WO 2006/133518 PCT/AU2006/000852 1 Particles Having Hydrophobic
Material Therein Technical Field The present invention relates to particles
which have hydrophobic material therein, and to processes for making
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developed a range of processes for encapsulating materials such as
drugs and other biologically active materials, based on forming ceramic
particles using sol-gel and related technology. These were developed for
controlled rel€diafgsidAasindiHy @ rmepio Matesid Tberaiso
envisaged. These have been 10 described in WO 01/62332, and in
Australian patent application Nos Peg/2868508%888, AU 2005001915 and

AU 209@%%?3%1: TResgmeihedsy %Me@%@ém%%r\ﬁ@%imleﬁal therein,

emulsions, in which the encapsulant is located in the water phase.
COPLERRSRERF TR ERT ek RERd to hydrophilic encapsulants which will

partition preferentially into a dispersed water phase. is For the last
decade, the encapsulationZaekgotis|ed teredveestiopdrophobic species

has attraesdcensidrearie ineresdusiaithe ineteasing MURBETR encapsulating
indu trla{ aéag)#catﬁons USén%b%/grﬁph_o c/hpo.EI}hlllc active_ molecules. For )

e B AL e TR AP A A AT o R SRALy SFReferamic
bipeitidspusisessoygdl opldobipro pettied g e Tbrhcless, thedopahsito controlled
encepsYIain RAchaoniiRlialy-FaleasEReRe ACHME MAICEHIRRL0, PHAINS,Re been

challenge for these industries. On the other hand, in food, cosmetics and
peTESHEPL dPe MR dAFEAticANA Y CORTIEARE A SBRICOB NS rHRhRO05001738,
colip iy Richaad Ald2o066@dperfumes, or reactive compounds such

as bleaghies, [sdheraming %nd&@?ifb@&tatféﬁngf_f%ﬁéi’-%l%i@8&?&4893,3%- which the

Compared with traditional organic materials, inorganic matrices and more
2FAEBEHRHI (RSPAFHIES eV TR SRt RERC aRRPM e T pimetad 4p, hydrophilic
theycapeubintogisatiyvil eeitinstinsicalyymirapbiliciarece prasephidiigher
mechapgal SRR Al A BRI AR HONCRLIE OMANIE SIS Mepecies
systems have achieved precise controlled release of the encap}éu%%e

mBfeAtiEstsd soptdeifsiviseyiede Bieiaeicesioe anemssafindystislaplications
ma&ﬁfrﬁ,&g&m@%ﬁﬁﬁm&ﬂmd&iﬁe}c.gﬁ%ﬂﬁyﬁmﬁﬁﬁ@f %SﬁﬁﬁﬁVﬁ}gfﬁ?&ﬁﬁcal and
Interfaces that r Ire two sets Ifferent types of surfactants. In_the .

G e e e, B AR R st
hydespHiictsr remaely irnempsestavifeconitelebivardersst bastaettimesmolecules

foreiigrexiccnaldnter fasehiss iafrkably. hydraphobie: TRRICOMRRYILIRA stics and

the doub{e emulsion , . . .
personal care, encapsulation and controlled release of volatile organic compounds such as

flavours and perfumes, or reactive compounds such as bleaches, is becoming a dominant
trend for product improvement.

Compared with traditional organic materials, inorpanic 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 controiled
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



WO 2006/133518 PCT/AU2006/000852 2 is critical since the nature and
concentration of the different surfactants, along with the nature and
concentration of the oil phase, will affect the stability of the double

BMEESMultiple emulsions (e.g. O/W/O) usually are prepgdr&d tRP8LEI3s2

two-step process. In the first step, 01/W emulsions are prepared by
dispersing the internal oil in an aqueous 5 solution in the presence of a
higls bﬂi&eéLsi:f@etémnIﬂamfmmatimarmfaa‘memummfﬁirMﬁrymﬁmﬂkﬂEﬂﬂigtﬁnth the

in ‘ﬂé&ﬁé '&@%Biﬁ%ﬁga%%ﬁﬂé%? SREIGVP a@ﬁear&%eﬁg@i p%ﬁa'ﬂsg % emulsion,

shear omogenlsatlon or ultrasonification. In the seco

enA&BRlGSambEms s th CEREMh B p RESBrERHEAI P BN GWPYaLEED process. In the
su rﬁaﬁtar@,T@lszaaﬁamﬂm H&B%rﬂb‘h%@ b@od&ﬁ/eﬁiiﬁgﬁlﬁnﬂnlﬂ@dﬁ@ eMteENd] agueous

Joilp (?] @g%%;&%% enera ltl%q he' mosteQ m{ﬂsm%fvery

use IS|ons are type, emu Siofis Fave
be@ﬁ%@é&@l%éélﬁ@%r&wﬁh@ﬁ@d bk@ﬁvaﬁn@%wmmﬂbwm@@n@ as high
inchiee Hm?gmmm ml @Mm&;\e&ﬂ%ﬁ GOMe ?ﬁuﬁ&iﬂ%ﬁtﬁwtg&%ﬁsms added
conseguently their ications. have be stantially, restricted despite
thelr%%eten é] aL‘tjfse% nesesG h 8 egnaiovtvo?({)i\'/%?é%rnge ?ﬁk—i‘ ;J[ ﬂUégﬁfﬁ?e the fanes phase

inst@biftycruhiitntds e tfﬁéﬁm%h elh@g?@dﬁzdnaan@g@hgatmen cermetiipercd. The
10d r%lﬁ%&@n&ﬁ@n@ﬂ%@@ khaaseAtabisncarmRinaliRns o SRS iSRS /88 ulsions have

usedt improye the emulsion stabjlity and reduce droplet sizes. The
e TSR AR BRI IS ot P BN O 0BG iR e thei
emutsms arthbliey emdtiteen fromleotping dose emottgiedp a&alesmuent‘iy their
PO%@%&%&”H@EC@E}H'&B%ﬁéiﬂv%@ﬁt@@‘a@b{{@%ﬁ‘ SEHIES RO ess. In

also used in combination with monomeric. 20 emulsifiers which have been
shSRFRS i PEGE LSRR ARRCESH TR Hste AbdcBtp bt ioim ghhaearegation and
15 advarimgesobthedatridisic orapeiie soémplitiplesemblsieombvithi Gel-gebmulsifiers

Ch%@yétﬁﬁ(eeﬁo%&f‘%oﬂhﬂﬁggr% Hﬁ%ﬂ%@cﬁgﬁgﬁrg%ﬁagﬁu%ﬁ(hﬂg qemzes The

produced by sequentially introducing a cata a metal alkoxi

pretvkaisr fe shnorbrhrble sudiveve M@mﬁm@w srioragtipeed conulsions and
conpaticiadierp fadhcespherica &@ﬁﬁﬁ&mmﬂaw@%l@ﬁi&aﬂ?ﬂﬁﬂﬁ@remuls1ﬁers as
"y OPADIG, SRACISHSNG: (j%sWJaS% BRURS SHHOR R SR M nomeric

strict requwements O namically stab?e oﬁble emu SIons 1.e.

20 ve SFHATHERRF doHshiPABE Besh |’e'h§7‘iﬁl tRapravsrpiabilibhasbogitmben (elesssr-oil-

surff-sun?) cSaneny gk éd?ﬁﬁ%@ﬂﬂﬂ@ﬁﬁlﬂﬁﬁﬁ%ﬁﬁéﬁﬁm%ﬁﬁiﬂ@t'é}ﬂulsmns with
ReEJIO%JS'Q /W/O Mu}j‘ EmuIS|ons Lee, Myu

I -Han' Oh, .,
Seong-Geun, e, S0 50K V&G ou%éirbcfﬂcgﬁgfakégné‘&ve been
|ntéf9£@é%&@rﬁ§ﬁumlsm<é2@9&)$ leatslyeeand ndentaketkesitnpnoversor in the

th&n&ﬁ%b'iiﬁé&f W&WW@W%@Q tfhigkening.agents p?U@m:@SSphencai
block co- rs but with limi d sugﬁgss Once the metal alkoxide._is

* added’n op eccﬁﬁtecroglﬁmﬁlé%e anars ORHaRI TRAES ARG \iafdl Vi multiple
strgeirioand’ lgﬁalﬂllégd@fto the strict requirements of thermodynamically stable double

emulsions i.e. very narrow domain of stability in the quaternary phase diagram (water-oil-
surfi-surh). Some work [“Preparation of Silica Particles Encapsulating Retinol Using
O/W/O Multiple Emulsions”, Lee, Myung-Han; Ch, Seong-Geun; Moon, Sei-Ki; Bae,
30 Seong-Youl, Journal of Colloid and Interface Science, 240, 83-89 (2001)] has been
undertaken fo 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

35 between the two oil phases. This inherent thermodynamic instability of the double



double emulsion is changed due to the perturbation in the balance of
osmotic pressures 3s between the two oil phases. This inherent

Wi &SGR MAmic instability of the double WO 2006/133518 © o 1/ AU2006/000852
PCT/AU2006/000852 3 emulsion system, commonly leads to a further
disadvantage with such systems: a fast{i.e. "burst”) release of

enuapBolcstematenzistticafe to gtBpdBicphise dvmtagh ariforech pstsomspidist (e
n%{ﬂ“r@l‘%@!ﬁ %ﬁ%@&ﬁ%ﬁ&%@iﬂ@ﬁ% hrereagtament O_f emulsion
stability and the detection of rupture and coalescence. The main
o EEHRENES Lo RIS TP A PP AR EFE hiapgpesmment of
amﬁxslmmﬁtﬂinéﬁmydﬂ@ I‘éne_dﬂ.ﬁm_ dfaptmsamndmmbdcm& _Iifhiieﬂain experimental

5 'nt%&ﬁﬁﬁ_ ’1?%15%8 ﬁ{%ésfﬂéls%ﬁ%mw QF‘&?&J&&%@ \éﬁaysigéfgf’%tetgmlﬁple emulsion
determine If the internal droplets do coalesce, aggregate, or rupture.”
AGERIth G RAucsryimited B B PRIES SRR STAOINY fissause it is very
daiitiewsne Bonmystehhwilltinoleaseitie difioultyck) sppriteténarifepture. Again,
emulsion.chemistry. to, Moregver,.our. inability to.r duce th . .
o o P R NS LS onuion system wil
indtetedsefiin diffierlip inmerasdaechp sanstheieisapeifurther confirm the

10 sri]qms@r&'% ,irlﬁiadbﬁ'fw' mglctcgr&@pf&%@sil@ﬂaypﬁpw_l @&hart%mmcby F@retim. and the
therefore a need for g robust a rsatile process faor encapsulating a
BB C HERGRF IS EPeh S Te D TP GHet SPATRE Sl peper furter
preceSsmipstadfitent artiablidyemthersizedotthidipyarfivieh amdpppifshally

also overifhe telgasedate obtherbysraphobic mateliahirame RATESIS a8 ating =
well as %ood encapsulation efficiency of the _hydrophobic material. Object

sul . d : .
of B h%ﬁl%%%mfeeemﬁe‘ém%éih&ﬁ% B SedP i AopTagsss provided
15 ovesatnieposrstiastintiaflthe @ativij osafe atileadioarRobike dlzoydease rate of the

di %ﬁé&%%n!ﬁéﬁﬁ B R ORIBELLO AL l?éf%@%&@i'%n%ﬁﬂﬂ}’an‘%?a&ﬁ&‘éﬁcy of the

need. Summary of the Invention In one aspect, there Is provide
pré@’é@%}’hﬂbﬁ&%ﬁ% particles having a hydrophobic material therein,

said process comprising: 25 providing a multiple emulsion comprising a

first emulsion dispersed in a [Sifesstbidenediemiiosaid first emulsion
comprising a hydraophobic phase dispersed in a  hydrophilic phase, _
wherein théf FUr3PHOLIE B?‘?agg&if’gfﬂ‘ﬁﬁ@eg‘fﬁlé’sﬁ%%&ﬁﬁbmc HFAERPHAI Ariybstantially

2 thenkjidraphilicaphase tomprisedimpretyrsotnithichrisecaprbie af reachitaily satisfy
tot{lgrr{go@e non-fluid matrix_; a_nd 30 reacting the precursor in_the multiple
emulsion to form the matrix in the form of the particles having the

hydrophobic material thereinSummary of the invention
In one aspect, there is provided a process for preparing particles having a hydrophobic
material therein, said process comprising:

25 providing a multiple emulsion comprising a first emuision 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

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

; ; PCT/AU2006/000852
06/000852 4 reacting the precursor in the multiple emulsion to

form the matrix in the form of the partigles having the hydrophobic
material therein wherein the hydrophobic material is releasable from the

particles. TIFacHpabp MBI Hig TRUNE! 5 AMEle g e ffemelpidn the form
from tbe fharisiaseveiisginchpitailivie, thhrrdy diepio b daatetialipdfaghobic
particles m%y.be {gg{gﬁg%l%{ggé% A Qéarticles in a controlled rate over a
period% e The s%ep of providing t‘he’multiple emulsion may comprise:
providiths thdmrbobin ahefenat ShibrinaTdise Padrep FdteabledseniiBp dpsteles over
i theidayerepkiliaTphasecpisieimihaihy 8 aRb ohie NRASe R RIEREHRCom the
hydrophabic mate '%(l} 10 and the%}y%o?girllilc phase comprises the

p? éﬁgﬁafﬁﬁ’gg §ﬁjifj%e§ HrEematsiBITin the hydrophobic medium to

form tiinerstetipiEpromidisiche malfidentrodisivertherenisnrovided a process

for preﬁ%%@%@'ﬁs%@@ﬂﬂﬁ&& Bydiraobig plariHHGEe eS8 Bl spersed in the

process comprising: is providing, a first emulsion comprising a hydrophobic |
PP OREPBatE T AT PO BT BT WY RO RS HSp Ao tieppRkigematerial
cendptisbsdivpiilidphobimpratetiat yanehtierydrophilic phase comprises

2 Precyisoricis 6aPaIa A SACHRD 0 doimab 0 el MAKRK o ot
disperggr%t e Tirst emuls@i%n ;Sn a hydrophggﬁz{%%dium to%m a multipf)em pie
efIBRIEA 20 and reacting the precursor in the multiple emulsion to form

the ma}txmxam éh‘ﬁ)(;gﬁﬂér@f {E@_e R@fﬁ%‘%ﬁi&lﬁ\ﬂngﬂa%b%mpﬁe&i%g%&&r&&ls having a
therein. The multiple emulsion may be a double emulsion. It may be an
BRSS! E@VWI%T{E%B%C@?%%@E) emulsion. The particles

may besptidingriclesst apravipiay Remprsignie puidickinbihahss-filigersed in a
mﬁj@&i‘{)ﬁ?ﬁc%&_’sé%&&ﬁ aRl -h@di@if_x&ﬁcf igﬁg@edhﬁﬁéé@ﬁn@ ﬂjﬂlﬂiﬂﬁoﬁﬂ material
orfgfﬂ%a%e soljd.. The non-fluid matrix may be ,%Eramlc atgf. The 0

in % BRSSO B PHEESRT IfARE IR P &5PpRne to form a
encapBuidtedrixompartmentalised, incorporated or enclosed in the matrix.

The inteygatliygliabhaiexBiiRsesTionRapRses MUNdioRRhIR SR cmision;

addition to the hydrophobic material. The 30 hydrophobic material may be

mf&ble with or soluble in the hydrophobic diluent. The hydrophobic

materiataautiy Hthe praposedoiho mexbipdecteitision omékin ds ofduye ioghofion of the
particles having the hydrophobic material thersin.

The multiple emulsion may be a double emulsion. It may be an oil-in-water-in-oil
(O/W/0O) muitiple (or double) emuision. The particles may be soiid particles, and may be
ceramic particles. The non-fluid matrix may be a solid or a gel, It may be filrable. It may
be a filtrable gel or a filirable solid. The non-fiuid matrix may be a ceramic matrix. The
internal hydrophobic phase may be a discontinuous phase. i may be encapsulated,
compartimentalised, 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 emuision may additionally comprise a first surfactant, and the first
surfactant may at least partially stabilise the first emulsion. The first sorfactant 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



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
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emulsion, which is internal to the multiplg emulsion (i.e. it is WO
2006/133518 PCT/AU2006/000852 5 located internally to the droplets or

dikysetese thisaalty oot berluttipbes emn disied by arb vl mphiate emajsbe). The
2 GANHAMANS,RPRASEAY BRAY COMRINR WRIR, AndPabRE-AR PHUES may be

phase. The precursor may be a precursor to the particles, i.e. to the )
mAIPSCTE BRES AR REE AL SRR HBTHIES o Betielss ey b gmatrix. If the
precticksr 4e theateikapudides, ahs peramsi@ pregubsor. jtenayobecaihe ceramic, ie. a

creéé.lﬂmpéamtefi%a@rﬁ@%P&M@ﬁig%%ﬁ%ﬁ'i&kﬁg@%%&hg}ﬂ%mmm

be a mixture of these. It may be incapable of reacting wi . '
hyRFHSPRbISTC FestePfalireisitite tolitorls MittePfHRgamERisa e Tepfing with the
thieydagtiabik meyforexamile campsiseradydrdlisahlesdrne, pmaileashtrix. k
parti ilane artially crosslinked silane, ar ixture of .
B A e e B B R o, o
a Mubrdycapelipkedsitarpophamidpeuicay Brargymencdhespafe, a catalyst,

a hormpie, Byaiopldmia flavRialamaroma sehstansa e SAMedhetent dye, a
Sl%b tance oreilgtgnaly bg a mixture of any tv,é/ or mqére of thesE, Tjée

hy roﬁﬁ%%l?gcme UM mayba the SAnd o or T it ihe RiRfFSpnbSryour an
is & stbytaey cornprsdhitresidirophobid dinehe. g tiflengrivibsiomore of
Mmayseomprise a second surfactant, and the second surfactant may at

least partially stabilise the multiple emulsion, although it is not necessary )
for the %ﬁ%&éo Eﬂ?ﬁﬁoﬁ]?é%@ g’f‘%l@?l AP i HERTRh &R dbe dryfgphobic
adﬂlmtefhmmmﬁﬂﬁsﬂac bﬂdgy;ﬂhénhcaiﬂuwfac‘ﬁlﬂnaﬂﬁbﬂh enpiis@ssapaymprise 2
besusd ihataseramsian siahiliiserathen thay & suaciankis 30998 the mutple
may be 20 unnecessary to add a thickenipng agent, and the process may
BTt A ORI A" AGEREIS aHBHS N BB AR iy et may
adh@dfoﬁb«:&myebmtmedfﬁyéneéiuMen siabifieloshdrased ihiokiaoers, and the
OB EINCKANEESHREHAPD M&%&aﬁﬁ%&@ﬂ@%&%ﬁ@éﬁ% added. It may be

stabilisers, other than surfactants, used in the process. The secon

SUMBRIEHP Q)08 dhiBHRtAETheM Hie protsEs madibfrsusitbrrgdhickening
dugieg oraffed ditppeting:25 ihecfistemblsiamsd Tadiydiephehis MaBiitBiulose,
For examRleniReSiaRehdisBeising may.comprise;dispersin gh%rg[a&%t may be no

emulsion in the hydrophobic medium having the second “surfacta

dissulvion, Sekiisfiaettbi diperudacinuteivsad foribetneonssitidiks crenekelosurfactant
Thexyrbeipie-esdnsibrive aydheieiseneamer] sersonletscofitR dittatter dispersing

L L N -
comprise dispersing the first emulsion in the hydrophobic medium having the second
surfactant dissolved, suspended or dispersed therein, to form the multiple emulsion. The
multiple emulsion may therefore comprise droplets of the first emulsion dispersed in the
hydrophobic medium. 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



wh

106

i5

20

25

30

35

30 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
WAV HE38Bme other type of emulsion. It may have a mearf Higplaf06/000s52
diameter between about 10nm and about 50 microns. The multiple

emulsion may have a mean droplet diam@ter between about 0.1 and WO
2086413 3EIBR G314 U2R0GHAAREZ0H atibiiiclAO0ipliceanssibhenistindependently,

errﬂél% an r&‘?i‘%‘;’&%ﬁ'?% %@9& may, independently, have a narrow or

broad size distribution. The process of forming the first emulsion may
compns@%%§%f°%%ﬁ%ﬁhﬁ@%@%‘?é?ﬁé?h&ﬁ?§m@9h"&ﬁeQ/fiith
water apekihifigstisy Efﬁeﬁadltﬁgid@ﬁﬁéﬁioa;ﬂfwﬁu rRaRAhQPURNENY: surfactant to

agjftatmg iLlhe flrs urI%IXé[Ilil e, nlng.f}:)F1 Qﬁslg}k%\ble eC|es with water to
form a second mixture co?npr|5| Fﬁecursor and water, wherein

either twe@begememe%@@@n@cm wscueser torfthe erssetidiabilere comprising

SPERIGRIQRES mé%&@%@ﬁeﬁ@ém}%@s@mewmee&qwﬁéwmm or the
hydrol 2? o form the recursggr%lo comblnl%‘u%the first mixture and the

secon m|x Ut PERE oIS Rally, "G PAEITE th & irdPishia B SRR Ao SagLyst (o2
forhydtid fiest @rfmmﬁw pretussdirst emulsion, the ratio of water to the

hydroly%amﬁﬁag%%@%%&eme@@ saRgutZrlapd.apout 10:1, or

between apout 3:1 and about 6:1, on a molar basis. In the second mixture

the ratic® BEANET 151 BbE dsb Ml sgPoR BakieEs bp £oe SRt aBuseR
5:1 on dmibidiysiverghision vibkirmgobesiaier he ﬂ&tlb;ﬂfdheamﬁ@pmﬁf fﬁbgrflbrébetween

m'éﬂ&ﬁ quarﬁﬁ]%mwg O&Ilggt%%gﬁ) Q mlétqr?mt@% gﬁ?& m(gpar 1s In the

between about 1:1 and 1:5 on a weight or volume basis. ormatlon of the

orSEEREE MY E-ke FiRVBE B B wRGIEEo Mk Ree woabeut 1:1 and about
Folldwing faviagtiosi Hf thevoleaiurseass) b%ﬁ@@iu%Sﬂ@sgmmm‘h@é fimehRre and
AR Bl R R0 S ADSREENG DB a0 00 T tt} and 1:5 on
partially 20 evaporated or may not be evaporategla¥he optlonal St 11

aghtatrighiiiyr eBimpiseihighrasiay ohihs mayremmnpsddighosvest Sbou 5 minutes
agiadiaboiitigh Bhear mngmwﬂ,oﬂ{ﬁaﬁéﬁﬁﬁ%@n@[ﬁ@%%ts e.g. an alcohol,

com ination. of f?»or4o these, Thi s.ma yus of a sonic tor
or a mixer, en é)raﬁg%ﬁg %g?%lxer e%ﬁropo rtion 0 gﬁ'g %rﬁﬁ@f% \f partially

theﬁw%@ eﬁm@fdwhb&pb@@@mﬁb&he@mmnzssmwammog @0Y6wnpase high

weighi-or alumgybasisphibe sign ofidizpersiagdie first eMusion hie sonication,

hydfuggtggpé (r)r;le(():irlum ma mclg)m%rls%}h S of V|d|n a third mixture

comprising the Hydrophobic Medium anﬁ#h 8&8 Sy employ use of a
sonicator or a mixer, e.g. a high shear mixer.

The proportion of the first envulsion in the multiple emulsion may be between about
1% and about 30% on a weight or volume basis. The step of dispersing the first emulsion
in the hydrophobic medinm may comprise the steps of:

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

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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combining the third mixture with the first emulsion; and 30 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.
WHheoBgiitig®may be for sufficient time to form the particles, 8hd/iEoaReess2
for example for between about 1 minute and about 50 hours, or between
about 1 and about 10 hours, or betweer 5 and about 50 minutes. The

tingdmapiclepencod thegit of astbeditkiamulsigand hepaeingwoay £56:at10 and

A A B e L R
tinfeasapfiivenalie sRRdEnOaB dﬁt%ﬁaﬁa tgoetemusing dedet ageinby tsparating the

md%afﬁlﬂeﬁnrﬁbﬂﬁlﬂib W@hﬂlﬁé’lﬁ@ﬂlﬂ%a@ﬂﬁ{ﬁ% %@%Rim@ssﬁnm%ng the particles.
a Yy .,CO rise one or Or90] S of at least arlay

e R S e RS S R e L i Rt R aeed. This may
pareicies aselidbjenpetive rfart@@helsrﬁé@@pmhe%tbp mfeawwstlpmmlfyr example be

SsepAAlAGTRG @%Hﬁ%eﬁ}m%ﬁ@jmrﬁB@{sageﬂmif@iﬁéﬂwn%éef 90%&93& and 24
period for furth reactl 8“5 %ﬁgrecu sor. It may for example be

AR ATABESt ReHEP AR BRQH 2 BT B R En RSB ETatpout 3 hours
mlmﬁeémaQﬂOMSurmrmbﬁMdmmmamm ndebsedwimoaut2dore, between

hol5,05 MAKS: RAWSENADRES SR, 3Pd. a0RUL 28,00455,9F1Q rgaa.’boué 24 hours
between about 4 hours and about 24 hours or more, between io a

hoth&'3i7d about 24 hours or more, or between about 7 hours and about

24 hours orembrditrmantienpbadinentptiegprocess comprises: providing a

first emggm@@orgpﬂgpgeaﬁy%o #ﬂﬂ;}ﬁsﬂ%asf disp ?ﬁ cﬁoa’ﬁa%dgp persed in a

phase, wherein the hydrophobic phase co prlse

mdekephilts phaseae V&fﬁﬁhﬂué}ﬁﬁ%@%rﬁbﬁ%‘e%ﬁ@ﬁﬁﬁﬁh@d@ééwlc material
samcfmaemm@an;bma&@gﬁs@aﬁtlﬁ{wﬁiammw AafistisuriasiR being at
di§ga% J{[a% % g@.umt dtrar&)hoblc medium in the presence of a

secon ﬁtjf tant to a mult I-%e enulsion; and reacting the ceramic
precu rs@ﬁ}?ﬁrfﬁ@ rﬁhmﬁpﬂé@ﬁlﬂ@m intd Hodrnkokicmrdinmtie tROpkssmest of a second

cegaﬁmmtaqtﬁﬁ]maﬁmgpm@m;@@%@c material therein, said particles
being dIS rs |n the dro hObIC In another embodiment the,
process cggn rses: (I:%Ir%%/ Ring afhy%‘rof)zhrmi)rH %ﬁa%%usﬂﬂ?ﬁ?afgpﬁr?dcﬁrﬁ?gf in the
suldsier i casimpartieses dxingeby hadetnhvbih peiophloticphassd particles being

compkiaRs thenbygoenitebic materal and 25 optionally also a hydrophobic

diluent; com nin osslinkable species with water to form a second
mlxture COI’T‘I%%IS gn%c%xmen’c%e Process COMmpPrises:

combining a hydrophobic phase with water and a first surfactant to form a first

mixture, wherein the hydrophobic phase comprises the hydrophobic material and
optionally also a hydrophobic diluent;

combining a crosslinkable species with water to form 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 mixzture 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;



a precursor and water, wherein either the crosslinkable species is the
precursor or the crosslinkable species reacts in the presence of water,
WEHHBHEEFIly a catalyst, to form the precursor; 30 combiniR§tH Hike00852
mixture and the second mixture and, optionally, agitating-the first and
second mixtures, to form a first emulsior$ providing a third mixture
Cﬁmﬁri&mmér@ﬁhﬁk&ﬁim&ﬂiumlmpﬁ &ﬁﬁ@%idtosﬂﬁfﬁql %ﬁﬁd:ﬁiﬂhmﬂﬂh' Rehe form of
thg third -mixture with the first emulsion.. optionally, agifating the. 3s .
e e R e S shrsed in the
2004rrE8srgPdmAU2006/000852 8 reacting the precursor in the
multiplgtqeasisiendoyiasm-aiag s patiyd adamohhanatisleshaving
the hydroroﬁobi material therein, said particles being dispersed in the
hydrop 35 nl%é‘ ???’Gg?sle partially separating the particles from the
hydropHohie thedirrtitiesvashing the particles; and drying the particles. The
step ofmgg;%wcg%qgg;@émggpg the precursor in the multiple
olid matri

emulsion to form a s atrix in the form of the particles having the
hydrophB5HEA R RIS R SRR BRI R b a e R d rersEs ke form of
frdhe thertpastidiesingaiik faydiciisobiei ﬁgaﬂmg rﬁ&ﬁdﬁ,tﬁ%hyﬁrf@@hahhki mateé-ial being
m ; Qv [ nd aspect ticle n.made..
e e B g G,
there is Providetarpaitiefe thaséngpa dsyelrophebidamateriahdheérat, gaidss of the first
paHicle camRLSIing:d.solid matrix having a plurality of discrete cavities,

cells, hollows or compartments wherein at least a portion of the

hydropHBBichHiatental [ersdarsaviiahe enaivathadayibedrealiebinamionsigherein, said
compartroentsinkhe padicediavingihydrophebic sratedaldnerginsmayisbeoliows or
p C asol gel process which be a process according to the,

e R B (e dsrec
g GRS i clenpriesmpriserarsoichamiat i diawinbidineaterial therein may
hydraphebic gharein.othe-hyudiophebimmaleriabmay:be (aleasab g fraMiosure. The

th%& g:tsi%l;%' The hydrophobic material in the particles may be releasable
from pcyirlffcles over a period of time. The hydrophobic material in the

pAFTREESRREIPAE TBRUAERRS AU brephrmtisdsh AhoRadimaramseanTrge solid
ratstrixd_raaipg tiechgltopiebichieper d&ahﬂ@aﬂﬁmﬁiﬁﬂ%ﬁﬁl&ﬁd@&fe&@éﬁk&ble from
thﬁeoﬂﬁyﬁﬁé %9%9%{;69&08{995&%:%”}% %sedBM&es may be releasable from the

particles over a period of time. The hydrophobic material in the particles may be

releasable from the particles in a controlled or sustained rate over a period of time. The
period of time for the particles per se or the particles made by the process of the disclosure

may be in the range from 5 minutes to 72 hours or more, 10 minutes to 72 hours or more,
15 minutes fo 72 hours or more, 20 minutes to 72 hours or more, 25 minutes to 72 hours
or more, 30 minutes to 72 hours or mors, 60 minutes to 72 hours or more, 90 minutes to
72 hours or more, 120 minvies to 72 hours or more, 5 minutes to 48 howurs, 10 minutes to
48 hours, 15 minutes to 48 hours, 20 minutes to 48 hours, 25 minues to 48 hours, 30
minutes to 48 hours, 60 minutes to 48 howurs, 90 minutes to 48 hours, 120 minutes to 48
hours, 5 minutes to 24 hours, 10 minutes fo 24 hours, 15 minutes to 24 bours, 20 minutes
to 24 bours, 25 minutes to 24 hours, 30 minutes to 24 hours, 60 minutss 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 minntes 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



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
T/AT 067000852
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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
Holwurs1 BOmigmittss to 2 Bolu 25, 2whin dtcs o8 RO mray@S mif dtegg0648nimites

hetg%’%ﬁ)s HINWUERAR 48 PALR:, EOMIGHISIIAS8 RRWS, DIIRLLGS ¥ B, 10

ours, 120 minutes to 48 hours, 5 minutes to 24 hours 10 minutes to 24

rml&lgeﬁ?%mi@s 10 BIPRS00 R b DR 8% RURSTES nifiRuiet oy bours,
hmjmﬂ&mmmmm 24 howires 60 Irioute SO0 2dnhied s, DQoti)uies Adnddes to 1

hl‘RHE.S i r g;!m%g MSup in t

hours, %%Qm nutes to 1%4%8%15%2§Immu ezc%g %%%%ﬁrs %mﬁ%gg tgl%igows o
heAmBaTmMin L slenst 12 pRsties. sDhG e RbobicHBateria N brolprstad in the
h&uds&ta%améwteam babonrsr Zomputasie. G'ﬂl&utgrﬁic%ﬁﬂmwﬁﬁﬁf&x@l may be

ours inutes to. 6 hours,.20 mlnute 0 6 hours utes {0, 6
h%lth sé‘%%n‘“fe? g %rsée i es% he’glﬁ’r%é mlnﬁté’gﬁbﬂg or in the
h@m@x 1>bimitheresne éohanirs-5 ﬁmﬁm@%@mmhmmhgtgmm@mted in the

1&5@@1@%@1&&9 (8Q06/183518 PCTeAY2Q06/0008532,,3,3 RBHES1S). The
ﬁg St03 rs 25 miputes to 3 hoyrs, 30 minutes to 3 hours, 60
YEREoR e L SRS TSRS A LUTERALAES 1B HeiGRRermeceutical, &

mimges enzvinsu ﬂs@alﬂym inbtemtoe? hvriid, S MavatesaoRohounsy2bice or some
MiHAERE A0 WSt 2R PUBUIRSABE HOMES D JNIRME S A8, S DOHIS pgx%cle may be

min es to 2 hours, 90 minutes to 2 hours, or 5 minutes to 1 5 hour. T

PR PISER Bt AR HERRE 1SR Rfd RIgkeng Beraton be paxncie may
cchmpaﬁrﬁmm& teast ar pawtisorofidbéibydiephnbicieaiat) dtwamhhes surfactant,

IOE% 9 HME‘%odéﬁﬁéﬁt%*fa%g}ee%%ﬁg%J%Q'h%""édﬁé& 8. rtmi 5 TR nay have no

hydrophobic material sulated, compartme
8?5{8‘@‘6%%&%&@%%&93%&1%8% %@m afrm%éfbwwwb may be
d@pam‘d epariibl] (rﬁ@mﬂ@ mwrmymml%ommaﬁ@&@mbaw@a&mﬁT $nay be
io or more nt
eé@ﬁo%%‘(%% rﬁgtgﬁl E%1800r 1(ég(amp ea ﬁEdoresct?ént grg a2 S’}he particle may
rmpﬁa?rhmmcahoat arhgmérﬁ@%zyﬁ?é o setalgStthe mmhebaa material. The -
bl@&!ﬁiﬁb e &ﬂé\\étﬁi% Bé‘c@é@sif tl @)&Hbﬁi%@?@ﬁ&omﬁhﬁﬁﬁ&f%ﬂﬂ&@e&eﬁﬁ itholows or
may be a mixture q WO, 0F More 0 e article may a
by(:%aénﬁr%%%sé(st’ha{ dogggnot comg;l?ée NS 8a thl&ﬁ?g) hFRAERR ‘I‘?féth(’ lows or
paaietatmspis halke nertiticke aghis, drpdiovsr emotsiprrstsibiiis orahdreimbstantially

thgnegnraothe fﬁéﬂ@%ﬁ I@ﬁ%@ﬂ&n&lﬂy @ﬁh@ﬁﬁfﬂﬁ SARdRMdBRlY HH&le Igﬁﬁ%ay have a

have nq.add anic mer. It may have ng cellulose derlvaflve e.d.

hﬁ?s&@b‘}% R D AR B FRIRTC LIRS Rle pap Ry spherical
pmhﬂmearm?meaamhwr@amm pEhchyd ephatietwmatesiunay bet about
engRpsHRlsrkoGHhieaabigmBe Ry I ReRISEdINNERAIIFE TN%oated on the

particle may

particles of the disclosure. For example a targetting molecule may be attached o or coupled to or

coated on the particies of the disclosure. 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 pariicle 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-sﬂica'are
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



20 comprise between about 0.1 and 50% w/w or w/v of the hydrophobic
material._The particle may have between about 10 and abgu{ 1038s/ee0852
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|scre%3éssé1a8vities, cells, hollows or compartments, or between about 106
and 1010 discrete cavities, cells, hollowg or compartments. The cavities,
cells, hollows or compartments may be substantially spherical (i.e. .
shyrraphilicr et At BR SprEpRIIC el cibth SPARRFEPa ey Ay tehvies the
aﬁ&_ﬂﬁ@ﬁ%‘f digﬂ@iﬁrp_@ﬁ?sﬁﬁﬂy%@ﬂﬂb @ﬁ@&h@ﬂ@md b DPOLRAHITOTS: gdificle may be
particle e erical, or some o sha m ave am .
T o e AR SO LR 5 D T AR oy o particle
mokschtesamible b adlastiegl e drydoephetitororicuatayanateriphro iowfie. the
the, SliSHIRsH CrbRIEXamIIeHd t@é_ﬁﬁ&@ﬁﬁf/m{@@é@my HRRHaEheHBQl and/or
coupled to qr. coated on the particles of the d sc#stgeﬂ_The par |q§ m%%(_5 |
COREREEFI 2 o B R AP B REEP RO PSSk hamerie may
sitexaupebla @th_hyihbpk_i@i@my@itw@q @i amanﬂldchrparﬁ&lsﬁl axtethvay depend
PAIER MA%CUPRISESLGE, TS BRSSO BORIAMUN %%ﬁgﬂ%@@%@@ of the

application of these particles. As silica they can be ‘incorporated in foo

ands Rt spTeaT s Sscti af fBrRarstlin B mabrgarondifionspd pagicles such
app sl atidy-Hierdaiqubc rguiatelihbathdimurth o edherfris thatdiesed and/or

particles are 35 made, of silica algso.makes them intrinsically hydrophilic.
o R e o B b e T BB

10 hydrophificwbpdpotmthire arphydtephitictnodtfix isaimajormdieptowards
salying tasjeprodiemepithtcdelivrief PesHyEoidbleidiiasiieugh the giliect a
wall. The particle may be spherical. The particle maybe capable of
relB5ERRYHFRIh FHFEBoBRIPRaRE FEt cTHie wardEe sy e caa bl B
relbasivdyebechizdropirishief thateattitievar wisesiblediaimenid @atticles and is indicated
ther@QO&Hﬁcﬁﬁ%E”ﬁ{e’ﬁ%ﬁx@ﬁh@ﬁaﬁé@ﬁﬁ%Q%Qaée&@g{qomyiﬁg‘apwﬁc
and/or incorporated in the particle. It may be a releasaple hydrophobic
méﬁ’&ﬁ&l?‘i’%ég‘ﬁ SRaJ58 RRPABRE Bt ?&‘@a&ﬁ& tRA%RRR JpROBRC2 disease. The
mateditiat angp e dbe doratpld bancate AR detlends, ahiatwtendiormafathdysfunction,
masialdbed e of bk diaRhohismaterial SieeL TS HISEIESor which
compartments, the size of the particle, the synthesis conditions of particles,
SuEPPHPHECTFEICHRR SR {upatl FRCTRRE i AR B eradicatyrt A chngor which the
paditeieoisa thnrerseitt ageio shothb héalitprasdd e phsticls sttaat beomadzdyate. It may

A o . . !
t %Qg%%%g? rﬁéﬁ]&f %ﬁrgggg%%%%%giﬁg&?%%ui%‘&?é‘ﬂﬁé%ﬁg&”&?&l} t%ﬁﬁ%&?wﬁ: an

[+
Provi n in a subject, for example

hufFisnded BRsiesigg Eatinistering to the subject a therapeutically effective

quantity @ﬂ;!?é‘lﬁiﬁiﬁ?p%ﬁ@é@ m&%@&&%w %e%@@ﬁﬂel@qéﬂ%se_zd for
hygéopho i %prg%p??%§lao%h& oparnq%% gstﬁglﬁ%;%%ggtfrg]{:n said gétlcles a

nd .
is indicated Jor the condition: The ydrophobic materiat r%oan;?gbena]ar&gsgqﬁject’ for

sofrapier inerapctiicaden b vareriodid mgtenal B éhamatitie tarclaeehlig from said
The£0adilHaN MaRABINSEARCoiaRion. There is also provided the use of a particle
according to the disclosure for the manufacture of a medicament for the treatment
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



condition may be for example cancer, AIDS, arthritis, diabetes, hormonal

dysfunction, hypertension, pain or some other condition. The condition

may be one for which 20 controlled release of a drug or therapeutic agent

is indicated. It may be one for which the drug or a therapeutic agent

should be dispensed to the subject at a controlled rate. It may be one for

which the drug or therapeutic agent dfduld be dispensed to the subject

dystivetiam hgptendac,penod ahiiméet fisditisaldenprovigédreh pasticlehere is provided
theRSCQFd 9&»&9@@#@9&%&1{%&9&@%@ Y5RAilonas tﬂamm&! A ché'nd tion selected

medicament for the treatment of a condition in a su jeCt or examp

frow, [ rouRIsereTitR @ HparsH HBBR nAldtial ‘BFﬂﬁ’é%éﬁfé@igi‘r&élﬁ%?@ﬁré?ﬁ pain,
whaaid smamm{marwmsmdycaie&éwmaﬁ@ngitmvﬁhg enis1alse dﬂﬁ@l\diﬁe&)ﬂﬁ]@nsmg

i ygglq apatticle acc o the disclosure for the manufacture o . _
I B e I O S Eyommae
thﬁﬁﬁhwré?da”hé#Wiﬂﬁ@H%@hFﬁ%l%ﬂﬁ@FéﬁhﬁthﬁédI%thrdpﬁﬁ@bmnmét?éri?alwﬁophﬂbic

matb@upafdicle i@aﬁigﬁﬁamiéqm@mgo@m@armﬁ}&nd&r:@fl&glfa%fﬁagamg to form a
Cﬂu%'%%n Thgdcrgnqltlon ma% be fort xam Ie cancer, dlagmtes AlID he £
Nhormonal oA aYstUirctoR  Hypertensidh’ b% fBPLERE @rt%ﬂ]aﬂféﬁ“ the form
of Henedicles éﬁ&mﬁhhaéryécmftﬁeceﬂstwdmnthma@mohappamme fondhel prior to
formem@r:tmae@&1ag@eg+ﬁ@mﬁngﬁgr&naéﬁ¢%m9% | éﬁassanﬁt&%ﬁgke&mmdes is

from the grou conssﬂ(aﬁ? cancer, diabetes S, hormonal disfunction

relg A LS T P kA B]ﬁrffﬁl@fg”i‘nade by a process
comphising :aproptokit damuitipiere muilsion mn@pﬁismgcamﬁfst@mumnhe particies
of ﬁ@ﬁ?&%@ﬁér‘vﬂh“&@a[&@ﬂ%k%%&' W) e 'Qcih;f ’Eﬁﬂ%PQdcomp rising a

hydrophobic phase dispersed in a hydrophi erein the
hydrophobic phase comprises a 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, and wherein the hydrophobic material of the particles is
releasable from said particles and is indicated for the condition. There is
also provided a process of making a composition comprising mixing the
particles of the disclosure with an acceptable carrier, diluent, excipient
and/or adjuvant. WO 2006/133518 PCT1AU2006! 2 11 There is further
provided the use of particles or compositions according to the disclosure
for the treatment of a condition in a subject, for example a human, wherein
the hydrophobic material of the particles is releasable from said particles
and is indicated for the condition. The condition may be for example
cancer, diabetes, ADS hormonal dysfunction, hypertension, pain or some
other condition. The particles or compositions



may be administered orally, topically, parenterally, for example. The
administration may be via a single dose or multiple doses. The dosa}&%s%;

WO gesE3es administered will vary and will depend on suBr &Y/

condition, age and size of the patient as well as the nature of the
condition and the dopant, the effectivehess of the dopant, and the amount

of dopasit &neafianlgiediduidiielenscdibyditipartclesmppaiiiin aspeding o the
there is provided a metrégd for d_eliv_erin%a hﬁ%ro hobiF aterial, said
1%%
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the Qﬁdéi’éis&dm@ Qdea | gﬁlqhaef ragt@gal HQiRG: 15%@3@@9[&;&%&%_}333 hormonal
articles, said particles being made by.a process comprising; providing a ...
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%é?ﬁzoblc material and the hydrophilic phase comprises a precursor

i s ERPLLPE SHTeat O TR 386 AR SRS RABFTFCHRY 4hho nanire
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RAY é@@a\é&g}g&ﬁ&@g RIghis material therein; wherein the precursor
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is added prior to the multiple emulsign. The particles. may be . i
in the i BF oS0 ipBeTidh BOREHEG TS hATIER RS pAYArEar meri, s
administatiosingtherparticlesiofthe disphosire efwutiable sixe fiseltere to 2 medium
intepped ?eﬁ%ﬂﬁgy RS EPASHL I SGIE RAUE PRI 0ISAI RAHSROMAI NS ial being
suspension. Aqueous solutions or suspensions may further include one
evvishi el BAUHHES M GBITAIOIR GPSiable BUGRYESTIIRG Providns ¢
inignded puRaseoReRaRdingrancthe sedearpdrpose hitegodagaddium, said first
of the composition will comprise from 0,005% 1o 80% ight 1or 1 the |
5 goélerc@fr%?cnfnlgﬁi@len 69?0 ggblais%f%%eurg? %gﬁeéllﬁ, d%s%'}gggﬁ)@ngs%&! Wherein the

acdomislyctoitte dizutoserdwiléomistiie BaeTie. 2 HaBYliPPBYs, RifsFecomprises a

téﬁ%&fiﬁ’!l% Ao 4690 A0l Lyan maradyoiaalivid et Hdbunweighh @b erecursor in the '
particles of the disclosure. The exposjng m cog}%se immegsﬁi}n{_%he : .
BRI RHHEP oM A Ry Slcitoh 152 TENE O bTE Sfrobic material

8hy €difiprise one ‘or more o _
stiering , aedinge swining or witerwise aditatiagpthe’ thedivlvplsasringitie The panicies

pnallartgcles therein. Alternatively the exposing may comprise passing the

medium past and/or through the particles, The medium may be a flyid, . .
By B Yo R A G T B 25 BT e M SR b S esior,
{E4maxihe: anRFaRRissiiids andbin syhRaRargaRic Sedvent Horexample a

LAY UORAEDIS @é&%ﬁ%&@%}%@w DRGSR Rk USRRAMB GO kuspensions
ré%gn the hygyrop obic material, The hydrophobi¢c material may bm .

& ADERESCEIT VROE PHBPHARBTREL BHL AP UParlY, hre AT, agditves
Hermenewenbiaciterndlavemndanraronise snbsidncewneankotenge form of the
Sgotgr?ggsri]t(i:gﬁ \?vgiltcg]rg rits)e? f?otrr? B({)%%%Aozg %ﬁ%tﬁox%éﬂto gre rr?cf)r%hgfs t%é ceramic particles of the

disciosure. Usually, dosage forms according to the disclosure will comprise
from 0.1% 1o about 25%, more typically 1 1o 16% and even more fypically 1% to 10% by

weight of the particles of the disciosure. The exposing may comprise immersing the

particles in the medium, and may sdditionally comprise one or more of stiming, shaking,
swirting or otherwise agitating the medium having the particles therein. Alternatively the
exposing may comprise passing the medium past and/or through the particies. The
mediumm may be 2 fiuid, and may be e liguid. The medium may be a biological fluid such

as blood. It may be an organic fluid, and may be en organic solvent, for example a



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 WO 2006/133518
PCT/AU2006/000852 12 conditions suitable for release of an effective
amount to treat a condition of the hydrophobic material into the medium.

The method may also comprise the step of allowing the hydrophobic
material to release into the medium. A further embodiment of the

disclosure provides a method of treating a locus comprising 5 applying
hydrtichebiof dbivalis clisunaaiivncompositiorpddordinglitsshdngisetosdeesing  the
hgkﬁtﬁﬁﬁéﬁd%%ﬁw hedfepive daeataNaousr eotheiemaRdiRent aye, »

the disclosure provides a method of treating an gbject comprising
TAARPISRATAE G e §BjecEpAPBS oftheTHSdDs BB SFAS OBttt #ome
sabgarding: ieine diselosisente, the idhjestin amamountfefigotive dortreatdhthese.
PRl %e heLgmpodiment of e iRelasHie-RRKdER M AP Y oiatine

reallﬁ?lg a subject comprisin dministering to the subject particles of
(fiae egBIBlSURE @W@dﬁﬁé@fﬁ%oﬁ“ he CHRIFYSORR SReedireorditigsapiakte for
1 aR:asoust pfieetivebio Waekilieistbjent. hbfoughaukthespiaifiiealiose under
and claims the terms hydrophobic material, hydrophobe, hydrophobic
active and hydrophobic active material may be used 15 interchangeably.
Brief Description of the Drawings Figure 1 is a flow chart showing a
process for preparing a ceramic particle according to the present .
invention; Figure 2 is a diagram showing a schematic structure of double
emulsion droplets 20 according to the present invention during particle
synthesis; Figure 3 shows optical micrographs of silica particles according
to the present invention, obtained immediately after 20 minutes
condensation before filtration, made using Span 80 concentration: (a)
0.26 mol/L, (b) 0.45 mol/L, (c) 0.60 mol/L, (d) 0.75 moYI, and other
parameters are same as the typical synthesis conditions described in the
25 examples; Figure 4 shows SEM (scanning electron micrograph)
images of micron silica particles according to the present invention, made
using different Span 80 concentrations: (a and b) 0.26 mol/L, (c and d)
0.45 moll, (e and f) 0.60 mol/L, (g and h) 0.75 mol/L. Other parameters
are same as the typical synthesis conditions described in the examples;
30 Figure 5 shows (a and b) electron micrographs at two different
magnifications, (c and d) phase-contrast x-ray micro-tomographic images,
and (d) x-ray image. All images
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show the typical morphology of silica particles produced using the typical
(by@theas parameters of the examples; WO 2006/133518 TIAT2006/000852
¥/A5Bo6/000852 13 Figure 6 shows SEM images of sgflca particles
produced using Tween 21: (a) 1.322 r%;nol (b) 0.665 mmol; (c) 0.326
mmol, with other experimental conditions being: Oil1 0.400 mL dodecane

wnndme@@ suiebiB -85 (SisieasnoBler IEiRotve (@parat HeOYt 12068 HopLHpf the
80&%@&%&!\/@% @@@oIQIMmhﬁyc%maf&@ﬂ@n&:% step of
n 0 ure OWS Images ofr Sllica partlc es
#}a E]&jﬂl? K@ﬁﬂ%é%ﬁlﬁﬁg%‘a} Té hmo %!o mol, (c) 0.329
mmol, yviiieihenexeacimentad dmddﬂmmsrm@lwmnb@ddf@?tﬁ@ir@ aHigusec@nprising
g p%% 35 'm e @Lc%g %%?ftlséﬁm%vg%mgqo WEgRR0 A 8 ddeus in an

9 mmol, (c) 0.329 mmol, with othereéperlmenta
e@ﬁmueﬁgca@d@é@ﬁb@a InspeFigneher GOV G 8R0S BleElBRsHiTCPEYdphg method of

Qf:aﬁihgaaﬂastiﬂ@s@ﬁgﬁfﬂ@g@ﬁh&mmnm@nhdllusﬁatl@gnsm alffdthe disclosure or a
e SR AR Ol LR S M PRI Bl Wit ve

b ng: and ot
expetienentaddsnconditities GelegrObrovden mmelberecinecwits @.%@%Igcompﬁsmg

2Rk, g%nnh’)ejs @Q AHReL oHRO61- ARG HRQ(bd2 kN R3osahstianhe disclosure
TMOS 29.650 mmo Eé 225 mL ¢ Ioh%xane Surf2 Span 80 58.33

rtﬁr?i‘SISWE\ﬁ‘iﬁr‘Eai’(?@ﬂ‘é%g Fébt%%“f’?‘ﬁ Sgtapie illustrating the ORMOCER
effect on particle formation: (a) 100 mol% TMOS; (b) 75 mol% TMOS and

25 mo@w{g&@ﬁfyp’iﬁg@o@%ﬂﬂ%@@@ %2 8- BbVERs £shkeianol%
0 i other experimental conditions are:
OB EH RO G P P e A ESPR B AT
H¢ehamgtdR0(2) 1.068 ml, pH2 HNOS solution; total silicon precursor
29.650 morel; Oil2 150 mL cyclohexane; Surf2 Span 80 30.03 mmol and

in which (e) was made swbwﬁemamﬁ@rm—m@aexcept Span 80
was 90mmol; and. (thwas Hgl?f %25. using. the same conditions as bgmc particle

except é%mn 0 Wa O mmo gure%f%g\?vess ?meggesgof‘s(ilca
paﬂma@@sﬁ@mmm with a water to TEOS molar ratio: (a) 2;

(b) 4; (Sigiréd) £6s awgraﬁa@h@w@rm&hmag&m@@@m@é b Mroplets
dodec l‘?lﬁ\%’ enrtngvenl%] 35; Tween 665 mmol; 1120(,) and
%‘nﬁ}é G3%8olttion: 0?@8@%@ mv' e%’ﬁ’ianol 118.6 mmol
(addedﬁ%%@l—@@h%s@ﬂuﬂ@niyﬂl@ﬂgr% ol sjicioipertinle; SwdaliSpan @@ present
Saﬁmob&wmw tRges Rl SUR BRI HBIAEUSRtion, made
USIQQASQ 28% concentration: (2) 0.26 mol/L, (b) 0.45 mol/L, {c} 0.60 mol/L, {(d) 0.75
mol/L and other parameters are same as the typical synthesis conditions described in the
examples;

Figure 4 shows SEM (scanning electron micrograph) images of micron silica
particles according to the present invention, made using different Span 80 concentrations:
(a and b) 0.26 moV/L, (c and d) 0.45 mol/L, (e and f) 0.60 mol/L, (g and h) 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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hydrophobic surfactant, with a Tween 21 amount: (a) 0.575 mmol; (b)
0.968 mmol; (c) 1.314 mmol; (d) 1.724 morel; (e) 2.207 mmol; (f) 2.490
mniol and other experimental conditions being: Oil, 0.400 mL dodecane

WiH/885'hg SB-35; H20(,) and H20(2) 1.068 WO 2006/1885/14/2006/000852

PCT/AU20061000852 14 mL pH2 HNO3 solution; TMOS 29.650 mmol;

Oil2 185 mL cyclohexane; Surf2 Span 2B 59.17 mmol; Figure 13 shows

SEM iﬁ@m@ﬁmmmmg@r@mnmm%gw%@ﬁ% Toneen BQa) 1.322
a W ; : mal; an er... . .
(ex erir%ete?l)t%afi)6 @55?:%% it’{ggjs éi%{\gér%?e&éi% esgcarll 2%{ ?gﬁﬁ%%ﬁe fo;d i’—ul(dlbsré}eﬂg: Oty
sHOWH SEorRezeBtRiRe) saeiRed vy ddUirh RE @ H;0p) 1.068 mL
(pplyeiiylene sglyded; Mo pgremitiennroain 20 Hib 6y IR aRY Span 80

ce#@?g#d&_ the hydrophobic domain combined with variation of
hydrophilic Surfactant and outer oil phase, in which the experimental

conditidhE%ré a8 AN ifrapsoBsisFiguisl acrpdwelaisiogdiween 20: (a) 1.313

mieragraphe dhustabng Hartice rﬁ%@éﬂhﬂ'ﬁi&%ﬂ%ﬁ%@ﬁ‘taﬁ&%ﬁ@&m as desoribed
hyfccinr:ciphll ¢ surfactants in presence of PEG and HPC, in which the

experﬁ%geﬁtal conditions are as shown in Table 4; Figure 16 shows SEM
imagedisusii@ ahsarsi Selidyrgrssi§etict patiolss prydrophitisingrfeetasd: (a) 1.317

cangRNUBfioRsIHh MRy e the ' SOl deseri
Tween i(a?Zl being: (a)%?.958 mmol; (%gg%gyﬁgﬁ%%n%g%%ﬁ%%;agr(ligsmbed
o;%)ér &perimental conditions being: Oil, 0.360 mL limonene with 0.720

mg SBE3SH2GEb)ardebt R0/ 2)itr068pim b 2R I80 WiioriTMO Be invention,
29RRCMPLL U I BIGIPBRANTIRUIS RRRORC DB G Far rato
17 shows an SEM image of silica particles with encapsu atedsretlnol, ’

wilels Bh e BrRgdebr ekl chfdeat (€uBobbRiNe) 1§ ivd sipreatperimental
sy obde axdniples mﬁﬂhd&&am@ﬁtﬂtmﬁmetiﬁgllaﬁz%? 'gwEéaf Weoléss mmol;
s j iC d in upls our

N B U 0 e

2

to
ar%“?éﬁ%&ﬁ%%ﬁi%%ynthesis conditions except: (a) cyclohexane 150
mL withigpan BheRsereatotahidb GysithRxanaido HLONKIGRAD 8R4 n particle
e O B T TS ST LAY g ot
orf Yt edsti b (B FMfs 4P atdicred - EEpSingd @ fhmqite ddmMSvRNtibIth other
Figukei 2l awadsosptiareisotharasy oh e ramRles:af @@ﬁ@qﬁé:ﬁ-%; Tween 21
2%5?’;%%%%(?3% %%6‘?‘{/%%% %8151 E’Té’s%e%ioﬁﬁle I—FI)Ir\Iegf thllx?t\i/c?nr;]tltg?al( sciilci)tl:'lo%l eprecursor
29.650 mmol; Oil; 150 mL cyclohexane; Surf, Span 80 30,03 mmo! and in which (e) was
made using the same conditions as (d) except Span 80 was 60 mmol; and (f) was made
using the same conditions as (b) except Span 80 was 90 mmol;

Figure 11 shows SEM images of silica particles produced using TEOS with a water
to TEOS molar ratio: (a) 2; (b} 4; (¢) 8; (d) 16, and other experimental conditions being:
0il; 0.400 mL dodecane with 0.800 mg SB-35; Tween 21 0.665 mmol; HyOqy and Hy0p
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 mmmol; (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¢1) and HaO) 1.068
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internal surfactant, and 2) produced using "process 1" of WO1/62232;

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

microparticles according to the present invention in cyclohexane and
"%%8‘5’5&%3&1%0 2006/133518 PCTIAU2006/000852 15 Fighfd's2 diahess

TGA and DTA results of retinol doped s'IiArca particles according to the

present invention, wherein the amount of each component is 40% of that

in tHe NiAZiEEY (yyrilindels WAGORBASH0 2aooly; PilgUss 28 stislvdi&retteliS urfy Span 20

spseira.aikstinol at different concentrations dissolved in s ethanol; Figure

24 shows a di %JS reflectance spectrum of retinal-doped particles and

control HEEIS TECot e HHE b BLSH FEFIRS PIELPLCaSP i gen 20 and

tygieab#l: Gichremelfdrand tordelefirifedim 80 &2 oFiguet 26disther experimental

diagrameshawing.a schematig ﬁ;pgggﬁ%cltgonal view of a typical single 10
silica migrosphere_according to the present invention; Figure 27 is a flow

chart of SHthedisProce e (enpEtiESH O RARY'® aFredtisrst broaddisg PEG
Figreriy @By sinevely TBMn(tianspdisgioiieteetedn aitoBCoMy)imagessof siikaose) in
patti . : t IQV. : j .'E:hse rieran' . .
S T gy o
Fighpeeod et db emcingid serdiierpartisrhpradadedlsthe present

inventorsgiacacrdiogsteltbematierspragess eraeiibatiick @2 pn¥Hky produced by

reaction. ti hours and stirring speed 00 b) 250 rpm, (c) .
SO R s R pgmnt

of etfbreopeassieEnparfielda Sroduced by the 20 present inventors
accordingde theskanies proseasdewiRachin s 3ynmititaagtiaRdiM8ydrophilic
24Sh urs qngn%%%ggosg%eiﬂl E{Q E%medurﬁrfsg,doub?lf i{n%%%n formation;

Figure 31 Showa sorption 1sothaThiaopsHicdBEmtiaY BRatadhe Byas of Tween
préseringiviehtt S deomdintprc2tiéteartiel; o cd 88 Idesunbedindiigr 2¥perimental
Figutigi8ensBovis BRIb3d@lifuaglsilectanaeinb@ss Cbﬁ%i%%?%ﬂrﬁ‘)? 1.068
spe tr% 5@@50 -4000 %r%}éé)f& sample of,F% 1; Figure 33 shows é?
DEET séé ird (™ it )gg? tHEYa B Brrtgcysionstans: Surt Span 80
patfichesrticcording to the present invention ("ANSTO particles"); and (b)

DRIFT 5pget8 BA00m3b00 6RLit0RSAPPRROH D o ﬁﬁa@e@é&inolawhere

pafticles according to the present invention; 30 Figure 34 shows TGA an
DR FRRCHEE 58St FamBIP G\ it Fedlidtdhsrithigal synthesis of the examples

with the amount of retinol 0.210 g;

Figure 18 shows SEM images of particles produced by adding double and four
times amount of internal content, in which the experimental parameters are same as the
typical synthesis conditions except: (a) cyclohexane 150 mL with Span 80 90 mmol; )
cyeclohexane 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 17 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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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
WRraprASHE conditions as described for the typical syntheBfSH/AHaHB00852
Figure 36 shows BET surface area results as a function of pH; WO
2006/133518 PCT/AU2006/000852 16 Efyure 37 is a diagrammatic

represeRigtio Dl PaNGle adcDTingsindbe RiRse dbpbvantopatigu 8cdding to

sh j of sili icroparticles made using,various internal ]
e e B A S o o e i
X-phessarifsmino g e 89 shows SEM images of silica microparticles
made usipgrd PEaR &1 BNVINGRBB1 (2hWeRNBRRBBHRETWEER dissolved in
61%,821% : () Tween 61/1.2g; (d) Tween 8110.3g; (e) Tween 81/0.6g; (f)
Tween 81/1.2g; Figure 40 shows sorption isotherms of silica particles
producetgnieh Hiffders intiffvat suflactants specFigurefdttsindwsppdresiides and
di%mg%g@fegigg@mg@m%%%ﬁgwmwerent internal surfactants
using aPFT E%eg}es]it -Mrctjoﬁheo%odel; Figure 42 shows SEM
images ofsiff %‘%863?’?&?8 bt AN HrAeerpdye Smpnties, (b)
10 minutes¢A620 mingtes; fthwidmaisttespfriguoesddcsha s BEMf a typical single
migiearaRbSisplaxing g BarBRaLeallaallisles: 15 Figure 44 shows

c

SEM images of silica micropartf%s at different r’nethanql evaporation _
times: (E)gf%’% Ht 138 Hatrcharrs simthayin srecedibedhn Ratiger e ding e an earlier
SHiteassges of silica microparticles produced with the introduction of
methangl; (a) sl } - Ei 4 ows SEM images of particles |
i e O e B G Sypaicls
(bPESUESS T8gheiBterens YRR sErIdingdedbsf paitrrecrstdeerbed in Fig. 27,
additionsictah Sprn(B 0. hi,45)MLEC7: 59; (b) Span 80: 0.2mol/L, ECT:

2.4q; (Cy:; : ECT. 2409 (d) Span 80: 0.4mol/L, EC7: 2.4q;
Figure %é%ﬁ%&%‘é@%%%ﬁ S gf%%ﬁ%o%asr%%g |1ﬁoég1 rﬁ%@fgg&@ (@fpsent inventors
IASHREIDS tnBiA eRibE PrerssxiSetivater WiasR7(byéxBastioatiererdshpurs and
(ChiliviegBp2eiQa) 300 HxI5Mm) 29wk (€0) BaeanB Q% S o AR rmation;

Figure 49 sho ra dye release vs time, illustrating the influence
of synthesis p (%lq%hé gﬁ%%ﬁr%lea iy re%%ﬂon%%%e%gi@? e ditffpced by the

present invenfors according to the earlier process described in Fig. 27, with reaction time

24 hours and stirring speed 250 rpm during double emulsjon formation;

Figure 31 shows sorption isotherms of silica particles produced by the present
inventors according to the earlier process described in Fig, 27;

Figure 32 shows DRIFT (diffuse reflectance infra-red Fourier transform) spectra
(650 — 4000 cm™") of the sample of Fig. 31;

Figure 33 shows (a) DRIFT spectra (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; (by 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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Figure 50 shows SEM images of particles synthesised at pHI with Tween
61 (a) 30 150 mg and (b) 300 mg as internal surfactant under typical
3nthesis conditions; Figure 51 shows a Solvent blue release curve for

i Prittes synthesised at pHi using different amounts &F THEEHBY U2

internal surfactant, in which the dye is released into ethanol; Figure 52

shows pore size distributions of silica pamicles synthesised at pHi using

35 différigmteaioisnt didgrernaisuréacteentiioD BT aneadet] MERA66/ 1336 Bresent
PE&Tiakig006/000852 17 Figure 53 shows HPLC traces for diuron
measurement using diuron concentration in methanol from 2-100 pg/mL;

Figure B£ERoWS OB/ I JERerRiciliva rrsenfitc enamde isinsd iipbnintomal
F?Tawf&ﬁﬁtsﬁamfsﬁ%)m@ei@ﬁ‘fﬁéamﬁwm' l}gviwoe(&}aﬁﬁu}med Mg@j} Brij 30;
oil, ma Ng. , basil.oil 0.35 mL; (b) Tween 21:

03 S%?%?%‘.%%‘&%?%é?e%é%%%%%?é‘%%%g P 3 W e o1 ene
21583 I &uilTsiren 0 st pekBriside) dhresiéireds; (d) Tween 81/0.3g;
E(apGdicas Bisédhe) I mvesdian/T.he, present specification describes a

proces§.f ré)%jui:in ceramic particles using..sol-gel. technology viaa ..
multiplé rﬁu|sior?,“é‘%. Somiiph e ol Shics bt ‘f&ié’ﬁ"‘?%"fé/w%)fhffefem
systerel AlHRMMBIS emulsion comprises an emulsion within an emulsion,

i.e. therdjspersedhphaspef e Hi&tl‘i'!ﬁlﬁ&ﬁ‘HFE@I%&Sﬂ%M&%FdM@@P%tIQﬁﬁmm

dispersed phase of the ipJe emulsion may be a simple emulsion (i.e.
R S Wt L e RS o vekitmutsions) or
may bé @it SEMimageitisid emilsigrrddesdidigitc-thegategeties: (a)

emuisieRINBY hﬁnﬁﬂﬁé&?@)%%ﬂﬁf&ﬂ% gﬁﬂﬁlégj)n or a 15 complex
emulsi$n. It rgggﬁ%e an O/W/O (oil-water-oil) double emulsion. It will be

underst&od t W RN BReEeRH ek King Hie Srislus ohagfinettides;
same, Eigitar 4t dissisnif@iT heagsults cflbnatysirgatadescts ofithatnt methanol

PIREESAGE Rkesepiet Serein-Thess icron sized particles
(comﬁnﬁnly in the rt?nege 01?Hj f&gﬁ%@ﬁ?gﬁ#@%ﬁﬁ{%ﬁgnm materials,

which Mg thel? bEPEE aSElintmassiitrfictiaanisicamsetistoniateatavay beith the
syritdsisied bfmetiplojing) 4 edmiinatief of "process-I" described in C. J.

There B R o R Mgy Soon 50
(t%zw{{&h@%%ﬁf&)ﬁ% [El:ggp')é%fééi herein by cross *reference) and a
doubleFégndsitn @M/@Emmgeiu_.o“fh@ﬁs@wmﬂbi@& raz%i%ﬁérzn@gi'nbﬁan 80:
OO S BPIEEE, ML PSSR,
T@é Span 80: 0.4mol/L, EC7: 2.4g;

Figure 48 shows TGA/DTA traces for various washing methods: {a) 3x15mL
imol/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 pH1 using
different amount of internal surfactant by DFT model;
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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
Wihratrététtand/or double emulsion 30 properties. AccordifgHidtRens/000852
present invention there is provided a process for making particles
comprising a hydrophobic material therdih. The process comprises

providifgarensatiglewe HBISDme i@ dubleremelsionncomRisinga ditentration
e | ' di rophobic medium. The first emulsion
WAL

comprises a rop phase dispersed in a hydrophilic WO

2006/1 585188 chyr e Fod6renms 57 siligamatielow witeincdrsuilyiddopioic
e el e e SR 1,
B e A U R g s 0
mattsei’th®-Ganrhast wibOp3rticle Soh AvinentAe: 19y@ mphobid! thaderial therein.

The reaction may be a 5 polymerisation, a condensation, a solidification, a
crosslinkiBgtoifed Desaitietion aatibreforrad Be: LOaMNBAEO L 25 Atoine

precur I tQ for I he hydraphobic material in the , ,
precu riig{rer%%%g%ﬁ%%%@%}ﬂ%ﬁi%éggl y enca é%gl‘é%é%iﬁefﬁ@‘ﬁ%ﬁég? HsIng
thiR-EEh SRR UP BeV i Scordipie rmaifienp ariickis wbinprigiogithel double-emulsion
hxwmt;wmaiel Aaiuﬂhgremmmerm@ﬁl A g@rE&%ﬁ giﬁiﬁrf@g nihe el??é#_ﬁ‘:h%ﬁm, i.¢. the
Mg S rom artigles. ydrophobi¢c material in the
paaﬁﬁé%gssémfg rFe ga%%@% rom l%nﬁ%lﬁ‘l‘;g?e?%w i Wertdd SFBFRSbPlHsy of the
coRtEREIerassioDeray perfotratt sruiFiendithel yarupobicindatiypalsisigthases are

least pastiatly@neapsalgdinsidedhe,cayitiesne !SISO lmultinle emulsion
compatments Releas%oft e.h droiqzoblc material from the particleés
[

appears to 0o 188 i BYIREOPIPEI2R B ROl atmeltaR-saribghagulsion or a

thesenterites!detls lisomol | bwsor@OiiPattitenttriviy possibledaildbar thexill be
PeiRiEeodishEPUian of e rmatixky ROMFIIAgINERELI heRossss &%ﬂar or
m(gﬁléé? 'er particles. Thus the sol-gel chemistry ™ controls the pore sizé 0

the matrix. The internal surfactant may also affect the pore structure. The

porosityhsitselmafrinayaing omguise giohesheteyy alequitskOAMRONMhese micron

BQREILHRREH SR AR (AR LB ThAA1Ne 97 DRIGY, aout 10, 5 o .
2nm, Qr betvr\@%n 20 about(i and ggggt Z%nm, o?'ge'(i/vbﬁéz@ea.sr\:H é@oﬁﬁ%&aﬁﬁgyf{s@mbw

1BRGES IS, BN be geleigedomor FeeP Hednfshinn sy Restisbisaay be
pevetedimdt iy 2r®lodifg 6, conBhisiiba, &fltrdedss, 1H4deddibl8.id .18 Hibe, 1. R
oRgikan. dhessiRo iCr, , res or macro S) ma

c ntrél thed-releas%prgg%%hg%g%gr%p 0 %gr%aﬁ??‘ .oﬁ%gnpoorfoﬁa ?/g%f)[{)ﬁgoesses of
n%ﬁﬁ%fﬂlaatwéﬁe@y%rw&ﬁlz%&mhhﬁhﬁ@w@u@@%m@v@semupomtm

bjBEMbIT beyscafespandio MiidRCATASNE) EOMRESAHRRIRA he hydrophobic
(GRAR R0, AP 9 DR AT T8 B R RSN 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, e.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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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.

WIS Ehobic material may be located at least in part irf HéARBPAE08E852

the matrix. 30 In contrast to earlier approaches, in an example of the

present process illustrated in Fig. 1, a b?e-hydrolysed precursor is mixed
wifiman wberpial dikphpbegholiie phesenoepfiseydiephijfitrafattianbidhib and the
h i - Q tey) with ojl droplets X
b S O T Sl
hRiBEh SRR a M. trmis skt isvsalflarcmuisigcis Srmofhp/matrix in the
0462 2F2hwiplardcBs keyidiffere hoe-baiosishataiifitherprese NtHRresREsnthty be a
sgl- i ins. WO 20064133518 PCT/AU20061000852 .19 .

B S ORISR, LR TAI 2 o AR SRS e apetion. o
OfRPwcprbBstignaidtse- Girdlsisarsenyeiopiveriserides formpdtophobic
Driintgiihis prOpR2ErdbisniR1A0BERALINS IXS QY EEThRERGHESOIR CRNERNPRicles,
toﬁlt{luilldegc?ggriﬁa{h%ar}iclgrs, erfltgppt'n the jnternal Q“'Eh?‘g inside, This )
kinetic process maytake placein a lew 16 R SrE it QPHoRls material
héissitorigodydaybphin ichtenie! neduredaiticleaditiyrizd atkaxitie feactibagarticles.

Thedrsarphinentiardhereiore RIVILes A PHICRRS {95 DrePANIAY Barticles over a

particle, for example a ceramic particle, having a hydrophobic material

(HRSFATN OFHE PR3 CR SCRBIPAL B4e AN RERP BIOTiaT G first emulsion

compr@hng ﬁahilddapﬂmbio pia&sﬁldispe.]mdﬁaraaﬂ@ hychmldthﬁph@&ethe cavities,
WaSEEIRdigeH CRRRRIGRAASR RmPUP e e dbioRRARIG A ARl lﬁggyarﬁcles
the hydrophilic phase comprises a precursor which is capable of reactint
FREFATOhasetepHedihE i hors sike o f i andrie habsmamga bpteaisidties, cells,
mediows ta tornpatmentiple iepasdfiln astbihBgeeuisedistpaateciaforatix by
t i reby formj i ing.the rophobic . material .
e e e sy
hyarEBRolbik: RsteTES iRftie ﬁ%?ﬁ&e%a’?%@?él@é&é@étfmﬁ tHeopafifieleibe pore
Theubydeohohicrosatevalir m@h@ﬁﬁﬁh@hesgﬂ%yiaeg@@asfa!ake mt?@ﬂnm, 90nm,
paicles r rate over a perod of time. T rmation,of the

sgli ph?gg@s%’%é%%??ﬁ%%ngg@ggmé%‘% s%%gr%ugy}rg g%é)ﬁrzm’ Or between
cabririerdahast 28rme dirketeRnIghentis adptlsimpinSiHeshgdsdpind 38, 10 and 20
maediumi ther2Opiaausamnipask gadsiairaat 1) founshe malrix.ibhus 12, 13, 14,

folrg?goqffl@e@a}r%t{%% &(ggg@eongg (%ici gpe firrst emu(LsionSis corgbin%res) a
with (1.6. dispersed inj the hydropHobic ‘metiam (etitRyEpEaking e Y
foenagbiordReseriatrir Commdinpbebis maioridsThenatstyof duveditx theletected
atkpxideghhreiowhendbe fistignmi %‘%ﬁ&ﬁlwgﬂfﬂtm @891%58641@ o 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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and the second surfactant (i.e. the hydrophobic medium) what happens is
an acceleration 25 of the condensation process, which leads to rapid
Wgelation). The reaction of the precursor to form the matrix may take place

i ¥ &Sbtte emulsion over a period of a few minutes to sE@éﬁV%@%@’WSZ
minutes or more. The longer the time oyer which the particles remain in
the hydrophobic medium, the more likely’'the hydrophobic material is to
difusegutoiiheissabtitid snietoadhs] hiydpbyth cbfemedingitld anemabOdie/ e phase

pagticl reyfor t 30 ted f e]g%gig i b
m%%%u?n%%.ﬁ%y%%ﬂ%% ﬁ%@%hﬁ%%%o%% g%%éégrop 0 |E&r_r%2#eﬁ% 55 1t 1s
frépeR H&%ﬁ&%&%ﬂfﬁ@? RESRIBRO PR e d rbadrimpaisatinamiclte pairapping

sal separatioh phive fusider rehistidnethayrcoatinuefatkppRabioul Zewt6,tens of
L el IR 5,00 TG ACRRANINAOR BTRCIAUY & CRGERIE S Gpcriae

In a representative process accordin e present invention, addition 0
WEHHRS35 an alkoxysilane commences the polymerisation process by

hydrolysis amhegaastansaianoVVireRR6HSAdSa kot RO BRIDAARSZ 20cle, for
A%QQEL? eoaf thle s%lug n ef}t%dr(a;nh adﬁol sed alkox tsilar?ﬁ_jéthe cond ,
mixtur r; to ?ﬁémﬁlrs mixture %ln %%’ NAropRoBIc Mmateriat A Wais pprprises
acebleistesorridinate olisy drolsien antposidgnsatichopbdbie almsandisfersed in a
WaIREIPEIRAB B S AMBEH MRS O TINS IS SruUSian (MadsnBYic material
Comﬂg"l%gg]e i, tarp}d second_mlxtureszlfln the multiple emulsion 5 further
adCelerates galanS o th& PreAIB FTE: ﬁ‘é%#ﬁfﬁﬁéﬁ@% phFEREag to form a
Thesttite Bre Gestionliicdp dmiefismmstie ! comtdinpitbsizendenthe Size efmuliiple
the,dnepiets.ef the firsturmulsion e NP e emuslo nt}n%ll%\s? Hifhing Farf:icies

defined rixg/e formation of a siloxane cluster spanning the dimensiono '

B OO B T G EPh et BRI SRS RAB <ot rophobic
geilcttihal(f@t{d:darﬁcpﬂa@ﬁemfﬁmyal whihs thetiptesany roedesdilaiyn the particles.
ProceeddRpidivivhchhe al/WaiskLamusion 's,a qgﬁ%%%@%%g[ﬁr% tggl%cles in a

alkoxysilane and then added to the hydrophobic me

eRAERIFGEIE SHicra8Biah gt foduced in the multiple emulsion then
particleBméymatidorof.thethelifirpeiciedsion drefrmatigeldBstRMBLOMHIENL may
G ERRHALRR, ¢ Y PR A AR R AR R AN (NBedium, the
internal oil droplet coming In contact with the outelghy rop obiR mediam

inBTEASHE. eyt Rigetifiniedtiatan@enothimigrdspersion iretitestoarlsienitiz may
indhenyseophabicine dintlsidhesdsoplsiteoiing firs! AmBpsion MAMBydrophobic
T e R O
tirfféledepehel iﬁ"\g%ﬁiﬂqa’ kerefone theih the nitsiecanidinfoissipiaed o iheyexternal oil
precend teckarmsibRcmaiie. 8Q Thedpdnp habinRNaseMALEAMPHS 8 Qbleration
R LU G e —
to form the matrix may take place in the double emulsion over a period of a few minutes
to several tens of minutes or more. The longer the time over which the particles 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 filiration, 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.



and a hydrophobic diluent (e.g. a hydrophobic solvent). The hydrophobic
material may be for example a fluorescent dye, a radiopharmaceutical, a
drug, an enzyme, a catalyst, a hormone, a biocide, a flavour, an aroma
BEb¥HEESE some other substance, or it may be a 25 mixtuFE ok BHY) G352
or more of these. It may be incapable of reacting with the precursor under
conditions under which the precursor red€ts to form the matrix. It may

co mmmemommhammmm@wﬁw@mm @H@%@Bﬁ@ ﬁﬁ%ﬁlééei@ the first
eg? JH?] ‘(ﬁ’ R %bchc 0 rﬁgg?rlal ataa] %rexdv%lfg}g o‘r:%r]ﬁ?ergﬁ\s%l hr(% of hydrolysis

ent pre ent may be a Solverts
maft%‘?l&Pﬂ@?ﬁW% B waleﬁla@t@r nvdoasay e fapaB@oentatispteva of the first

lig @@dﬂd@@ﬁ&@@@ﬁ%&n@@mgﬁﬁe eang, é&%@@nﬁm eindﬁﬁ%ﬁmple emulsion

s Cyclohexane, el%gtnzeglre tolu?rt'ﬁa xeléene rﬂ‘dﬁﬂ ed solvent (e.
chiotobersene i TSroBenJ8H B SHIZTorSt SffaRgaTiglgR T he rate of

tetestgiionide depagpisnt Qndhlﬁaﬁgteliamgtﬂ(Swethmehmthyd»f;ﬂierdmﬂﬁ)s, afithe first

esteniRign ethyla anethes 6. disthy PHERO [
hyd hioblc li c?ﬁ%aég};)roportlopl of tr?e hy )r&g %{gflgﬂﬁem{%% giea siloxane

hya{% Hore! el?ﬁa‘gl‘%gnﬁ‘gﬂmggﬁhﬁbomainﬁrﬁd !L’%)O%‘%y%?bﬁ?%rsﬂiﬁnef the
voltnmsriand WOsB006/ 1B35dSHRE TiAU26AG/M08853s12D. MTay Db eaReNprocess

10 ng 5%1;)1%@%&99;;1&8 A0 R &89&%%?&3@%%%% a@%fé)ys . : aéléoxysﬂane

0.1 and 20,0.1and 10,01 and 1, 1 and
or 1 dherotsidei fonths, braphohie medigmo B et finst corelso 618 poi@, to being
1, inBo@y2din3h3hykiptk bl sGon/th8n }&rd@eé-ﬁm?@ot?ﬁ)rﬁp I85e 405142 08on does
60 OOfV The_ s hydrophobic phase.m
nZP é§ (?}af?%%xr’gge dﬁ ted% é@éﬁ]p Hl& Wltlhrf%%% ée‘?refﬁe gﬁ'l%El rsoep%l? aﬁmce of
phé%’e‘ &ih %ﬂﬁ%%%&éé%ﬁﬁd%@e%?@@é%bﬁy%bﬂhB}m@@m increases.

15 Crmkﬁhmﬁmﬁlﬁﬁlmﬂﬂgﬂﬁéﬁ&ﬂaﬁ r@lbma‘ FIRIREHIS R RCHS B dddMBobic medium,
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crq | e be a h sabl ane. The hydrolysable
i a%ée %@QL gf eBl sxo&rni yé eCé)rn(l) ?e%q eli’e?f%) smg tLIxi,%/énay be soft. Over
cr@sy#ﬂbé%r@%ﬁémoamw xtereavest éﬁla%b@llwtm (ehictughét membe a different

nuEhGTIeh BYRIG S AR KHAIRS RET ARSI HEMWERR L I, $:iRked to form the

betw%gn about 2 and about 3, about 3 and about 4, about 2.5 and about
3.5°6r About 2.5 and about 4, and may be about 2, 2.5, 3, 3.5 or 4). The

- 20 mixture Breshadeslnbip cf&mpnsey idiiderabsilanesthal/ithg Ay@oeBhobié material, It

e e s S S s
silanes xtute has y grou ule. is

TR R PR i o RGP SOEe, S0 e RpoBifRgaciel may be
pré@bﬂ?ﬁf@@ﬁtﬂm@mnhm beradidphyrgroupicts. 9. dhenaxyhgray bealyst, a
0XHBQ19H%“Q§i6%19& % uanoney %ogu?:?s% %(XrgsrocM@ §tﬁ?r%h9§%gg ylo )%X%dy be a

or some other h drolysable g)?oups It maé?]e for exam
G

25 ot S FENANE GFNRIS)C &Fg&ﬁ%, dppebJe pt reacting with the precursor
tetrageoponditivanerdd® @Sicbile hreciicnaldinathfnn tHethasik Ok may comprise a

triw&&%ﬂi@%\f&ﬁt and a hydrophobic substance dissolved therein. The hydrophobic
material may be volatile or non-volatile. The hydrophobic diluent, if present, may be a
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 Hquid. The proportion of the hydrophobic material in
the hydrophobic phase may be between about 0.1 and 100% by weight or by volume, and



20 example aminopropylsilane, aminoethylaminopropylsilane or some

other functional silane, for example methyltrimethoxysilane,
ethyltrimethoxysilane, methyltriethoxysilane or ethyltriethoxysilane In a
PaHatHaFERbodiment, a mixture of a alkoxide (e.g. a silanePGlithANORNIES2
groups) and ORMOSIL e.g.. functional tri-alkoxy silane is used.

Alternatively, the crosslinkable species Ay be a hydrolysable titanate or

8;] hyeyabyssuple @b EisG0 N ake1 oI, hm%ﬁﬂblgm&mmegdﬂ%ymﬂ)qﬁk@@%nd 100, 0.1
tha r e e cyle zir raalkoxide

or é%{?tgﬁﬁrg %/ fﬂlé)ﬂ I‘(%gq e oEr}aén L u(ére;llhllium{?tl%ailioxfgig5 L&rrg ?ﬂ‘ié Qenédp and 20, and
crossimebletpdcies, ©Bitmal bé.6 Mkiife BPahylth@.ot. Snfpe oS, 5, 6, 7, 8,

aboyaoThs; or0sslini@bie, speaissInasnPehEDREWS0660681®8 99 or 100%. The

tinth f water to th
G B AR e B e g

hydrolysBiedndnoriylsl ghasartialp e rosetinkypsopfesentheayree pesparclitiyscombining
th%p&ﬁﬁgﬁﬁ%ﬁﬁ%@%@pm RAHR! kol $816sn & Wﬁé%&%%@ﬁéaé%%shnkable

artial condensates (e.qg. dimers, trimers, tetramers etc

crosSfinkab®’'s %(?i %PWF&? ﬁoﬁﬁlﬁi’ﬁsé{‘]éenhyﬂﬁ?g’ﬁff]%ﬁegéan?h@%ﬂ@ﬁ 2,3 or 4
walbettal thabl cwsslinkabledipatie Thn thadadabi mlxﬁarﬁmsee A0 GT silanes,

10 th%@%@ﬂ'ﬁ@é@ﬂ&%ﬁﬁﬂﬁ@éﬁ 13?}%% ?ﬂgﬁ% p% 1mvve(3 E t‘?%élﬁﬁ%gz and 4 (or

between about 1:1 and 4:1, 1:1" an

PCFIREPOBEHIGoRh 2bosib31 Aoyt A and Dewics sbesit £5: andrabous 15 anebout 2.5
mayndeatenodf did nlap s bdut225215,3.13. 5%54) Ahedeilofy oF Qﬂeﬁfemﬁk’y%mpnse

RN Ot el e

hydrop Awater may esec

ase an
in & eal%ti@%f’é)&ﬁvé‘&ﬁl%@uﬁhf mﬁaeabmtﬂ%@éw@@mab}em@mﬁmmieme

15 (OriRtWE e BeHIE SpledranehdySbé- 311&5)@/ 1g50ﬁp§ apg. 1r§et?iék§‘ngtﬂo§3p rOPOXY,
12.an9010§1{ ndmag/beat}outlgﬁ (ﬁl 5,1:3,1:35, 14,1 SP
or '8 &3 rratig) n-the pro ugtlgn c!)lf)ﬁ!( ?ﬁé*i%?&%ﬁ%ﬁfé}?s (eg 2-

malgﬂt@avéeamam) ohplater gooure pemiysabitospeciesmaythe yeigsable groups.

ab@tutlﬁa; apgl 181 %W'%dﬁ%&&@&@ﬁ%e eyt 2k anf3kiignt (TEOS),
5:1 and 10: 1,2:1T'and 5

4 11» 3:1la qd 1(%§P§§land nd 5%\
1, SHpisaesvens 5% GEO HIRCGO Gr HEOs S hpoRtEpsve, for
20 rat@;ammgtamogrggmim@/ bmrmﬂunédﬁmomd}abﬂséafmmatlmf bter functional
pr%@!dfl%ofofr QistRayh &ﬂ&%ﬁ%ecgﬁmﬁ@hﬁﬁ%ﬁﬂg%@&M&H&}@ﬁaﬂe

nitric Q chlor The p equwed for formation of the precursor
R et o S o i o s
5, ¥iindalkoriGe agrpsphnahina)RIdCRIGUEE. 2, @ndiond. Eﬁl&l‘k{S}EﬁOl’!ﬂQﬁe is used.
acigimay Xaaple n.about 0.0

and abouttpgll\;lflsglrg Jé(%\%v%en abéout § ﬁlﬁgﬁ %]%%h g%&%(;% 33 h%n@qle 013 éyfroiysable

25 0, PEAIDE P8 &y SOy sabde 22 uminatey 6 Suetg. Ghar Dgrobysebis groups per
0.060l8c0E; (207 200806108, Btfhakdki€s 3r0a41i:8uf Ge@aflk0:8d0 & 4n MBminium

or ngfoﬁ%y or some other crosslinkable species, or it may be a mixture of any two or
more of the above. The crosslinkable species may be the precursor, or the crosslinkable
species may teact in the presence of water to form the precursor. For example the

5o crosslinkable species may at least partially hydrolyse, and may also partially crosslink, to
form the precursc;r. Thus the precursor may comprise partial hydrolysates, complete
hydrolysates or pariial condensates (e.g. dimers, trimers, tetramers ete.) 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

35 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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be more than about 2M, The time required for the formation of the
precursor may be between about 1 20 minute and about 48 hours, or
between about 5 minutes and 24 hours, 5 minutes and 12 hours, 5

VWRIAMESES 6 hours, 5 minutes and 1 hour, 5 and 30 minuiEST/BIRAeHPES8S2

minutes, 1 and 48 hours, 12 and 48 hours, 24 and 48 hours, 36 and 48
hours, 1 and 36 hours, 6 and 30 hours222 and 30 hours, 18 and 30

haursndCiand: 28sis o2 2. 80h2% NeUrind an 52 Bewrs:1,and 6 @gUQSs 1, 3:1,
3 nuies r, 30 minutes and hours our nd 255
hg’ugr]si l#znaﬁ%qh%ﬂ.'r%f 1%nd" th%a(r}gl 810a agnours °1 and?‘ﬁg r@%‘?’%’@smg first
RSt En ByATIRboRicphese apbavalsounsy be OBLRBANGIIR0)BE ] dBsture in 2
5@@65@5@%&@%@&@%&& Bod: 14% égg %eﬂg%t égvéiﬁm%]ba%ﬂ (%Pbé’;a@leéﬁ about
r e or 50.minutes, or abou
nglg% zi; 2& ¥4E)5 1oarIb &ot(r%s’i TABfe! tﬁa‘ﬁ% ‘i"l‘?é’ may be about I:1,
tehﬂpérét@wé %o, daldl Fdefndtibn rhayid iﬁeweemeambalt ﬁm)dm%lﬁr&ﬁﬁnm of the

betwesnaklon! 3B %Hgy@axg aNFAD @ A0ek20, Qh@fl&} }259@9‘3 %Qfeéqnay be
and 80, 60, and.80, 70 and 80, 10 and 50, 10 and 40, 10 and 30, 10 an

20 I EhePRE: 36 86! SPsbrasler oS dRdPRmgFEP ARt Gmé 51b, 215 and 4:1,
2@ PEp@00353405m56:303 3541605 :65 5103145101 18QQ0, arinidy beawvare:thant, 4:1,

834, bay lg.t a 34-hours. The
ratio of thg)ﬁr?;mdirao%i?oota?fﬁgsgémigﬁi\g;d%%h Xa%ase in he first Y b relfuired to

efftAbISH HBRHEY BeBerirseabolibis bl Focre @wagmtamd such
vakméihasisitac betweescalbadt AW ?E@@H?r%ﬁﬁ:&’ GF HRA06/ Q@Qﬁ@grecursor

2 1

A ST AR O DD ME o
aBBt51 1Ay baahout 1.8, 3,4 on 5y Fysg, sirgnaezwndmaf beowed: Jor @c@@ple the
1:35d 140 bd: Hawbe@oabbﬁm 0176hd1:80ut1280 @F Holden LA BE SAMME 0.01 and

o 31 U ioes MDD S L SPUL BRSPS o, 00

combining iC phase wi a
-fO> é’fﬂ@t%&:t@r@g 'prﬁ)@:f@éb Priixibe 4t teh BcmbihdBwith, ai,séécmdlM or may
mbsitie-avhighsamprises the precursor and water. The first and second

mixtures may then he aqgitated to form the first emulsion. The _agitation
e o ool ST iR TREATITA 2o heRt e gbovt 1

FEATIL 10
may comprlseh igh ﬁear af may% rb)?
sm@w@oybf{&b@rﬁe@h beftvinethebpre Semtnintes rid i A/boiousssteipstef and 12

agtsa;go@ ARk RAY @ﬁoa%esl nmaéy %quh%mp@m JOLHReG Si%a 'fs  minutes,
and ycC 0 atlon equipment, such as a b

S e DS TR M GBI SO A5 BRS040 s 6 end

h@%marlégatdtmhmdi%m m&plmsd(benahﬁdhmhe, apiatiart maydhe and 12

forapswesiy aaRutsL 39iRMG:aShd DAL 3 bﬁﬁm%&m?%&rélﬁ %1 urs, 2 and

m| tes 1 and 20 minutes, 1 and 10 minutes, 5 minutes and’1 h our,
g@ 3 and 5 howurs, 1 and 4 hours, 1 and 3 honrs 1 and 2 hours or 30 rnmutcs and 2

hours and may be about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 or 50 minutes, or about 1, 2,
3,4,5,6,9,12, 15, 18, 21, 24, 30, 36, 42 or 48 hours, and may be about 10, 20, 30, 40 or
50 minutes, or about 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 or 5 hours or more than 5 hours. The
temperature for said formation may be between about 0 and about 80°C, or between 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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and 1 hour, 30 minutes and 1 hour, 10 and 30 minutes or 5 and 20
minutes, and maybe for about 1, 2, 3, 4,5, 6, 7, 8, 910, 15, 20, 25, 30, 40
or 50 minutes, or for 1 or more hours. The first mixture may be an

Ve i1+ 3%hd may be a microemulsion. It, and independertiyf thEfipeo0ss2

emulsion, may have a mean droplet diameter between about 10nm 20
and about 50 microns, or between aboutionm and 10 microns, 10 and 50
mictons 1:40d1:3Gmditrohs,: Pensind 50 micdris3, 1018nahP Q: DOIG or5s), A 00, 1:5

a icron, . .40 100 0r. . .
e g G b o L5 16
16 thididnkIsb0Am Afd #Pnidfods % Ad 10hididhs! :20anee Tlrdis, 3:90 or
andi 40, oriesense SRMBtEdatianicrons or 100 run and 1 micron, and may
have 5 mean dropjle diamet%gbﬁéjélo 20,.30, 40, 50, 60,.70, 80, .90

100, 1 ,326’6?“26%, 00" 35 4 SHOIEEE, 78, SOB B SoFuhbigpe the
miydrpheRnibare gropletatiamuter Brsdgeriactast m fosn3 St midiges This first
5 Bikufe 35 Ehgn%]c%ﬂﬁréd 9.11@%153 1&7@{51 AxERe 30nidR, rc\:@%pfé@@ rtl%precursor and
micron r ve a mean droplet glameter more than abou ,
T S S e e B A A ahehTgpion. The
magjthéorhman neepristiffile she@0 Rdenativeds tHeghysiicep hobicg baseatmthe some
WRERulingh fir stembduTe tﬁ@gr@&mm@ﬁﬁbab%%&%égg 288 YR nay be
or volume basis, or maybe between about 1:1 and 1:20, 1:1 and 1:10, 1:1
R S e e P G e B
angitdtiz0, egnibmray, bechboatblade di2yatiBe trdxet; Syt llirk:? GhabidMic stirrer

1: . : i IS, er ratio.
T e

betweemS5&HEH b4 R SoRAtYerpaberh Ivdightcomblubranvpobetween about 1
2006/133518tRCT AL2006/A885 21 hasiswes e iviearcabaut 101 Anthingtes

1: : .20 : : 1.5:1 and, 1: dand1:1

s RS diled G0 Hdae 30 BI04 b bin 2 nBRS T my e
arel FoOUE, 1 :320%add %:900, %:86%Ad- 129085139, 4ftter 50 mimmtgsgor fg, 1 or more
1:B§aﬂd Tif, iié’ét anghdrdGhal: 10 aﬂdeiri’é@ioli,zgrﬂnzﬂlékﬂ%% giﬁzl@@ﬁlldlb?&l. It, and
and.,may be ut.100:1, 50:1, 5 20:1, 10:1, 5:1, 2: 1,1:2,1:3,1:4

A S S et ol g e ighont 100m
1:9081 6291 60 BicEeRiveby sl dhestidom ardiQyieresmid ek Oratioons, 1 and
The firrkeetfaotant s0ayidens, Suitalle cuntastant i QHN DA RRRIINDMAESD about

Sl 18 T B D S e SR o sonm and 10
supigteant ayrbeseiWasivabaut@amdand, 16 oritetwebnuabddthémnd 1 and 5
2058406 44 18 ARcbd 96rke AR0s18:iANE RAREAPY BriderdD atd ik have a
A i e O A0 WA e o
(PBiPo40BHFIBHOUSN0aTREG B0sriitdnmestenndnesn 26 chweérpldddiameter about
Twees 61 kween$Q of sTweer §l psitmay Be &5 o 95 10, 15, 20, 25, 30, 35, 40,
45 or 50 microns, or may have a mean droplet diameter more than about 50 microns. The
droplet diameter of the first mixture and the first emulsion may be the same or different.
The ratio of the hydrophobic phase to the water in the first mixture may be 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, 115, 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 aboui 1:100 on a weight or volume
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PEO/PPO copolymer e.g. Pluronic P123. Other surfactants that may be

used include Brij rs (polyoxyethylene fatty ether), e.g. Brij30, an NP

(nonylphenoxypolyethoxyethanol) e.g NP-4, NP-5, NP-6, NP-9, Triton
WBARRERBkypolyethoxyethanol), e.g. Triton X-100, TritonBHAURORAPH0ES2

e.g. Myrj 45. It may be an ionic surfactant e.g. Aerosol OT (docusate

sodium salt: bis(2-ethylhexyl) sulfosucchiate sodium salt). The first

sifstantarayeccaboptiseod midturs sodiffiedent surfaciamts, angt may alsos:1 and

CHPEACALOSULFIAN 1 20 D08 Uit POMINGD Ay BAVE R SRS 15 .5

hydrolysis and/br condensation of the "crossl I€ 'spécies or of

pracu S8 ThEOcra N 0y Bantit Ki0s diheminkf Gatdyad This kiagutsel:s, 1:5
achitvexh by incAIPOrstingAhencatadyssints aikber:1oe fistmixiaenentneo:1, so:1,
seee xture or. both. T, H.of the first mixture, or of the secon i ]
S DI i 0 T BUBL S 0 P 21 PR, 0 .,
indéPehdently’Ood:Batlednrabblii ¢remwvdiehPsrorbenwdesisaboutad hndodye other
gﬁae.;s@, et %}I‘?aaa% a3 88¢ &Qta%l@@gr%b’zﬁﬂgf% %é?né%lg% ég f P (orw)

andSor/7and9, a about 1, 2, 3, 4,5, 6, 7, or 10, or may

o e PR oS S S e P, moy e
for bxdepidi chedaitinmahedél Beol tenfiat cut Rddnamd alxobikt2tnaibout 8 and 20,

beivreneRaHbE 93 aRchd, tQLas 89an-9% anekO.dy 95t ARA2 P2 A 5, o,
2,1 and 2, and may be about 0.01, 0.02, 0.03, 0.04, 0.05, 30 0.06, 0.07,

b .03,
0.05, bod20l8: 3%, 531647018, 3% % 30098 B2y, be £ AnRfhdy Bey be a
merkythdmntalsorfu@hdt, Atié nnafivel yothex pipteay Decbe e 0:abit chd R ative of
a .13, y e Ot 7. d 7-2.and 9, 8 and
e e L A R o o S B ey e o
b&EBRRG erelynst ¢.g0Murppicil a3 1@they sufaptants thatmas begusedrigetude Brij
Ef@ﬁww@dmteﬁt&oah&)d:%@imarumg(ﬂéh%]@ﬂed@g@&m&?&hmn e.g
0 iG, i osphoaric, nitric, or som er acid, ar using.a

o s I Jo0 AR 18 PR o0 aas b Satmagon X100,
hyditside | potadsilerehiylirodid & srasnhtsnianialsarFetans g gha ppseh &7 Hidocusate
adjmted vangabuirRyiHorsxampleaRhesRbae.Lulel. The MulliBlgtctant may
emulsilc_llrs'l 5 I]CI%I' ?Q l%g}a%gtrgﬁrr\ (Ea%tfslrSt mulsion in a hﬁ/drophob C

mearam. The élspe?smn may cComprise oW SRe SR8 &R ant.

using |dWeshehreBusive mThbagisperaipshiay bedalssiffisisltly dowesisadon of the
therbtasniii1 € BUbloni s Al HISEHRIRITHE HBaRYAIAPRORIG PHARE RN alyst.

dispersed within the hydrophilic phase of the first emulsion. The ,

S Rb RSt iy AU A Gl QLA PEREE dieirst mixture or the
suspantied:ordisperde dtisarding Thefpsopoxtion, afr the thesteeomd| sidstirethe of the
MHRISHA BIRIRNPAY BROSIIRRRA ARtk ARG LRy Wl

by vqu%me, o55 between tg abo&@ 1 aﬁ?%%,%%ggr%%g?h%%%pﬁggr%%g,ﬁ and 10,
LSS ID 5 5 A 36 BUATRE Forie 18, SIS 2R 1 3 and 7
o amhd@,10eddhdriapd® abdual, Bembans]1 42,53,61, 3,8, 9, 8, 9 or 10, or may be

outside the range of about 1 to 10. Bven stronger acid may be used, for example the acid
may be between about 0.01 and about 2M, or between about 0.01 and 1, 0.01 and 0.5,
0.01 and 0.1, 0.1 and 2, 0.5 and 2, 1 and 2, and may be about 0.01., 0.02, 0.03, 0.04, 0.05,
0.06, .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. Alteratively 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, § and
12, 8 and 10 or 10 and 12, and may be about 7.5, 8, 8.5, 9, 9.5, 10, 10.3, 11, 11.5, 12,
12.5, 13 or 13.5. The pH may be adjusted to the desired value using an acid, for example

hydrochlorie, sulfuric, phosphoric, nitric, or some other acid, or using a base, for example
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10, 11, 12, 13, 14, 15, 20, 25 or 30% by weight or by volume. The
proportion of the second surfactant in the hydrophobic medium may be
between about 1 and about 40% by weight or by volume, and may be

WstieéHHBout 1 and 30, 1 and 20, 1 and 10, 1 and 8, 1 1F SR B20964qep52

4,3 and 10, 5 and 10, 8 and 10, 2 and 8 or 4 and 6%, and maybe about 1,
2, 3,4,5,6,7,8,9,10, 15, 20, 25, 30,%55 or 40% by weight or by volume.
Thelsecdndrsddacimnsshay heddodeHiBasufastani keniinay e H may be

hg%%% %Q'ﬁﬁﬁ%@nﬁ) Té}g%‘lg%lsvge}ga t&g@g%mlsurfactant may be

betw t 1 and 10, or outland8, land5,2and5or 3
and 7, Ehcrrbiplseemmisinoyis forneq by dispensing dhe Brstessicoria 20ydrophobic
SUi’éaﬁi&ntIm@mQ&ﬁlSﬁFﬁﬁ?&@ﬁi@ﬁé%ﬁ&ﬁﬁ&@ﬁlﬁ@@g\ &l @@H‘?H@ﬁ;smg low shear
monooleate, HLB 4 e ol at HLB 2.8-3. 0 cerol
e e Y o S S BRI el el T o e s oot
gaisppizdl By, Swrbivdropishin piesq SpanBSlisieed W)thins@rbitadrophilic phase of
S@%}?@ﬂ%ﬁﬁlélﬂhﬁ% RyEE5hiEe HSHEHLBWG %‘iﬁ%@%ﬁe@oﬁfd&%@&aﬁtﬁ dissolved,
sorbitan, monopalmita or.s an monostearate
e ‘é‘ﬁ%‘%eigﬁ&’é‘%?r?‘&b‘i? Pl QT AP i gfliple
s@ma&amgwerﬁw ety eds ebovhipriseaaad Silfadtanteisnentoal wolymeor between
@lswltssqdaﬁa tnpr?a@@éhﬁ)wﬁ@@@tww@w&z@@m@@@m&*%ﬂs and 15,
p c_medium ma be any suitable hydrophobic |I§ It may
AL S BR85S BHOBIE G PR B 5 6.7, .,
ex@mipleld,lithid hybip2arBomisYepentacighhexaneydiaptaréheoptgneiion of the
d%ﬁ&s&&a‘&’&l?ﬁ?&fé’iﬁrd&%éﬁﬁ%éﬂ &mﬁagssg@@@w&gm%ﬁ@%t hS@NE Yoo by

(e.g. chlorobenzene, dichlorobenzene, chlofoform, dichloromethane,

cAFB SR RAPICHIBITER, BthiiBhReERBFRI O HichiBbatnArted Afathghd 10, 1 and 8, 1
Chin6fdrany] 4/8laadte,(& mdethys acetale), aid ether @usTiethy meihe itut 1, 2,
SqMe SINErRXIORROPIS JeH, 16258 0PIRie bl SLEMHR80 MBS he second
muIt lé eémulsion may have a’méean ameter between about 0. &ﬂa

SErRAEFIRYY Sereindi-EE et 1i4né oByde amdreplwh:@mfmm The
03@&5@@3&&1&@&&@@n§9@ﬂ@%&%ﬂ5@@%’%§@@6/ b33eden about 1 and 8,

IR0 gl 00 o B,

aﬁﬂ%ﬂ@r&rﬁ@ﬂw@ - hilapeter] o @EWEE(FPE@ &R dse0aian enancelsge 8DB 4.3),
agd &R0, Hkhand200ar. B0 a8d 50 srissRs n%}%mﬁa\(ﬁm“% PEO/PPO

dlam ter of ab Uto&% 0% OO&% g §67890% 5, 20,

SR o el e Lot T B! Fhsscrbin fstsmi ambge, HLB
3@0)350smbﬂms@qs@@ea%mw@)smsoﬂﬁt}anMn%@g%@m@wmar8 6), or
1@&@&&&%@&@@@@1@&9%t@&W@}’téﬁoQ&HRﬂ%}ﬁmﬁﬁa‘%%ﬁ% 8b, HLB
the ejhent invention comprise several steps which comprise

oBlra Ty SFEIES SUTATIAG, EAunCOPUAIE stoRTHES, MBpERiSHynd may also
COMMINES ﬁﬂ@ﬁmrfavigdr@uswgnhpdwmﬁhmmdw indlegenddntiyagothptiseosity of
SWENGaRWIYBR, SRAIRY The hydrophobic medium may be any suitable hydrophobic
liquid. It may be the same as or different to the hydrophobic diluent, It may be for
example a liquid hydrocarbon (e.g. pentane, hexane, heptane, octans, 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



10

15

Z0

23

30

to sonicating, ultrasonicating or some other manner of agitating, or may

comprise a combination of these. As noted earlier, formation of the

multiple emulsion should be at sufficiently low shear that the first

Bihfi&oA%Ehot disrupted. Following formation of the multipB(ibRiep0oss2

the precursor is allowed to react to form the particles having the

hydrophobic material therein, said particﬁés being dispersed is in the

hyatrd 8kl cndedionm 1 T hadstepiot t6antingooay CendBise BYeing 06, 0.5 and 100,

malt . ) o et o
dnlEaSB S aRe TA0RIY Lo SUIEIRY URPAR I8, 4 100, 10 and

particles, and may be for exar’ngH r between min

hotts2 10, 18- 6P H et S8R &5 4R dmrdbS MRimiceens; andimatekasng Bitroutismeter of
10atainites @adolHau, 6.8,and, 30 mi)wier, i@ a0 48, Toinutes, 39 ad 80 50, 60,

i 6 4 300940 0 soput, TSI o, o

miffite38ntP P+l Seh @1 ay Y9enisismet &, 1oy b8 |20e8aBah@H,1800 microns.
45, 50 ameinieies (RE (RERROUvbntibD ndy2eBmPridesdefiPstpOnhich Gmprise
10&%2 g.g ]a%’d 4,51271, 39 3@, ?}? 42,48 or 50 hours,, or may be for more
thah BOHOUARUPRS SRR rdfh & hd SR RdERdTiG figpprise mild or
envigsions Reitetemmpléageing fardebeutetithouconayise stfficientait i, 2 shaking,
WS AY eGSR {BRAROUE L8ROVRIMBRILUWIBR AR & ARDWHprise o

earliet, the reaction of the precursor to form the matrix may continue afte

th&§ %‘é%ﬁh @eﬁgeﬁss%%s%ﬁi%‘&%ﬁf%%a?%amklbh)éa%%?iﬁiﬁé should be at
suffitiiersttine meheaaparibdirghentdspeiaivteiofmgeing, the nature and
qUantit%@ﬁ&%gm%&?gﬂﬂé'ﬁ%ﬂﬁﬁ%@tﬂﬁ%@ﬁ%ﬁ&%@%ﬁlh1e HEND o react to
may be_at any convenient temperature at which the hy _ropﬁoinc material

is SEBIEDUEHe 48 dnsibrRrdrpiobisdmaytdisetinesidapmsticlenteing dispersed
606 . titentpyrbphableetmednmalitiet &6 afd&sidg ang 48nkRiaNdedelfe multiple
a . : 0 , r 15 and 30C, and may be at
i, 20E A B Y BRE Bn S e BT By be or
tef3EHRIGIET Biifiseisaia gl ideansufblecarnulsiormbs for ety erot bend 10
agitateds, Thermhydeo pho Biasalerphinihs RItiCBs Ay heireleasalls, 10 and 40
fr particles, WQ 2006/133 PCTIAU2Q06/0Q0852 27 The step of
rqugﬂwgg th?e6 Scﬁlegc%u(?s%lﬁnr%%fi ééﬁ‘é’ﬁ on %H%%%Sat%ugrea%‘?&gerﬁlr%‘gﬁsf’sgg TRigutes and 10
noteeratos, 18herss i sarslthbewsiidimbytehgaidlysiuteond@msamitas and 1 hour,
meﬁ@am§rve<ﬁ>ﬂabs_‘tlae,el@giiiy,e@b?a%m&fa@@)m? iﬁS',“ﬁYcﬁoftE %&@tfat@gf%%r about 1,
a ti y. heati owever for . different precursors the step o

TR e b PeE BT SOty iy Corhiko S br ah S gy 20 hour,
sofiificatie foraagehes HehoresFsosuéiposingrherayultiptedeonutsiqiiitof the first
ra@xﬁ_ﬂ%ﬁ?ﬁg; brpdiationca8mmat @@@&H%Q Eaé%ﬂlﬁc@éﬁ%%rﬁ CESRIUs ageing
causing {ﬁz%%r%ﬁsthe )%]%c;ursor otform the matrix. 'I;.he process may

a?féftlona ¥ COMPTTE& oM BPFSTE" BFt R Atdtedreattisn dhp Eirtip of the precursor

to form the matrix may continue after the particles have been separated from the

hydrophobie phase. The sufficient time may depend on the temperature of ageing, the
nature and quantity of the catalyst and on the nature of the precursor. The ageing may be
at any convenient temperature at which the hydrophobic material is stable over the
sufficient time, and may be between about 10 and 60°C. It may be at between 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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separating the particles from the hydrophobic medium, ageing the
particles, washing the 10 particles, and drying the particles. After the
particles have been formed, they may be hardened. This may be
wikriosiseibefore or after separating the particles from the PR{fekEpH68I0852
medium. It may take between about | and about 10 hours, or between |
and 5,1and 2,2 and5, 2and 10, 1 add 3, 1.5 and 2.5 or 5 and 10 hours,

and maydake %I?Qb‘atctingjth@’ﬁe&n@m?’nﬁ dé’péxé on tﬁesnaeéur%'gf Zheg?ec%sor. As
Yy take

8.5, 9, 9.5 or 10 hours or more than 10 15 hours. Alternatively it m '

1kt aR°Th b RiepEa bR Bohai Greraha rondrestiionynrchariym (2.
taﬁkbné@ieéxahmtedam};@ﬁiah@jdbdzﬁpniﬂa dtesnanshabeubdaNpUeafifig. However for
beiaen IRARLAGIOHIST ALaR0hd 000 40, 0806,20,0 0. 80d; 20, 20

and 50, 20 and 30 or 15 and 25 minutes, and may take 865‘&’?10831’{&?58?’ or all
28f 8y viing 6 s ddisaionsesamtiadhn presyaomprrsinmiheamiiiphemulsion to
pexdiates 4¢.8. W peliativie gufficientioibaydercddaprteles fhNRusing reacting
t cratie ma: rgleﬁéxg&il%gtly low as to notbcause deglra_lc_jatlon,

volatil ophobic material. The te rature .
iy b eibah Ao hd AP AR o SR SR R o, ity
aPRPBetitedhe rrotidea e dhotadinipbhorapdi oo etina tbk 100 66 amashing the

196ki8RANEIL 88510 BB b 8GR0, a0EkBher4Pi AR B0C 12 fAYR e@%’fﬁtzxy be
0, 5,.10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 25 85, 90,

oBEH R0 CI A B ATiiPa s foeneny BCS ifRsEr R thaspitlie dom the
dbydotpbbtsttersdapiutembyeakedreonash doing wasitiog a0daing bERen 1 and
S parati prise, settling, decanting, filtering, centrifuging,

SenkEseYaLs D SRS UG ASCoG IR, A o

séphrating; e particies halyhé:futhdr/aydd SThis apbfarus suitalptehan 10
PR, farbiieereactian %k@"?éﬁfﬂﬁd@q{mh&ﬁh%}ééﬁﬁiﬁ%f SXAUBRIG B ions and the

between 3Q about 1 hour and about 24 hours or more, or for between

BTl % $iF61% SRmBa, beswern ahout 18 aiavsss pedrabomhd hour, or
téetperatlibend firthinuagjrg ey hetwee nGhaLt 00 1@naaboutclAAG000 and

b 0, 0 and 40, 0 0 0, 20

O e A R R B T a0 % o' 45 e 55
60 A Lirraybeombeise amtaininesthe pagz:l 60at35 tetlyetBpBOnEE6E;, ©Fharden
7theparBBle8STHO 1R MR 2DQBLL3AREBEHT/AM206/0008232,¢83e radation,

100C,,The temperature maybe sufficiently low as to not cause

JSHPRRSEET: VoI SEIRLBRD P s iBYARR SRt B AyERbp RBBidematEifape may be
Thetvatep dbwies hirdg:boay 108 Witbrdaplvenibdhe sedvemtonay Be, 0 and 40, 0 and

h i ic. It f le r,an equs

S ol T80, S el SRS U 2 g s or a0
cthaF8l Cs prdpunidlc mupidhandl, hexthas chfbiisioth 46y G Issxanes B a, 75, 80,
Mgy 12 ey Ofolie: SPhaBtS, JRsREiDRARAIRL I W UaerRR A Byd IBQ%QH{&SS do not

m%%jium, or it may he a mixture of any two or more of these solvents. One

Yy \ : 4
WS H B R BRI S Aot TR L EBR @athng: 30 fxiom ke step of separating may

comprise settling, decanting, filtering, centrifﬁging, distilling or some other method. After
the step of at least partially separating, the particles may be further aged. This may be for
a suitable 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, I 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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hydrophobic active out of the particles and thus decrease the

encapsulation efficiency. In particular, the solvent is one which does not

leach or does not substantially leach the io hydrophobic active out of the
Yaakefes3T8e expression "does not substantially leach the Pi/HFSFGH60852

active out of the particles" includes where less than 30wt%, 25wt%,

20wt%, 15wt%, IOwt%, 5wit%, 4wt%, 3 %ﬁ% 2wt%, 1 wt%, 0.5wt%,

0.5Wto B e B e BB et asiloiaal reslserdiion, volatilisation

paii{m&mm&y@@hﬁmrﬁﬁwﬁ@emﬁh&p@f&bﬁﬁiﬂ@hﬁ@tbe with a solvent.
ro Obl actl rtlcl XP SSIO 0es not

y@s go;l“a ti?’y é"h%%opﬂ dmﬂ‘\(}léel%é? o thepanidies ll%%iﬁtaé gn aqueous

wh@m@et\(@n%ﬁwﬂi@@m 600 199t 2B 0 mid © . 6diwiios),2 OwiBérahd ethanol,

O/ ()
O a oh e olvens

0. Wd@@xw/of%&% AR OSBRI OPOTWIA BF B T8 AE 2ny two or
0.Rhs%raf the hycaphohictastivenis deaahadutofthepatiste SHWRAIRRach the
bein i ht erce ta of the total ht.of the hydro c.activ,

S e B B B e G ey, o
Wmlarttwlsnl\ﬁm]twbmm nalhpeagitalindptisepattetescantdsohe ytatdithién leach the

reﬂi‘rﬁ%’é@ﬂo@l@ 2AIve %htﬂ?%t%&ﬁ&\é‘éa%@ 9x15?€§¥1819 “lﬁréﬁ%&as%é'{ﬂ%xﬂéﬁy leach the

solvent'through the particles. The passing may be conducted under
graviBPPBeRip el (et ihe AisclsT dRelifisre WesolseribmnRiEiRg 35 wtv, 20wi%,
Bl&@%ﬂ% fLnel, 2f§az@rfl wapiniered glassdiier fwﬂ?eb ?\b@lﬁt@?ﬁﬂmh % of the
m rlate a rise arating the particles from the

CONAHERRRE FAV B [ATLEn o Ao CaMbLn CELOoTGR delarbi i thataee o the
panimlewérgim dﬁetlwdrghhplmbxmedwm i Hbesteptodevashing exaydien “does not

Egﬁjngrgg? %peo%&r%ﬂr?b}g é«lﬁn‘? D@pgfe[ﬁ &%ﬁcﬁe@ i Qs%ﬁ%)é between

se the samie so vent ora erent so vent to an er ste 0 WaShIn
503?1’{19/5?@6 BOAlyHG-rRaY CormdrBBINeKEAG W ﬁa%@gv%é ﬁ‘ébﬁﬁ@d 0.01w1%,
mwvﬁ%tca@ @mmwtwﬁ@@m mezt@moef@&%eaa& vmm@larme ByORRORIO 1 wivs,

eg % ?@1 ose r?et%{ |§1 ﬁéﬁ §1= ?s tant)l }%1 gtllésg (t@(’ls rﬂ%’()lm%

exanﬂa]e/ﬁétwddh(amm Gﬂthﬂﬁm@hoblbmensabmneﬂmandf 6@, Bbticles (wi%

AR O A RS AN AP MOR s
orﬁ@csfm@ﬂﬁﬁbmg BredcamaRanpembisip BrargitigvhagiBdhepiebeent, optionally

fra@m@{g@g,ﬂa&i@éarames&sza@saﬁtb%ﬂ%%@m@@é%%i@a{bﬁ@%p of washing
Bartlett, "Controlled Release Cer mlc P rtlcles ositions there
o e TP AP B BRI RBIR BPUNENS o RSP g Hfcmducted

ad@ﬁangﬁqur, aitendaﬂve-tyxmrﬂpmsg mgsmﬁe@andﬁcmﬁgmmgu@uchner funnel

a”éi/ " QM f%% Thﬁﬁaﬁ il i o A4

partlc es ang t ydro oblc ma%ﬁpl fl c? %ﬁnb!ﬂ';el %% %e §?O comprise

n|ﬁ@wf]%§m%ﬁ%ﬁom the solvent. This may be perfonned as descnbed above for
separating the particles from the hydrophobic medium, The step of washing may be
repeated between about 1 and 10 times, and each step of washing may use 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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carbon dioxide or a mixture of these, and may be dried. The step of drying
may additionally or alternatively comprise applying a partial vacuum to
the particles. The partial vacuum may have an absolute pressure of for

Ve &iiéspBtween about 0.01 and 0.5 10 atmospheres, or B RHEERAHHGES2
0.01 and 0.1, 0.01 and 0.05, 0.1 and 0.5, 0.25 and 0.5, 0.05 and 0.1 or
0.1 and 0.25 atmospheres, and may ha%é an absolute pressure of about

0.651,,60,05, 001 76.25 03¢ QidtmeranBe sIISIaI T BN MHAYSONH ¥8nprise

v n.drying. or freeze drying..The v ryj  be atany
LA PL5SRE AN L T IR S Gy convore
mBtdsaas. ferrmcoterorlesrapirosisions shertosuP B GBsES ek hEaton and Methods

(abrsokdte. MIRSGHFO) SfvRAIWREARELEM) éﬁﬁ%ﬂﬂti@i?]céﬁgrﬂeogasgﬂg a stream
a%g 0.5,0.1 %r?d :3 atm,, and m? bepﬁlbout 0.01, 0.05, 0.1, 0.2, 0.3,0.4
or O:

e LT oy PPl Sroriy BB oA Bt s oopprices
ofeh¢deofirdbidroptateiriahatsgdlirmdanprobe Sothatisikcainp aiatagintoghe helium,
PaEisias iimaydsPenthariae. conditionsused IBdNGREOCASS ﬁ% Wearying may
means fo meas%mn% the efficiency. The 20 encapsulation efficiency mgl
b@%gggg?ﬁ@djbﬁ P EEE P SHTBRN e 2RR a5 e RAL he ARYRRb fh Sscparticles. The
mipderdlvanchguestifiregait ysdbute xeavyple HPEE cantdMeSpaaisasebpy, 0001 and 0.5

b indirec i a f rophobic material
PR B R o,

endipSuttib e Rikignty rortrtRe hrrsuiih SR dsoratakpelits tressure of about
amhouM. 01y 00 Haress.0ThenpoesRass e 20yRIOWAS &finprise vacuum drying

e t} igi t about 5 and 75%. or between about.5

R B TR0 e WO o he Aol K b RS oes o
30WRAE S0 b ey dydrarhebitpaireeld B arehe dpsenanote dfiviesoybott 0.01
abedtth 16 1hseieprosirdl AMeidRedAo&B: 601 6ad 10100 %nd 885, 0.1 and

e latiop,efficiency may depe n ure.of. the hydrophobic
misagiy b e Sl I N R R
materiditgnereaeshipéiraphdisicryiobthdh pareptsobic. riwtaniopoRomesfinptephobic

ungiesideniicain GAPGiiREs {mpﬁeﬁeéwk%@hw&@\%ﬁ&%%t%%’ﬁ d on the
Iogveg1 .fflClen%)éthar}hSolvent Blue-S%dye %SHB-?S: MW350). It may also .

dSREHEBS (At e SRS B e APs P or IR InTRE s o (Rfipiency. The
depeandubriiohechdtisreithe batalpstund bye syt sissimgneterg, egtacting the

m@&%ﬁ@ﬂ@%ﬁ%&iﬁ%&%&@@%@@ﬁ%?fo?’&m‘ﬁl@ﬁ?ﬂ@%gng?&groscopy, or by

throu, outtthe ecification or claims for the process of the invention may

o br BB TP W B DI PO ol S8 e bin gleFR B is not

thieqoresemtd nivention Halvepedydropyiobid mMeteriahingmbbiisesbstigiemnefficiency

Theydrophabiconaiarialinibe particles may Q?ﬁﬁ%@%@ﬁ&&%%e TOCESS may

particles. s The hydrophgbic material in the particles may be releasable

fr BFﬂVﬂﬂg ?f‘a?ﬁ&?@ tion efficiency of between about 5 and 75%, or between about 5 and
30, 5 and 25, 5 and 10, 10 and 75, 25 and 75, 50 and 75, 10 and 50, 30 and 50 or 20 and
40%, and may provide an encapsulation efficiency of about 5, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70 or 75%. The encapsulation efficiency may depend on the 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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controlled rate over a period of time. An earlier method for making ceramic
particles by use of O/W/O double emulsions required that the double
emulsions be stable. This method generated a double emulsion having a

Vi RSt material therein. In a separate step, a hydrolyBabrl2fgeoss2
was added to the double emulsion. The silane was thought to to penetrate
to the agqueous emulsion droplets, wher&it could hydrolyse to form a
ceramithdrfodeirial d@ﬁha@%ﬂ@mﬂoﬂmlepemﬁmmramwﬁm m@kess of the

and areinmany 6ases of | 8%5?&9%3@%1% Bl aReciggguch as the

Sllane may In some cases | duce Inst e emulsion. To combat

any inStBpinytideyIRd e mere T dUETHiST B o hdrorbae meknd inmmebilised
dendpdenemidlsipiioghybihasathespaiantidta gemplicale ﬁélealfatﬂ)érﬁlﬂﬂﬂ&@barhcles
thﬁlgq{tlgleshe%nd/ogtt% Incor rat(?en_th? gh}g[éer{)b %asrbimtﬁ the tpartl ﬁsres

If X e re ater n a

IS Pporate hlckeﬁlﬁg agentm Asedara

weehated e ayee @gttsaméobam@utat|9arheagpﬁ&@ﬁotq§ Whlerg teeapastivigisles by
aRdIsecyawioliysishe hviophobicireaterial t.adblpmarnRatienk TBetable. This

th f thick sb loyi
o B P R T bR CE B o IR B G Ryl g, st
Agleprdi hg&ptts@h@ml@tssvmsthédpde@euhb ifwebriti cmnnisigrh @ neasdlerisywars thought to
pm%&&tth@tﬂ@@auegtscem&%ﬁ WRSHREA SHCKERIBSLROBIM ARG RATIFE a ceramic

may accordingly have no thickening agent therein or thereon.

ATl OB RS B A b BRI F R coses of
miayibel stabidiymathbtabl ey funsteiblie soclpartialy sthibke ritiymiay doge cases induce

sufficiently stapy %M&%e%%%&t t}@sttttt%ﬁwe@a%t? t@&tee?s %%Oeﬂ#%rporated

matrix 25 during the period of stability of the dotble emulsion. Thus t

prickeBPS 2B dr il dotble emtiiinen My besglsaRatentn e remelisaie the
tlmemhteme)ptmmsmtetg ﬁﬁd’bﬁhﬁiﬁl@ﬁtpcfb&té teadickdrtiepsipditinioftie@articles. If it

d?sy li)lk% %82!%%@ rltlgga% Eotpﬁge Q}éa}'qusl_@ Gt 39 % Oﬁart%a)(vhich may be

stlrrlng shak |ng 0 r agit t|on tmay be mild agitation. 1t

m ﬁc@ﬂﬂﬁ‘ﬂﬂrﬁd dgitaRRirtHaRInERese i cpptigieon estasit fordeliver the

smﬁ@iwﬁotbment@feaal the rareﬁmts@rlt@tfmctttﬁe‘qsmsﬂﬁe p&r&@@&h@mmgﬁtlegse of
ic meteglal therein. The h¥dro bIC mate

|mmo ECP%‘IL} I"[I 8 Il‘lllg pI}iztrOa ﬁ?o 1]{%SCOOrﬁ/[Z)c’il’(t’xlftl‘lel‘llirg. %]Jeility of the
h;ﬂ@t@émé@féwateﬁcréprﬁlnﬁypétmmé@@wﬁéh@mbp@mﬁmwy be made by a

p@ﬁi@@§ tilhaqarticlemayitavekatwastemay tak@t@”ﬂh% él@%@ay accordmgly
|§c ete0 c&nlpartments or between about 86 out 101Q disc

compartments o t ritey mhave BRors R tgfla%% - double
Theglaes Wmv@%mmm&mst@t@smmw@@ommmany stable. It

' P&Iﬂé’%@@i@!&%ﬁé&ﬂ%k}é@% Qdsae 1AL d 46 804 #OALm1OBAN A matrix

1Q, 100 Q.and d 107, 104 d 109, 106 a
OB R S EOHRG A0 e RO § e R Ay of e

hdﬂebl&bmwiﬁﬁﬂpﬂ@(l& 4R4te5 1h a7 thE0Sa S1dh0 Snib0S, ths 060, 16 *H0m, the non-

108 PTAAGX 198 %Qﬁgﬁt?rof the double emulsion may be enhanced by agitation. The
agitation may comprise stirring, shaking or cther agitation. It may be mild agitation. It
may be sufficiently mild agitation that the double emulsion is stable for sufficient time for
the 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 10'0 discrete compartments. The particle may have between about 100 and
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1010 discrete compartments. The compartments may be spherical, or
they may be s cylindrical, prismatic, polyhedral (with between about 4 and
20 sides), ellipsoid, ovoid, bullet-shaped or some other shape. The shape

Wi3PHéréySiar or irregular. The discrete compartments mayfRAYEY6/080852
mean diameter between about | Onm and about 50 microns, or between

about 10mn and 10 microns, 10 and 50 ?’ﬁicrons, | and 50 microns, 20 and
5010tfictohsad Qodthd e aumiceths pt@na elidibonisson’ ordeetwe eof alaut:k0 o7 10

anﬁaé q%9n%,s %ngj‘lfgﬁqg%%g a}%d a]ﬁ(c)!ol ]l%ean%ﬁ)(g m%(}@r > 5(\;5@ dmd may have

about 50mn an microns, 100 nm an T0 mlcrons

miePeris! 0 aHPA.0 PSS, 1%n5*§9mé90=n%" B41@"16* Hileidhss5mhn eina*10° or

5 m&oaimtel%ﬁﬁmﬂ&ib MIGEORoADE: AR AYR A Eeeg!h&h%ﬂet%ft Yhay be
20.430,40..50, 60, 7 881&&?2 318% 150, 200, 250 300, 350, 400, 450
nm

50‘8, %’8‘8 é]7(%l “BEH% P or may PATEL Ao ¢ dnth S 9sb f! EIPS?@ ovoid,

2, @Betssmisd@m@nm@@ shar®, 815 FhaponBy 6 &b ol Orddml R0, D discrete

30@&@%&%%%%@&@6@%&%&%&@%{1@%ﬁtﬁ’iﬂ%%tt@@%?&ons or
microns. The d|§§)§te c(?r@)artments may have a monodispersed
d

HEP PN PR S BRERSeh” A8 nLGPISERS RS Brobiae, 20 and 50

diameter or a
distityation, 0Tk Bartidlesnmdinaverd meiacpaicletdismateubednaansoo nm, 10

0.1
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10nzinch 50 SR6A and 500crbOO @nrhb0mh 100 and 368, HAQRRhIR00 B0 diameter

an ng-8 I n

pa’?‘f’.%%o%. 20004280 50 ESLOBAHSAINIPARANE, 500,00,
170 899 05 B0, 35 oy haws smeg drmndter Sout d0l-125 2156, 37554266, 5, 5.5,

22@ @507,308, 305,400,550, 98026085, 29, 744).48005 C®mIQ90s. or may have a

mi S, be larger th about 1000, microns. The article size
dlstr%tlﬁ&%@ be mo%% |S§grsedC (ﬁl}ame%a'r o(r{poﬁ;als%’ RENSRY gy have a
haenedirass @%‘&ﬁeﬁlgtrm@@&‘mw%ﬁmmmayaoémsme narrow or broad

CrasshbkachsiianepaiticRs GrRASSHKE d ZHEANIIM RPARIESIF NS about 0.1 and

crossli titanium s C|es tit n| 0SS alu iInium species, so
aulrgmn{alf%goalh ]bnds eC|es or%ne Ii A(?%er 918 Qtﬁ@&&%%maﬁd 500,

sp%élégds&q’@cﬂea éFPéniaQQ A Ssstith ISQbIbSSMéQaOQjG@dI ifikhlatel tSthittnand 250, 100
spagies wresaliniahble Aicaniven Speses ﬁ%ﬁ&ﬁ@é%&%ﬁ!ﬁﬁww%ﬁh 1000,

spggies. It prise hybr eramic comprlsmg at least two’ of
sﬂiéc:)dn zﬁirc{:()}ﬁ%n%% URY 2 g?br‘?ﬂf? P 5L g dppy have a mean particle
al@nmn@sﬂw%abou ﬁlﬁc@lésﬂléaﬁe“oﬂa titahakikg ates, The, aticlespmay bk 30, 35, 40,
snkbergaw@@r Ho3%anay REcCHIRAASE], PHSPIR{IGRO !

168!, PESRRLIGRC 5@6‘1@(%‘# ! ég‘f)o‘g@gsioo 600,

70 % % 0 sides i ellipsoid, WO 56061133518 P

2 e e TR st e erger e s Ay Bereeg T parice

ormegwlazhu'ﬁhe may be monodispersed diameter or polydispersed, and may have narrow
or broad distribution.

The particle may comprise a crosslinked silane, silica, crosslinked zirconium
species, zirconia, crosslinked titanium species, titania, crosslinked aluminium species,
alumina, 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, zircontum, 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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hydrophobic material in the particles may be releasable from the particles.
The loading of the hydrophobic material in the particle maybe between
about 0.1 and about 50% by weight or by volume, or between about 0.1

VEpdogeiBMsand 20, 0.1 and 5 10, 0.1 and 5, 0.1 and 1, 0.1P&RchDZB06l0aHSE2

50,5 and 50, 10 and 50,20 and 50, 0.5 and 20, 0.5 and 5, 0.5and 1, 1 and
10 or 1 and 5, and maybe about 0.1, 0.220.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9,

1,Rof, bulleBsthpSi 9 1ombiRE. HapS0riRS A AR A é@%ggyawﬁ%ﬂ%g&ar, The

b | . Th ticl b le of rel the h
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malerisbiing Baliislean Ima AOMRENARLAG TN A19.8PoNtY 1 ung
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morit

A mifhdsdnd: | ARE; 167 A andeP o) aag s 01 20 aBs0shand 20,
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metbaRt ihayamiheapiabitnstretbasing thenhipd raph 6 bieontete fial mithtes and 3
pibarss i vl R S Bl o
, or ours, or about 1., 1.9, Z, Z. ), 9.9, 4, 4.9, 9, 0, y I, 14U,
2 S S T R o Db s o 2O nd 1
ohgundfthdgilmuneteh drhaboule tndmthd 2 Thempartichs hay, hesapakisyefs and

redeasing tne.hy @@95&%@?M%ﬂ@lﬁaa?s,c_?q{%yedﬂffqt%_a;hﬁarr%elﬁnﬁgur ,1and 6
dglpendégﬁ the mé?ilré%l structure of thesilica matrix, which may depené
- [

YEF A ¥ arQHs s Lot dhansimvend f ditiiSiohand 10 days, or
pdfhdatersd dturenting tantditratiohofthadutfactamts, 1 and 6 months, 1 and 3
oijaigr/suifacian 1 d the size af the .
i ] Ol P o S RENE A B TR Eing e
te plhle TdeRA Lo DAl RsaTa AT HBRNhED paidhe 49 iphifforaimytes, 1, 2,
addfprspthéy facttt s TRaengapsbaiion eficency argldoqding may7, 8, o, 10, 11,
dgpe he siz i [ ents, features described
Tl e e B astpor more

miARP IS SRt ENs 2R M wbg RerRlenErderribimia dubprbghisesaterial at
Theqaritidsné. Rentes anlyityenion mayieseaanERatnI RO RMLAN which

[ léﬂ!f(ﬁtﬁb%g in'g%tlgril?g 0 the subject a therapeutically effective D
quar%fity Fthe 6a?‘%les, ﬁﬁwe?%?ﬁl Feh al}%nﬁﬁtgﬁslca#@tgﬁaf 5t (i Bafciggulsion
iSPRETERRESIS| YR daddcpareRial anelihe sundntant dbfow the/ suridition mite ratio).
subieeitenay;decperariabialeiza M thepieitebr ale MaYRE 8oliions of the particles
240@}/133 %lP(tZT/AU 006/000852 L . .
such ‘as pH, the temperafure, the nature of the medium in which the particle is immersed
and/or other factors. The encapsulation efficiency and loading may depend on the size 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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33 mammal, a marsupial or a reptile. The mammal may be a primate or
non-human primate or other non-human mammal. The mammal may be
selected from the group consisting of human, non-human primate,
VeQgame1#tifine, bovine, leporine, ovine, caprine, feline and PEENIBHTHHEIS52
mammal may be selected from a human, horse, cattle, cow, bull, ox,

buffalo, 5 sheep, dog, cat, goat, llama, FEbbit, ape, monkey and a camel,
fop@xample mbhapdrophoBic aterabmayRe 2 drgiAnd he g MaYprimate
be an.anti-capcer drug. The _condition may be a disease. The condition =~
WP BB Rr, HhAERBe A Ao figihe group consisting of

hﬂp@@ns@hwa@ (pri_smha;_eeqttim, mﬁiﬁpbpﬂihe, partidhes oviay, h@prine, feline and
administeipd by canINERURRGHSYY PEIRAMKSCU A, ofa! Y o, buffalo,

inhalation, to topically or by a‘n¥ other suitable means. The particles ‘of the

prifeEht ifR&nfithn 87a) BlEtide RS d SRe ARG SR dRsh RoBEaGm aierigkamips. The
mbydeqrisirisenex@bsingaiheeparficies adctrdidmtorthe presenbinvenionitoe, The
a megliy 3§ . I erjal encapsulated.or
im mobilis%tl?gﬁ?e%ei ‘rim%ff’rgr% ﬁ%‘%’p%ﬁ%%%gﬁgﬁﬁ%%g It ee"a‘sﬁa%fa;"s’ hiormonal
sfyuchiate d BRFHETSHMs I HY iSERPoSIAE MereEMpriddInpadidissg may be
thedpasiictesdinbihenpediamgand ey gdditianalieemprise 6A80! HIO0iBhalation,
of, stirring, shaking, swirling.ar otherwise agitating the medium having the
pe‘{%’({%ﬁ}é%[ﬁg@ikrlaﬁrﬁaewrlﬁse %1%? Shduid be capable of releasing or extracting

the hydRsppisBidematehialmfenntiovpelittismahd mey e delvedslesod hydrophobic

disgsaéing Th thydepiphiccnaiiahd Hedelepaipg LW R URGMAN R tion to a
over an exten%rladg riod of 20Q ti edashd?scrlbed earlier. Alternatively the
AL SRS b R (RRETS, BTl BRRRGN ghammobitised

exposing magf} COMprise passing

pahgedes Thadwydeahbwhieragtismbshiond bottiereptbe audiquidatFhermedhitised. The
mayberd hisjosisahfldidiamehias bloqddbmay:beamneiaanic it 0 ditonally

may be.an organic solvent, for example a hydrophobic solvent. It may be
fo CURBIE e e AT T e AR e IO B, STt Bl g mediom
hyldraea tho paeigeptntaine The xamdayh ebdzahiebe)q@ahelp oeedneing or extracting the
CyeRprenR: hengene AqleRe. xyienes; as8/oHnaed salvemn (Stg'rcg%srt?lving the

cI‘Horoszlrf}éene, dichlorgbenzene, chloroform, dichloromethane, ca .

te 1 TeRsrah & BRCPISARIRS AT rdiRamRshRayIeE I BtisAfgd diriod of
edterc(esglosthipkdcetiite), an ether (e.g. diethyl ether) or some other
hydrophahic Jigui ' 3 f dissolving or

releasir‘t:l %@e@%@%@#ﬁﬁ%@a@%%ﬁ@#&?@%ﬁ%%%%m‘%%ﬂ %%%/ g /fgrthmugh
efhﬁmﬁgg!% Sy Enay i Bhish L dntt &e & Hawy dhemasiver meay be a
haiplogiealaliibeid 28 Blavour, sy oM RS INEE, ehSameRRebrganic solvent,

sq@ist rit 39“ i a 0 or more of these. Th
medium ﬁ%% éeﬂg&é s%%ﬁ@%%l?%%%i%g@ﬁ%@? gen N t@ffu%?%?&%lh,ethmoh

caHsBAGloXreETUrEMm R dieist dadrsativg theyrivphobicTrrteiabiamy octane,

decane, cyclohexane, benzene, toluene, xylene), a chlorinated solvent (e.g.
chiorobenzene, dichlorobenzene, chloroform, dichloromethane, carbon tetrachloride,
ethylene dichloride, dichloroethane, methyl chloroform), an ester (e.g. ethyl acetate), an
ether (e.g. disthyl ether) or some other hydrophobic 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
arty 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



H)

i5

20

25

30

35 be volatile (for example an aroma material). The exposing may be
under conditions WO 2006/133518 PCT/AU2006/000852 34 suitable for
release of the hydrophobic material into the medium, for example

WELHBHiIGAS Sof temperature, pressure, ratio of particles to thBGHSERKH/E4es52

The features described throughout the specification or claims for the
method of the invention may be presedttin any workable combination of

meiiablt Siepslessd be hamnigiesioBy baintader MmobRGIMPBS LR ple conditions
to% therw th_an acceepta le carrie d”qcﬁn éé ﬁ%{ent and/or adjuvant.

erene yd?opsﬁmhfc mars ?sc gs E) AT EPsubstance the

carrleﬂﬁmﬁ%%&w@&@h&@hpﬁdb@p@bﬂ@mﬂmwmm&pdmmﬂmd of the

MReoRharmacauticaliy agpeetﬁ% whensdhebidHRpRakic material is a
veterlnﬁlé/ ?rp ance th carrler y be a veterinarilly acceptable carrier
S oo e ing

and the §% ' Hay v J%?e 8 GBRIBO 9erthfRevith an acceptable
hwwph@bteematextamgta listidakdinystanc®lthre cheridydnaphbei@ material is a

bipcidalihaceeRigRIs.canietand Hﬁ!@y%@' gm&ﬁga ?%&%%%b}e cdmﬁr and the

ac%Peqfable where the hydrophoblc material is a pesticida sta

RIS AWt PRUmMIGEIN At esBlatiamwhcan dhp pdriiekimapisgal is a
pe@ﬂmdaﬂ;mﬂmmtahlecwﬁarmﬂy&étyde@h@ﬁt@ymad%tﬂbw QERSARLIGe particles

SHRSBOGRNG SRS eg%djgy R A BRSER Bie S Bl Ritance

particles may be cosm accepta hobic Miatetis
idhs aTRsi g g isstahtas it ansertably Wﬁhéﬁéléﬁ@altv&@eemablbe biocidally

Castigkabig ther@aftlftﬁeépﬁobbﬁ%m&wcbtad%a@%mzamesM@tﬁeth.s‘mer may be a
alerial 1S a a stance 1ne carri a
2%%&%@39@%6(\%]8 t%J'E’a%le carr%ltenrdaan1 d Qﬁry pgs’rtrl%fgsémg?/sb &?%gﬁf%le where the

drdpphshac amiEit die gesmstin sprbisies haterraicicus sUrcidshslitdinaceptable
ﬂ&&nﬁ& GaTIRE M die NN ReIP RERBIRGRITIPEAD %@Ey@ﬂfﬂifc!@ﬁ: material

icid acc table The |nvent| ill pow be described b
Way gfeﬁg’mto?lov%r% nongf g eXam Fe? %‘i{ﬁl}ﬂé@}’ i%cﬁ?%ﬂaq%‘%fff and the
shirtelermsazrhe pothividedly rabiptalloerbge dldneticipbobis igrmeral dsishugaricide

aétﬂisééﬁsg M&f&%ﬁeﬁuﬁ&t&?rbBUJ'BE%'&Ea@|Eé&@p?£ﬁ‘@£§8{§r%ﬁht@z§pamdes may be
tetra S|Ia I\/é( te ra xysilane (TEQS),

ag’fﬁl F%)X§7 a%%gﬁgh%a (fgqﬁy‘:sc}al substance the

vmmnmhmgllﬁn@@ﬂﬁm&smbm icropeo pyitrithe thakykitameay( AP TdBkidally
Qs feom Sigma-Aldrich and used directly. Cyclohexane and

dodecanpe were ACS gpectro ;ﬁe otometrlc rade (99+°/£
Keroseng @%WBUM&%WO A@&?féﬂ’?@it Yo p5ed 74 Wd”é‘én§ﬂ9‘hmltmg
0s8001d¢em3. The purity of Solvent Blue-35 was 98%

Examples

Materials

All surfactants and polymers (Table 1) were purchased from Sigma-Aldrich and
used without further purification. Silicon precursors such as tetramethoxysilane (TMOS),
tetracthoxysilane (TEOS), methyltrimethoxysilane (MTMS), phenyltrimethoxysilane
(PTMS), vinylirimethoxysilane (VIMS), and aminopropylirimethoxysilane (APTMS)
were from Sigma-Aldrich and used directly. Cyclohexane and dodecane were ACS
spectro photometric grade (99+%) '(Sigma). Kerosens (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



10

20

25

30

(Aldrich). Limonene was a gift from Quest International. Retinal (95+%)
was purchased from Fluka and used directly. All other chemical reagents
used were A.R. grade. High WO 2006/133515 PCT/A1J2006/000852 35

WUrSANARE water (Millipore) was used for all solutions; its¥e&i&fei8FRAEs2

above 18.2 Mn cm. Synthetic process ("typical synthesis conditions’) The
synthesis flow chart is shown in Figure 33 which displays the experimental

5 prdsertille qowthe Synthesis of-silisal TUEHBPHRIRME AN ity was above 18.2
h)@gg obic molecules, by employing both sol-gel and O1/W/02 multiple
(or dou

le) emulsion techniques. 1. A silicon precursor such as TMOS is

mé%egl with water in presence of a catalyst (such as H) and stirred for 1.5
h O IS HE S nI B G PHETATHER ohened and the mixture is then
furtherBiirreuhdosabbot lobettoarshtoveviapBiaiesckcahschl dppblyiothe experimental

p ralysis.pf internal oil.ohase.(e.q.
R pa A %@%&%ﬁﬁﬁ%ﬁ%&%‘%ﬂ SR R0 Cbrecuis, by

wEtBH BiBE RO Aekifh e the 4R)et(as daubte) emutienashniavics.

then stirred ﬂ}agimeﬁcpddmﬁr)ab?ﬁ 39 mm&el' | gtm@ﬁuiﬁ/%l\;h@@%/ﬁ/ presence of a
e -hydr. 1 sol-gel solution an ulsion i
L B L Bl TP e opencs
géhihferoitme Enthesidhrirsratingd faprbeehisalopsdpriliepdorsaimyess alcohol
Inpibéuaraantinesodysididaatantaalation is formed by mixing the outer oil

phase ,(e.g..£yclohexane) and a hydrophobic surfactant (e.g, Span 80). 5.

The 0I/'W' p aégt‘(ﬁr?%?p(}a{e#é%&i%ejfé%cg @nﬁ?gg Eﬁ%ﬁiﬁv A agphilic surfactant
sieractaredl dendivatoiphesstivirggenthe vdter thelpy/\Wipktasd i§he mixture is
pessiestiiate M@%ﬂﬁ%l@%%%@ﬁt?@mmﬁﬁp&m@%%y%v%m%@'e (or

double) emylsion is produced, where the "W' consists of pre-hydrolysed
silicongprecu GOPI?/?}?%%O %eédfﬁg%q?ﬁ?}g?ﬂ%a‘%ﬂi&%@%ﬁ? e B ebed, and
indieleniautsyrophiititedropletsritb pradimemiorgessize dicavspheieRnadhbe W’

AftersliningdpatigHARYS REaRoUL 5 - about 30 minutes, the suspension is
filtered usinggfi ter paper (Whatman, England). Following ageing of the dry
8

silica spherds 18P i o HHL YaYsarfaansdhy sabrine thiceutamed phase
bYelmptibheGtsaldtdny digiadhiolsinfecka0 (@) Sanddben further washed

by purg wat ' 0 -1 e product is then

dried at rooﬁﬁtﬂa?nﬁggga ?%%@%ﬁ%%%?g?% g%)q,%\ ?/%ng)%ogb%%ég rs{)(())lx\r/‘::esh actant

bRR&EES WAL GeTthTHIR aR¥bivediftothie MifeWhal Bipsphissepargd into the outer

liithetie)as atmarkeptendsuallyirdisateulbipleneanssdbliy el Midasideroduced,

Nehere the “w> consists of pre-hydrolysed silicon precursor. While the system stirs, the
silicon precursor condenses inside the hydrophilic droplets to produce micron-size silica
spheres,

6. After stirring in the range of about 5 — about 30 minutes, the suspension is
filtered using filter paper (Whatman, England). Following ageing of the dry silica spheres
for more than 2 hours, the particles are washed three times by 1 mol/L NaCl solution
(total volume 500 mL), and then further washed by pure water three 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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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 WO 2006/133518 PCT/AII2006/000852 36 also

BeéHEEd o demonstrate the performance of the silica parfieléa #efos/600852

controlled encapsulation and release ofhydrophobes. The amount of each
component for a typical synthesis is: Intérnal oil: limonene (MW 136.23,
detmitp@:840&igtcrdpdididdateniod (erfdAnmEal dvitR kil PasisRVEnt controlled

bI%égﬁ%§ggg;§§e%%?§fe&&£ﬁgﬁ§%philic surfactant: polyoxyethylene(4)

sorbitan monolaurate V 522, HLB 13.3) 1,1494 mmol
(0.600 §e waiavpf srelseoprraontiiodsitalismthadiiy (water: 118.889

rSnSmlozl)éo Si|iqmﬂm@ﬂgzmﬁoﬁ%@?w)\r\ésm?&%s@ﬁwﬁgggéjﬂh%’f ]l%r{gm)(i),?l 4
: mmo r se..pH=  solution 2. g
(Water:ni%‘yé@b{r'%}%r’ngofﬁggﬁye }%f)?ﬁé%?gg%ﬁ%&;ﬁﬁgg’ﬁgﬁ”% 180.00 mmol
(77.152 g). @W@lipﬁg@%@@%lpﬁagmm. s@biticlenonolaurate (Tween 21:
charactawsationHissli IMictosganembirieldw filiration, the particles were

examined u an qptical _micrascope (Zeiss Axioplan, West Germany).
Aiter aiying, TR SAATALS VP TR O ot Mg WSS
electrom micvdsEoner¢SENMY). BHSE MViWapts WebS+eapierethUsivre HRRF) 58.123

SEM-Gﬂ,QIQ,y{gmﬁgegfettings as image mode: secondary electron image;
operating vqltage of 15 kV; nominal beam settin% of 1x10"10 A and

working 20 HidEiaeahars Shisn BNy 2 AR & (eferant $&8RImeeh.
the particle Shydaghobassieterminspab\rothesroahgratipelriz apalysis and

differential tb)%‘i@?%'iﬁ#@i%’é@y%&é?{%l@g} A was performed on a

Setaram TGA 24, which was at a rate of I0C/min. The

argoun of .bou gm%ugfactant was taken as the difference between the wt%

loss at 6&8 Ahd & wtos loss at 140C, since the flash point of Span

80 surfhctartligrpigbies. theer D4Ble@i¢induspiatiSesfactantsafestrosti an optical

Handbek): 1002 Fditpiadiec by dichas! AR IKRNHG ga‘ﬁﬁe S were further

In#%rma%tion esources, Inc,). DTA was pérformed Simultaneous . Two
diffeFaAT UEE o MBI floA STt o R TS Bisarsare {PENRnddthekMicimages were
reactiondassogidiediwithiNhe6apithatie nsafingtes andathesdolatidesdaty electron

SO0 1400 UGHEGIESEIN P o
At
2 TGA/DTA: The surfactant residue on the particle surface was determined by
thermal gravimetric analysis and differential thermal analysis (TGA/DTA). TGA was
performed on a Setaram TGA 24, which was heated to 700°C at a rate of 10°C/min, The
amount of bound surfactant was taken as the difference between the wi% loss at 500°C
and the wi% loss at 140°C, since the flash point of Span 80 surfactant is higher than
148.9°C (Industrial Surfactants (Electronic Handbook) 2002 Edition, edited by Michael
and Irene Ash, Synapse Information Resources, Inc). DTA was performed
simuitaneously. Two different decomposition reactions were observed; 1) an endothermic
reaq_tion 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 arca 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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the determination of specific surface area of silica particles. Nitrogen
adsorption isotherms at 77 IC of the silica particles sample was measured
using a Micromeritics ASAP 2010 volumetric adsorption analyzer. The

VBETe4ldiation was performed from WO 2006/133518 ~ PCT/AU2006/000852

PCT/AU2006/000852 37 the adsorption isotherm at 9 points of relative
pressure (P/Po), ranging from 0.05 to 032. Before measurements,

SABAIESWESR Em%gﬁﬁé’iﬁ@&f%ﬁ%?’Pé§s{ﬁé*£§/95§)g"i-‘%gé%% 6,05 t0 0.2,

adsarption analyzer. Encapsulation and release ra

eMEAPEMEASH S RIS PRI PersQEgansbrtre 1 dee pRdteraije threfegas port of
ddie mtioptidoyatibiifdéis spectroscopy (Cary 50). The encapsulation
efficiency was estimated by two methods. The first one was an indirect

MERASHEEMEN vhichcansigied of measuring the UVRTis absorbance of
the cycllohe ne/Span 80 solutions after the silica Particles had been

filtered out. The BROARS IRCH SHRBRRASEIRB Byasyak e Bypmiayedye were
smsﬂgtﬁacﬁmg thE_dﬂ]%ﬁﬁeam@tbmcqbne (lter GiDphase framiheanogindfidyacy was
C%ﬁﬁ%@%?@w@%ﬁ%%ﬁ%%%@@o%%%@n%ﬂ?&q%{gagl?xjég@ﬁo@lg%vg)nsisted of

was generated b%/ adding accurate amounts of dye into the outer ol
|

pRAEHEanCAICBRIBENTE PARY BstRhsiratiSRoasiheobionsalierihe silica
thexpidpahadibreoffilterab resftndingsanmplasiitienspeotd Wisapss calculated by
e GASe e dhmeRst I D e RSB HOMREPULE Bnceniration
particles iri a solvent such as ethanol, cyctohexane or ocfle‘%:ane, niil the

abE e A sths Al en: staritpdidarplikisirausve v aspresirsedbpy adding
usingthe hﬂ!&ﬂﬁﬁf@@ﬂﬁﬂﬁﬂ@nﬂﬁﬁ@uﬁ@n@i@nﬁéﬂ%@ﬁ ﬁﬁﬁhﬁlélﬂmﬂl%ﬁiﬁlﬁﬁﬁon and
medi S ant content was estimate TGA/DTA result).

Tt%%ggls%lr _ggngge%v%éasglﬁ?eggggrrg%ra%ﬁiﬁr&%%tfﬁ eré\{/f; SO imaRvA Qgs?ﬂ‘%fﬁg& The
tHERstliee’ progihed wrndgiedaé ameaning. the sl RIEGSRGRnfywe the silica
\_/l_vﬁﬁtadﬁﬁ ﬂﬁ@@kgozgsaﬂam% t&hﬁeﬁﬂg%@%@i&ﬁ@cﬁﬁ@&?ﬁﬁ, %{Sii;'tm%g@mce was

ater it which was used is composed of a.2487 dua B
agtglg\év'a'%\g%%eafleacﬁéir{?’ %npﬁ%v au 8%3?%@8?,‘%%“%@%?\ RPSHRpmReRition and
coRnvmiFsTaaSmpBrlL e eds, Bedin. 41806 rctand ndrtkhet mebiletiphastby the
Was AANROSEAIRf A& b etaanelia0 (9 v ith a.flow i gi&fle_: while
p

O.?.mL/ in. The UV/vis detector wavelength 25 was set to 210 nm.

waS TR AR AR &R, ﬁfgfae‘liyﬁ"ﬁ?éeﬁ??ecé‘ﬂfed area (valley to valley) of

the limdnené pEdlC\wediuiged fors qlraniietite cdloatatibasnddpeuliionefficiency of
reANAn ARG, Was ApRQX MRt A3 RIRiRWes aud the.de QQQ%PWEggtzsdm A

apgroximatel 0.02 mg limonene per mL of ethanol. 3. FTIR was use

ST B oI T R HAPBIGAEE S35 NS ahamBo fniehsea was o
inSymone Y0 Uim sy of datiscanenanddstier et bt Byddsing acmagnRelic Stk ure of
f%g’chanol:Hzo (9:1 v/v) with a flow rate of 0.5 mL/min. The UV/vis detector wavelength

was set to 210 nm. 10 pL was injected by the autosampler. The integrated area (valley to

valley) of the limonene peak was used for quantitative calculations. The limonene
retention time was approximately 13.5 minutes and the detection limit was approximately

0.02 mg limonene per mL 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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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
Wikreemigaddred using a Nicolet Nexus 8700 spectrometer Bgilippadoitbss2
a (linearised) liquid-nitrogen-cooled MCT detector, The WO 2006/133518
PCT/AU2006/000852 38 spectra were tollected using a 45 degree ZnSe

atﬁ@@éiﬁi&ﬁel@t@élﬂecﬂ@@tﬁﬁiﬁg @W@MH& mmﬁa%%fﬁ Wé&lEctance accessory.

gener oing to the b dode ane alone and
co[#sls do of %E‘rscans e%k%é Ehar%? eSB‘Eﬁ%B‘ErBﬁ dodecane
witloriheseé @fﬁ%ﬁéﬁﬂ?rﬂﬁ@ﬁéeﬂwanehéwf lllmmiehmnfdmdmaemm. difforsed with

refigetanag se el Qfithere inehdnradisilisaRarticles synthesised by
double emu sl%%xgro edure were measured using a Cary 500 UV/Vis/NIR

spectromet GO SPEABSpHErd BROHRRPA SLIESUy clss spfbgsised by
wérehtreasuiBchaftecadiln mgreonR@swidd weill] EEpoviderUSpenitalvepectrometer
CORN f)%g inia Eeimgg HﬁGﬁlE’M %%&gsmi %ﬁﬁﬁ%@h%w Jl%:s@gdaaﬁel diluting

reference and then fransformed into Kubelka-Munk units, F(R

(LIRYP) (58 TRBLHHPOK deen SRTEHR BFiFIOrEsicth él&b{?érecarﬁﬂém by using the
dreplehismpreReriied inkigures) andhieh risershavssitie RasRkONRhk units, F(R) =
ergﬂﬁm@hﬁ eplets during the synthesis process. Many factors can affect

not only formation of silica particles but also the encapsulation of 15
hyReeobes. Some of these factors have been discussed below. 1.

Influenge mmrwdrﬂﬁhﬁbieisuréam%(eﬁﬁﬂadrﬁurtﬁ%a%) FREGRAIrAIaNgure 2,
effe{% fi sp artlcle %é:cé@{e neS% eml?l g r%?sfssgt?rgges‘th sed ut {Q?g%tgg%c%sfs Many

synthetic process ove, usin iHcreasig coneentr
SPane® cahalicet red puvid thg @ﬂ@@bmﬁfr@@ranmwgs bot stiwthd eriignsrdation of

3 ﬁ%@bﬁoserrssmmﬂmss@Mmiﬁ@gmﬂaﬁarg&% §68fyin Figure 4, From
the optl&?f at smPII 0|I .Iobul

mMzﬁiMa partlcles with ageing. The diameter of these silica partlcles
was in 696 AfrlPrkoR N s ARG Fiagn siBHIDUIARREHBIE: NRNOWES above,

to spme extent with increasing Span 80 concentration. The 25 typical

mB?B%?BQS}CB‘FﬁH‘E‘érﬁ%"S%%?ﬂPeO PRB I AR iRl crpReaphs are
reshuitsn shBigiteat @it pho dontspomiamSER! 35 ingidplandihe excapfilation, From

effiglensy iﬁjdé% olETRASES W DeIRasIN-BRA ﬁPtﬁQ%?%‘HPti% AP micron are
observed visually. This m %ésu gest that increasing the Span 80

cotisEihistnsiisBnRy fsehilie dnpire atid irondeprcbiny S slicuratislps with
phasidhihaldametkes theshyitivaghiizdioplets the range of 10-150 pm, and the size

distribution became narrower to some extent with increasing Span 80 concentration. The

typical morphology of internal structure of a particle is displayed in Figure 5. The results
show that all products contain SB-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 1igid 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 Oily/"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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30 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
velzeval thesinternal oil droplets which are distributed inside Hag/aticas/oo6852
matrix depends on the energy introduced during the formation of the
Oil,/'W' mixture. The more energy is intr&sduced in the system, the smaller

RS HARKE S G, VBHROISE TR AIR0 I QNS 08 O B ctige, and

internal oil droégllet size. These WO 2006/1
inBiOeRisterhhe erdrontitie, e Bshcentheisnowterhardirydlarhwe of silicon
fractoinscandd prapedies Hibihedaysiophilic domain such as the amount of

water, fﬁﬁut P %ff%hl con pre({:ursorz%pg its CP
I Fthe type-and-cot 0 ’
3 hoilienseal oil phase) Figure 6 shows the SEM images

for Slll(ngﬁét@lﬁﬁyﬂﬁﬁ@mﬂvﬁhﬁgé%%i fweehdik) ﬁ%@qgﬂﬁ‘ferent Tween 21

wherea ures. 7 an resulfs for partlcles produced
we%n g wee ;7? a\//maér]f‘%‘%Féw B Sl far pyicksaeadeeed by
sﬁ?ﬂ?@%@%@ﬁdlt'ﬁrﬂ@wé@ ebtuimsdsSortinergasipies Predueat uiiRgive synthesis

Twarmidds W@&Bﬁﬁﬁ%ﬁ%ri&%{%ﬁg ?&ﬁ%@&'&é}nﬁfﬂ%%%‘%%%ﬁ gsf‘fp ¢d in the
a hl%pg Id of sg 3 |caI eéslcs%gartlcles Higher Tween 21 concentrafions

led" %‘?‘B RORIE B i el vl st sabiericalaplica particles. Higher
agprexintdtelyn0cdtratioos, ivd impsoutiomeniriiids shseinehanawiglas e distribution,

%Jé@ﬁ?@ B adBerR %’ﬁ}%@é fzx%s ol‘t';[stbw?e E\:P Sf"atl Bguced using

dodecane#%B 35 was low, whereas particles forme using Tween
werEHofa &ﬁ%lgﬁeu%dn Wiﬂ?ﬁlﬁé@lﬁﬁér %‘H’&B@é%’@’ééﬁe@%@?ﬁ@hﬁ was low,
suvfectanpatinks fbationusihganveenSEendOmole @ SRABELIAIIS B8Ok shapes,

h&ﬁg&agpﬁtﬂ%&iaﬁg%kﬁtg&é F&? Aveen 2 21 |% sg%nlflﬁantl dlffe{%%:éﬁtmcmre

the other™ two as only four ethy Iene oxufe uni s

@faﬁhaSﬁrwg@?ts@“e&éﬂwnd@e@@%@t%@ %k.@@mﬁ@:aﬁﬁ;scﬁfﬂmh erinthe other
smwaxmeefa@atmeﬁ whyekbwﬂég}ﬁﬂéiﬁ mﬂﬁanklﬁlﬁf%%ﬁeqwem,@o ?@Wﬁb each
t 1GRITI inruence o the rticle ormation and ol
e%%gépsgq %ﬁ, Qgnceng)fct)ril%l LV SIS aif8 SR which with a
dé&%&fmtégfﬁeaﬁmﬂi&i mnwéptm fhaitislensficerd it distribotibntasha particle

fulbetianoaf avatar &J}{b@@j@ﬁmﬁr ratio is shown in Figure 9. As the water:

T OS nelar ra 1sed from 2 to 8 the particle size and size

d ece G Wa{ a waé %tta water: TMOS molar ratio of

16, the%ﬂé Hidubraion ﬁecmnian@wbasandaqoamm tiecamb distabiation as a

Thehighest ereprsusiaRRINGIEAGY FoRB-Brigat8d A0 Ayater: TMOS molar

ratio was increased from 2 to 8, the particle 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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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
wiethsigsiacreasing amount of water, which is 30 the reactant/saswetioass?
an increasing amount of catalyst (H) might be expected to increase the
rate of the condensation reaction which #ight thus lead to a faster

gelation. inside the %%&Phﬁ'é%iﬁ@%ﬁé”%p?ﬂﬁﬁm%%ere%géj é%f*asﬁon observed for a

polydisperse particles. Because the emulsion system is kinetically .
urSEmBIE N ES 1o Ut evh disit it siats AP e evemisnthpitide specific ratio
sepavidedvitih fipas), dbibencafglensativithoatens iteeclRed hanidroplatish water ratio)

¢ 5 takes pl riQr. tq "freezing, of the structure by gelation, ,
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patfaesdiseomeidisisasyribebierorerds gtmiaie off émuabsoresioh obssheethpromise
fobaweatelhia Spnalandatiofid, ismné BRabiRie aamaHISEINAL Bidrophobe
sp%ci 'eg ratio provided the fastest condensation time without an increased
dilluﬁlon'(at high water ratio) that allows the internal oil droplets to migrate

to the obhgigensi|phadectiuy eecaasied iBasiegchdsulation @fficiencye, Iwith the

othaamondtsythedatin ohhRighh ISSeMA §RRYHOMRL MR EWVE S ater TMOS
gelation s%)ee 4an€ wscg)s%(g the hydrophilic domain to keep the
hydropHobe * ineid& s Y¥xperiments were repeated replacing

ndweitbelirh OO SHithitigoresults showing that the highest

encapsgiati (cienCy, Wa ' : : lak. ratio, of .
4, observed visu%.%r\ﬁ%%eﬁ?? g%?gdg&%ggh%%%%?ﬁg % g}é)rﬁ%?n%é%e%y mixed

inERGHFS To SISRISARAPEIMERISh frarisIde derdlstraedprely Figddition, it was also
prelewsrsedsthek dappAicTdiSondicibueioults:inagelecpreducts paragdlitioR entration
it was alsProhssvedihal icle size.distribution became, narro
the Span 80 (_:oncentrz%p%t?s%iﬁ?gégs%l??%%gé@?ﬁ%ﬁymo 65.:&11%0? S?I\}V\\/{ﬁal%sﬁbove’
is consistertoRA BT REs b ehabisvy. wendph tismeneanselagimyeR§ieey of the
cherisphowasiyhanitie bacepswation aifisieray.cdibacsydraphokiodyds, vTMs
mighte, kacr d.hy introducing OR IL. such as.MTMS, VTM .
P'%gﬁ/gls. T e,éf%%gﬁj%g%%e%grgﬁg%g {0 l%g %% e?ol?r%?&ésgstgetﬁjé’ mgﬂ&m sttes
hyatiisssiiceteadiksiae et dherione pilabomirceéimiespillpksseping the
meileiefigctivelyidbbishkeepinadbridl) gik DNNeINR Wiy Q2PERERSo Msist to narrow
aqgétmp ntng a%y?%%pmwgﬁiex e tgz{dtﬁ%sag&st tQ narrow the mtern(gtj ) )
channele of tha Shca matie thie HaelSas RSN, 6 RERAEEIeH RS fipdyner ofl
oifctdbadeteedeliomevesyeddiiaitin @RIIRMO SHid didt niotimprothe thieapsulation
engapisuigtionmpificiansy afdvdnepheliamplesyesf3ae.d 3Rls 240s, ORMOSIL
Compared with 'EI\/{O% dC}IﬁMOSIg_ recursors haye faster hydrolysis rates
ot SO G EPLIBITIAEE 6 G LS G gEsaion et e o i poioning
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 encapsulaﬁon
efficiency.

3. 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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25 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

winyatofipHitsdomain, might produce increased migration of th&t/Aydseqnoke

towards the external oil phase and thus may explain the lower

encapsulation efficiency. 30 5. Water #®l TEOS molar ratio effect: TEOS
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reaction rate, hence more spherical particles were o0 taineq at higher WO
¢ LIS P RI28B85881852 41 ratios. An alcohol such as ethanol
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Sewaaenhigedwith Spaksd.desandiessafirebmef Wﬁﬁ%ﬂmucdl]o%ﬁets and thus

surfactant and concentration, the results show that more spherical silica
p%‘}%acxfggg\}v%rgmﬁ? 5HGR& ?%ﬂbcgﬁ’ﬁﬁl@ﬁsthan using Span 20. This
irdyentpatatiee | dos Rueakecod the additiom tsf Rih iasiEiariBpiac datedn and

g}(gg,ggg dots and thus enaned the
produ(%nqaon of spherical parficles. 7. Comparative Test: Influence of the
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Iwhexalded (te ﬂﬂftymf}rS gipptmk Ao Hﬂw‘seﬁ lﬂi@_uﬂbwfsm}.s ’Sﬁ&g&@cﬁlﬂ%c? Waserimental
: phase fo.jncrease the viscgsit detailed . ,

e R e R S L B e i

4ges are illustrated in Figure 14.

The particles produced using cyclohexane as the outer oil phase (¢ and f) were more

spherical and less damaged compared with those produced using kerosene (a and b). In
addition, the presence of PEG in the aqueous phase and HPC in the outer il phase led to
irregular particles regardless of the type of outer oil phase used and only a fraction of SB-
35 could be incorporated in the product. These results conflict with earlier results in
which only HPC 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 patticle
formation if no alcohol is introduced. This is discussed further in the next section.

8. _ Comparative Test: Particle morphology produced with different Livdrophilic
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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The particles produced using cyclohexane as the outer oil phase (e and 0
were more spherical and less damaged compared with those produced
using kerosene (a and b). In 25 addition, the presence of PEG in the

Vg aeisitase and HPC in the outer oil phase led to irreqURSEEFEIER00852
regardless of the type of outer oil phase used and only a fraction of SB- 35
could be incorporated in the product. TH&se results conflict with earlier
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of PEG ag\gf%%f houléj Shav been investigated se aﬁ}%&%&?&&%ﬁ{%ﬁ’%ﬂ#ﬁmmon
o BeEAE PTHERE 8 iS5 45 tfimeitap it B EHERkREE and HPC,
merpsiagyaislies MRE fhayddeand|dadbisgishthERRarialeifiomatiomif 1O have no
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frg%%sts(%uq. g’%rtlglll?aﬁi%ogyﬁﬁg Hs?&ngggT%een Zglj incorporated_the most" )
dye y\{lsuaflo SeAbT TRE CSPrARRAiIm it el Ao Hefpee trials with
laffEcass BisTasieeD Crecivokedlinss Ubseabling REfsutatidr afuee 6lyehase (by
alsaenghiibe eRerPsuHRtRd GRS RBRLESAUIRARINT I PSS e shows

21 system, a%d tk{e Tween 20 system formed to much smaller particles.
Forthe Tween 8t & e eislesirrominionn vas phgead weoalRdditon of
amditrregdi IR Cs Haperhiamiclét Wane plogucetietdightidREa 8N RAe Tween 20

Stabilty idhadaubile smsion) &%ﬁ{g,%%%@ﬂ%dtﬁ%a%a[%@?%@ and HPC

for |%élccrressful encapsulation of the hydrophobic molécule, retinol. .
Thefor RIS AR L e VR ety Bratier inke mprickes (spmpemsgn between
PE@)ranththerdute).ciiphase, (ynlsphddind pH)svearerpaiforned as iarticularly

s%m;fq%@éeh%‘omparison with Figure 6¢ shows that no significant
change in the parficles morPho!ogy was observed upon addition of PEG

and HPCS EBIBLriSsHexathimgiecrsmadhsgiwesites Grantss ahnhese facilitates
Trhednr2Atioystém suhon daditamolshathibickeningaaensidn paREast However,

e T
HOWERR R lifoPLafetithir aftieted wistesprestiieess, disrpawlidilashpped particles are
produced. In addition, 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.

2. Iniluence of the hydrophilic surfactant concentration (with imonene as the internal
0il 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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noted in Figure 15g. It is generally believed that increasing the viscosity of
the outer oil phase facilitates the formation of a stable double emulsion,
thus producing spherical particles. However, the addition of HPC may
wEhighy siange the Span 80 interface between the outer oiP&mGAREN6/000852
hydrophilic phase, and as a result, in some cases, irregularly shaped
particles are produced. In addition, incégasing the outer oil phase

ViseshiRy:AAding HRGR HEieasieg.50%) SPNaN/ead.io ges?'%‘ﬁ%{ A increase in

results. As discussed earlier, increasing the’Span 80 con ntrat
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observahimie padiclesiag s distibytionies (g yarigus surfactant
conce%rigtlo S (see Elgure 16). This su operties and
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Sfp IR, Vr&ol%sr PO thus.ds o er}g ’}qw second weight loss (120<T<500°C)

vaporation o tmonene and w
corresponds to an exothermic reaction and can be attributed to the combustion of the

residual surfactant. The corresponding composition of limonene doped silica micron
particles is 43.4 wt% water plus oil, 7.6 wt% surfactant, 49.0 wi% silica.
12. Characterisation of the porous structure using Nitrogen adsorption

The curve of the adsorption isotherm 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 cm3/g (measured at rclative pressure 0.99755) confirmed the
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rigidity of the outer walls and increasing the coalescence, leading to
particle growth. 20 11. TGA/DTA characterisation The surfactant residue
on the particle surface was estimated by TGA/DTA analysis (Figure 19).
W eifeTEht decomposition steps were observed. The firstGléidHt16/Ee0852
(T<120C) corresponds to an endothermic reaction and can be attributed to
the evaporation of volatiles (limonene #hd water). The second weight loss
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differensepeiwRanthe dpiamal pregiict of those spheres with that
produgeéilﬁgxrthe r%c?ss 1 (C, J. Barbe, J. R Bartlett, Controlled Release

i PahiLEe? Coripso TRLFSEE Prbsasaag Fersplipsann efkimonene

Ceramic

Meqn@iiél,lPQ:Z‘OW@i/6!22323,502«@%)pmﬁin@iamﬂgos@wmﬁﬁdohexam.

(IMQSaeralkoxde.RIIR R 430 BN PHED e B PALIAES Produced By 1 )
0ocess ]mwere rimarily microporous, with a pore volum around 0.1

eniTg T HIE Befy 8 WiSHRA AL OBt BrrulsduiSloty slonsd isilismaticles were
sprddetehblely. SwikesiQippleydaaisigrifitient sedetie theapanifisataneficy was
the injgrm @@gm@g@mﬁix. It is likely to be of primary importance

e

to control the infernal structure of the silica matrix in order to control the

release'FEfE BT 76 nY s S13HEME. 8 b timeapsuaor ainsdeoelseateddfie Span
d§fe cimdinecttive thoethkive Feanektiita5al UHORS et aIiRg FANERNSARNSarticle
oé(ulllm%nﬁnown fraction of product was dispersed in ethanol, and the suspension was
stitred for 3 days until the absorbance of the supernatant was stable. The calcuiate&
encapsulation efficiency of SB-35 was 38.4 wi%, which is about 10 wi% less than the
result from indirect method. This may be due to some binding of the dye molecules to the
internal surface of the pérticle, 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 wi% less than the particles made with 100% TMOS. It is interesting to
note that again the efficiency obtained by direct method was 10 wi% less then by the

indirect method, but remained independent of the release media.
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(containing 0.200 mg/ml of SB-35) were prepared using 0.6 mol/L
Span80/cyclohexane. The solutions were scanned from 450 to 800 rim,
and the height of absorbance (Abs) between the peak and baseline at
woCusnyeEaerded. SB-35 doped silica particles were 20 proaagesibyosnesssz
synthesis process described earlier, and the encapsulation efficiency was
47.8 wt.% (average of three samples). Bisect method: The standard

calibratipn.Gurye was aai@es%ﬁsqmae@adréﬁeg%%ﬁs?%&&%gﬁ%%%&?gpmcxes

in ethanol was estimated from the surfactant residue on the partic

suPa Bl 2RISR AR SREF B roBRCEIRARS Ak sesdt rydeharmle arns theter than in
suépinsinrbutasdiah BiupdiieraBsdaymunikiigsahsobanamehites in both systems

su t t T lcul ncapsulation efficiency.of SB-35

was %%.4 v%t%ﬁv%ﬁlc?# %E‘N;g:)%ﬁ%éé\it o?efs%tt aPﬁ%?ﬁsée Tesut ??6?8‘%./&&}‘2% asc of the
métsidierine miPeemlEnesdurthe bigkenrerhib dyoRibteoulebamthe
intetnalBudaee064ha pastigle, thus artificially decreasing the efficiency.
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shows the release rate of SB-35 from silica microparticles in cyclohexane

antPUBaEEER T i FENOk e RS e AR EIBIRAEHPIES WS Pabar tHaiafiar plus retinol,

dotfeCantes butfaftar 3addye . thetabsitidaance stabilised to the same values in

both sbsrt_?ms suggest@pithat all dye removed. The faster release

rate observed in the ca$e df the s cycl ane may be explained by the
3 ane- E %Qﬁﬁ'@)n of retinol The

d barticles (Figure 17) reveals that the

particle siZe@pd distribution were independent of the internal oil phase,

whichdy, either a liqyid (dodecane or limonene) 6r a solid (retinofl).

The TGA/ results of tf e Yetinel: iM%%%fHSQé{mc[b%’fm, didplayeavier
Figure 2g, W/{}@ts}%%%l%?%géé%gg)(ﬁﬁ%ﬁ%d ?ﬁtngﬂtggﬁﬁ;@;ﬁgaml is shown in

evaporation of water and retinol, whereas the second weig

(2BeB5Be rebh dsionastsermbivrnerk of 838 rasrnddasuristestion limit of
Thepoetmpasifianiopfhe relifohdaenby siliGe:itromBadipifewas &28Mefkase in
Vé%%gfyﬁwﬁsrgﬂﬂ%l, %ggée\%%)gsﬁjlgf’i 8{9 rllg’ti%&d \gaos Sei tgé) s%{'lé%%ly F('}%d%é_l % the silica

surface or degraded to another species. FI-IR analysis of the silica particles containing

retinol could not detect the retinol because the weak retinol bands were swamped by the
much more intense silica and surfactant bands.

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:




CH20H ;H3 15 CH3 Retinol: MW 286.5, Amax 325 mu, yellow powder
The UV/Vis spectrum of pure retinol dissolved in anhydrous ethanol is
shown in Figure 23. Retinol exhibits a strong absorption peak at 325 ran
WedHagddetection limit of approximately 0.1 ppm. UnfortubfaEetyi bis/000852
retinol band disappeared during release in anhydrous ethanol, suggesting
that the retinol was either strongly bondéd to the silica 20 surface or

degraded o @RI sRREIAR RledR-ARAYMSS OfID 8. ISR PASHRISS ¢ the partictes is
conﬁamlng I;etln?é]scglgld not detect the retinol because the weak retinol
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baridsn@olidt daniie® Giretippleaionathsiiica hartiolgsuieienderaises Biue can be
U\Misn SP8RE - oTgle]] rumJs shown in.Eiqure 24 .
g e el AU S T TR G50 = i
® refHEiA gfr%%l@ REWHEBBE vrbtbedhecraentivionToeUkament eblimarene. The
nholr;%gﬁtiaﬁmahsﬁﬂlz@m almaﬁwd?ii @ﬁiﬁ@o@jﬁﬁalﬁ?gﬂl%?—Bﬁ@ ﬁ%ﬂfyg%ﬁaﬁons
that,t A nr e e encapsulation.of retinol |
sil?éla a%%ggel%w We%%ﬁgﬁ’ogu%m%%gﬁeﬁénﬁ}ggﬁgﬁ ﬁsttlilgﬁi%fﬁ’crilé%(f?mwed'
WSS PSS R0 Seriesdbo SEL G eraseyowinb B LI spesstromof surfactant

usBghioddeiehivinieshebtivaonenseanient ohibeRartcles ih AOWLIRLe signal thus

Fi 0. lati fici fli 1€ in sili ' ticl
e e e S ion

efficiency ¢ e peulobeainsicsniy of buinertermetipae(. & thaditirgphobic dye
froets finalasislenebionadiahs aNRUALPLSRARAO significantly
perturbs the quantitative measurement of lirnonene. The high variation in
efficiency obsenved-s, possibly due to several reasons, such as variations
iNg progess, during which limonene is likely to be
removed. Argther intefférendg factor during the HPLC measurement is
the presence b Irfagtant Spagx 80, which has a broad retention time.
This interferes with the limonene signal thus io increasing the difficulty to
quantify the release ratp of imonené by HPLC. The fowerencapsulation
efficiency of limonéne qompéreaaecthéW idephalbolowies (BBid5) fan be
explained by the different molecular structures: L Limonene, MW 136.23,
colourless liquid O NHCH2CH2CK2CH3 M@ CH2CH2CH2CH3

O NHCH,CH,CH,CH,

15

Solvent Blue-35, MW 350,45, hpax 604-652 nm, blue powder

Solvent Blue-35 has hydrophilic sites (amine functional groups) which can

20 comjugate or associate with the silica surface, possibly via hydrogen bonding., In addition,

s

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 usine FTIR
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is Solvent Blue-35, MW 350.45, ?,., 604-652 nm, blue powder Solvent
Blue-35 has hydrophilic sites (amine functional groups) which can 20
conjugate or associate with the silica surface, possibly via hydrogen
voondingzsnaddition, it has larger molecules than limoneneranthomyshesss:z
thus less likely to diffuse out from the silica matrix due to steric effects.
Another possible explanation resides inghe partition coefficient of

imoneng.2nghsalueRLPEIR S Reeen. e ydipphile domap and he -

outer oil phase, w may ren
liFRSITEREEBhteuSmegPFT Fi)wb@@@eﬁqesgaemwmwmmm@@amwon the

Theconeatiratignotimenenedsashedinie dedesans WasSSIStRINGHDY: 797
FTIR1 %ectrosg%%/ The I| {%gae ban tﬁlsed for concentration analysis
Io)

Y.
depend d o the  concentrations or SHer e SHISEAEHE brekishcor ¢pgonded fo an
cﬁé%ﬁﬁﬁ@%@fﬁ%@dﬁls@ﬂléﬁth’é%gfoerti'ti lirmdwdnelbhncheragheseshtentration of
determing the e@ﬁg;@aaayow&ah eRregRonded 1A S ENGARSUANONsed. An

eff|C|enc Qf 19 t.%. Fo éh washed solid, where the concentration of

sUTEan .8%8%’&8?&9\5 s tprrae-cipriqafiReote A8t Weish limonene
usens. Also erreapedlatiorineffibieneysbidy Vpwasdelarmined, dndiedtingdhent, this
e&@%&w@&;%"ﬂﬁ@m%ﬂv@&w%ﬁh@x edguring, g&‘%aﬁ?i”@c%x%:@es?s not as

Fi%rfns fsolo%content this corresponded to 1 witd respec
el B R FoGEAPIE IR feriiG TS BRRRe T A dirads Mprechapism available,
anadsingsetidduiecficonhonsnblasihere isiovmReRABIEFb Rl abM@buting to

S%@Iﬁssﬁgkmnr% &%&%ﬂ%{% ﬂﬁbsegﬁ@gmﬂ% tlgnalgt?(lzj such ﬁﬁ&E&presence

componeénts contributin spectru Ins ions wnere

aRhIf sl PRoBrE mhsE )a§11ﬂ18¥pﬁeeéwceseéffa lskiemsTouetisfate idea of the
suaetant)iolh énl R raiaherbsethie getcan @E&@éﬁnﬁ?t?ma&még@md out from the

cg&%&é@@%&&%&'uvon spiie hf&éepezcé S SR s o stk

t from

eis partl esin eéane wer
3 YD epnhrmfdermbcapsulation of

hydropFi(gbte Q@t@l@ﬁﬂ@ElG%&n&@ﬂﬁm eeEbRINRGLTOSS 66N ngle silica

view of al single.silic here showing oil droplets dispersed
inside o %ca%m ari Qflh(! %%lcf?o% W sSBifsy Caumﬁﬁl’éyﬁh‘?e%’i]s‘g?l’le{s are

thidabésssaing mmshesis dirfacraste e hiptrophebit SetiBhcy dbiebic section
inke Eﬁ@hﬁﬂéff@?@%?ﬁa&é}t -ka’:e?@e?&n) Pﬁ%ﬂ%ﬁ@él‘ﬁféﬁﬁhﬁe niernal o oF aﬁsomate with
aalso eﬁtr Vﬁ ﬂf%di?eg ‘S?]blc oIecuIe such as SB-35, whereas
hydrophiteTs: Ff (RASTRIFBSARS) SPetrePAIRE R (B e BgRpdis Rt dindime oxide)
i. @eméﬁmoatmaqbydﬁwDMQéomﬁ,m«mhmhhaﬁﬁne maximum
encapsiAliQRAHHOICRRINAS Achigyer. using HXE&%%?B?J DB RULISTRR achioved

that only Tween surfactants with short PEG units are
using ‘Tween 21, This suggests that only Tween surfactants with short PEG units are able
to retain a high proportion of the oil in silica matrix. In other words it appears that the

silica matrix can only accommodate a relatively small interaction with the PEG. When the

PEG chein is too long, its interaction with the silicate species is too disruptive and leads
to either the formation of a conduit léaking 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 infroduced 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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25 to retain a high proportion of the oil in silica matrix. In other words it
appears that the silica matrix can only accommodate a relatively small
interaction with the PEG. When the PEG chain is too long, its interaction

WOt E R ate species is too disruptive and leads to eithefGhefBATeAR¥H2

of a conduit leaking the internal oil to the outside oil phase or the
expulsion of the internal oil droplet to thouter oil phase. In both cases

thise esidissi-30 dReligivl aRneapsuakionnthe el urRatlanaf the intefilinside

structure of the silica was confir ed.t) the BET analysis which showed
B B CSS EPHE THETH R, & RO e (4 EBRLSD of ematy
wetinlkvduced into the system (see Figure 20 and section 12). As

mentiopediinmeciom 32nd 4.dhgencapsulation efficiency also depended
on the _35 speed of gelation of the hydrolysed silicon phase and its

viscostyBBoa SRS By LBEEASAE 15 Pt RS0 6100 g difference
tH:@imﬁml Smligemhgmi@tsy anﬁthdlb@ﬁtawmmhe!thmeiintbmaﬂtaﬂ}ﬂmgts stable
StayisidauilsRAMCIRS L De e Wth s aHies QiR %?éc%f%g 830G s cant

the formation of empty patrticles. 18. Replication of an earlier process s
Fijffrsensedn St inovr dhateaisharesiTier Sk do dhsddds ommésipmpystem to
differeneehbeteeenythe presani-psiosasand theearligipiocass thad Bnulsion
t 0Ges a uble _emulsion must be formed before addin
L RS 0 e P B LR TS e o
edpheriptorasislss L ths tHateo UBTOS imtkib ralipsteaeied inchesstdctie kept at 4.
ViEﬁbﬂlﬁéhymHhm@wtl@ﬁrﬁH fdmsafimflaﬂﬁrgﬁakx@mvgf}ha Q%J?tﬁqumgﬁéiﬁ&aed to be
stability. | arlier process,.only the use of a basic catalyst to

et oA R R R b TR R W
tobietberitank kebrerraduribitiiertiereouhdnabliititye tatispofdnterntldskrite numerous
(Gkid¥btey outer oil phase needed to be less than 5%. Most importantly,

the experimental process is very fragile as demonstrated by the lack of
roprod ORI B AR R LE e Mo PIE RErABYD gt ol detal he
at@ém;itsynfﬁh@rdegbﬁgtimimtfhe%itertamﬁ@p@fhhmmmcprﬁomeﬁm_ﬁwes wetl in the
fuledgtallibapexperinenia mocsdike; Apctheeiyadhe expemaRialhase was

procedure that was ysed in the_present attempt to reproduce that work is
R B W RSRes phika Mgﬂ%ﬁﬁl&s@dﬁw/w%@nmgﬁém was
3 Bivddoubimgen d@anaile: SavvPiShatenn This Mixtimeeyas pooduxed ushly O/W

a éﬂtﬂ@{c}miﬁﬁ @&.%95@% Piﬂe{gﬁééﬂl%'ﬁ E?n@t[ﬁgh' %@S%Q}ﬂfee}%égvto Jgee 8uter oil

emulsion. In a second step, the primary Ot/W emulsion was slowly a
toph?éeoﬂff@ﬁ&}c%s@%@ﬂ%&%,v{%é?%ﬁpa?ﬁé@é Wit FRfa AEH afep-000).

0. Bhiwt¥mbiElGh (MWnB¥As0AMkted at mild stirring speed (magnetically) for 30 minutes,
then the amount of TEOS equivalent to the total water:TEOS molar ratio of 4 was added.
The mixture was continuously stirred for 10 minutes, then 2.667 mol/L. NH4OH was

added with an ammonia to water volume ratio of 1:9, The final ammonia concentration in
water phase was 0.267 mol/L. After reaction, sample was centrifuged 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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This emulsion system was agitated at mild stirring speed (magnetically)

for 30 minutes, then the amount of TEOS equivalent to the total

water:TEOS molar ratio of 4 was added. 25 The mixture was continuously
VEHAEE 181519 minutes, then 2.667 mol/L NI-140H was addeRfHi g6/ 000852

ammonia to water volume ratio of 1:9. The final ammonia concentration in

water phase was 0.267 mol/L. After readion, sample was centrifuged at

6QOR:TRIY Rful Pedbtian Thc. rRRMBINGHRAIIGISE WSS WASHEH R8N were

purea/vatgr:f and dried at room t& peratureﬁgf%nder nitrogen. 30 Figure 28 _
PR TR RGUEBR SN SHIEIER HeF HHe W ARRIOH sEadgon formed in
débegibedninchig. BF wiletim singlvevasethia-inife enadl 9ikp basen ADadrdinbet@ourse of

the S atlieh ECeRS JRAHGIES AR O BIARP L RVCEtHS gsd&%%?s%&e, with no
lly b that'the

hour reaction'(lﬁigure 28a). However, itis generally believe
r

SIEHAT Ssered it dersicoebrialdimes ishisengessied et agitadon might
hadalyeengonfitmid fynthsoahservalitndhat eenalpanicleadsere 35imaed three
in t r.centrifugation. Figure.28b shows the
O D B o e o S rgpondice ToM
re AR HHENENBHEETY Hith 4 i Rarepeeticbs- Bl Nz diavettr weret 60 nm
pr@é@@ddwﬁaggﬂumgim@ stirhigh %éwe%ﬁm%_w?é ﬂ?p@ﬁi_é@i%zld that micron
e | rmed In t resenl case t rather a sjn walter-in-ol i
o o B TS RaeL S STRIET A A il sbase.
thEWIEYANY 48 lfeien iebigamsih atiics disa wwithe 15 phage Sopérationicles with
obseiveekfine Ahieast sieyasst,Naure: Thisisigasstedhalagiiaieniight produced

pl%ya Dryg\jor role for formation of a stable double emulsion. Hence, we
investigated three stirring speeds (100, 250 and 500 rpm) to produce

particléﬁgﬁﬂﬁé tohespbrdierytitENsoliraged aparshonpeitidig preded-eccording to
AgRiRoNanQReiGI et WitL§ 17 Hiapeter a0 60 M. WIS, RIogGe: ﬁut%gesting

re aorfjless,of the stirring speed, After that, we hypothesised that micrd

o5 %’a?ﬁ%?é‘s%ﬁ%%%enmélﬁoﬁt?ceﬁf?ﬁ%ﬁhﬁ@fywﬁm@a RRISHadiHEPhAN 6 nm)
piisrrhesste. t&gme_ﬂi@ts pmesa'rtye@im Figiee Qﬁsﬂmh&djtlﬁﬁ&ﬁf%fﬁrﬁiﬁb@ﬁ%n the two
image.absiie parlicles il Lelindnsig Imﬁlﬁ@ég gl R\%@é@a;fy"ql'%%géﬁ%ed
particles (but less spherical) were produced as above. Figure 31 shows

the sorphdh iSotsPRA TRt sedrfuke sakeormaeriovashedesither by
eackerprocessvaescrbedritafiedXé. dehenfd iStEace areAwace42 MalGxypropyl
S i r ' A rtigl he porosity observed .

A RS 1T SRR e
fuitrrertormitrielrisingme RREE et e fvdl dhosnseseeat ths. shwlerennds by the

steadieir @sooésboiie sticemaligas are thasiigakyveifengntdiFefd Between the two
spegira.of the nanoparticles made by the earlier process, washed either

by 20 acetone or by water, were measured to determine if there was
evidenE&HE gipectra of the sample prepared according to the earlier process

as well as a sample double emulsion particles produced by the process of the present
invention, The band at about 1740 cm™ marked with an arrow in the spectrom of the
particles of the present invention is present 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 em™) 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 CH; groups present as well as CH.. However, the
spectrum of the particles of the present invention is dominated by two bands at 2926 and
2853 em™, which is indicative of long -CHj- chains - as observed in both Span 80 and
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cellulose adsorbed on the particle surface. The spectra were measured of
samples diluted to 2 wt. % in KBr, using a DRIFT cell. The full IR spectra
of the samples made by the earlier process are shown in Figure 32.

wWhHepe/ W3k /ery little difference between the two samples. ZSIFAG L8852

(a) shows spectra of the sample prepared according to the earlier process
as well as a sample double emulsion péaéticles produced by the process of

AR, RERSENtTHAVE BHDv AR DRRP a1 &QPHE%%J%IQ{? 'Jf,m@%ﬁ:dn%ig}igpggﬁrbed on

arrow in the spectrum of the particles of the presént invention Is pre

i SRR SPEHEE Y Svesies PraRIS Sat dus teHB haveehs g on the surface of
strégetaioiss itflaspnataiiseetoniveities of diedpapicles variecby e Biysis of
LIl elel R RRSTIee 4351%%%(@@%%@%&&%@5@@%% 05,230 e was

1) are compared in Figure 33 (b), which also inc e spectrum o

F@@@H@%ﬁﬁﬁ@ﬁ?"é%%ﬁ@ﬁ tHenarticles made by the earlier
prOCiS&'Qﬂd 3n HP&B}f&éﬁtﬁé 28020393 and 38%@% Jwaézﬁgc'!cﬁéfﬂgh% piﬁ)duced by
significant amount roups present as well as CH2. However, the
s%pggc%ga?rlr?%o%rﬁge SSa‘%?é’ félgs%?xtﬁg%% répgézﬁ?nvgi ToHisGormh 18T SRy ed before
baPftis @t 2096tk dsixgzenent 1 withithds widicative okdtimgmCH®akhaindse °C

- @sehseiued detboapanBR 69@1&%%9@@%%3%61 The percentage of these
PCT/AU20 6191(33085 50 IW‘%%E ?% . These abservations suggest that'the
[ a

SRR BRGHAR i h ate Rl S e riierecHhgdan v et ol A from
pHoegsulaiionidho t4RE; fohardas washanpit derfacalsbliedparfigies Gib, The

the ESRN HTVERIRY ' T i .
the gﬁ]\/q cgr S shows\gﬁza:rjﬁﬁeé%ﬁ?{ ‘(?fcgl—?il;gg %&%rﬁgﬁ%n teéf%IH CyaR Blcurred

whtdr-{vashdd s S R ok iy Téh Slaho rrndush thdilg g rurfactant and

sanlpte:r FegreeeB84d(8) stfdwe tlealiGAIBIEA results of acetone washed
pasticlesraducedpy the earlier process described in Fig. 27. The water

and solyent were evaporated before 200 C, and the volatile content was
11.6 whbh. *ie iR fsank dfesk ot the pediidnasaprtties. Under the typical
decohepiesitnditafithéesuritedtentiandipdlymerc PagipeicesRoBo§iassst00-150

gg%vﬁr\;ghg}p&g ] g%%gast%%%gmg g'r)qtig?ghta@fe neglecting the.m

S
itle size increases siemhicantly, as
ater from the ca n). The resu Y

or water washed par IC}gg are
diplagethisiag shistdngionré cimakidinaasivh s dinpre daahaes the SHArages of
Wasike:S6yigesTdes f}@mﬁmi@@é@mgﬁﬁg@ﬂt ;o’fé’rzf{ pti:lhﬁgwi%)el@}?](ﬂr, particles
e S e e R S e PR Rl o
acSiBificdth ethecBBh meliapiciclipeierné i aethentymiCipusy3eh &bis surface
conrdilentaasariRackBAMeh Aiibk 43beParicignane 1) he sizemaR8tdecreased
i];%ﬁ%éofe{;}‘.‘s%/ r?(lg . ?9'?;@%%% %%gq H(?,rﬁlg ]z[)grt%?e%:lﬁépa%lggggedgr%g and their
surface area was about 0.3 m”/g. The BET surface area was only 0.01 m*/g at pH 0.301.
The pore volume also decreased with pH from 0.51 em’/g at pH 2 to about 0.045 om’/g at
pH 1.64, and down to 0.005 cm’/g at pH 1.00 and 0.004 em’/g at pH 0.301. The dye
(solvent blue-35) encapsulation 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 concems the small pores between the squares (1-20 nm).
By conirast, SEM 1is capable of measuring the larger cavities (1-100 microns = 1000~
100000 nm).
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well as the size distribution (i.e. polydispersity). Figure 35 shows the SEM
images of 20 particles synthesised at pH 1.64, 1.00, 0.602, and 0.301.
From pH 1.64 to 0.602, particles were in the size range of 50-230 Inn.
WMovegasiike particle size increased to 80-700 pin at pH 0.8B0V/AThes@BBTRS2
results as a function of pH are shown in Figure 36. The surface area
decreased drastically from approx. 430 fi2/g to approx. 92 rn2/g as the

pH decrﬁfbgﬁﬁlmﬁﬁﬁﬂ Blfl ﬁ@@oﬁam&oﬁ%awmﬁﬁo\ﬂ’aﬁé}gge te, ?&r&%c? At pH=2

beé? "5‘%: (ilthelr 25 surface area was about 0.3 m2

Siist:] NP A/ d st NWCW5§%%mm8%I%anﬂ 3
depfr&fas%d}w?hlpﬂ-l\ﬁm o pEMBlgeatesHE teHatbovE QcbdB, efpdi@@lciation rate
1 %@gggsd@ymg&ggﬁn%%%&ﬁt AHidOG AN 9%%18%]@ IS0 BLRHLOBO: ; ternal

The dye solven blue-35) encapsulation efficiency a Boé%creased wit

detiradurRgrpie ey the carct merhen s grsming e mrtkiclsaliineative neatain largely
cavifiesyaydie wﬁﬁaﬁe pﬁﬁa&t@ﬁ@ﬁ%%ﬁj{g\é&ﬁtiﬂm 14RdtNis figriBsdhe the nature of

SCHR'RRIEAIGR OIS, AR AN IS Sfisni POrple 1 AUAINS. e Sitica

hydrophobic material to he cavitiés &b
patilE: %@Eﬁ%é@@ré@ﬁéﬁ@éﬁéﬁh@ nﬁmgﬁfmpm@gmmmmm pH=2,

Sqmrﬁ&fﬁbfo&' W) sioaospeast, ]%Egg%ﬁtﬁ@? af eg‘oecﬁ\%g%%%\gwaﬁ%e silicate
min

PO T B S AN BP0 el e erctants

al ik ierarianih Sepberizatip Iﬂ%ﬁzu[tg@haﬁargl wfikbe Siik@ekSdibhed and repulsion or

Technelagys Academic Reenet 190 lslean @@Qﬁ]&&g’c&l{%tﬂ@gﬂca which

thedp decr ases to E‘Ij =1 or#ower tglﬁcondensatlon rate Increases,
leading 6 an 1|ﬁcarneas 103 Afcihe ST dioplet tﬂ\ét%‘é)‘irﬂfo@%é]ﬁ%f’tﬁ‘émg formation.
|ntéhlﬂansh§nm@méicamm9@esm1@qﬂ&nmmmwm ingHbenpastCructure

fopaiogsFrRABAImIAFIE! Y MNKD QW e ;
cha e (g)}%Z pH Iea%mtgla}%hange |(r% r%?ﬁ%r%%%%ﬁ%g%ﬁfy Iﬁe%\?v%c(reeasmg PH

iSRG AR S5 RIS JirRereehitatia dgcsride i Rfea offEgiRnd surface
Ind@@dethcaisqmodsesmddsxﬁmherpﬁﬁ nhobFienechasgeseliBHiGapapaNe of the
p'ﬂm%ac@ﬂﬁ m@&%eu%m&]ﬁﬂ'%%t%%o?&%ﬁ%ﬁ Qg %‘?E;uv dgrqa[]arge anq*he nitrogen

be =2 the silicate 10 species (i.e. the olyse omers

?RTBRPB ERfioRItFOhsRthe SErSE RS thre ﬁﬁ*@ﬁl@?ﬁcwaScﬁanﬁérm%é'mm a

SM@O&I&S@@Meoﬂ;iﬂ%t@f@%lddeﬁdﬂ&@fﬁwsd@rﬁoﬁt REAYEAANAh & non-
thsoy(% g(ﬁ{d\%%ks.interaction between the surfactant and the silica which
might result in an expulsion of the oil droplets outside of the sphere during

fo tion, Altho h no cha ges with pH were observed by
ARERE? Vs%%itg}’é é’l:é ézﬁf‘f’é’rtes the fact that the
encaps&lm effidiitioyall afectsetd withtaeet eabngmphdiengdsithetfighce of the

thishypethesisErnermens: (Be. %&ﬁ@?&ﬁa@%ﬁ%\@l%e %Q%lgurf ﬂJ]gology and

are which corres nds to a enS|f|cat|on of the spheres sug%ests
6&{5%@@1{?{%6 ciency. The surfactants used were: polyoxyethylene 4 lauryl ether,

C1aHa5(0CH,CH,)OH (Brij30, Sigma, MW 362, HLB 9.7); nonylphenol polyethylene
glycol, Coll19CeHy(OCH,CH,),0H, NP-5 (Sigma, n = 5, MW 440, HLB 10.0); NpP-6
(Sigma, n = 6, MW 485, HLB 10.9); Tergitol NP-9 (Fluka, n = 9-10, MW 630, HLB
13.0); octylphenol polyethylene glycol CsHy7CsHy(OCH,CH3),,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 Pisher 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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surfactant-silicate interaction on the formation of the internal porosity. The
nitrogen adsorption-desorption isotherms revealed that the structure was
transformed from a 20 largely mesoporous solid at pH=2, to a

WHCHNOFYE solid at pH=1.64, and to a non- porous solid atfsfi/AURN06/600852
Investigation of internal hydrophilic surfactant A range of additional
surfactants was tested to better understdad the influence of the nature of

theypigrpal @Eﬁﬂgéﬁﬂﬁﬁz%ﬁé@ﬁrs‘ggugf@@t@ Lop the particle morphology

and 25 oil encapsulation efficiency. The surfactants used were:

poROXG eI D laury] @daer, L2 )d26(OCH2CH2)40H (Brij30, Sigma,
MW 362, HLB 9.7); noihylphenol polyethylene glycol,

CgH19C6H4(OCH );.ﬁ[—d)@ﬂfé]?igma, n =5, MW 440, HLB 10.0);
NP-6 (Sigma, n =6, MW 485, HEB d’.9); Tergitol NP59 (Fluka, n = 9-10,

MW 630, HLB 13.0); octyiplsiaet jealyeshytenaetysolt-— cu,(cr,), «co
CgH17C6H4(OCH2CH2),10H, Triton x-21¥14 0 (/{ldrich, m 3(7-82,)3\§lw ]

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

wtBreet fafeshsiteshhiled by Wark Bisher titfation. Other surfactants

invgsti re POE rhjitan monostearate (Tween 61: MW 606,
HK@%&G@%@%@@ 5@%ﬁgweate (Tween 81: MW 650, HLB

10). WO 2006/133518 PCT/AU2006/000852 52 Tween 61:
C26H5007(CH2CH23V)3WHOCH HR, 08 HO(CH2CH20)W,
(OCH2CH2)XOH O CH(QCH2CH2)yOH 0 e
CH20(CH2CH20)Z_iCHo B4R CEMB IR HE R 3C TWe B g1H=CH(CH,),CH,
C26H4807(CH2CH20)4 W + X + y + z = 5 HO(CH2CH20)W

(OCH2 Hi%%f O i HOCH2CH2)yOH 0 5 i ‘
CH20( ?Sﬁszfi‘éﬁéﬁ -E9CmIYRE Pt R e prrording to the
sy‘ﬁmswmmm&@mé domuibng ohdiachomate Nellaesnaoadrding dacpeulation
"l eraresisAaneltinnshoR s ibesl Sa I EXEaRE WheES.staled s The
encapsylation efficiencies and particles morphology results are

summartSEq1h B 6T 408G chevribré sl datmenl absbetatope and

tha@mh@ﬁrm absel sigotfintitypifcandnabapanicatinophve gigadicanipeHiests of the

e RS P AR LTI, o
results were obtained by using Tween 21, which has HLB 13.3 and 4 PEO units. In this
part of the work, other types of non-ionic surfactants with HLB values between 9.6 and
13.5 and PEO units less than 10 were tested.

Compared with the encapsulation efficiency of solvent blue using Tween 21
{approximately 38 %), the encapsulation efficiencies were low, ranging from 0.5% to
1.8%, when using NP-5 or NP-6 ag internal surfactant. Spherical particles were produced,
but the particles did not exhibit vacuoles inside the silica matrices (Figure 38). In
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
significanily different from Tween 21.

Tween 21; Cg()Hg,gO'y(CHzCHzOb Wrx+ty+zn=4
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results were obtained by using Tween 21, which has HLB 13.3 and 4 PEO
units. In this part of the work, other types of non-ionic surfactants with

HLB values between 9.6 and is 13.5 and PEO units less than 10 were
Wiekted/iGBmpared with the encapsulation efficiency of solvetiReauwsipngss2
Tween 21 (approximately 38 %), the encapsulation efficiencies were low,

EF|%‘&ggfrom 0.5% to 1.8%, when usingNP-5 or NP-6 as internal
g produced, but the particles did not

exhlblt vacuoles|insige the silica matrices (Figure 38). In 20 addition, the
encapsulation effifencytitie¢Easdavierhbout 12-22 % using NP-9 as the
internal surfactant. The encapsulation efficiency When using Triton X-100

and Triton X- 114 was @St Te86 Anier-bhly-a sl dhictneefidye was
encapsgiatg mslr(gu%mﬁ@ ARassibipdeasandoniiie Repransulaiomd a big

ffic bse th dB lates to th
TR e L PR A, HEHABe s RREa B molocues
diffensist fob toidgvEeer? Thiine en24in@2 0k88@HiGH 2@HROYBophabic+ppres.z If one
= 4 WR:2008/ 31%3@&5%5}1%%&9%@9%@2 t@h%&%&gﬁw{m@ hydrolysed

(OCH2CH2)xOH O i HOCH2CH2)yOH 0 _C H20 H20)Z.q
CHBeHPEEESOT [958R Yosaieneln B3 § EEH fe S w&a Rk, that the
shwtdaydraphabicatafamirai kifedydie rﬂaﬁilyheaﬂ ﬂ&ﬂthqbfﬂm%ﬁﬂ%&@lay be more

Unifs, WHEIGRS é'i‘ ygrreér %&%ﬁ&gﬁ%&ﬂ‘% CUIESh O ﬁ'%ts%{ RNGINSAN motecute.

ophilic an obic parts one s assumes

chains contalzégﬁ
thabtHewtaTa F?sﬁa%éﬁ%i@ﬁ‘eérthﬁfh HigaioshicH Grsalikpiiieto adopt a linear

hywmgseﬁloslgllmnmum&m@ﬁmmmﬂwm@m@y e REGh ity tkheékﬂected not
apRears ey bat e Tween tuele can o mieglies Mot casey pected 1o
e micel es ormed may e more st e pecause olptﬁe presence (ﬁe

mé?éoma*heoﬁqen%mhef seercalrigleradlrrantartnofe caé soByEdnaisencapsulation
malesilasoqiciRe atbasauriagtante sl d&ﬁ@é&aﬂk@%& @dﬁ@é@kj RESEIPnot be too

confi uragiogg1 and th the ceII sforr%e these SL:Ir aé[p Ets ma laf
be Expétid Rofte” "s‘:’? 5 aresult the n>? Ular Striciire st the pewation

TwdeH.surfactant is expected to favour the formation of spherical internal
Compari’ﬁ@éﬂ% aRdEewaaPla the encansuiatpmafe kuloeVer mhgen 21 (shown

lengt anchor een facta hould t be too |ong
et S BF POl o FilBeh B 8P BLETGIEE £ i, Tveen 61
engapsulatorsliEbitf bightnben tﬁasanﬂ "Irwv:e&ﬁl Bl\hfrhdvém simdjeautmidectfiariencies

SUMEHHE & FReh¥E &5 ek S1OWMBwer than with Tween 21, In contrast to the systems of NP,

Triton and Brij surfactants, the high encapsulation efficiency of the Tween surfactants
suggests that oil droplets are encapsulated inside the observed cavities, which can be seen
in Figure 39. The concentration of Tween 61 appears to have no significant influence on
the encapsulation efficiency, while the encapsulation efficiency was decreased to some
extent with increasing the amount of Tween 81.

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
Gili/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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above) and slightly lower HLB values. The encapsulation efficiencies of
the Tween 61 system were slightly higher than those of Tween 21, while
the encapsulation efficiencies of the Tween 81 system were lower than
Waithbnasers 21. In contrast to the systems of NP, 20 Triton &FitlABiijios/e00852
surfactants, the high encapsulation efficiency of the Tween surfactants
suggests that oil droplets are -encapsulated inside the observed cavities,
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Figure 40 shows that the nature of the internal surfactant influence

povoue Sttt s Ry sk bR plsissiHE v he st ma e g skplained
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region, suggesting homogeneous pore 10 structure. Particies made Usih
TiveetBl AP gERthibREUPEPioh bRy dhscnasEIROBIEY e Bmreasiuoles, are the

w  pasticlesrmagdedusioy TwasnBaanGRD displgyedaR iseh eIt to a higher

eéE,qnsivFﬁLo,r is in thr[%hm soporous.yegion that sugge tsa"ﬁottle-n ck"
e B R SRR B 0 iroms
diffetetiitesu At amnesS0onitianthior exagplat role of the internal surfactant in

the internal MOrRhRloEY, fthe-spheres and, as ;Vribed below, in their
release.pehavioyr. The absence of correlation between the EE wu )
n psula%oeﬁ %ngéi Nt qﬁeﬁﬁ {ie %1%8?%%6% 8%?%8‘?%@& F#&%\rﬁ%‘?)@rrﬁ Asplaved in

= expldinéd Ibyetserfhcintistting ritcoidermdisolptiomiéypdeimestd dlte encapsulation

3G

CharaeiRNSINgItA’ PR Enation of broken particles.

In a typical synthesis, 58.123 mmol TMOS and 0.714 mL limonene were used. If it
is assumed that the sol-gel reaction yield was 100% efficient, 3.492g of silica would be
produced (MW 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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;tracstiire on the nanometer scale, thus neglecting the macroporosity

which is apparent in ¢ SEM micrographs. As discussed. above the
macroporosity, i.e. the vacuoles, are the voir for the oil encapsulation and
Wempsasenge can be linked to a higher aieapsulation efficiepepm ke vonssz
diameter of the vacuoles may be from 10 nm to 50 microns or between

50 ran to 50 microns, for example. q Inefige of the quantity of internal oil

Th@ﬁ;taﬁa@ﬁmﬂfasg%%md&?g%ﬁéﬂﬁ%ﬁéﬂpﬁ@&e%@9&“{% (SIS A€ ubling the

displayed in 15 Table 9. In general, increasing the intefnal oil quantity
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X.

abott P8 UoPDRTH %1 limonene (encapsulation efficiency of

SBLIB11Baws) of heeB3Hraserage pore volume for particles made using

Tween Glywnder ipicabswiesiz coRditigas.is 18 Ig]%/ﬁea&{j #he ﬁfc%rfsuiaﬁon
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duiiiRy BerE pihpisscatius tedvping ther werppatedometfitietien dtbwepentioteshort a
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precursor condensed very rapidly to form microparticles. The results

sh ' ' igi « Was obtained for a stirring
timggy ﬁ%%ﬁ%%%%ﬁ%@ﬁ?pggg{;ﬁ@@ﬁ?égﬁ%ﬁ%}{g\?{the Is stirring time, the

more oppSRFRPH SR Wikude wireh BSe19e4s Y desfepy the double

emulsion structure. However, the present synthesis requires a double enmlsion which is
only partially stable, and thus a small amount of methanol can be tolerated by the system
without significantly influencing the particle morphology and encapsulatién efficiency.
During the typical synthesis, the methanol generated during the hydrolysis and
condensation reactions is evaporated prier to the mixing of the sol-gel solution 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 aleohol can be tolerated by the system, 4 or 10 mL methanol
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into the outer oil phase, thus reducing the encapsulation efficiency.
However, too short a stirring time is not beneficial as it does not allow
sufficient time for particles to attain sufficient strength to withstand
Wiltr#tion3xsd3Bme SEM micrographs display the breakage of 86/ pERien&80852
(Figure 43). The particle size remained unchanged for different ageing 20
times, but more broken particles were ob&erved for longer stirring times. 4.

Influengeief thadneatbangl eyaparation.aad.aqdit
generated by hydralysis of TMQOS can poteng% gnges ro Eg}ﬁ%ﬂ%bsugmdmons The
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emutsigiveiicrhis: ielypactiaty stadl € sant ;ﬂwfoa SnalbaBRoMAt 025 Jum for the
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varlathnrép t roce
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(fiBRe Bt Bt enmeie e Ariasio W aré,f@ﬁé%@hq:feaolymer in
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erorith e addisionel detaiueiarch TedpetBver 1vhile the partlcle size
was S%Mmd@rowﬁﬁ@fﬁiz@éa&eai ROz itk Becdelieind RE.cone iy of the

e Figure 45. 5Thea |nofmthano
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Sizd&l9RcdrarRaraton i Goditonal Meliasdkou the15ize ot dha: 6oy (%:Qﬁ?‘cles had

mcrgae(e and 1the nﬁé}gber of cavities wjthin the silica matrix was ré

(Fighite 45)5 Tatitenct of I BB HEr THIBUREF O g & Brbyhgwed that the
sterdiensiaiistighiteidntic inffesteds withlitioncefiRERpan Bk ovatertpiiase Hide results

k HB@;}&E@?&Q}IW A RHGP8R '11@@(49*&%9@5@1'89%&%‘31@ IEORNETRR; improve
%mer i the er oil phase only was investigated. H

(Aﬁ% %Sﬁgb ’(?1‘8’%%3’ MW: 370,000) and EC7 (Ethyl Cellulose, MW:

64 4001)«11%17@@9% ehymicahsyntb&siseondidiens ivpreve sach wathiieof EC7, and

addijonatdeipisAiveRRIIABIES 48 Adchation as had already been established in a
previous study. The large amount of EC7 did, however, have an effect on patticle
diameter, producing noticeably smaller microparticles (Figure 47), which is possibly due
to increasing viscosity of 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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1s Addition of HPC appeared to have little effect on the size and
morphology of the particles produced (Figure 46), with a size range of
20-200 m being obtained in all cases. In all cases, the particles appeared

WERIB0GMBRS 18t low Span 80 concentrations, but when the coPEEniatisiEBs2

Span 80 was increased to 0.6 molfL, the resulting particles had a dark
blue colour. This is consistent with previdus work which showed that the

2Q40GapaulalioBHiCHRRY MIETRASESHANY INRERASNR%RRAN B to wash further.
HPC additjon has little effect on

tration. Th It t that
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fughgh.d1ydrophilic surfactants such as Tween 20 (HLB 16.7) and Tween
80 (HLB 15) did not_remove Span 80, but left residue on the particles, as

confirmed BPtissieRbtrerae tedmsatiehifombifiraenabairerholioy of the

thdlimakamiady sis)ctraca. faclorl iifl oneel i ghBeEARSIBIBHTAD FIRASR A  release
ili icle r esised according.to the typic nthesis
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pasti made at pH=1.64.while more than 7Q% was released from the 10
pgﬁic e?srr?g)gvee%feg £ gtugg ?ﬁgeé}t)ﬁﬁ%? fé?ﬁ(‘:l%g%ﬁ?epﬁf“ﬁﬁ-—siz,%’(ﬁwmaws
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most of the dye was released for all types of particles. After that time, the
réafhianreybivasneleagtidatenly i od Bdiaises:aldhe synthesis pH

appeags QNG %w&gﬁ@& lﬂﬂﬂg HGEOl é?%ﬂﬁé&ﬂ%&%’ S%E%Qc%ant at pH=1. The
encapsulation efficiencies of $B-35 (19.6 wt.%) were approximately 50 % of that for
particles made at pH=2, and were independent of the mass of Tween 61, as in the case of
particles made at pH=2. The particle size of particles made at pH 1 was about 106+58 pm
and remained unchanged at various Tween 61 amounts (1 50-600mg). 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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is silica matrix, which is a factor in controlling the release rate. The
difference in release rate between pH=2 and pH=1.64 may be explained
by the different porous structure as revealed by nitrogen adsorption. As
Wisguwsgeeh previously, the pore volume and the surface areB(74liaosiess2
matrix decreases and particles became denser with decreasing pH. Thus
slower release might be expected. In addition, since the particle size
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distribution of the corresponding samples. All samples had approximately
th%lsﬁﬁ@%ﬁ“&“ﬁ&r@pgfi‘éoés measured by DFT and BET. Similar

encapshiatian @f{isjenuiesoadghedypphobim e fsRive(tRiug) WaIe WD) structure
2@9@%&%@%@ E’a%i}é%%%c%%g’u (ﬁge%ougs%z%g% obtglllr%ed under these conditions
( g

about 19.6%), suggesti & encapsulation f rﬁf/?:igr‘q’oﬁhobes shows little
dependence on the meso/microporosity of the silica matrix. As mentioned
i I;)1§ulati(’)/rﬂfl‘;ficiency appears to be linked to the

—ihich @5-nidt measurable by mittrogen adsorption:

g, the pore 5 si}@piastrib utiom apEedvBNER a3kEY, idnowder
cont@illing the release of the oil from the vacuoles through the Silica
matrix. The larger the pore size the faster the release. Alternatively, faster
rglease for higher quantities of internal surfactant used may be due to a
h?é%%?’ﬁf?ﬁ’ﬁ‘ti% Bt sty eH daptinatity duerr ihdhporein Figure 53,
whidhtiwastaidenitatditheisokdpiisation ofig entrapperChydreptmahe gooa 0.9996)

r . FOCaR i t bi terials 9.1.
%ﬁ%&%ﬁ%ﬁ_ofdiurgg}%ﬁ%e%%ﬂgg%%ﬁ%@p %/Irr% )-1,1-dimethylurea)

[Sigma HiRSSH et s fsuibe g emiedissincreniitising described
thendisrydntyeracabs. S of all components were halved, Diuron was introduced in
the internal oil (the hydrophobic phase): 2 mL (90 mg/mL diuron in THEF, here THF is as
the internal oil phase). The internal oil phase is THF with the diuron concentration
90mg/mL (here THF is the internal oil phase).
After synthesis, approximately 50mg product (i.e. particles) was added to 50 ml
methanol, and the suspension was stirred for three days. Particles were separated by
centrifugation, and the supematant was extracted and filtered through a 0.22 micron

celtulose filter before HPLC analysis, The organic phase from the reaction was diltuted

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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CI NH-CII -N - CH 3 Diuron, MW 233.09, white powder 15 Cl The method
of reverse phase HPLC (Waters) to quantify diuron is shown in Figure 53,
and the standard calibration equation is: Areapak = 110340Cd,u,.0" +
V3YBP(RAE 0.9996) for a diuron concentration between 2Pg/PiUaied/ HOEE2
g/mL. 20 The particle synthesis was the same as the typical synthesis
conditions described earlier, however tffé amounts of all components

weismahied. Pi %gﬂn\uﬁsﬁﬂéfﬂ@hc@ﬁh&% g dnen L {helyde Rﬂgmlﬁount lost

phase): 2 mL (90 mg/mL diuron in THF, here THF is aS the internal oi

ASEEK SRR 5 SASEE PSS HRRAE REFBFE G BRRIGHe o sccoun
9@mufmivi ol ne FeiHngothie impermadl pibphasehe2badlites SPnithBSsigpected to be low,
chleet dull Y iR i

methanol, zﬁﬁu,téhéﬂ gﬁfy%%%%r? IWas sﬁkr%gﬁ)%ﬁmggggg %%rﬁ? S were

S ted by centrifugation, and the supernatant was extracted and
fi?e)?eﬁgz?ﬁ%tggﬁog #;fg %3%urcoéf]ulose filter before HPLC analysis. The
organi®phbfevienrthere setipicdvhy Ghgsbdnigithidryabdetbridandiilteregonents
tosfigtermipg, tha@meuNt@lainoniast dwinag.syiness diie 8% oil (unknown
correspanding SEM images re shown ir]Pglgure 4. The low value of the ,
o SBOEHAO S RIS SR G RETERS Sl e I ag ecaioerd 27.50%
fréivabaloftdiseomifeing aeiewedﬂmmatbmmi,(mgmogmiﬁtguoﬂglﬁnmbﬂm density
WD 2005ASARRP T8 290P0ANBE2-5% Erethaneh S AR IS shown
hl%g Dg‘{gcagc‘rsisulatlon efficiency hased on the amount lost™ during synthesis

m

SIRSE SSerat- P heRsiaiap abbesildlam mito account
diuron which passes into the aqueous phase during washing. This is
expectddat@ be [V, however, because the water solubility of diuron is low
(42 mg/L at 28 C). s 9.2 Encapsulation of basil flavour oil. Basil flavour oil
was suppligd by| Quest International Ltd. The main components are:
44.45% MCT oirfedium chain triglyceride), 10.00% Basil oil (unknown
composﬂtion but coAtains a number of vegetable oils), 3.00% linalyl
acetatejiand 27.50% linalgol. It also contains, amongst other
cemEsnEQs.eugenol and leucalyBBeobREWehidSicamitessdiritavour|oi
is 0.9519 g/miL at 20 C. Linalool (molecular structure shown below) was
selected as a marker for encapsulation of basil flavour oil. H3C\>OH (~ |
I Standard solutions were prepared by dissolving (&)-Linalool (Fluka purum, >95.0%

GC} in methanol in the range of 5-100 pg/ml. (stock solution: 2.000 mg/mL). Linalool
was quantified by reverse phase HPLC (Waters) using an Atlantis dCy3 Sum, 4.6x150 mm

column with flow rate of 1 mL/min and UV/Vis detector at a wavelength of 208 nm.

Injection volume was 20 pL and the mobile phase was varied as follows:

Time (min)  H,0% MeOH%

i 30 50
2 50 50
20 5 95
22 5 85
25 50 50

30 50 50
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> CH1 Linalool, MW 154.25, colourless liquid H;C CH3 is Standard
solutions were prepared by dissolving (f)-Linalool (Fluka purum, >95.0%
GC) in methanol in the range of 5-100 g/mL (stock solution: 2.000 ”
WiyPhee/ y35Halool was quantified by reverse phase HPLC (\RFEE&SYEY196iHE52
an Atlantis dC18 5m, 4.6xI150 mm column with flow rate of | mL/min and
UV/Vis detector at a wavelength of 208 #n. Injection volume was 20 pL

and thetnohileahasaivas iR iRllows; 20 Timeming H20% ) oe, 105 (52 -.

%.. 1 050 20595 2%}5 95 25 5050 30 56"‘%’6’WO
zo%%%%%f@“b%%ﬁ%ﬁﬁ%}&b@é@%ﬁﬂ Ser PR Tavaur ¢ e dabsmanehinhe 31.52
is:rapeak = 2.54x104 Ctnatoor + 2.98x105 (R2 = 0.99925). The
'maloolwt{@s%ﬂﬂmwéé&aﬁmu{ Lilyvas gdeterni %at&g%ﬁ?%m Zonditions,

0. The rtlcle synthesis was carried out according t

ﬂ%‘feegeé rPdﬁ’t%lH o f%&%%%@%eﬁﬁ%f%ﬁ%mm@mgg product was
hain!edd Mthﬂ@ﬁﬁhté’sm,e&faﬂul, igiphedugiewsdsn mmm&w@&@m%r two weeks,

melianeh 904 s HEIRINEn AU S KOS IO WO WEBS. ) o ired

Particles were separate centrifugation and the superna an

extPRtEb P S fisren Cﬁih{@w &@Q@efﬁﬁ@r%ﬁle@mmiy@w@wb@mmm from the
anglysissishesaligasicipldasedrom: the systessiwasgiuted IR d: of hnalooi lost

ac t determ the amoun flln lool lost 10 during the
en%%%ﬂgﬁa%%%% %%:%%% geesx e}%ﬁr?)é arresults e%‘?‘ésseﬁ&ﬁf?wpfﬁg qﬁqt It was
wasSHaed Hd atl%h@@ﬁaa@gmamnyeqﬁ&;ednwmhmnémcbms that of the basil
ideiitical to that of the basil oil. The encapsulation efficiency based on the

ticles was about 2-3% for
partcle SR S, Bl R i AP Dbl eondpased from he

particles made Using
datfmsticigstMasarheini- é%ﬁerln%ﬁﬂnbbmﬂaotamg B3g MalaolWvas internal surfactant.

engapsydatgde iHbeencapsuiatpepificienckiz Gale %%%ﬁgg%e%%ﬁpﬁated If the

amount f linalgal lost in the 0 phase the encapsul lencies
oy RS s ﬁ_%gg}ﬁmen 5%{5’3 %Y érmount of linalool lost in the organic

phase, the encapsi)l(;tlon efﬁcmnmes are around 15%, except one value of 40%. The
difference between these two methods for determining encapsulation efficiency is
possibly due to linalool evaporation during drying of the particles, and/or to incomplete
collection of the silica particles. Figure 55 displays the particle morphologics made using
different synthesis parameters. Similar particle sizes and size distributions were obtained

at various conditions.
Conclusions

Sol-gel processing by utilising an O/W/O double emulsion was successfully used to
encapsulate hydrophobic species in silica microspheres, Different processing parameters
such as the internal surfactant, quantity of internal oil, the mixing time etc, have been
varied in order to study their influence on the encapsulation efficiency and particle
morphology. It 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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difference between these two methods for determining encapsulation
efficiency is possibly due to linalool evaporation during drying of the
particles, and/or to incomplete 20 collection of the silica particles. Figure
WIE2HefEyEthe particle morphologies made using differen®&ifithadie 00852
parameters. Similar particle sizes and size distributions were obtained at
various conditions. Conclusions Sol-gefhrocessing by utilising an O/W/O

deublelemmisieniyas: %Hﬁﬁ%%sgfgﬁd@%gg BefeaRUGARS HAte Nydran (%P Eii%'ﬁciency.

species in silica microspheres, Different processin parametePs suc

the in é‘?ﬁ%ﬁ"&ﬁ%ﬁ%‘é&%ﬁ%ﬁ%HS?\H@%%&%%S&}F%H% CiRecHiasdey-have

been VEiauriiclsrdiae toasthdydheilinfiuenegiog the @RcaRaHal B the internal and
etitiansy AAARICIE AP IO WS ROSSIRIEIONAY (he quanty.of

hydrophob:%mate[ials enc%%sulated Inside silica microspheres, a eff Aipctant
to RSB HET B EisHRUEETEyTarying teassls sbegeheesteion of the internal
pmc&s&in;gjﬁaraﬁseﬁéﬂs.ﬁ[@ea@ﬂﬁfﬁl@ﬁﬂh@tm Qtﬁflictﬁﬁg)ynm%;% gg)glg%l@lg R 1n
Vapingd of-the internal. sudactant, the guantity of internal oi
introduced grﬁ%é%@s%r%n%%%gﬁ%% fhahn s e&c‘éggfr%ecﬁ’?g?ﬁgl in the
sol-geF$dfation! TheEsEkieshail spe dyreeatwitrdthy tromdeling the porosity of the
enttapstlatioeffigiensy.cideveales H ARen ofehsaneh

mASTOROIGS (16 LU0 20001 3513@% R Boroene %%%38 pye AtpH
whefe é Ol U opIore B oGS SErs S8 HACTRRS eon S5 sikitiaR the release of

efhﬁi@ﬁcy. No macropores were observed when the encapsulation

efficientie s Jowesthe pattigle Size May.6e I ing th
cglqgaegﬁriggon qfﬁh? in}i%%qal and exterpa}#sﬁgi%?:ttéa@n%ga de%ﬁéyplﬁfﬁgnmables

the concentration ot the InterRal & atit4Ar S epbERss Sngheggarl 6 thiie release.
debie asenismsehgglosts thattentntepplohthednie i suéagiamucts in beauty
injeEACiSpaiithniBe Secend RUHAC NN s nfluences the particle size.

In addition, the particle size increases significantly when the pH

decreases. Release of encapsulated oil can be controlled by controlling

the porosity of the silica matrix. This may be controlled by adjusting the

pH of the hydrophilic phase. At pH 10 < 2, the quantity of pores and the

size of the pores decreases, thus slowing the release of the oil. The

above results indicate that the process of the present invention enables
encapsulation of hydrophobic species in silica microspheres and control of
their release. This promising technology has potential applications in

release of products in beauty 1s creams, perfunes, drugs, food, and

cleaning agents, etc. WO 2006/133518 PCT/AU2006/000852
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W ertsAEI06/000852 63 Table 2: SB-35 encapsulation effeféhEyfie/8pezs
spheres made with mixed precursors gGample A B C Precursor 25 mol.%
MTMS 25 mol.% PTMS 25 mol.% VTMS 75 mol.% TMOS 75 mol.%
TMOS 75 mol.% TMOS Dye encapsulation efficiency 38.5 wt.% 4.8 wt.%
15.6 wt.% direct method) Dye encapsulation efficiency (a): 22.5 wt.%
(indirect method) N/A Release in cyclohexane (b): 20.4 wt.% Release in

dodecane 5

‘Table 2: SB-35 encapsulation efficiency in silica spheres made with mixed precursors

Release in cyclohexane

Release in dodecane

(b): 20.4 wt.%

Sample A B C

25 mol.% MTMS | 25 mol.% PTMS | 25 mol.% VTMS
Precursor

75 moL.% TMOS | 75 mol.% TMOS | 75 mol.% TMOS
Dye encapsulation efficiency 38.5 Wi 4.8 Wt

Swt, .8 wit.? . %
(direct method) ’ ’ 16wt
D . .
ye encapsulation efficiency (a): 22.5 Wt.%
(indirect method)
N/A
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Table 5: Comparison between the earlier process of Fig. 27 and the present process.

‘Earlier Process Present Process
System Requires a table double [no need for stable
emulsion emulsions
[water]/[precursor] 4 2-8
Catalyst base Acid
O4/W to O, volume ratio <5% Up to ~20%
Thickening agent HPC None Required
Particle size Nano Micron
Reproducibility Low High
Yield Low 99%

Encapsulation efficiency

(as reported in paper)
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B (U r- 0) -C WO 2006/133518 PCT/AU2006/000852 66 Table 5:
Comparison between the earlier process of Fig. 27 and the present

process.
Table 6: Synthesis results (pH=2) by various non-ionic surfactants and amounts.

Surfactant Weight added E.E. of SB-35 Particle shape and size*
NP-5 0.6g 0.5% Spherical: 136+81 wm
NP-5% 1.2g 1.0% Spherical: 88+53 um
NP-6 0.6g 1.8% Spherical: 129480 pum
NP-G* 1.2g 1.1% Spherical: 40436 um
NP-9 0.15g 12.6% Spherical: 111+74 ym
NE-9 0.3g 16.0% Spherical: 110£65 pm
NP-9 0.6g 21.7% Spherical: 65340 um
NP-9* 1.2g 13.3% Spherical: 63439 um
Triton X-100 0.6g 13.1% Spherical: 67459 um
Triton X-100*  1.2g 8.4% Spherical: 16413 pm
Triton X-114 0.6g 8.2% Spherical: 121496 um
Triton X-114%  1.2g 15.8% Spherical: 19415 pm
Brij 30* 0.6g 0.8% Spherical: 118+50 um
Brij 30 1.2g 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: 120450 pm
Tween 61% 0.3¢g 38.1% Spherical: 134+69 pm
Tween 61% 0.6g 38.7% Spherical:83243 pm
Tween 61* l.2g 37.3% Spherical: 82433 pm
Tween 81 0.15g 36.5% Spherical: 106280 um
Tween 81% 0.3g 35.4% Spherical: 134492 pm
Tween 81% 0.6g 22.3% Spherical: 9639 um
Tween 81# 1.2g 24.1% Spherical: 91+38 um

*' 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.



‘Earlier Process Present Process System Requires a table double no
need for stable emulsion emulsions (water]/[precursor] 4 2-8 Catal st
base Acid O1/W to 02 volume ratio <_ 5% L7 to -20% Thiclcenin agent
Wip#iétédRequired Particle size Nano Micron ReproducfiSiffiy Y 8Rshigs2
Yield Low 99% Encapsulation efficiengy (as re orted in a er) 5 WO
2006/133518 PCT/AU2006/000852 67 Table 6: Synthesis results (pH=2)
by various non-ionic surfactants and amounts. Surfactant Weight added
E.E. of SB-35 Patrticle shape and size* NP-5 0.6g 0.5% Spherical: 13681
PR NR: Tk 26k 0%, SRNSHRKAR1 53850, NP-6 0.69 1.8% Spherical:
12980 pm NP-6* 1.2g 1.1% Spherical: 4036 m NP-9 0.158 12.6%
Spherical: 11174 pm NP-9 0.3g 16.0% Spherical: 11065 pm NP-9 0.69
21.7% Spherical: 6540 prawhi:9* 112¢p&s3. 3%1515&&&“0&16@39 1N Tween
TritonX-100 0.6g 13.1% %qherlcal 6759 m Tr ﬁn X-10Q*1.29g 8. 4
Spherical: 1613 pm Triton X-114 0.6g 8.2% Spherical: 12196 m |ton
xAHGohibg 15 896 Sphefical: 1911% m Brij 30* 0.6g 0.8%9 Spherica®
1]2&5&@% BeigB0 1.29 115490 Brokgpgparticlegds.E.: Engapgulationsg
ef of SB-35 (solvepf blue- 35 e) *S image shown in
e kS Ward devibhine. s wele

"The average particle S|zes and standard devi
Hadepraed o Beaddlifg 20 fafticles fréM?BEM irhadds. TaBls.3:

Smaﬁlaes»so(ﬁmb&)(gﬁﬁéws by Tweeng®igand Twegn 81 atyagious aggunts.
S%Q%?}?Qﬁl%?ight added E.E. of SB-35 Particle shape and size

BJH  average pore (.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 ~{
Efficiency (%) of dye

s Table 9: Influence of the amount of intemnal surfactant and oil on particle size and

encapsulation efficiency

Surfactant Limonene added iﬂ of SB- Particle shape and size
Tween 61: 0.6g 0.714mL, 38.7% Spherical: 83243 pum
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 1.428mlL 6.9% Broken species

Tween 81: 0.6g 0.714mL 22.3% Spherical: 96::39 m
Tween 81:1.2g 0.714mlL 24.1% Spherical: 91438 um
Tween 81: 0.6g 1.428mL 14.4% Broken species

Tween 81: 1.2¢g 1.428ml. 8.5% Broken species



Tween 61 0.15g 36.1% Spherical: 12050 m Tween6l* 0.3g 38.1%
Spherical: 13469 m Tween 61 * 0.6g 38.7% Spherical.-8343 pm
Tween6l* 1.2g 37.3% Spherical: 8233 pm Tween 81 0.15g 36.5%

V&P RMGEAPSID680 pm Tween 81* 0.3g 35.4% Spherical: 1341{F54b3§06/000852
Tween 81 * 0.6g 22.3% Spherical: 9639%m Tween 81* 1.29 24.1%
Spherical: 9138 m *: 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. WO 2006/133518
PG ( 8 | vari internal ... .
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surfactants. Tween Tween Tween Tween Tween 21

unit8%8 5820 MoleculaFRerd532 606 650 1Bawials shandapdvsitae

13886 10 16.7 15 BET surfege area (m2/g) 43%&,&9&1499@416&‘%
322.8 Pore volume (single 0.51 0.29 0.28 0.13 0.43 point) (cm3/g) BJH

averii®pore 0.54 0.18 0.4%720 0.44 volume (SiAbEyBIH B age pore

4. 7026y 2.70 3.53 4.53 diggmeter (ran) Encaps@gﬂa%g@.flzgg@ &%6 -0
-0 Efficiency (%) of dye s Table 9: Influence of the amount of internal

surfadaht and oil on partid®i2e and encapsulafiBhegfitideyI6. Bnof SB
Surfactant Limonene added 35 Particle shape and size Tween 61: 0.6g

0. ) % ical: 8343.m T 61:1.29 0.714ml_37.3% .
SRy e R ot B ot el gpdptbgncapslation

S TWAKHBY: 1.2g 1.428mL 6.9% Broken species

10

Evaporation time E.E. of SB-35 Particle shape and size
1.5 hr. 38.7% Spherical: 7327 um
1 hr. 36.5% Spherical: 70+30 pm
0.5 hr. 36.0% Spherical: 98£63 pm
Without evaporation 36.7% Spherical: 100251 pm

Table 12: Experimental condition for HPC addition.
Cspango (molL))  Mgpe(g) HPC carrier*  Oily

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

0.3 124 decanol decanotl

0.4 12.4 decanol decanol

0.5 1 2.«§ decanol decanol

*:(1) 25 wt.% HPC dissolved in hexanol which added into outer oil phase.
(2) 5 wt.% HPC in decanol used as outer oil phase,
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Tween 81: 0.6g 0.714mL 22.3% Spherical: 9639 m Tween 81: 1.2g
0.714mL 24.1% Spherical: 91+38 m Tween 81: 0.6g 1.428mL 14.4%
Broken species Tween 81: 1.2g 1.428mL 8.5% Broken species WO
VRuEAEE5IE8 PCT/AU2006/000852 69 Table 10: InfluenceP&THAEABENBHS2
time on particle size and encapsulationgfficiency Ageing time E.E. of
SB-35 Particle shape and size 5 min. 37.2% Spherical: 11871 m 10 min
44.7% Spherical: 11452 m 20 min 34.5% Spherical: 120160 m 40 min
332l Shifbpeaindias6phtidmfterl 7 infisence of the methanol
evaporation fime on pafticle size a ulation . 5 efficiency
Evgg"é“r%}t%ﬂo ﬁt@e EE o Paﬁrltgjijgz%l R 5 . 38,706
sphérical: 7327 pin 1°hr. 36.5% SPfferical: 7030 pm 0.5 hr. 36.0%
Sphérical: 9863 pm Without evapaygtignra3615%0Spherical: 10051 pm
T 12: Experimentgl condition for HPC th . Cspn 80 (mol/L)) Mu
pc?&()% HPC carrier* O%[fO.Z 4 hexaﬂ%'?%(ilago géi%%mo.z 8 hexanol
cyliéhexane 0.2 16 Hetanol cyclofiBketifel:28-138 wone cyclohexane 0.3
5 riope cyclohexane 8.6 2.5 none gyrighgxaRe; d)G.m 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
whil-aaedinsesneddedbin shislsbexae(2) 5 wt.% HPC in decanol used as
outer oil phase. WO 2006/133518 PCT/AII2006/000852

Table 14: TGA/DTA results at various washing methods

Method Surf./(silicatsurtf.)
1*  3x15mL Imol/L NaCl + 3x15mL water 8.9 wi.%
2¥  6x15mL water 11.9 wt.%
3 Tween 20 0.1% 3x15mL 17.7 wt.%
‘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.%
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.



70 Table 13: Experimental condition for EC7 addition* Cspan so (Inol/L)
MEC7 (g) Particle shape and size 0.2 5 n/a 0.4 5 Spherical: 15-60 4m
0.2 2.4 Spherical: 20-100 m 0.3 2.4 Spherical: 20-138 m 0.4 2.4
VELHEFEBE180-160 m *: EC7 was directly added in cyclohe¥&iér B0 inrass2
14: TGAIDTA results at various washing;methods Method
Surf./(silica+surf.) 1 * 3xI5mL 1mol/L NaCl + 3x|I 5mL water 8.9 wt.% 2*
6xI15mL water 11.9 wt.% 3 Tween 20 0.1% 3xI5mL 17.7 wt.% 4 Tween 20
0.1% 6xI 5mL 41.1 wt % 5 Tween 20 0.05% 3xI5mL 18.4 wt.% 6* Tween
2 v : Q ween. 20 0.01% 3xI5mL 37.4 wt.%
LR o0 B oo ot 4 SRR SR T e o
10 Tween 80 0.1% 6xI5mL 36.5 wt.% 11 Tween 80 0.05% 3xI5mL 15.2
wit%wdatr cTween (B)0.05% 6x15mLi 46.9 wt.%pdl3 Tween & 0.01%
BX%LS%%G wt.% 14;. ween 80 0%12% 6x15mL 14.1 wt.%, *: TGAJDTA
20

diagrams provided In Eigure 48. WO 3006/133518 PCT/ALY26b6/000852

71Btabry s T dignBRTres ults B2 Hiffere @ount of MidGal
suiagianisotpdibmfwean)61 massy(mg) 150306600 BET, gurface area

(m2/g) 96.5 62.0 309. ET avera ore diameter (nm) 2.252 2.617
2(%8g ﬁ/fé’é]llé?ﬁ %(5%9(%% eter (nm) 386553 2.188%0640 Pedidf pores (nm)
(DFT) 1.952 1.916 1.987 5 Table 16: Experiment results of diuron

s engsRsIasd SHca MICEARBFIEIRSH encapsulated silica microparticles.

Tween 21 0.6g 0.3g O.16g

Product 2.635¢ 2.344¢ 1.794g
particle sphere sphere Sphere
Recovery' 71.1% 69.2% 64.75%
EE based on released” 7.43% 3.86% 3.52%
EE based on lost® 36.36% 34.64% 38.78%

1: Recovery = (diuron in powder + diuron in organic phase)/diuron added
2: BE = divuron in powder/diuron added
o 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 0.35mL 0,70 mL 0.35 mL 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)/linaloo! added
2: EE = linalool in powder/linalool added
3: BE = (linalool added — linalool lost in organic phase)/ linalool added
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Tween 21 0.6g 0.3g 0.16g Product 2.635g 2.344g 1.794g particle sphere
sphere Sphere Recovery' 71.1% 69.2% 64.75% EE based on released?2
7.43% 3.86% 3.52% EE based on lost; 36.36% 34.64% 38.78% 1:
VERH9ER328(diuron in powder + diuron in organic phase)/diBfdH Hate§oess?
EE = diuron in powder/diuron added io 3; EE = (diuron added - dil_Jron lost
in organic phase)/diuron added Table 17: FIPLC results of basil oil (Quest
International) encapsulated silica microparticles. Basil oil 0.35 mL 0.70
mEisims:mL 0.70 mL Tween 21 0.3g 0.3g 0.6g 0.6g Product 3.080g

2.916013. 198030589 o gggaﬁfaémméggg;g?ggl@n%gagﬁ%%%m said

88.5% 61.7% 85.4% 86.2% ased on releas % 1.

025599 CEBALRE on lost3 14.31% 40.25% 16.41% 14.47% 15 1:
Recovirywdiiigalko ohirtpdevdendsiinaloohjrieiga nic phasepiinalootiagddedd i a
2ub&pistaloabinRowdadinalashaddet s, R (InAlRch 40 A0k 51 o
lost jn organic phase)/ linalool added WO 200671335 ' '
P]@‘Iifﬂ BtiEResherS ErdinionhakiprokessorsrRapatingphintdiebic material
hawhtha lyyeobitichibanateriptiteereitcanid: PIARASE @%gfé%‘i‘géaxaﬁpg to form a
proyvidy multiple;emulsion comprising a first emulsion Ispersed ina s
hg/%\éc%%%t%lc me’c%%?im, said first emulsion comprising a hydrophobic phase

d@per§%%f‘ﬁﬁl%ﬂwaﬁﬁbﬁﬂrchpﬂiﬁéém}ﬂér@wwiewoﬁm@@bimmiage the form of the
compiclsesdviadydpphostishioatetialiand dhe hydrophlllc;I prcljase c_omprldses

a rsQr which is capable of reacting to form a ngon-fluid matrix; and -
re‘g%gtfﬁyn?ﬁg Sfecursor fsr]ﬁ %epr%%ﬁt?% S'ERERS 8A W5 18, Iﬂ‘Fee’r}ﬁ%%ﬁ‘i‘i’(‘in the

form ofthe t8pBitRIess Ay ihetyelropieotip wibpevidtithe thinmudipteianulsion
themperessor is added prior to formation of the multiple emulsion. 2. The

i [ of providing the multiple emulsion
Process, Shélziid MFLS s, sigp of providing the mulp

~  dispersing the first emulsion in the hydrophobic medium to form the multiple
emulsion

3. Theprocess of claim 1 wherein the multiple emulsion is an oil-in-water-in-oil
{O/W/O) double emulsion.

4. The process of claim 1 wherein the particles are ceramic particles.

5. The process of claim 4 wherein 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 drog, an enzyme, a
catalyst, a hormone, a biocide, a flavour, an aroma substance and a mixture of any two or °
more of these.

1. 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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comprises: - providing the first emulsion; and as - dispersing the first
emulsion in the hydrophobic medium to form the multiple emulsion 3. The
process of claim 1 wherein the multiple emulsion is an oil-in-water-in-oil

WEGAR/EYd8uble emulsion. 4. The process of claim 1 wherdiR & PArIRsS2

are ceramic particles. 20 5. The procegs of claim 4 wherein 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
crosslirkedIsiareasssofititmel ofensitwo enuisore wétiisseoffelthen a surfactant
pracrss, of claim 1 wherein the hydrophobic phase comprises a 25

hydro Eob' diluent in dgi_tion tq the hydrophagbic material. 8. The

proceg ‘of CERFT SR ATRESIA AL gR RS S Frsratiertant,
whichlgt ledbepaotiedh/ostebilis & svbeeefir ftecimst stanlsRin e pracastofaldimmeter

Lyherginthe tgropRilicRPass,isap adueous phase. 10. The process of

claim 1 wherein the hydrophobic material is selected from the 30 group
consisting ¢4 RERSES ntiave lavherpHbfaedalc smaldpagiar mean droplet
ehayine; etwatalysbuahbembaena loTidRénfavour, an aroma substance

and aqpixt r. mgre.of these, 11, The process of claim |
181X QL A0V WO QoG ol LS : y
wherein the do Eﬁe 3mu|sé|agh corﬁpﬁrsés%les {:%che SSEr?é%Yé‘?]IEg\At/%?cﬁ}Sattemulblon
|ESEPPaTTally stabilises the multiple emulsion. WO 2006/133518

RCT/AbIR0R6I008 52 db3HbBicT iRy @6ass Ak IAIM L AN BACIHWSIAN, first
sta}%l_‘iger other than a surfactant is added. 13. The process of claim 1

wherein first emulsion is a microemulsion. 14. The process of claim |
wheretpghafis eepasiiorrblaseesive arithroptet Widemeterssdetwosnrabonptising

QR0 Qb SPMBICKIRS«iho: thee tREAge ssiak AlainL bwheleiRdtBfocursor or the
m%g%%%gg%?%g#?g %STE%ZP dreoglete cijameter %&ﬁtéveen about 0.1 and
abou EFARSC1ES PhEHREEae SF Sl 19 orarin RIS itk aed of
providingp bieriy Sraefinsilsibriucomptisescd®l nuamizining the hydrophobic
phaseywith-yaterad af @51%9'f%f@%otﬂgrg}cﬂyéﬁﬁn%@(méefust emulsion in the
multiple emulsion is between about 1% and about 30% on a weight or volume basis.

18. The process of claim 1 wherein the step of dispersing the first emulsion in the
hydrophobic medium comprises:
—  providing a third mixture comprising the hydrophobic medium and a second
surfactant; and
~  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 mediom,
—~  washing the particies and
—  drying the particles,

21.  The process of claim | 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 | wherein the step of reacting comprises:



- combining a crosslinkable species with water to form a second mixture
comprising the precursor and water, wherein either the crosslinkable
species is the precursor or the crosslinkable species reacts in the
W88t Bd# water to form the precursor; and 15 - combining&E&tipgt6/6060852
mixture and the second mixture. 17. Th%process of claim | wherein the
proportion of the first emulsion in the multiple emulsion is between about
1% and about 30% on a weight or volume basis. 18. The process of claim

1 whergin.the slep:eldisParsina e Nk aRuUISan BrReOYAIRRBOBIE form of the
medium comprises: 20 - providing a third mixture comprising, the i .
hyRFBERBIIERE A BrticR ke MR~ STiffa SRERT S Y SRR thertifrig! boing
mixterabidthctinessicsparinitsion. 19. The process of claim 1 wherein the
step ofyeacting e ractSok i ARSI RIRKISTRAIGNE BF o process
multiple emulsion for sufficient time to form the particles. 25 20. The

5 pretedsBiEclaim 1 additionally comprising one or more of the steps of., -
atleasppattinlly sepaiating thayasiclesnireiziipe hyfirapbehigioredigpersed in a
washing the particles and .- drying the particl .. Ihe process of claim. . .
RN IBNE S0 ARIOE SRR Ay RS 6ed i o
hysidprgBicimsdinmaria the Rsiplabigiigsheopattiste & fordpathpdinmaterial and
ahgut Jaopkiis P AR AUh AR W $retlrst N IIACRSSPIRE Y OREFhEI&MbAn a non-
whetein the step of reacting comprises: WO 2006/133518

" p BYH56700852 74 - reacting the precursor in the multiple emulsion
to-formrthetingathis prebasorin dhehauivaltdamiving thehypdrophisoic the form of

mgggﬁ@gglggg{;gi@ @?@ﬂﬁg@@g%@f@ﬁﬁfkﬁgln? relletzasablle frﬁm saidd

particles. 23. A particle hayi ydrophobic material therein when made

ST e S DGR IR P B AT PR 2
first emiifisioA gispists dahvimg ahydiophadbicmadaiahtheaid, first gratigiopomprising a

15 CODRAISINGR Wﬁ%@kﬁﬁmﬁhﬁs%ﬂi&i@&@@%ﬁlxﬁe@,ﬂéﬁ@b%@118%?& compartments
wherein the_hydrophobic phase comprises a hydrophobic material and .
th&/h§fard phifesh RSB OBRH S DA BrEchS RN s e abiB e E5EiR cavities,

toéeiﬁm}alm&&éwm; and - reacting _the precursor in the muItipI(_a
emulsiop to 4q[m,a MAITSE BHRE 915 9 PAHGICHERYAL G- HABRARE selected

material therein;” , .
from the group consisting of a fluorescent dye, a radiopharmaceutical, a drug, an enzyme,

20 & catalyst, a hormone, a biocide, a flavour, an aroma substance and a mixture of any two
or more of these.
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.
25 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.
30 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.



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

24. A particle having a hydrophoZ' material therein, said particle

comprising a is solid matrix havihg a plurality of discrete cavities, cells,

hollows or compartments wherein at least a portion of the hydrophobic
33. The pmditddralfislioeaiédoinZthevliskreteapabitied, rdelsingafieviiy dophobic material over a
Gompartments. 25. The particle of claim 23 or 24 wherein the hydrophobic
material is selected from the group consisting of a fluorescent dye, a
radiopharmaceutical, a drug, an enzyme, 20 a catalyst, a hormone, a

- iogide, a flavour,-an a tanc a_mixt fany t or more. , .
4. The B ST 0 G B o it i i «
function ehtspore sizxbilfsbe thratisilesor thereon, other than a surfactant. 27. The
particle of claim 23 or 24 which is a ceramic particle. 25 28. The particle of
claim 23 or 24 wherein the particle comprises between about 0.1 and
35. The re086lowiabnm/iobtRd dtbphotetraréridk o The hedtiotbaficlaintepa!.
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
36. Usechdim pariarlo4antiioh isasubstaneaily spisticatn 30 &1 Teetppattiviet ofichaipnndition
. 24 whi as particle digme e oyt - .
slected O s 03 i Sarle ap et 33 tr S hich Lo istunction
hypertensiticand prossihkethsitahowticsoxameda hydrolgsess silaneisngiloxane, a
. ) Sl ) 5 ) olai .
P B e e b e e P idphobic
mgehioy, shithig sBanmieoparticipr sigaink 2B arirbiwpbrsindivearskshisea dtedrophilic
e rophghic ialds.a ti the.pare, si f i :
P e oiele of Mty G0 o pasa g P g fiohle A and e
hyeipheblapsarenaliss Apsecot wpahielelsoraprblnahudadingtofform a non- fluid
ohedicament for the treatment of a condition selected from the group
consisting of cancer, diabetes, AIDS, hormonal disfunction, hypertension
- -giscpaih twhersi saidrparicais rivagia Wsienpiodess demphsingn the form of the
prrQM'éy 3P %@Q{?cﬁgﬂﬂﬂﬁ’@ ﬁg{&%ﬁ'ﬂ&&ﬂ r%%?@ﬂl%w&%ﬂ?sr&eg Whed prior to

hydrophobic™ medium, 'said first emulsion comprising a hydrophobic phase
fermgepseel iharmybipstintpieasandbessintHee tydrophobie phsial of the particles
I CRIBRERES Riydipppabicsmalerialand he Byderpilisphiase comprises a

precursor which is capable of reacting to form a non- fluid matrix; and

period o

37. The use of claim 36 wherein the hydrophobic material is a drug or other therapeutic agent.
38. The use of claim 37 wherein the drug is an anti-cancer drug.

39. The use 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.



- reacting the precursor in the multiple emulsion to form the matrix in the
form of the particles having the rophobic material therein; wherein the
precursor is added prior to formation of the multiple emulsion, and
wherein the hydrophobic material of the particles is releasable from said
particles and is indicated for the condition. 37. The use of claim 36
10. A hRsEInPeydigphobis materialis g, o e INRIAPRUIE AIRN! Bosing
~The use of claim 3 Whel}g}iﬁ}%ﬁe dqug is an anti-cancer drug. 38T é’uesegosmb °
plurality of dlaiifie!8y whurasinthéhedndiiphedisreaierialhicts thedvuy eiretherof releasing the
hydrophdBRIERGHNE AGENSOQUId Dedispg 5 SYRIESLAVELAD R
’ f()p pé_riod of time. 76 40(.2)A met?fod for eliil.tmé?i_rlg a hydrophobii%gmate%rglléiﬁi Q from the
particles.suid pietisdy botmprisiAg lexposnsgsa colurainef particles comprising the
- B}[er@ Q'%ﬁlﬁ}:ﬂé@xﬁ%i@i&%e&ﬂmr%%@a'%&ft r&lﬁﬁﬁ&g &tﬁ% If’é’e‘éir P %qwgrophobic
. material'from the particles, said hydrophobic material being releasable”
medium, figih fHet parisies coappanicies ki hiadeteyadibeossd domprighghilic phase,
wherein ﬁ{%ﬂga?gpﬁdﬁﬁ'%%gwﬁb?i@e%oﬁ%%mﬁ%% %‘iﬁ‘c&ﬁkﬁ’hﬁ&?%ﬁﬁﬂﬂ@ ilic phase

hydrophobic medium, said first emulsion comprising a hydrophobic phase

comprisediapepeerdn st pHRbpivd seactitete ivmmeaHipirdphd bieprrasad
- COIPRASeRhePyrarhiohic matesial andithe vdrarhilic.ANAsE: SOMRIEES of the

a precursor which is capable of reacting to form a non-fluid matrix; and -
particles rBaiigg Hife présiteditn mrrdanaitibe apmutehercis fonRIRS wsHitSgsed prior to
formatiofOSPUR! H0f PRTIUCIER BAVING the hydrophobic material therein; wherein the
precursor is'added prior to formation of the multiple emulsion. 41. The
method of claim 40 wherein the medium is capable of dissolving the
41. The'Maronhobicimaterhfe-lhemethad.of dalgpARonHhdieialn 1€ nydrophobic
~hydrophobic material is selected from the group consisting of a
material flyorescent dye, a radiopharmaceutical, a drug, an enzyme, a horione, a
biocide, a flavour and an aroma substance.

42. The method of claim 40 or 41 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,



