5l 05D o e 408008 1 g DRSS ot pion
oonvddasiaonethad) ef mertingiazebjett doeprisiig AntinRferinghé tRSubBE particles
rg)ﬁh%r.e of. the condi t.{'.on andd.the gopant . the o
8t 1A dPYPERBLE 2 SPmpRYitionrentdingfothe fyentien forthe sutdes ihen amount
effeapsub akadhanshjést] eased by the particles. In a
fourggras ect of the invention there isgs)rovi ded a
met h o ehe snseitication sdorlepsdhe termahpdionhobigmiaterial,

10PKbHO ARIb i FoTal Al rtigles

s gf?dg I RGN Ry BoPtiChdeyt il B oeiBed o

Brterelngg lIlig t he hydrophobic material of the

particles, said hydrophobic material being rel easable

fromthe particl esp,: j Cl be.in the form

of a_conposition %%W%%@Q{aﬁe‘?@gﬁap LIU095 o,

par efigsreall ?Sdm' ﬂdﬂsgffﬂtti dei?glea lipﬁcideissc lfexs g&f atih€ a cerarglic particle
of suita size for the intended use may be

%d&égdglﬁ%%nﬁhﬁpgfisgl?tilF‘éenﬁﬂlﬂreous or ol eagi nous sol ution or

SuspRigate0D is AGligRuE BOWitd ©BsheRiatis UsRERSd 8P oY emulsion droplets
cl ude one ar nore buffering agents and

further i ) g i

%"ﬁf’f‘ﬂ%ﬁ © et 1atretiam feringmeartilg swnthesisit he i nt ended

pur pex | G N . .dosa

Por by e paeny AN iOp LB A ARG sl oBufENEHRe prosent
Inyostioy. wetaied smedirtelyf aftdre2(c mimites cpatensationsbafbret fileation, made

i ' . C di t

PR Ro Btk Q8B BT 09 C PRI 180 S, @ 075
myii. ead loghet parmnitbérs arecsameens the typiday B sBbsiy cdlditichs H¥%ribed in the
&35 el ght of the particles of the invention. The

exrﬁlgsefshg may conprise imersing the particles in the

medi Rigureaf cshoby SEIU {Sc@mahg Yl SBBR! kS 0 Cofhi il
st rlri ng, shaking, SS\Ii rli né or ot he(vvloggﬁggI{ntlégglg nogfo i silica
BRI Rtorthe PEssent iyeakon fraads ysingdifferentiSpane§cdritentrations:
@LRAY) DRTRYYEOPIISS P25 31014, ' t @
(t i oz)?yh P parﬁ)cl e(?. él%e , Q@gnmdd.g@npozf/i, (g ané ?15 0.75 mol/L.
Other parameters are same as the typical synthesis conditions described in the examples;
Figure 5 shows (a and b) electron micrographs at two different magnifications, (¢
and d) phase-contrast x-ray micro-tomographic images, and (d) x-ray image. All images
show the typical morphology of silica particles produced using the typical synthesis
parameters of the examples;
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medi um may be a fluid, and may be a liquid. The medi um
may be a biological fluid such as blood. It may be an

woe@ansysig | uid, and nay be an organi c sol vent , PEDAU2006/000852

exanpl e a hydrophobi c sol vent. The nmedi um may be

capabl e of dissolving or releaging the hydrophobic

material. The hydrophobic material may be for exanple

a fl Jogwe Seshowd $EM amagegiod sikise patislesipreduced using Twean 21: (2) 1.322

GIH@ 9 6@9 LAREE: ((Qa%gié) u%gt \évﬁtg];otﬁl QU ?nt&gg}a{)%o%mons being: Oil;

nce or song er s
f1.4Q40unb dofle@mny with). 800 maryB-85 (Sdlear Blamsmﬂgo Har@es, )8 1.068 mL

R Ay VL I

@Bm&hmgl may be under conditions suitable for rel ease
of the hy%égphom c material _into the nedium The
exposﬁl%}’@e OWe SEHaneses of silien pardiglos amducedpsing Tawse 20: (a) 1.313

(®F 4.661 ol @"Bt29tlﬂmb %{h % %_?{:ldn% Fﬁoﬁéﬂ‘fons as described

6‘_ydrophobl c material into t um
sligc@npri se the st ep of al I owi ng the hydrophobic

gan%ggﬁ%ée ?%hﬁ\g% ggﬁflﬁ{}e{] teoI gﬁlﬁﬁ? 8?71118%% pao%?ci]gﬁn%ﬁ“ ween 80: (a) 1.317

tnnmalt (g.659 mened, @p 03D Simngl, &M otherdexpafitetabsor@itidi®s described
nvb[enté on or a conposition according to the invention
’l ocus in an ambunt effective to treat the

| oc U$ otshews erdanen E’Eﬁ% Iphi BesiliBy 55‘&10&9 aBERin Q§ tl‘?e invention,

n@} of treatln an ob conprising adm ni st
{ Sffﬁ‘én%)ﬁjz%l% %la ptwlaa@f naﬁwlqsm@qﬁan@tmnmf veater: TMOS molar ratio,

TS HOBeRE ) & (0K teh A 3 8,4 29 TaRPYRE! experimental
conditiens @n‘lﬁaﬁ)lh@rﬁowﬁudodeoanv evithi ®R0PEmEVSBISS; Bwest 2100.665 mmol;

e R A SRR —

Sun”pSphmEg) 58333hmolpventi on to the subject in an anount

effe tlve(?%wtre t the subject. Throughout the
spect Bl Céﬁoa.fwgfqgw F@}Waﬁ%%&MQ,CER effect on particle

fmﬁﬁﬁml(a) hommeh ateos g 78 s i “PNR% h d;ﬁzﬁ%l% VTIMS; (c) 75 mol%

Mdrop bic active material ma use
i Ao &aeifsy PTRES; df) B sealvp MQS aid 2hend@d TS in which other

ElphRnhl lc8ndtibhOMeC IGtO ML rlgnc% b OCﬁ%E 7%@ e SBs3y: Tween 21

reparing a ceram c particle accor
Avemunok ; Haal gy uatnd Iiz@@ hoeH adr ﬁHQS]HNﬂ\h n@litiode heamsili€on precursor

| si on_dr.opl et ord| to the
28 AT, O T G SN s B AR bEhel b b e
mladwvasmg)thecmrnmcﬁfdﬁgj’n@rab%dpéxc‘éptl S5 $R ki 00 @ﬁ’mol and (f) was made
acco%yln present invention, obtained

e St g? o 1?%‘}5 a5 §bhisericSpan SAdehORmBAL bef o ¢
fi 1 tFighieqn, shBWdBEM images of silica particles produced using TEOS with a water

to TEOS molar ratio: (a) 2; (b) 4; (c) 8; (d) 16, and other experimental conditions being:
Oil, 0.400 mL dodecane with 0.800 mg SB-35; Tween 21 0.665 mmol; H;0() and HyO(y
pH2 HNO; solution; TEOS 29.650 mmol; ethanol 118.6 mmol (added in sol-gel
solution); Oil; 225 mL cyclohexane; Surf, Span 80 58.33 mmol;

Figure 12 shows SEM images of silica particles produced using Span 20 as
hydrophobic surfactant, with a Tween 21 amount: (a) 0.575 mmol; (b) 0.968 mmol; (c)
1.314 mmol; (d) 1.724 mmol; (e) 2.107 mmol; (f) 2.490 mmiol and other experimental
conditions being: Oil; 0.400 mL dodecane with 0.800 mg SB-35; H,0(1y and H20(;) 1.068
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usi ng Span 80 concentration: (a) 0.26 nol/L, (b) 0.45
mol /L, (c) 0.60 nmol/L, (d) 0.75 nol/L and ot her

w@arairelses s are sane as the typical synthesis PCT/AU2006/000852

condi tions described in the exanples; Figure 4 shows

SEM (scanni ng el ectron m crograph) inmges of m cron

silica particles according to the present invention,
rmh@H%ﬁN@s dplufigne AMQ5H 39080 munels Ol 185 indln syclpkexane) Dirf, Span 20
059.216715{91(/1-L’ (c and d) 0.45 nol/L, (e and f) 0.60

mol /L, (d and h) 0.75 nol/L. Other paraneters are sanme

as t Hagury plidcgiovey SENE sinages arfdiili¢eo partidies grodiedd ivginigh®ween 20 and

ampl gs: \F gur WS b I ron .
o B E ng 200 AR g £P SRR GRG0l e e gpperimental
pbaditiofnomt sant axdépbed F Pidupepyr aphi ¢ i mages, and (d)
x-ray..imge, Al ipages show the typical norphol ogy of
sili )ci:églﬁﬁr 14 shaws S EM dwassss Phgikivhe P@VMeéapf@}‘m%gé’i gdding PEG

g?é@&fﬁ&l%ﬁé gBfcohNR 1B qﬁ?@llg%ﬁﬂi%i Wi n Gnd 1S ﬁ%ﬂgﬂﬁ%@ gllulose) in

Silica particles pfoduced using Tween
e hydrpphobic d@Bainrasmbias) with 328atinoned hydmphiliosuréactant and outer oil

i i-1i ' : i 11,0.400 d
TORRL BRI e @RBleRRPCR I ol ds Ot ip e 920 2N
H2Q( Figuke 06 8hcst|, dbbtﬁ)ﬂ-ihm%gaﬂfahzstiﬂlaﬂratfgoy%i&gesﬁﬁﬂatﬁl 19gly; produced by
L 1.2 5 .nL ohexane: ur . ; .
e i S ER AR S arernd s 3ad PIBG) g Whichisbe egperimental
ushdigodswens ddwiia)Tabledd;3 mmol , (b) 0.661 mmol, (c)

0. 329, mol i/vith ot her experinental conditions as N
descri®ee 1P shows §EMsimages of sila pasipkessmtlicsisesbat \srious hydrophilic

$lith&ant Fbl%ﬁéénﬁ%g&sp\%ﬁ? Ll‘l?x‘cﬁgilneg? gg gle-rl;l']‘ﬁrgeﬁ{hl \%gt }?1}1(&%%, ﬁdé? 2thbunts of Tween

mol , H('i‘ezﬂ, 0. 659 mo
&t plegingie(a) A958omdiol; 6ns2.8% desal; i()ed.88 brmifbl. ard; other experimental

Nee tron. i crogr fosidi
SoEEp bl L B T FAR B e HaOon gnd 0w 1.068
silz pHAMING} soloiibnyt TMOS019.65Empwli O €50 a8, eydidhieghnd®Surf, Span 80
B vvatle TMOS nol ar ratio, with this ratio being: (a)

%, BIB9S 3: (¢) 4; (d) 5; (e) 6; (f) 8; (g) 16 and ot her

expeFigieel Akhamgh SEMNEndRI 07Gili e gatti DesPith Gﬁca&@tﬂ%&?ﬁinel, where
th 0.800Q SB-35; Tween 2 1 0.665 nmmol; H2Q(1) an
%Eyurftwf OPPRANT dh 40%Nishabing e tpishl syditheisafghe examples

WithGU€ hdB&t T Getinst 090 gpan 80 58.33 mmol ; Figure 10
shows el ectron mcrographs illustrating the ORMOCER

ef f e€iguom 1pashowe |SENIommages off paxti)es Iii0d et % yT MIEng (opble and four
B o S B, ASLola DR g 55
oipihe synthesis conditions except: (a) cyclohexane 150 mL with Span 80 90 mmol; (b)
cyclohexane 75 mL with Span 80 45 mmol;

Figure 19 shows TGA (thermogravimetric analysis) and DTA (differential thermal
analysis) results for estimation of surfactant residue on particle surfaces for silica particles
according to the present invention;

Figure 20 shows sorption isotherms of two samples of particles: 1) produced
according to the process of the present invention (“double emulsion”) using Tween 21 as
internal surfactant, and 2) produced using “process 1” of W01/62232;

Figure 21 is a graph showing release rate of SB-35 from silica microparticles

according to the present invention in cyclohexane and dodecane;
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experinmental conditions are: Q11 0.360 nL |inobnene
with 0.720 ng SB-35; Tween 2 1 0.575 mmol; H20 ) and

WO2606/233518 068 L pH2 HNO3 sol ution; total siliPCGIAU2006/000852

precursor 29.650 mmol; G 12 150 nL cycl ohexane; Surf
Span 80 30.03 mmmol and in whicps(e) was made using the
sane conditions as (d) except Span 80 was 90 mmol ; and

(f) vaguregddshegs RgA ans REAwesdis eprf rétinob deped(siljcagacteges according to

R R T
ﬁEﬁIﬁedehrctatulﬁZl()zg) 2; (b) 4; (c) 8; (d) 16, and

gggggﬁég%isﬁe S’h n(Sj}gg g@ bel E%t di lr%gésggcq#%pons dissolved in
Haand) and H2Q( 2) rH2 HNO3 sol ution; TECS 29. 650 mmol ;
et hanol 118. 6 mmol C(ladded in sol- gel solution); G112
225 HEWH A orestne; diblise zefpsiancecspseras eftstinoklepedeparticles and

Jegnt%lgﬂﬁéc%'\ﬂcb% lefle leSdnf SvRAfidd;C! es produced using

Span s hydrophobi ¢ surfactant, 'with a Tween 2 1
anouiiigure a5 skovs7stypinel HPLE) ch@orﬁﬁegmmﬂo deterinirte. 1Bfidnene;

rrm)l Fi é.gr Zé ;1(5 é?ﬁla 591{ }ro(vﬂl% &Sf:heérlg]a?p Cé?si,?gseztaqaﬁv WZ_%I()?. tﬁzElcal single
dﬂntamamwsphdrdﬂa@oﬂﬁﬁ)g tothSBresént iAeXibn; and H2Q( 2)

1.06 H ol,ut.i on alz 5

L 8 G 21 21 0% . 085 s B9t S B pcgordigs o an carlir
phovess; SEM i mages of silica particles produced using

Tween, 20 and Tween 80: (a) Tween 20 0.245 mol; (b)

TweehiSEe 83 sbaysrheM (tapsmissing cl e@t@g@ nligreprORly) images of silica particles

%ﬁﬂﬂbéd 9?%% I\F%Séﬁl%& r9% &)rréhﬁg tt]?é(; Faﬁh%r%aés% dgg‘%rﬁ)%d in Fig. 27,

4 shows

es o
@Nm@)ctlpE@mm@W%tﬂaW)eﬂdlrg,l ycol ) in the hydrophilic

e SO YRl P Bt R Rt 5 gl b prosent mventors

hyardipditd ithe samfeapmgss dexcrigadt BY Figi. |2|Zpbv@therca<§|‘g{bg}/\4%6 24 hours and
as shown in Table 3;

kP EinE SPEH] AR DY Eer B0l s €O Somshrie dony i emmpion fovmation:

part Figuee 5O OBMPRRGLS ¢ rBindli dhel %mcah%ﬁ:{ gé“%dd%ced by the

surfactants in presence of PEG and C,
EWE@FIIW’@MCW ageoFHNE tooihs eatlisr B@CQWGiQﬁCﬂhﬁdTa EI@ 27; with reaction time

2y AR 4B B e R B b ble SR b iy ion
concEBigural chewai Stotptiqnmsntinﬂnsa@f tsklicai pﬁr&clealpmﬂulced by the present
a) 0.958

IWII”Ur cfgrg%@ﬁ%%qoﬂer(pgycﬁs ggsfnﬁfrf&n qur?g( ot her

exp eFlgHﬁthlshmom ORIFONGi tieden@fleéthnckOin&@Qedir ohh&ofif%h%rm) spectra
‘&95 B- 35; Hzf%l) and H2Q(2) 1.068 r H2

%gﬁég gﬁ’faﬁ\ﬂé@w & ol ; Gi12 150 ni

cycl Piga¥as®e showy (af DRIRT SRctra (1300 — 2000 cm™) of the samples of Fig. 31

and of particles according to the present invention (“ANSTO particles”); and (b) DRIFT

spectra (2700 — 3100 cm™) of the samples of Fig. 31, HPC and particles according to the

present invention;

Figure 34 shows TGA and DTA results for estimation of surfactant residue on the
surface of silica particles of Fig. 31, (a) acetone washed, (b) water washed;

Figure 35 shows SEM images of silica particles synthesised at different pH: (a)
1.640; (b) 1.000; (c) 0.602; (d) 0.301, with other experimental conditions as described for
the typical synthesis; and

Figure 36 shows BET surface area results as a function of pH;
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90 mmol ; Figure 17 shows an SEMinmage of silica
particles with encapsul ated retinol, where 0 the

w@rmens3sef each conponent is 40% of that in theCT/xp2walooss2

synthesis of the exanples with the amount of retinol

0.210 g; Figure 18 shows SEM ipgges of particles

produced by addi ng doubl e and four times amount of

i nt ertgire Sdnisendiagiammiccieprasentatiqreef awattidle pegoadieg do she present
ah&ensighe as the typical synthesis conditions except:

(a) cycl ohexane 150 nL with Span 80 90 mmol; (b) 5

cycl dhgxardd snowsiSEM tilmagpeanf siifcadbicropairticlés gud€usiflg various internal

RSt P TRAES, B 6 @ it R10876 Toidm sadtroed B 30;
of SWifiae Barshove SEMEmABePS bili6A niGpABCRS rhidle Hidd THeen 61 and
rticles _according tg the present invention; Figure

?H&lﬁ?@éwﬁepéﬁ/ -8 (el weend?l/Q.08 (§hkpresobi.2g; (d) Tween 81/0.3g;
REY T &dnS8170.83; (B PREGEH /P2@ccording to the process of

the present Tnvention ("double emulsion") using Tween

2 1 Féguretddr pladwss serptien dstthermsdoR yilipa quivtosdel peidnged with different
" DLO cpf WOL/ 62232; Figure 2 1 is a graph
élﬁgl\?]mgﬁgﬁﬁaé}aggée rate of SB-35 fromsilica

m clr Olgure Hélshevg&épom diadistributioas pf eﬁiﬁﬁltpalitm/@ rﬁrb(gﬁgi%_ Xvith different
cy.cl ohexane and. do ; Fi gure 22 shows TGA_ an

Iuﬁgw ?T%Ftaf‘%tqsﬂjﬁl adﬁgﬂgg‘ie@it? tignal thearwanededior di ng to

the pigsen? showeBEMDTnagsh of &iliBa k& opAMURE 1PhifRAGH ageing times: (a)

gon]:]gonen IS 40% of that in the typical synthesis
SRR (§) 4 mugntes:i(g 2 0anipytesHEN4O INNYeE spectra of

reti ' : ' | ed i .

g o SRS miERRRERG Rpl:3 ) PR Sof prtites;

spectiaum o skawh AEMoimeagepartt sitice smanapactiviés @t different methanol
| - accordi t.he ent..invention: Figure

BRIk AR RRORD 1 1D R P e i ne

| i noRigue; 44 g;hlomQSEstimageﬁg;rfamllﬁapmiélwpmisl@@Fﬁ@ﬁﬁ&d with the

Cross-secti o iew of a typical single io silica

mtrgﬁggtb%e @%ﬁwy'&%@%%wﬁiésem i nvention; Figure

27 i Bigard 40¥HosRaSEMAnass B RS FesPNRC BB Sidins madezgsing Span 80
ﬁartl1 les according to an earlier process; Figure

hotel Dend Y Grehte bbb éPekdm on mi croscopy) images of
ccor iRy NS BERAaRks U bR LEGT, RS 9, Span 50
@.gmgo)i/LhE%éaég;i(thpan'&): Odmal/IRRC7: (2Ag; 2¢) Spagd;80: 0.3mol/L, EC7: 2.4g;
(d) Span 80: 0.4mol/L, EC7: 2.4g;

Figure 48 shows TGA/DTA traces for various washing methods: (a) 3x15mL
1mol/L NaCl plus 3x15mL water wash; (b) 6x15mL water wash; (c) Tween 20 0.05%
6x15mL wash; (d) Tween 80 0.05% 6x15mL wash;

Figure 49 shows a graph of dye release vs time, illustrating the influence of
synthesis pH on release rate using ethanol as the release medium;

Figure 50 shows SEM images of particles synthesised at pH1 with Tween 61 (a)
150 mg and (b) 300 mg as internal surfactant under typical synthesis conditions;

Figure 51 shows a Solvent blue release curve for silica particles synthesised at pH1
using different amounts of Tween 61 as internal surfactant, in which the dye is released
into ethanol;

Figure 52 shows pore size distributions of silica particles synthesised at pHI using
different amount of internal surfactant by DFT model;
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Figure 29 shows TEM inmages of silica particles
produced by the present inventors according to the

w@a00bi18351%9r ocess described in Fig. 27, w th reBCI/AUZ06/000852

time 24 hours and stirring speed (a) 100 rpm (b) 250

rpm (c) 500 rpmduring doubl e;emul sion formation;

Figure 30 shows TEM i mages of retinol doped silica

par t ifigws PrdouwsddPL§ trahes Br diwge measuremetionsing diuron concentration

%ﬁ@%mﬂhgg ggug?&%é JZ,‘I}EIJ;:(r)uprocess described in Fig. 27,

reac Ion rs and stirring speed 250 rpm

duri rRngd‘e §8IskowesSEM immageoofwili¢aqpurtideguta eﬁca}asﬁﬁt@wﬂmron
th

t f. sil tigl duced
or eodee o aon ST e o ¥EH wuSeEs PR enghessiadd basil oi, made
defgt (demvden Nk 0.3 2 basifol W3S B2, @J)qvweeQFﬂlFﬂi 3( ? H‘a&? g 0.70 mL; (c)

reflect ance infra- red Fourier transf orn spec
Twesnd le o b@ﬁﬂ 9iha-33 apks| (B) Been YL: OFg, tRsigoild. BBmEhows
(a) DRIFT spectra (1300 - 2000 cm 1) of the sanples of

Fi 9. 3pbtaisl DlesBaplioh |ﬁ§’r@féff€cﬂ gﬁfto?mggﬁzw ?ﬁg vention

invention ("ANSTO particles sSp ec
(2700he pzasgot gnecification dmnb@snepp@seseffoxr:p@duamg cbﬂaﬁilapaktlcles using

L NN P N T W—
é@l‘Wé@L ayﬁttemeslminlapkeremmﬁomwﬁlaﬁses ah esiulsichawiidintah @hfSsion, i.e. the
%w gd a 83@ ne shed, ‘ib wat er washed;

gu]fs ghasg of fhe 108fls itsq rBléllsqoch]égdlspersed phase of the
mtlﬁe%hﬁﬂﬁor@masilbfefaeﬁﬁme dhiilsibR)i. el 1t§4:@ntn(d6hs Jm(@ Qggelg&f phases are
60 (fl) 0.301, with other experinental condit
élgt &é‘%‘&s@"fﬁéoem‘ﬂﬁloﬂﬁeot yioimay| be pnamdtile enadsios A gmlteple emulsion
%@co‘iéﬁﬁéﬁto BRI 1§rU§eﬁqf"%ﬁu@§1&@ niSSH GSads, ér"efrﬁﬁﬁ%qmon a8li Bitusion or a

Flgure IS a |agrarrma|c represen
samples| @n@ﬂ@mr di mpyt be taneorsmse(nﬂ -vatereoit)i dobldieginlBorB8It will be

%H&’é@@to&ﬂﬂdtt '}RQSSO/%/ ' i glotn tgtg) ﬁgpgas%g G}%HCMI?; 2! n‘gq)e similar or

vari ous i ntérnal sur
Nisigyilag.d) Triton X—I(I) (e) Triton X-1 14; (f) Brlj

30; lj ure 39.shows SEM i nma of silica . .
mcr bgfﬁs}‘]ﬁ o &@&EP%W&QE% Rgoaess A Provsated drerein. gljhese micron
Ev\amml&bh(hz%e gaftibles( S ggléf/nlﬁ g%gngn €0.1 VBRI \kgljd dontA8 hydrophobic

%x%}qla S}é/ n eotbeasest Bt @@plﬂt@lﬂp&&%&h@t@fﬂ@ particles may be
b rtl}ég%%i g)typéxﬂ]%HS;ﬁg é%&?bﬁih&én%ﬁ géré)késﬁlts ?é’n%s cribed in, €. I Barbé, J. R
Bartlsit] |Q§§1tl]gliﬁd Imlﬁepecldmced’amcﬂdfs didrhipositivnsi 'ﬂThﬁEdSIfQ|Processes of
?fé@gﬁﬁ&‘?%é M'e%&% %VBF O-Ii/éﬁgg ?&66’1) ( %Cctoln'%rr]r?s otI Wﬁlcfl are incorporated
herein by cross reference) and a double emulsion (O/W/O) approach. The hydrophobic
material may be any organic molecule or hydrophobic compound, such as a dye or a drug,
in both solid (e.g. retinol, diuron) and liquid form (e. g. limonene, basil oil). The
hydrophobic material may be a solid or a liquid, or a mixture of solid and liquid. It may
be in solution. Particle size, particle morphology and release rate of the hydrophobic
material may be controlled by sol-gel processing parameters and/or double emulsion
properties.

According to the present invention there is provided a process for making particles
comprising a hydrophobic material therein. The process comprises providing a multiple
emulsion, €.g. a double emulsion, comprising a first emulsion dispersed in a hydrophobic

medium. The first emulsion comprises a hydrophobic phase dispersed in a hydrophilic
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Figure 42 shows SEM images of silica mcroparticles at
different ageing tines: (a) 5 mnutes, (b) 10 m nutes;

W@ ego62885m8 nut es; (d) 40 m nutes; Figure 43 shor&T/SEM06/000852

m crographs displaying the fracture of soft particles;
Fi gure 44 shows SEMinmages of gilica mcroparticles at
di fferent nethanol evaporation times: (a) 1.5 hr, (b)

phige; wheyein, the Hrydrqnhpbmpl@asap@mmriscﬁ theihydraphabicsmetesial and the

REMOLIROShall cchlls60a HELABALHS € SaRERIYERTANAD S o non-fuia
zﬁﬁitmhdﬂlﬁ BEMrsardg disenofeagied in &ie&ﬁlélxi\nptdleﬂrlﬂéioaddlfbmﬂglﬂﬁe matrix in the
TR oh 3 e FBRE nvink e D oo Rl qutlors! hikin: S Rhiah may be a
K/nfb(ﬂlﬂaﬁdn(,) B%ondehbatRi2 g sgﬂdlﬁgatﬂﬁoh/ckosslﬁﬁ&r_lg 5ﬂsorﬁ@bther reaction, or

Span 80; 0.2mol /L, EC7: 2.4g: (c) Span 80:

glomme cgmbfl@atuerayf @5% Agche pregysey lLeactE@yfonzl thg pa@c@g; t@e hgdrophobic
%ﬁ%ﬁ%@?&u}gﬁgﬁ rFeﬂ fbe cgfiésgéfnﬁe er Was aB%lﬁ?te% gr? he particles,
Bris readtion ofcibh pr@mrSOTvﬁelem e mriedes Goahﬁmmgvalsdwhyc(rdphoblc material

A T Y .

ﬁﬂnatﬂydmpholmbl moaterigll @athe padticdesumian esicltasudle &Snt (R particles over a

rele medi um Fi 50 shows ,SEM, i.mages of
Bﬁ‘?‘tcf tge gﬂ/ﬁﬁ‘tarfé’§FrgﬂB‘F L3e oY 2ReERd 90EBR 6 1 (a) 150 ng
and (his ﬁl@%yﬂﬁ)pﬁébﬂc%ﬁéﬁ@ is %erfaﬁcﬁa@ﬁ‘illy%@?suia)f&i fiRlde the cavities,

synt hesi s conditions; qure | vent bl ue
P@lSe hellows, oY gompgriments. c%e wptqf dhe bydipnhohie myé@aétfrq@mlthe particles

g@ie?ﬁct?gofﬁzc%ﬁﬁm Wﬁ@#}%ﬁ% Ot I}l%tlé’)é ggaa E%(?%ﬂ@lﬂhesen grinfltles, cells,

Eolglnwseomrrgiamnpso Hes posséaldtostaﬂmtthe poressizxf distribuit@n of the matrix by
art synt.hesi sed at USI ferent apount of )

PR Do Rk SR e ekt TR e PO e bl chemistry

t:diraﬁﬂS tfeoporei dife0 6f Iﬂlﬁﬁﬁﬂhﬁdl le! He ﬂ%dri;i_zgoﬁirfa/&?ﬁ_ﬁt mély also agfzct the pore

concentration n ano rom I gure

Sthegre @ﬁﬁ RERFHY qrfe ti’%lnll‘?t’éé 4t EPEPRY H\ﬁ’f?ﬁ éWEVag‘éQHt 08gm, 90nm,

g0t OTUnnt i60Hme S%nsmm 35EM, QUEHle or Blow! dbb&id1 PR3 dr '2?151‘3 dr between

with encapsul ated basil oil, madé usi ng: (a) tween 2

abait § ang 4Byt 29nm, or bewaen akdyy 1 Féf, Dand 8. 13angl 2 tsea@dlzo' 10 and 20
B 00 o DR b 205301 1 £62807H, 12,151
Dsla, it 18n1®br Qf)efmarTlmSe Entﬂsdnﬁanpsrem,fmb:h@ofas\mnhacmpores) may
control the release rate of the hydrophobic material. The porosity of the matrix is detected
by nitrogen adsorption and the vacuoles are observed by SEM. They correspond to micro-
(<2nm) and meso-porosity (2nm<p<50 nm) and macroporosity (>50 nm), respectively.
By reducing the pH during synthesis of the particles, the pore volume and surface area are
reduced. This may reduce the pore size or porosity of the matrix. It may reduce the
release rate of the hydrophobic material. The hydrophobic material may be located at
least in part in the pores of the matrix.

In contrast to earlier approaches, in an example of the present process illustrated in
Fig. 1, a pre-hydrolysed precursor is mixed with an internal oil phase in the presence of
hydrophilic surfactant. This hydrophilic phase (pre-hydrolysed precursor and water) with
oil droplets distributed inside is poured into the mixture of outer oil phase and
hydrophobic surfactant. This procedure is similar to “process-1” of WO 01/62232, with a

key difference being that, in the present process, the sol-gel solution contains
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The present specification describes a process for
produci ng ceram c particles using sol-gel technol ogy

wor@ea3su ti pl e emul sion, e.g. an oil-in-wat erPCTIAT2006/000852

doubl e-enul sion (0/WQO, system A multiple enulsion
conprises an enulsion within apgenul sion, i.e. the

di spersed phase of the multiple emulsion is itself an
é%n@eewusi%r@stabgfﬁé iaternahpih deoplts. tAdéer muixinigothe itk Odly”W” phase
ous._and, . o
Eﬁﬁ gp@?ggg?%ﬁmageéecg?e no hglhe ettléeé?F errutr{ng?on R (rjthrlst Process, it 1s
rthqughé tlzat b hych‘bbfsaimtesumnrs o%mderlsbltplbaﬂé mph&nc!ah particles, entrapping

cordr ng ko the sion nay be ubI
PioRP oft Tab iR ST SR Boeht Soedeiahe S0 inya fow to tens of
n’ﬂiyﬁutbe 1@athed/tMrOh6 s 60W&iv%f1 diyk) wisbbe RE8dksi fop. trdd!tlonal alkoxide
will. be understood that in an O WO enul sion, the t

dF3ctiSAtises nay be the sane, sinmilar or dissinilar. The

resul ts qfhe%@geﬂtslh{)&lt%cfgéf@ﬁe ﬁfovkﬁ@% r%%c%%? Pf’eé)gring a particle, for

presented herein. These m cron or submcron s
FEpmplel ae@rqr@@maﬁmlgr haying hélyﬂmp@eblo niateriel @@@einmYhe process comprises

i T I TR O ——

Slwdtdphﬂlcsphhsb;ywherpino&ﬂe ﬂgfdﬁ)mlohiblp}abe oompiises the (h@& h&blc material
R Bartl etft trol

57 dhe B BaP e ohiss cmaBes 2 @inyesr sTIUHIS ITefeRBIBTof Teacting to form a

E‘ﬁﬂﬁﬁS’Bl&fSﬁﬂf eﬁﬁ@ﬂﬁhﬁﬁ&h&%@fé@seﬁ@h RAArophbbR h&R¥RA%0 form a multiple
L@ (the contents of which are |ncorporated herein
Yy

sande ther BFEWFOTabdreactgd B | ferme nifie snetnix( tyepghy) forming particles
Q}Bﬁ'hg@ﬁé‘h d¥8§w'§¥cgﬁlﬁngﬂ%h&e{@&£& ggllt [@%eﬁg d?srf)érs%a %ﬁfe%ydrophoblc

mol ecul e “or conpoun uch a
Qﬁgﬂmr "ﬁhQJbYdTOBlmbmdm(awngl irr the |p|a,1iiclesdnar_sr be )releasdbllerﬁ:mn the particles.

Si |
rra er F%Obd gﬁ& sé |b[ 6)ramclkis lalﬁ?’ eagéﬂ:ﬁ? Q?Weth?)fpamdes in a
scohﬂrdledrrdteldvquaﬂerlddoﬂtaye be in sol uti on Particle

Sy Rt B P B ol bt cmsion may

REaERBHEUREENNS! TRl EHeSARNEH@Ikiofl QW BikFerGRY |11§ﬂ1%rhydrophoblc medium, the
properties. According to the present invention the

mgecsrser/ TRy S@ftproo Easts tq dpromdhe meptpar Thed é@'m@ﬁprqfsihn gmatrix may
%om{ége& ho tfhé: f ﬁlé’ibn 1F ec'eﬁfbfhed-r@ﬁh g[ ocH gﬁ rge%nH'rp RE S\hydrophoblc
provi e emul st on, €. e enu

SR éstnqlsaSpfeaklsg, therfidrsiatinn of ﬁmenairaxi comna:nh@wlarscaobm bs the water is

f I h obi
BB TN A SIS B AR SR S0l GPORLE e cnternal o
hlydi tlepeodndsyphatat (eniei @dﬁoﬂb&chﬁ&ﬁ@rﬁy‘ AMREhAPPERY isdn acceleration
he h dro hilic conpri s s a precursor whi ch

PE e g Rt Mosess: R ool M Tap g ariak i) dhinesortion offthe precursor
B REHI 5O ndti§x hﬁ?ﬂal{eelﬁ%eeﬁ’i thé d&hﬁe gﬂﬁhfsio?ﬂ @ve? Weﬁbg’ %f b %ew minutes

formthe matrix in tthe form of parti cl es "havi
theevasal teap R Biiutemeranptsl The, bmecmthe ﬁn@ mawﬂucmrthqpyrtmes remain in

the hydrophobic medium, the more likely the hydrophobic material is to diffuse out of the
particles into the hydrophobic medium. Hence, once the particles are formed, they may be
separated from the hydrophobic medium, e.g. by filtration, thereby inhibiting loss of
hydrophobic material from the particles. Further reaction of the precursor may continue
after said separation. The further reaction may continue for up to about 2, 4, 6, 12, 24, 36
or 48 hours or more, depending on temperature, reagents etc.

In a representative process according to the present invention, addition of water to

an alkoxysilane commences the polymerisation process by hydrolysis and condensation.
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pol yneri sation, a condensation, a solidification, a
crosslinking or sone other reaction, or sone

W@ o0vbi138518 on of these. As the precursor react SPCDADZIOA000852

the particles, the hydrophobic material in the
precursor material becomes at jgast partially
encapsul ated in the particles, thus reaction of the

Ardbitions of theqohiontod pserhydrelysed eldkapysilena (the Isecond mixture) to the first
- . ' in. h hobi teria :
R ISR B TR N AR B8t vt

Hnéd dopdemsptiabias thabmoual of wateh e'nqiadséé;.cd}@ﬁpmﬁcferbsl_isaﬁon of the first
of tine o

he . ticl ' . .
SRS R OB A BT Su HEterd BESS) Bk Hgble cmuson
iyl RRed Gt BEREbA S tHe fRécurRSl. BB bindiHoY of the particles. The rate of
encapsul ated inside the cavities, cells, hollows or

&slaban tipslspendeni pe dhe “emiaing” e Gishhsi sizeret dhe dropiete @l the first
CRRIAGE th FhE P ARRE %ﬁﬁlﬁ&?bﬁn&oﬁt'g (Hehlﬁgd IB% thDGoRPhfon of a siloxane
size of the matrix that surrounds these cavities,

clistes | spaohingwieodinmensioar ofrélng $‘conthingd’. dosethbt evdrd the smaller the

tail.or t, re size di.stributjon of.the tLi X

Bt el B PRt bl 5P leaBionrunlh Tl (R present process

eyt protezd.ragidlyswhéreths oilfvgér MEsivs iy sdde@rd MRISdidised alkoxysilane
ri,x,. The _jnternal surfactant m

ore. Siz f the t ) . y. .
BRAaNGH At o tho BEoROPis Pediam. Thdhe SFHLHyIoen geRbrior to being
it dusedBYthe aip1e mBRIGSthBEhAYCRD ﬁié;/ nofMR IfgtEQ ﬁl’st emulsion does
80nm. 70nm 60nm 50nm 40nm 30nm 20 nm or Dbelow

apbes! fash engugly thom the egeansulafien effidiensy mayadrireasobecap@ntie chance of
. . : 20, .

T ARHIGT, HO0 cominrcinislt A e olrsPRSapnehiEeflly increases

Thug jim@ediatel b follwing di8perSion b thelfirst ddnlsibd, in 1Me hyldropHdbic medium,

reL 20 nm . Thes or es I Cr opor.es,

bt ot L B siobds o e oty fRBH g shws ay e soft. Over
afsuitdtde pyrisopitihe, commialy alound 16-20ahidsiek Yaloub & may be a different
mat ri. x ia,dete ted by nitrogen adsorption and the

{5 dersa lélﬁ@négg éli*%atrmm{s@mheﬁﬁ@‘}ltle@?) reaghien gaygroceed to form the
Maghie- (<2nn) and neso-porosity (2nnmkp<50 nm and

macroporosity (>50 nnm), respectively. By reducing the

pH d Jﬁp Ay deaphobie sihese May heonpraise i g eonsist be theohwlroptiabie material, Tt

I 0j r.edu h r.e .
B SPRE or HeBAC0 s RIUHGTSr plithe TRPHEARIE: bHEBRSFe materia
pied @hgdrophaetec diluert ée. yadryalpdydiobiz solsteat)i The hyldiephobic material may be
mat erial ma oca | east in part

bi I t t
PR CERB b TS Aenh rpdopR At als & TSt Prame a catalyst, a

AppicrchbicideNa Aavax didremafsubdimc be S@NE oePSiBRince, or it may be a
ilLlustrated in Fig. 1, a pre-hydrolysed precursor is

FIskaEe %a 0y e orpererd theser ltynais be incapshle of sessties with the precursor
Didt: QBAditibks Stk 3L @Nthe pldbuss p¥$c%ﬂ)g'ﬂ)frﬁ t frix. It may comprise a
(pre-hydrol ysed precursor ang water) wth o'l droplets
Bydoplidbie selvemisinglea hydypheleid substandehdissvlwedutheredd. Bt Bydrophobic

Rl IR, AN ERE, S sl RIS,y v
solvent for the hydrophobic material. It may be a hydrophobic liquid, and may be for
example a liquid hydrocarbon (e.g. pentane, hexane, heptane, octane, decane,
cyclohexane, benzene, toluene, xylene), a chlorinated solvent (e.g. chlorobenzene,
dichlorobenzene, chloroform, dichloromethane, carbon tetrachloride, ethylene dichloride,
dichloroethane, methyl chloroform), and ester (e.g. ethyl acetate), an ether (e.g. diethyl
ether) or some other hydrophobic liquid. The proportion of the hydrophobic material in
the hydrophobic phase may be between about 0.1 and 100% by weight or by volume, and
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key difference being that, in the present process, the
sol -gel solution contai nshonogeneously distri buted

WO nioenssshs oi | droplets. After m xing the interPai/AU2006/000852

G li/"Wphase and outer O phase, the hydrophilic

droplets are fornmed. During thys process, it is

t hought that the hydrol ysed precursors condense to

kmwge beisen eboutpasnd E0Gd0 andtl08pH0 Agd tlﬁ@, Smamih@o 906idnd 100, 0.1

I%‘ﬂﬂ%% b'fsa 8%0 d. *f'a%d“ib”@‘i %Q{Pgﬁiﬁo,hou gp @gﬁ or 10%nd 20, and

wtbo te m nut es
da%sl)eamxuthlaﬁe @16;9@6;:!05(1]6&1’&@8!0(9}& 15[&%5@35 4, 45 5,6,7,8,

A8 T AepSS 164 BB 40 SRS G HET5S o 100k mhe

Q‘@’ﬂﬂiﬂl@bl@ hieGhgy bdpire B8 itandPWsH ARRGD 6 XBHId @ith the diluent.

thereln he process conpri ses |n|t|aIIy provi di ng
f i r stiherhyrEaRbliccRhnse msiy g 28 aayenushen. & phube prepared by combining

g %%lﬁﬁgblb nsg@c@é’ AP M akdr C tl{%p%geﬁor% felaﬁrsPr TheI crosslinkable

hydr ophobi ¢ phase conprises t
aherigshmaliybly aphydrplyspiiasdarso ire; hyectroh/saphlecsuas@tmaMWhm 2,3 or 4

R O i SR oSSR o it e of silanes

fim IV\;hl(ﬂl th;elh théegnl surebar! ofi lqﬂroéwafalet gieuﬁlﬁ&u{lél@dliulé $shb@c%é1f—‘g and 4 (or
0 or e. na re ormn arti cl es av

RV OB AP Sk b ABF I Sodhouh L il @vbasrey about 2.5

@h8 pBsEed ah('.l‘ iy el"%%[lp@ hobiL 3"936*1' 41)m Tﬁmﬁvﬁ‘%@ ot @h?&’ﬁ ‘ay comprise

mat.eri al the particles may be rel easable from

padivideal e%lanqaqléavmgﬂ ob o € hyerolselde gronps iper pwiacuts, peovided that at
&Y%t be b {h%as?ﬁﬁésegxf {h? q%)fxgﬁe @%H %%s?[?ab?drgly%%% {g@?&lgglgea molecule.

rate over a perio

Jaet hydrelysaid groeps onapthieoalkoty agrauopsbl(e@genmnmdiboon ehyxy, propoxy,
curre . as the first. emul si.on i.s

g&g’%é’f’ g?ﬂ%r llnr?y?)ﬁe%%%}/ SEIBEI(C EnbfngRY)> Oh &8y Rec ot iEgy groups (e.g. 2-

Magansﬂiemxtmb)o eh@laﬁjz ghanpk @6,/ 151’6961{‘5%)@*) Yor SEﬂl'é&)tﬁ&erI%ble groups.
f the comence, as the irst enulsion is
BorBihele wiath SEfnele. drepesbgasisne (TIASr Gpredosysiane (TEOS),

EREhpEIPok $dilah6 (TPOSPBRKI fisbtiohMetrintt 3 g"fk%tﬂgéx héé}etdﬁ?&ﬂol&sﬂane, for

conmences as soon as the water is ad _
sma&lr:d@nlnpmgrmd%lp@e,mmopmlanmn@propﬁsuumeo Ar i sonye sogtbr  functional

%Ehgdg%xgﬁgglﬂ@ﬂh gh}n n;HB m}}ﬁl{ﬁﬁﬁé\%@ﬁ&%&ff&gm gn%mmeghyltnethoxysﬂane

rop
ax: ctblykriethoxysilefie irhe paticdlensabodiment, acebsyrewiachikdgdelte.g. a silane

elation). .T r ion of the prec sorto
?Vétlhm ﬁﬁ% (%atg’?‘?% fmagpdt gﬁg\/@gﬁte €-8n %LWQ %‘?ﬂ@bfrb ALY silgpe is used.
AvternativeleS th@CbréB‘shﬂcdb‘feV\SﬂEbféblhﬁﬁr BeOa BEMBIyRADIE @1"3@&1@&&f or a hydrolysable
The | onger ti nfe over which

m nut es or
FETQIRLS 8% ar E?FL{PWSWG tqlﬂénm@r opYioBi moeetiaon hyldéolmbhe groups per
hiokRlle tehe § at%gl':&ﬁﬁxﬂb%?&aﬂ?& G4 3k o Stahf: 'tétfald e o gn gluminium

the par icles into t ophobl cC ne nce
trr@élqyaiet)mlsegleacptbelf @Dmm.kahlh eyeqmy obét mepé»eai Hnixthreom any two or

E EP/ @eoa%QQQ ! ﬂe”§9§S¥1%<ab?e gpem Ell}l {)e a'}el I?rgéursor, or ﬁ}é crosslinkable

I'ng | 0ss
spemes may react in the presence of water to form the precursor. For example the

crosslinkable species may at least partially hydrolyse, and may also partially crosslink, to
form the precursdr. Thus the precursor may comprise partial hydrolysates, complete
hydrolysates or partial condensates (e.g. dimers, trimers, tetramers etc.) of the
crosslinkable species, or may comprise a mixture of these. The ratio of water to the
crosslinkable species in the second mixture used in forming the hydrophilic phase may be

between about 1:1 and about 5:1, or between about 1:1 and 4:1, 1:1 and 3:1, 2:1 and 5:1,
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hydrophobi c material fromthe particles. Further
reaction of the precursor may continue after said

wa@epanssion. The further reaction nmay conti nuePEDAURI6/000852

to about 2, 4, 6, 12, 24, 36 or 48 hours or nore,
dependi ng on tenperature, reaggnts etc. In a
representative frocess according to the present

Privantt fdn3:1aandi 31 on 6% 1 wad 8i5:1,aindmayl kosbaitiland .51, 2:1, 2.5:1, 3:1,
QoreN¢Ce 5ihg; ?gi ?Pﬁfa&gc%t% grge ?I‘CI[Q&JS.I% }ﬁ{ I‘f'i¥grm1x S(comprlslng first

condensat’i on. Addi t'i on 'on 0
purfadtardy lntdyegabad lb&qu sid avater) mhe bs ecmbihediwithiihe )seédhd mlxture ina

f'rtrritu L(h V|n ehdrohoblcmaterj

% 63‘886& %i}pg.% isl g{ L@ %Vg} H;gvglu 0bamsa(orgl tween about
qmwaiﬁma; il Brands] shplaaﬁamns of anatief o NI RASES -and may be about 1:1,
Co art mental i sation of e first emulsion (made b

i nnig2-onb3f 1Ak 1dnd: "s%ebhé P SO @IBYT Tato} ingthe broduction of the
‘E‘f‘é’ct drRbISiIoR "Wh?dh%aﬁr Wal/ D& rAfoC WaﬁJr Q5 tH€ lhgrfﬂ'o‘?%aﬁ% éﬂ%@ws may be

recursor i.e. the formation o e parti
Bawe@fab@m?al a@dﬂOé Q!le@mtbemasmﬁortbeewéarmhoat Pdrdndsi:,e2:1 and 4:1,

11 105, £ 5801 L OSR]I R Y M, 31,4

Bdr, Gel,i70h 8 dt 9a1 ai 1@k ansomk wslice ratipan loaiﬁ@st, ez, Cﬂ-IWﬁ@ﬁ béRequired to

In other, word the snpller the
QetalyP FrEbog B Hla irerson, (his By her BpIG by Goneorgpient acid, such
e efgid, Yultric DRUS/db MBI RICKENI TIRY HI% S8 §uifRY foP rf@ﬁﬁ%ﬁﬁl)n of the precursor
rapi.dly when the oil/water emul sion is added

Wérrbﬂ Rebwernsabesky and aner batgeemeivuhdded 4 d ﬂtnldé, 2 a.nd 5,2 and 4 or 3
Qﬂ&i oﬁﬁqghfb H 2I 34 5 fEJe?%tr?ﬁ%grsaE%qP%)ﬁté Hgél:c]ll, ®r example the

eing introduced™in t e enu!
adtm@y ke betsyeen @aboutad. 6 and abdng Zi\il,rmtb@waérsialmmt ddBsambt, 0.01 and

| f { n | at e

§§¢ré§sgd§£fé%23n$ﬁe(>§ Bie. andona fbuprabouioy, A8, 0.3, 004,

d106p0 .68, @om 0108,i 0L AL, &2, 018,t01,thE MEItEY, (M13dr.9pNobs 6r 2M or may
di umlnc Thus i mmedi ately fol | ow ng

geglﬁ’é‘?g’iaﬁ me first enulsion in the hydrophobic

medi gy tfnlikﬁ réfudRl ebd s f&ﬁfatlf)h IS the rB%laéirRﬁ 155@(% l}%ebetween about 1

inconmpl etely reacted, and thus nay be sof

giyte Bne aheHi4chauts, woF fretwesd whow %/H)amli@m@ndll)‘l nonrm ﬁmue@es and 12
t

KL HBAL o B nss ST B0 AES SRR LS s

1 and 68 imoutsel 2rand 4&houkk,e24nandr4Stivols, 66 phd 98 hoays, ¢ anBo heurs, 6 and

AL P e RS S o, T 26 1 1

h@n‘p,rll sid@hdis, zlmmﬁmws@hd ¢ 8, S0IndinuRe dnd 5 My GFsOPRAPS hours, 2 and
| uen S dro obi ¢ solvent) The h drop obi ¢

1 sy, foAnddh boisk.al 8§ Bowsisk ARG 20Hpars & 30 minutes and 2

ﬁ(ﬂﬂb Qﬁ(hﬁfa%%%%ﬁtcﬁllo "115 dZ'OUQS ) 35405, 5@0g§6 ﬂlu}{ﬁt%s o"i1 about 1, 2,

hor none, bi oci de, a avour an’ arond” subst ance
s, 61%2, Lupst ahck, 3@;36 142|¢a_\§18 heuzs, aridanay be albomriy) 20, 30, 40 or

SRR oatly 1065, LI T 4RGPS S rfey Phous. i
femperatso rfow%&bﬁo&naimorf maybt betweah about 0l dndmByutcDIO! bistetween about
0 and 60, 0 and 40, 0 and 20, 0 and 10, 20 and 80, 40 and 80, 60 and 80, 70 and 80, 10
and 50, 10 and 40, 10 and 30, 10 and 20, 20 and 50, 30 and 50 or 20 and 40°C, and may
be about 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75 or 80°C, or may be

more than 80°C. For example at pH 3, the time required may be about 24 hours.

The ratio of the hydrophobic phase to the hydrophilic phase in the first emulsion

may be between about 1:1 and about 1:100 on a weight or volume basis, or between about
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hydr ophobi ¢ sol vent and a hydr ophobi ¢ substance
di ssol ved therein. The hydrophobic material may be

wQ@ ei0at1335e8 or non-vol atile. The hydrophobi c di | BE€RAD2G05/000852

present, may be a solvent for the hydrophobic
material. It may be a hydrophogjc Iiquid, and may be
for exanple a |iquid hydrocarbon (e.g. pentane,

Helkafel:5SRept and 1: ]dbtlaln@nd Béchﬂl@nddyi;llomambm@ehi@amd 1:100, 1:5
: S

o 450 L IOMEEAD o 1M 80 19D S BELRUR B 12, 15, 14,15, 16,

di’G Al riodyet: hariel s, déZrObd)ﬂSt E’Bf)al:lﬁ or:4@lel,:4%t1h50, a0, 1:70, 1:80, 1:90 or

gi_ lori deb di chl t%goréa% .hane, nethyl chloroform, and

%9 oY may be SURYPISEREiGt o) an ether (e.g. diethyl

et hertheOpréeese oIt ifemifiy dthePfiedi emhulsiidH Gmayl h&)mpnse combining the
proportion_of the hydrophobic nmaterial in the

Ryenophelipirhasmwéth Wwater ped Belirsednfagtiatto Gorm anfirst oostry This first
n e b

T e

Gvaterahe Best agd &ecan@ nggtured mayathen b agibatdd tonibrrh, thd fissh@mulsion. The

%g]iatfloéﬁggy é Eﬁj Bh5qga oaéd égay%egbyzglgg Sﬁ%?.l‘gl% ?Fg, ?obrgcatlon Or some

Btheﬁ sbitabde n&t}g),d gnoth@ freseht lrﬁ'entYong g'ang%s sltg%s diga7 t%g%n agbgor may be
dlgﬁtﬁ mptho ?BP‘S%‘S%% ﬂm%@pm 0 Gitical grd japy pegmmonly used

kagltadidn q)mén@ rsuBl 88TR bfadéiok Badd1e nilkél ﬁfét:han]—éh? stirrer, magnetic stirrer
dr I c_phase may be an” aqueous phase. It may’ be

phi
ﬁ%ef?aﬁuéa syFQfélmél Heprcpgitatien SsPhisrRigb ey gisediearsedy t h
wat efy etagﬁ%tf&ylgég %nglg‘tr)r«%gfggrp 51?09% rlzrﬁfqut Eﬁg(} 1 hou or between about 1

Cross ln e Srbane
'ﬁh@%ynhmutw,shbhds 2@ inhiawtes nhyndﬁh@’mlﬁuteﬁ Sommhtes and 1 hour, 10 minutes

BP0 BB B, ES S5 AT T S S35 o oy v

nﬁmmut o)r 2,hy,d4 @, 65 apBeo Oy, AP0 023, IMWI40CHH 5 mEned, WeEsr 1 or more
ﬁ Apr be tmeen about 2 and about 3, about 3 and
Bt The o B KBS oo B S Ign. ok 3t b asmigrgemulsion. 1t and

?énd%ntl?'ﬂfé By erRElsRRCKbY Raye?a Rrears dro%lé F)Jmé{%r be-{\k)@en about 10nm

ure o | anes may conprise individ
h@d/ Ayt £O mpicramsopr fwt\ﬁ?mrabloytsb(bn@ agt O pscrpe$, lenéciﬂ jcrons, 1 and

rB}lb )%%ﬂ:l%ﬁg fdhzﬂltd S%t @%t 1(ﬁ£}gi ﬂ{ msscggrlls 'lbl%ﬂ %?1(51 1r}mcron or between about

ure ’has at | eas e grou
i bed 60@.10Tnd Z@ler(bdlr;dslﬂﬂl @ l@ramdpﬁ) mﬁyodsgomﬂdmxgn aoatIPGhm and 10

o Tk T o PR e » o 5
fréicrgns, 3l anﬂtﬂtoaﬁi&ftﬁﬁxwi@% ﬁndiﬂ gh(éféﬁ? ar méf)ﬂin(aﬁd g. mlcron and may have a
Bk Sronistitmetor Shovi i HorapsH0.cate 607 RRoeEs 90, 100, 150, 200, 250, 300,
850, 1400 JFSUQS@O | @0976(32 BoB)r 9b€§£ﬁ8f Hﬂg)ﬁé% h 3060 G155 diBheter about

a functlona trInEt tri
Lr}-prdpgeXyssidtades. 5 6;5 éx@rﬁaﬁ &, drfi, ﬂoﬁﬁoﬁy%; 1&ris, 20, 25, 30, 35, 40,

@5"})10 56 Bﬁ%(ljoﬁgn of ?rpnqél%)(re ‘?1' l aallqtedlrﬁ)p%}%tt(ﬁne t%% F%%ee{h%rq %Emﬁ% microns. The

or ‘exa
éoplet dianmaerhufxys fitsa neixtupehriy the rirstt éiﬁl%lb‘i&h Ingd3Ebedthe same or different.

ﬁx&{ ey Ifglp hﬁy%?wg{]cg@lageétogtﬁg g{vtalgqg ;illlgl 1rg;0nq{j)£mrrr%%ay bae between about
1:1 and 1:50 on a weight or volume basis, or may be between about 1:1 and 1; :20, 1:1 and
1:10, 1:1 and 1:5, 1:5 and 1:50, 1:10 and 1:50, 1:20 and 1:50, 1:5 and 1:20 or 1:10 and
1:20, and may be about 1:1, 1:2, 1:3, 1:4, 1:5, 1:10, 1:15, 1:20, 1:30, 1:40 or 1:50 on a
weight or volume basis, or may be some other ratio. The ratio of the hydrophobic phase to

the first surfactant may be between about 100:1 and about 1:100 on a weight or volume
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wi t h al koxi de groups) and ORMOSIL e.g.. functional
tri-alkoxy silane is used. Alternatively, the

w@e@sasismkabl e speci es may be a hydrol ysabl e tPCEHAER®G6/000852

or a hydrol ysable zirconate or a hydrol ysabl e
alum nate, having nore than 2 fydrol ysabl e groups per
nmol ecul e (e.g. a zirconiumtetraal koxide or a titanium

besis,zalHebxeateabont 100: hipudl i, Gfhltanidal: kc30: tiepd orl, d6rfeand 1:1, 5:1 and
qtfjﬁf] gr{dols‘?%d]i(ggci ?5? Sr?d l:%ﬁlhgd:%ngééﬁ:ﬁhségpétl%,azloe];nd 1:2,1:2

two or re o ove. :
apdad[)@ﬂ ey dnd 1:heD, rllff'fé)cmrdShﬂoo o2 tahé 1¢3009s) btk &hbel:2 and 1:5, 1:5

SREAE ST s P oSS Il bRy o1, 0,

av:1l eest spanti,aki,yi:hyes ol-¥ses,120)d 1ayg al:5.01.part:1 2l 130, 1:30, 1:40,
crosslink, to formthe recursor Thus the precursor

W é(ﬁQp,l i79e 1 58 1 98]0t Hy](ﬂO(gry@; meglt O Hplpinstmsis, or may be some other
YA, qlhlésfﬁ'gtes%rﬁﬁtaﬁ%ﬁi/ 8k acsgpgiﬁﬁ %ﬁ}fgﬁal{tefopﬁor& r@e{ir? il in, water (O/W)

trinmers, tetraners e e crosslin
@muimgn dompy bse hagInHkBL(hydmphlﬂlhémephﬂﬁh daa]aate)(sutfﬁctwat ees it may be

BSOS SR A S SERR bRt s s 2,
abbeﬂwekn hbaItdIZSaéiﬂLHO 30%ndas, bEhié\&im fﬁbgtaffdllf%alglﬂlaﬁfb% .about 8, 9,
1051? g%de% 14, i% i&dlm ég (g‘gg(?_,torlmgy bg. gggj:er Qiagr 20. It may be a
%o@sérbat% shrfadtaf, lnd fhalbetfoPe le Twed x?&h?l@ﬁ@ derivative of

other ratio. Thé first mxtur conprrsr
§Qrbfta1é?%tﬁlt) , Twigear b Hotsiea @hi@@e@ﬁd, Weveer B0 rmyTVimn 81 or it may be a

out ﬁqufi%lkgle} Egu?ﬁli&ﬁg P%S)(télt'hgr %L{Pf @taﬁ?sttbgt 185}6&? hX%% include Brij

on a wel or vo

(pn’lyd)%tm'hmedbtmtet}ﬁar)l e Bry3d,: & NP @oamlqih&ncﬁrypdlyéihamﬁthanol) e.g

FP%’S&SP?]LS g’[(l]p-fl g\ﬁ’sgr I%l\t)on %n gyléhenfxﬁpolﬂ%lxm%%ggg 9qb).5e- goi"nton X-100,

smrm Htiher Miaf ¢.9) Myfj 45h & haPBISH iddie @frfachat &bl Abrosol OT (docusate
| sio whi ch have a ratio of water to the

ﬁ s 9%5bb%(%ﬁbgﬁ@sylhﬁylf%%ré@%@ﬁh%o‘irrlt) 2The aﬁlret serfactant may

gﬁgﬁli@ ﬁlﬁ)rtgﬁfdfﬁli@&gntf%ﬁfﬂ?%g% ?ﬁ@%a}zalgo @Jhﬁpﬁse]a coSwrfactant.

and Tbe firstzemulsing 18ayLhavsra gatelyst for hydaolgsis and/pr cgnaematlon of the

@ro%sl &a%le%gé‘cws c?_rl_]'pf(ﬁ'ie y}}rgcﬁ'rsoq Tﬁé) é%al%tr}mg{ lg(?aétlél(g or'some other catalyst.

e requlr
ﬂ“hrsnmay be a;(thletvbcé byriacurpeating T Sataiitjls»t ine Sltﬂmﬁlthedirélymlxture or the

RS SRS 61 hafis rhe B Giin Bad st cir ¢lhfnsteoBt mpture, or of the

hjgﬁotpmﬂlie @hgsezoﬂuiw fb% ebﬁﬁsrr@}ﬁ ﬁn@g %&epénmﬂy,%e E’étw@@d mﬁﬁl@ 1 and 10,

apbou an

gihRPtIRSH %@U&%@a@ 812 and 732 ang ®r2 fgld 4&\5éﬁﬁd§@r 6ﬁ§<é|10>a?c@@ 10,3 and 7,
d w1 ke bet

TR B0 ol P g P 16, B 2.7, BEGPFLUEPL 10, o may b

outgide alrrirafg S of ghamt 1dmd0.0 Even Sirdngandci@ may. ‘t‘fe lasrerdl, far edample the acid

gﬁg é)%%?\ggenn%yoag%(gb%ét ab@uﬁ)%l\/b %%eavegno%jozt’o 08?5%901?2)'01 and 0,5,
0.07 and 08, 00L hd 2,,0.5arkl 211 &M RrandWaye H60E0.0NAM0RM0A, 0.04, 0.05,
&%, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 1.5 or 2M or may be
more than about 2M. Alternatively the pH may be between about 7.5 and about 13.5. The
pH may be between about 7.5 and 12, 7.5 and 9, 8 and 13.5, 10 and 13.5, 8 and 13, 8 and
12, 8 and 10 or 10 and 12, and may be about 7.5, 8, 8.5, 9, 9.5, 10, 10.5, 11, 11.5, 12,
12.5, 13 or 13.5. The pH may be adjusted to the desired value using an acid, for example

hydrochloric, sulfuric, phosphoric, nitric, or some other acid, or using a base, for example
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The tinme required for the formati on of the precursor
may be between about 1 Q m nute and about 48 hours, or

whedrsasdsisbout 5 mnutes and 24 hours, 5 m nutRGI/AN2004/800852

hours, 5 mnutes and 6 hours, 5 mnutes and 1 hour, 5
and 30 m nutes, 5 and 15 m nutes, 1 and 48 hours, 12
and 48 hours, 24 and 48 hours, 36 and 48 hours, 1 and
QBdIH% hydrogiden pogesinmy hxdroxide 97d a@ooniar Alterngtivetyl tho pH may be

5 G ST I, 3

m n uﬂ“és nauwitlpls dmouisien i fommed by tdmpelsngtha lﬁistSerﬁJlklou rhs a h¥drophobic

an%.S h?Hréi 1 and 4 hours 3 hours. 1 and I h
Ao % Bispps i duie e it P D s Susing low shear
hﬁxerlﬁ?he%lspe?ﬁng 3ﬁ)ay 86 .at 40fficlntly S0woEheaP thdt HE Q'ﬁst &hulsion is not
bout 6, 9, 12, 15, 18, 21, 24, 36,

gsrla?te% g qqgtﬁ,gydrgﬂa)'bpﬁaphqg@ reRAEns dy_sgersgcb Wl‘@lgl t}wdlygi;ropg]@hc phase of
M HEe Smuior? Bt hylirophoBic rgedungm aphave the s%c?n‘h élrpa.rc’giﬁt dissolved,

hours or nore than 5 hours. The tenperature for sa
fwipeadecdonr Wispetsed Beerwime Tha bpraportionraf thbofist 8@OMRiomin the multiple

%@%‘%@P?%g%%o,egﬂge ang) gg,ang(?%andﬁ%,byﬂelgﬁdo%w Vigmben gr between

BBoutllOarginkb, 40‘:1,nd2|.1GD, ardd 3010 afd atdl 524hd EI)Z&mﬂdSO 2386nd®0 5 and 15,

38 3845723808 505 2t 10857 784 18 oy s Dot b1 5 Hih 6.7.8,9
rraylbelzmme 1t4ha51 R0G. o-90% 42 WBi_Fﬁt af b?H/oTum& Nend pBortion of the

required Be about 24 hour's he ratio of

S iat! ﬁHEf%‘Ft%ntﬂﬁ hehydsonhebicperivmrnay e befwsen abpurc Heand about 40% by
fvs}e'i%‘ft o BY ik, AndBhay e ﬂ%ﬁir %%o@PPHﬁd %%]1 A RRUN 10, 1 and 8, 1

on”a wei ght or “vol une aS| S, tween about1: 1
andi 611 sad 4,13 andami 51angl 0, 8 amdelﬁ,dZ andsez ol4]andr6&’o,1m6,ma:y bbGbout 1, 2,
1: 50

n O 0
34,380 I?goﬁqglr?dz% 80’be 306 4 iveiq&é’r Y. ‘épqu"f?'ﬁhe second
Sofactdit Gnayl bd ,a bwBHLE Syrfabtahf),i.el itlmay I5e28 ,hydro%ﬁobli s@ffactant. The

Fipae i seiuy selaaBivamiy R boies ebou?ﬁear'&r 1§k &5 betgfeen about 1 and 8,

flomai e ddaes bi 5 hd Qn‘dﬁcﬁhﬁ? bRBBOSONTTY, 358, 506107, 1Bl DG 110€The second
hydrophob| c phase with water and @ fifst sdrfactant to

sprbaoigng mayr ke a aerkiten esterTfirsexpmple span B0 serbitan meapoleate, HLB 4.3),
e n e e
SEEELOR Chlotibdibu® GEEBNS S fodttl, SHofiliiRkae BHIH s 2), PROPPO
copriymhersagirbiitre tricleaté ¢Bpant 8% HLBst. 8)3rmﬂstanrtr1sf5hmte (Span 65, HLB
tatiop.,. m she and b
2LE R ) G Eisp e ishin 2% 8.6), or
s@bitad mdnopiligtapy (SpRAt40, HIENGI YN or Yédbitan Sndiostesratf $Spa.n 60, HLB
t Ell on arcf or % be used. . The net hod enplé%@g?lﬂs
?%é 3 gt EH Surfagtarty may compaise %tﬁ’}lxélg nfs‘ﬂ»r and may also
a6thpAdd £ BoReERAR Al neuddC PoldmePndl 39S K udeadd Hl?cré'ﬂsé ﬁfezewscosﬁy of

mechani cal stlrrer magnetic stifrer etc. is sult
fhsr hydrephobiremediagt. tBhei bydrophobiminedivar nmyybe ke skigable hydrophobic

Hﬁlglq ItEHl%?/% At LAN JBY, Dekr rgr&c l%e{hwel%%r@ﬁl%ﬂ &1115%1’1? Uk & ay be for

between abo
example a liquid hydrocarbon (e.g. pentane, hexane, heptane, octane, decane,

cyclohexane, benzene, toluene, xylene), a chlorinated solvent (e.g. chlorobenzene,
dichlorobenzene, chloroform, dichloromethane, carbon tetrachloride, ethylene dichloride,
dichloroethane, methyl chloroform), and ester (e.g. ethyl acetate), an ether (e.g. diethyl
ether) or some other hydrophobic liquid. The droplets of first emulsion in the multiple
emulsion may have a mean diameter between about 0.1 and 1000 microns, or between

about 0.1 and 0.5, 0.1 and 10, 0.1 and 100, 0.1 and 500, 0.1 and 800, 500 and 1000, 500
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and 30 mnutes, 1 and 20 mnutes, 1 and 10 m nutes, 5
m nutes and 1 hour, 10 m nutes and 1 hour, 30 m nutes

waoaweA3detir, 10 and 30 mnutes or 5 and 20 m nNPEBAD2@HG00852

may be for about 1, 2, 3, 4, 5, 6, 7, 8, 910, 15, 20,
25, 30, 40 or 50 mnutes, or fg 1 or nore hours. The
first mxture nmay be an enuIS|on and nmay be a

@nd SeBnLAad 00, 1D andAB0G, 198 ped d6h8.| 1P aride3 0, 16@ and 800, 0.5 and 100,

et di
S 004 248 B0 AL PELIE B o 10
2Nd23@amd £00HA) ahd 580 dr 50 anil SOO nm;;roias aind they hanes DMSan diameter of

AR LSR5 02020 Al Sy bR, 380 55000 5,50, 0,

ampl8(1,091) a00,1025N80507571 2000035, B0, bet vmn49@0480 55@6'%50 600, 650,
and 10 m crons, | Oonm and 10 m cr ons 500nm and

08 D0 800 830P0Pp IR o5 Y9 miromspranay bﬁr l@r@r tlsmaahdutlmoo microns.
m cr qmg pr&%@ﬁb?ﬁf& Igreggn?rl tlgﬂ n#&toer ou te\;e_;fgf &5185“‘”13’611 comprise

and may "have a nmean drople
dizpesong ®0)/or7agitagog. Bach mf)Galdlﬁéps m@@, lnﬁslﬁ):ndaﬁmy c&&Qmse mild or

5 490, 700,
?T}E@TO% g%llt ]t%g Hi A ngt ma YHBB(%ZPCI}_ enily5 cogqn}lﬁe sstlrgxg, s‘gulnag, shaking,
4otficating, Siltbasoficatingd ,or 7sonfe @thed, mOnifer & aBitdting] Qor ﬂréy comprise a
20, .25, 30, .35, or, 50, m crons, or may have

R TR L 5E5t- b heied et R ot S GafEle isigm hould be ot

el cpitly tivaBRdae fha@fhetﬂ}@t é‘nhmbn 'IQ ot WisGupd the first
emul si on may be the sanme or different.” The rati o of

t he ﬁym%lﬁaéamatmaéféh@ anultiple\gaudsion, rthe peechisesis allowed to react to

gees! er? es%vﬁl%ttﬂgﬁgdl%gﬂ&% gna}erﬂﬁ]gb ? 9c9p g@%g%}g dispersed

or vol asl s ween

in theahgdrophabic melhlandThe Steploﬁrmdng.ni@/ cdmﬂlﬁ)seamgbmg the multiple
%mggionl g agg%gtlm%) Ee ]ﬂir gﬁﬁile%t g 11133 féL ‘%B%@%Iei Eil’gi may be for
txafiple Jbe‘Betw&eeﬂQibOﬁt 1 rﬁﬂluﬂaharﬁi ¥ei@hts. af nva@J b’é%lbﬁébvéen 5 and 10

RUBES OGP ECIR 408 X AP nd O nisgfespar LsbindO fag SBaninutes, 10 and 40
ﬁﬁﬁ%@ﬁﬂoiﬁ)ﬂ@o HaRites, 20 %é@@%m%tel;o% Qﬂd @O"iﬁﬂngﬂe% ] mlr(ljptes and 10

vol umébasi s, or between about 0* 1
heurs, bandi1Qheprs,; 5 and) O homoﬁolmnnut@ andefnieps or 3@nﬁn1£tm:iand 1 hour,

5 1:..10
é}]%m]z&gye]fgta%%g% g, ?0, 1259%3) d3(§)1 EE%’OA'O ]491%(1 gS &mfufftsjd),r]for about 1,
1 55@, Z2and, 3:51604. 5,15 D, dAndl 91130],2 , 1521 &ngm 30, ?13], 38, @3’}@8 OI‘ 50 hours,
o b o By S oML B 1BRiEht 56 mnedilongad on S g Of the firs
&nilsiod; Bor élxaihpléla@mglfoa abduit4, hobir %a]y lﬁ:s su¥ﬁ(716nt]&t %H Ziw%ereas ageing
1:20, 1:30, 1:40, 1:
’%’f@go%ﬁ‘@wﬁfdn%bﬁr%}f@% ot R 3vHp Hﬁ@d @aléieé th@reaﬁmﬂ @’ethe precursor
ROPRO L ndidk | Ray Eﬁﬁtlﬂder sherS tHef g&%@ﬁ% HERY lpei%n se&o&aﬁi from the

suitabl e surfactdnt for form ng an ol I n wa
@ﬂyomoeew phase.nBlye beffigiont gmemay (dhp@hdopm ithe tetipepasydei dfi a}gemg, the

25 L B0t o i b TS SR RBEL s may e
Petnye eonvabient t@npoatuR0 at ehivh ﬁ&t Mﬁﬁﬁplﬂhﬁwmal&aarhd stble over the
%lgﬁglgr% t%n?é, a%lﬁ n?%g bél %et%vree% %bguntdl 01a8nd 6OQ’% rIrtamag leae %tb%gttwegn about 10
and 50, 10 and 40, 10 and 30, 10 and 20, 20 and 60, 40 and 60, 10 and 30 or 15 and 30°C,
and may be at about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55 or 60°C, or at some other
temperature. During said ageing, the multiple emulsion may or may not be agitated. The

hydrophobic material in the particles may be releasable from the particles.
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10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20, or may
be greater than 20. It may be a pol ysorbate

waeobastsamt, and may b e for exanple a Tween PCT/AU2006/000852

(pol yoxyet hyl ene derivative of sorbitan ester) Tween

20, Tween 21, Tween 61, Tween or Tween 8 1 or it

may be a PEO’ PPO copol yner e.g. Pluronic P123. O her

sur f dbe &tﬁPSOftmmtlngﬁhe peccussed mayodepeted Bnithe sature of the precursor. As

t f at 30,. a
ﬁ%ﬁy %)é)légnfgi rsg{as %lé&/ 1121e é{?}?}j eg%grqiﬁ Qcoqqglssfttlomggzhamsm (e.g.
biParf2, defived pﬁ:cm@@ts){ lthi m@@ﬁ@h&’@hﬁ@%g ehba ﬂallé/%eﬁhng However for
nmay

g X-lOO d:rltonxl
@f FRLPLAUESOLY P Step Ab I%W@g th\% P’éf?l’HSOUP l',fM§%ﬁ)’ef>0mPrlse any or all
lat
e M Pl WEBISTR the Rl i emulsion o
éﬁdﬁift&ne(ﬁllg 5 redietiant samran tdindipnhbrssoneootper mecess for causing reacting

P{%SEH% %%l?omqhg trfulrSt enul SI on may have a catal yst
or

cr oss hgé%?s 155);Jl acl goglagy 081311’{15%0?)? %rCIBPEeo(% the-ffgps of at least partially

S@iaﬁdtijlgtthéfpymbk%s @ﬁ)lnﬂthérhﬁi%fﬁioﬁichﬁédlﬁﬂlt @kéiﬁé theTﬁHrﬁclgsaXNashmg the
be achi eved by incorporating the catal’g into eith
phiCkEy aad Ansituihe pitielne Alcothd marieler Bavsr bisot fmnnmhethey may be

t [ he second .m Xture,
BiBfed Pt AR bR S ST Rp e SRR g om e
hydieplm’uﬂenteﬂl)um lI‘EmbﬁtaMe&j&tvaémwboﬂt Bagt ddut 30 B6uURESMRBReen 1 and

b nd 8., 2 and 7. 2 and 6 d 4, 5 and 10, 7
Jntia ali‘b he 2. 4ripd?, 15 a5 Or% 2 d Ochagrs, andimay take about

9 1.8nd 18, bg abpsits k.5 % 63, 747,55, 5 9! ?s%f&% h%rurslgrmore than 10

may be outside tRe range’ of abdut™’
Qur@ngbcrna’r@‘i’ﬁﬂy mhepay) Qakﬂ:slesh thhorl hommib}&:nﬂhg actle ¢omditiofs and the

AR R - B0 8005 2552 00 o, o
Botwerdng aﬂd saﬂﬁmffas/ ob ab@\hqman@ 4@%10 Qn@?@ 1Q) é}ﬁi 263 2@4and 50, 20 and

0.05, 0 0.06, 0.07, 0.0
30 o1 16, a5d 25, inugesg and nmy tﬂke abcmtolro ZM ae Eﬁaﬁobésné@ e45, 50 or 55

AR iy Shhaft, FEhhE le bR Ry BedertBisd Signt o harden

the Spaaticlesl 2The/ témpnatu?, mBy W sdiBicfentlF Aodnes 13-mt BuN@egradation,
and 12, 8 and 10 or 10 and 12, and nmay be about

V;o%gtlhsgtlo@ a dagencgatg)n 96 the drydrophgbic 1111a1@r1a11 (he1 pengperatgre may be
Biwdéh aboul 0% 39 @P&?{yl odeC a@e%gkﬁe% de{b%uﬁpeéng 28! 6 g?c} 86" V'&nd 40, 0 and

using an aci or exa ydrochlorric, uric,
#hOspdi0; 20 amd 100, d) and 1800 anidHeX0, 8C hustl 101, 20&nagoa40 and 80 or 40

h
St o eR e S ey, B s e de,
5, 9of 6265 160C. ?H@%&r&uﬁ%ﬁ‘%ﬂﬁé fha g%fe Bfficielt ﬁle{g‘lﬂlxet oé}a?élaes do not

emulsion is formed by dispersing t |rst enu
shatigrgl ﬂaﬁh@bbrﬁah@dlcmh dIhmgdwa;bmgsamindnymg Thestdpse depurating may

E e I TN N I
thé step of ﬁUleSakt@ﬂrtiaﬂy Reparstins Rl Reticlks ﬁay LB ?ullﬂ')ég 29 %ﬂqtﬁﬁscmay be for

phase remnmins di spersed W thin the hydr ophi | ase
gofuitable period for further reaction of the precursor. It may be for example be between

about 1 hour and about 24 hours or more, or for between about 1 and 12, 1 and 6, 6 and
24, 12 and 24 or 18 and 24 hours. The temperature of further aging may be between about
0 and about 100°C, or between about 0 and 80, 0 and 60, 0 and 40, 0 and 20, 0 and 10, 20
and 100, 40 and 100, 60 and 100, 80 and 100, 20 and 80, 40 and 80 or 40 and 60°C, and
may be about 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or
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the first enmul sion. The hydrophobi ¢ nmedi um may have
the second surfactant dissolved, suspended or

waele®passesl t herein. The proportion of the firsSPCT/AU2006/000852

emul sion in the nultiple emul sion may be between about

1 and about 30% by wei ght or Ipg volune, or between

200!, Tho R0t d Burclmle 48Ficitndhibas bhoR Bl eord 8utRAT ot
BTES cd %étu%s %de 5 101511%83 1%5 s 0 5§%gg1% 2 volatilisation
61 deteromitidn oﬁthe?h}air@hﬁlb%mamdalnﬁhe ktep alb MBhlﬂlg niathe \21th a solvent.

4.5 6, 7,.8 .10, 1 1 3, 14, .15, 20

/sWe%p@hPé Bydrgahgg P{Jh;éd%bﬁl}?i)icp az b# £35 expmpleav ater b aqueous
s6l6808 @ tg;)f St §<51(1t1b1§1 L By doaRhe RikforfRdisb1RifMY MH&hanol, ethanol,
bet ween about 1 and about 40% by wei ght or by Vol une,
arpanely isoprdpenelebexaapoubiorefosme cBiohekanm dnd aayibesany afithe solvents
%6&11% cgﬁ%ﬁigr o:;jr uge S%a%gg/ro%hobdc %pe%l 1rr(1) orslgmagf _JL)]éOaZInIS)ngI‘C A)f any two or
foré of Thes8, SOBfeﬁ@ Ohb ha2®o bafwaut&ﬁls rﬁﬁz t6fusé @%obyenveia@htill leach the
or by volune. The second surfactant nay be a | ow HLB

élmhpale«flaﬁ@ctl\re @t of thewpastigles andythyp dptrersedhe prqensulatinn efficiency. In
%Qﬁlc t‘ﬂg sEW%n ?scgﬂbdw@%f ek 3l 1%5%){ &edcgggr{%gﬂbﬁ%(?%ﬁy leach the
an a

bet ween out 1 and
hydribphnstdc ictl‘asrmiltmfyhdaparabkemtﬂﬂe, e)@);resgl,onét‘doés nd, sulbstai@ially leach the

PO BhHD AR 0f B Rar G, drtTs o e s (hap Oy Tohy S5wi%s, 20wt%,
ghyea! %wmnﬁﬂ%‘a!vﬁ/é%%/@ 2&11% @)wt"/gil()’ﬁ?tr/g’l 0.25wt9% or 0.1wt% of the

monost earate (HLB 3 O copol ymers, ‘sorbita
thyiwopbeliie a(:tspalﬁ I%hed—ms of. tBe) pa1$19}eb i(wtth bemgsy wa@t percentage of the

5)9% an egg“rf? (#L ﬁ:&: B}]f%raﬁlio[bzg ! \té%q%éﬁsl(_]il o esg) efh expres ion “does not

SEBIRAntiany NEHIRABE H}/&I@gl@o‘tﬁcsﬁé’tﬂve"@dt dfiliBe Garficles® ﬁno‘fﬁe@\ﬂ%ﬁe between
nonost earate (Span 6 HLB 4 . The second surfact ant

ARY 6 g O @é“é%srﬁiwt% ang . Oéw%aéﬂ‘a%sand At witky 1awEe and 0.01wtd%,
T R 90T IR SR e 0B DR e P BRI SRhBOaRE 0 01155

ed t0 | Nncreaseé the VI scosity

aazd%tm‘id OLOBwi9Y,dr apYicdaida). mm;m srano aed A1 wat, géﬂﬂv@% and 0.01wt%
r different

08 DR et BONBBIOS Tt BaROPRGtic FEGVDE feemhegsoahs dparticles (vi%
bk adwgi { g&gé&%}ccffqh@ tothSdigRCof tH@ ﬁ?&%})h&ﬁ@'é@t% in the particles).

oct ohexane, Benzene uene
e Estw) of washluig)miayl abagriso cemhiningethg. pactidles with ke salyent, optionally

SRR RS P S oG G ST of i
AR hdUm by: a@u‘g% fHe, sobfdt Bgb@sh fiR- Iglftl(ﬁéng}le%@gl@% fhay B¥conducted

et her (e g. diethyl ether) or sone other hydrophobic
Lhdgariggavitpher wnrdsp veeuwinplt may &r expuipls hmcqndu@thféumg 8 ﬁ@lcbner funnel

ermul si,on et ween .about
B 80 IRt Bpi ol ng T Slaclle RED 4 Bitbodid also comprise
ratfhg tHe badioles i the sblvomtl TRO ma- bk RfbrB6d as GEriBBA above for
00, 500and 800, 1 and 1000, 10 and 1000 100 and

imtﬁtmgothsmr@@es frpnp thenBydiophobae meginm.1 dbe stepsofawgshing may be

geg)gatgggs, a?l%e ;%o ug 6 arf?lngo Cf:1s and egélosteﬁ%fas{)%hﬁl% a}qge the same

solvent or a different solvent to any other step of washing.

The step of drying may comprise heating the particles. The heating may be to a
temperature below the temperature at which the hydrophobic material decomposes or
deteriorates, or substantially volatilises (this may be an issue if the hydrophobic material
is volatile) and may be for example between about 30 and 80°C, or between about 30 and °
60, 30 and 40, 40 and 80, 60 and 80 or 40 and 60°C, and may be about 30, 35, 40, 45, 50,
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50, 250 and 500, 100 and 500 or 50 and 500 m crons,
and nmay have a nean di aneter of about 0.1, 0.2, 0.3,

wO@2006/1885%8 1, 2, 3, 4, 5, 6, 7, 8, 9, 01, 15, POI/AR2006/000852

30, 35, 40, 45, 50, 60, s 70, 80, 90, 100, 125, 150,

175, 200, 225, 250, 300, 350, AP0, 450, 500, 550, 600,

650, 700, 750, 800, 850, 900, 950 or 1000 m crons, or

PRy 6 G5ar@ers eh3hiCaBdietmatiody onadditingallyThe sppadfassinginay comprise

%@z@ﬁﬁ/ﬁfgﬁ &”01j &\é%:ﬂie é)sndea?%be% Q@ ?/ﬁg? ¥ %g@%b%%&g Epl\é\f?a’ictc‘lg(?ontrolled

é&e&ase ﬁ!m;amlc rP@lﬁwﬁmd @bhip}bsmsmtesﬁ Rrotébsél of VPr8pdrdtish and Methods
|nd end conpr se stirring,

Th t
- DOk SRR AT meB ARBACRD) Of i BB hC P ipeqssiaE a ircam

SOERs e @ﬁd/ﬁiﬂﬂﬁ*&[ghoche @Qﬂtfhﬂ:& | THh £rmd§ﬁlye &g%bﬁ@ iffert to the particles
conbi natj on of these. noted earli'er, Tormation fo

#AS tonihe hysirepkabig §1a€ﬂﬁla!5 read| rash be der smnmpl@ ian hitsogemvargon, helium,
%Qt%@ﬁ &19}@5? td1€a fihixhire SO h%'sé) ﬂtdsn{igt e ¢ PR iStep of drying may

| ow ng or matton of t sion,
@d@tmnﬁb’r oy sltqhatmwé}d cbmpnwapplymgf @ partiah e/acmmﬁ ite |tkes particles. The

hobi, ¢ th
T b U PSR Ml it eopsi Befeenabou ot and 03
’ﬂhmosphﬁﬁs fr Beswedn AHuEBY1CHIAPO.1 56.02GRUNDOS, BT BHA 109825 and 0.5,

POrcL! ga ] %ﬁigﬁ%aq«”ﬁl%ﬁé%%iéﬁﬂfa&h&%%% bensimgesere of dbou
8lpaud.03, oM N0ib.20.3 204 0P 0. SNRUbSHhetek. ﬂ?eydlgﬁlgf rgéy p&ﬁﬁ&g&gr{/aéudum drying

and 10 minutes, 10 m nutes and 5
o1 fisgre dpongnfhe yapiumtdssing Toaybe 20anyl suitabls, va@uanthat does not

%&ﬁﬁg?ﬁ}e%% t@‘gﬁ}éur b%g%hi%%hrﬁ%}?bg’ Qqsrm %rg&)]%gietween about 0.01

Andi 09, atﬁﬂ(ab‘saiuteq:resa;nnb)ﬁomlmﬂweemabﬁﬁ Orﬁlnattdes 1;’:10 @1 Jand O 05, 0.1 and

up,, .and. be.for ,ab

15 015R805 . 88 i pR a8 01, Qs B0 250,304 o7 0 i
3, 3The eficapbulatioD efffciency &F t1R, prb@essl@e 1}55 Pe%ortl%ﬁ ofzﬂydrophobic
30 .3§ 36, 42, 48 or 58, hours, or ?or nor e

s9oiny e pracess ot it ineAtporatas mrayth@ @aﬁwt@sbmawr@pend on the
Bbhdfiordsh I gst F I
Do sl i i ThoRsprondl b, AT 6r MEIDng dhe Aency. The
aisgpgulatipnhefficienayynase be eq@nsm@d gt apdire®t nasthorhtied by extracting the

N T -

mﬁadladcednéthomdbm mdaﬁm@hl&biamophaﬁf hytheptbid Inﬁit@m that is not
tine epe ete rature of agejing, t
e B BB B Y oo RaRRa i G iR o ther isemialation cfficiency
fbmt the aploastHi®GheorptiateddRidNHe BRYuRCuRY iR M ﬁ%@éé@ Mg brocess may
tenperature at which the hﬁdro phobic material 1s
Bioxide &n spegpsplaion eisiqricyjog @t“temébo%ﬁdandazﬁ%eor&:@twmmbout 5 and
8 0in 1. ANGEOE oh

b tnd'3, SNEETE0 ahd 79705 B 7, SB5UST 1 GARY B 9, 850,01 20 ana
@Q%, mlramdpmlctﬂam@mapmulam@@fﬁambyrm@abbet sa,tloahs,uzo m 30 35, 40,
gﬁtBhSOrzg)S 6%5 65 3’% 01‘3'?5%491’16 en c’apsu?atlon efhle c1ency may 8epend onxhe nature of
the hydrophobic material, for example the size of the molecules of the hydrophobic

material and the hydrophobicity of the hydrophobic material. For example under identical
conditions, limonene (MW136) was incorporated with a lower efficiency than Solvent
Blue-35 dye (SB-35: MW350). It may also depend on the nature of the precursor or the
mixed precursor. It may depend on the nature of the catalyst and the synthesis parameters,

etc.
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tenperature. During said ageing, the nultiple enmulsion
may or may not be agitated. The hydrophobic materi al

WO poobhassprarti cl es nay be rel easable fromthe PCT/AU2006/000852

particles. The step of reacting the precursor my

depend on the nature of the prgcursor. As noted above,

for gﬁlecursors t hat solidif% by a | _

hydr dlhy eatyrenaersribed hapugheehitinispenifieatign osiclaime fercthe peaess of the
r LS : AHE, nal |y

ﬁg%p ﬁ%%&ai%ﬁgﬁéééﬁflg?}{%%g& r%!aef@ pr e%%?sogﬁs%e%%sp;g ep of

al | ofthagattivkespot ther mseﬂt ansankiboliHaye raplyydroptmbics enasanal dmmobilised

din i.fi,cati rea
Breacity 16 BYSibic gt feonsl it e B0t GG releBsdbliG g g partictes
(e Chydedphobidi mbiepial ifaneTpattiRibisahbpie RicaSsbI® fRinMeke particles in a
rocess f or causi ng reacting the prec tngr to formthe

ﬁa@trq lled rgt5over ppeEed ﬁﬁymédémtqaéwmw Apakdng, gamgie particles by

8L & /W /ee d8hiSIB Serfib]sidhs | @q?t&tedpmatt iRl bousie réﬁ{lﬂélbﬁbgbé N@able. This
particles fromthe hydrophobic nmedium ageing the

peathadcgensrategemsdiubie cmglsmrhawmlgeashydmrdwbwnatgnalﬁberem In a separate
rBr%é’ J%glglﬁrglrygﬁlg gflarilehh\ga? %cfed % ‘?1’?6 (fa\f) e Qrg 'TH@ gllanteh&%s thought to

ene nmay be or ne ore or aft
peyparagd tonthe taheequardnuddios dfd;ﬂ)ets t\hberbytdcmﬂm hpdhol}m'e dd) fi®hm a ceramic

BT B R T gouRly cshulBodire Sty ma ad aifgn gany cases of
hnﬁte@nﬁalﬁhgr %d(ﬁté&g f Ll‘ré%)eb’i@él rsﬁeéh ap QhHPS‘é’laﬁeglﬁGS}a}ﬂﬂP %m@ cases induce

glsteé)llgy in) thegergu]g}onl dorrembat apy Wfabﬂ{ty}aq@rllqy Werkers have incorporated
Alitienhal g%egqlté’ ith tthér%gf)ﬁk @rn{lﬁﬁﬁm (AN hds I'iﬂcﬁgot Efs%j'ceﬂlphcate the

on the™ tions and the chemstry.
exuthesiicotibe partinlesbadior 1@ incbrperase tlarthlchtmug agenh oue thegparticles, If it

%?rﬁ?ﬁ%g\%ﬁ%ﬂ, gtg‘,g tg%k Qg tg%%ntztglra% bouﬁ)eased n é‘ége, \{/]hlch may be
ohdxsirelsle, padicoiaylyt mkeplﬂhxaubnslﬁlheﬂé the2@art12&s a9, usdh, to deliver the
50 or %5 m nuyt es. ri se maintainj

4

PHroRBONIS apSleridly to) o BHeR PRt L BT (RS FPor R Bie the use of

thekdpalg dageh&Sby & 9ldyﬁ1§0@ &)%dééﬁtﬂﬁﬁ)/ec#@ﬁ@ ehifyl sHofNel sk®lity of the
a

as to not cause degradation voI at| i sati on or
devtle iearukiions A prdinglyntpermgpinbsi of thamseseal invanieon may be made by a

r t
SRS Ak TRY RgPE 1650 Sl 00 gl
baendo 1bick@Ong ragentOtherel® canttier®00., A6Cordimgly] OQhengCoraned, the double
100, . 20 d 80

gxslg{ﬂonooﬁggpr%gént i’rgvegﬁﬁn mgy be §8gleg§1%ta6ggfe:;1%r?sqgﬂgg%%a%aﬂy stable. It
ﬁQt,y lﬁ%uff?@entl@f'isdtatﬂa tha8 She ﬁ@cur%fl%ﬂ’s tii:@@@ﬁeaﬂfh@ form a non-fluid matrix
erature a i, e e sufficient
SR LA RS e TS ST b3 Ayt sty of
QH&BI@ VBTN l'ﬂgy BB Grahidt thsh th-Er}@aé’Eﬁ)ﬁth‘Pé oﬁﬁl@é}fré’éu'rw t@%’rm the non-
g?rlse sett decantln? tering, centrif ng,
maftixp g I@rstdng@ of therdayb eh@uulswntmay ﬂ)heenéalwdd:fy agitation. The
S t he ri
%%rt z}{g le:%l-lfn_yrsn &Hﬁﬁ% %Qﬁpgrcﬂaotfs?%i a{ét%{ugﬁc‘ plg?lyaaﬁl?ef mild agitation. It
ﬁwtbhesuffrc&mdy inoild aditatibe that éeutomible. entutlsiomys ddgblé Gor sufﬁc1ent time for
xangl e bt? betvge(%n : . . . .
€ precursor to react to form the particles having the hydrophobic material therein.

The hydrophobic material may be immobilised in the particle in a plurality of
discrete compartments. The hydrophobic material in the particles may be releasable from
the particles. The particle may have between about 10 and about 10' discrete
compartments, or between about 10° and about 10'° discrete compartments or it may have

more than 10" discrete compartments. The particle may have between about 100 and
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about 1 hour and about 24 hours or nore, or for
bet ween about 1 and 12, 1 and 6, 6 and 24, 12 and 24

w@ro0ed3@mml 24 hours. The tenperature of furthePCEHYUZY6/000852

may be between about 0 and about 1000C, or between

about 0 and 80, O and 60, 0 angj 40, 0 and 20, O and

10 20 and 100, 40 and 100, 60 and 100, 80 and 100, 20

A6, 80° antiol 4 d 08ancb 04,0104 muid 63 00emt rm‘iymmear@buﬁ;mmand 107, 10*

e, 1o 30100 S P 30 S oy e

sbbit Wopnodoy 1086*ae’, 10°, r5@u059a0‘s6*ﬂ(égna7datq@7mog 5%10%, 10%, 5*10° or
oration of the hydr ophobl c

valeat.ilisation or det
Hr@t eflisgiete PREPATRINLSf %S‘Fﬂm@%w%@% be sphewtalepr they may be
EOBn@ERIaY, PHsnlFBY, REyRBASH] QRAL| Befwin 536@1{ Qpiﬁﬁbi()cﬁdésg {Iﬁ%smd ovoid,

be for exarrpl e water, an aqueous sol ution
bylleirshaped el samaeathenshapen T ghape maefdbmteguhy or mgméanmrhe discrete

E?Qlﬁlhentg MSE 'a ﬂ‘léagﬁp&%@@? #)et\&@g?f an eut 1§h 104 gsa%ron{)%% microns, or

xane e $07
@a‘M'qee rabbuir 1 Gnse amd 1a rimynhne,plm bird Stmnibtdms band 50 mai¢rdae, 20 and 50
a .m xt U of, t hese soI ven

i fiE Rl Mieloh, ot i€ L Tickog G evieka fogy 10 and 500 nm, 10

IaﬁdinOt meaﬂny to®phobiatid 0trny,CorBeiwin 46¥0t Berhianl9® @AFons, 100nm
S decr ease the encapsul ation effici ency. In
ﬁT tl0cpicEqns, pemg gnd d Armicsonsné apdi rmérsens, dcand) eaweroos, 5 and 10

‘ﬁﬁ@l%n@ @OnﬁPQ&i 9%1bﬁ)lnk 36r |19991!ﬂ1 Lie1 W@f{ﬂp QR&’ 'Irfag%f\/% a“mean diameter

out of partl cl es. he expressi on
@bwtlgni!@ aﬂOL 90,1 58260, Th éOhS}/Qj lOPHIAS, 60@1(250;/330(1; 360,0§00t K80, 500, 600,

D0 AR o B0 G R M el B R b BRI US 23 % 55,4, 45,5, 55,
0, 6\ F 7.6, 2536.98,0%.5,0L0L WE 2@ 25 Be, $s,dipph@biso rﬂ{éfdn\éeoﬂ fay have a
Ieach d o t of tgﬁlga ticles ( %belnq% a weig

B‘eePBe oot Mtbt4l RRETYNt w%}%%me@ts may have a

ﬁﬁﬁlbd@pérﬁbd BRnfedtdrca %Biydls-ﬁ@ﬁe&%ﬁ%ﬁﬁééﬂ QHd rﬁ%ﬁﬁa{?@harrow or broad
substanti aIIy | each t he "hydr ophobi c active out of

gsfriniEPes The ReTtiiRssmAn drES BomAEbRdol d/zamtprdoemeqmwmut 0.1 and
850 000 thiEro AL W il a%’%lg};tﬂ]sgn%‘gﬁ?lo&g %\Ac}( 400, 0] and 500,

W% 10wt % and 0. 01wt
@ loamté%o 8\t Bdaldd, 0 S0t 3%, 020 Hi . D addl Gt r%andtzs@ 9%b0aand 250, 100

b AT oo 75 1 o
ek ahéd 000} 500 ahbe30Past 60|@ﬁh$04& %mhﬁgang Mﬁzgﬁt\fe a mean part1cle
B2 of Aot b 100 Bt WS 2By S0 ety By HmgiO> 25, 30, 35, 40,

¢5>rﬂvl6@e7@:cmbl9m W), tihs, pwtws'm vhi hzdsfogglo@gjs‘oe%@ 450, 500, 600,

i ona |tat|ngthe particlés an
&éng peﬂQ&;P‘hg 0Q0haicsensy enmayTteelargee thaof abaut hOG0ymiayns. The particle
ﬁ?gﬁfstrﬁ)%tleﬁ‘w ﬁl&%d? e%@%@él &uoq ro:,ij‘}orhﬁ;%rasre%,l eﬁ{slﬁ%@ have narrow

passi ng be co
mdug@rwlsilrtbuhmy for exanpl e be conduct ed using a

Buchpe or si.nt er ed | ter. funnel. Th
st ep of B achﬂei ﬁ@aynﬁﬂ}mp?seaﬁp F@ﬁg "%Fi Sé‘:agﬁ 8lifbr ?@éShnke zirconium
spepias,atitdogia ReospliitedClitagiubl Gpacidae tifia/ eRbsslititdS aliBniBf species,
aﬁerf or ned % escri bed above for

umina, or a hybrid species formed from co-crosslinking at least two species selected
from a crosslinkable silane, a crosslinkable titanium species, a crosslinkable zirconium
species and a crosslinkable aluminium species. It may comprise a hybrid ceramic
comprising at least two of silicon, zirconium, titanium and aluminium, for example an
aluminosilicate, a zircoiosilicate or a titanosilicate. The particle may be spherical or it

may be cylindrical, prismatic, polyhedral (with between about 4 and 20 sides), ellipsoid,
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separating the particles fromthe hydrophobic nedi um
The step of washing may be repeated between about 1

w@nwe/188518 mes, and each step of washi ng may usBCT/AB2006/000852

same solvent or a different solvent to any other step

of washing. The step of dryi ng32t‘)ray conpri se heating

the particles. The heating may be to a tenperature
pEPigwble-shepasepraseme otter whapeh Thh eshagﬁdmpmmegular or irregular. The

teriora stanti al |
Bl s BEEGIR LR oS R BBl Che bR e
rmt efIIhaIloacBng/gf q‘c’:])ielﬂ}ﬂ)opﬁlm’tﬁhcﬂ‘ﬁateﬁzg ihQhe gé&ﬁﬁ%' Ig%}bﬁg %@Jbgn about 0.1
ween about an an
30 eyt 2nib o vetst anby BOuGE. SRR et 0-41ggd #fly0-band 20, 0.1 and
aboaul aB@5, 89.and9; 04%nd 93, 2%nd 66, 5 @Eﬁ 50,90 aﬁg 5@%6@%‘50 0.5 and 20,
Alternatlvel or additionally t’he g rying
?I}stlz A

onfidi 5 0.5 d- 'cmdyhorfgl gngrS, e&@m{y@e om&;brqz;éw |On4 0.5, 0.6, 0.7,
W%)/@zl?’ézﬂﬁ gg98%tf56t2t) 2.? cﬁﬁtSrSolee Rreégg) v ¥velght or by

Cefam’c’Parti’ Ahosi T ons“T’her edf | Prod
Polipwer a“fns q»nrtn;iﬁjml&ﬁtbh@dpabd)é ofMéa)smgﬁhe hydreph@iflc d[eljktrf@, and may be
al,ternativ

LIRS By RoneBie Ept et Ao of BRealt icbe capable of

ga‘iSasﬂ‘@ythb diyarophsbit mdteriad withed half-Belbdie RS bf $tRSerPbut 20 minutes
‘f g drozohobl c material, and nay be for exanple air,
79 ABoRint HOBER; O SRR %aRbAM eBier e o mpnfisx {drmainutes and 3

ﬁfonﬁﬂ%e$@’mlﬁﬂt@s BRY 1080Ath! 86l midites SAER0 Qlfaiééj ny Iﬂglu't@yand 10 days, 10

additionally or alternatively conprise
ahnutPSaand/ bédanm & minties g 12 bowss,. 10Tménupesr emdaa hma‘s uL(mmnutes and 1

e R r.e. of,for e I
Tk, 9530 ST Y G, Ky, 5 v
aﬁdaﬁs, 10 eﬂh.dOZD dmyd, Dhﬁﬁrdargl Zdaym;l 1awalf] afid Zﬁia@rﬂg aﬁdﬁthours, 1 and 6
n eres may_ haye
B SE Bt e f ot s b 9 ahimbiegshd § bput of biand 10 days, o
00 YayDardd 0P rﬁbrﬁhs-?ltlnﬁﬁphﬁh%ths-rﬁearﬂr V3 BdniRY 1CRAY hﬁﬁths 1 and 3

vac um grylé}? or freeze dry |ng1 The vacuum dryi n?
» B9y and 1 apandh o1 0, daysiandt ! meath, MH@MMt bleapf gﬁleasmg the

ﬁﬁ‘d’f@ﬁ{lﬁ)bti@ﬁlaf&‘l‘af Qfﬁﬁ%kﬁ ﬂa%taﬁ%' ﬂnﬂl: f lBIS @ FP40 %%‘?fmlluﬁutes 1,2,

bet ween about 0. & pressure
he‘lvﬁeén9,ab°odﬁo®1@11marsdonalmut@ Di Armsai 655 4045, an@u 8 9, 10, 11,

b 1
.93 B2, 506, Fs S0P oSy B LB0Mult. Do, £i6hq @i or more
t’mﬁn abmlt prmm&ths Thie partiddwap be pgyableast r@I%amgjﬂﬁﬂﬂﬂ gﬁoblc material at
rocgss that is incorpor

th
Ry bl e e e BERET R the Dt aHrOrLoL (b6 Giphmanix, which

fhe @dp@ﬁ@sél anel {dpeRABSisk9" phRARtEd Nhdt BE the oil/water emulsion
efficiency. The_encapsulati on efficiency my be

RREAREEBANBle R ceraentiaiaioe! the. Sérfa@?ntem%’@é@r/&ugfacthet molar ratio).
méjfa%ﬂl‘égvd%gm & bRl sihee ﬁH ?)gltticié/ g ds‘ntthelg%é cog{hljcll n‘g I particles

ectroscopy, I rec
sveh 96 pHp ¢het ﬂﬂmpamun,t the ﬁlatmye;'j Dbﬂnb(mﬂ:(hurmaﬁ evhiet thTe hﬁttldls is immersed

B AR RIGE. 58 o A 9BRE) RSB 5 e n e s of
the internal compartments. The features described throughout the specification or claims
for the particles of the invention may be present in the particles in any workable
combination of features.

The particles of the present invention may be used for treating a condition in a
subject by administering to the subject a therapeutically effective quantity of the particles,
wherein the hydrophobic material of the particles is releasable from said particles and is

indicated for the condition. The subject may be a vertebrate, and the vertebrate may be a
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fromthe anobunt not incorporated and the anount used
in the process. The process may provide an

wepwapzsiat i on ef ficiency of between about 5 aPdI/AB%06/000852

or between about 5 and 50, 5 and 25, 5 and 10, 10 and

75, 25 and 75, 50 and 75, 10 ajd 50, 30 and 50 or 20

and 40% and nmay provide an encapsul ation efficiency ‘
ofanghdys nfyrsupiyl ot B repiiie. Pl ma3dmal Bjay4e, a pﬂmaﬂémr 1m98-human primate

T 0y X TUTE T A——
e)slmaml wontensi pemefte, bdjlﬁnémhmmel, eoviat, leperirtty dvidepodprinie, feline and
mat.erial and the h drophogl C|t of the hydrqgphobi ¢

iR Che mBmaLmaRBe SCIRAERTOME AV Noxt AT bivy, Dull, ox, buffalo,

sheBpN@Be, ChiWWgodb) 11vas, rMeR! RPsahRALY Ad2a | QWRL, f le. Th
gf%.é?m egcy hgén Sol vent Bl ue93’5 dyew SB- 3a5 MAB5 (3r exampe ©

hregrophaiic epéqé@mi BaY bRea datgaed ghe tdﬁ@:g preacog g@ran@rcanhe drug. The
B GoPias YE S Wiseadd Tﬂﬁ}éoﬂﬁQMa Be tfé}eex%ﬁa}ér%ﬁ% Ehlaﬁetes hormonal

catal yst and the synthesis para fers
flshmgtios, depertdnsiod, t painughcomet lthes peaiditi@at The particles may be

cl. ai r, the. proce of the invention be esent,
el vl il B op Bl i, Seflb S nbatation
pepidallgloe by ahy biter puiebdRhedmgvent i on have a hydrophobi c

materjal | bi|ised therein., The hydrophobic materia

in t [hrh QFW% %‘J theressat yeRticm By qﬁ wieriiqe dpkivering| %Jaydrophoblc
Th€erfay, q’Hi’sDﬂQ? cém P’ﬁ§e‘3é;dp%kmlg thd REERE 4dc6t fEBt}ie PFesent invention to a

rel easable from articles in a contro
mﬁéwna oaﬁahlwfolfelqasm tharhygsenhiobic matemish en@apsrﬂatqdngr immobilised

dtrélﬁ*loﬁ& @Xteﬂ?leshgﬁldq{e%lgaggﬁp%i% aﬁﬁegtec'drﬁlln ?moblhsed. The

reqw re hat™ t e eful sions
natdsmg Jgeyl eoBnipeide mdmwddhg tlenpdrticlen imaké nedéum, and may additionally

hobi ¢ mat er . t herein se te.ste
AP SRS, Bt b Sl Hikbie oifiE RO Bedis dihtesif, the medium
lﬂﬂ\&ng tﬂemﬁlmthbfeﬂﬂgmk hQliRARBEUIAMe chPatld6f AMASREDr extracting the
Isnog)n droplets, where it could hydrolyse to forma
ggﬁ ProdiGapaierial ffom the pudeisst Aad @avbbe csmahle ohglissolving the

ﬁ @opldbid Gbhdrial OTHRKGe AR & Bxtbddti Gﬂ?ﬁﬁﬁ%%ep n lekBnli&f period of

ability. Addition of species suc e silane may
tlﬁles@rﬁ@s@d@é§at isluce i nst abl lity in the emulsion. To

R it SN L pp—
thei mrtivdes. {The m@hmntmay be a ﬂmﬁpzindcmhﬁ beheligyidt Tigs iredivin may be a
bl ! i 3 Bforc ity o Gpo v e sy o ganic solvent,

ot xpiplend 1B/desphoBRYsdieent.elt aasE Be For exluﬁfﬂ%rwgt@i €methanol, ethanol,
whi ch ma bé undesirable, particularly in applications

moerwoly Fﬁ@P{%awlmaeélqahde higdsoerrben e \p@ntan%e exane, heptane, octane,
8hQ PSR che FRHET bhzehe, ato ke?fl& Gt 5 ?cgﬂfa?e%ie Nolvent (e.g.

process “avoi ds the use of ng agents
ehtpriobenzene,a diphbrelsenzenrat cfrlwfnrmsdmhloyomdftham t mrlmn tetrachloride,

ecthflgfuj: Pfcﬁlo?{d tﬁl%hl%%e%a% emé h ?ﬁgro’?‘%@@r al n%g% fe. %ye%éyl acetate), an

resent
ether (e.g. diethyl ether) or some other hydrophoblc liquid. The medium may be capable

of dissolving or releasing the hydrophobic material. The hydrophobic material may be for
example a fluorescent dye, a radiopharmaceutical, a drug, an enzyme, a hormone, a
biocide, a flavour, an aroma substance or some other substance, or it may be a mixture of
any two or more of these. The medium may be a gas, for example air, nitrogen, oxygen,
helium, argon, carbon dioxide, or a mixture of gases, and the hydrophobic material may

be volatile (for example an aroma material). The exposing may be under conditions
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process that does not conprise use of a thickening
agent. The particle may accordi ngly have no thickening

wa@e®et33sher ei n or thereon. Accordingly, when fPRCTYRU2006/000852

t he doubl e emul sion of the present invention nmay be

stable, metastable, unstable ofy partially stable. It

may be sufficientlﬁ stabl e that the precursor has tine
switgbdeatar releaseafrthehydmplidbi¢ thatesial into dtsbrmmyumh Gorpsmingtt conditions

o] .t th e us t he period
ggteﬁp% é‘t{njiet regsﬁ‘l ﬁguod% Wécl%s% I@? lgﬁdl fxe great er
t haP Thh geattaras:t désonl%f]d ﬂ@?@omihe Bp?ﬁ?déaﬁl@ﬁ oﬁr‘gllaﬁlﬂﬁ mamlt th8 method of the
nonf ). ui rix e sta Q e doubl e emul si on
1) H{B F\BE“GCIH;}H apy Wﬁgﬁ%l‘? @%ﬂ%@ﬁt&m%bp%%?ps-
CONMPIThS Gaftidlds inAY besii‘lath'eni%rrﬁrofoi t&@ﬁlp@élh&@ttdﬁé'fh r I With"8¥ acceptable
be mld agitation. It may be sufficrently de
sgrieat fBpeth gLcipicat odiire adimungi ONhers healblydropbebic material is a
t he

Egﬁﬂia@iﬂﬁf&% av Igfﬁréé 4 e%ﬁx%g?fgx%ﬁ% satg)rhaltr{? ecreﬁfg atlltyh g?eé)?abrf?a G4itier and the
heitictsp hoby cbermhmﬁaadautwa}}y eceptatidi heredthenhydiephobic material is a
ﬁrtla? e%)saatellé % ﬁdls rete.co araia nts. The ,

Y OB B e er?aéfle’i Y R&2p& fernang A Plagie carrier and the particles
ﬁﬁlydﬁ:s'adﬁérﬁlahﬂs) MctdiRaidg wheit €S hyldiepidid inateBiaMBYa BRIl substance

ﬁ]ﬁtvveen abog)t? 1&)} and about 1010 di screte conpartnents,
HEH e BAY D50t Diocillyeecapialle catriergandi the rmarticles may be biocidally

Q&iépﬁabfenﬁ/ﬁh% tRé h&&roBH&blg ﬁ‘}é?erfgp {Ca &%Eldﬁpét%s&h ht%t % er may be a
artrrents partlc e nmay ha et ween a Bb
a@ﬁalsz@zby aqmtaélmoamqrtﬁnﬂabe amticles 1y bm&saadan;ea@epmam where the

BRI TRyTEhE 2 PhECas e HRCe PE6 XIS 05" cpamedelly acceptable
B ot dRer08 « B0 had s chittr P v 2 eph ol acceptebl

¢Ofier amidthepyrtiviesenaboel toshitfical O eptablé, &1‘1681@4}11% E@(ﬁgg}io(‘)béc material

5*1 5 *106, ,107, .5*107,, 10 9
& PR SHPEIER R SRR DeThdetifAN ApitpblingaiBer and the
partielres ey, beOherbidedalifrencc&atily,| whéte 'tH@hydrBﬁh&Ji@Ma%nal is a agaricide
5}% hedral (w th between about 4 and 20 sid
PO Ihe, 036%‘ By B61a egarisifaPE eerptadersamich @nd dheapaticles may be
Jgh%dﬁﬁ‘j@ﬁgc ?E%ll’)leb‘?mg1 Stk @ Fh e dh; h%gfél l‘ﬁﬁte thﬁ adhﬁ‘l c%a? substance the
conmpart ment s ave a ne I anet er e ween
?@Pﬁ man bebo lflingiﬁdﬁﬂix ﬁmtabtﬂ caygement thebparticleOnmasahel fungicidally
8}% rLons, 10 and 50 mcrons, 1 and 50 microns, 20
mcrons, 10 and 20 mcrons, I|Onmand 1 m cron,
or HEhereeventibo Utilll Goan dhe58&ctibed 19 ang 20Ghe ]f@ll@ﬁﬁglﬁ&l -limiting
or 1@ and 50 nm or between about 50nm and 10 m crons,
Sand 10 mi crons, 500nm and 10 microns, 1 and 10
mcrons, 1 and 5 mcrons, 5 and 10 m crons, 50nm and 5
mcrons or 100 nmand 1 mM @Ex@mp/esd nay have a mean
A%J anet er about 10, 20, 30, 40, 50, 60, 70, 80, 90,
66"”“ 0, 200, 250, 300, 350, 400, 450, 500, 600, 700,
800
B02 A1 ’s%%&%ts Qhd rwyrﬁém 3%1@8@&%%{@&&3 cg*ﬁ%t;t sgglg.a-Aldmh and
wed Wl@loutgﬁlrtbelspurtﬁ):atlm Siligon mspursasrs 588 asi@iramhbthorysiiane (TMOS),

t@r&rﬂ?&@sﬂ%e@i‘fd@?\é?{é&h rrpaert (r)Teyrﬂ énee:m(mi, é)lﬂen}gtrlmethoxysﬂane

(PTMS), vinyltrimethoxysilane (VIMS), and aminopropyltrimethoxysilane (APTMS)

were from Sigma-Aldrich and used directly. Cyclohexane and dodecane were ACS
spectro photometric grade (99+%) (Sigma). Kerosene (low odour) was from Aldrich with
b.p. 175-325°C and density 0.800 g/cm>. The purity of Solvent Blue-35 was 98%
(Aldrich). Limonene was a gift from Quest International. Retinol (95+%) was purchased

from Fluka and used directly. All other chemical reagents used were A.R. grade. High
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nonodi spersed di anmeter or a pol ydi spersed di aneter,
and may have narrow or broad distribution. The

wW@2006i1835¢% nay have a nean particle diameter bRCTBEZN06/000852

about 0.1 and about 1000 m crons, or between about 0.1
and 0.5, 0.1 and 10, 0.1 and 190, 0.1 and 500, 0.1 and
800, 0.5 and 100, 0.5 and 50, 0.5 and 10, 0.5 and 5, 1
aptty28lli-Q ovaierd Miipord)0gasawsdd 250511 ddutaond; it BssistiQitamdhs above 18.2
ig 0 and 500, 100 and 500, 100 and 800, 100 and
% , 500 and 1000, 500 and 800 or 50 and 500 mni crons,
and nmay have a nean particle dianeter of about 0.1,
Oy2thefl BFocs 4, typichl sybiheRis c3ndiions3) 6, 7, 8, 9, 01, 15,
20, 30, 35,,40,. 45, 50, 60, 70, 80, .90, .100, 125, )
150, Th synihggs tloyg thaskis %ﬁ‘ irg Etﬁ,‘“‘ago,‘” displfys thspprperimental
Pited@edor HeGyhthedi® QP silice hﬁ&%syl)ﬂé[resr%ﬁta@lﬁn% ﬁ&gﬁ?b&ﬁlé holecules, by

about . 1000 m crons, The particle size distribution may
S@Pi%yﬁ%ﬁj‘?%b 80lsged apd Qi /S epltiplsl (gadaible) sewlsiemigchmigues.

have jnar nowiahn ?F&:ﬁfgoij isg{:}F 1,0 ultl\'/légl ils;rlgﬁ(eea\;vftﬁ %aetﬁlggy presence of a

CO”E,“ se a cros i r]ked ane, si crosslin
gatalysinisueh asgdgiagd stiwed twrli Bhows osileiardealdd tvial. afheinial is then opened

Ces. titani . d al umini i es.
e LR T PR R————
poodocablsy hydeolysis af tHegasdurdopo speci es sel ected from a
cr os?I [ nlfgbl.e Si alﬂe a crosslinkable titanium .
spectes, 14° tgaa P pgﬁeée.g TEORFRShIS Egzgc;dsgntg@dh}éirophﬂlc surfactant
%%Sﬁbédﬂ@l@ lagd @Jawiﬂpﬁbéé_r@oﬁﬁh%ﬁhg $he daneBYal gﬂﬂi %tg% . The mixture is

rid ceramc conprising at Teast two O
$hep sHred magnetically fonahaat B) minutdsderpradyee thedWeenawision.

al unk nosi, i ' i Q81 Ll I C .
 tados: T8 BRAaBlAd SELRP LS Ba® O eraulpiog,is then mixed, and
ﬂmfmb@umyilks) iswdidatcdlbg/ prpre;begsdn;tcatqumiloygaﬂfazé GIMMEI ‘hemulsion (here ‘W’
e ut. 4. a 2Q sides), ellipsoid,ovoid,

E%#%%?Qgﬁggg’hﬁF”%@ﬁ@%other shape. The shape may be
regudar DrthemhicagtiindS a sukhRtdny 1ORRORIfErofdd 18F indling Fhel iifer oil phase

arti IIes %be rel e sgbl e fromthe particles. The
Feo%d"’V%lﬁ 1gfang dfﬁﬂ&fdé‘ﬁﬁ’@ IcSURiatant (gig- Ppan 3D particl e
ma e . 0 i

y be behyeerwabgile (Qregaa%a‘%n glgg @%bsﬁﬁeo@ ﬁ%é%ir%%?he%.’bipé’ surfactant

vol ume, or between abou
sphetiony wigley stimings genily. Adigr 1the 001/ Whdplass, is1 pamebdSto Sthe  outer

' 5 . 2 ~o_and. 5,.
eP Rt DARE 204320 OIUTE: B B i rochce
Ohere the 3W’ CeotsisB. &, pré-hdrolyséd sflicBn pPe@rsot., While3he 4ystém stirs, the
. , 0
Sl s A S AR R0 SRS oz i
sphke@asi ng the hydrophobic material, and may be capabl e
of rglegging t he hydrophobic material over a period of
ti med | tARElySIBENG dp A1 wnge of ebeisT nabeie3 hymineps dhe suspension is
#Rdred Ligthg Yot athfin® ' i i
PR e e Ol 38R RSB o ey s e
for mare shama Wurrothenpartities i wagwdathcee3timenbdid, mbL NaCl solution

@%tﬁlﬂ{oi@m%% 0 %61533{1}2 :che%%urr{henruvtvaesﬁe(? 39 p%ge v%gt}éls thr%eo times (total volume
500 mL). The product is then dried at room temperature under nitrogen.

A hydrophobic dye (solvent blue-35) was generally dissolved into the internal oil
phase (e.g. limonene) as a marker to visually indicate the encapsulation of oil inside the
silica matrix. Although the dye was used predominantly as a visual marker for both

encapsulation and release; it can be considered as an active in its own right and thus has
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m nutes and 1 day, 10 mnutes and 12 hours, 10 m nutes
and 6 hours, 10 mnutes and 1 hour, 10 and 30 m nutes,

wdaz2dvens3sand 20 days, 12 hours and 20 days, 1 apdI/202006/000852

days, 5 and 20 days, 10 and 20 days, 1 hour and 2

days, 1 hour and 1 day, 1 and 3¢ hours, 1 and 6 hours,

6 hours and 1 day, 12 hours and 1 day, 30 m nutes and
#lspobgengpsed @ndemms@raspstheopermw ofrile sfticapparticdes for controlled

%ﬂ&ja ﬁmaﬁ%ele%sgwwﬁéor 1(1) 32336ag8m1h?mntlhand

and ﬂ“ﬁy ahmunaq;i‘zdable cafiporehtfos angpitd evmiehi@fsh obi c

Toten 2 kit S ?rﬁcf)nergg '(@%338 25 qgaﬁr’ls@f’1 8 3302 £3mS 4487 thmol (0.714
hour %Lg%nlﬁb@%g nig solve'ét blzle 33 (§B 3%} d?ss&ave&m {& 59 5206

25 or* 30 Hysjephiliy Staf?@tﬁbm Powoxzethxlen@"rb sorbltmmomda@rate (Tween 21:
mor eMﬁﬁfE??&‘ﬁlﬁ%}‘PTﬂﬁﬁmﬁw @(%'é)l cle may be capable
phobi ¢ mat e

of releasing the hydro fal at a controlled
rat e® ThdVatetuephasy: plpeHNQyrsolutioni2nitddrgn@iatert t L& 88 mnmwi).

chomvst r gsaranesacd SO CRRCRERE 3B b Shihi Pl wom) ss.123

par amahelr(9. Oaﬁ@ure and concentration of the

surfactant, oil ls a nt nolar ratio

rate may% Hﬁ ﬁﬁ\&b sgutiop - 148y (weates: 1131%89 mmol).
synt kesi Hy@ﬁﬁ%bbic%ﬁﬁfa&ﬁntt @&mm@dmym f» §H the

tenperature, the nature of the mediumin which'the
part *cl equéeflohlrﬁlﬁ%@}’%{ﬁhw@ne 30hel. f actors. The

encapsul ation efficiency and | oadi ng may depend on the

Porbc1OEndiNE el iRnal conpartments. The features
descri bed throughout the specification or clains for

t he part Mikrescape: Phier tmﬁbmtlpmnthmrttnéespwasemanmnedt 1lmeng an optical

k ombi nat,ion
LS o ORIl 0L Ve e
t:]lrl]zeaxttentl)‘@dauﬂﬁ)glw tstammirgn e&ctf?lbjrﬁtfb?osb(ypeam i) S tAgY ISTEE;It@qages were
ect ef fective quantity o
?PZ“fﬁa 'J(Srfta @OLW&%% 1211 Iﬁ%‘i}l?‘?ﬁB’Pﬁ?bfi‘sc“ﬂ%ﬁeempﬁ? seondggy electron
E Opefating Vodla@RDIsek YT QMBI %eﬁ’lﬁr detifl L 8r QQ@O 1S3 and working

i cated for the condition. The su bj ect ey be a
@@Fapé‘b?’%%%mnhnd the vertebrate nay be amanmal, a

mar S%P' alrGDE A e shﬁ”aﬁgﬁere%[ﬁ% ngﬁwm@g l@yﬁ’%?g@ased&grmined by

non- human prinate or ot n
thermell gramimdibc soblysis eudf ditkrential teongd mﬂl}sm(T@g/lDTA) TGA was

non- hunman j e gui n [ o~PQVi ne, o
R 35 S PSS 5o B T o 10, T
mt’an‘iil’&lbof}'l?;i)yanbeuﬁ‘eétagﬂ\?ﬁ tﬁkéﬁﬂhﬁth@é&iﬂ&ené?ﬁ&%eerf et JVQA loss at 500°C
co u al 0, she 0g, ca oa
b e %4 Jess %ﬁ‘ﬁé(} Siite S POt SRimAD akfysiant 1 higher than
W@‘Qphﬁ@ﬁs@nﬂeétﬁfdc@ntsn@ﬂec@[%nﬁ ﬁ%oogquOGTEdgfngem by Michael

be an anti-cancer gl% he con may

Hidschere Adb o?osmmq foreptipe  Resowsesnples. s adtlek, was performed
g ertensi [

sglr%rlgg%et%ﬁtsel CWI rgﬂ‘f (F&fﬁlgxﬁégé r(?rll Igté(tﬁ)ons Wel‘% ogserv&ia ls]an endothermic
reagtlon associated with the evaporation of water and other volatiles at approximately

100°C and 2) an exothermic reaction at approximately 300°C.

3. BET: Sorption isotherms: The Brunauer-Emmett-Teller method was used for
the determination of specific surface area of silica particles. Nitrogen adsorption
isotherms at 77 K of the silica particles sample was measured using a Micromeritics

ASAP 2010 volumetric adsorption analyzer. The BET calculation was performed from
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adm ni stered by injection (intravenously or
intramuscul arly), orally, by inhalation, topically or

whyooang3seg her suitable neans. The particl es of P€TIaU2006/000852

present invention nay be used for delivering a

hydrophobi c material. This may-conprise exposing the
particles according to the present invention to a

Phechdgpipéiap adotieerof atr%pcaa‘smfgelahee presisung (RYBD); rﬁr@u@g ﬁa{n 0.05 to 0.2.

fer | aﬁé&rgoﬁl&a’ %El})?%gl xgg@i%fgﬁg&%ﬁ%&ﬁé#&e %E‘yg?‘njg It the- degas port of

threradborptisiednal A, exposi ng may conprise i mrersing the
particles in the medi um and may additionally conprise
nor e stlrrlng, shaki ng, swirling or

gngf@’r%%@”ﬁ {4e95hg#€he medi um having the particl es
t her ei n. THOensmpdnlbid:S BEbichch andaRRA Er AL of %@ﬂ?&lﬂﬂh&ﬁc dye were

extracting the hydrophobic haterial fromt

peteraeg by %W%WPG@TQS&MI (€anf 58).sIbk v@n\?gpsttﬂxat;mn efficiency was
E‘éﬁgﬁé?&ﬂ?}b’cv% fﬁ%{lﬁgé.?‘hgef:}q?tgo g#a%?a?l r%g@irégzi m%ééur? %1?81'&;”9«11{*% consisted of

be over "an exten
agaduriae  thal\eMisniabsoehance bé tlexpabiheyanedSpancspsdlegons after the silica

ﬁ%? §1ie§‘ ga& Beeﬁ;g@lg% e 819‘(1? ﬁ'ﬁ}ﬁ %Hgag)gtga%g Pegthb S ﬂﬁ%&f_yie%pgsdalculated by
miﬂinaumng'rﬁl)e d;xe Bedsufddogi thaloufel Bilhhase Hoﬁﬁth@'&{%‘i’nal |de BN centration

anl fluid, be _an organi c sol ven
w&oﬁwﬁn& © HYseBl b$t%nr@61 alibratipn GyEye mest ganerated by adding

£0CARHRd AMWALET of RENARE! the &IURENGH - pIRSOPAR ldentlcal composition and
i sopropanol, a liquid hydrocarbon (e.’g. pent

PRICEHEAIOR a5t Higeoncousednor tb@@mr@ratmcd)bﬁ@xm,smmngesanples The
§e%ﬁt? e At Cﬁ’fsqm:(g rNRLE s ﬂ\llee?%I%%Sﬁ,](%‘ SB-35 from the silica

chl or obenzene, or obenzene,
parudesmmmlmn such:aﬁr dhmad edychbbk ki o @odedany, 1818 the absorbance was

&5 ng {eangard ﬁgﬁlagélg g{ng/? Ssjeas pgmfugﬁl B? r&%lgrgglfleold]ien%t@q@ Eomposition and
cﬁinba{tbatleﬁ 28 Qe s p1e frelbysdraeiiR NiThe ksindatitsht cHRRNIRES Umated by the

cap Ie of dlssoIV|ng or releasing the
ﬂ@éﬂﬁﬁ maf her Fogproantre WaY dRessHEs | 4 didlersnt itenvaly dfetime while
Jtﬁﬁn@ﬁﬁ'ﬁ&@c@tcf ﬁﬂd@lﬁ&%ﬁ@ BYe AYfise a.br(/@d i ophar maceut i cal ,

drug, an_enzyne, horone, i ocide, a flavour, an
ar o subdSiRAe éecbmqgg iveas gl doersed (b sstamate theoenqapsulrmonbﬁﬁcwncy of

(@1 fﬁrﬁ&ﬂjerrﬁ) Olfheaﬁ/sétetrgl\?ﬁﬁjc R ﬁﬁ’lﬁﬁg}bt&’gﬁ%%%@dﬁg%%np%gﬁ? 06 %3%87 dual A

a gas,’'for exa eair,
ansgbancecdatdor, di I@mlukaautosanq)lm xhdl ﬂGZ@fbu&aﬁ ®3mpaMhetddimn was a

%%1%:r o@m@éﬁéﬁﬁ% %réfcﬁ 30 g&é&g ﬁ%eo]:?ggj ilg,gh q;fﬁg%sec)(()glrlro?)lseed gfn a mixture of
mehshdlIROs@l Vahkethf Pflow ehie 3% ©. Ph i, Tyd Wbﬁhie@ec%or wavelength
material_ into the nmedium for exanple conditions

Wasmskioat ik . By Bk Svasanieeisd by the ayesammlere The integrated area (valley to
VRN )UBT QLS LinddHent s;fe[ak' Wi 46SC E&Pﬁeﬁ%%g%wlaﬁ&% The limonene

speC|f|cat|on or for
retgpiéon fima wasppbwxpnashit3. Imlrathgs andrtke Bétectivarniinnit atas @pproximately

&2 ﬁ{Ethlﬁﬁ)qleﬁé FEINL of ethanol.

3. FTIR was used to detect the oil (limonene) in the final product. Samples were

immersed in known volumes of dodecane and stirred gently using a magnetic stirrer for 3
days. The supernatant was removed by centrifugation (10,000 rpm, 10 minutes), and then
filtered through a 0.22 micron PTFE filter to remove any residual fine silica particles
before IR analysis. IR absorption spectra were measured using a Nicolet Nexus 8700

spectrometer equipped with a (linearised) liquid-nitrogen-cooled MCT detector. The
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The particles may be in the formof a conposition
together with an acceptable carrier, diluent,

wexoopsadm and/ or adjuvant. Wiere the hydr ophoRGCT/AU2006/000852

material is a pharmaceutical substance the carrier may

be a pharnmaceutically acceptablge carrier and the

particles may be pharmaceutically acceptable, where
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t he hydrophobic material is a fuggll ci dal substance the
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ﬁ;l ! %%;Jeﬁgé g#'f?%h?ﬁgoﬁgt%%ﬁf_gcwq ch: Sn )Sllnxﬁﬁé?ntf) gg&c%ﬁ‘t%&?on effect on

particiei sizt i on. Silicon precursors such as

tetrgnmet hoxysi |l ane (TMOXS), tefraethoxysilane (TEQS), .

et hi PFIEY RO S %é%?%j | Usihg Wh?élﬂﬂf&gﬁﬁw gyreibed above,
GER YR inotedditlgl donb@itheisy Sif Spae 8¢ ViMJorredptthding optical micrographs are
am nopropyl tri net hoxysi |l ane (APTMS) were from

Shgrinarigriechengdribe cersespemdiag B EY! misjegraplscandeaaen in Figure 4. From
d . . : ic. 0 )
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reagents used re ALR_grade. Hi urj.t A -
PR morral o o eql Stradtrerod parfclS i divel ofed in Figre 5. The result
EIRSW ShdtVAIl BrodStsBRAYAn 18B-35 inside and the encapsulation efficiency of dye

increases with increasing Span 80 concentration, as observed visually.

This may suggest that increasing the Span 80 concentration not only leads to an
increase in the viscosity of the outer oil phase, but also makes the hydrophilic droplets
more rigid with multiple layers of surfactant possible rather than monolayer.
Consequently, the internal oil may be less likely to diffuse out into the outer oil phase
during the formation of the silica network. The size of the internal oil droplets which are
distributed inside the silica matrix depends on the energy introduced during the formation
of the Oil;/’"W’ mixture. The more energy is introduced in the system, the smaller the oil

droplets. Other variables may also have an influence on the internal oil droplet size. These
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MAN cm Syntheticprocess ("typical synthesis
conditions") The synthesis flow chart is shown in

wo-e@ansss18s whi ch di spl ays the experinental 5 prPCDau2Nne000852

for the synthesis of silica mcrospheres containing

hydr ophobi c nol ecul es, by enplqying both sol -gel and

OLAVZO mul tiple (or doubl e) emul sion techniques. 1. A
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wieen i2Q0g wgen sinpllerpfnt size,t bt tie/ ensapivdasioni ef dodecade/SBtI5 was low,
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ﬁ%veut 5 - about 30 m nutes, the suspen3| onis filtere

g0 §thylepe ri)éb@r upifs af Wi ndifferegreia) strrsite.olgether which with a
ﬁgﬁﬁ@&n%ff&%ﬁc&hﬁ{ﬁk lh&e e%ﬁ'lﬁrtfgér %gé ﬁtqnh&%ﬂ %n both the particle

hours, the gartlcles are |mas
feumptieond ¢ibendapstlationvol ume 500 ni), and then further

gvash uQP(cepoLJ”ﬁe %Ee%r EM@@ t |! mes.,. (;t otal vol une 500

Trt)'—ﬁ‘j‘%h'e—p'rc roomtenperature

undeWithi ﬁmdngtm[e ad tife mtethalpbid Phasd)ytae (aaidle @Izebd.ﬂded@ﬁ?butlon as a
S, #ﬁﬁbgsol ved into the.internal oil phas

RECHON bF Wateerf O3 nclingatiods Shewn i GG 5 A the pester IMOS molar

1866 AREUIN3Ich A REmO? ko BNEeASuriél8 size and size distribution hardly changed.

However, at a water:TMOS molar ratio of 16, the size distribution became narrower and

particles became smaller. The highest encapsulation efficiency of SB-35 resulted from a
water:TMOS molar ratio of 4, by visual observation. The stoichiometric amount of water
for the sol-gel reaction is 2. Usually, to drive the reaction to completion in a reasonable
time, a water:TMOS molar ratio of 4 was used. The increasing amount of water, which is
the reactant, as well as an increasing amount of catalyst (H") might be expected to
increase the rate of the condensation reaction which might thus lead to a faster gelation
inside the hydrophilic domains, and smaller and less polydisperse particles. Because the
emulsion system is kinetically unstable (i.e. the double emulsion droplets will coalesce
and phase separate with time), if the condensation rate is too low then droplet coalescence

takes place prior to “freezing” of the structure by gelation, thus leading to an increased
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silica matrix. Al though the dye was used predom nantly
as a visual marker for both encapsul ati on and rel ease;

WO 2006asssie consi dered as an active in its own PCOAU2@N/M00852

t hus hasal so been used to -denpnstrate the perfornance

of the silica particles for cogfrolled encapsul ation

and rel ease of hydrophobes. The anount of each
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precursors have faster hydrolysis rates but slower condensation rates due to the poisoning

effect of the organic group on the condensation reaction (loss of 1 condensation site out of
4). This decrease in the condensation rate as well as a decrease in connectivity resulting in
a reduced viscosity of the hydrophilic domain, might produce increased migration of the
hydrophobe towards the external oil phase and thus may explain the lower encapsulation
efficiency.

5. Water to TEOS molar ratio effect:

TEOS was also used as silicon precursor and the water:TEOS molar ratio was
varied from 2 to 16. The corresponding SEM images are shown in Figure 11. Most of the
products were irregularly shaped except the last sample, suggesting that TEOS may need
more ageing time to form spherical particles. Increasing the water:TEOS molar ratio

accelerated the reaction rate, hence more spherical particles were obtained at higher
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0 1000C and 2) an exotherm c reaction at approximtely
3000C. 3. BET: Sorption isotherns: The

w®deanaasssis Enmett - Tel | er met hod was used for thRCT/AU2006/000852

determ nati on of specific surface area of silica

particles. N trogen adsorptionsotherns at 77 K of

the silica particles sanple was neasured using a
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t {Lmte t
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det e 717 l.us aut osanpl er 1525 b nary punp.
The. D6 TAFiCIfaE’ %%f&?@l&%ygﬁahew 35 EheRH SLREASE KBl were more
$pheriod kahﬂiQe@ft&ﬁfhf\é%/%s&l 5‘?@@50@% ero(sﬁv {Hgiﬁgéﬂ(’) ﬁsn‘?ﬁ kerosene (a and b). In

h |
ﬁd}lt}%r] ?he Wﬁ%?HER/P@PEGdétt%@%WOWSe aed HPS wdbe gufer pi phase led to
#kGuith ar&@legkééﬁ?eés rUf%’feI ?l{t&e(s@gtﬁa%? 23%1 tla onT£§ fraction of SB-

i ntegrated are val | I mone
Pearuldde inserpofased qmahn ptoaﬁlctv &hesd cashiid icomict Whith earlier results in
WhilR %ﬁﬂleHPC was used. This may suggest that the influence of PEG and HPC should

have been investigated separately. In addition it is proposed that PEG may exert a

detrimental effect on the particle morphology while HPC may be able to assist the particle
formation if no alcohol is introduced. This is discussed further in the next section.

8. Comparative Test: Particle morphology produced with different hydrophilic

surfactants in presence of PEG and HPC:

The experimental conditions are summarised in Table 4 and the corresponding SEM

images are shown in Figure 15. Compared with the previous investigation (see Table 3),
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retention time was approximately 13.5 mnutes and the
detection limt was approximately 0.02 ng |inonene per

workooefi3xmthanol . 3. FTIR was used to detect theP©I/AU2006/000852

(l'inmonene) in the final product. Sanples were O
i mersed in known vol unes of quecane and stirred

ntly using a magnetic stirrer for 3 days. The
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dr ophobe of these factors have been |scusse
%éieawp%l a‘%mqnl}{f[%@@ bickeriag pgents Jn spiteass ke adstition of PEG and HPC
10StB6 CFlecnUS d @?stt@fﬁtcﬁd QQJEIC{%ngd'rﬁé 'sﬁ’i@ 1&' §igé gaﬂ?*&lelgg(r {)ﬁéér?son between

size A series of sanples was synt esi sed usIn
Kigwenbih anprésp eBewdesc nohepharivol partiokss ngeranproducedasi ngrticularly

&Q&{:ﬁ%gﬁj& 1ggr of Span 80. The correspondi ng opti cal

m crogr e shown in Figure 3 and the

corrle mpgﬂmdraﬂig bSHdadi thzitagcfrazpiilﬁg havideesiBeeMthe Bufek 9HRadh facilitates
| ear that small_ oil

“ tg? g‘%fn&%a@@noﬂﬁtat ﬁi@’lgu dowdlg “&lﬁ%l%M usprofuring sehericgt partigies dowever,

thdél sdidieloh be HPCnaP Bl'l%HtFy Haf ﬁl%%pamb(iﬁte OER7Een {h?to%ter oil and

olid silica particles with ageing. The di aneter
g’spgﬂgi Press, (#8f t 35c PekssWihsin gompecases gereghlad9- dapednparticles are

Mc%@.e 1| ition, increasing the outer oil phase viscosity by adding HPC or
increasing Span 80 may lead to different results. As discussed earlier, increasing the Span
80 concentration resulted in a higher encapsulation efficiency for SB-35. On the other
hand, the presence of PEG in the hydrophilic domain possibly results in destruction of the
local structure of the internal oil phase and internal silica surface, thus producing particles
with irregular shapes and without incorporated dye.

9.  Influence of the hydrophilic surfactant concentration (with limonene as the internal

oil phase)

As noted above, higher Tween 21 concentrations led to a smaller particle size and

narrower size distribution, even though no improvement was observed when the
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di stribution becanme narrower to sone extent with
i ncreasi ng Span 80 concentration. The typical

woreephsdsey)y of internal structure of a particlBCT/8U02006/000852

di splayed in Figure 5. The results show that all
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pr tThed ame of the adsorption isoterm represents a fingerprint of the texture of the
solid under study (Figure 20). The shape of the adsorption isotherm indicated the
presence of a small amount of micropores and a large amount of mesopores. The BET
specific surface area value of 431.3 m%g confirmed the presence of micropores and
suggested that the porosity in the sphere was not due only to the micron-sized cavities
observed by SEM in Figure 5 but to some internal matrix porosity. The maximum pore

volume value of 0.51 cm’/g (measured at relative pressure 0.99755) confirmed the



10

15

20

25

30

O formation and oil encapsul ation. 3. Influence of the
Water to TMOS nolar ratio Wth dodecane as the

WO nioenssshs oi | phase, the particle size and di SP€T/AURG06/00852

as a function of water: TMOS nolar ratio is shown in

Figure 9. As the water: TMOS npfar ratio was increased
from2 to 8 the particle size and size distribution

seduiciion: Iefrigeety Behkkyveorens salid. 4T hmahmter@w%etméeﬁrthe alds@ption and

(ggsro}fuqﬁ ﬂ%ﬁ%%ag%égmﬁ%c? F)@ dh%ﬂ éslbl glgoggsagqég% ﬁ"ést psgpmption, a DFT

eéDémm:Uy&lmytlmial Iediy) raﬁ@llym @sing raasvliadmed] ofdVHBdBPW A conducted and
The stoichionetric

rati Vi S bservati on,

st the Btsstibe 9154 Cond Do S et SribuEDR GRomsl.20 A with a peck at 6
Wsyal ly, to drlve the reaction to conpletion in a

reasonabl e tine, wat epTMOS nol ar ratio of 4 was

usedlt lfrmteﬁeﬁ@we@anﬁ@t ifferenest betereer thevinfertal ipmd(ucit dfcthose spheres

Rﬁﬁcﬁﬁf‘gﬁ ecy\%lyl th@S %Q?s's ey @a§| ﬁgrbt%ngu ?éathlrtbe? o‘iled Release

e expeéect crease
@mnéatm@cs, Mpasﬁrmn&/ﬁh‘lﬁi‘eom bbbestséwsf Pespdration 3and Methods PCT

iSRS USSR AR, T R o o

em‘hbHFE)’l Thy pagtivldsprédured bg @l‘ddésém S&Ie?@bﬁmﬁﬁ}yemlc}%%rous with a pore
ubl e e%dalon olets w |l coal esce and
HiCATRURG Vil ¢ g1 This suggests ct dathen el pmaesulgtlctno@r the internal

btﬁ‘fﬁc&dﬂ@ Te. gr ?We@ﬂ Z@P?ia%& %rk‘fg})ﬁc&ﬁli'@l% il @E ‘?ﬂ&ﬁﬁ?e[tmg of the internal

"freezing racture
t?‘aw&weuqfdh@ alsaéﬂpalttls dikelystioztee Ofrplamaeasnpnrbmhe el cbiseol the internal

SO B RRY 5 D SRRy )R

ihls_m;mmlmm al rieteagy atd afelyet he fastest condensation

tlms cr Iutlon(at hi gh wat er

ratid lrte ﬁ téff'? E\E’ %@%P s@:l yiigns gyifh aargg}gefcglchgratmns of limonene
(ﬁogfaﬁhﬁzg 0200 e/l g iS®e3 )i erh Hb?ﬁﬁredt WS 08Gheas 'Sggng(ﬂ%fclohexane

ca sylation efficiency. In other words, the r

SrofHHOnS, Wekenscannesh Bamchith i RPG anbeandetbn hyighstoff shsorbance (Abs)
W@@éh ﬁfédpéékséiﬂsﬁésﬂlﬂg aft ﬁ@ Praroniid | §p %n&ﬂédts?h&l Sdtticles were

t he hydr ophobe insid sanme experi ment s we
P@ﬁ@@ﬂéﬂ e pylstbﬁswgpmw@ clasweibad ehrlier, mnd e]neenoapﬁdilattdi’aeefﬁmency was

_?Wt})ﬁga%lg&:%alggt}g%aéaméog g‘hl ghest encapsul ati on

t a water: TMOS nol ar rati o of
4 ob&errtvmﬁhad Tl sltey1da14i calibfatiog B0 caYasIBMIRd-asibdivé, 1428 the Span

n re 10 s t hat spheri cal
% o R E P < rte 3%98%%2@5 P i §lafa§tané'>(ese@ue on the particle
ARME, A Whb®h FREUh bF prétivdt %& H%gelﬁé@quygﬁlanéln afdfi fHel d duSPension was
it al so observed that the particle siz
%’r‘@\gaﬁ%ﬁ&t feys wedatke abserbangeaet theesupsmatan WaS stable. The calculated
&Q%ﬁﬁ?l()ﬁtéfﬁacﬁdsp&egﬁ (5% &158093 9-vqrodlhikn 49 89%1]'& J@Z\lv{‘%’less than the

IS consis wWith results describe
result from indirect method. This may be due to some binding of the dye molecules to the

internal surface of the particle, thus artificially decreasing the efficiency.

Encapsulation efficiency by ORMOSIL spheres: SB-35 encapsulation efficiencies in
silica spheres made by mixed precursors are shown in Table 3. The highest encapsulation
efficiency was observed for the sample made by 25 mol.% MTMS, but the value is
approximately 13 wt% less than the particles made with 100% TMOS. It is interesting to
note that again the efficiency obtained by direct method was 10 wt% less than by the

indirect method, but remained independent of the release media.
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The rationale for using hybrid chem stry was that the
encapsul ation efficiency of the hydrophobic dye m ght

wheoosnsisemsed by i ntroducing ORMOSI L such as MIGVMBAUXDMB0852

and PTMS. These precursors were expected to be able to

i ncrease the hydrophobic sitesy4nside particles and to

interact wwth the inner oil phase nore effectively,

t hus Redaopé rafet Figursi 21 Sh(B’r’SdféaetrbleaSﬂflra’teasfrﬂibBésfrorﬂr silica microparticles
ected ta _assist to narrow

3 bleBBhank g TN, e, RAREE oF G o BRloerdzs as eler than in

dedeasi bngaﬁdsre3 d@jzwmtawbbdrba&emﬁabﬁlmwtﬁ MB¢ s@ht vhERePh both systems

rel ea ver addi ti of O?I\/{%I L did not inprove
CHESSSRRE el il e iasiimiey sh e ihSies esph 1S ©OHBY b B case of the
(cyeehdiaht ﬁlagf)be cPIRRHSY tHé El@hmphmf Hle%éf%ﬁéﬁ%?

owe ns

have faster hydronS| s'rates but S con ation
oni ng effect of the organic group

on, g s 550, B BT B

a&ewelldldlasblalanewceamdepandemmfetht hntbﬂnyl o phbde, MhidhmAy be cither a

) t f the hyd d i m ght
AR RF 35 binlpriheaics SR féthey ﬁw‘*ﬂ%ﬁzrasAt il the retinol
pred?{phleﬂ’crb@ ar®@idisii@deinaFigutd03. MRY M¥PLIght 1B] [TWBD°C) can be
encg&tﬁé{rlatlon efficienc 5. Water to TE mol ar ratio

Lvatea

i 'TEBR GHRBORfieR ndj 1etipgh wheseas dr sepaad weight loss
TR0 °C)ECE r8pbAIs "Bt edsf

#he corresgondl ‘??gb Sth?nta}fg%e\S@%Pgﬁgoﬁo% fh(r%mﬁgsl&ugl 15%ifa0tant The
ceapostion pethsrefinpdtdepedsiicd miegu particles sﬁmr?@cfﬁ wilbepdter plus retinol,
bhe Wgurfa%[‘%a eapd%H o|51'i]1gat hat TEGS may need more

ageing tine t6 TormspHerical particles. Increasing

t he (Wbt er : TECS ng ratlo aqTplerated the reaction

rate ence nore |spnerical pa t cle obt ai ned at
hi.g O a(e} a ég‘;gﬁls required
flor msgibilli ty of er. This added al cohol

tjoget he i,t h the ethanol generated by hydrol ysing

Bt ur b/ dgstroy—the—doubte—ermtson—struect

if it G;H t d
'AS 'a r'esu ? Lg?gViE ﬂﬁhﬁﬁ%ﬂ% ) ﬁ%gfs%'m ﬂfl%ja%%/der

pr odTae WV /Fis hﬂdéfrﬁﬂlh@ibp&esrﬁtﬁﬁ(ﬂc‘cﬁ@mvegflﬁ QbhydroRABthah] 1s shown in
al so exam ned as a surfactant for the outer oil

B’rﬂf&f‘ez-” ﬂeé‘ﬂ?]eexl@lﬁr assHioRg absompiionmgak ﬁhé?e%nmfané ihps @ detection limit of
Brbkisla8sy O ERRRE Ctjl?ﬁ)rtgheftél? ? get-[r}g@el;hna C]'IS ed dlﬁrltng release in

concentrations, while Figure ows The SF)
fgdrydpest atleanel E’(Dlg%ﬁtlmgdh@tsﬂln geting emas2€ithen d;tr'(b'nggrbo&ﬂed to the silica

FVREAF eplaby RP AR ol RSB R 3 54 Ref pagieleg containing

Bilmrnml tdlﬂ?d notdetecs }D]J[Bi*fetlﬁa]l beghlidecthe PR irétd$ buIséwere swamped by the
%H ducedn%m ngqlﬁgan 80_.t han usi ng Span 20. This

FIORs RS b fgentbands of

Solid samples of retinol-doped silica particles were analysed by UV/Vis

spectroscopy. The corresponding spectrum is shown in Figure 24 with a control sample
produced by the same process in absence of retinol. A strong band was observed centered
around 300 nm. In contrast, no significant absorbance appeared for the control sample.
This confirms that the double emulsion process led to the encapsulation of retinol in silica
particles.

15. HPLC estimation of limonene encapsulation efficiency:
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surfactants such as Span 80 facilitated the formation
of the hydrophilic droplets and thus enhanced the

w@e@dnssion of spherical particles. 7. Conpar aeCTm/au2006/000852

Test: Influence of the addition of PEGin the

hydrophilic domain and HPC in jfhe hydrophobic donain

PEG (MN 20, OOC) sol ution was prepared by dissol ving

0. 300" §rigebHPRClspectonmiusesHoxlcki@Rnesthb limomene eotderttbé the particles is

%Eg\gg ln?ﬁ% ea{%\;fmé ?g%ggv;ﬁaéo Sgéﬁc%ﬁggvg I??ﬁgéleﬂg} sﬁlca mlgrro%gzlrtlcles was
@stmrpbied al 4 cu 6 $ofori nypizab HrtigestsPCThi rena@@m@@ornbfﬂc?e%& Qalue can be

Ehiads Ry b L imbing %, FhoCBinbiors he ek eagisies) sine a high

lal@UBBSESHANESOV4i S B5Ar b pe-'r_ﬁ!@osdtﬁé %bﬁ&ﬁaﬁ%éésﬂ?e%&lt of limonene. The
i’%ﬁgl(rjl tjans ar e presented in

WERHAN ihefficeney plesgeedds Eossmha §t1¢ Hlt mellahreﬁscglsr sich4s variations
e P ! u
OSSO B TS DD v

dntedensaecetictor darin dseHP Lﬁldmemtr&mem @s Her@esnee oA surfactant

g%ne g%swﬁ ]élzlgg gtnol eﬁF;E{e[nﬁ x? L ese grm{ﬂg %l{églgn?qpne signal thus

mqr@gudgahe pidficuliylte suatiaticy @%&s@ﬂ‘a’cd (Blﬂlrhé/r%e of Hatcer
&E ie used an onI%%% fraction of SB- 35 could be
|nco )

QY EFIPRUOBreberieRcy offsenenesempgreddarthe bydrophobic dye
(BB-35padi b ixplAsdd BySthé Bi iR I A8YarHRECNRR: used. This
may suggest Fhat tﬁg i nfluence ongEégé HPC shoul d
have been investigated separately. In addition it is
proposed that PEG nay exert a detrinental effect on
the pa | e nor phal ogy while HPC may be able to

assi st the le fogmation if no al cohol is

i ntroduced»Fhis is diseussed further in the next
section. 8. Conparative Test: Particle nnrphology
produced wi th di ffferent—hvdrophitiTcsurfactants—
presence of PEG gnd UilR6henERIWwXBELBNEbEHesE AREkt | 9Ns
are summari sed | mTabte—4—and—the w..copu..u...3 SEM

WNedr ophobi ¢ surf act ant
omO.5 nol/L to 0.6
32 G and HPC, spherica

partlcles were formed and ng the HPC anobunt was
found to have no signifidant effMideH GiHgaHECELe
nor phol ogi es except for the Tween 80 system A slight
increase in the volune of the internal phase had a
smal | influence on particle Sfze and Srze drstributiof
whi ch s shjolvendBlue-350MIW 333145, £LEBOMEBIHEL SIS AGler
Tween 2 1 incorporated—thenost—dye—by—vsual
observation. The corresponding particle size was quite
| arge. Use

Solvent Blue-35 has hydrophilic sites (amine functional groups) which can

i mages are shown in Fi gurel_?_ablg@@%@ﬂ%&b E phase

conjugate or associate with the silica surface, possibly via hydrogen bonding. In addition,
it has larger molecules than limonene and may be thus less likely to diffuse out from the
silica matrix due to steric effects. Another possible explanation resides in the partition
coefficient of limonene and solvent blue-35 between the hydrophilic domain and the outer
oil phase, which may be different.

16. Characterisation of the limonene content using FTIR
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of Tween 20 resulted in successful encapsul ation of
the dye al though the encapsul ati on efficiency was not

w@gookiggsims for the Tween 2 1 system and the A@EAN2@6/000852

system forned nuch smal |l er particles. For the Tween 80
system no dye was incorporateg (as judged visually)

and irregulary shaped particles were produced at high

HPC dbatceneentratipmlof|limgnent ledvbednintoi cﬂﬂdeczarwms dotehamed by FTIR

ite for succes
S00800, 99508558 RO SO ST SERLM gopented om
Thmeeenfratioms tafi che dggtpbneﬂFt)@E (ﬁ)}%&htnih ‘Eies&@? lonhé)fm\i'eibﬁed solid, the 797
e outer oi ase
| nnelii‘a@i? A %Qg@(” i é{‘ g)eii?t qﬁscqme@@éwnowhmﬁwa@@onded to an
@ﬁtﬁpé\ﬂa’c&ﬁﬁeﬁﬂde‘ﬂc? loguewt%, $BPWR (Hded"R1ia! IRk dtﬁ@%%ncentratlon of

change in the rticles norphol ogy Vas o serve
gaéactangnisofco r%hlﬁ rducedCothgaBBE oemili timoRemurtand wlas oused. An

o dpﬁq%’cndnéf{ﬁ eﬁ{:}agﬁ g{]als Egtggg \é'%? r}nglfg%t%r}%t&}? gegp {E)t \ﬁ]élCh limonene

wasli albo nrenfovétEGhamg HRC washirige pfowees) BO teisd &N €6l content, this
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m]aalt asdRsC \fare&la@fsﬁ@mﬁﬂgtur@%f Rampbisdt Bdslther8 N £FmleBhanism available,
ure IS gePeraI |y believed that increasing

f‘i? *’\W%t%tgqnt Yme pnpcelugen. der spprafipgthe vasions parapaisntstrentributing to
fhe MBS AIRY, 1@31§$aﬁ9£sew98‘é i € @ﬁil?élg % p(rbﬂlléﬁlaﬁé E?%gﬁ i gqe presence

herical particles. However,
%ﬂp? digh gmewinfesur fietaapathed® cart be fuacdetobg&ttvmeatpprdwamate idea of the

aﬂltcgﬁtra& oh 1ﬁ%hﬂ%ﬂr ?BQ ﬂe?hg E}?S]se%et?{ha% %2 SPalg esuiﬁg%ée(&lt from the

cases, gularl

pamdd@lnt danlng:anenmre Sparn@ ﬂh&eﬁ Vil %nd:pdss@lya@ﬂqe\/dlm%dtsﬂlca
Py i.n .HP%: i ncr ) lead to
. h 18 CDQ&'IQPEL SULA 5 ?ISI ncr eaSI ng

t he [S@ﬁﬂ: 80 dise .hr@hblﬁﬁ]tld %%dékls%hdnﬂl JidW DL typical single silica
enc %ﬁul at i onggf%ﬁlnm ency for SB-35. On the oth e¥p o}g

PHEOPESeT OB iRg OﬁE@PlﬁtSm@eﬁvérlwﬁc lai Bliepornatrix. rilal@swlbldwplets are
Jtﬁﬁ}ié&iﬁidn’ﬂgq,%ééiézﬁﬂl 9% ﬂ?«fzseh&eoﬂ 19&:?1}&11 SUEA rﬁe(ﬁydﬁ;l{})%oblc section

i nternal orl hase and "I nterna I Ca su ace
cpfrtb@l Uéﬁlﬁgl mfaptant @s. Wivetn 21y @gmmoh@hapmlmﬂalvmt droaskociate with

sur ?E@l%gg%(ﬂ%cgirl] rg% ansf é]%\%‘gcwh%f Pr%)ﬁjérr@y %ﬁh%pat‘f: (ethylene oxide)
pmbmtasaintcotﬂe h;yﬂa@h)hc/kﬁ)rrnﬁﬁ ﬁfi ltchgiMéa mﬁtr[ﬁh er Tween ; 21

artic e size_an
mar OB CH 2V knp ¥ i e e RBCERIAGPT HBFSRE B achioved
u&&fg W&Qf W@h%ﬁfg#ﬁ@ﬂﬁﬂ@ﬁ?tFﬂeh%ﬁrfh&aﬂg Wi, ABRYESD u1|§1ts are able

ure his nma q est that the increase
tg JP%%@ Qr&h Iervmléwn of)the @H desilicatmanixwis Ofﬂr@d woudseit wppears that the

s%fec%tgi;}%th)é %gl'é gnﬁftaﬁg’éﬂﬁl%gir{g gtsréelgtns)él{sr §1[n%11 thr%@%o pvith the PEG. When the
REfp chaie is tne leng,a@slmemqtlon with the silicate species is too disruptive and leads
to either the formation of a conduit leaking the internal oil to the outside oil phase or the
expulsion of the internal oil droplet to the outer oil phase. In both cases this results in
negligible encapsulation.

The perturbation of the internal structure of the silica was confirmed by the BET
analysis which showed the formation of a drastically different porous network when
Tween 21 was introduced into the system (see Figure 20 and section 12).

As mentioned in section 3 and 4, the encapsulation efficiency also depended on the

speed of gelation of the hydrolysed silicon phase and its viscosity. Both are dictated by
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efficiency of the dye. There were no significant
di fferences observed in the particle size and

waele®bnsisue i on for the various surfactant concePCT/AU2006/900852

(see Figure 16). This suggests that the properties and
concentration of the hydrophohjgc surfactant in the

outer oil phase have a significant effect on the

phaer iltéall solngsl shonisgy andi widl diktets whetherathe smtpmt pHntroplets stay inside

BBl BEPLSy B W SHSARRL0E 18R 6Ly DTCSRAGRLS of ety
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[ 3S shown by the substitution of
HOLREeR produces slightly |ess
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desing 'eﬁﬁf*ﬂ@}m\a@t bel ﬂaﬂ?Q@Béfbﬁé £1d %gﬁle%lrﬁ)ﬁ'p@é&ﬁs‘ap M@@héﬁlgmﬁcam
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[ i on much bropader

a Si.ze di u 10- 300 :
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1558 theasi agMopd e spRid: dhe experimsatah gracessiavercfragile as demonstrated
oﬁ%hlaclg- Tof ﬁegﬁécg&%lﬁ?lafl%ao%li' lﬁ%ﬂl tJ hl% ld{ugéiq{ Ql@gplte numerous
S|due on t articfe surface was estii

'@@UIIDT)A anal ysis (Figure 19) Two d| fferent
i rst

decorposi tiaon. step re,obseryed.
oss T8 JebsstiioR e Rk GORE STIHE Saute ebied ool iy detml the
axgkrimeentdd rodeduid lahe dhérefotd theessppifm@hiab prodbde | thdti w&Sused in the

| d wate Th ht
ST TSE) cPHELpE AR VBTa SSTHE Melov.cHas inemahahase wes

@é’&ﬁ?&%d JF 71 URsbrleRe, 1308w MBMsEh 2@ s ot @t Q@dt&u@hls mixture was
surfactant. The correspondlng conposi tion of |inmonene

ot using & shefr ombrer far0560 eom o438, mingten, (apedupe wsstable OF/W
%ﬁxlulsm% % Wse@oﬁﬂ rs{eggﬁlt%ﬁ)témba%? d)/\X)’{e Lﬁél{)lll GAs sl%%vl% added to the outer oil

aracterisation ous structure” Usi
[&hztsa,o@yl adgwd pvhioh cditeined Qwﬁ%)Spth&O a6 et oHPC (MW 370,000).

Lsot h ern1re resents a |nt of the textur

RS <Bfen SRR el vl 307inE e ey R 30 minutes
&(éﬁ@hep&m&lihtlofqtﬂw equivelent ad et thhe wateIBULmdlar 2ats '8 4 was added.
%Hount of mcropores.and a Iarﬂg anount of nesopores

PRiRPTe, U] SPLnEhasRel &1 Uhmueviss. tea 256h Mot NH(OH was
cRRYIwifesh 4AR0R18S Qﬂﬁ@r \%flurﬁfé L8R &P ﬁl‘%qiéép&gﬁﬁhﬁdconcentratlon in

that the porosity int sphere was not
water phasegvass(. 2@ame iy A;Etglsreactmn sample was centrlfuged at 6000 rpm for 15

min. The resulting particles were washed repeatedly with pure water, and dried at room

temperature under nitrogen.

Figure 28 displays the TEM images of silica particles using the earlier process
described in Fig. 27 with limonene as the internal oil phase. According to the earlier
process, particles were extracted by centrifugation after a 7 hour reaction (Figure 28a).
However, it is generally believed that the reaction time for TEOS under basic conditions
is at least 24 hours. This has been confirmed by the observation that more particles were

formed in the supernatant several days after centrifugation. Figure 28b shows the particles
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observed by SEMin Figure 5 but to sone interna
matri x porosity. The maxi mum pore vol une val ue of 0.51

weeBbg3sneasured at relative pressure 0.99755)PCT/AU2006/000852

confirmed theproduction of a very highly porous solid.

The hysteresis between the ads fgption and desorption
branches, signified cylindrical” shaped pores. Based on
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Sefiﬁlgg g@%g?%%%afﬁ@ hiKe -, Eli&gla%: g%tg(? g?ljtlc% ellg%g %ré ag were produced

tlfhﬂml’fydrophobe 13. Encapsul ation and rel ease rate of
dye: ve standard sol uti.o W h .
varyi ggéc%lﬁg%)rﬁget th? %8'1}?“0 f1 SO Lpra c@ﬁ?%ﬁtﬁreﬁé’r%fuﬁ%accordmg to
’d@/ emthenfpr@ﬁss?ﬂéscmbeé ung:)ar/e’dhdﬂBBIgs&fa@e ABda/ Was 42 m?/g, suggesting
80/c fr%er'ﬁ‘_‘xane oI uti.ons were scanned fraom
PR OB P RS GRIiEIS i LT ohsBai Gmedan passsids of 21.6 nm)
hatuerethd inerpeade %fbsh?sﬁlnb REtIRE O he ﬁfgf‘eﬁjﬁﬁe between the two

SB- 35 doped siljc icles were produced
BipRESIess [8e prepaaksirugares ofihoth silied méﬁﬂce%ﬁtm dlrih?gcally dlfferent

enc a@ﬁ@#ﬁ% %&cﬁg Bf HeSREY, aricle 41%?% Iehe?r ﬁ)%ess washed either by

three sa rect
wtqmroatbw O’Vﬁt@’u weee magsuodsk ml deeaﬂmm liﬁhiwwe;waa Bdldétl[te ﬁﬂ@ﬂroxypropyl

n t i.n_ethan estjmated from
§e%u?0§ct% ggnb el gﬁéj agicly ﬁlér?ap?ﬁv?ﬁ%f@c ﬁp\fea%glea%r%%ﬁﬁmples diluted
tor hetti Bnind B rusihget DRABT &S, DEBieSﬁiﬂl IRNsRIchaRelhe #shiéBade by the
d far days until the absorbance

SUF ensi on was stirr

oD et X in0re g Bereras Yeay Bitlendigrence between the two
@ﬁmsul ation efficiency of SB-35 was 38.4 w % which

is about 10 wt % |l ess than the result fromi ndirect

et HogureBsi (@) phyvsoweetieof ‘dile§®mlemrﬁlahl‘ﬂba®brchtng tcd'ghe earlier process

oy D5 08k A AE B LIS BELES o e e
iBverdiosuThe ibend ef hbamte]r’V@Q dmy Ok Withphesresy iSBhéSpectrum of the
p%?t?cqgss (yfl L p?e%en 1“/&11'&%?1(:1'3 %reselpt in both Span 80 and Tween 21 and is due to
C=0 bonds in the surfactants. It was not observed in either of the particles made by the
earlier process. Similarly, the spectra in the C-H region (2700 — 3100 cm™) are compared
in Figure 33 (b), which also includes the spectrum of HPC. The prominent C-H bands in
the particles made by the earlier process and in HPC are at 2972, 2930 and 2881 cm™,
indicating a significant amount of CHj groups present as well as CHy. However, the
spectrum of the particles of the present invention is dominated by two bands at 2926 and
2855 cm’, which is indicative of long -CHj- chains — as observed in both Span 80 and
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silica spheres made by m xed precursors are shown in
Tabl e 3. The hi ghest encapsul ation efficiency was

woeb®enssse f or t he sanpl e made by 25 nol . % MIMPCTAU200b/000852

value is approximately 13 wt % | ess than the particles

made with 100% TMOS. It is intﬁjesting to note that

again the efficiency obtai ned by direct nethod was 10
vaﬁhéés’fhmmbbgrvaﬂimlsisngfg&se tat ﬁmmaydnt}boﬂf ongmlilaimz&d‘ial absorbed on

SRRk Aol RhoRG5 o) FARE e i e st o
hecpanticles oLthe presontCicirdioaxpreludne cHRGSRAB0 of M8veen 21. Analysis of
rel ease of l}g e i.n cycl ohexane was faster than in
hsehor pucas shows fht ihe Ryt of EPShabserdsd oa the wieterinsshied gample was

wﬁlaﬁ%@enﬁawtsalalt Bf@x@tal?et&{ﬂa%gﬁ e.suggesting that all
ye was renoved f ast er ease rate observed in

the Eimee 3t (@)shows HesFEALNBA mesplth of esqtdrei \M@hed)paﬂtlhks produced by

@{eggh‘:r‘fgﬁjl rfB?%E dg C‘Hbteg 112 1;F|1é % ﬁé&hﬁeﬁ}% g Eﬂlvent were evaporated before

269 i ﬂ;l amgio fteed velatilec aontentt ivak el .§ Riigar E’h&@mﬂﬁﬁﬁfﬂ peak at 356 °C
n were

biiespbitieRithe ocofwos bt dhe b frclshend Polbien Theypopsentage of hese

ergahﬁr m@tehhl@ Wl S00QEe GRke BFy xlvblﬁﬁﬁﬁ 'ée)leg?éctﬁ‘lgstﬁé hgass of water from
The TGA/ DTA results of the retinol doped

é’é’r @nbrﬂled‘eglﬂﬁafy’é Wates washesd partiples medlspla:sqd Weiigere 34b. The

{888 thaks %@ Qfohple %@e(pﬁ) atd e{dapﬂL Sad B 56151\%:’1‘3% ?}Ecﬁflérﬂﬁc Bgak occurred

wat er and retl nol ereas 't he second
e 8tk TeeFbe)water ¢<m§mrm® 1 D5 twido of rthemtodmnt obhitehthe surfactant and

S ition of the
pEY e ruBhise Sy ko ASABER i s was 22,8 we o6
Wt efnfhﬂen@ecsfeﬂ{ nol, 26.7 w% surfactant, and 50.5 wt %
I Vi s ectr of pure re |noI di ssol ved

silic §)Y/
LR Ve SeBiiionet EHBeon R-paticle D@pemss; Patier the typical

é@ist donditiohk dBridBs e4riks, @p FHe?l?h@fial%%fés RRR ANGe RBR Bnge 10-150
etection limt of ggﬁrom ma %
W Oyhemihe BHys derscased fram 2 195h30 |t1mpﬁgmdp eitednareasgs significantly, as

{well ea@%ﬁe sl e AREHBHRMS 1eet %@p@ ﬁg%%ﬁéﬂlr@gﬁt B3t tlﬂg SEM images of

retinol was eit ers thé sili
partitlgs eymshescseg rbpldd . 649 15000016@2 ek @ls Frémi-pHRL anad) P03, particles

Lo FRE ST A S 70 o
&V}ﬁm@e&l)lbﬁrhé IBETshitdR @ fldtieRse i hiCahodMdinSRighRCI@Mthe surface

bands. Solid sanples of retinol ,doped silica,particles
He? 8ecrrases SeastipAlty SpmueBPiose A1Y Bs (8d8ypPrPRe92 m/g as the pH decreased

£6IPIS Q%dbﬁ!ﬂ{ $. l@ CWhHH‘pHSwﬁsh 2100, th né)%ftﬁws%egadm OEe ﬂense and their

control sanp l.l2 he sa rocess I1n a
priacepreagyas ahogw émg /gxélﬁ@ BE&S sotiacer axezdwee ankr&al ar"zgman 0.301.

J}glvofu?})ercﬁﬁ(ﬁe%f’éas tﬁ lspgﬂ‘r{nh%h gg{# BG§ 18 about 0.045 cm®/g at

ppear ed con
pﬂhd @t uintl elommutos0.665 pnﬁ@a;tspfli ddoa and be)oermdp@ at pHi @BO1. The dye

@I)lvel%tblu O{%S)I errllcg’psuia%on efficiency also decreased with decreasing pH.

Figure 37 shows a diagram of a particle having internal cavities, such as those of the
present invention. In this figure, the squares represent the matrix, which is sufficiently
porous to allow the hydrophobic material to diffuse from the cavities to the outside of the
particle. The BET measurement concerns the small pores between the squares (1-20 nm).
By contrast, SEM is capable of measuring the larger cavities (1-100 microns = 1000-
100000 nm).
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particles. 15. HPLC estimation of |inonene
encapsul ation efficiency: A typical HPLC spectrum used

wa e200das3sisri ne the |inonene content of the partPCl/aB2(06/000852

shown in Figure 25. The encapsul ation efficiency of

limonene in silica n1cropart|c% S was estinmated at 14

6 %for a typical synthesis e encapsul ati on

ef f i dihermaipimamyef dmncwéemﬂ@tlam matd afndiljcdmyalkoxiide e tobserved at pH=2

ﬂ{%g% Blinfer é(ﬁaéé @cge %%Lpe%]?noénal € %Bé#lfchgﬂén%eh@%%, Chapter 3

anmount st gni
pagnt2lBht Thes whas Utthe nﬁﬂi tdeofeasdsmn@biel dh@owérdhthe condensation rate

S b SR T oS by e
diryétig, @lﬁlﬂﬁ@ﬁf’che et RRchMAI ey édv@ﬁﬁh@é‘ﬁﬁe'pﬁrtidlé‘%rﬁﬁaﬁ& Re?naln largely

repoved. Anot her interference factor during the

Te i inveRiofsROsBHlate Biré thegthangy ofid derds gpanhwe in the nature of
\MB ﬁ&rﬁﬁnaoem%dthfz %ﬁe‘&ﬁ iy 3 .61 {08 intdBLP %ﬁr g\ﬁga%ganm aspla the silica

I'i monene si gha |ncrea3|ng { he
lf@th?udnd%ﬂypﬂhé atsel @aseponds & the plomm)lﬁ ea® dyrddRIfGilickhgbove pH =2,

S SRSRIRE oS ORGPl SRR ERIBRTSO e st

dpéciasr(eet thlafdiyﬂechlf,fﬁl‘d (ﬂtg’oh‘@ts) ra@s Fothtﬁ?@li] eRrgedMA KRG 3bhe surfactants
col our| ess | Sol ven ue 350. 45,
1540 BONICy 3 ClE)ar 156%%1]; agg |change ofthe silisatg geuid lead to a repulsmn or

g&’l‘ﬂtﬁrﬁﬁ’ﬂfﬁd bfCths MaBSdel Wa‘%ntéﬂﬁlﬁltoh%ﬁ)lfe rtﬂé' Rsihac ¥¥4?1't Gt 8R%ilica which

Conj ugat e or assom ate with the si |ca sur
gl nepult i an EyRiHgige of iem dil rdg0p1¢tﬁ oathaid et Of)ﬂﬂ,e sphemadiurlng formation.

|
?ﬂ&gﬁé}l 1%%08@651%15 kalgﬁp %erg ?%eggéﬁ ?]tig/lul&}é {rgemal structure
Qf thei Sphefes,ethesﬁaCWhat therenpayssalabbs effigibmoyaddopsased siitledecreasing pH
I8 B oD i By Fiiemitee. dhraPresmsdonges vpiogte and surface
@nela whiah @orredioalls PRy dbﬁmﬁhahf)ﬁ o€ fe spherel, suggests the 1m£_|_rtance of the
Ch racterisation of the |inonene content using FT

BHFRCRGnngTaqtionofe e ematien 9inths inteaenl apnsositys The nitrogen
egﬁfﬂn[&%ﬂ%ﬁoﬁ ﬂk&h&%@é’v@ﬁ%@ ptYlat e ébcgﬁ%e%% RARSformed from a
us

for concentration anal ysis depende
togrbe masaperons selid et pEF2c tmponisnporgusesdidt at Pii=1.64 and to a non-
washed solid, the 797 cm 1 |i nonene band
&?ﬁig(gg#gfggt erm ne the concentrati on, which
corresponded to an encapsul ation eff|C|ency of 19
an%stig@ﬂiondffe?nmwégdmphalzdsutyﬂmaa t he concentration of

i o ehAeh AR (R kAR, SRt el dheptigence of he

ﬁat%ewa?sthei q‘ﬁtenhai s thotann qleceﬁd Mgt sleacMt)eR tHeQatii16 orphology and
nonen so renpved during the washing ?rocess
?1 cReAp a%crn gicigncy o hiteshrfactagtssused were: polyoxye hylene 4 lauryl ether,

Ci2Has(OCH,CH,)4OH (Brij30, Sigma, MW 362, HLB 9.7); nonylphenol polyethylene
glycol, CoH19CsH4(OCH,CH,),0H, NP-5 (Sigma, n = 5, MW 440, HLB 10.0); NP-6
(Sigma, n = 6, MW 485, HLB 10.9); Tergitol NP-9 (Fluka, n = 9-10, MW 630, HLB
13.0); octylphenol polyethylene glycol CgH;7CsH4(OCH,CH2),OH, Triton X-114
(Aldrich, m = 7-8, MW 537, HLB 12.4), Triton X-100 (Sigma, m ~ 10, MW 646, HLB
13.5). These surfactants were all white, viscous liquids and contained less than 0.12 wt.%
of water, as determined by Karl Fisher titration. Other surfactants investigated were POE
(4) sorbitan monostearate (Tween 61: MW 606, HLB 9.6) and POE (5) sorbitan
monooleate (Tween 81: MW 650, HLB 10).
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corresponded to 1 wt% w th respect to silica. Even
though the IR technique is not as ideal as HPLC for

w@p@bAt3ismgy a m xture of conponent (as there i SPEDAU2006/000852

mechani sm avai |l abl e, such as retention tinme on a
colum, for separating the varé' us conponents
contributing to the IR spectrur%), in situations where
Bivveen ShalCayblisOASHpCldyDe mat itex £ such=4s t he presence of
a hi gh amount of surfactant), the IR can be used to
@é@(‘%ﬁz@bﬁ)@ i mat QCHClHf), dFe concentration in

sol ution. The fler species detected by FTIR as

| eached out frog tiGles{d N dodecane were Span
80, Tween 21, and e@&‘@é‘%‘??ﬁ%ﬁg di ssol ved silica, 17.
Mechani sm f or enczgsul ation of hydrophobfc materials
Fi gure 26 di spl ay<CHQERBTL,. AectoBHL(CH 2wCHE,
a typical single silica mcrosphere showi ng oil

dropl ets dispersed inside a silica matrix. The oil
droplets are stabilised during synthesis by the

Aivese A t.eCoH 4O (EHICH, Gy r frae tkany + ZFhe hydr ophobi ¢
section of the internal surfactant (i.e. Tween 21) can
HQEHLE# 0, t he | XOCHRHAHPOH or associate with the
hydr ophobi c etul e such as SB-35, whereas the

hydr ophi lic iLde) penetrates into the

hydr ophi lic dor@ai n |{%&ﬁ?ﬁg3;§)ﬁl ca matrix. From

section 2, we know that the maxi num encasul ati on

efficiency was acKEN{EH6HQ) IREBCRO—Thi(CHWIEESTH(CH,),CH,
that only Tween surfactants with short PEG units are

able to retain a high proportion of the oil in silica

mat r The symthedid @roceidsandt tHAPABSLE Jﬂq@dchtlhﬁteﬁ%d: hi@according to the

mat rix c%g only accommobdate a relatively sna

| PGl p TSRS oRFtoRE daseribegiraliernexdeEGrbprsi shatéds The encapsulation

EBoRncikd Snd ' | | [ IS t-00

ciPafincibd nd POHRC oMoy tohle o infRbel REEHES o ')

condRiieviopg atidigs tdeecribed eabmae ghiow tthatt te itermbldeudadtant type and
| si It i nt.er nal i.l droplet to .

ffiRaron hifc SERMCAN UB ohy IR bttt Bibrafilned Certipsufation of the

iyt sprcidseHenwewnps ohlyta fow. suFfactapi tad bBéd trMe@brdviisly, and the best
h a was _confirnmed

i_nt.ernal ruct.ure .of e sili by the
SEAE RGP BT FoiSh A 2hewFishs i 46.35md 4 PEO units. Tn ths
shiresf the aVdrl, théd §HeNbr RAT-RA B*g
intr oéuced [ ﬁ?o the s s?ceﬂwﬁfa\gggﬁF%E?{& 2 glgﬁ%bétween 9.6 and

&i@qc{;ﬁEQyp}ts kess theptlOorreaitastedsect i on 3 and 4, the
enc ' fif d Gl o) t speed o

o SRl ORIET ChERSNLbAHBURICRR BN S e 21
epPRrevisiatsly 38o%d), theeentaptuddtiod difitiencien wter@lovgolangigl from 0.5% to

C ] - (1] @i £1 at et her the .internal ol
1d§%’ﬁ” g%@%?%&% o E S ﬁsemg%?vﬁ Srtitary Shhefig Riti¢hes Yigre produced,
touttbe paiticlgshdise nan dxliibio Sydoaelds tissidd1ehd @MNITRIIMRICSS (Figure 38). In
%HRIX %artl cles.. 18. Replication_of an earlier procéss
addition, the encapsulation efficiency increased to about 12-22 % using NP-9 as the
internal surfactant. The encapsulation efficiency when using Triton X-100 and Triton X-
114 was about 10%, while only a slight amount of dye was encapsulated using Brij 30.

A possible reason for the low encapsulation efficiency observed for the NP, Triton
and Brij series relates to the molecular structure of these surfactants, which are
significantly different from T'ween 21.

Tween 21; C20H3807(CH2CH20)3 wtx+y+z=4
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Fi gure 27 shows the flow chart of the earlier
synthetic process. The main difference between the

wEe@sasasiprocess and the earlier process is thedT/An2a0b/@00852

| atter process a stable double emnul sion nust be forned
bef ore adding the silicon precsysor. Another

HaeHid di f f goengeH)oH he addition in the earlier
process o the ofoubl e enul sion systemto
I ncrease th coslt¥| of the outer oil phase in order
tom‘proveth@d EMerHAGdn stability. In the

earlier process, |only the use of a baQic catalyst |ed

to formation of SPhe(CHEH,PRCHEIHES-a0d-CHECMAIGH::
TECS _pol ar_rati o needed to_be SLI‘I ctlg kept., at 4,

Furt ﬁ&%r%f (Ehuctys) shrve AbPBedohay fr &herh) ojgrephebicofsil/and a big
19dRWhBIC 1Rk vﬂﬂﬁﬁ?an@ﬁe%dﬁﬁotlﬁntl@eﬂl%% teanp S¥8itdMPsdd Brij molecules

i portantly, the experinental %rocess is very fragile
sendginoh denealisearbghainfe cpaigining W@}@pbléuacarbi |hb'd1;@ptwble parts. If one

d kY.
%%"{urﬁe@al}ﬂ’si fh.% su'f %tégtfl{sp?slggcﬁat;e% vﬂﬁg ¥1<g lﬂg)igna%rh gthe hydrolysed
eﬂrohlmecwamcteg&hdowﬁhnmt@f)my s d?eE@uulmt!; hihemxpeppemtihd:ly that the
p[roced and therefo € t he e durefei b
Sy FORE 150 B e SN A0T i i B e gy be more
\Mhbl% begathe M thdRSsdaet @Nnoi@ﬁ»iah Bh@ "aﬁ@hmp %Saesﬁd\@é surfactant molecule.
onposed of 7 wt% | inonene, wt % Tween 20 and 89.5

\ﬁ}%CQHfaéF mv}%le?n oft the cothgls S‘l‘ﬁf%&!llt% siudigdaatenbiksly ripxadopt a linear
%Bnﬁ&gt@mf REY HAls tRe %ﬁéﬁe@ %oﬁ&dpﬁsﬁ@ﬁ%s@slﬁfa%ﬁh% IQFyA‘Ve expected not

I'n a second step, the primry sion
Vg de stabld. yAsaal thsults thetthelealarestrusture ol @]@nggt ylllrfactant is expected to

?W? %fot’"og%ét?& %.ﬁ%bh%hnaﬁqm%m\% ?{&g @Iﬁng%s ?lﬁlcij $ J?abgé fﬁe Cc"apsulatlon

errul sion s em was
msifloml $lowreren) gheskmgtﬂl ¢fithg rm@ camtﬂoys) oif dl'weaﬂ smfactmetsshould not be too
hen t he am)unt IE Ient fo the

2 S FLBRCRRS AL wegfl. S WP B0, S s FPDRTS %]F?A oy low gpgapsulation

&®Bil nuously stirred for 10 m nutes, then 2.667 nol/L
NHAOH was added with an ammonia to water volune ratio

of 1 Toveerpd gndnhiveefbmipse asHedat maleryar strugede Treeae2l (shown
é? a%lg shgﬁ’ﬂlf fItIEB \;a?@e‘ét iR encca@glﬁ ﬁod’v@ﬁic encies of the Tween 61
cent u or I ng

15 mn. eres u ti
pastemowgs shghtky lwglsd:retharr tpeavLdivgemi i, h)vlpler hevemtapsylation efficiencies

omte ture unde |tr e re 28
AR e R PRSP D ek sl R grems o,
Gﬁi‘cd)n and B csasfsclztdmﬁ Cthetiﬁgh Ieﬁcdcfl)s@latuﬁy eﬂﬂr:idhcylclrftthe MBveRd surfactants
t elntern ol ase. In ot e earljer
sPeessdhat g qu@Ptésarwcep %tei ths oRssrted ruigigs-i veHch can be seen

& FRhuré39. TiRUWont&RRkLA Bf (ﬁl’&ﬂ 68 C’%ﬁ@@)rs td ARV 31%;1’11'ficér§t influence on

neraII believed that the reaction time for
ecapgtationceffigieneys ixhiies thet encepsylatipn efgciercy whs dedieased to some

\%gﬁgt ARG OR e LNGuRRFaWERh spn that more particles

The particle size decreased with increasing the amount of internal surfactant, except
in the case of Brij 30. This result is unexpected because the internal surfactant acts on the
Oil;/Water emulsion, i.e. the dispersion of droplets of oil in the hydrophilic domain and
thus would not be expected to influence the overall droplet size of the hydrophilic entities,
which shape and size would be expected only to be affected by the outer (second)
surfactant properties. These results suggest that the two surfactants may interact with each
other. Hypothetically, as the concentration of internal surfactant increases, an increasing

part of the surfactant is not involved in the stabilisation of the oil droplets but interacts
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formed in the supernatant several days after
centrifugation. Figure 28b shows the particlesafter a

WQ@2006083518 eacti on tinme. Nanoparticles with a SPZEAD20G600852

of 50-60 nm di anmeter were produced for both

experinments, which suggest thegge was no double

emul sion fornmed in the present case, but rather a

siitigthe andgresurfagiant waldsnlt &i lowvey iemixtbuer ofhgprfab@ntsotansiacrease the

gtrirg %? 8?&&;%11&1?%”&18 ﬁl\é‘\% Fh;a}lls%?ag@?sgt’éd tl#ﬁrtl R aggh]gstlg%’r/l_\svof i)article size this
sieiphirtednsiate tolpgeducdon bDsmaller pearlesseveral hours. This

fs g?mtp %ﬁ?e%ﬁlt@%éﬁ%ﬁagfgg @ ggltélﬁ%: agq%d%_rrréamj o g{goqlgg)tfio%risothenns are
SRyt il BRfufsl46. i g@e i dhbla %@&%%ﬁoﬂdl@@go@%@z%%ﬁﬁggon calculated

rpm to produce particles. The correspondi ng
vpiageibe PET smedel. i Aigtrg e shove that thgaiatyre of the interhal surfactant

: L ' ' ' f. nm wer

SPIRRCE 5L AL ATE S AL SR S s rsocs o
wecloppiouk esd sedopdraits reonolsoticnas fipar pdrﬁd:le§ magy u@irlviTeen 21, 61
be oduced if . retinol .is enployed as.the intern Oi

30 BL 8B satat ileliBis b i iobbri foi b Subghotne homogeneous pore
dirs@lu@y BartioRs Tk nsgervadens1! dnees lp@ﬂﬁﬂifeh%sm%ddﬂsa)ersed pore size. In

retinol as the internal oi Ic%qphase simlar size ' .
ganttast padicles padeeysing difesen & ynduep edisnlesied caisatheanovish extensive

higbesis 3 tBOMRopHBus %og?(m @tht isﬁé’%&ﬁﬁr @“g%ﬁgfn%&’f gé)g Jpore structure.

articles produced acc ‘ng tothe earlier pro
dewer diféatentn moirphologics PhiniBET using f thiee ddfeeant wasfab@ints confirm the

' i. f d icles. T
088 BEE e ShOSTI I RGP B s o o

dexeribed belewi, rin eerarcldasd belpoionsi Tle abdehse dlEdrRdstion between the EE
I ocesses.

onfirnmed t .di fferepce betyween the two, ¢ .
Rk PEPR ey i 16 TaRTl prrie e b Besbaay be explained
dyahbi faad lihat dihtf @6BPEn 288 phidd RxpafaEAR #E dBBicterising the porous
nanoparticles made by the earlier process, washed

slrgqhge opythe mangspeepycalsy thygmesleciing herazpsepasesityowhich is apparent in
ARt SR Ard e, i ¥

U8 S AR G RS AEIE PRI RP S e vl e e
spevpirafomethe wdaswnapshlaions angl their dplessned ¢am Bewlinke?h kn a higher

' ; cell. Th ull IR spectra of. the .

e RS oS Borer bR i1 mi o 50 mierons
61 loptiweerB50 nrhhte 5@ mie®ny, &by edanipld.e di fference bet ween

ggle t Wo SZ les. Fi 2ure 3? _ga) shows spectra of the

Aftcp e g%rqé‘ﬂn%é’ FUFHE: 96 the earlier process as

wel | TRe “GpRalBirtrdiR ubhgiteiv! $eRMenRAbIdChES TRIAUEHe Bisplayed in
the procéss of the present invention. The band at

AeRjatd. 1lpagenergly inpseaging thiet inteanalaeit sivantityt desreapet theyncapsulation

Oy PR B B 08 SRR b ME 2" 6" 0 bonds

in the yprchemdngss, 58.12vasnd EMOBsad et 4 mLdinidiRbe &fere used. If it
ISBRAE DL 08 BledoSgFl st 25656 Sy SEl wout e
prodpade@IW of SiO, is 60.0843). If it is assumed that the density of the pure silica
matrix is 2.0 g/em’, the oil-to-silica volume ratio would be approximately 15 vol.% for
0.714 mL limonene (encapsulation efficiency of SB-35: 38%), and about 25 vol.% for
1.428 mL limonene (encapsulation efficiency of SB-35: 31%). The BJH average pore
volume for particles made using Tween 61 under typical synthesis conditions is 0.18
cm’/g, and therefore the pore volume to silica volume ratio is about 22%. These results

suggest that there may be a threshold value of internal oil-to-silica volume ratio, above
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in Figure 33 (b), which also includes the spectrum of
HPC. The promi nent C-H bands in the particles nmade by

W b@easashs er process and in HPC are at 2972, 2BGDAEZM6/000852

2881 cm 1, indicating a significant anmount of CH3

groups present as well as CH2.s4fowever, the spectrum

of the particles of the present invention is dom nated
pyhiehnsilisa maisTopertivdescarg reasibeb®kem Hor instapbe,ifsom table 9 doubhng the

S rve

BRI of Wei o el Biealal®® 10 RIS Gh fhpfotics may be
e frapide ivith mcfremmulma’pt@brtﬁin adbacudded on the e

art s made .the earlier oce was due to H
er SEUTF RS 1B beoSial Pl cuSiie MHenlescia ity (B8 ot i bhase and the
r@ﬁ%@ﬁlﬁtlém\éﬁr&éﬁw Wad BUeletRaid! @Her%&ﬂrs%cﬁ fas kW€ %ﬁcosny of the

teHAg alysis of the band areas shows that the anount
SF

PRSI shear Hercgdpeng sksmednasabprdusied in order to reduce the

Vil Eh)dl £ o that of the acetone sanple.
ﬁ;éu@ IB(MKPLGuq T b o%sg%he TGA/ DTA results of acetone

Wetdnqeam’tagedngsmm oduced by the earlier process

desc Fi 7, t err.and sol ve .
ev apg‘ ra ed(5 rbhél olrglgu%ﬁz ?fowmﬁlg piest \ng %ﬁe’i‘q%th%f”é rfie fagapsulation
tffickenaty%f Heedex atih @aﬂicbs pﬁ:&;bho@dgﬁﬁﬁddi)@hé Qf/}ﬁl@&p@l‘ﬂﬂ&sisocondmons

v TR0 Toeen AL &inst U 90/ Wolspr k< e dmilpianbmas poured nto

teeoéroi z&@t(th@hyﬁropﬁglﬁlc%‘iéd'uﬁﬁ) HReh PRSI s&f sﬂi? FectEO Bondensed

the cal cul ati on) results for water wash

et Ia@ldég t«arf@naurwrcma@wkwn Fheyueslig showTthet ithei highest encapsulation
EASSRE) pPA R A SO AR BT tonger

wlarsing3irge, wheomire toppomnmduhe intednia] eil (the Iydrdphobiarnthase)chas to leach
ent ed Wt % f t he

i HEE B BRRR R find aRE casPnibaliiidighe Hovsyer, too short a

stheingairhé d ﬁotplb@ﬁﬁbial €§1t ddedl @t bhew tsypiciedt thye Fd rﬁcles to attain

co djtlonsgg;ascrl ed e |er at pH 2, the parti

Gibeicht el o it BlnaiSn” spmcalf misemrsliplsy the breakage
desofe ?ﬁﬁﬁl:lefsr@ Bute t49) th%%’tlélé‘ QizR3Lhhinké uﬁbl?a%gh@ %Ieé’iﬁ%ﬁ:nt ageing

S|gn| icantly,  as well as the size distribution (i.e
pateg.dius grore brojcen Pﬂll”tlgh?ﬁ avepbobshoid ferHenSEMiTingosesnf
particles synt hesi sed at pH 1.64, 1.00, 0.602, and

inth
% Bphence'f Mlhalt] S DafanbBldigl € o0 e L0 10
i ncr €bs awtha@OBQenEfB@edm hydrpktsB.d8@MOFhan IﬁEﬂéme]ﬂ;yu?eﬁrogsthe double
' H h ' 36. Th rface. C

SIS AR, A 08, AR i A i vt

oyl rpartiall9tabld, glnéshﬁsm%slﬂd‘ﬂ ﬂﬁ@lﬁl’ﬂ?}f @liétﬁafngﬂbﬁi‘be?’eo@&at’é@ bRhhe system

articles becanme nore

Huhay SiRaTeRb Tlypici: the et namboloh 230 fprgpsintien efficiency.
Bbfing Uihkaemicd] ©gyiasisO Nthy Qle%nm{%g?éﬁteﬁ Hde:f’é)]thiéf Tﬂﬁirolyms and

pore vol une al so decreased wth rom O
gAudensagion enetions Gueyapersied mator to the mixing of the sol-gel solutlon with the

internal oil emulsion. Table 11 and Figure 44 show the influence of the evaporation time
of alcohol evaporation (the standard time is 1.5 hour) on particle morphology and
encapsulation efficiency under typical synthesis conditions with 0.600g Tween 61.

It appears from these results that the encapsulation efficiencies remain constant
despite variation in evaporation time, suggesting that the evaporation process may not be
necessary. In order to understand if a short-chain alcohol has an influence on the particle

morphology and how much alcohol can be tolerated by the system, 4 or 10 mL methanol
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pH 1. 64, and down to 0.005 cnmvg at pH 1. 00 and 0. 004
cnB/g at pH 0.301. The dye (solvent bl ue-35)

wenmap3isisati on ef ficiency al so decreased w t h PCT/AU2006/000852

decreasing pH Figure 37 shows a diagramof a particle

having internal cavities, suchs@s those of the present
invention. In this figure, the squares represent the

ieasr pddedwiite hthies s@lugeﬂl saletiid ynder dls typlcall Ispréhtdie cond1t10ns The

C erj al pffuse. fg V|t|e
Qﬁgarpg@?{s? i def%?i%???’e i ??g/f an hé6é'rr¥° ‘gstﬂﬁer?é‘ﬁt o'mL methanol,
cespecively, mﬁlesmaphrmm &% Wed 98691 fifiefos eheaofifier hd24D+25 pm for the
.i's capabl e of neasuring the

contra
|1%Rﬁ§é'5‘ye&8%7ﬁefﬂ e SE dmagesan diselayesthin Figee@ddo nn) . The
m ni MuaeditibAS s Qﬂ&ﬂzﬁm @fghﬁ%aﬁt?}‘ Qec%as%é k}ie é?x%efslug?féhde?ﬁmency The

i s observed at pH=2 [ Scherer, Brinker
apae methane] bygpdugeda deendess s l@mameﬂggs;de ﬂma:phew paup}agerhe particle

i3l lsoTc{%HI%aMﬁﬁ qul’ﬁ'c_)'n %‘?%{ ?l?e\% é)‘il? t 31ze %fr tlhﬁ é:?ggg% 1r}cF]eased, and

condensation rate | ncreasées
plzer ivingteg o canetiesFwithnm ttinesi e matn&fwaslre&uoeﬁ (Figerei4sh.er nal
st ruct ure al t hough the exact mechani sns governi ng the

ZZI nceo Bl on re lzrgeﬁly unknown, the
|nv o1 S s}fﬂ"&?remto FWéhange of pH leads to a
chanBmvl@stsheilmhbréﬁgﬁ{edtttﬂ@effm Qf agditien JTPPER &N tHehRater phase and
Qﬁ; é f gl the internal, or first, surfactant)

Pri8e Onter o4l phass PR Partisifomarrigiesy. Hiessthe driredyistia of polymer in
2 duld ofioiHAke OhlyZRdsAnGBEAEd. Q-fP@ &d%@x;gﬁ@%?%e@l‘dfo%e NRE: 370 ,000)

surface of the Silicate Species are ne

anh B§do(Etld Colbilesk P2 64480k erecuged. Jppicklesynthiess. candiions were
ﬁ r Atk S a i ARIBL SN s ave ﬁolsabﬁés\ig' aﬁd%af ged. Al though

e surfactants are no in the surface
char @ddxblbntdfeHBC Iappeﬁrezd tohdvet litﬂadffec‘t (&1 the pitesar@Nmoiphology of the

urbat t he der Waal s in t|on et ween
RS PRk Tkt o4l Vet h P evimnen hgra0c, Gy EDE poiiped in al
easpyllﬁlamncasés tthe paxticled agpéapéS palbt Blud it Ww (Span IBN@n8entrations, but

Hr%\g}% formation. Al though no significant changes wth
PeRhErELopRRIA e 06§ng§1@ Wﬁs neecapget f@r(h@ modfly thetigswting particles had

b Neyris phes @3lout. h?‘hfsai:st c&ﬂ‘i“’stteﬁt hgitRNGeh %_I%drﬁ nWthh showed that the

efficiency decreased wth decreasi ng p
@mpsmaﬁommfﬁcm@ome@rsgd w@hrmmasmg 8part R@ cdamneasm i Fhese results

g%:%gst\fﬁt on d 1%# rha??lﬁ LRt o o 1312%&{: é)l%r 8 onds tc&ﬁ& élOt improve

sificati he sp eres
e enérpselatidmeff@ines.i | i cat e int er act| on on the

for on of the internal.porosity. The nitrqgen

adsgﬁ%f’wgﬁ se&c?ﬂsiui?ﬁlopsegfliﬁ%‘?“ﬁfs‘i &@\?EHP%‘E?V? W‘élﬁ“ fddition of EC7, and

sily mtirwséd Wwath iherafed O PRAB T doRberatioh 98h¥d HI?&‘&Q%&&J éstabhshed ina
to a mcroporous solid at

[id at
lgngllau%g RS 6&? lapge amatmtppéﬁm did, |hewesser, dfm'f:mm offect on particle
ditBleR 3o Midehﬂg%ﬂ{aﬁ@%ﬁﬂ% d%tlélgg]&?%@r 487? i iR nsaﬁosmbly due

surfactants was test etter un
torin¢reasingevisdositivef the outer oil phase.

6. Influence of washing on the surfactant residue

Several methods were tested to reduce the surfactant residue on the particle surface,
and the TGA/DTA results are displayed in Table 14 and Figure 48. The external (second)
surfactant, Span 80, is hydrophobic (HLB 4.3) and is soluble only in hydrophobic
solvents. Apolar solvents can not be used to wash the particles, as they will dissolve the

doped active material which is also hydrophobic. The best washing method identified to
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nature of the internal surfactant (i.e. the first
surfactant) on the particle norphol ogy and oil

wenmap3isisati on ef ficiency. The surfactants usePCT8D2106/000852

pol yoxyet hyl ene 4 | auryl ether, Cl2H25(OCH2CH2) 4CH

(Brij30, Sigma, MN362, HLB 9.4); nonyl phenol

pol yet hyl ene glycol, COHI9C6HA( OCH2CH2) nOH, NP-5

dgfegitato ird Bashvayitty Galt HoBition. @)d thid Gis¢ Siugerayater o Gyash further.

oy , itol NP = = 9-10 :
S S o) vl 3k Aol 201 A8 o0 st 0 8'ss) aid nor
7€Bht18 WeCSpu;g 7ml-|3H(Lﬁ—|2¢fnm4)jddEr b ?he )p;ﬂtacléob, gaé\! ddhfiehed Iflﬁyz%zvo exothermic
- . weed 1 t.Oon X- igma, m ,
O %e.lﬁ%ééléég%ﬁﬁf;@ﬁ% SnglHd) EGe. whi t e,
viscous liquids and contained |less than 0.12 wt. % of

WaligluendeSof s Shifiesie @ H Mstdase Fdegher titration. O her
surfgct ants i nvestigated were PCE g) sor bi tan N
ronoStEareFiclesTernSYBhesivgd aeordipg B thestypinall speessonditions but

?ﬁh%ggﬁglé g? ?%@Q%@Ee%)mﬁs I%iv‘ﬁ%ﬂaiﬁﬁt )C/Mflé eggégn ﬁd%]vﬁ\g é%}es@(\lﬁ%{] alBnost 100%

ob ruboiasirarHryasedvatierd8thqurs: Approfimbhady $9 1% fod sliys was released in
noynt _ h teri al

L LU e T A ——

dexsicles bmwlite_&mlpﬁfr(Figxe G@ﬁnsbt)eg er pérﬁbl%lﬁi maflbet pIﬁI=|l, 90 % of dye was

encapsulatjon efficiencies a arti ¢l es norphol o

FASRRT Bhet LBursnarfoetos: e dbhaliS ot sfing, morea e dye was released

$orudll §peessariidles] LR\ RatIHW thd@indikifg d9é Wag?!‘:lease%l slowly up until

surfactant type and concentration have 35ignifican
$1eWEs on the particl e norphol ogy and encapsul ati on

of tirge @%théé?sl ffg%ﬁ &ats to"pa\%vaegi%nnig%rﬁ éﬁ%&e ?@ ot rtlfl aﬁfg?prhto‘f'ogy of the

had been triall reviously, est resu
piic® noibtini wiidh by a fa¢toginTowdmol 121k, thahelehsechage. HLB dife@nce in release

Nt S IR _1his rt of th k,.0ther types
B R ERER L eL B Belh OEpYE u BB B e
mvealdd. iy aitchgBI-Qdsoription. &S sdibdussed] frewiuglyt @64 §dre volume and the
Coppared with the encapsul ation efficiency of solvent
BITe Gt HReUHaZna (KesSFaRTo Gyt Bycamerdenser with decreasing

HCRRSS18tvkoRI @S hibRe & ! QWi AR thef 506 %,
tﬁo 1.8% when usin gNP- 5 %re&ﬁldp_elg éaagétlioﬁlf gg%@a%e Fa2T10 sB¥increases

yithdgereasing ridpthe eildas 2 penger difisionmath, frrthtudedeasing the helease.

particles did not exhibit vacuoles inside the silica

' j ' : i1 psul ati on
SRS of ein o ime il Sy by Je B EREEPY O
t he Fartieles alers spmthesisadusingoveen cdpsuha tintemak fdrfawtan ay pH=1. The

%ggkuﬁ%oﬂgefgrﬁ# é&gs ;éf I'Sg%f? Z‘ﬁ%g rﬁ)'{/tt"/g? wg(:;;ee %&ﬁ %ﬁ?atgl?/oébt % of that for
I?mapsmaae ettpHis?, pgd Brerg ind@penfiepastihbhRiss 68FRBed 67, ak B€ the case of
ow.enca

R T IR A AR R G S
&ldregibinee uBéhanBes & VaHbhATHREH 61 attbiR (B0S600me). Figure 50 shows the
SEM images of the particles, and the corresponding release curves are displayed in Figure
51. The dye was gradually released for loadings of 150 and 300mg Tween 61 while the
fastest release rate was found for a loading of 600mg Tween 61.

Table 15 shows the BET and DFT results of synthesis using internal surfactant at various
amounts at pH=1, and Figure 52 displays the pore size distribution of the corresponding
samples. All samples had approximately the same peak pore size as measured by DFT

and BET. Similar encapsulation efficiencies of hydrophobic dye (solvent blue) were
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significantly different from Tween 21. Tween 2 1:
C20H38O7(CH2CH2O)3 w + X + y + z = 4Tween 2 1

W@ 2606083518 € shown above) has a short hydr ophobPCT/AERI06/000852

and a big hydrophilic head with branched PEO units,
whereas the NP, Triton and Br|3n nol ecul es consi st of

| ong | i near chalns cont ai ni ng hydrophilic and
hbtﬂiltr@éhmﬂﬁlcthpmdosdltlbhs (abeuta]s%d%}; suggeating the eacupsalatianbs

th d hi | d )
BSaBRROE 3hE P s HebaRh i RE et P pRest b g sfipa matrix, As
infentiBid proviossly] the Bndapsgecdtaciehdsedppetid 8 b& Hﬁkeﬁ"@@l’i’e
structure Caﬂ:@ ormmcel |l es m)re easily, and

FACHIPOESIY o 1§78} MsasHable bymitsrgensdeanten. afevpnheless the pore
Biz6 AaReasth 4 g?éa%s tof@&g%% in ¥BERATin E}{% réleﬁée'}ﬁ‘tg il from the
nol ecul e %TD ?

sur f act ant contr ast, ecules O
segvetesdhopale tlmwlscasnamxeﬂmlmer thk:eploye tive thd dpiterahé iabeae.

t t £s fornme
SO0 00, N L Tk g e
a hr@'@uqma,ntlt)hef sunfaelrantl mmaﬁhmgjeﬂdapﬁllaléd in3Rie Tepdtes which can

urf expec fav t he formatijon of
Sa;gh‘-g B So e Oﬁﬁﬁp“-él PR o URRTEASI8sq: he
encapsul ation of oil. However, the length of the PEO
ﬁnEﬁwpml@ﬂbnT&ﬁﬁEeﬁiyﬁﬁ@%bbzﬁtmcﬁWbd not be too long, as
%2 {%he ca e of %\Neen 20 or Tween 80, as this appears
BAEsY ”P’é‘)ﬁf Htpsul ati on of oil. Tween 6 1 and

Tweepigod B ta: T
2 (oot oy P R IR P EuSlenl ISitafh, (fin’ 1, structure

0%t gaprbeentanshlatedivsmedhe coreerTpemass6--1 syst em
were slightly higher than those of Tween 21, while the
encapsul ation efficiencies of the Tween 8 1 system
wer e/l o r t han ||vvith/CT‘Waen 2 1. In contrast to the
ens O} NPi—-U—t—N)n and tSrIj Surfactants, thetgh
encapsul-Ation effici f.% thBluTMMWMf@Zt\ﬁﬁkﬁjowder
suggésts that oil droplets areencapsutated—insi-te—the
observed cavities, which can be seen in Figure 39. The
concentration of Tween 6 1 appears to have no

P n efficiency,..

SR rel o BRI AR Al is fO PR & Figure 55,
aontbe standard aalibtation ceqmnng Ailee, g UN340C, Tyeen7873L(R? = 0.9996)

artlcle i.ze d cre cr ng the anount
B R hireSabpf R et vt e %ot " 30,
Thi STI'(&‘paftlblel synthesi pRst B shae aYIBe tyifcdl %Slﬁth@ﬁé condlﬁons described

uléfaﬁtant acts on the G li/Water enul sion,
GrLPehQV YT dhe amopite 0f ancoﬁ}H(’nﬁlﬁs treee hglaed dhﬂurqncwas introduced in

e 'ilﬁéﬂﬁala(ﬂﬁ (th® H?d%ﬁh’élﬁ'c Pﬁ’é hlﬁg REG h‘?g?mLQh{u%BllH e hEALCTHE is as

overal droplet size o entities,
limiiternsh Hile phase). sleeelnMGhIdOibqﬂlexqam:fFéﬂ? mﬂhytheodllafbn concentration

nd), surfactant properties.
%ﬁ@tﬁggul Igpgsutgéens % fq}aﬁ%} two surfactants may
i nt exfhatsyniltebispamitoximately 50mg product (i.e. particles) was added to 50 mlL

methanol, and the suspension was stirred for three days. Particles were separated by

centrifugation, and the supernatant was extracted and filtered through a 0.22 micron
cellulose filter before HPLC analysis. The organic phase from the reaction was diluted
with dry acetone and filtered to determine the amount of diuron lost during synthesis.The
corresponding SEM images are shown in Figure 54.

The low value of the encapsulation efficiency, based on the release results, may be

due to a fraction of diuron being released into methanol (the solubility of diuron in
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internal surfactant increases, an increasing part of

W baweasasistact ant is not involved in the stabil i BeX/ATZ006H00852

the oil droplets but interactswith the outer

surfactant walls. It is known ¢qat m xture of

surfactants can increase the stiffness of nmicellar

waathanok igl 48 hug/nsk)alihei high encapsivetiopledi@endynbased me tie amount lost

oy P ' roduction .
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their aI#ea e behavi our. The absence of correlation

bet ween|t he |EE (encapsul ati on efficiency) and the
internal st(QKture of the silica matrix may be
expl ai ned by the fact that the nitrogen adsorption
exper]nents are charfacterising the porous structure on
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| 6 'apparent i The SEM M crographs. As drscussed
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that the sol - 95 reactl on yield was 100% ef fi ci ent,
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20 5 95
22 5 95
25 50 50

30 50 50
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matrix is 2.0 g/cnB, the oil-to-silica volunme ratio
woul d be approximately 15 vol. % for 0.714 niL |inonene

W@ eweapssus at i on efficiency of SB-35: 38%, andPcbau2002600852

vol . % for 1.428 nL |inonene (encapsul ation efficiency

of SB-35: 319 . The BJH averagg,pore volune for

particles made using Tween 6 1 under typical synthesis
condithecitandard inlb&tmnﬁdqgatlcams dhenef s154:416" Bh).6, + 2.98x10° (R? =
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iwit%r nal oi I -to-silica volune rati o, abovewhich silica
mcroparticles are easily, ?béoken For instance, from
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atomeommrldn1qmart| cles vvere observed for | onger
t|rr|n{cl;t|rres , Influence of the nethanol
v'é?}g? 8% on and additi on The net hanol gener ated by

hy dr$d1yel froebsstddEy GO AD byutle ShiufYord &}E ﬂfwgsfﬁlly used to

ermul si on_structure. However, the present synt
ensgRiUiats hydrgshehie S@ﬁﬂSsméﬂwmn@rpsphergwmfﬁmm Idedegsmg parameters
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lﬁfnfthfoEQ ¥ -was possible to vary the quantity of hydrophobic materials encapsulated
inside silica microspheres, as well as to modify their size distribution by varying the sol-
gel reaction processing parameters.

The encapsulation efficiency may be controlled by varying the nature of the internal
surfactant, the quantity of internal oil introduced in the system, the mixing time and
excess methanol in the sol-gel solution. The SEM analysis agreed with the trends in

encapsulation efficiency. It revealed that the number of observed macropores (i.e.
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During the typical synthesis, the nmethanol generated
during the hydrol ysis and condensation reactions is

weaposated prior to the m xing of the sol - gel PEGDAULRG06/00852

with the internal oil emulsion. Table 11 and Figure 44

show t he i nfluence of the evapgfation ti me of al cohol

evaporation (the standard tine' 1s 1.5 hour) on

pacedled whensrthéollolyyplatscare hadppdlimtdasss with ithd eﬂmgsumﬁﬁlr efficiency.

[8\'A) nt hesi.s_condi.tiagns with 0,600y Tween 1. It

B A e B en B sakpiedion Al atsdR

ef f i dibenaitiie siesmiaf be @OAHANd WEwRing INAEIREARHN DS the internal and
oratipn time, suggesting that the evaporation

ev

5t SSURRgtants: ans thie PEL SWihgn the eomgentration uefdres interal surfactant
lificréasB{lOfh - ShEEIE @k S ' & i

rlJacrrt iScI e rml?dgﬁ%[ 0g an%le?]%\?v ;Irjuﬁ{cghg glg%{ﬁgﬁ&cg% %gcess of the internal
serfetantdaterpts: withShe seeandssupfactatt and teshiafloénvas tledpaecle size, In

I B = [ nder.. t he typi synt hesi s
o oh e Bt et TG HoeP Qe B VB KB e ana -
1. 6%Retrasel ofriencapaalatd ofl carebb anﬁtronddesp%hirmhg,tthMc%ity of the
the partiche SIZS was %Eg%%nnlfqr the former and 5025
CF e HsrEPe Comfeolied yedinsiae e BIENS ihediyesomdiléc phase. At pH
€i 3 phayemtitynofpdiey Snd*he st raRbée®Re@Eas ,ttffi‘l?ﬁﬁl)win the release of
|gnLL|cantIy decreases the encapsul ation’e |C|en§y.
ehor e et hanol introduced, the | ess dye remained
i Nsi gget i dod icles. . Th tigle size al.so .
decr eas e%%y\nétljﬁhg d?tﬂlﬁég\rtlecé rr%ltg h}grr? g%rs %ﬁtthe? RECSERG, givgption. enables
erapgEgtian elshydnenhohiesbecianch siliea micrbegheeds dVdohir8Bof their release,

pihin f [ b trix redquced (Figure 45). 5.
el e B bt S s u leope of sbict in beauty
steals gerivmesstriga fed, afdcleidige hgedis, a@di tion of PEG in
the water phase and HPC in the outer oil phase on
particl e norphol ogy. Here the introduction of polymer
in the outer oil phase only was investigated. HPC
(Hydr oxypropyl Cellul ose, MN 370,000) and EC7 (Ethyl
Cel l ul ose, MAN' 64, 400) were used. Typical synthesis
conditions were used, with the additional details
given in Tables 12 and 13. Addition of HPC appeared to
have little effect on the size and norphol ogy of the
particles produced (Figure 46), with a size range of
20-200 nm being obtained in all cases. In all cases,
the particles appeared pale- blue at | ow Span 80
concentrations, but when the concentration of Span 80
was increased to 0.6 nol/L, the resulting particles
had a dark blue colour. This is consistent with
previ ous work which showed that the encapsul ation
efficiency increased with increasing Span 80
concentration. These results suggest that HPC addition
has little effect on particle norphol ogy and does not
i nprove the encapsul ation efficiency.



Li kewi se, the encapsul ation efficiency did not inprove
with addition of EC7, and only increased with

w0 p@oa3sisg Span 80 concentration as had al r eaPlgT/AE2006/000852
established in a previous s2udy. The |arge anmount of
EC7 did, however, have an effect on particle dianeter,
produci ng noticeably smaller mcroparticles (Figure
47), which is possibly due to increasing viscosity of
the outer oil phase. 6. Influence of washing on the
surfactant residue Several nethods were tested to
reduce the surfactant residue on the particle surface,
and the TGA/DTA results are displayed in Table 14 and
Figurg 48. The |external (second)] suffactant, Span 80,
is hyqrqph&hic ((HLB 4.[3) and|is |soluble only in
hydroph(%n é sollvents. [Apo] ar |soljvents can not be used
to vvash_gt-hg pariti c| es,| as| they Wi || | di ssol ve the doped
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8. Influence of the anmpbunt of internal surfactant on

rel ease rate Particles were synthesised using Tween 6
wa2@s/1833¢8 i nt ernal surfactant at rH=l. The PCT/AU2006/000852

encapsul ation efficiencies of SB-35 (19.6 w.% were

approxi mately 50 % of that f 0163 particles made at pH=2,

and were i ndependent of the nass of Tween 61, as in

the case of particles made at pH=2. The particle size

of particles made at pH 1 was about 10658 mm and

remai ned unchanged at various Tween 6 1 anounts

(150-600nmg). Figure 50 shows the SEM i mages of the

Pable RcSBSS empshsulvtion efffciie itlsitiga spHebRIRadRUIMES AN I®recursors
di spl ayed in Figure 51. The dye was gradually released

for | oadings of -150 and 300ny Tween 6 1 while t
g@ﬁﬁ@st rel ease rate WRS found for g | oadi ng of QQOng
Tweenm 6 I Table 15 shows—the BEF—and DFF—resut-tjs—of

synthesis using inter nzsmaw.fmqwt 281ma13% PIWES dMBUALEY% VIMS

Brecysed | and Figure 52 dIS ¢ _pore size
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materials 9.1.
(3-(3, 4-Di chl or opheny
98% ,
the current process.
powder The net hod of

guantify diuron is shown in Figure 53,
Ar eapeak
0.9996) for a diuron concentration

standard cali bration
.0 + 37673 (R2

1y-1,

Di uron,

9. Encapsul ati on of other hydrophobic
Encapsul ati on of di uron Di uron

| -di methylurea) [Sigma, mn.
structure shown bel ow, can be encapsul at ed usi ng
MV 233. 09, white

reverse phase HPLC (Waters) to

equation is:

and t he

110340C

between 2 ng/nL and 100 ng/nL. The particle synthesis

was the sane as the t
descri bed

ypi cal
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earlier, however the amounts of all conponents were
hal ved. Diuron was introduced in the internal oil (the
why@eapisebi ¢ phase): 2 nmL (90 ng/ nL diuron i n FEFAUR®GE00852
THF is as the internal oil 6phase). The internal oil
phase is THF with the diuron concentration 90ng/ nL
(here THF is the internal oil phase). After synthesis,
approxi mately 50ng product (i.e. particles) was added
to 50 nL nethanol, and the suspension was stirred for
three days. Particles were separated by
centrifugation, and the supernatant was extracted and
filtered through a 0.22 mcron cellulose filter before
HPLC anal ysis. The organi c phase fromthe reaction was
diluted with dry acetone and filtered to determ ne the
anount ofdiuron | ost during synthesis. The
correspondi ng SEMiragds argfshpwi[ 1 M J[gye 54. The
| ow val ue of tﬁfe encapgul atisorgef fj cijemgy based on
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2 50 50 20 5 95 22 5 95 25 50 50 30 50 50The standard
cali bration equation is:
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e m Xi
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ng time etc

0.482
0.482

havdg

0.482

0.482

pH2 H20(1)

(9)

1.068

1.068

1.605
1.605

1.605
1.605

1.605

1.605

SB-35
(mg)

0.72

0.72

1.08
1.08

1.08
1.08

1.08

1.08

Limonene
(mL)

0.36

0.36

0.54
0.54

0.54
0.54

0.54

0.54

Table 4: Synthesis parameters for SB-35/limonene do
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varied in order to study their influence on the

encapsul ation efficiency and particle norphology. It
we®ensssss bl e to vary the quantity of hydr ophoRGCT/AU2006/000852
material s encapsul ated inside silica mcrospheres, as

well as to nodify their size distribution by varying

the sol gel reaction processing paraneters. The

encapsul ation efficiency nay be controlled by varying

the nat ur e of the internal surfactant, the quantity of

TS AU el B RUPA), Fh Dfes

anaIyS|s agreed with the trends in encapsul ation
efficiency. It reveal ed that the nunber of observed
' s where the oil droplets are

| pdged) incr eases with t]@aﬁh&*ﬁ@@ecsyl ation eff' P86V Process

rracropores WEr e obsgrved wemn the CIILapDUI atton

gmled by varylng t éh&&ncentratlon of the

ef EI ciency was | ow. The Reguitegl e sitabde nadpuble | no need for stable

ternal—and—external—surractant-s—and-the nJ—J %ﬂon}%p
D (e aat]{ptecamgodf t he internal surfactant |ncrep§es,

1§ Pgrtlcle si ze decrdgases. This suggests That the
Lnternal @W? actant jinteracts Wz"mdthe

°@9W¢u§@5%@ﬁ&ﬁﬂ£n@”d thy§y|nfluences t he paerpgo~2@%

M agdrtrom, the pcutluc St—Ze—thHhcteas

Ehickﬁmag]tageptv\hen t he |dHPdecr eases. Rel ease <None Required

N |ated oil can be ontrolled by controlll i ng the
3?%2?#)(8?%.“ thc S: ! I ca X Thl S nray bhe co M]Icmq Pd

y Raptodadibitigy t he pH of qﬁmwhydrophll|c phase }ﬁgth <

quantrty of pores and the size of thepores
a)@ﬂiqpq thus sl owi ngltoe rel ease of the oi99%The

_'QJQ_NU'O(DU'JUJU)(D""O_'O

DANG: Eﬁ%ﬁ Sercfadicat e Qﬁaltepg)ll?eed RIE&ETS of the present

IVBHLIUH enabtes—encat of—myrdrephobi-e—speci-es
in silica mcrospheres and control of their rel ease.
Thi s prom sing technol ogy has potential applications
in release of products in beauty creans, perfunes,
drugs, food, and cl eaning agents, etc.Table 1: The
properties of surfactants and pol yners used HTable 2 :
SB- 35 encapsul ation efficiency in silica spheres nade
Wi th m xed precursorsTable 3: Synthesis paraneters for
SB- 35/ 1 i nronene doped silica spheres c\Table 4:

Synt hesi s parameters for SB-35/1inonene doped silica
spheresTabl e 5: Conpari son between the earlier process
of Fig. 27 and the present process. Table 6: Synthesis
results (pH=2) by various non-ionic surfactants and
anounts. Surfactant Wi ght added E.E. of SB-35 Particle
shape and size NP-5 0.6g 0.5% Spherical: 13681 nm
NP-5* 1.2g 1.0% Spherical: 8853 mm NP-6 0.6g 1.8%
Spherical : 12980 mm NP-6* 1.2g 1.1% Spherical: 4036 mm
NP-9 0.15g 12.6% Spherical: | 1174 nmm



NP-9 0.3g 16. 0% Spherical: 11065 nm NP-9 0.6g 21. 7%
Spherical: 6540 nm NP-9* 1.2g 13. 3% Spherical: 6339 nm
waeiobass3¥8 | OO 0. 6g 13. 1% Spherical: 6759 mm TrPCDAU2006/000852

X-100" 1.2g 8.4% Spherical: 1613 mm Triton X-1 14 0. 6g

8. 2% Spherical : 12196 mm TritdW X-1 14* 1.2g 15.8%
Spherical: 1915 mmBrij 30* 0.6g 0.8% Spherical: 11850
mmBrij 30 1.2g 11.4% Broken particles E. E.:

Eablg b Syathesnrestlty @HeAY Yy vari@B-BnSotis shirastanth hndarBonts.

S R L TS i R

b¥Bed on neaswrégg 20 pard.5w es frorrsglwdamgsésl d@bl e
by Tween 1 and Tween 8 1

7. nt hesi s (pH=2) resul )

a]t\lp%lkri ous a ué:ﬁhs. Surfa]f:&é/fnt Wei ghSrhgigaly 8B pa
5NB% Particle osé(? pe and sjgg Tween 6gdp i 1. %
Spherical : 12050 mm Tween 61* 0. 3g 38&1&%%?%%%3% :

1986S nm Tweer 28* 0. 6g 381%% Spher i Sphericg8346+Hmpufineen
.ol. 2g 37. 3¢ erical: 3mmT n 8 .1
g%ﬁsgf}a Spheri czﬁ'%oaso m%ﬁ%v\%’en 81+ .e’?élcéé.ligﬁéﬁn
SWhér i cal 1 1348 nm Tweenl@B1% 0. 69 28pBicHphe0-i65akn
Q mm Tween 81* 1.2g 24,19 Sphericgl: 9 138 nm *:
ES)[gﬁ/l%l mages ar é)'oignovm in lg]qﬂ{”e 39. T eé\?é]rég%“o Hm
psP9*cl e sizeqd mnd standaregevi ati ogshepRhE 6Sdcyii,at ed
bflsed?gn (geasy' ng 20 particles fromSEM i mages. Table
gIRRET-1QQ 1 ¢ &-G8%r vari o 1%t er nal Spherisak 70 pmveen
Thegh XTyeen T Tween 181 20 . WAl 45
el ant 5328 SHE $0 Bty

20 20 Mol ecul ar wei ght 522 606 650 1 val ue
1BitenX-$140 16.68 15 BET Si2%ace ar eaSgheRicg) 12B063uB00

Hon 3843 3328 15.8% Spherical: 19415 pm
Brij 30* 0.6g 0.8% Spherical: 118+50 pum
Brij 30 1.2¢g 11.4% Broken particles

E.E.: Encapsulation efficiency of SB-35 (solvent blue-35 dye).
* SEM images are shown in Figure 38. The average particle sizes and standard deviations
s were calculated based on measuring 20 particles from SEM images.

Table 7: Synthesis (pH=2) results by Tween 61 and Tween 81 at various amounts.
Surfactant Weight added E.E. of SB-35 Particle shape and size

Tween 61 0.15g 36.1% Spherical: 120+50 pm
Tween 61%* 0.3g 38.1% Spherical: 134469 pum
Tween 61%* 0.6g 38.7% Spherical:83+43 um
Tween 61%* 1.2g 37.3% Spherical: 82433 pum
Tween 81 0.15g 36.5% Spherical: 10680 pum
Tween 81%* 0.3g 35.4% Spherical: 134492 pm
Tween 81%* 0.6g 22.3% Spherical: 96+39 pm
Tween 81* 1.2g 24.1% Spherical: 91+38 pm

*: SEM images are shown in Figure 39. The average particle sizes and standard
10 deviations were calculated based on measuring 20 particles from SEM images.



Pore volunme (single 0.51 0.29 0.28 0.13 0.43 point)
(cnB/g) BJH average pore 0.54 0.18 0.17 0.10 0.44

wao etoansss(EnB/ g) BIJH average pore 4.77 2.67 2. 7TBCBAB306/000852
4.53 dianeter (nm Encapsulation 38.4 37.6 29.6 ~0 ~0
Efficiency (% of dye Table 9:68 nfluence of the anpunt
of internal surfactant and oil on particle s
encapsul ation efficiency E. E of SBSurfactant Linonene
added Particle shape and size 35 Tween 61: 0. 6g

9 herical : 8343 Tween | : 1.2g
%Eﬁeéﬁsgg ‘é%oc‘f‘gllr.’telggé%‘r ﬁ%aﬁ)een 61: 0.6g
1.428nl 31. 8% Broken species Tween | : 1.2g 1.428nL
6. 9% Br oken species_Tween 81: 0.6g 0.714nmL 22. 3%
Spherical : 9639 nm Fweeh g1lveemg olweeny okweey  Tween
Spherical: 9 138 nmiween 8¢y 0.6g gy 428nl Jg. 4%
Broken species Tween 81: 1.2g 1.428nlL 8.5% Broken
sPREUBETabl e 10: Influence f the alYeing tide on 20

' [ and e psul atdon effig ency ing ty
Eﬁfgﬁécﬁ%ﬁg@i@% Parti (5:?22 shagéedégnd siéSZSCep| 5 m n&gl 2%13%
SdhBrviabwl : 11871 mi3.30nri n A4. 7% Spheri cal 11611452 nif

' . 5% ical. ' . 4%
PR B2 Ao 0 nrifice ofbhhe 3228

nizdrbanaluee ap@iratd o0.51i me om2parti oh.g8 si ze @yl 0.43
enc%g?ul tion efficiency Evaporation time E. E. of

93 (/%) cl e shape and size 1.5 hr. 38.7% Spheri cal :
BRY "iverage pore 0.54 0.18 0.17 0.10 0.44
volume (cm*/g)

BJH  average pore 4.77 2.67 2.70 3.53 4.53
diameter (nm)

Encapsulation 384 37.6 29.6 ~0 ~0
Efficiency (%) of dye

s Table 9: Influence of the amount of internal surfactant and oil on particle size and

encapsulation efficiency

Surfactant Limonene added iE of SB- Particle shape and size
Tween 61: 0.6g 0.714mL 38.7% Spherical: 83+43 um
Tween 61: 1.2g 0.714mL 37.3% Spherical: 82433 um
Tween 61: 0.6g 1.428mL 31.8% Broken species

Tween 61: 1.2g 1.428mL 6.9% Broken species

Tween 81: 0.6g 0.714mL 22.3% Spherical: 96£39 um
Tween 81: 1.2g 0.714mL 24.1% Spherical: 91+£38 pym
Tween 81: 0.6g 1.428mL 14.4% Broken species

Tween 81: 1.2g 1.428mL 8.5% Broken species



| hr. 36.5% Spherical: 7030 nm 0.5 hr. 36.0%

Spherical: 9863 nm Wthout evaporation 36. 7% o
w®pivensysas : 1005 1 mm Tabl e 12: Experinmental cPOOAURWR/000852

for HPC addition CSpan8 q (nmgl/L)) MHPC (g) HPC

carrier* G112 0.2 4 hexanol cy@ ohexane 0.2 8 hexanol

cycl ohexane 0.2 16 hexanol cycl ohexane 0.3 2.5 none

cycl ohexane 0.3 5 none cycl ohexane 0.6 2.5 none

cycl ohexane 0.6 5 none cycl ohexane 0.2 12.4 decano

| - canol ., 0.4 12 4 decanol .
B8] eBondep I SRS 88 B itk i Seipstsiciency

dAgsiap viet i n _hexanoE ByorsB-3sdded i nt opgHtRIshiid andhifse-
(2) 5 wt.%HPC in decanol used as outer oil
pha¥e. Tabl e 13 : Expb2¥ment al conditi&ﬁmhgd:Eﬁﬂﬂlunnd
addj ti on* Cspan 80 l /L) Mec7 (g) Particle shape an
s?(grémb.z 5 n/a 0.4 5"Sfherical: 15-6 Rherigaly 1 4 29m4
Spdefid cal @ 20- 100 g §u3 2.4 Spheri cad iy 2051 .
2.4 Spherical . 20- 160" fm *1 EC7 was i é"c??‘ly%god%gg&g‘ﬂn
cdCmohexane. Tabl e 3%4%TGA/ DTA resul t Spltical i 245% ym
washi ng net hods Method Surf./(silica+surf .) 1 3x1 5nL
1nmol /L Nad + 3x1 5nL water 8.9 w.% 2 6x1 5nL water

Td618 1 HiftudndeeethedRetBankitediporifionltimé oWpathicle size and encapsulation

5  efficiency

Evaporation time E.E. of SB-35 Particle shape and size

1.5 hr. 38.7% Spherical: 7327 pm
1 hr. 36.5% Spherical: 70430 pm
0.5 hr. 36.0% Spherical: 98+63 pum
Without evaporation 36.7% Spherical: 100+51 pum

Table 12: Experimental condition for HPC addition.
CSpan 80 (mol/ L)) MHpc (g) HPC carrier* Oilg

0.2 4 hexanol cyclohexane
0.2 8 hexanol cyclohexane
0.2 16 hexanol cyclohexane
0.3 2.5 none cyclohexane
0.3 5 none cyclohexane
0.6 2.5 none cyclohexane
0.6 5 none cyclohexane
0.2 12.4 decanol decanol

0.3 12.4 decanol decanol

0.4 12.4 decanol decanol

0.5 12.4 decanol decanol

*: (1) 25 wt.% HPC dissolved in hexanol which added into outer oil phase.

10 (2) 5 wt.% HPC in decanol used as outer oil phase.



4 Tween 20 0.1%6x1 5nmL 41.1 wt.% 5 Tween 20 0. 05% 3x1
5mL 18.4 wt.% 6 Tween 20 0.05% 6x1 5nL 17.7 wt.% 7
wauwen3BM 0. 01% 3x15nL 37.4 wt. % 8 Tween 20 O.BAB@AU2006/000852
6x15m. 20.3 wt. % 9 Tween 80 0.1% 3x1 5nml 39.7 wt. % 10
Tween 80 0.1% 6x15nmL 36.5 wt.%%1 Tween 80 0. 05% 3x1
5mL 15.2 wt. % 12* Tween 80 0. 05% 6x15nL. 16.9 w. % 13
Tween 80 0.01% 3x15nL 12.6 wt. % 14 Tween 80 0. 01% 6x1
Hgblelld: Exparimental combitipT fordi GhadatiorsT ovi ded in Fi gure
48. Tab . BEJ; and\DFT ults at di fferent anmount
o?sﬁmﬁf’g?%%@ surfactanmts (p lde‘ls\?%g%%a“glsizeimss (mg) 150
30Q@ 600 BET surféce area (faR/g) 96.5 62.0 309.9 BET
aggrage pore diapeter (nm _2.252 2.617 2.000 Medi an
pore di aneter (ng§ 1. 643 25R4gmical: d360pEak of pores

(@) (DFT) 1.9522%. 916 1. 98ghcRbl: 80460 mExperi ment
results of diuron encapsul ated silica croparticl es.

en 2 1 0.6g 024g 0.1 6gSPresigalc 2043835y 2. 344g

194949 particle sphere sph SPINGH ¢ overy 1 71.1%
69. 2% 64. 75% EE %gsed on rgﬁglgegggldgbjé 0 3.86% 3. 52%

EE based on | ost3 36.36% 34. 64% 38. 78% 1: Recovery =
(i i r.+ diuron in organic phase)/diuron
ag%gzggsQﬂgggﬁgﬁfﬁpﬁﬁmﬁﬁwﬁgﬁber/diuron added 3: EE =
(di uron added-diuron | ost in organic phase)/diuron

ed  Tahl : HPLC results of basil oil (Quest
igﬁ%iﬁafgéﬁ%%‘; TETILLS 3% variaus avaghing snethadsr opar ti cl es.
Basi | Meitod0. 35 nL 0.70 nL 0.35 niL SerIZRsim:aanurf.)
1*  3x15mL Imol/L NaCl + 3x15mL water 8.9 wt.%

2*  6x15mL water 11.9 wt.%

Tween 20 0.1% 3x15mL 17.7 wt.%
4 Tween 20 0.1% 6x15mL 41.1 wt.%

Tween 20 0.05% 3x15mL 18.4 wt.%
6* Tween 20 0.05% 6x15mL 17.7 wt.%
7 Tween 20 0.01% 3x15mL 37.4 wt.%
8 Tween 20 0.01% 6x15mL 20.3 wt.%
9 Tween 80 0.1% 3x15mL 39.7 wt.%
10 Tween 80 0.1% 6x15mL 36.5 wt.%
11 Tween 80 0.05% 3x15mL 15.2 wt.%
12* Tween 80 0.05% 6x15mL 16.9 wt.%
13 Tween 80 0.01% 3x15mL 12.6 wt.%
14 Tween 80 0.01% 6x15mL 14.1 wt.%

*: TGA/DTA diagrams provided in Figure 48.



Tween 2 1 0.3g 0.3g 0.6g 0.6g Product 3.080g 2.916g

3.19Qg 3.058g particle Sphere Sphere Sphere Sphere
woe@onsdsys 1 88. 5% 61. 7% 85. 4% 86. 2% EE based oPCT/AU2006/000852

rel eased2 2.83% 1.99% 1. 82% 0. 654% EE based on | ost3

14. 31% 40. 25% 16. 41% 14. 47% 1:7IRecovery = (linal ool in

powder + linalool in organic phase)/linal ool added 2:

EE = linalool in powder/linal ool added 3: EE =

(l'inal ool added - linalool |lost in organic phase)/

TP P BEt AT Rl iaBr O o iR lGnunetaons ot

process conprising: - providing a nmultiple enulsion
c rising a first enul sion_dispersed in a hydrophobic
niggﬁh$1§5§%ﬁ?$%st emul si od%onpri¥iong a hy hobi ¢

pRaTauthePaes YL a hydrophilic g%aée, whergijgy t he
hédr ophobic p a_ls%ﬁcorrpri ses t he hydrophobic ﬁjaggberi al
aRE Ttaveragy persphiameter hase 28APri sek6k precurz00 whi ch

[ p {ng to rm a sfluid { X; and

-ﬁ/[reggd@?@%dlt g{egpééhrsor i];lf%té@e nﬁﬁi{ﬂ e err[?ﬁé%don to

f Beak daftperasetum) KOFT) t he form96? the pagti cl es).bgwi ng

t he hydrophobic material therein; wherein the

precursor is added prior to formation of the nultiple
5 E‘ﬁMIeSBDE)épéZ'im@Hﬁ CosBItO6 LS ErdA eneaRhiAteH S‘M’c%rlﬁfcfbgaﬂﬁzlt%t. ep

of providing the multiple enul'sion conprises: -

providing the first enulsion; and - dispersing the

frgsdn Ul sion in t ydr ophobi diumto f t he
mul t inpl e emnul si on 3%9% pr ocesscod@acl aiml \MCWHé?% n

thredneil ti pl e enul si ch63% an oi | - i34Mat er-i n-0i1.794¢

( ) double emulsion. 4. The prpcess of claiml
W§é¥é§L the particl e B?Fe ceram ¢PREFti cl es. ghﬂkﬁ%
PRemeey' of clai m 4 wiergin the pr@qysor is a QETRAI C

ursor. 6. The pr s of claim4 wherein the

ﬁ%gﬁs@é’rﬂfe a ghydr (ﬂq&i‘%bl e silame$0%n at |east>2%
OB baseldlon 1b3HIr ol ysedsesidogne, a paytdsal |y cr ossigifgeed
silane or a m xture of any two or

1: Recovery = (diuron in powder + diuron in organic phase)/diuron added
2: EE = diuron in powder/diuron added
10 3: EE = (diuron added — diuron lost in organic phase)/diuron added

Table 17: HPLC results of basil oil (Quest International) encapsulated silica

microparticles.
Basil oil 0.35 mL 0.70 mL 0.35mL 0.70 mL
Tween 21 0.3g 0.3g 0.6g 0.6g
Product 3.080g 2.916g 3.190g 3.058g
particle Sphere Sphere Sphere Sphere
Recovery' 88.5% 61.7% 85.4% 86.2%
EE based on released”  2.83% 1.99% 1.82% 0.654%
EE based on lost? 14.31% 40.25% 16.41% 14.47%

15 1: Recovery = (linalool in powder + linalool in organic phase)/linalool added
2: EE = linalool in powder/linalool added
3: EE = (linalool added — linaloo] lost in organic phase)/ linalool added
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nore of these. 7. The process of claim1l wherein the
hydr ophobi ¢ phase conpri ses a hydrophobic diluent in

w@edwst13m t o t he hydrophobic material. 8. The PCDAES®6/000852

of claim1l wherein the first enul sion conprises a
first surfactant, which at |lea@t partially stabilises
the first emulsion. 9. The process of claim1l wherein
t he hydrophilic phase is an aqueous phase. 10. The
f13B¥ss of claim 1 wherein the hydrophobic material is

sel egt edaf 59 st flugr.escent : .
dye, a radiop Sg?ﬁralgéﬁ#ﬁlggi ) %é%f}aﬁ}gngo Ié\rl]1 %Iﬁ’? f:ng&enal therein, said
prcessyoomprigingor none, a bi ocide, a flavour, an aronma

b and a m xture . of any two or re of these. ,
. gf%?%c%s‘?uffﬁ% HSIGn FORREIRE (e S RERR GrRsped in o

hypdrpphabés medives caid fisr dmelkidh tconiisHB 2hydr&dRbic phase dispersed in a
arti aLiI y.stabilises tEe mul ti pl e enul sion. 12. %’he _

‘SY({{B%@ c phass arherein e hudraphabie phassi ompstsapitie kysirophobic material

aidhele Hyldpdphdtis isd ich | ;

claim V\h?dei_)r ei1 nﬂgaitsr@g:%ﬁg}rhsﬁszﬁ %%gﬁgora%ﬁmwg rlggﬁﬁb&c gﬁfea%ﬁg to form a

mofeflpidgpeisia; &1d cl aim 1 wherein the first emul sion has

a ' t : bout | Onm and about
2 o neHeRL SlecHhATR B oREIEERARH o SRR B MR RRE the form of he
particlephaviegrithediydrophelsic aaterinh tidi€ip) et di anet er bet ween

out 0.1 and abo 000 m.crons. . The process of
BReein B RrPo iRl ST gk of s dplaemmiinion.
emul Bi onTlOPpICESBEST: claimC PRIHeRIiNShd §i8p B?ff %F@v@(ﬁ‘iﬁg:ﬂr?es ?ﬁﬂﬂﬁe emulsion

with water and a first surfactant to forma
YHPRLFE; - conbining a crosslinkable species with

vat efrobRidghERst Sarh: Thit ure conprising the
precursor and water, erein either the crosslinkable

specdiggsrsing tthe fysteenvision ir thehleydropimbid medbine ts ploahethe multiple
gn%ggﬁ)ﬁ in the presence of water to formthe precursor;
and - conbining the first mxture and the second

m xtdur e. THerproddse of tlaime $ svlndeis tigd Mulkipth@nelsidntifen oil-in-water-in-oil
@%Qﬁthﬁq o%aihe first emulsion in the nultiple
i S Spublg e dt¥len about 1% and about 30% on a wei ght
or ol UMEhel}R6édas o aiml DYVHRFAHE BRDaBicl&l AL Bordm ¢16s.
e

the step_of dispersing the first emulsion int
hy drophobBiedraesss ahelaianhmihseein the precursor is a ceramic precursor.

6.  The process of claim 4 wherein the precursor is a hydrolysable silane, an at
least partially hydrolysed silane, a partially crosslinked silane or a mixture of any two or
more of these. .

7. The process of claim 1 wherein the hydrophobic phase comprises a
hydrophobic diluent in addition to the hydrophobic material.

8. The process of claim 1 wherein the first emulsion comprises a first surfactant,
which at least partially stabilises the first emulsion.

9. The process of claim 1 wherein the hydrophilic phase is an aqueous phase.,

10.  The process of claim 1 wherein the hydrophobic material is selected from the
group consisting of a fluorescent dye, a radiopharmaceutical, a drug, an enzyme, a
catalyst, a hormone, a biocide, a flavour, an aroma substance and a mixture of any two or °
more of these.

11. The process of claim 1 wherein the double emulsion comprises a second

surfactant, which at least partially stabilises the multiple emulsion,
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- providing a third m xture conprising the hydrophobic
medi um and a second surfactant; and - conbining the

wao biosd33sixt ure with the first emul sion. 19. ThERCPAU2®6/800852

of claim1l wherein the step of__reacting the precursor

to formthe matri x conprises é@eing the multiple

emul sion for sufficient tine to formthe particles.

20. The process of claim1l additionally conprising one

or nbte %he Prrcesy efpdair | whergin ne geulsienr stakilier other than a surfactant
sepacating the particles fromthe hydrophobic nmedi um

- washing the particles and - drying the particles.

21. The phoprssssaff ctdimi Inwhereiarfirsti emuigjonts 4 R&sbemulsion.

partial | y, separating.the particles fromthe ,
Ryar SBnobE SREEE R L HEReP Pt At RIRp e mean droplet iameter
pettees hissut flonmbat weewn s8keidtond. hour and about 24 hours.

22. lge ﬁzhocess of agy one_of claim 1l wherein the step
of r&act i Af PEWEHT PE sleim o wthprsp theempyltinle eswisiom hpsha mean droplet

ahietd? bRt aBb@M. I Snd Mot 1R RLEdsx i n the form of

t he ?artlcles having the hydrophobic material therein

sai dlfydfbppotsicss omelein 3 whestingthe girecess bf erdviding sk frst emulsion

eﬂﬁéﬁﬁ%es' 23. A particle having hydrophobic materi al

thetein when made by a process conprising: - providing

a nutdmipihsgethn hyidmphobiophhsi with avdter sid ©fdt Suffactant to form a first

di.spersed in a hydrophobic nedium said first enul sion
¥%si ng a hydr ophobi ¢ phase dispersed in a

hydr ephibihing D&esdinkuble sRiclestwith Wik PRI £ sRBAS Snixture comprising
onpri ses a _hydrophobic material and the hydrophilic
FEeCEHIpA skalery Viieen et thpicesshinkableptishies & the precursor or the
£08dHnk e sPed Q1B &s AQRE iaﬂébé}lc%? {Vafer t@fb?m'thé glae%ﬂsgg ahdie
precursor in the nultipre enul'sion to forma nmatrix in
the ¢umbinisg thefirst olixtsraradithgsached myxinaphobi ¢ mat er i al

T T -
maitiphgeraulsiorio pltolebie atait €¥4 @ld dbber 3% on 8 dgliar tvolin® basis.
0

conpfd Si a soli trix having a plyrality of L

G SoTt e fropris ot oI ovheianthe e P tohgssing i it emulsion in the
W@Iﬁ{dbi@hea@gﬁg@n@r@@g;ti on of the hydrophobic nmateri al

i's located in _the discrete cavities, cells, hollows or

TonpPYidErg ¢, thowl myKare spmpesiag dhe chysiroplpBicomegiym and a second
Mfaegh{g ahfe hydrophobic material is selected

—  combining the third mixture with the first emulsion.
19, The process of claim 1 wherein the step of reacting the precursor to form the
matrix comprises ageing the multiple emulsion for sufficient time to form the particles.
20.  The process of claim 1 additionally comprising one or more of the steps of:
—  atleast partially separating the particles from the hydrophobic medium,
—  washing the particles and
—  drying the particles.
21.  The process of claim 1 comprising at least partially separating the particles
from the hydrophobic medium and then further aging the particles for between about 1
hour and about 24 hours.

22.  The process of any one of claim 1 wherein the step of reacting comprises:
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fromthe group consisting of a fluorescent dye, a
radi ophar maceutical, a drug, an enzyne, a catalyst, a

wheooasss18 a bi oci de, a flavour, an aroma substRCaU20060/000852

a mxture of any two or nore of these. 26. The
particle of claim23 or 24 havidng no thi ckeni ng agent
or emulsion stabiliser therein or thereon, other than
a surfactant. 27. The particle of claim23 or 24 which

LS ardaefiddile phedukdod h&the%ﬁultlfﬂé%nﬂﬁilbﬁ ¢ Rrafthe h@trm Qﬁh@ form of the
24 wherein the particle conprjises between about

aRdicESVBAINE dhe WAraRObise MAYRID ShEEI: SHAL bydraplioby material being
R:iﬁa[saﬁétﬁ:}oﬁ §i@baficRsM 23 or 24 wherein the cavities,
cell's, ho

or conpartnents have a nean di aneter
bet w@gn AbpamlcliaOhmngddfdaipbqblcsmawnelr thesein 3ghenThmde by a process
parti.cle of claim23 or 24 which is substantially
§BW8P?8%I 31. The particle of claim23 or 24 which
has @rdwggg par inuttipte Cﬁzrﬂlﬂabﬁr cchﬁpl\m&fgl @ bfingt @mﬂlmaﬂddlspersed in a
t cron T article o 23 or
égﬁﬁﬁrél% i ﬁzsaemaﬂfqng%oﬂww&a bydiRashis phade dispersed in a

%&h%ﬁiﬁ%’phﬁsé‘ YRy %ﬁe%y%!réﬂn@ﬁlc(ﬂha% RS adhydrophobic material and
lica-like material or a polysilsesqui oxane,33. The

pﬁléﬁ hydro@lbfr phasgicerpsises a precwispivhich ig sppableobieacting to form a non-

I g e hydrophobic material over a period of
tfﬁln(gﬁﬁg%.’ ﬁ‘ﬂe particle of claim23 or 24 wherein the

r-el easetingttlee pfecuiser hydi[eophtthjl@ emmisgon &) form a rhanistinghe form of
por e art |les. s 35. The particle

&Fﬂtcreéu%v%t@? 35110 5“?: 4% of rel easing the

Rytdran ferecuiedr &4 adiied p316r toformathachffthe multgaé emglsion.
condiition in a subject m ni st er,

the 2lbj &Pa@ckﬁwg&%bv@ggﬁéﬁ@hag%?\ﬂéeralaa?ﬁlﬁ'i ntp%rtwfe comprising a

RBHd IFMER hasv"i’ﬂgj apﬁl'iﬁfdlﬁir%? 8LBQ E‘ﬁﬁl@e b¥eeBs, PRARRES or compartments
conprising: o - providing a nultiple emulsion

odrepein ot legsten portien of i bydmplmbscpma@é@l islogated) ity thstbssrete cavities,
r&%ﬁ% lﬂméo&?bldco oﬂﬂne%'f%il sion conprising a hydrophobic
IS

erse ydrophi li ¢ phase, wherein the
hyd r aﬁhoﬁlhe matticde of olapn i28esw B hdreoptiethyclroppbici mhteawldls selected

dro hilic, .phase _co ecursor whi c
i e bsrRA T § PR S A Peio B e rufioaly A e an enzyme,
ra%@ellj'siﬂga ﬁ&ﬁmae e£ biosile, 4 Mlatdir, #hioidl RibsaRdesind fnixture of any two
formthe matrix in the formof the particl es having

1R &195¢ Bf B8%fobi ¢ naterial therein;
26. The particle of claim 23 or 24 having no thickening agent or emulsion

stabiliser therein or thereon, other than a surfactant.

27. The particle of claim 23 or 24 which is a ceramic particle.

28. The particle of claim 23 or 24 wherein the particle comprises between about
0.1 and 50% w/w or w/v of the hydrophobic material.

29. The particle of claim 23 or 24 wherein the cavities, cells, hollows or
compartments have a mean diameter between about 50 nm and about 50 microns.

30. The particle of claim 23 or 24 which is substantially spherical.

31. The particle of claim 23 or 24 which has a mean particle diameter between
about 0.1 and about 1000 microns.

32. The particle of claim 23 or 24 which comprises silica, a crosslinked silane or

siloxane, a hydrolysed silane or siloxane, a silica-like material or a polysilsesquioxane.
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wherein the precursor is added prior to formation of
the multiple emul sion, and wherein the hydrophobic

woradoen3mhs of the particles is rel easabl e from B&i/dU2006/000852

particles and is indicated for the condition. o 37.
The method of clai m 36 wherei /X he hydrophobic
material is a drug or other therapeutic agent. 38. The
met hod of claim 37 wherein the drug is an anti-cancer
dr ug 3339 Thyipertivke bibclaini 23 loalinvaBchntserapabie b eeleii the Gydrophobic
[ ed framshe group consisting of cancer, AIDS
Q?attﬁﬁlltgi%sr,a%ﬁinggeotfg@?e‘hor nonal di sfuncti on, .
hypeB#enShorpattivde of pRIM. 2346k 24 Reherdih Rdrddase lrate Bf3Ke hydrophobic
m@ﬁrehn tﬁg.condé%]on is one for which the drug or
I3 RERR Plcths getssizs iy reaPasclgs- spensed to the

subj gst U haAftlEHt ARHED3 BEDE phiQ istdafBol i
particle fop3 t he manuf acture of 1a 1r?eoal1 caenéirﬁtrelé%ﬁlgto%g%ydmpmbw
fageiahent of a 0 condition selected fromthe group
conshgting ol hor nonal . . e
i ot ot FoaeincRE Budl TREASRon ) P pabl MR GHeige acministering 10
peer ubjsicea iteraprdicdly affepti coquemtityooipartidley said paft¥ésdent@ made by a
anﬂyltiﬁgg.enulsion conprising a first enul sion
JISEECER e hydr ophobi ¢ nedi um said first enul sion
conppicvidigg aa hindipi adindsiph agsn "sﬁ%ﬁraseﬂ i Remulsion di d i
gh dr ophi I%c, phasg’nmv\her ein thel%y_ rophoSi cr%uhsza{gré 151.)erse H.l 4

25‘¥FBP]P ¢ medinprsaishBist emplstosrqomprising a hedrpghabipplhase dispersed in a
R 60 PRAdeS GhefiP i LhBsd i i
ri‘gﬁﬁ?@%ﬂ?{*o 7 SReRIPISTHHERhoNE phik CnGRAD, ByBlophobip paterial and
Breduvidrenbili phash sompliséspd preewnsdrswhich tio cdpabla dfheactiigrtb orm a non-
;4 £0 of particles having the hydrophobic
Egpg?%g%’%ﬂLrein; wherein the precursor is added prior
to f oaotirig e podcutdoe immiletmyitiple emulSo0t faRd beBRIXntthe form of the

hydr ohi ¢ terial.is releasable fromsaid particle

B%Tdn‘_"%%ggﬁ‘ﬁagﬂgﬁ’é/ T Pg’lob’tcﬂ’éat@?)qjgli‘ir?lah. 42. A nethod for

dbieitethctgecurdty 4§ afduabirfor 18 f6iatibn oF gl'rlétjllnglﬁfeﬂg@ 8mulsion, and wherein
exposi

onpr,i si ng. s5ing a plurality of [
g}@?&ﬁ?@hﬂ%%%ewﬁ Shmpastielesristrelepsable om spiddrautieles and is indicated
fRpedmdtfon’ € easi ng the hydrophobic material fromthe

~ particles, said hydrophobic material being rel easabl e

f r ond . heThpamethoided, clami 36 pheteinctheshydeiphgbivadatediyl iga drug or other
REABERE: LRAPT T ST Ng:

38.  The method of claim 37 wherein the drug is an anti-cancer drug.

39.  The method of claim 36 wherein the condition is selected from the group
consisting of cancer, AIDS, arthritis, diabetes, hormonal disfunction, hypertension and
pain.

40.  The method of claim 37 wherein the condition is one for which the drug or
other therapeutic agent should be dispensed to the subject over an extended period of
time.

41.  Use of a particle for the manufacture of a medicament for the treatment of a
condition selected from the group consisting of cancer, diabetes, AIDS, hormonal
disfunction, hypertension and pain, wherein said particle is made by a process
comprising:

—  providing a multiple emulsion comprising a first emulsion dispersed in a

hydrophobic medium, said first emulsion comprising a hydrophobic phase dispersed in a
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- providing a nultiple emulsion conprising a first
enul si on di spersed in a hydrophobic nmedium said first

we@pwba33sm conpri sing a hydrophobi ¢ phase di spePGEAUR006/000852

hydrophilic phase, wherein the hydrophobic phase
conpri ses the hydrophobi ¢ mat €f6 al and the hydrophilic
phase conprises a precursor which is capable of
reacting to forma non-fluid matrix; and - reacting

thigdrophidicuyrimss, wierdih a}mhyﬁtdmlbbicmhes&ﬁﬂpms fa?{]ymdﬂﬁ%ic material and
trix i.n.the formof the particles havin e

ik ubARBlE eCPPaanS%P@%HESOWE@i if CEpTg,p brcapting tojform a non-

Adeshapix; @hdt o formation of the nmultiple enmul sion.  43.

The nmethod of claim42 wherein the mediumis capable
of diesing ithgypicrerses dr Gpmeniipleramudsivalto faun ththmatriat tothe form of

Sl 2.0 BBt Bk ophodi ¢ et er 1l s
dxhereim theaplieophan iwrdded pded to fardativg, ofdheanalyipk, erdulsion and wherein
el ﬂ?@r%phgbigi 8%&%% i§ rgllegs\a{l e frglqld sl 1‘3‘51%0 e ?ullj 8118: alggi%éted for the
condition.

42. A method for delivering a hydrophobic material, said method comprising
exposing a plurality of particles comprising the hydrophobic material to a medium
capable of releasing the hydrophobic material from the particles, said hydrophobic
material being releasable from the particles, said particles being made by a process
comprising:

—  providing a multiple emulsion comprising a first emulsion dispersed in a
hydrophobic medium, said first emulsion comprising a hydrophobic phasé dispersed in a
hydrophilic phase, wherein the hydrophobic phase comprises the hydrophobic material
and the hydrophilic phase comprises a precursor which is capable of reacting to form a
non-fluid matrix; and

~  reacting the precursor in the multiple emulsion to form the matrix in the form of the
particles having the hydrophobic material therein;

wherein the precursor is added prior to formation of the multiple emulsion.

43.  The method of claim 42 wherein the medium is capable of dissolving the
hydrophobic material.

44, The method of claim 42 or 43 wherein the hydrophobic material is selected
from the group consisting of a fluorescent dye, a radiopharmaceutical, a drug, an enzyme,

a hormone, a biocide, a flavour and an aroma substance.



