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Layered nanoparticles Technical Field The present

invention relates to | ayered nanoparticles, and to
wpe@ensses for maki ng them Background of the PC/aN2G06/000193

51t is generally believed that controlled drug

delivery is capabl e lcfyeregpnanopartiches saf ety and

clinical efficacy of cancer chenotherapeutic drugs,

whi ch typically produceTg3MGﬁbH§Hde effects due to

ecific toxicit to this problemi
o Thissarenion gAias b aygied agBRURRS 20F 0 pLocesEr Remakng e
tumour. |t has beenggkhaihd ohhe Ifénigiveral research
groups that nanosphericCal particles in the 50-250 nm

di kisegeneralyalveleved dioes seem;s)llemdrngw deliagrp isogapalse ef improving the safety and

ClnGRoR e ot AP aSaoR e Gt S0P BTl soypre side effects due

to rdhlspadtfia tdxRiy. @Neeéppﬂ)aaefol tﬁ‘i@' pRbleMnetot p?efél‘éﬁllaﬂ)ﬁﬁélvé?fc?t@fomc drugs to
I ntravenous |n ectl1 on. hi s occurs yV|r ue of

the dusequr. dirias @e«%m%&tabh%\eéby ﬁW@faHeéeaiQ}‘a@@lmSéM nanagphericah parielgs in the
f
50- %w@faa avekagge; déé’e%§n thé“% i'éfe' Ws@% ane%éa %ﬁdggrges, can be

use x 0 er t al
selectivptyi digtdanted intd tumoat inassss ﬁ@mthemn@'almredatndmyert apdriod of one to two

dayﬁlqﬁ&l[ Qﬁ?\%ﬂé&r 'P@E@b %f [%géygé 8@“%2}1 IIhse %%}erﬁfa tl%ture of the micro-

vassilatirel vithin manyt tomoyre0varibes Wpesvofdfand)pan@uleﬂacuemmk)@tedws have been
usef HGEITEN B BHAESR! N SRBICH BTGNS LLASS MFCHIPHA fral use for

mediddPEplidtiomano- particles is too fast to provide a
concentrated dose to the tunour, 0 3) The stable

naM peierlimdations reveflsd to date have very |ow drug

| oadi t

o del Ty EF PyBlcA b S8 pbd ¢ pHUE inGEoubR Bed IENETH to ensure
tagguasilation n@ﬁlmqotamowrcfe;gdip@ows)t ens are rapidly detected

and & e TeBa PRR o Fren bL B BRSPS b by ?%éﬁ‘foe Blovide a
somdehtrgiecbgose to thetumburt he drug reaching the turmur

are. O GHbPEOP eRpal s GoRgmer S (A hie gfaddw 49 1 |oadmg and slow
dE184be irdtB Which &k thsuftitlert & deliRB the a Eb\@pr@@tﬁ%ﬁeuﬂ@&&é' als

provi de many advant ages over the organi c deli

mat r 4 Many aes ehnapenadicyiate; syserpa ptei féiP'@'lé deteeted by y the’immune system
*.e‘?'r& hlﬁ%h&dfhe'héles%terﬁ th atfﬁﬁdﬁ(ﬁ’ﬁme oséhr AC BRultingRYa small
re g e an E)

SO non-toxrc, |ocon'pat| tan
Wﬂle@oféwragread\mgttbemmom ure in order to preserve

P48 Bl B 0 daffinG Wl il AT oty gomers
hposmmed@fdnmhemtc:a:h centrasty thamenamic rﬁa:térfa@qbromdecmml amggnta@m over the
ure meris

orgixrgcérgalggrgcmair%%m Ftohgga%geﬂhcaspgglc%% ageu@@ g%ﬂunp and Have hydrophilic

surfaBdsa ey |afd &so non-toxic, highly biocompatible and can be synthesised at low temperature
in order to preserve the molecular structure of the drug. Furthermore, their size and porosity remain
stable within a wide range of chemical environment. Sol-gel technology, an inorganic room
temperature polymerisation technique (see Figure 1), has been used to successfully encapsulate
organic molecules inside oxide matrices.

During the last several years, the present inventors have developed a technology for
producing ceramic particles for controlled release applications (W001/62332). This technology
allows active molecules to be encapsulated in ceramic particles using a combination of sol-gel
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organi c nol ecul es inside oxide matrices. During the

| ast several years, the present inventors have
waelewelogpadl a t echnol ogy for produci ng ceram c Per/avedoes00193

for controlled rel ease applications (W001/62332). This

technology 5 allows active ol ecul es to be

encapsul ated in ceramc particles using a conbination

of sol -gelchem stry and water-in-oil (WO0) enul sion

cheﬁw b@riiwategc -0 (W!Oé@rmnfswh hestntlmi‘st Tiod siza of the pamclé Iisecbntngiled by the
Sl ze O

sz e PSS dlOBRIr I BerapyeR RBetEs . Galroler B & FS8Hggemisty. To
proxﬂlfc@%ﬁ&idﬁ@fé@%%%él@s DR Friethel, estabishiog- érﬁUléionﬁ%?é“@éd In such

e mcro-enmul sions are used. In such systens,
sysmmsethe wetepdrepletsize ds ysyallygesiicieg te severdl tptaeisthWSscéwometqr%hmmng
r l
e 3y 3L 30 SRRy L k8ot o lpoRARCHFR rponi
LargerpantitlesizesOsanviz! abtairied exing gnstabzbar @nwlsupms){steUisé)utsihz EEQSU&IBQ} partlcles

B S0, ot DL o SgH B SRR S ve

pasyié iafqetn‘ig ofnakReUrs @h’ér@ al meoi’s'ewbntmb pVer afeet pabtlmleaétzef |9 iesirable. Although
exa e the pas ive tar

in

such AE4Cis8 CRRI PYoF ¢ sep ehd S baipd haicine Slebe Hekess Bgpisd growth in

d:lut%'dtrHde’%hth?éJ?yﬂe Bf ﬁfr @oé‘soﬂétrﬁbwdéV% é aﬁﬂnérﬂal%&ﬁbnb&hleved in
achi evéd-usi

process seed
emigisiongtvdieh nﬁeamcagsaryttm e@uwﬁ@éansalat@ @é&g @cta/@é@ erﬁl@ks dgmme&a@on Thus

theitééb%epﬁrg&@g S :{Hg@udtesﬂ h@%xﬁg%issﬁqugritlg% @Mrﬁ‘g ac?l}%\;gee%phcatlons.

necessary ensure e
Anotheer dimitatios ofiuine reghrpligp touttimed Tﬁmmm MEOB1a2832 fsr itsc wability $o produce

partiha ) Geied paiedfi 3 BHFEEtE Rt e e 1 parpmig pagipes are
mtr@dm@ebd llﬁ‘ah@@il‘.l apdy s?zbatt foi rﬂ@&tehrﬁm@@ét@lWThWéaﬂ(iai‘w&gé might bk Bvercome by
i nabi pr oduc

ticl
prod AT el TSI B 1 PG e ATEES I G Buromged by an ompty
sheft %@%&s é%ad <I‘J|fftfs|oﬁ DarRbiand 'ﬁFeK/@rﬁé‘iﬁ@ Qctivé‘ toAledch fabidiy. t hey

start ease | medi ately. di sadvant'age m g

beSW@ﬂ’@ﬁb wgrkmas ,beefmaffpmgedaiuwtée eﬁteqiqca@q todiytte a@i%tcﬁmplex and
taﬂ&r%ﬁ e?e%%é?l eﬂpv\kfs&frq{/ee moRERCAbr Egt{cmﬁ Tatiths. OFh'édc%%gE’d’ Lrefse, timed-

acts as a ditfusion barr
relqasewesﬂqserttlhlerelaammf/érug o) frazae berietyif déliyery Sefiicleschave bhéenviavektigated.

To 65 A B M R S b b et

of phpdicocbraigalpfapentisnst thel defivenprhatiratssor thEmodifiehin@tithe moqﬂrﬁbgy of the
t1 nmedrel egse, or seguenttl al rel eas of dr%gér% ﬁn

sysipgy susk ¢s H?'”%@PF'\%IPS? PEPRIYe. tﬂ%?@éy R UFYeeE Qj%lmé jx in various

fornTé’ p%%\b?\:j@i lifeR5Re, AP tﬁ%robﬁs@@sﬁblﬁﬁbl‘bePﬁﬁdeet hedd more specifcally

del |very systemls ei't her based on the nodification of

nanopartidlasonayp aetiheen inyastigadadiprdiaese Kingeed ag@pat‘pgﬁ y materials
ng{){Q %héT%HII&HQ %4t§?ﬁls%thtt9® déﬂ“%tr@&ﬁ ap%étl 31515 %Hﬁé’c%t;ﬁc‘iﬁemes have

as us
beewsl‘emaeiy lmseetmtedouvgraﬂne dasmiecrasd& The reseairchuin thiorares: was driven by the

Gl AR ' B SLAFRR L DB o

conbéh(rﬁteﬂ @h oh&f@mgltﬁé/ﬁ@fbd:@;ﬁb@mefs of aigivers parﬁc:leﬂﬂyslcoaﬂmg or encapsulating it
erials wt

| | oi dal t
witiys shﬂ?l@&aﬁtrf]fgi@m rn@tarua? Tge,p?rggﬁay 08 A elel oK m@@ﬁm@sa quantum
dot?ﬁ?ﬁﬁgr@ﬁ@ﬁ‘ad@y ﬁ%ﬁf@@ﬁné ﬁﬁﬂ%fe% egﬁtmmﬂ’e Y %helf‘d@@aliy%ﬁéng@@%@ﬁarge the

earc ar avvas driven yt epotentla
functiopalityc and thesreadtiviyuefihe particle gwface, andwnakalsereieneg the stability and

disperSHifl® of MRSdolGhal tcBR. T SRBY GbraS the hatd}BF of core is different from shell

materials, and the most commonly reported core-shell structures are ceramic core with polymer
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concentrated on changing the surface properties of a
given particle by coating or encapsulating it within a

W@ b@bi0s4389 a different nmaterial. The core may bRCHANE108/000193
oxi de, a sem conductor, a quantum dot, a magnetic
particle, a crystalline particles etc., while the
shell usually changes the charge, the functionality,
and the reactivity of the particle surface, and may

shetl| & vice méreen Ceratnivecossabnthinitiyy erapbutitedipeives Bihd ¢datedafith biifferent kind
I n ot her word the material of core

| ] I
of qgé%nﬂﬁo’% P@ﬁlaVQ glsphesh &anorterd gl,e?lfgragure -and t he nost
COgERA| Mefhédllﬁfa?/@geéhoré&r@@ Rlthe Mérbfelty RV @Fa%wl@ﬁdrﬁdlﬁs%smg sol-gel

core W th polynershell, or vice versa. Ceramc co

synthesis M VV/Qgnierarseyision. Qe such sethod depends behtaidngw targeapartlcle size by
i HECEnebe b Aol bime B2 5 o RubERh, oot

pararegienst sdhias thbeprbdurser abnoestration, gwaiey ccmcmhatxorp@-t | tempayature, ion

s P RS e it 8 s mthod o
pro@dcéan@wd@ptrs&pamst Ib@ershhaﬁ h@@?lnﬁn AR RNAG Qr'itﬁnsw%ﬁa%téﬁﬁms of the
rticle size an usted by control

 th
reV%’a@e aiveles, Anodigt oled fqneﬂearlré&\eﬂ@&ture gonsishi %V@CB?'Q ) oaaidisle seeds,
drylﬁg 'ﬂfeﬁf‘ér‘i@ﬂ‘nbﬁ’ "rbdlsgbl'smén%@@ 5&dddif a frha@ﬁ‘ Wib rrﬁ E@Er‘ﬂulsﬁ e?ﬂfobvﬁc%]‘ by the

here i s tation on t i .
addtion @f mﬁreoemowdejQremgsqrwsgrwethh@artrcies ﬂ?\@r@mt mommss@ardmg

OBARIE O, 5006 P O, M8 O AL B ooy

intormeitrbo size egptonteesdes, and shaeorid; the p@teduee inloniscestanianditional separation step

o BEPERR O bR, il SR Ben PR P SRR bR . vo

anoihéf brovesd tH@Vcemlb@ udétito increaseartitierstze & degetibee inFigea /2, +RWBver, in this
rowt articles. There are two shortconi ngs

Cas? é’&aﬁca\r QOHI%§ Caronioke eneapsglated i the feye+ IR additian the: P@WS growth is
limiRB Sy they/ 'fa‘égthﬁlt ﬁ@salkbﬂ&e P@EGréd?'r@@dsCt@rboﬁQﬁfee\gé’tErefor reaction. Since the

irréversi b on sl ze a g oner at es
am@@t:«afrwtertsw@tq@ddzyéwp@anm of YQieroeamiisiand prly @hmited supply of water is

avaﬁe}%géﬁ?rgfabtmt %ﬂ SPink %a{e? fhﬁ d%e& mhesgsfeﬁ\ ip @\Béll ‘Foi &él rg‘gﬂeac’uon, as

cah si Ican ecrease
somei \edier. is ‘bemdedrtoﬁheessurfpctarﬂe&smbha&lkomﬂm iblesings adtiet! anore water is being

iLncrea arti. S escribed . in Figure 2.
ma?esgﬁ aml%él @é@@ﬁ%fﬁéd@&'%wgw&%cm eg can only be
enﬁ%ﬁ&lsltﬁéria‘drele{m%eldeforc@l‘a?ered ﬁ?r@)tﬁﬁtltflé ﬂ:wm&lf?( l@l@pégt @&l 16¢ated in, and
is i e C a al koxi de
restﬂ@t%cf‘@r g reorec die @6@0@@@@ OpARLPr MR of Bgdaversnsurrenging the core,
andtfbrea %Qéé@for%ak}ﬁgts@éh 4 ﬁarfébé?ﬁc?é Q’Fler@)fs él&?a E@éo"f‘BF h?Fbcéﬁcs capable of

m croenul si

mal@ngacoremmeéi cerami¢ aartOparmeJes ﬂlth m@fe th&é mt@wansubteddu@@c@lar 1species
I

ol "0 308 o e by B A1 e 36 e

shels®i Sugh aMEdssrma)eopaawpra wide faegengf noweh poiretidl applicdtierssssucts as optical

s LR Sk Al o ¥ BES R R b e S
abowpant is located in, and restricted to, the core of

t he nanoparticle and/ ne or nore of the |ayers
surroundl ng the coreoobﬂ?ElOff the InyenfjoBcess for naki ng

8 8 PRS0 S 6 P PR s ot et one o

the abtwe PRadvantages. iMstahfuniver ebjbdianatderst gamizilp satistytag ast one of the above
| ecul ar species (dopant) or wth the active (dopant)

capsul ated in different discrete |ocations or |ayers
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shells). Such a process may open up a wi de range of
novel potential applications such as optical storage,
W@l 2108/084387 ypt i on or security ink in addition tBCT/AB2006/000193
controlled rel ease of drugs descri bed above. Object of
the Invention It is an objeat of the present invention
to overcone or substantially aneliorate at |east one
of the above di sadvantages. It is a further object to
at |east partially Smndry ofthe IrRentiorone of the above
needs. Summary of the Invention In a broad form of the
i nmemthraad folmerod thes inverdion deale ds pravived pmceefsofaﬁforglir@ a layered

nanpibile; GaBBRTRbboss s cEBER o PRaS DR P fheforif o @' &re partce,
wheMIS 18D beabidte rdagie 36 fdkm aaet on the dorr ;mrmel t@)f@m m@ Iatyblr%d varidparticle.
particle to formthe |ay egeg nan

Thecc@teaasygqagem@a@ &Re Daiie 6 &6 QEPeSPR T htﬁ@ TE@ f'a'ﬂéfﬁasb@@ pic. The
cat@/sf ik 66 loddfé dnl gﬁ cﬁr lﬁﬁb(d/&ear an e ¢brd paFf G@ Th@tcﬁﬂa Stlmd¥¥ a catalyst

| ocat ed on or 1 n a /[ or around the cor
for reastion of the reppent.dhe satglyst mey e lnsated @rathalsy@ce Pbihe particle.iToa reaction

e 55T gl SRR, e GBI AR s

polydrerisaio, p.‘vécmtyldbncdnylsglelatlom dhate Irrmaﬂoecmdonantl sucondiévgsthe cara particle,

o S VR b 5 B - 9 i oy

fornP e t6rh be the i&zé*e& hendpaaiele] Phius athe ﬂd}@reﬁaﬁﬁ@ﬁdhldéa)once formed, may
encapsul ate t dopant in the | ayer.

compsse el @re perjicls a lqaqt rpartialyr @Jrr@pnd@ﬂ@r |eg9,a@p@@;ed by the layer.The core
parlib?eﬁﬁ@%é b(ﬁﬂ)}ﬂ’et Q{r‘ll%grﬁed@tﬁ ﬁeézcgéseu%t fttfy E}a?égfﬂfeeco?é‘ﬁ[ﬁmcle may be a
singiemparticé oy ars aggiomnaj@@f o @mp@anhde%a he gorehpariiciey@ay Toreprise the

unded or
san@ﬁﬁﬁ%@ﬁ%ﬁb éél(ﬁ%gp ¥Wgﬁ0§@g?é. ﬁ@é(ergnéf)n:ég”gl[ article may be a
si nghenpéormitied Eresent iaventangdrovides atpeooess fonforming entayered nanoparticle,
ar.ti_cl es. The core particle may conprise the s same
?&+i al as the | ayer or it may conprise a different

”Hieﬁrb\ﬁdilngdéusmloﬁ @dimpriélhga p6r8 p&title inrMi tiguitd apd ovi des a
process for form ngg a%/lﬁred nano& rticle
RA0R it

conpdXPasingA catalyst 8 @i 8 DISpRIGE P %QSW""@‘?’ ng a core
whd?@dytthézﬂesgénﬂreacté t'orftﬁltn d lhy@kbitthe eaa@ pam&m%mnﬁe lﬁ¥éF@d r"f’dn?zfﬁémcle
to"a reagen presence the core i cl e,

wher Bisystapad pﬁowé;g@th\e car@ aetige tndher ltﬂumnaaaylcamwwseéwmm@%wf@aﬂlc!e
B3RS 1y AEEAC b YRS RRRRIAHKEh e 03! Bo e

of ekmosimyrikhetfiretliquidmeaybamon-pdlar. in the first liquid. In an
article is not se(g L.

T r ot TR @SB ey o sSheni O BB Uk Thordi Tort Gz piraity o
loydd T topBdEXBRING Ay ROhgise EfRpSLEP Of exposing may be
re eate one gr m)retll’res reb

pl Urqupng@ sggong liquigta the. suqng@sm, g@d gqcoegil g,qqurﬁsgp the catalyst; and

CONMPAdaRE tHeltBagehicBS fécursor for the reagent, to the suspension;
whereby, if the reagent is added to the suspension, the reagent reacts to form a layer on the core
particle, and if a precursor for the reagent is added to the suspension, the precursor is converted to
the reagent, and the reagent to reacts to form a layer on the core particle. The catalyst may be
dissolved in the second liquid. The second liquid may be immiscible with the first liquid. The
catalyst may be a catalyst for conversion of the precursor to the reagent and/or for formation of the
layer from the reagent.
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- adding a second liquid to the suspension, said
second liquid conprising the catalyst; and - adding
w0 b@egagent, or a precursor for the reagent, PCI/ALZ006/000193
suspensi on; whereby, if the reagent is added to the
suspensi on, the reagent reacts to forma |ayer on the
core particle, and if a precursor for the reagent is
added to the suspension, the precursor is converted to
0 Intemothercfgmnthe paeseht inventior paeideés 4 procesa ddrandking fadayeretl nanoparticle
| ayer on the core particle. The catal yst may be
CWWW%Q%Ived in the second liquid. The second |iquid may

be. i ﬁfml(‘ﬁﬁq é’éL%pé’Msfoh‘ cdriRisihd b Sbre bardslé M-a fiF1Gquidt al ySt rray
be a catal yst for conversion of the precursor to

r eagslding #nggcend liayid te &?emspemloa)fsat%@co@y@wdfqommwgea catalyst for

reag%gcndrn%f B! anfor m t he present invention provides
a process kKing a | ayered nanoparticle

c ofrpaddig rite reagqnt ové pieouysaa fos digoreagent to e syspesdiongsozasdo cause the

parti.cl g a second liquid
to tﬁ%aggmé(gr@ﬁ%t t%{q%%zlg?"% Qg@éﬂ@aq%ﬂ'&lgi d conprising a
cat ahyaftoteoriomesiet pesendfin@nticragevitles anprocesaddi igmingea layered
a or, a precursor for the reagent, to the
“a”QQﬁﬂ%@m%‘?W's'ﬁ% as to cause the reagent to react to form
a 1 ay6fidifa §d§? erfsih @orﬁ)@%gﬁ'c@re pbﬁlclé‘ﬂ‘htﬂ?ﬁ'hqlfld” m t he

present i'nvention provides a process for forning a
| ayeadgmg PafeERet l(cw@ht@ thecsyppensien, rsgid secqmdlqwd.bﬁlgg dmmiscible with the

susp nprising a core particle in a first -
[i quﬁ%ﬂc{ama@gﬁ ng a second liquid to the suspension,

sat daokdéag anebgentoariacprdsaisorgor thevieaganh festhevsuspension chbinprising the second
quwﬁ dand - adding a reagent, or a precursor for the
reaggq ' to the suspension conprising the second

wherébyuif the reaigaﬂ Wded 1) tﬁe”wsﬂeﬂﬁqemwn@ngitﬂd gccoh liduiethe reagent reacts
suspensi on risi ngpé pe secon

to 1T BT 00 WU aTe BT Spd B ofeearsn P gt ILSddkh i e Suspension

corﬁbﬁﬁﬁgi Tl”@oéecd‘):ﬁif Ilcﬁ.lfdeth(eegﬁ‘&@&br Isscoﬂﬂe‘ﬁl%' té thet ﬂéﬁgéﬁt’%ﬁ@ﬁﬁé @dagent thus
onpri sing the second |iquid, precursor is

fornte@rfe@qt& odorma fayer enethig @me pagiglg, tpﬁ@'mr téweyﬁned faReparige nEg second
||quird“?1?é§/ mgfi’sg deP n@t 'lf"’Weeﬁe]c% I[FEB do&¥ ot g&f]ﬁrlsﬁ 'agatﬁlé/%’t fn@"&gent may

e secon
be whmsns @eacapabdeaofyfsmmngl the fdyer withooal catalqu; @hdéunélase precursor may be

confil BisbagPng Bt iont P BF PR, £Fe SHEMy B 9 eiBous, e

precursdt may bmsnan@thammlymyn ﬂhe alosepedodf @ catbly§tor mi ng t he
rea%e&ﬁ Wi t ut a catal) For exanple, if the second
| ilg&n ‘?r§°r@q & BI9Sess CpfPT] ?%cursor may be a silane that

hydr @bygRFa sudpdndin alGRiIBIaGa Bdre Paridd Wa)ﬁﬁét fiquidd anot her

forn] t he process conprises: - prOVI |ng a suspenS|on
¢ onpRAdg gsegondoliagid e thei seensian,zsaid sesend liayidi eemprising a catalyst for

reaction of a reagent; and ‘

- adding a precursor for the reagent to the suspension so as to cause the precursor to be
converied to the reagent, and so as to cause the reagent to react to form a layer on the
core particle.

The second liquid may be immiscible with the first liquid. The step of adding the second
liquid may comprise depositing the second liquid on the core particle, for example on the surface of
the core particle. If a precursor is added to the suspension, the precursor may be capable of
reacting with the second liquid to form the reagent, i.e. it may be a precursor for the reagent. The
reagent may be a condensable species, a crosslinkable species or a polymerisable species. The
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- adding a second liquid to the suspension, said
second liquid conprising a catalyst for reaction of a

w0 e@gesu339 and - adding a precursor for the reaPEnAUL®6/000193
the suspension so as to cause the precursor to be
converted to the reagent, an@l so as to cause the
reagent to react to forma |layer on the core particle.
The second liquid may be imrmiscible with the first

reabtioqlmf the réigentsiag formfa satidliayey ot dgel egerandnd ¢ompattionsind may comprise

cogTepltsy SrosHBRG i BONGHETHEN i e ka8, Thio CegrRaricle may be
narfbﬁéirhél@hlﬂi méyf beabeﬂﬁe%ﬁ 'elbéiﬁ’B ahdS1 @ﬁlﬁ @fldibrRetb6r rﬁé&ﬁdéed‘éﬂbﬁ%ron particle,

ecursor my reacting wth
ancgr@@yggejlew than gbqu@, t(f@g]eteéa@@ wore partisle and/onﬁry Iay@r gay be solid,
andhay rﬁ)?c{)uls;f&; exé@ Lb‘};g grﬂ?& e AL ué @?*g@ﬁd flauid may comprise

a dopdny, nvdrerebabtheefosmzdlom ebthe Tayer erwapsulatesdiie tjdmn’r iadie fatyemﬁlye step of

eoyi p 3o 00 affic G BBl e Lepoen A RecBposs G Emers ey therey
forrﬁmgi? pruraﬂwlof/ﬁym Jat cero parflclé hel da@tﬁl@%ﬁﬁndeﬂdh@erﬁl? rmay or may not have a
arti

d
doragp ad @e&ﬁa%i%ﬁﬁfﬁs?ﬁnrﬁgy%%éﬁaemggr e e o i dopan may be
rele@t’s‘éﬂlé §db§tanc’é Shd Ry l@e‘freleﬁﬁ‘b tf??)ﬁﬂ P?]rﬁ&? Iprcess ey generate a

n
di ameter. The core partlc e an
nanopartielates ebsipage pRIMASISING @splurpliy ofemm éarmo@ntlel@mm@a@by the step of

pro@&iﬂéﬁg rsuéSE e Ce{{())ﬁﬁﬁsl%as -EP) ldﬁ@?%ﬂ%eh#&bqgﬁlpﬂ% SOUBN) Scofs particles in
theehrsiamquudj aflbs (tohae pddiplasit amch indeperidentiyr the Tlagersd emano;ﬁartlcles of the
th econd | i and add the r
rerP Rl s Mook TEhfedPosrL hf ¢ o oI bosRERks i shape.
They! muwﬂel mwoﬂ‘spdr@w%r&naﬂﬁa‘iﬂe 6 AareowogTiidleCdi® diiibue@s br thay @iy have a
ndecﬁ nmay or may not have a dopant, and t he

bro%%{;‘)ﬁ?%s'zei St'%’t”@ent may be the sanme or different. The

Or (nesRE RsEERPGHMe iRt Rhdte fs%r&%%@'ﬁ'p?océ%rt RSy a BitFed Wihoparticle

be rel easable fromthe nanoparticle. The process may
CO“@félﬁ@@ate a nanoparticul ate substance conprising a

pl ur g | P,ﬁy,@iﬁg b3y, s%%ﬁs‘?on%fﬁﬁp‘?ﬁghdp@!regéasrtlc‘g;gffllf‘sglé’unrfg@tgntsaﬁﬁ Bptionally a

of prioviding”a suspensio
s ulirplaoosuriaotantdmpfirstyiongolar liglidy al i ty of core particles in

the fjrst,liqui e.particles, and - -
 ndePlenati) 91 efliol JufEl nB o5 el Bgucpyiy fid comprising a
nacetglyst for corldatisationdi atcandeasabltespedies dndroplishamcalso dompadiiPedopant
or rm QQQ ?Qﬂgeneous i n shape. They nay be

°§EI§'P doPantsay have a narrow particle size
di St €) D4R se@bnd REAYDoRRNqUIEY BedbnB 'SRt taRATd 6‘dt|@na¥fy #3ocond co-

di stri bution. In one aspect of the invention there is

pr Siiaclan, saidseeqeen-palar ligwis being raiseitly wittelhe firshpapoter ki, and
Coree, shRBng XA 2B RU R LA GRS vl
f i cantienselge sfesies eoridenses & tihe presenceomﬁrpecdamiysl to dpuin; la)&ey at least partly
oAl AR S Rtk BB PRI, 22 L o
ome seomdlem«pblhrehqanﬁmay@s trenrdme s oradifdrdny toahefirst non-polar liquid. The
secon urfactant %ay be %H% same as or different to the first surfactant. The second co-surfactant
may be the same as or different to the first co-surfactant. The second non-polar liquid, second
surfactant and second co-surfactant may be added such that the ratios of first non-polar liquid plus
second non-polar liquid to first surfactant plus second surfactant and to first co-surfactant plus
sepond co-surfactant remain constant on a v/v. v/w, w/w, v/mol or w/mol basis. The suspension
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or a conbi nation of dopants; c¢) adding a second

non-polar liquid, a second surfactant and optionally a
wa@emonghzaosur f act ant, sai d second non-pol ar | iPEi/dU2006/000193

being mscible with the first non-polar |iquid;, and d)

provi di ng the condensabl e species (the reagent) to the

suspension such that the condensabl e species condenses

in the presence of the catalyst to forma |ayer at

ma¥ ®aprovidad bl ¥ tehmpefane df hawddncabedt amp7(eC Cbﬁthé 9ro@@3§€ma’ﬂyt ®mprise
| ayer ed nanoparticle. The second non- pol ar

brlneﬁ‘@ TW“@MS'%W@ igpptugibefweer ARoUt anthe)og; qoglmom rb'eﬁwseraabout 15
and d'4?¢0 Aand ThreS "cﬁrﬁ:‘ﬂﬁwlf WefwEh Y aH@%GOE{%hFJ‘earﬁﬁéFg @fp&hture. Lower

férent to iTst surfactan e’ sec
temperasiasiraayt berisedrpipvides thaidhestamperatsreds suthftiad neiter the dispassed phase

norgh. SR B 0o PEt ORGPy Bl et epencing on e

vol@tlﬂtyeadd sailing pblhladf theh\i&o pmlea}sm_dwfﬁe m\re][s‘inn tempieral]gx‘e af the Blsmbtdnt Step d)
secon - a | qul (0] | rSt Su act
mal GATaRIRE B0 ind s Aroisanie setes fosbé sispatiion b ok fhedvaecd nénopertice,

san@%@rﬁl&*séb@ §p€cfe§06eﬁpt cefpﬁﬂil@'dﬂ fﬁ/@t@%lﬁ@tm Qe %qt‘{do\ds IMénMV to form the
w w, v/ ol he suspensi onmay

congprsable gpecies. Step ehipay aqmmée tﬂe skape Rk r%@gtthelhydrodysabb@@emes in
the%yédﬂ? @I cf&r’?osgf cdRenSiRd"H E cﬁﬁdeﬁ§d§§$p%%§dﬁ ?%eé@%ﬁtfé?lqﬁ*a 16 Borm the

ure between out
Iayere”fhm)mesadomt comprigeribe eteDd maintainimpthe: sespensionlaya bafficiantiemperature

(oreaplS ng Pkt aoB TR b iR Bk cvmB baisen gt gand 96
hours) r;ts lblstctnolyeieaﬂh?1 ggdrblgfglgtzdpemm amtg?@?aglplags?gg Eromdehieethe condensable
SPOERRITT ) T ee) e ORISR, TG TOTPAER FPEGedach Beh A 8 10

or RBeMthaPf0tifRs! Wﬂpemaféﬁ&lt@ﬂ%é E@ue‘oﬁé’ Adiud %ytc%ﬁiﬁﬁs"eaé WoBant or a
of the surfactant. Ste n&el se providi

conﬁwtl@w 9 lapanés, opeiay é@nm@e méowb@ Glapand iry erew%@on if present,
may Bé(%%gmé‘ ?5‘ ﬁpgﬁér i h@ihe HBph ﬁya%gglh)étségétﬁorg %Qﬂ Fe@etﬁgl’g &ﬁy form a

capabl ro ysing int gueou
Iayarmdceeﬁd@yes mby eonetieed aepanisoreyRydpmptse nosiopant. gee dreach dopant may

oo 37EBode, kLl bEB ML PIRiDR RS RS TE pho may be

betweamcabest Siand t 5Gnnein diameisr brinpyibe |dse tfanB00rinhie diametr.. Thd beeach layer

ma bR B iNGEieat Reearciioe! & B et ioPD ADRuk g §onm, § anc

75nkEdrseR0 38R The prodsd n?a?@@bapfa% oﬂc@%lfdg%@!ﬁﬁckﬁe‘sﬁ@f the &reach layer.

exanpl e between about an hour s) hydr ol yse the
Thengaii BATeealbebe perelise 40d @ﬁ)db% mmpﬁ@w 9n%¢r§@aytt@ fﬁQﬁQ@l@ﬂ@ﬁeand may

havk @?o@ﬁ%mh Sb5RDY S 20%‘}11e IEfﬁe E@re ﬁygrggé {dég%%rﬁﬁge a 4d’op@”t, which

r epeat east once, or
may6 pe The ®megas arodiftarentnta ﬁletdwaamt 1mthe|latms.or limamyaerhall of the layers. The

R0 SRR 0 S BIRRI 9B i
in ang et repetitidn.t Oree otoltin bf mcfafsasmnsﬁohp@tdl the @meoué liquicemeytomprise a
surtgint T G TS Son e A PRI URS ASLFIEI] GrIATang WA of ayered
nan@ﬁtﬁhc%@%hér@l}éﬁﬂwe'@?éb sopBVidisse aasu%dﬁ%ﬁ corﬁﬁns@!alprd?@lﬁerd $fspension

no dopant e or each dopant may be a rel easab
cowﬁi@ﬁww@hty glrcoreenartisles i thedffisten- @@l@a\@w@ subst ance. The

COTR gL b RPoohBHOEsTE PRGN Rediudalom 10 -

each e) agtdaast part|ally separating the Iayered nanoparticle, or nanoparticulate substance,
from the first non-polar liquid;
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may have a nean thickness between about 1 and 100nm

or between about 1 and 50nm 5 and 75nmor 5 and 30nm
wab@eps438ess nmay be capabl e of controlling thePCT/AU2006/000193

t hi ckness of the or each layer. The core particle nmay

be porous, and may be m croporous and/ or may be

mesopor ous and nmay have a pore size between about 0.5

and 20 nm The core particle nmay conprise a dopant,

whi ch) magshipg thd ysradraampatitle, cdr frbespaniculate shb?&an@@ Pt an fyueous

the, |l aye or inany or all of the layers.

hydpqyl'd}/sabl e species in any repetition nmay be the sane

as org d I a

ot hotd) IR (B DGR, UoRivbRer IR SRskac? M an organic

thelqaltﬁiueous liquid may conprise a surfactant. The

Conpi <SR 48 EDefed Bl PP Arbh BleCo iR 0
whétep Bynaytbe cendeipted it ooménderajure, o5 ump o sormocted aphighs 8s80°C (e.g.

at oD Ao, B WA R, T RastR IRy sl Mo o b8 poler s
po|ermwmawsb selsmaldleyer@mgmh Ittﬁeesommty@w dopane lrpﬂwetofb%nmhmd)\d@téﬂﬂg) may

east partially Separatin

b ARSI [00MeMIH a8 BP EATCHEI SR ST (5 BrAbOMZ0, 30, 40,
50, 60 6??006)0 Butl%ﬁétﬁ’d bd oAt at o 9 b&ﬂg tdoﬂyartl’?edor%mc iguid. Steps f

nanopart Icle, or nanoparti cul ate su

andmw%cmd@mddnor@wamvame; ang redyebel cagdeicied inamy opsier, tor cneeqr both may

o G PO b SR AT Oy PHORY A B v

h, os stbist & 1g@ad hStreteps ®, fngndde ocsiemueg b efdnah, oreeps e, g, f, g and h, or may

kDR e . S SR o s & o

aggfsgﬂmdndfoﬂfsxaﬁtmpstw h my obﬂpri%@'f@ézé)ﬂrylﬁ@ Bs B&dcAted ih 1V\"fi)1/62332 (Barbé
be_sel ected dependi ng on the sol ubili

ty
ando%a@%a,ﬁogtrg I,thiﬁ@eqspggﬁramlq iPgtic'es, §p@gos@rpnsralger% Processes of
I L {
Preﬁé?égt@H%@ﬂetﬂbds dPORe a%%t ab@%}%e‘;p r@%é&’%il’[%&ﬂ?gﬁé?@%g% Rdhdi Zase, the
largg enaynt otﬁmffa@aﬁwnsenb@t tia Blage mayipravenbphysied! omtaohbemeamtmmpgammes
rganic liquid. Steps f and g may be

and?@r?%' 8gr%%$erpt han once, and may be conducted in any

orlden, errtb)pdlmam thuare tsmrbmdedya fvecessridr treaking Bdayerdanmbpartick having a

i.se (in that order) steps e and h, or
dOpg'{tg}?E %or %pngpg steps e, g and h, or steps e, f,
g ang) f‘proanSetsime Suspéhsioh cemistisig a%bregj’aﬂlﬁlé Esurfdetarit an&optnonally
one ot her order of steps. ep

and r
S‘PSW%C@BH&GB?% "?rjlql&’rmnner t hat prevents or

i nhi Ryt
) 6099 A oot 81 A5 80 R GO e
Bardqp@nttan a caiaiyat tor candenelionf & canslengable spegies; cl es,

vt PEE difg spita FRh-palf BRSSP SeboRd sebA Oaﬂgioﬁ{b@%wa second co-
af tselrfaetaneranda In that case, the |arge anmount of
f at that
ig;t a%algg maro{)}s@ %%e&?%‘ostbg gﬁﬁpe@ nqo ntbs faygred nanopartlcle
agg”raem@tth@@opant therein or thereon, said hydrolysable species being capable of
hydrolysing in the aqueous liquid to form the condensable species.
One or both of the suspension and the agqueous liquid may comprise a surfactant. The
surfactant may be dissolved in the aqueous liquid or in the suspension or in both.
In another embodiment the process comprises:
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In an enbodi ment there is provided a process for

meki ng a | ayered nanoparticle having a dopant therein
w@eroobhee3aon, conprising: a) providing a stabl ePCT/AU2006/000193

suspensi on conprising a core particle, a surfactant

and optionally a cosurfactang in a non-polar |iquid;

b) addi ng an aqueous |liquid to the suspension, said

aqueous quU|d conprising the dopant and a catal yst

foé Omﬂ g%ﬁtern%loﬁ‘%o r%fﬁ@%ﬁﬁb%ﬁ?ﬂrgplsurggc?eg ifh n@ﬁ*-ﬁblé‘lglqﬁid said

a secon
@gwlsmnaaddmormllmammmgoa surfaciapt and optianallydd oa@utifmnta wherein the

APl Rl SPRBLEoohGerbrin L ERGRIRAsh piE B crobsis

t hle)r adding & isthydotysableyspabibetosimeamssiorb eammstdqnmlylsz&)lwépemes being

B Dl vaiun Mo AtRERE BovleeloiiS e el Soiefatls sppcisndhereby

tEHRAINg AULaSHERsibr 61ebd pHﬁib‘leﬂﬁ HR riof Polgr IBET act ant. The
surfactant may be dissolved in the aqueous |iquid or

i nC)t [REdiag,apaqHspenliosid tp hepzyispensiph saldadHeaus dikid serpRsising a catalyst
tf&%orﬁHeﬂga‘ﬁﬁr?ofCa%nH%Sﬁtieﬁ%ab[érsﬁgd igdi ng an enul sion

rising agueous dr spersed in a non-pol ar
[ d))u iadding ausdutmndf ai smonacdshrtactemtaandyopcmaby a seqogd gosurfactant, to the
éag@ and optionally a co-surfactant, wherein the
%npr|se a catal yst for condensation of a -

f I é)S taddmgﬂ d%&@ffdl iydsfyeshle spacies rto hbell BuUBpeISion; sdid secbﬂd rhydrelysable
first h abl e s Pemesto Jsmn sai d J
ﬁ%‘%“’éu @%@&Vé@ YBRY Hgihg éﬁlé?&P% RyRIFoinG fP?P@d CH” ensable
tsb&,égqueous droplets to formthe first condensable

species, thereby form ng a suspension_ of core
paFits emesion mavrb@ watewr@r W/Ohamulsw)F%l@ungw@eaaddltlon of the first

hydi"ogvé?tﬂé‘ g‘pelcfeg1 g'te? § b & tﬁchfecﬁ W oﬁ/é t nssg@é}ééj(sl%p Eg%%gbl’ogéﬂb% species

tron o
may d)ydjdmaﬂol ferms medlrﬁsqr sgyoraldetindensable spacicis oaspettivaly swhichhay then

confilsb ¥ i B8 o R RS oo A LB RS Whounil e cor
parﬂtﬂeﬁrﬂileymalglydfolwble!spscxdgcanu e ﬁmmm?wﬁleame?emmhe same or
they e B 0 SR 9 9 e P eRED SR BB RSB 29,4, 5,

6, BRE®, 46-or Fitke mnlmltmsrrwuer@@y Eachabtitidnohd a (Ié%pht least partially
emul si on. Fol | owi ng the addi'tion of the first

surqygingl {e ggp@aglgg%,l@gaqrgqeggmg) the aqqq@ussltgglg feRy comprise a dopant or
maﬂ’&iﬁcﬁfﬁké/ ﬁ@@{)}ﬁﬂls gﬁﬁ?‘u@ dofapt RRn }epeﬁﬁﬁ pﬂy A Heys2AR! R or different to the

setofo st or second
dopanirmawsﬁmr EepetmemTés emulsipr and/ar dheyaquedus diguicmegy eomprise a dopant, and

o A HE00f Vel RS PR Bl S5 BP0 HRLRY AP re6te oy
conmsdslatleagongh@aﬂtt rst hydrol ysabl e speC| es and the

Sel%ogn%thréy Fn%lo%%gn ltﬁer%pls(,e Cprc?vndegaal process l%r makmg qayered nanoparticles
comprising:

a) providing a surfactant solution comprising a surfactant and a non-polar liquid, and
optionally a co-surfactant;

b) adding to the surfactant solution an aqueous solution comprising a catalyst for
condensation of a first condensable species and, optionally, also comprising a first dopant
(core dopant);

¢) forming an emulsion from the surfactant solution and the aqueous solution;



—
wn

they may be different. Steps c) to e) may be repeated

at | east once, or may be repeated 2, 3, 4, 5, 6, 7, 8,
w©®2006084389 nore than 10 tines, whereby each repRCT/AUZI06/000193

forms a layer at |east partially surrounding the core

particles. In each repetitian, the aqueous |iquid may

conprise a dopant or may conprise no dopant, and the

dopant in any repetition may be the sane as or

di §)f addingta first hiythelyshplanbcidsto m&emﬂmf ser d?ﬁ\@lt HyBlioR8ableTdMRcies being

emul ?ﬁ ?ﬂgﬁ@d/ or, t he aqueous | nprise a
FEpaRiR0 ysing in tbg @gueghesolulien 19 reémeefw@endeniﬁbietsaeoles
gf é)Uﬂﬁaﬁl@iﬂﬁlb $d éiﬁhlé?én dt '&esuﬁieleﬁt té’rﬁﬁetrétﬁﬁje for s@fﬁ?eﬁt'?’ﬁne for formation of a

| ayer (s) may conprises | east” one dopan
éﬁwawreqﬁcore lpermdes fsonptheﬁrsﬁwdrob/smeﬁpeees for making

sl 8nd A RGN o FelaRy O e KRl g @ catast

rﬁmrmopdﬂnaatlohlaﬁlal gbcorahebndgrisalukn 3pdcies parebesiondlin et swobrid dopant (layer
?g Sg to the surfactant solution an aqueous sol ution
ising a catal yst for condensation of a first

c og)d eddimh @olsivACH @Sseadd, sufadtan® %H logtionafys® sétem)bés‘éﬁét%n@ to the
first dog@{]t (core dopant); c) orm ng ‘an enul si o

PRPINTMear f act ant sol ution and the aqueous sol ut| on;

d)h) a&@lnggaasefcbﬁosthlyl%@ia%le ﬁ&‘ bﬁ)g%' %ﬁsp%f'?sn%nh?o form the layered

emul si o sal d specl es
danweltieles wherpiirtos wbli@ydmlysm epeaem@amlemydmwysmg)mﬁm AqUeoUs

YA rerR g RBAIDRARFRRBUES L 2 e for surti ci ent
t i Fodlowiog thffemdd’fﬂnhcoi megﬁstmgglulzgftezsplegeMr tmmonmamwronjsm specnes
ve BNV, Sl DA TRUMREELE KRR B b 52 S o

respw'iv@iyl whighanay tﬁ@io@hme duerto FrRRGIRNDAHE BRtalpd(sp second
densabl e sp eC|es and optionally a second dopant

EMUSIOp AR P eag)'cr%ﬁﬂmﬁm a solution of a second
f t
S blh éh%@r“bmbﬁﬂﬁ’er@ Rﬁér@ '?@ D C%dﬁ% %\:E@g%g ﬁfgrs ﬁfa&rﬁ% I@Ekgl Reoparticles

t he suspensi on;
Comgﬁmg es to the suspen3| on to formthe Iayered

t
NGB Sy 5 ISR OUEBA 3PS By TR o
letbnﬁlg(a@pdunfmtadtensabl e species. Follow ng the addition
A Ot E K e
bordermsaticheof b first (twhﬂerfsbtﬂe §peb|§§ e oa@ﬁam,chlseegmem@fﬁst dopant;
c [ en condense

g M N R TN X e

md} @GRy ﬁﬂs@thro\;@atﬂé“ﬁe@@e‘, toefﬁ@é’rﬁulwtsalél ﬂr%f ﬁydr&ye%l@‘éb&?e@ being
process for l'ayered nanopar t
capable of hydrolysing in the aqueous solution to form the flrst condensable species;
e) maintaining the emulsion at a sufficient temperature for sufficient time for formation of a

suspension of core particles from the first hydrolysable species;

f) adding an agueous liquid to the suspension, said aqueous liquid comprising a catalyst
for condensation of a second condensable species, and optionally a second dopant;

g) adding a solution of a second surfactant, and optionally a second cosurfactant, to the
suspension;

h) adding a second hydrolysable species to the suspension to form layered nanoparticles,
wherein the second hydrolysable species is capable hydrolysing in the aqueous liquid to form

the second condensable species;
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conprising: a) providing a surfactant sol ution

conprising a surfactant and a non-polar |iquid, and
wWo@pitsosusBd y a co-surfactant; b) adding to the PCT/AU2006/000193

surfactant solution an aqueous sol ution conprising a

catal yst for condensation ofiia first condensabl e

speci es and, optionally, also conprising a first

dopant; c¢) forming an enul sion fromthe surfactant

sol) Ut @ast@amalty@@paa\émg WSay@@U hhopBrticled fr@ﬂ% ﬂ@n §O|§r'|lql§(y
hydr ol ysabl e species to the enulsion, said first

hyﬁir deaﬁE'Bﬂﬂh@ |%ﬁé@ﬂwpw|%g~l@apama@c fuiday dr ol ysi ng i n
ﬁ’%g“ue %gél’é{l érf?cl%s%tﬁ‘ah B&udolid ﬁqg gcondensabl e
s p ci es;

he enu si on a sufficient
t el)perraahlng meﬂayered lmamopamelas with areorfianic ooidrfebictomaybe the same as or

R DB i o 55 g an aqueous 11 qui d to
thm mngetn@lamed mophrmelgeous liquid conprising a

S placntiBer ashieet S1I0% BRinIPY Date dea BYdRO FUR LT AGPeBRGIcAgPsng  core

parfidd Ukl @die)oéndaon‘ée&me %yérfsfa@%%@tt partily s@rFHuh&ﬁlgﬂbéldY ce particle. The
second cosurfactant, to_the suspension; h)

layesed Beneparjiele mayé)a@pher@@iezhee@re Ba %rr@wp@nwh@rand d\gavdrrena porous
sonhafk{reéxsmpl%ﬁm&eﬁc@d‘s' ﬁvgs%%ﬁ?b&ndqh@ Cb@%ﬁhé?%&l ofh%ﬁé}ﬁérﬁal. The

eciles I s Ca eous
meéaro diaoweter tohéhesemrermaycbm@em/sablabou’s rﬁeamdséOOn)n afthel @ragztch layer may,

ind?q%rgaqipgl l%oqf' g&%ﬁ?@ R’g tg{éf Ie\lxgry ﬁf %gstp ﬁgorg%rtéioghw%ﬁa)];erre%%anoparticle

seléb@erddm&r the gﬂo@;ﬁcc)hﬁ%g&iﬂ tl’@rctllﬁrund tHeldnUIodmoﬂe)layeﬁﬂhammbm a dopant,
nanopar S Wi an. agyeous

Or GBI O AP ap o o SEGIs AR B LARAE Tt Mtk b & core dopant

and/drcbhbobr(rﬁ\diié inyempahé tﬂ?@ of @§6h @o‘baﬁtr m&l bé QUISHNtAIN ﬁoﬁfégeneously

anic |iqui | n?drylngthelaer
dlstﬁ mtheciee@n tlnai www%gw ofhu Her pxampies iffothe nanoparticle
corﬁchlgésea éaor?et @@%"él@%ﬂ@ér, gﬁé{@%%a g&ﬁﬁg@%& béb G%ﬁ%ﬁgﬁj@rt@ |é€}£%r Bomprises
a Iaye'akpam;a\ﬂ'len e lcgre siopand may ibe gubssteintially dorogeaeauisty| distribTiee in the core,

o Y 5 AR STl SRS TS e, e o

narbpammhmapbeaa MicOpOro0P OF INEEDPEOUYBREMHIONANBartiol. iTHe cara dndmy one or
spheri

d
morle b SaS Fe RO P B Pt A MEGRAHS. e (b eadniayer, and

optlbﬁ’éﬂ?ﬁhéT@Me paﬂ@l@pmayieunaépundehw @orﬁsﬁsb% hw@yse@rsmegﬁir example a
|'east one region of K’ere nanoparticle

ydgc@ﬁ@%@lwwﬂamaﬂ%@a@ conpyise siiea @W%@ pelysikessiuiegane. H’I@oPTtGH@" layer,

ool 2 BASS I PRI oo 8 i o2 el
oxidg¢o farmare thamhane of Meer eorerapd the ane o meorel tyyers tcompiitesra dopentpthen the
dopg@%ir} éﬁ%ﬁgltﬁg mﬁe’[ﬁggﬂﬁ% 9|€ f%%)h m%? P8 HirePTRY 11%8 or each dopant may
independently be releasable or non-releasable. The layered nanoparticle may be capable of
sequential release and/or delayed release of one or more of the releasable dopants. The layered
nanoparticle may have a mean diameter between about 10 and 500nm. The core and the or each
layer may, independently, be microporous or mesoporous, and may have pores between about 0.5
and 10nm. The or each layer may, independently, have a mean thickness between about 1 and
50nm. The dopant may be an inorganic substance or an organic substance. It may be a salt, or a
dye, a catalyst, an active material or active substance, e.g. a biologically active substance (for
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distributed in the region that conprises said dopant.

Thus for exanple, if the nanoparticle conprises a core
wapaeasssngl e | ayer, and the core conprises a POCIaU2006/000193

dopant and the |l ayer conprises a |layer dopant, then

the core dopant may be substiantial ly honbgeneously

distributed in the core, and the |ayer dopant may be

substantially honogeneously distributed in the |ayer.

exahipfe hayelmd paRpsHRBRte, Corf ﬂEYdMQ fe Trmg@ ré?@Pré)H*ﬁagﬁétlc substance, a

Mesopor ous ceram C nanop ar i cl core and ‘t he one
radipactive srecies papdoaske t@aemr sqnmélpﬁé iy@eatdopantbe ni cr opor ous

or g&%gaﬁ W?m TH%?E Rr prg\g%ia ﬁ?{egﬁﬁ%ﬁ%ﬁe;@ﬂ@# ibig Wforous core

partigielcampyisiegla diist dapant amdra peroufsyer camipysiigod yevend dopant at least partially
surBu ] P B eolR ook R a3 S ey o agepsple fom

thetldyered dasopRAItIE. THuS theMabopatidid eRg Rd@piide)a dpdﬁmbtesparti@le comprising a
c or an oxide a netal oxi I f nore

s Ea43bIo CRRANE BHLA BT is” BRREPrBNG P Eaneable Rgr: 2 Baetpartll
sur%ﬁﬁ’dﬂb‘saldtce &aﬁﬁl@ ﬁ@% ricie rr?a?%@ céHabk'bﬁ%?eaE@’othQ§e€oﬁ<§3releasable

sane or the ere The or each
donantoaélg&wdlé&htelqasaﬁe d@aﬁagwentallbr non-rel easabl e. The
e I
ol EhBfer ARl o [ ouBE § 2ERY Saoa Ol S5BbYsMo g porous core
parhcﬁé empainga ﬂrepaleasable'ﬂoaaﬂt aayfestqadronsalawauﬂmwtjlag ﬁn;cotea:)aelcle said
di.anmet e e out, 10 an

furstamertqg@pwnge% ﬁelqeag%;ﬁge%ﬂwp qnqcpea%c[qa(grqproys la[ggr comprvsmg a second

releabableOfupamUS |eHst ﬁaﬁem;a@ummngaﬂ@ fmmporo@yqay@prmé nefdpeRiIeId may be
and 1 The or each

b
cap%wg ﬁfélﬁmthejsecm,ré'eas éﬂﬁp%nhartdm%gt r@i@m@é Horapbipauentially, with
a dRRY nefiveh ra—lgﬁsed&ptﬁé‘tsem R fﬁg dg@ﬁtgafﬂ*\ec Ieﬁb’tPS&f E}I'?&%elﬁﬁ may be

an’organi c_subst ance. Y ., or-a dye,
depeadeat G)I‘sihe thg;hn@@and/@rqisﬁx @:rﬂh%f rstdayeract i ve substance, e.g.

o SL8E SRt SRR E0 RS RAENRURL S et
commeiging o aelsasable atopant aad raapbrousclayer ecosprsiniges, releasable dopant at least

parﬁ;ﬂg 's@?p%@r‘( r tc[ gcfrﬁ rg?rgcglcf %gfbg@fpgg%leyﬁac&pg\pg% 2RO non releasable dopant,

for BaNPIREd h(brﬁl‘el%asa@lém’gr@enﬂ@r @olmlh@m naﬁdspartl@@r Thecta®e may be porous or
conpr i first dopant and a porous |a
%Q?E@P il?en g, Mgy cRATH %o p APAINGHC fl“%tﬁﬁét" §Patnel ﬁWI Igyered nanoparticle is
ma@-}éﬁé oundi ng said core particle. At |east one of the

rst and second dopants nmay be rel easable fromthe
| alpeaneiaememphegiament tewe. is provige aéayﬁ@dd]@a@nartwleecomwng a non-porous

coréf: y&g*clbs @rlg%oﬁo@ﬂ)&%ﬁﬁs@b% l'é’é’gabfé' H‘&aﬁ’t Er‘ud %t porous layer

asa er conpri si
compeising oo re@laﬁn@adﬂpmtdmnhmromtlayleeatdeasbwtallwergoundlng the core particle.

TheghesRHAg Y 5B Shisn BB b8 enl e RRBAL Tt b plthy cetey may
be d@péndrj]d;nf on‘(le Ithesmlcktﬁgfatﬁﬁkgbﬂmwét?% \;/Jlsrggsdmyén 'cThée )rlageﬂ fay have a non-
oA GIRPAT, W GBI DT RBESRO RS SRR Eanpari.

COTHRd & B0 abrcfv'ideat rnsh@gmahét@ s‘dﬁsﬁﬁﬁb co?npf*uéu?g“a @%Fﬁg%f layered

Iayer surround I ng re partlc e, sald firs

nanepaioles epesrlingdo tr@nr@/aetwm Thedepepaticulalp Gubstesexmaybaypensdispersed, or
?I?)d‘;pls d rel easabl e dopant at | east
ma}lp@rog dlﬁlidreouﬁg’ls’ﬁ%&ibﬂe first porous |ayer. The
nafepesis talso Ipeovitay abwerﬁmabcbparmie wheh ewsle Ibgg thermocse@ ofntte invention.
Alsé@a%ﬁ%?r%ﬁﬁqcﬂa H ant :ﬂ? cu?ate su%stfan({esgomﬁarelslmegae? sluraﬁy oP Btyered nanoparticles
according to the invention or when made by the process of the invention. :
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a del ay between rel ease of the second and first
dopants. The length of the delay may be dependent on

w0 b@eosizakness and porosity of the first |ayerPCT/AU2006/000193
anot her enbodi nent there is provided a | ayered
nanoparticle conprising a cqse particle conprising no
rel easabl e dopant and a porous |ayer conprising a
rel easabl e dopant at least partially surrounding said

COfnearidfet hspe: of Tﬂiéem%?ﬁl& Pefet is PtRideBY RERTY fop Geli@ermg a releasable
non-rel easabl e dopant, for exanple a non-rel easabl

substepgretata Hust casprising pxRgsinga layared anenagicle. acqaiding b 1ge nmgntlon ora
pluﬁﬁé%’r@@%d %n%ﬁicﬁé’ %b?%n T%eWEQﬁ\%ner ) é&ﬁgﬁ@dlng@rﬁm the layered
nanepaytice(s)das a relansatiheubsiandeditkireie amd/mrhlmrm)nl (e.gpin atxlem dnegof the layers

or tbgﬁ @%&@e@bﬁ]ﬁﬁﬁe Urlddg c%n%ﬁ? 8@'@3% p‘%@){ gefe%ﬁgéj @1{9 ?«ﬁ%psable substance

fromﬂiem&blnerloﬂaﬂae(s and a porous |ayer conprising no

J,I'I@qa@a l%)gysggf%gqqggluahfgp %ﬁleﬁtﬁémﬁﬂdldﬁg%w be a non-aqueous
fIUI@QBP%ﬂpIeCér? )9@3?{ c ké@lv@r"rﬂoﬂlilel §x¢éfslplé %ﬁwﬂsé E‘ignﬁbo%ﬁ&l&ng, swirling,

t
SOF@@W%L@FZQ"FGFWEG tagéatm.tb«?edgrgd amaon@mcb@ tvvthdﬁe tflid. plog meghod may
conllé%@ ?Iea-grﬁﬁ tb)(%@ée sé@és( as@?éfeﬁ'\c@ |ﬁ§ﬁ|§ee %‘Sg@ @&??@@B{% fe¥asing the
releaserbl:qowbtshamdeen aT¢ontrelled snmhesroTlpH mldade df the maloagabletsubsidrat enay be

conﬁ@%@&%ﬂ a%)ﬁc@gass " ngtl'ﬁd tp(g rtek e?’ qgliq{lp%%bﬁe%”gstance is variable with

tummmpﬂtrdnea:aﬂd@t@redelmﬁr@amnmy be rmnodlspersed or may
ze distributijon.

h t
B BGAE 1 Peasabs aosiEResA R Ol BV 8ol T 0. blood
in a%a‘ﬁ@rﬂsﬁl%mﬁda%e'nf‘é’&r%bé%rh méhsdPiok H@ﬁlﬁlsﬂeﬁn Q\GTL@%’ tH& _patient, said

nanopartlculate subst ance conpri si ng prura
metheg earpiising dabipaing tacthe satigplc egalioiep hlepdtah theu natenita layereﬁ nanoparticle

accg@fﬁg t%@%v@%ﬂoﬁ h& a%l@%fgtiﬁft lﬁgerréecﬂfanb%br il Ga%gorgﬂ%go?ﬁ% &%F%lron, said

of t nven
Iay&m hanepdrtinp(s) hewngethe aihjgdh@*eubsmd{nrctherem dheé Iduigdnay be for example an

antlg%%? délf‘q E&eeﬁyq?cgqiﬁarﬁgpé?}gclez ot e p?e?g r%%ttg'&,tgelrl@%?%c rt%%ﬁd 500 nm,
or betveomatidut 30 &4 30T M merdgllvbﬁy maly@eummmusamw d@m/etyhmd may comprise
t he IaS%/ red nanoparticle

oD o0 BY etk & AERHOR mpﬁs'%w%ﬂarméri@%iﬁ) (e gsuspapsion may
confphsé %ﬁépeﬁ’dhﬂg ffid. @Jﬁ’aﬂleﬁyﬁb%dmb flulag fé‘rCIﬁJGCnBﬁH hr‘e%eﬂ’l)knoﬁﬁ‘dand may

luid i's capabl e of | éast partially releasing
compﬁ@e se@mee Bg\g@{]séolgmsglm%@sqlutlgmprﬁ@sq WLy gextrose solution, amino acid

solt{ﬂgrf %@%ﬁ hﬂ ﬁ%i %q-ﬁglgr} fggt?ﬂﬂegplw’é?gpﬂ%@%ggﬁ}éﬁug fgdla®There is also
provided- tla&qumcnﬁa ldybredl dandparticle aeooyuiing ta thedmvgatitndorsasimingsidring aldeug to a

pat g RR e MeoRe G baedhe iy e Ak PfgRr v ' "
naln @p@thérla@;b@( Gf)thel\JnVéhtlbmmerfel isIprdvidethe Iag@édﬂ ﬁ@hop’@(ﬁct‘,l% aci‘corglng to the

(of0) t he Ieasa l e su
e, 6 & P Y B R TOBR s SR ARG o BB ke et 1r dlvering

arefeﬁéh‘bte%@ﬁadcé‘toéhfwt“)' | ed manner. The rel ease of the
rel easabl e substance may be controlled variable

r elhedrventionrse Pryides ér ek of aolpyared rangearidle aqserdingltethe dnyeetion for
seleRiRSIoMREE of & HRE bAPLEmMnbAL of a mixture. The invention further provides for a

layered nanoparticle when used for selective sorption of at least one component of a mixture.
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time in a controlled and/or predeterm ned manner. In
an enbodi nent the rel easabl e substance is a drug, and
W0 bwef8438d is a bodily fluid e.g. blood in a petT/an2a06/000193
Thi s enbodi nent conprises a nethod for adm nistering
the drug to the patient, saiid nmethod conpri sing
delivering to the patient, e.g. to the blood of the
patient, a |ayered nanoparticle according to the
invention, or a plBrepbédcyiptidn dfaeDR@inyenoparti cl es
according to the invention, said | ayered
naAquerredcﬁomq sb thi qvasang m\teetlwuaty nown de edescribedi bpmway of example with
f ar exanpl e an anti cancer
ref%g%s?oﬁﬁgcqowg}y@adwﬁgﬁ UPePRI e(s) nay have a di anet er

U-'&Qur@ﬁﬁhows(atsbl g]bDreQdmdn Sd¥fdertdin 1RE plb@dﬁd@@ﬂbaé@out 50 and
O nm The d very nmay be intraveng del i ver

r%§ qy\@@d}ow ar Q{Jaé}gqqeﬁsgfoq Medicing gwuglgwrggl,par@partlcles w% dopants

corﬁéﬁa@%ﬁb@&e%ﬁl rising the nanoparticle(s). The
suspensi on may conprise a suspending fluid. Suitable

g doihays fa Wdéwf'ld?f then prseessoiais pradecingembltiryrseh pangpatticles with
mufﬁ@[\.{d tise saline, Ringer's solution, glucose

S 1on, fructose solution, dextrose soI ution, am no

digue sal utsh«n/va PERt emrcrdgyau)hgl yof at partickeadi pmdlhoedt ahe a NP-9/1-

pertiglyB R BB THO SR LR BR SHORBIN o aceor di ng

tR?gLIrehs showé EFEMI nﬂﬁgefs of unéot dilics baTidletavii adfok&shbﬂ)stmoture

RS 0w /06300 O CHALBTA MREUESE R PURGIBELBSgHe cntfus perties
| IR 'sﬁébvstm\ﬂ ﬁndr@gra%% f dRd p%rti'cl@é/ g o@gceﬁ%‘%‘?f g?lgrgemulsmn

accordin e I'nventi on, uralit

sysiean @bblPﬁ?chldzeme4@HH ¥1QSo b N%911 rneaiaml/@yploham @d/TMOS, and
frﬁ)Jn){jﬁio/teﬁﬁg em@l‘;@Hfl'ﬁl asabl e substance to a fluid. The

providés for use of a layered
rraguop@stiaws I'I'EMamcrographs@jlustmtingwmrﬁida@mth oynsdquentiakddeition ®fEMOS: a)

corf R el Tt BLGRTE R ) o anerBks s B 4 g acotion

(33where) umeadd|f@f(3@mh)¢ct ive sor ptl on of at |east one
cription of

%?@5@0 em EMéwerpgr Sﬁ'ls'ﬁtrﬁﬂag pa 18 @MﬁeqUﬁm@h@qdalﬁn of TEOS: a)
coré"(dO'nn’()Od)’@leadGiﬁ&Fde Qerﬁ#n&)bf m@s% 3-SXIPE) @n&"a@d‘ﬂoﬁ?éﬁ’mnﬁg ) 3rd

ereln: ure

addﬂ@n(*@@ﬂgg gfg)aﬁ) @% @geu&%\gﬁg? P, H&thadeienidd8-o46 malse;
T e e e
tRigerec bt ehawsl FEM Rioggraphs ob boesshedd sfrUabum icdarightdfeldt image (dark areas
. | t d t. th
i f Feeses o Beicd Hek e Pk  BRess AR R b Bfentl
FR?gufd ¢2 meYWm&Jﬁbgragh@oi\&r@é%g structtére shczwung beam damage: a) bright
ent an C onex system (average SiI ze
fl@'@@’tﬁser? gﬁﬁ Ginege @W"qe%ﬂﬂ%’naggs of uni for?n silica
Wdu?é %) ﬁﬁ)WWnﬁlé?o%a_lphé"illﬁst?ahﬁd the HifisHeE WF e nfdtister & a@dlﬁdhcbfﬁhe core-

graph A neasurenent of surfactant resid
she&ﬁa@q‘,le} $izg; particles;

Figure 14 shows TEM micrographs of particles synthesised using: a) 4 cycle (core +4 shells),
and b) 5 cycle (core + 5 shells);

Figure 15 shows TEM micrographs of particles grown using different dilution ratios, where the
dilution rates (volume of fresh emusion/volume of seed emulsion) were: A) 2, B) 3, C) 4, D) 5.

a) sample 1, silica core copper doped, the exira added aqueous phase 1.333 mol/L. NH40H,
with Cu 10.14 mg/mL in the form of Cu(NHa)42+,
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Figure 7 shows TEM m crographs of silica particles
produced in the follow ng m croenul sion system a)

WO 0dN84339 ohexane/ NhnUCHATMOS, b) PCT/AU2006/000193
NP- 9/ 1- pent anol / cycl ohexane/ NH 40 "MOS, and c) Triton
X-1 00/tol uene/ NHAOH TMOS; Hisgure 8 shows TEM
m crographs illustrating particle growth by sequenti al
addition of TMOS: a) core (22 nn), b) 1st addition of

| T d
r)%agglglzt §il;cre]1 d(t«fgscobse? ’dﬁg@)d hhfé)hexg% gdoga o%dUeQLE‘s ;ﬁr%ée ms m@D/L NH.OH

W"‘@“&Gﬂﬁ’ﬁ%’ TEM mi crographs illustrating particle grovvt h

kﬁdu?a i d gﬁkm}?ﬂ%b@b&@ ofﬁa@%@%@@%@dnﬁ%&ﬂ@hoﬂ? for mixing the

semicmhusummnqmmfrmslﬁemuls)qn d) 3rd addition (102-120 nm), e€)

o 7 ShoB Tt Biegehn S naiide PhrP Rigphuie THOS; & st wsing

TMOSEsymthiesis tandiiomfidentical lohosé ugbddaFiyurra)cess;  Fi gur e 11

IR M M A
GHGURP1Y dhbwis P réfgrérghebeamqiggwhr( Mnipegkﬁn%t%e% fahgixat e

heavi er el enent m cr ogr aph$ of
ddguse ahehows @h@t@afanh\s &f W@ﬁ méjh loenapastienistast in a)ablbﬁ |agd18uspended in
aceftdn%I d image, b) dark field image after EDX |ine
profile; Figure 13 shows micrographs illustrating the
i l-'rrgdreJZz‘rmewsTEM imécrogeaphe of samplasiwittt ¢on‘rpouhnntllbted ofableidel |

3k 2 o plonaf ol g SympaihuBled s SR 2 &no suspended in
acetdme) | s), and b) 5 cycl e (core + 5 shells); Figure 15

SN &2 SOV AN CloS AR O srREs Wt fesrosEor st in JALle 4k akfreeze-drid
Sl(()é'NHOPWEls;lﬂfratfor ﬁ?/g tﬁ%é‘bb@%\fﬂ%#f@w%r seed enul sion)

wer e: 4, le 1, silica core
dipipedd dope §h0tQmi@70@'ﬂWhSz9f h\aragwnaqyﬁéaiw spsRession agE®ated with siica
shegl/l- NHAOH, with Cu 10.14 ng/nmL in the form of
(NH3) Ab) sanple 2, silica core copper doped, the
digurea2tashdwel Udleyisibteuspe tieas €uRC 3B8ckrtin,/ AmaINEEB Rin)artdHRubsby (grey line,

C - F' u 16 shows TEM micrographs of particles
”mabr%g@g’ﬁb' %Lgrah'gat%ﬁfferent met hods for mixing the seed
digules2Boghoas dJV?\A‘dible‘ gpectha cﬁ@aﬂwﬁesJLNK Eaz%ebraek finé, %hé&o\é@SFﬁ)ﬂand LNK-
mi cr pgr aphs res fornmed using and
8245(3@)’?@ E r‘}égﬁrﬂfﬁ bé?&ﬁ’ﬁéa‘w@ conditions identical to
tdg@eezms\ﬂs 4 Fé'leaEé théfc%rv@)of afSMl@LN@—S@?@?%%&Meeze dnlefi powder in

rogra i ca core coated

20 . S &1 S0 ShvovesSTPum, B Sara 2L S powder in 20 L
SBFS??'Q?S%L maxo'qf)d Qgrﬁ)t ﬁ/ﬂerFlﬂ th-Eqweﬁe @rgd 5\5v | G rrll?al ) QLA 802 and 85wi%
of Ne&hl e 1 and suspended i n acetone;

Figure 28 a to f show diagrammatic representations of different layered nanoparticles according
to the present invention

Figure 29 shows a release rate curve, measured using UV/visible absorption, of samples (A)
LNK-879 and (B) LNK-880. 29 of freeze dried powder suspended in 20 mL SBF, at 37°C (wherein
the freeze dried powders contain 15 wi% of SiO, and 85 wt% of NaCl): A CuPC, Amax =615 nm,
= Rubpy, Amax =450 nm;

Figure 30 shows a flow chart of a synthesis of dye encapsulated silica nanoparticles with

ORMOSIL surface by adding more emulsion components;
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Figure 2 1 shows TEM m crographs of sanples with

conposition listed in Table 3; Figure 22 shows
w@hbebogsaphs of sanple with conposition |istedPCNAT2b/000193

3 and suspended in acetone; Figure 23 shows

phot ogr aphs of sanples withisonposition listed in

Table 4. a) freeze-dried (Si O /NaCl weight ratio:

15%, b) suspended in MIli-Qwater; Figure 24 shows
g 1 Ghe ﬁE\hSm@gfes'd?%ﬂi@a ﬁmsmme%é wlths OF{MGBJE REMRE PRoduced by
and coated with silica shel Fi gure

adding- RPre; aRuision RomPeRENtst adnﬁe@e(imyaT S i b)eseedeﬁgw mixg® pragyrsors; (c)
!y
cor%?lgelﬂlff}éﬁ%s éggggs,d\)_‘w ?&a c§r%q¥|m’@R @SIE%H%IF? (B%core and

e spec
shelHsaietailéd in&abld Srac: 615 nm and LNK- 824 (grey li ne,

i By B oot e Bl £ P SBMEFL Bl e
b) deee pazr&cl@trmmld bp 0 3el/L NR-920d 012 r@Efﬁff?tngdZDgA Sﬁm cﬁi@cﬁe+2 -layers
pa'T'CRg’SZW) %E#\?Paé_ gﬂyﬂ pérﬁq@ﬁ@% g%rﬁm wher é&r?ofeh“g ?3{5’?@@2@‘3"93 by

04%dl/EWP@WﬁDtSI Mfahél' mzh@%%oqu Si 0%) a5+ BRayérds %cl o 6 mollL

gure show |agramTat|c rep resentalon
NPéﬁ wmh@wté rnenua@@} é@@ﬂ.?ﬁm,opar t i(Bicere+3eyass ﬂarh@e&by Qphol/L NP 9 without

1-pBIERE ! iy eBpian Fi 9‘6{,3})%?2 %&&é’%g@cl@?b BATEIRNP-9, 0.4 moll. 1-

neasured usin sor
perﬂ&mbné(m J1A)M; L NK- $W)930mal-layéi} phiisle BBO0. 42rg>l/bNPf9r &dizaol/L 1-pentanol,
12§ﬁ %pomﬂer suspended in 20 nL SBF, at 370C (wherein
3 eeze dried powders contain 15 wt % of Si O and 85

Vﬂﬁdidre)% blaﬂs)a flowCehaft.of broeidxction 6f layeretnsilica Rabearticlesdy caBifing two
{H ﬁure t} 3%} a flow chart of a synthesis of dye
grog ct%ﬁbg P%?taéﬁo@”g Hﬁ%?ﬁ’&;ﬂyﬁ'ﬂ %1 es with ORMOSIL surface

WE%AL@% SHOWSTEME infiatd &f <iba 6 é?f'ﬁl&&%ﬂuéed%y%bﬁ%m@ggwé BRWH techniques

i mges of silica nanoparticles w'th

al mgler e [HaQdtsudastany= &d ) nepedio 6&-68 MM, sTERS dehpwitbnidz® 36 mmol,

[W?@%Eéé’fé@ gtﬁtqblreﬁ(@ﬂ gsrPZg ﬁ@;‘ﬁﬁgscg% n?ﬂw?ﬁ %o%@ﬁgﬁbls PRSYTEOSI=7 5;

o) Goiee2-ayerh95CHIO0S, TESR 16 Tl H-OCFvBDl (HaOYBEQBRET $hie) Core+3-layer:

10@135%6"%@ 4 b0 B LR EPSRE e e gflseo om

TE((>$124 mmok &0 1pammblc [Hi@]/ﬁl’ﬁ@@] ery(f) @o%mfddyémmﬁ re) FE0S33.6 mmol,

HeQ 4 ok SRR a0 e ek 01230 T D528 mmol, HeO 216

mmbpﬁJrg@]%ﬁEO 444d) core+3 Iayers particles by O 4 nmol /L
ntanol, 132-152 + 20 nm

coFlgw\éM 552%“@ B%)l\ﬂetlm@meéso fosilic . wartiplsts/ profyoec tm @qmmng fwo growth
tec%ﬁc@@ﬁéolﬁﬁtﬁé v&&&mﬁﬁﬁfg%ﬂﬂ £ §: k) &REE 5861 HETEOE 32trhrhidl 8504 mmol,
[HzO)/[TEOS]=45; (b) Core+1-layer: 70-87 nm, TEOS 4.8 mmol, H20 54 mmol, [H20/[TEOS]=11.3;
(c) Core+2-layer: 95-117 nm, TEOS 9.6 mmol, H20 162 mmol, [H:O]/[TEOS]=16.9; (d) Core+3-
layer: 168-172 nm, TEOS 14.4 mmol, H20 162 mmol, [H20}/[TEOS]=11.3; (e) Core+4-layer: two
size nanoparticles, TEOS 24 mmol, H:O 378 mmol, [H20)[TEOS]=15.8; (f) Core+5-layer: broad
size nanoparticles, TEOS 33.6 mmol, H20 378 mmol, [H20)/[TEOS]=11.3;
Figure 36 shows TEM images of silica nanoparticles synthesised at high temperatures with
mole ratio of [Hz0]/[surfactant] = 6: (a) 35-50 nm ageing 20 hrs at 3522 °C; (b) 48-62 nm ageing 48
hrs at 3512 °C; (c) 37-52 nm ageing 20 hrs at 5012 °C; (d) 48-70nm ageing 48 hrs at 502 °C;
Figure 37 shows TEM images of silica nanoparticles synthesised at high temperatures with
mole ratio of [Hz20]/[surfactant] = 8: (a) Seed: 35-68 nm at room temperature 3512 °C ageing 48
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1-pentanol, 132-145 + 20 nm . (g) core+2-|ayers
particles by 0.4 nol/L .NP-9, 0.4 nol/L 1- pentanol,
wa@eA8B3INmM (h) core+3-layers particles by 0.BECTBU20106/000193
NP-9, 0.4 nol/L 1-pentanol, 128-179 nm Figure 33
shows a flow chart of produgtion of |ayered silica
nanoparticles by conbining two growth techni ques
according to the present invention; Figure 34 showsTEM
hrsi omgﬁen%méleé (§)F5780 A Oég@ﬁg 0 ARl esim @P P8R 15 M) afé»ﬁg 28 hrs at

o5 2 s, Sy o B4 7y miszeina s g 3042, ) 8

107[571%’-%&&%%&11%@ % 6@%(%1?ﬁg (@I@mggghggﬂ 5@%2?1& E|O§ygr8

95Figure 38rshomETEMImegasmbisilica-panticies atreiifferent incubation stages: (a) before

mc%ﬁ@ %FWQ %Sgrﬁopc% tﬁga c{ﬁ¥§%gr]e}agigmé %Sdran ter @%6 nm);

5650 Canedbatiay 6 hourd 3iter dddingroxtra WEEIR72400mm). , H20 144 ol ,
[H2Q /[ TECS] =6; (f) Core+5-layer: 146- 172 nm TECS
33.6 mol, H20 144 mmol, [H2Q /[ TECS] =4.3; (Q)

Cor e+7- | ayermetARA DR4Rptioh of e Preidred EfMRidiméRts 216
mmol , [H2Q /[ TECS] =4.1; Figure 35 shows TEM i mages of

Sihe |pceaer|n anventioh eslatps ndnxgerichnorganicipanicleg c@mh@lrpamcl@s and, in some

emt % hn. q es aé;ﬁ%malﬁg(%laéfl o%re{rﬂ%% e %rvg % anqiflllc core an%l O)ne or more

cerén“rl@@yév[. EE%]I"H@ mv(ehﬁonq@ "a@phéabié @)’aﬁ{?aneg%f %Zroﬂmnefﬁﬁ%edfsh%lls and
mmol , H20 54 mmol , [H2 [ TEOS] =

NONCRAFQLLS ot W%%KGX'C@@I ﬂqnwxhi Cmmdﬁ examplediite,  H20 162 nmol

[91!%%5%@% @anb@‘é?\/|d€@fmﬁ;o]/|[?l‘)é8rs] %52 %72(2?1 TECS

@or Silica-perigles with ineorpcrated dyasopar ti cl es, TEOS 24 mmol ,
W%nﬁ%og&@%eta[&b%%é”ms] =15.8; (f) Core+5-layer:
br oa H20 378

st zé nanoparticles, TECS 33.6 mmol,
rroCore{shii®} gahddiios) with lﬂcoajordfedgjyee 36 shows TEM i mages

tﬁ'ﬁ'ﬁ@t il aﬁésn%% gfs‘?aéelci“% fefe[ng’o?}e[%@qqegangm release from

coréshe(l dartidigs. The p&ﬁnﬂ@edflﬂ@ pﬁ&ehflﬁveﬂﬁon%ﬁ’er(ﬂ@n tlﬁé’bno’r‘%rt Wtham dopant
ei n 48 hr 35+2 0C; nm agei ng

mayRFe aggag incafy 0(5189 QS f@H?ﬁ”d@?@V ﬁt;thaleernlia@"@ﬁ %tbaeartiﬁles of the present
lnve'ﬁh&wurh%/ 5’E7coﬁ§lﬂ?éf‘§j éEEEMn 'ﬁﬂﬁﬁ§ye9€d r%hbﬁaﬁ{éﬁg @n@ﬁ gﬁ?&als{t Iﬁrgeetfé fhe shell and

synt esi sed at I eratures

a lay@iaonteiniag et erg: efrnqre dmng(@mﬁ;e@cgenswswaiismbum throwghout the layer

t r OC agei ng 48hrs: Core-shell
and cﬁ@%(ﬁb&ﬁger %?5955 100 nm ageing 20 hrs at 352 0C, (c)

7B>bbﬂblert0rta1l<agfm copasttion ofeazh of3he mﬁﬂkﬂue{l tByer8 bf the inGitinamer particles it

is p@%%gegg e@oﬁq ab@f{y %%6@‘7;19%% ré@%lp rpaolfgmplqs?ogfl qglég%yég;aghleved as

desribkd ﬁ@relih?@ seqrmenﬁ@ eddl@n‘bﬁthb lsBricRtanBlater dha r@éyént':préﬁafs@r #nay be

silica particles at different

MDA SESKTaASon RPESRD . A SPoln hedo0ay phgse dagrar:
Surfé&hntWWat&gtHaﬂaﬁd%Pio@@ctlén Bﬂ%ﬁno %rfjegﬂ@mﬁﬂ q’dé(@l%d %ﬁl&l@? with identical

wat er ating hou
coreaghell ﬁ@cwra@dWQes-;mot eadiqmemhyn of partiglek avith Difgrent q@mpomtlon Thus

the Fbsdnt'Rventi6H (FbViced afc)iR dudHfoR P emulsion and precursor that facilitates production
of multilayered particles.

The present specification discloses a sol-gel process for producing layered nanoparticles via a
water-in-oil microemulsion (W/O) system. The nanoparticles may be multi-layered. The resulting
nanoparticles may contain one or more active molecules, encapsulants and/or dopants,
encapsulated in different locations within the nanoparticles, which may be released in a controlled
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The present invention relates to inorganic/inorganic
particles core shell particles and, in sone

we@pivens4sent s, to. particles nade out of ceram BCT/AU2006/000193
materials, with a ceramc core and one or nore ceramc
| ayer, or shell. The inventijgn is applicable to a
variety of porous netal oxide shells and non-porous or
porous (oxide or non oxide) cores for exanple silica.

fasﬁbd | T GaAdpashed 'ma‘?abé'é*eka‘?rﬁc %Hoﬂéﬁw@évﬂ'ﬁ@;ﬂm@t Be sgnthesc'jsed by

Silica particles wth incorporated I'ca
sequ@itlally ding {difesent)@stive-raksules ¢dogame)and i diféﬁﬁenh)l Rrecursors (or organically

mo@p@@{%f 3 f,%s %ﬁfgs 88 Wi Pre?ﬂu g fh'%'o(/éjralfﬁa{rﬁfo%oéiee% vl s the core

ul’ar ‘i nterest e ‘encapsul a
diameterearsiecalh tmmrdknckaemeay bepaildredbyesontrdling theamowlt ebpredursor added.
r, fro

T RS R eveh 299 b Saabplet BrwesrigPob Paisoi, fegrechisgimay be a

hydralsaliespedes! B8 4 h?drb!sbsélbﬁes"léﬁe titheayo s tapgabRSof dydlolyging to form the
E%esr%nt i nvent i gﬁ %&kbe consi der ed ai] bei nﬁ%

reagqiy-t ine PERFIRQI Ay e /g ect fram elliconalkpricerto pigsmetglrikaside oha mixiure of

met%mlkdmd@é‘ @eﬁen’dﬁ%%ﬁ th%ﬁ’gkétloﬂ 'lr{;tﬁ% @g!tlﬁgé?ed)ﬁ rﬁﬁb’sethﬁ Qﬁﬁé‘h%lecules may

bel ng honogeneodusl stri out t
be sgiepsed sadpeatiady obéi ﬁ@gme@teéateﬁwn (Peg. w@ea;ssme nelsaseamlease Thus for

ol B FR TSR ol P8 Pl YR bW s on e

Iay&rhwltraam lnnazryayleobemaamgthe blter layer @hd éhepood hMmesneleam)tE substance,

chi eve as descri be erein,
therl BShof Y 1R TaREb ROy RB R Ho B0 DM Ral Wit g, - no release -
releasepgestoceUnegsequRhtially. t rray be inmportant to ITB.I nt ain the
emul si on conf'pos ition e. the sane spot in

t elrib RO eldna PNk entir iha cow e Mk be fo;medn@tsﬂu or they may
be Qdde@‘é@ p@f&ﬂé@&ér@(ﬂesofhéqﬁ@cor % Ls’rﬁﬂ@ érityrép@éf&r &gnowded for example

ar icles wt enti cal uct ure
smca@@glclas;fsucke@edfum@d g@qaecczﬂmdai siliest onrilica fumedsmetaltcbride particles (such as

lnd|g¢1g§/)§dgznhlx8@ ' 5)&0% } P? S &%u@h:" R AFGA gxx@bvgiﬁéégﬁ Elgcgr particles),

s a cyc enul sTon
semidmaductcmoarltlmlazeatqmtqm dnh;magnmlc @érticted, Tiybtalies gealtiqesror serhesther type

o Cr e e e

pi, & tevaik i, @ DlfHeAEh (apekesplo e, mww{metw:hesmmwels 16, 17,
i-la sult| ng napoparticles may contain

18, JHor 89 s i P o & ehendr Ao RRRILIaR. o A rearecpaicis may be

cry s‘?é]’lm@'& Son- %%ﬁ@ bk ﬁ‘ih?ﬁe béhlyjdrisﬁeﬁifn@ ni mé)ggegégr&ﬁ Dr Mnkdddlis. The core

he nanopartic e

part&&sﬁmambp @@Wé@‘rﬁb@w 5 ﬂﬂﬁéo@mlﬁ @wﬁmbe%gn ab@utfear@mse 5 and 400,
SRR Db TORS RS0 LEHSHH DA A 0abn 0o
100( 50 &rfdeG06NE0) aqdmea LﬁOSamdQOQ ;ﬂO and d60) goaamlysmpdoo amﬁmo, 100 and 200,
2003858 40l b EPutapL R BB 50 180,25, 35 et 50 8970, 80

90, ¢60;h5d) 200y 250300k 8505 200TEB0 BESG0AM iR dRhelRY, of @BrhE othkt dlémeter The
['1;1 mpunt o{l &h &urso gdded The t hi ckness of each
nO”TPSE?é q“i%?”t?@ BeHPYaS) lipdd ngenendastly B b er Mora aEe usee in difigsent steps)

maypﬁee&H cﬁéﬁarbﬁﬁyanﬁ?n hEVéjbé?\kré/e%a\gérﬁl ’F‘Go@a@c?oﬂsaton?s Qr bé\f/een 5 and 12, 5
sabl € sil e ca yzi ng
andt806 ﬁm} arigeand 10, and may have 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 15 or 16 carbon atoms.
It may be straight chain, branched, cyclic and may be aliphatic or aromatic. It may be a mixture of
hydrocarbons. Alternatively it may be some other non-polar liquid, for example a haloalkane or
haloaromatic liquid or a low viscosity silicone, for example a low viscosity dimethylsilicone or a low

viscosity fluorosilicone. The low viscosity silicone may be a linear silicone or a cyclic silicone. The
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reagent. The precursor may be varied fromsilicon

al koxide to other netal al koxide or a m xture of netal
w@bdoons4as. Dependi ng on their |ocation in thePCT/AU2006/000193

multil ayered particles, the active nol ecul es may be

rel eased sequentially or inisegnmented fashion (e.qg.

rel ease-no rel ease-rel ease). Thus for exanple jf.a

nanoparticle. is constructed having a rel easabl e

wswsl@sdﬁalm:auconm miay be belowe abeun dOOcS, oretielowoaliogtr 50, &y etO, 5V\@ bM1cS, and

e A €50 A5 H Ao 26 UK o1 6Bkt D6 Frohone may
be é@ﬂuﬁﬁ%ﬂé%)@ eﬁH&ﬁé;l@&feeTM\é’éUcF’c McOEREy 5 £PY 5£:D5MD6 D7 or D8 cyclic

rel ease - "'no rel ease - ease ste occurrln
silicone; Orghayi kel Ryixturerdf amyswp poners of theset h@ppaléls@marquﬂmﬂmawhe used is

cyc@@&aﬁ%@@e @gﬁ B?lérlfh L‘?Id b?%{:y(c%]‘ofé‘:ﬂw%dn%taﬁ)sf ﬁ% 4%?%\{3@}”% sol-gel

prooesy. Ibwaypreya capadyst fescoocﬂeqsatwd ef the tandersableppezies, dnd emy be for example

a 1B G0 Tnb 7Y SRR ot Fisehig Reclcgh bR oqd! (sl ascetc acid
triflgotdeadelc ach, >a€bis Tt dkarmpié élﬁYdmr idel sotegs KON N0 agurdiid'dhmonia), an
es), seni conduct or

A 5@d2§§adnaﬁ'§a'nhlﬁﬂ<3§i§' fUnclghilietc Wit amis, such as  APTES
arrﬁrfo}%bﬂinbl’hﬁgs:%é? Idr?‘gdé’gors%ﬁg@tljﬂeraﬁc}’R? IQIt|4F§%F %'t%nﬁﬁon metal

rical
alkaydde; (fer ﬁxﬂﬁnpémutpr@ur@falk@u & wm@gumaaikowde s e eoncmtnamiemnhmcatalyst in

e g8 AL 8, b BuhTB o g s et ot e 2, 01

and2() Oflaand 9)5, 0.8 ahd & Kleand 15, diand 5, 0edcant] &ror $ A, éﬁkjemaydbletabout 0.1,0.2,

0378 L 0B p7re ﬁbeq/grgﬂﬁngisnfgom&ogg%éfsgg' & 8F5m.%Fhe pH of the
aqueott lgaid eag be Eb\t@e@mabeutmmnql & Doy mubsaarwe@na ahxpm afénd 11,8

ancE {0510 300 1930 2A 1500 26 13, ATq8, TEASHZ Of 4o nd 400 By besabout 8,
8.5 a@@b ?010 165 aﬂd 159012 11@ 5a'it§i 1%%% 1340Tﬁ@ %gg%g we%g@&% liquid to the

0 and 5
susn@@loaﬁacqs@pﬁrtlcimn @rvév bﬁ@@ maycbe bawaerzamut GbendaHKs, Bobetween about

0.1 %8@5?&%@%’53@& g,ro’.férgnf%,ig’ r?cg@}“jgﬁd 1(%%63 eﬂ'\? éogg%%? or 1 and 2%,

and26dy, bezboyt 35.0,5, 405, 2458 3p8.550@Hb| 515 (ﬁl, 8.6ET, @15, 8,8.5, 9098 or 10%.

e Ol e s ieEhedp Tt e betiiibay 0.4 g g0 on
a wiwy w¢lﬁ Ik er mokar sdskpa nm'yoebﬁtmehl?abtmo afah@B 0. %\mﬁd LTBO’S Eﬁd/ € 1 and
tween 5 and

10, BRI E O aRb o B0 L DERIVLED. Tah 2 P 4ok By 55, 5.85,7,75,
8, 295, 9l @5 éflw%lr%n alwhw, M\ﬁ vﬂ«%r%olé@bd&@r *Pl‘iéqgﬁﬁ&gﬁl%le lshed®Ymay be a

be strai ght chain, branch cyclic an
hydeglysaeaieial ecies, iaxample a Iaydrﬁwam@swpom alminiem of titanium species. The

hyd%élg%@aer@@f‘ ﬁ]&{llﬁ%ﬁﬁ ?IR@&devéﬂc}{ abh rﬁ%%fl I 8>f {eg@.‘é. %r&}ﬁ alkoxide, titanium

eka
alkoide oaalwmaumcalkomqe): 'B1ecaikoad¢ may be 8 €430 €§ steaidght claaireor biramched chain

o R8BI B b AP ERER o B 6B BB iy b e
aryl@i&de ther @(ampbe[ﬂrlen@ddej aos’lﬁororalkandaw;|fd>rCe>@mblea3fSHicon proplonate and
VI Scosi Iéﬂlof the silicone el ow about 0CcS

amnags %‘@I dnAnigBtianese sopg othep hyd;olysg%llg,s?apgs Theanefalagy lﬂfgle between 2
anda@ﬁwroly%aﬁle Iq?oup@ per3molé‘?ule50n &\%raq%oan@%a%imgve adut 80257835 or 4

I near SsSililcon
hydrlOfysaH.a wwpss. RepRpleeuicien avsragec Suileble mﬁolys,ab?é.soe@es inglusieebut are not

rest{ragd @Z trg #‘ﬁ tg%alko%lar@@ su@l7 ad ﬁet@ﬁef%@gﬁa@%3zﬂéb§f/§\rf&ra8{hoxysnane

xture or nore
(TEO§)itetrabutbxydilane ATBOS), tdtrapropm(ysllbm (I908),i methyltrimethoxysilane (MTMS),
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cycl ohexane. The non-polar liquid may be recycl abl e.

The catal yst may be a catal yst for the sol-ge
wEe@eess39 It may be a catal yst for condensati oPCDAURM06/000193

condensabl e species, and may be for exanple a strong

acid (such as sulfuric acidzohydrochloric acid), an

organic acid (such as acetic acid, trifluoroacetic

acid), a base (for exanple a hydroxi de such as KOCH,

memfﬂbthomnaaeus(mmpnemyltnem(yamn@e TBS)r etiyimEth &bl L (ETMS),

OCU(“a\%%ﬂ{; '@egﬁ epﬂﬂ%g%énﬁhgéﬁéﬁéj ?Oﬁ\% I b@@ﬁ@wltrem%mowgmﬁp(@ws)
hexadédlfltneﬂ{@@snléﬁg (HDITEE)) oct@ ec¥)l rr{gfh@ﬂl%ilaﬁwb OD'Tﬁléfloc?Ad&g@fﬂléﬁﬁ)xymlane

éror exanp e tltanlun1a vanadl um a
(ODHES), @6 welbas meihyl splyaicate HMPaethyl pelysilicate (FRS) aglydietexysilane (PDES),

rebhBHS BBKsh BELAGE BRRa Ot Mg Bl o oo
methaalylayloxgprepytiribethdXysilank, 5 phéhyHriethodystaner (PTBS) PMnykringbthoxysilane
PT&I% %ﬁlm ?x?/ﬁrtopgfriééth%y%lang' %LY%O@" g%ic%gxygfo%@trig@g@sigﬁg " (GLYEO),

mer@a;ﬂopwp firtdthoXyaftareH of (MPIES aquem@@aybtbm gﬁnrﬁ@b(ox?ﬁlaﬁbet We(MPTMS)
nd 14, or bet en about 13, 8

am'a?ﬂﬂowﬁf'm@“%vﬁﬂa@o ARIMP).13, ammoemwlta@hoxzsﬂgn%nd (A%TE&) 3-(2-

1 and 12, be about 8,
am'm%'mggs@ﬂm“é%xgﬂgﬂe 11an11 5, 12@) Tgms elg Ogs 5 ort 12

amlmaethyhﬁwoaeimwacmtraﬂipronyénrmimw@wa iquid to tA&TMBspension  [2- .

g RS BT Al I8 GRS B oncir

VTES)]aminndxtﬂr,es Of tﬁesanﬁelﬁ)drollsalactpd@s n‘iayébleabayﬂe(ble d hidrelysthg9o produce

a co_pd%nsa@e saec;oes ﬂaheand@nsggle sgeges rﬁayh@ a5par@a or6cog1plege hyﬁro%ysate of any
of tife atdvé hydolysablb s@émelsol%na%f bé?arsﬁ?etnbmp@éleé Bed M haleys abs er 4 silanol

be bet ween about

ecies tqQ the aqueous
grougﬁd?eimeeﬁe " mqw ¢ S"aml/gr@upsmﬁr plepidsilsmanbri amyleaﬁé pama"y
con@@fsé@ﬁrﬁteﬁ&‘hﬁ@mdﬁ %r ?hBl‘é sﬁano@gr%gps@? rr@lec@ St ﬁ\%gb% nﬁxté?@%f silanol

speg_esg, Thgls th 5:oreg andg thga ong an. eqre aayess may,s;nd@eﬂadenﬂy, gongrise  silica,

oy, oyt St Aot N B s

organetuattiosgeibis amy prqyrde evcanqehsahie dpydesmhty&”mb Isienilsriyl orgamiofunctional, and

o T 00 I SR S b SRS by ooy

0rga(netulctloaal liri sheror arlokeoof itrbecoret dnkl aHy Ialy@rg 8. eix hﬂ%gmnd@lséléﬂnw ARty for
kOXI(g e? The al koxi de rmoﬁ J.
a d?ﬂ*?ﬁ i 9 Qher ispegipsHatthe igaRofuidkienal exe Grd/aralgyens)- a{\”ﬂm&tt‘/alye't may be
pos§ible fLfbVIcR! a'%ﬁlc@%ﬁth C&Je%\ﬁﬁbaé ;brh‘?ﬂrébr fo*hede@i)/éardéh;é égwd one or more
species may be an aryl oxid or exa NoX|
layess surr@wwmmthemfﬁdtaamgﬂ@atalést anqjorecagest(s) fQE ocvnvmlng)me p@cwsor into the

: desnﬁe’ﬂ% @gil u@é“i’qe arﬁébu%%ﬂ%trgipgsﬂg?mrﬁg@% ?ﬁité%cogv%ﬂgg into the

desnzedropmpmnjdsmhlhecagalm predl/qy eeagem( saetnulreéease\ frametheapaticlea T dlsnmy be of

RN e o o S T nLRtES RSL b

thani thee diastied compbur@ € not restricted to, tr| and
sil anes such as tetranet hox si | ane

t | k
%Pa‘%’ H%'%%mpeéﬁéfe(f? plyser gy B%@?Mﬁ%a Whd ‘m‘g&@ or between
abo&(tqtdnﬁgsbopéﬁ@/ﬂ hahe MF’a@@ho ﬂ%@%&ﬁhm He%X$4A,36%nd 30, 10 and

rlet OX si | ane

20, &&WI@;ZO@H 6Qyﬁ9u ang e 3@@[@@ 20 enchdA ar 20 ard 39% yewid Ims e about 1, 2,

3, 4 (& ! S'\lﬂel‘ 9 ﬂ@% édt)%g,'sz%} gUg 3 34&%;?0,(59%%5 or 70°C. The sufficient time may be

betweerx alobeit § bind S6heurspankeiwean ebquHPANGS)2, 6 and 48, 6 and 24, 12 and 96, 24 and
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hexadecyl tri et hoxysi | ane ( HDTES),
oct adecyl tri nmet hoxysi |l ane (CDTMS),
wo@edtatiesyd t ri et hoxysi |l ane (ODTES), as wel |l as P&r/AyR006/000193
polysilicate (MPS), ethyl polysilicate (EPS),
pol ydi et hoxysi | ane (PDES), hexanethyl disilicate,
hexaet hyl disilicate or functional trial koxysil anes
such as net hacryl oyl oxypropyl tri net hoxysi |l ane,

96,138eany |96r48eér’fdc96y60 hrngs, lﬂ%’i@ﬁ)z 2paedd, BBIaH@B@QMGSaddMBa\ours and
ri

maé E@%@%@qa lﬁ!@:o ﬁ{@? %% 8t PE geafé@%)é SI E%;%e more than) 96 hours. The core
parfiddsCAR] 5P r‘éﬂbﬂfd ét'aefeﬁgérﬁt%ie' aneﬁgﬁ&ﬁ) nd 70°C, or may be brought to a

mer capt opro trimet hoxysi
tempetaiipbedipgantabpuid ttnd XEi ordaiweerralpne), and 709G or between about 1 and 10

oC gme%b %g%ﬂéﬁ ah(?t)i@@(éfr elmfé@rﬁ%é 01;[ 5@ %0.°§h. éc?tw?quap%)tO and 50°C, or

mi noYy propy
bet®edn2aboat-10 and 40, 10 and 30, 10 and 20, 20 and 50, 50 and 70, 30 and 60, 30 and 50, 20

oo BRERHEE, SR BRI ToA B RBA 914 TP L3 o 5,50

55, 60 #BF EBL, Vi nyI trimethoxysilane (VIMS),
Vi ngltrl et hoxysi |l ane (VTES) and m xtures of these. The

hy deotioparitsnay bs gealt esg. %(Wflﬁ@g 8 H194ab PRNRIX 101y HED PS/GqPREY tétiamine), a
dye? raoc%gag@t &&%W%&?l\/@ (s)ﬁ’d%f%nﬁ eeﬁ?]r eg\ PI@ %WQ&@ Hdly%a&ﬂfﬁ({eeénzyme

art sat e
dfuabmpédmgtds A Yegistie Sg!pﬁ&ﬂc%sa ramoaciw tra@r ar gthbaradloactlve species, or

BB o RS TR rby % 9 A e CHBBgRS i ve

narioparrmee (?rg. tha care dndaatth qiidret onaladr mocedammeydcmmJIm tifiérent dopants).
havi n or ecC
Thes g st ey Bccefen i ere) idBas B R naioReives Inds Haore and

on@&eth@ronmf %okeaha%@ &R YcombiaERE BERE dbpant) CPHEDH &Rh dopant may be
lica, PéSl sesqui oxane, alumina, titania or so

e'e@m& ornmnarp aseblgelt Mare thae Ry deRAN| SateseNts gbl@agsonpéiopant may be
releRSARGTIUR mﬁbkt%ﬁé‘b@p&hhﬂnﬁy Eﬁ%nl?élé’ééhﬂ &aﬁ?@éﬁﬁ@ﬁ'bﬁ releasable or all

Specl es IS SIm organo unct
dopants imexthel nen-iglgashlide.d deaat i ﬁmcq@s& oriaclpyer ey die distributed through said

corl BE oL PRGBS Bl oA o SHE bl ier v oo
undeesjoed (e} wh@rtalrefemnge ipmavé thea Wamcmlsmayamudelat pluréhty ofadopants (for
e or

exefpl . oy BTG 1R PRt e o RHRE iy b B8 Tayp Somrses a

plurartng dibparﬂs mwynneglb@ aWrdléas&mﬂr er zﬁt&b&@f@e%d?fb@wéaﬁsﬁble b & least one
one or nore ers surroundin

oY TRBS BTy VY e o A0S Geabien P gmEh 8 e 83y sogmprse & mixture of
rele‘é%kedopérﬂg td RRErelRhRE ‘éfnﬁfﬁ%ne’oﬁ‘é]yp of ﬁ‘ﬁ\g&" ?&hﬂr%‘é’ ﬁ‘?ﬂﬂﬁl‘é P Ron- rgf%asable

use recur sor e rel ease romthe core,
doppets éﬁa@u\a&ye el & ma@ﬂetm@opa@)stpnr@wrt@ﬁm @@iwalltyy)f Drbpertteﬁtt@th%ayer ora

oo B A SRR S OBl b e B orn
may ¢ompnm3la E!IG&BHUIG dopantdoraélense td the ereviramesntisusroanding theopasticle, together
n t he, desire G‘ecsgfxng‘gound. The sufficient

W'trkae'i‘ﬂ%%ﬁ 8d9@nh &) be between about 1 and
70&@ dopantmemww@ p'ahi@!et |f ére@éhd n’@@ bekumtnag hoﬂnogé‘n@o&?/ diskributed

10 a
throa%thzworemrtﬁledTbﬁ)dopz@t I&ms l@@r osensaWdhezbyergﬁf merg tim, ongdayer is
3, 4, 5,
pre%rr\fi gﬁQgQE%b% 1@99%’®§gdlmutmh@%ﬁat@e? 5o, 58
60 @6exmprROdE laypred sandpagiclennay Forepriaeya base particle having a non-
releasable dye (e.g. red), and the core particle may be surrounded by a porous layer comprising a
releasable dye of a different colour (e.g. green). Thus the layered nanoparticle may adopt the
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bet ween about 6 and 96 hours, or between about 6 and

72, 6 and 48, 6 and 24, 12 and 96, 24 and96, 36 and
wO8064813and 96, 60 and 96, 12 and 72, 24 and 6BCT/A6206400193

60 or 36 and 48 hours, and nay be about 6, 12, 18, 24,

36, 48, 60, 72, 84 or 96 houwes, or may be nore than 96

hours. The core particles may be provided at a

tenperature between about 1 and 70Q0C, or nay be

colburcoiahy rdleaseabld @g@% Gt gé@%b@rt aeenpaheeblodr &ntle 76104sablerand non-
bet ween @out 1 or between about and 10

oC
releggalif VRS 18- Ga ERNN) 1\% %ow%ﬁawﬁ%’érﬁdaﬁédhe £olgwgofote non-

eI BT ED, PRt I e B8 REUPES et A% g been

relegged. d0a paticuan @xadaple, X msAayemorrmswmse&omUeleaMlerﬂopant e.g.a
rea@%t?@%%iréi:calige}cﬁ%ﬁn g@djtio@ b %8 éé%arsgh)ége.. Vﬁ}rﬁg tiiegggiﬁ?d apgpartici
addpés the soddut of(tkee rg)n-releaqabieﬁvew uaernmeydle a@de@toebfe factrihat il dsmeasssary to
ad(gfg@fe\r? éantgg%&ﬁegr{@ Sr)d@fta pn%xmg m@g rel:;?igq of thrg rglegslaglgldgga{nlt y
pOfI’b{éS@lﬁ@bbﬁlfdléjmay, fdt & 4HRple, BbiHPrise RERBAIGR dBt Whith m@% function as a non-
netic_substance, a radioactive tracer or ot

relqaa leodyet Thecornagiclednaydie agy swiiable Rasticle, josexasmpleia p@mus or non-porous
partTé‘f t‘?na?'ﬁéa%n@h%l@rem dopants in different |ocations

e na opartlcles (e.g. the core and each of
t hé&heottnpanirmayotomptigeya @m@h&seclcrquentsm celfiatyste Ferretxample, a nanoparticle

e 53 . o SR RRE LR B b 558 S, S 5 Syt me

conapniee a)?onahﬁ(ﬁ.tgn@pmdrug)omgohl iRy pneeurm%o a:currmbumie(grgh@dmg)lw be released
opant ). or _each. do e rel easa r ,
to i B tbriend BEin8 o dEa oA RaRt T RIS & GRS dorconyeting the

dopafiisth tHaempeUPa WhdrRle Rehop#lickais @kﬁo@ecﬁﬁ@l sﬁftable%ﬂﬂ?on@\@fﬁ the dopant
dopant nmay be non-rel easable, or all dopants

may @fﬁsé érgrasmeecom paslidle tivpahihe laM@ryw'aﬁée hyaulg ée é%{\élafﬁﬂdéJNdGX the influence
of tHﬁ@eﬁél)tfst i t‘h@ BorhMLAd, %]léf\ Wcﬁ)ﬁetﬁen“i?eyreféﬁ%éa' o he H%r%?argcie This may

roug sal d core or ﬁ I Stri
be gsebhinyhecasaieienoampgundwhis: @mf tinpited !Qﬂcrt@mcstablhtyyer It will

e 5] QRO qQBETR HEARESINF i PeTBASy bt doan

or iaxtherfrime o2 the3matérial Sof dite lapareitstindihe Jelebrsp ante shodifief ntaebe capable of

o8 A<k reta 8RRt do0 i PR RS B piaversioser tothe

cor@parti@ st in Qﬁtﬁcdﬂ@bar’ﬂ@e ek @é!éa’:sb Irgte aitdifiat mhyeBes bap@b‘l@ of acceleratmg or
non-r el easabl t hey be all non-Tel easabl

decaleraiifg 16 zpleagg oha fﬁéﬁ@swﬁﬂoa&tem ARG N8 coR W) ORgRs & releasable
dopgm%ats Qcifie gfo%t;@ as r§urFHdh<fnﬁﬂﬁé’ H?rb Yngg%mt;ﬁse%%ne 9roups, which

nprise a m non-rel easab pants

WOLd@/§0Vaihld release githe reteaaahiﬁmpantt o inpart either a
I I
o ShE b e R MRES ByER b, RN Rl B R Tl of 2 non
releasabizrdopardoeid thenfon of tee mgﬂeml biiyie ra)/er itoelf. For example athgocore earticle or
a releasabl e do r r.el % qthe Honment .
a 'aé!%frrP‘%YLﬁ?H‘PHi‘f 3 ﬁg’o rﬁgpﬁq |a@1lnet @)@g@ HY the,matgrial of the core particle or layer

maf‘é&mp‘n@é m&@@ﬂoapﬁ(ﬂﬂ@ﬁém[ﬂé @énv@d%mbmlnaprdpwbietho'ﬂ?ﬁaﬁboma‘in making
in the core particle, if present, may be substantially

the weyap@iieie BLIE {2Veri), é@rrsmuu@eldp §PasiRg AR Pemplorch thgase plgueh a material
may%r E@ tk%oé%%@fve' Db of Merﬁoletgeﬁar %518% ff thé ?esbrﬂ%edf ?1@1 tholéBIaf weight

an one | ayer I's present st ant
acidsontyenaopybys dioest rpaﬁloleeba\ungr @mg‘r@ tQ‘QWSI éqreexample derived from
aminopropyltrimethoxysilane, aminopropyltriethoxysilane or aminoethylaminopropyltrimethoxy- or

trimethoxy-silane, may have a neutral porous layer applied to it to form a nanoparticle according to
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In an exanple, the layered nanoparticle may conprise a

core particle having a nonrel easable dye (e.g. red),
wanwendus3Tzore particle may be surrounded by a POr/aus006/000193

| ayer conprising a releasable dye of a different

colour (e.g. green). Thus the | ayered nanoparticle may

adopt thecolour of the rel easable dye (e.g. green), or

a conposite colour of the rel easabl e and nonrel easabl e
the@)mgnt(lrﬂ/eﬁhon hoepbsurdNoelighid @om st Wﬁd?ﬁhélé&lla?welght acids, the

e d),

'Wﬁ‘?? E t he col our of the nonrel easabl
low Fysight agidy world desepabee efpepsimiingtbe layﬁato ttem@rbed into the core

parﬁél‘é %?’@5’\4 1 eV@ng%uké% ﬁt e{cfak ﬁﬁgﬁg grel/éhté%l fBﬁf’atcg&éélnﬁ”ihe core particle.
Ther lumfeta@a@llaé weiightaaids weuld be shuekmgmmtthé armnagmh;mm trelcore parncle thus

ool B g 0 RN g8 i

molecuter welghbexilb) e thay@anner, tiedow molcuke \A@Igﬁt dcld mag bb lfé@eét@élf’ removed
It 1S rticles in

t
ror s B caacuin ol il 5B oneTmple of s wis kauel a matera
mayd@@métsorpff@ﬁ)f%@hl? t@@r rﬁét@ﬁa% TR, fof é’ian@?éaﬂﬁE'nﬁmo %Erh'aﬂﬁg &porous

quant um dot , may function as a nhonre
corgj particlerwéth @ine qm)s.sunr@nﬁwbsb@ nauital §QJ'DUSa|@V@ mayr e esed for sorbing

| hxg@?@gﬁéé@?bﬁteﬁal??ﬁtﬂ@%& éng%&Fb tB‘érthE c@t?péruéhéhm%it%%cﬁ?cly@%%lal, the..

nanpwwﬂnawsonbaﬂwaltw acucm)mamnalnfpme theahquuﬂnlotmam iaoire fwmgtional core

o R 0 S P 5 A B P B st

nanbgargrle mtﬂaﬂe@b@@bxw\émdldﬂmat%nai iy 86 v&fe @ han@le Asirke f!mtﬁh(ﬂ Iayer of the

| dto th t
nanhgithipaddtedtee 40ioe Bk Spde Brersly comprise o catal yst
f Olﬂor@@@lﬂf@élly' A8 IdyBRd %@ﬁkﬁ)@ﬁlclb ey cbn'ﬂﬁns‘éo(fﬁﬁﬁé’ péte a\‘\%ﬂntohﬁ or more

nanop article is expose to a suitabl e environnment
layea%@ﬁbﬂneag/n%&s@mmeﬁm OFReIPE $ieé arﬁapanable eof tifierecii speefically with a

paﬁ‘c?%?ﬁhenﬂ@éﬁgﬁcubé o\ Qss bt Renfi & e g% Uﬂagﬁl{% &ﬁqe Oéé[h réz‘éﬁ)tlon of

into the conp
thatr@&@@@@ded%mmcbh@ofr@mpalrspe@eseTheTmemtlmgaandﬁm comgléxilg groups may

be étﬂ iff ﬁw%qg;%fg&% ngﬁg%feoq%@ @gqq,ﬁtrqrgréthgﬁ‘ogrlg: tgzrgqtelgﬁgg theelayer itself, or

botrdech‘ leyered ranopaeticles may bhe uﬁedrfm eﬁ(ﬁmﬂe fop I@orpl&in&ﬁfo&l@'cﬁemxcals such as

the f
neafif BaRe. Tt IR SEhPatide hathd 5 oonakthe SeiBBbITIENG & group
capaBxsibf ¥ehting fead (& ?e@%surfda&f[ﬂﬂ%roﬁp rlﬁéye% @@oefog%?d%g Jead from a

i ncorporated in layer or~in’'a l'ayer closer to
solutieh: e particle or in the core particle. The rel ease

48 R RO e PO B2, s
0.15etdrfp 06 8tih &0c®5 to hey)\0.T torfprs ed.2h to 815¢gama kzind mixyﬂnarabout 0.075, 0.1,

or3s= Ao, D3 Ao GEATR R B 12
1.3, nal EB,S'IGG a17, 1.86.9, @) Zheddgiordopant . The core or one or

o & AR ualE SWRETBRanDS BNURREN, OLiTAY Bavetayianion paic size
distrlmﬁdﬁf TR paticld ige Hlﬁﬁlﬁmoh hﬁ?'b& subtthateni G, 500416 ;faﬂfc%s lie within

particle or a |ayer nprlseanonreleasa

10%0titheamersiranicle sezﬁ, @rH@or é|46 4l 4056, bre 30r 2% 20%i 3% 0010%, and
mayI (Yt he atfot ey (?r 03 {qﬁ A ?@81580(/ & dpaﬁﬁ@%%ﬁﬁ@ﬁ 569 $Flthe mean

from am nopr opy oxXysi [ ane use
particle size.

The nanoparticulate substance may have a mean particle diameter between about 10 and
500 nm, or between about 10 and 100, 50 and 500, 50 and 300, 50 and 100, 100 and 500, 250 and
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the core particle or the layer), for sorbing acidic

speci es. An exanple of the use of such a material nmay
wheooblogs33el ecti ve sorption of | ow nol ecul ar acPdEAUZ006/000193

the presence of high nol ecul ar weight acids. Thus a

porous core particle havingz2am ne groups, for exanple

derived from am nopropyl trinmethoxysil ane,

am nopropyl tri et hoxysil ane or

500 100nareit309 loa200nemp B0MHth ankd el haveya medn paticelidherer obatoaM®, 20, 30,
lied to it to form

|
40,50y g@a‘égq 2of 55'0 @@ 350, %éat%sng%%(? B Pt mayiaup @ laiger rapan particle
dmrﬁét@nogltq@ ge(\:rﬁc‘lbss%f iHe%h%b\;a\\Iﬁ nD'T?%é 's@c?s&?cc%@%ﬁdﬁ%g% Borg‘éh(fﬁé{@@é’n 1 and
10 'é)é&ﬁwr layass, apleas partially sgrounding thy edre.Theleenay de IbetWeemt andthé and 5,
1 afids %bé?faffo' glaﬁq 10M3EIH8 3% B 'aﬂﬁ‘gﬁa tﬁ@“r]n%f t;seWE g? Cé cfl’- 8,9 or 10

réevented from acces
Iayehis g:ln mwlbe endreathand0 @lyersamedseavmambtdn @f mblcededﬁwy kfer bvtwdeh @bout 5

o, S0 e S5 P By oh S 150 S 8% an 30

100kemti\@O€,N 00 lArd M50 6 RAY 125 Iseaﬁd awoi 5td‘ne ebl PARY 5078 8 b afo and 100 30
ow nol ecul ar wei

a“d\lﬁpg‘gf} iy Oge@eﬁnédﬁ@,\ﬂ@p gsmql é%d%%awdr B 1thand§0, 20 eed 7(9 or 30 and
70nm bﬁwmby 6@@{5&5& ﬁtﬂoons 9, 25“?0 '3'5%%‘35 ta@g% *66" %678 80,85, 00, 05,

he use of suc §or orf of

100h1 91130, 13140, 18R, @00, 35@ 306,168, 400 G150 eka}@plmeThetmmn thickness of each
!aye?ﬁpﬁg@rrﬁd ﬂp@eﬁ%@d’e&ﬂ% b& b&ﬁféﬁf?ngﬁtotgr}doﬁ%ﬁq‘] §?tw abgg {'&hd 30, 1

anddetiarid10, S anthBH§ and gmw ah(bﬁ@ d0aod d0,c10rmad 80,i18laad 2@,f2©|aﬁd 50, 30

oo, BRGSO 7 B b h 251 BEIEHE g, o

35, 4B U6 of 50 nrh.rDmdre Krein lohellaet of éﬁeﬂ’ |stdﬁé%eﬁtmh@)0m§y‘5@dlﬁé?é?ﬁ‘ihlcknesses or
| eavi t he neutral  porous |ayer

core IT
the sarag ﬁ'?a@??rsy i gare GIon the: layer's Mak: e ROTaV 28¢ mﬁy bermigroporous, or
mesbﬁ@rb‘ust %H wl&?'h@@ae[ r‘néﬁ p?)ré"élié’bfggt%érp%uf (%h br‘:tfetween about

be safe to , Sl nce

0.5 @ﬂd 10n@5r@aﬁ5 b anc4, 8.5a5d13d0.6@nd 2.5 afd 1.hHé. &amnm and 51,|2cand 5,3
and 524 804 &5 anf3657 SANG! ) ank oot oid BYEBRET NURBRY 1 o Bl Bha may

n the cofre an I'n bn
have:aebratsnza@ban@lsoﬁ 6p@37ml 83!319[1@, ot di@p$.3t ‘na,t1 A, ¢apaa;|1aa Qf 2.5, 3,

o5 LEEE 85 S0EE) LD R TE A g TSR b

corepamadail thgers ehay beipsrRus @F Misicor nedy Hehah- p@lb%%rfd&he @P&@ g b@ borous,
cl ass%%f chem cal %gem es. The chel ating
or HEH0R &6 ANRAT SRYBSMARYS BARANUSeNT; 30 quiRs i&er rﬁ%be gorous. The core

partlﬁl@ fandi fk %ﬁé@h'l@eﬂﬁﬂﬁ%eﬁéhdénﬂ%%\% 4 ﬁfr?@ﬂ({;’f)f Hegﬁeﬁ%&ﬁ b8hd 80%, or

| ayer i'tsel

betwearh @fwi@ arad ;5 03p4/60:8 ané BY Orape 48,0-ang 138, & and 2900 and 162 aiid 80, 10
and 'B@’@O%n@ '892%0‘3&?'{9!580 4 5053 GRB0 éﬁaérﬂ)‘eﬁa%ég%ﬁd @%‘%ﬁga?ﬁggneq?@ave a

anopart aving a nbon-r€el’easa
poroaltygaboutpo d a2 B 46f 50; 6, 78tar 80%| dhe dépmngmayareb&em bétWééh about 0

d f |yt i .
and SR ot R R 3t B o By VR it 5 g DAD v ened hyen may
or n&ym@lso r‘oeSa td@pa?ﬁ ?rgbﬁeﬂbﬁ mofy Iagé?@ufhe Qorggmfyg fog; e&gm&e k8mprise a

micréﬁqf%i;.ﬁlg nglc%ur@arl@r ngan@ml&t s 1 thecexample obihe I@Ognanocrystals)
The @op?aﬁt mgy épre@erﬂféetwébn%boﬁl Osa?d 59; @arécp%% Zfln&) 1(7 0 %755'10 g 031 00, 50
and 10085 and @5 19 anQSQor&San@Dw{q o the core, and may represent about 0,1,2 34,
5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99 or 100wi% or
the core The dopant may represent between about 0 and 25wt% of any particular layer surrounding
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The nanoparticul ate substance may be nonodi spersed, or

may have a narrow particle size distribution. The
W@a00bi0g4389 si ze di stribution may be such that nmeCEAUNEN000193

50% of particles lie within 10% of the nean particle

size, or nore than 45% 40%2535% 30% 25% 20% 15%

or 10% and may be such that about 10, 20, 30, 40, 50,

60, 70 or 80% of particles lie within 10% of the nean

thermret ordietvesn aibout Tard 2000 @pd 15, Dand 30,9 ap0BSs m lmahdhz@vas and 25,

b b 0 a
20 o0 BB 50 bl AL S s e o8 3Bt 7,60,
10, 5131 aadmom 1@0@6a17d1§0€b 2%561 201098004 H95 ﬁgoﬁg@  Piticular layer

and 300 nm and have 'a nean partic
SWEW”@%bQ@CQQ 20, 30, - 40 50, 100, 150, 200, 250, 300,

35@e gt?;? of éﬁ@asféarl’i_‘éﬂﬁﬁgﬁ}agﬁg HEBY e PV r%{@)art% 6% mall&BMprise filtering,

parti cl'e diane I cl'es of
mionaiifiesipgr Gantntﬂgmg,eultsademnfagmg; satiling,cavomnting er a combiration df these It may

oSGy G5 e S v B S EBSAES homed

befanedalﬂ filtdving, rmmdllténng&eamdjgﬂq@ ultEac@ﬂ@fug%b or%etﬁqﬁgfI 8 Of 2 and
th%?ﬁ%? & da‘v‘ét@b'(cﬁﬁ\fq Ry %P@Gtwﬁlﬁg @oﬂw aweféslonﬂq@%t@bl&f‘mg llqwd The

o i U] T A O,
liquigrayiedmiaite witoeaternkimey be for eamplechcgions, ethaol anethansioyr séme other

45358005y S S Wy, 9 0 o

at virga, the 30spansionlB Mot diablerbp8@ing2eh thagha diagran, thmdhanglng may be
be about 5, 10, 15, 20, 25, 30, 35, 40
hea@wﬂf‘?’%gég&ﬁ%o 65, 70, 75, 80, 85, 90, 95, 100, 110,
12The éltéiﬁ of Méhmghﬁ@y coﬁﬁfﬂse é’@lfhctl@Qﬂe lag&@d né&@artnél@(@ w1th a washing

t hi
loufs ey Aot G AOAYS) 6 SBarauRer e Faed TabdmarigBlshisgm g washing
Inu?dﬁ%&%)@rr@fé% ok aﬁ!rkﬂ‘ tﬁ’@ste%sngﬂg%ﬁﬂ f%@e tgsp@rfbgpg:‘@e layered
nanopprtiglags)i cthe wsfamw hcwi onhpnaﬂyda@tatlngzme A000bined aresiB® ki and the

layeg@ H@gp%égaﬁﬂ%ge@%% ﬂ'éaola red F@noﬁo artide ?{g’ﬂ tg[%gva%‘gyge jquid, for
examplesuhleg BNy af thersep&mtton nethegls deas;znbed atlovief Alteamnvaiyam]lonalmm steps
o REsle B Bl b AER R, o SSPE 808, i 8 S TR ero

nanqmytlcleee) ewlachmam b® eataingsl| foe eﬁémmbémvﬁéﬁlmr ah@ukasﬂmé nmgcbe performed
bout ?d 10, 0.5 and

msmﬁe gécgnt g;me g)%g%segara@png, Big@pugous washing ngp may be \ﬁéﬁ@f or an
aqu&ous 33@@ Qor@xarﬁpl@ﬂ @alﬁsolﬁorﬁ"lﬂe §rga|§c %‘ﬁun@%uﬂ n@? ge égolvé'ntp and may

be ﬁa&o@ Pfa@en%{\ FMW ’eSOEVIBE’[e f@b@(mm methan@ etham|, isowppanolg acetone,
dlch%).rog?e'ﬂ%pe %ch@rofglm?%h)%aébgatel, %@eg% orggoné’o?@b’gnl\%rﬁt’, %rlcgr!wayibia mixture of
solvanis. The stepaf washingl@ay a/so comRiSe heatifitn 06 codling the>sa$nahs$on to between

ook 5cC Pl 10 BHERE BHIE BRAEAT om0 2

and 60 ot meammoec aand neap compme hbtng for e6vYindote @aspemnqslabouaw 15, 20,
The core particle and

I
25, {850, 4 éﬁyﬁﬁwﬁioﬁoﬁﬁeﬁ%@ﬂ%%qwhngrﬁw@eaﬁo pdaraperatye which
prev@iﬁts 'ﬂ%t W@@ﬁh fﬂi?@!&rmﬂg @%gféo&’ablé) bha'ée kbgtc}‘iﬁ@ihgemé) gﬁasQ gﬁ%@%m of the
syst@n aTrlp@ siezjem Qnamalgo Qg prey@ted from formlng a single stable phase by using a mixture

of solvents to change the phase diagram.
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and 80, 30 and 80, 50 and 80, 10 and 50, 30 and 50, 20
and 60 or 20 and 40% and may have a porosity about O,
waoea3380, 40, 50, 60, 70 or 80% The dopantPEEXU2006/000193
represent between about 0 and 100wt % of the core (i.e
the core may have no dopant 2er may be an active
material which nmay or may not al so be a dopant in one
or nore layers: the core may for exanple conprise a 0
i ¢meas1e;s@rcarﬁkguﬂayrt@mﬁﬁsél h@a@g tEREyeRdd r%hop%;élé s5|‘_'T'h9 géatm@ﬁxay be to
in the exanple of the I n2 nanocrystal s
a igeperalier Belaw: the dempaspiurgb@iuwhich dhgd Oégant ), dh @resent, demoses or
0
o, S i 20l e, i i 0.2

ancedlo 4 argl, 80160 and 89, 0r 40 andH0°C, Bod mapbe At IH 35,310, 45350, 58,30, 65, 70,

0@ O 1 7 . 85 90, 95 96, 97,
75 G0 aatgl g satondf e St St iy Boteria e gispibeia exempl
as kueboriben lalbWOl/6233an€BaﬂJ'éWtaﬁ@ Hartetly “@@ﬁr?lle@lﬂR@!@aéeamfamlc Particles,
surr.oun ou

CoRBPSIiE el Progestrss o Tesrain 268 Melods iU Th6 sin ! deing may
adcﬁi@n ?%r %ﬁerné:tlvé’ig‘éorﬂﬂls@ rpaés%sqa'&‘ @tr@é?r‘/"bf)/@;asaé\iér Eﬁcgorrtﬁ@[@?@@tlayered

abou
nanggartlcieﬁs) Tihe, gag may m@a ggsﬂhatmmemp thezlayer@manmmclz@) aguto @ny dopant

veR B, SR o AMIE R RIS MG o

mlxtwmofribese; arde(a) bmdmdcﬂmstepscé dfyingtreayi atiditionally or alternatively comprise

aonfopia el B Feabeiad 4 Blet B R vesH Tl an absolut
pregsusof dorgrample bétheonsdbew 0 aﬁl@%@bndspl@érétg ot HéﬁNeen about 0.01 and 0.1,

oof R bl abe BBl 2y bR hed €1 o2 W0 %seawewésp%éfgf? a5 may have

an aﬂsbmt@@ﬁéswre bUBbI®.027 0.8 b 0, @g C? 0.2%r 65 8fdipheres,

dest abi | I S| ng ma conprlse a to the suspenS|on a
delﬁt%{bpmbmlmﬁjﬂ lof é’\@ process of &@sm i dengjep iofypraidingya Buspension

Cor@ﬁ ﬁdaccﬁ‘é‘@ar"@és’mg% ﬁ&r:llg.n(?cd%dtr)@e s'ifist S polar |iquid.

dest a |ng M SCi Ie W th water.
| t- masovidiag faﬂremut&mrpbmpaaag aq&mousaldfmietsl dispeeset am @l nomepolar liquid,

e omp T WA cohbe L Emat o Biehaias g e R bysable species,
t errpeauaifust chydrblyssiblecdpedidrehetngsppattd efrpradscingh figst adddensable species

endi r}& 0 the phase di agram the changi ng may be
heat HRY' ro € cooling. The steps of washing may

COHDéddi@ th@rﬂrﬁort U@Qséb‘[éesﬂe@héﬂt@%en@rﬂ%éﬂ lsh %e&’ (t§§ fitdd hfbirdlysable

washing, 1iqu ei t her agueous or organic)

sepaﬁ%ﬁqeﬁ @ydrw)éseﬁ #jidn B drpletsdafame sigreNsion @fmotemartlcles in the non-

vvash ag;rhhagw d. For exanple any or all of the steps of
nprise suspending the | ayered

na'ﬂn@ mqueque H@plst}ﬂmaytbh detwaghalogt § argli58pm apdianeter, brybetween about 5

oA B AL T U 5. 54 0

100,&0namd 00,1 10l amtl 8P f 20cemd t70 @r S st T0mm), arstbingl be gjoutess aopise 20, 25, 30,

s 4 153 ol o B 8 B o JSG Mo et

C OB 5ieB ©f [aadng W dritiona)ichep risb‘fhé's% past and/ or
throueﬁ tmh}e Ia ered nanopartlcl e(s) P whi ch may be

r et alPrﬁ\é@InQ fofu @QWOQUQMCWW'W@ & SUrfapiantvangha rﬁ\Qn‘ﬁﬁW lisid, and
per f %tlgﬁéﬁxh%ﬁ_ﬁﬂﬁc@mdecam ation funnel by phase

separati o e aquéous washing liquid may be water or
an adding to the surfactant solution an aqueous solution comprising a catalyst for

condensation of a first condensable species and, optionally, also comprising a first
dopant;
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aqueous liquid, for exanple a salt solution. The

organi c washing liquid my be a solvent, and may be a
wW@ei0a084389 a non- pol ar sol vent, for exanpl e nmetPeEral2006/000193

et hanol , i sopropanol, acetone, dichloronethane,

chloroform ethyl acetate, toluene or sonme other

sol vent, and nmay be a m xture of solvents. The step of

washi ng nmay al so conpri se heating or cooling the

S us peeingan bAuliBi W@rﬁ meébl%&anﬂ&luﬁ&ﬁa@%%@bus%wﬁ\e n
about 10 and 50, and and 20 and 70

andhezgyriagiant may bw @wor@ocaélﬁmc BOURNICARAHetionis ewfaCtaateand may be a

Hégﬁéng o p@@n&r%‘guffﬁl%anﬁ %Jltétg% Qﬁ'@gt'a&g éﬁcgjéj@&%hje&%xg&ﬂletl%%ethanol

CohhreGti( G@Hzﬁth@HI i ng Nféy beseries)a t emger at loctglphdmoxypolyethoxyethanol

oSBT O ol LA oo

anctﬁbre?mndahz aﬂdsma)blﬁe preventsed, 10; am 201 3y 1acdr 35 sSurabl€ cosurfactants

'nC't'ﬁﬁ?egéJMg ?9983' peAiingl gb%%'gw%p Sglhifﬁgtérfﬂ#b?nog@wl {decano).
The6ticérivetidnhe? tﬁ@%&dﬂtn@ﬂﬁp@lﬁﬁﬁﬁh abi6tlon nh ﬂﬁbé‘%ﬁd V@Qto‘"’ﬁbfn a stable

be to a tenperature bel ow the tenPera re at
micgrspisiop dy comlpmqiuoeereﬂatsuntetee:empwge@ wiater end raosiriacient, anthday be

o 6 08 o B Sl L Al 300059, 995,090,411,

0. 5810d 0. Handa(hﬂ o6cQvand 6.au, amiym@ebea&houito (5) 0.0850. Oﬁ@ 08409, 0.1, 0.15,

0. 25(9 ? b%g(q %7%%?18;29 %39590& 1(1}/i3 >9( pgay %grﬁ%ﬁbgrl sgge}f)le concentration. The

conbenﬁatm afithai coguriactant ietiengUriactans sdlgﬁdg rlin@)ﬁﬂe bétwmé&'e’ﬁ@and 1M, or
ed. Rel ease

netbSEDEH B0S 2t 410 s OO arb B, 005 e Od b 1» 05 and 1, 0.1 and
ost@maﬁ@ozmranaﬁ@yN?bmm oo, 86 0)07. Jb@ 0%09eR1 Qf15d6!'ms 0.3, 0.4,

|t|onal%or al t'ernativel y’ conpri se 'passing

0. 5&3/ Oeln?-8f0.- e Mo Jeg malaiatisy of cpsusagiant twrfaetqrénw be between 0 and 10
or IRARBPAI FARERd and 210 A (Sgé{nob? 03nd83, 4 ggo‘o 3.9 hR8N106 a2, 1

I ayer ed nanopar'’t nd to any ant
andndi5@nd 2, andrl,5 ciid amelyl.2b@5 ahdt0, daadpd,e amdrlO Sardriogehand 5 or

1o 20 85208 4 B 08 g7, Bl a3 12 1.1,

1.7,018, 419t 212528, 3% 14y 4.6 derT 89 aptd. Yhﬁ@ti@ofp@dtérllraihe emu&mdu@ to the

d nano par vacuu
st Y B SEBa SR BT S or R 2 S T g o,
and0|oals atreﬁdl @% g B amsm@f £3 andb 1%@/\@@@%@%%3{% 9.4 4ﬂng 1,61, 7:1,
81éﬂd”doioﬁﬁwﬁvMméWHOU“Q5”§$ﬁDSbhéres and may have an
ure of about 0.01 , 0.05, 0.1, 0.2,
&mggggbgkﬁx%ﬁﬁ%§5 at nospheres. I n an enbodi nent of the
pridguesd suimariaes d proeeas acsarding éo the piesert inpendion. dhe groeess may be

desﬁiﬁggﬁmﬂ,o@%pconpri sing a core particle in a non-pol ar

rises the steps of: - providing an enul sion

¢ormsurmctarg samumplu%rmhe@ by eissoldrigs® surfseldnti dhdea EPsUrBQAR NN an non-
3}0!;1 wher | e droplets conprise a catalyst for
[ SRveat sye %SQVPPQQ’(& ydr ol ysabl e species, said first

Qy R qMse |s@|utﬁﬁ€?§foﬁﬁedlﬁ/' igng fe 2l n‘itfleo%‘lﬂ’éb‘éhtgﬂ) [ encapsulated

first condensabl e speci’es upon hydrol ysis;

addP-aclye Redreg) with a IQ?*@'V% foj hersokoekisaetionée.g.basde emul si on
80 A f&e thidRemlibioh isMENPEp4RABY Fhixing the surfactant and the aqueous solution

as produced above. An alkoxide precursor (e.g. TEOS) is then added to the microemulsion
and subsequently slowly diffuses to the water pools (i.e. core of the emulsion droplets)
where it is hydrolysed.
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speci es hydrolyses within the droplets to forma

suspensi on of core particles in the nonpol ar |iquid.
wab@easuseous dropl ets nay be between about 5 aPdI/ABQ00A000193

in dianmeter, or between about 5 and 125, 5 and 100,

100 and 130, 120 and 150, 5.,gnd 80, 5 and, 50, 5 and

30, 10 and 100, 30 and 100, 50 and 100, 10 and 80, 20

and 70 or 30 and 70nm and nay be about 5, 10, 15, 20,

54(5.) Ag% hy&%legsrsdfé)nd ébﬁdeérgé)non %gtheﬁ%éal ﬁﬁkoxrr%egfgr;n gtlfrenasgi@sahcﬁx?e the reaction

Thetestejsius is jicieasadite 55:61C iaraneshasi toragure oompletion of the reaction. This
st thégé;fe ulfs rﬂgégfgbglcﬁ&g\n& A%%éﬁeeﬁ,lsgg ﬁﬁéﬁ%l on conpri sing

a sur optionally a
- Mord mremtspluﬂora(drtirch may cohthie arﬂulhéraamwrmolsmlle)tis then added. The

con i el B EE RS i To o Sice iter s ansied at he

opt b@fag bithe €Jré ParieMELTHIS is eipdRtaht ifi Sidecd PAEVERAL errfp%trrﬁ'béﬂ@ formation,
an emul sion fromthe surfactant sol ution and t

aqu¥Bio’ 1adyl be % ROUrgh &f Sapanday afHCleatap. He sarfracéamr @ﬁluﬁon containing
cat slg%bl%nt St @aHt ﬁndJﬁonéqMar EgiehOB 'tr%P %‘H@%ﬁ@@fﬁ slyggrﬂ Is cooled to

MONOMer| ¢ or ymeric sur
s ur fQ@&ttamp@atUracfuwwe preorrrsor;ﬁerg nidsA8) ésl addedhioxgyen thamaiticles by forming

oot OV L TN QUG ol aBe-Co Ry st prempieso gty water to

(Tr smrtantasterlolaesa)tlo, suiaotant concewtr’a%n\mkepﬂcmetdntlﬁnnglhese steps.

%et )é% 4 a@)nabn e reﬂeatea gne cirénorqgnesltg pgupuqegthe ggpr(e.qﬁrgrger of layers in

Cosmeflwe@nﬁa‘hopaﬂidesdehl&@ tHa@ b?lr@rn{j‘ 14 Trﬂi&@éss different dopants may be
(1- pentanol, 1-hexanal - t.anol oct anol

1- ntHAIAAted mﬂrﬁfe@aﬁeqajlonsrwe Ia&erﬁ)dérrreﬂerereerramrvartreles
SUT ARG RN Byerdy ria'ﬂ@pa?ﬁéfefsaa&{ﬁﬁﬁedsg diat HP% gbﬁcetone ) is added to the

sufficient’to Torma stable rrfc oenul si
contixiige icodestabitise beaiemaision systernrand toexieat the parhrdes by settlement or

T CpNR R 580 o SFucnE s 8 e Ph nedeite Decany
@0 dA GaltLsolufiorilis adddd Bnd the@arﬁclem@”e lhen Qurtherawedh€d Withashlofbfdkm, collected
8 ggoseéawgtrongunfgl Xrbp rgeezefgriegl usgrgfoa prgce%ur’edi%gccriggj %’W@T/GIQ%Z Barbé

0. 8anddB&Hia “Comrolled Hewsdoeer@mléEPéPﬁdegfCérhlrbdsﬁi&hsethereof Processes of
concentration, The concentratr on of the cosurfactant

in Pleaargipniand MathodsefiUsel) obherpaticiee mak alae be Pegsessed B sasrension. A
ancP B SPGB aAS) fp a0 (B pufd g0 geckif s gl ystem and
0. 5thepadicles ariecextackad byasetilingegr deatritupation. 16 recoirast; mo(B SI$!,ent can be
0 gy B il e 2, 0,75 0,3 0,
c oRactdrathiipoohird] thedfinalf padicersize rany she diskibwioa tncidarthuléion parameters
(e. gg(ﬁe@'ébétggt c%gc%ﬁgt:@ig@ %gpracgdngﬁe}grggtio% bregurgcprg\@ge'r gdtio)(l) t@%tu%e’ and amount
of niletﬁ pr%@@‘séi,, an@ tH@ cg@e‘itnﬂ swf 4Qan§ 5amé nlrrr%er &Ja?er@'dépeh@s onthow many
trmesasgepgé aggé@fe r@pea&)elehe wpezand(poigcentyatwns of astivegneleculps fdopants) may
be e?te%d agea%g .cy;o’le. %T he %ecgt’roﬁ 4ofea4reﬁ g?blvg’lmgecu% ’dé%e’na% Bn wﬂen itis ﬂnhrgduced in
the praedss, antl thedhidinessrof edoh laygupaiie donispliediby the armeunt of precursor added.
Comparison with other growth method reported in the literature
In contrast to the experiments reported in the literature, a process according to the present
invention uses a seed growth technique to produce core-shell layered nanoparticles by maintaining
the same oil-water-surfactant (optionally with cosurfactant) phase diagram. This may be achieved
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surfactant may be between about 2:1 and 10:1, or
bet ween about 2:1 and 5:1, 3:1 and 10:1, 4:1 and 10:1,

WG 2m6asu3390: 1, 3:1 and 8:1 or 4:1 and 6:1, andP@EXUR®G6/000193
about 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 81, 9:1 or 10:1
on aww wyv, v/iv or nolar2basis. Synthesis of
nanoparticles Figure 3 summarizes a process accordi ng
to the present invention. The process may be descri bed

by addirfgolrdshwe/O ﬁhlcroémslsbﬁ Wtfw@h samictaht and hén-polr BRledlyto the reaction

v R oL TR e RS Lo oo ametishoud o
alte® e Wilwafdr- btﬁfaf:l@ﬁtrpﬁﬁlsetbfa rﬁ%@ﬂf c‘ath/ thé’ SecORY Wﬁar splvent should

(dopant) to be encapsu ye or dr
be @isciley with fﬂéﬁr nerhiolas oﬁOlVg@tI Whléhmaﬁ dised enn‘gilly bEiseproces may proceed

corfh P iR SUEE. Sk ATHRE B s, BY k0 W s e
poss(hlhtaIoklobmdueng)nmautiwmol{emlag.duffrl@(@):h aetdlttog @?fr@ﬂoﬁﬁd?érmilmdne Hence
' | sj t i es, to
o ol B B R Bk e RS i on
onel dopam daxnotreOérwamdlaéd lﬁftr]ﬁeebor@%oﬂrsglgafd i%eﬂﬁgﬁ;gﬂ nﬁﬂ}t brRBpsulated
or a S

t
mo'?%étfﬁadgﬁ%ﬁwg?%% & predaisiminad ieledse spagewe dﬁl@ﬁﬂdkﬂﬁ @n gl docation

lnsn@é)th@ﬂﬁw R §r l}ﬁu'ré’rThf%fab‘ihﬂ/etfo“&)ﬂt‘l‘él'tl‘l’é1 payjoat ki Sin %Eﬁ?fiyer enables the

results |n ducti on
desigr of felayed ( enmty lmteret- leggeeane), svweltasamilse Itehatmemptycand dillad layer)

andas‘éﬂﬁéh‘ﬁél r@%&ée"(%ggg éﬁ%#vms plﬁéﬁﬁtt}ﬁglo?@ dsgﬁfergé\rﬂ-‘?wge rﬁ?a@te ﬁ%teonly the

ovenwpmlclea sizeiee contolisd, dut thelthitknashef theicdreamd ezch taljer capbetailored, thus

o g koL A A6t 3 BBl LRl acv

molmm(ebemlpamdes ér ﬂmrﬁaaoioabéens@ltéﬂslv&;ﬂ studidt athiim@ntors belleve that this

e SRA e o tyE‘q”a&@%q?é’npﬂc%ﬁwf’r{@ﬁémyiﬁ'ﬁ%é%na| appications for

conk NP QEIASer @ysteﬁfdr éd&ﬁ‘rasp fo%@ Uksfical, €oi ldeT lcide S R@Qﬁﬁ@euY;@al and
grow the particles mng 10 a arou
COSfB?ﬂCgblﬁaﬁ|80d6ﬁ&\eb&neas éuc{as':ls @9@@? BeNSDIs bpaerm‘eewnsmemd iformation
techABb to surfactant nolar ratio, surfactant
contentration are kept constant during these steps. 6.
Exa®pless 4 and 5 are repeated one or nore times to
Matg %duce the required nunber of layers in the | ayered
nopart| cles. Note that by using this process,

d| fNRe® @mhylpimpeuypdyelmedﬂ%nomCé?ﬂ@kHﬂO@HzOl‘B)nOHf ] fFllka; MW 630,

d
LB, 355 et ckieo ¥ sk o i DIOG Mo ey 57 lBIngd by Kar
FlSh@tOlm?dtloﬁ)O|T\éﬁz§latthy{oﬁh&mca'1@ E(TEG?@) 98?2 FRAE Sighfd-Aldten Tias! é'l&ﬁ used as

destabilise the enul sion em and to extract
receﬁé@' ti drganigysolyents | Sylalexase, clepanianplugagetoos. chiproform) were ACS

t
oo SRR, FRPOTPLY L BHAE N ne SRR B 6 e
gradpaigh pur@le&fCéwatare(MHHporeo ives uaaﬂﬁnéhm prgptabetiom bicall @fjgsons solutions; its
resis‘f’l&{ylvﬁg taﬁcg/e 18.2 MQ cm. All samples were stored in the dark.

Preparation of encapsulant (dopant) solution:

Preparation of Copper (Il) tetramine nitrate: Copper (i) tetramine nitrate solution was

prepared by adding 25 wt.% ammonia dropwise to a known quantity of copper (Il) nitrate-hydrate,
untit a dark blue solution was formed. The solution was transferred to 100 mL volume flask and the
volume was adjusted to 100 ml by adding diluted 25 volume percent of concentrated ammonia (i.e.
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in separation funnel, and freeze-dried using a

procedure described in W1/62332 (Barbe 0 and
wdBamblet3sy " Control |l ed Rel ease Ceram ¢ Parti cl BGT/AU2006/000193

Conpositions thereof, Processes of Preparation and

Met hods of Use"). The partiaghes may al so be processed

i n suspension. A polar solvent (e.g. acetone) is added

to the mxture to destabilise the enuIS|on syst em and

I, t

e 1 PR R B B oo ML Bhd s i g megoured s
118% further renove the surfactant residues. 5 Factors

fjlha[B rﬁ%}ﬁcfno& écﬁﬁ*t fgﬂ”:ﬂéxgﬁlﬁrgtd!t%tg idgﬁ@t(@fge@gun& nitrate solution was

prepared by simiter proeduends describad alsove facoppet (INWRitramine Enttﬂaté, solutlon except

thaf B B § oh bipde nichiie D Aonankiea Hiams, B N, the
solutianaas hedted ta el Br ﬁ*\@ﬁl? Rkt ddM toRatioh %@I@b%ﬁall“gllf?'ﬂgxamme

t ed. pe and concentrations

COTFRIAKES, Jﬁéﬁna? wwam@ aIngi ol 16,69 el and REbeas el 0. The

i & BT Bl FRTRADAY) helefyorete

solytigly aas méapar@é by slisseldng & dixdsyamdount afmitieniumfcoppler U & diked volume of

o R R0 0B B B ehon

2.5my/mlhef Rubpyer at ure, a process according to the present
|nv|§nt| on u 1 seed growt h technique to produce
core—m&p—ﬁwed nanoparticles by maintaining the

sang QJPC \gﬁ)??érﬂ Lbhff@@b@ﬂhe-(éﬂﬁédlf@rﬂ@'dcw V@trhibdwm salt solut|on was

cos ase diagram This be ac
pre $Spl¥§a a\ﬂx@ﬂ ?ﬁwnb@frﬁ@pw 69Mpley mipraef@qad y@iuma@t diluted ammonia

10 5 10N l 0
(o35 00 s 29l e SO 5L A o
CuRon- pol ar sol vent should not alter the

oi | ctant phase diagram significantly, and

the&%@%—n‘oﬁpol ar solvent should be mscible with

t heA rilooregoelnaisotbiotyarai¢ soltianhwae prapsred byndltssLoMHQYa fiké® amount of

e BA5E AT BT BRI o B B T s
a slusiort With dPeumsdnirationtoy’5 Mb/miLIYF FrRekesdeMg new active nol eCU' es
dur i ng ,ach ddition_ of fresh_ m croemul si on. Hence

noVeEPaan QL4 P AW 0faa-HEeN 0f): A)kmqwnnare@mbofshslamr GaCls was
weidhdy ﬁf 150@5 rﬁ‘@Bé%a‘Ré‘rr t14) 'Nﬁlﬁ-Q \’t?%er"\ﬁé\s%dé'@foedﬁsg ?t@n&%hg/f’ ﬁfe@ amount of

can be encap sul at e Ccore or se
dietiyleaglteamiag pentaaﬁetmeaﬂda(ﬂim awaschaded ex hbictbe DAPA tity metabelement molar

] SRR 10, BRIt L ENE AR S

wasEhnr?)Jll mﬂgnbt;}oaﬂy After @t ot tpe) nglPMWaegd!ydo%@l thfm&éWHAﬁOﬁ@ﬁtedwas formed
nabl es n, o e enpty | ayer + | oade
with Zosnii &S [Me- mﬁé%{gj Sufieegs @’ﬁ‘?"‘f"@s nate enpty and filled
| ayer) and sequential release (layers filled with
di fferent payl oad) systens. Furthernore, not only the
overall particle size be controlled, but the thickness
of the core and each | ayer can be tailored, thus
potentially controlling the length of the rel ease
cycles. Al though the encapsul ation of nulti-active
nol ecules in particles or filmhas not been
extensively studied, the inventors believe that this

advanced control |l ed rel ease technol ogy may find
applications not only in traditional applications for
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controlled rel ease systens such as food, chem cal,

bi oci de, pesticide, pharnaceutical and cosnetic, but
W@bk®oe/08433Dt her areas such as optical sensor, bPCEAOSW®L/000193

encryption and i nformati on technol ogy. Exanpl es

Materi al s NP-9 [ nonyl phenoxypol yet hoxyet hanol ,

C9Hi 9C6H4( OCH2CH2) nOH, n=9] (Fl uka: MW 630, HLB 13.0)

was used as received (i.e. contains less than 0.08

w . % of water as detern ned Karl Fisher titration).

Tetraet hyl orthosili cat e-@ ) (98% from

Sigma- Al drich was al so uSed \as received. Organic

anol , acetone,

sol vents (cycl ohexane,_1" pe
chloroform) were ACS(SE‘C\PN}ph%omstri c grade (99+%
(Si gma- Al drich). ot hey', cherpcal reagents used were
A. R grade. valrﬁ NWCKD'(Mlllpore) was
used for the 2 ar #tifntof all aqueous solutions; its
resistivity was abowe 18\ m Al sanples were
stored in the dark. #repar@tion of encapsul ant
(dopant) sol ution: A&reparag on of Copper (I11)
tetramne nitrate: pper ) tetramne nitrate

Thesdhtkntrated W ok RS &edkd Wntﬁg&}sg%n@%é’% c/f’s%[‘ﬂ&ﬂlv@s above 11.50 and

dropwi se to a known quantit
totahuvelwa@ nasylagt Relow 1R mL 5heuaelutlom\w t;aﬂsietredarho Va8 mL volume flask

t f to 100 nL |
e RS cnd WAl Ot BB R AR IO 100 i by ada ng

Typival prepacation fou produeing S8 nwesitica Me concentrated anmoni a

copeh & HVe8 TRy GfoBREE o bsitn 325 mLaerow capped

confainepadr3gd mbr{1 DfmG b -pentdnbllvas exaidtiste THE H)«’BJ@ wa%ﬂéﬁ vigorously
ate solution was pre

for é‘?%* )1am'%ﬁt331827§fiﬂgl@t 8 Sudacan! seldionnoRes 1880 @@lﬁp@fy amenyia solution
(NH:GH r(ﬁmmee)m 296%@‘3%072%!11@!% w@féﬁ%gﬁtahﬂ@ﬁhedééwenrﬂol?cules JSpchasa

di ssol utj on of alt nitrate rate conce
dyeq Wad@Aded; J8e wipixtore Nkes) stirred W@O@@ﬂmfmroabowa@urweanetas o) produce the

f o
OBy GET AT 04 B DI it i
microemulsipio which maathae tfido sinfar aﬂﬁecﬁtmen(w i2_houes) &t pbmviersperature, 22+2

C. ﬁ@ s f?lg‘@ﬁ B@ﬁ%ﬁﬁ@t@foj gf@ﬁﬁ qn()?q?rqqg?(ﬂ gesiepiise the microemulsion. The

systlamxmylmhat ﬂ}res migubushnfom:wm oemme@l T sWItdSﬁé?ildVésrl@ué!ly flocculated
anou rut n a fixed vol une of

and g6 e SPRR oo P61 AR CIGHE SrPaalon s absenarcle midure

wastcenm & 8t m@bu th Q6F 0 thifut
E i epg T IolfJ@S q‘ﬂ@p%’ﬁ@@'@' oPéen%rf\?;laﬁW tHe particles

Werepﬁﬁpﬁ@te&éipahﬂm SL9pRIE Phasa iend Washed direp mr@qswatbcﬁ@.mwm adetone (each
time} ¥ HroRE R rﬁ&tﬁﬂaﬁ\ﬁ& 4&‘ é|§n°’% Wen&e@né efbﬁﬁt mﬁf aqueous

copper conp ex Into a ure o
SOlUQQ[ONaScml%ddﬁlthqlaﬁlcles]amthmfmﬂiuﬁﬁ ime %cah[ajlort fonrreiamae gesulting suspension

was Rt e dRRed's ﬁrﬁes%sfﬁS AisH3toF @0 N & each ? me@ to remove the residual surfactant,

ultrasonicated and freeze dried using a Flexi-dry-84D freeze-drier (FTS Systems, Inc., Stone Ridge,

NY). Using this procedure, 144 mg silica were produced in the formed of nanoparticles
homogeneously distributed inside a NaCl matrix. TEM shows the particle size was in the range of
555 nm (Figure 4 and Figure 5-A). The sodium chloride is used as a protective matrix to prevent
the nanoparticles from aggregating and the weight ratio between silica and sodium chloride is kept
around 15%.

Typical experimental procedures for preparing, 100 nm, 150 nm and 200 nm silica nanoparticles
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CuPC. Preparation of FITC. A fluorescein
i sot hi ocyanate sol uti on was prepared by dissolving a
w0 pooedissapunt of fluorescein into a fixed vol urer/afi2006/000193
di l uted anmmoni a (10 vol % of concentrated 25 wt. % NH3)
to make a solution with a caoncentration of 5 ng/nL of
Fl uorescei n. Preparation of |n-DTPA or Ga-DTPA
solution: A known anount of InCb or GaCb was wei ghed

| PregddRlion f@@ﬂbﬂboreﬁoshgll).‘v‘ |11-Qwater was added to
| SSOI VE e salt. I xed anpunt of

* dfrequsg bemaseqdansingthe eracedusadaseribad RlbveDTPA) was added

» Sty R LA ey BRSBTSl B es

candstivi fer@nabourhe m xture was stirred nmagnetically.

» iR aodope o Toa? vk NP PG L85 Bt e mmo) anc

sanmr:@ houes @ 555840, teh 6&s] ddva 16 mﬁﬁm@a@@ ammoni a was
|nuously unti| the of solution was abov

d
« HET ZadiR- B i Thkecusin 3688 be-Beutanob L and 120 mL o
IR anasi rtfér%ﬂJﬁﬁJsed to 100 nL vol unme fl ask

quantltatlve ter was added to a final vol une
. o"fddﬁd@4ml_-TE®,‘8ﬁ96mﬂpﬁ1 dpthe atitwe; f or produci ng 50 nm
e 7.56 g of NP-9 (12 mml) was dissolved in
* %‘lr%{?%ﬁog]hhexane in a 250 nL screw capped contai ner.

. ]W&Mex’tﬂact(ahﬂ dmnibik Jpanitled agp deicdbed|in Wasicdl peparafiheer prottickg 50 nm
i xture was shaken vigorously for about 1 mnute to
rﬁ“@%ﬁqf%aqoﬁ% surfactant solution. Then 1.333 nol/L of

Tm@m@m@ metlubds 720 MgNiehbdispbtsd YoBhm sﬂicazr%oﬁﬁm(ﬁés The &)?respondlng

wat er) cont ai ni the active nol ecul es, su
TE'gnD%OQﬂ%P@S awsa@ma F'gﬁf?ﬁ% xture was stirred
\HrSHRF RS )156% @&pQutgpd).rty mnutes to produce the

m croenul si “546 nmL of TECS (2.4 mol ) was
o duenaee 100NH rtaﬁiCEs asdgsertiechbley stirred m croenul sion,

o BB Sy B14 855 LA W

. k‘fyzket dme adiqLedt, iricreaseits tei@parhturefto 886 Grared stinfor bige bk TAdH 4ddPe592 mL

oF ool RHg S S8k i e o) i 6 darshours a

BsusC| y floccul ated and coul d be separated by
e tation: if no significant sedi nentation wa
-« A 3PaR0 Nk (&t g e 08 s el 4GDOMABeaTEisk2d mL of

%%ldﬁbkﬁhb@ﬁdstﬁdr?@)mﬁ\@@bﬁem ation or centrifugation, the
particles_were separat ed fromthe organic phase and

o WadAdeA mhTB@S(9.eramolintHhemixte;of dry acetone (each
\ ve the surfactant. After decantation of
tS;E'nfs'3314c:8e7?oh£(1)gllgnabout 20 nL NaCl aqueous sol ution was
. Maeb extadt lang drytthe particlesna destrived inc Bgbidahprapaigtioaératrodabing 50 nm
L,%gelqﬂ?zhe resul ti ng suspensi on was further washed 6
£y g chl orof orm (50 nL each tines) to renove

Thig precademi stodices 936 ﬁ@t@rrblatl\félgrh@@@@pé?ﬁ 5D AR ilfca %ﬁ@artlcles The
freeze-drier (FTS Systens,

drie éj exi-dry-
corrgspenal ”M%'CFQQEP@BS arsmesew ipGigwrivC. pr ocedur e, 144 ny
Prépb@ﬁonvuegmmﬁgg@ggghé"g_ the formed of nanoparticles

o Prepare 150 nm particles as described above;

* Instead of adding acetone to destabilised microemulsion, split emulsion into two aliquots;
o Take one aliquot and heat it up to 55+5°C, stir for one hour, and add 2.592 mL of NHsOH 1.333
mol/L (pH~11.86) (i.e. equivalent water = 144 mmol); stir for an additional 6 hours at 55+5°C;
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honogeneously distributed inside a NaCl matrix. TEM
shows the particle size was in the range of 555 nm

w@ Fiogis4339 and Figure 5-A). The sodi um chl ori deCT/aU2®e/d00193
as a protective matrix to prevent the nanoparticles
from aggregating and the weisght rati o between silica
and sodium chloride is kept around 15% Typi cal
experimental procedures for preparing, 100 nm 150 nm

o I RNP ;mcmwnmea tvihl 2804 A2 AbALRRDI 2(%% Rl 120 mL

(core+l sheII Produce 50 nm seeds usi ng
M@@E&@ﬂe@n%@&fﬁ@wu@@ove | nst ead of add| ng acetone

: sion i
R L0 BB BRI T Por one hour; Then add
o BtioBHPAHT2 ldursl. 333 nol /L NHAOH (pH-1 1.86) (i.e.
» B BB et o s AR eleR 3t Rl askila e &7 Bk 50 o s
LorelabgveNP- 9 (24 mml) m xed with 2.608 nL 1- pent anol
of cycl ohexane and stir

Thls%prﬁgﬁdgge p?rodAgp@ 1Q441rggo Iaﬁvwagd@efﬁﬁgpg nm @lll@q@nmww&he
corr@‘épdndlﬂ&'ﬁl‘a nf”(%g’rasphs au‘éﬁﬁéent@d‘ﬁwrﬁbﬁe #nd dry the particles

as describ Typi cal preparation for producing 50
Parﬁdemara%eﬂsai@ve above This procedure produces 720 ny

cor RCse B Sty DOIEs pafided FRARERALE Flnp d smisson oecton

mics@pe RIEEHA080 F)ﬁhor:%JEOILBMOE)n (core+2 shells): Pr epar e

0o TR e Binpl BT e R rBFad AT T4 08 Ts fiere Rértomel using
a SenrhsTAA 24nUﬁddpw sﬁhpl@ww&ré heatd@ ke 9E09€ aklai rdQdf 10°C /min. A typical
55+50C and stir for one

diaggel 1S SPPRBH EIGHIE - S Clferopl degomansoro (SRCHoRE e QRSEIVA by DTA: an

endéﬂaﬁﬁc géacﬁi’)n eﬁ%b?ﬁaiog@godla‘;&s%gmé&%f W&W‘ﬂg@ ((n\ga@graﬁér‘ gvf ﬁlé?ﬂér gnd other

volafilet gpmpopends and @n peiherris re@Qtwn rﬁitﬁprOXlalatEly1Q@°@1ﬁssﬁ0|ated with the
corHRRRISE Sy HTendl AU Bag (sl e it
betwasn the weight foiss atet60iCsand taandeight Joss aie250%0. The befaciast residue associated
w5 SR i LS BRGS0l BB B8RS B i e
weight.| Tatsi corésponits foabosidied5aoldduiks BN bér®d niaReRRL ti cl es.
Helgagg rate of dyes

After separation of the silica particles from the agueous phase by centrifugation, the particles
were resuspended in 20 mL of simulated body fluid (SBF, pH 7.4/25¢C). The composition of SBF
can be seen from P. Kortesuo; M. Ahola; S. Karlsson; I. Kangasniemi; A. Yli-Urpo; J. Kiesvaara,
“Silica xerogel as an implantable carrier for controlled drug delivery - evaluation of drug distribution
and tissue effects after implanation”, Biomater., 21, 193-198 (2000). The release was measured by
centrifuging at 3000 rpm for half an hour the suspension and measuring the concentration of
dopant released in the supermatant using UV-visible spectroscopy. During the release study, the
samples were store in 37°C water bath, and kept in the dark.
Results and discussion
Influence of the emulsion parameters on the seed size
The following three systems show the influence of the water to alkoxide ratio on the size of the
core. The corresponding TEM micrographs are presented in Figure 7.
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correspondi ng TEM m crographs are presented in Figure

5-C. Preparation 4: 200 nm (core+3 shells): Prepare
waz@ensasparti cl es as descri bed above; | nst eadP@f/AU2006/000193

addi ng acetone to destabilised mcroemnul sion, split

emul sion into two aliquots; 34Take one aliquot and heat

it-up to 555C, stir for one hour, and add 2.592 niL of

NH CH 1.333 nol/L (pH-1 1.86) (i.e. equivalent water =

1o44 Systarh ) ; NF55I02 heiL; @ﬁloﬁéi@héw?rﬁ@'catﬁlyﬁ(?%% rﬁél/LW@H% 11.86);

Add 1

g@?ﬁgn%?n 1'349316' MOS] & 2)92@)'293{[’\'8)51:? 8hageina @%W‘ﬁal Peticle diameter: ~
for7g(p,mm nutes Add 2.184 nL TECS (9.6 nmol ) to the
system Stir for 48-72 hours; Wash, extract and dry
par Bystaned: NR9:delooliLheydlohaxans,3f rela atplysiphdastrath NHgOH (pH ~ 11.86);

or o e Paeleal 0% X GerPRIATIGRLE AP LSRN fimo: cgeno 24

Si | hreaPantiofeogicandtérct 206nm. The correspondi ng TEM

FrapRER, T G RaSNEE Tohaneid A Todhetet et ds o cetayst

par 1,833 mGILMH.EH r »
i cr oscope (“EOL””‘Q%S g@ﬁ?li{ﬂ%@%’%@&] %Wéﬁélé’ﬁ‘iar‘ﬁétélc 29Hm

P a"t"‘H%g’Q Ui seqentiabadaiiion o pereursars (without palta esTisienlper i ment s
|
T SRS P BSholiSo i) TROSIATES s Soon SRUCORG, PP0P o7
di agExperimensHdR-0: 02 rml/gmyelolmxaﬁa/ﬁﬁ) roll; fcahlystnt 333 moI/L NH4OH; [NP-

endotRaren e SRR ot 2B pEAE A8 Do e Bty seaventaty

Wi t h atitiey extepsiiced pmnursdr tha tgeowttapdcast hie from CFh@td be The results are
conp%nent s_and arn herm c reaction at approxi mately

4000 Sglg)ésdgp%{{eggm ‘t he conbustion of the

sus f @& caliont. ér Nra 9a02uml/Loé BRéxAL a i
cal cyl ate ereyr?ce bet%gﬂf t@étﬁj@t Y\@% m?I/L NH:O; INP

at 48 @e'étﬁ’épl]ﬁwb [WQ /ﬂ‘llﬁ 908 dnsigad ob ggicy THRS, §€®$ éﬁcllsadnas silicon

resi greurdsSTEM ca particles after
vvashlgn five ti nggs%gﬁbmﬁwgf@@ir%?n is about 3.0 wt % of

t het\ltbpwghdhlsmle,ar wiemcthe TEtherogrewhse&mptoTEﬁs pmwd«kmemslgmfmﬁtly more

; |

mpdfRinE6aeSorBinn e TARSS, w3 ndtRRREHS bl ¥ hERRG obisfin B cases

as wajuesdahs siph abthe blytlatemrErlnftmageetse @hTMOBﬁthpam!lial @%@SNMGW and the
ui

nd 20 i nul.at ed pod
ovey S HERRS 50 g Bt 131 e bR 57 e i B et 4
additferrst Hﬁmprebént é\lg@hvm of Sk b)@ﬁe%ﬂE 5hm dfémg A& of TMOS added. In

aar a lica xero

CO”V%%H%B%M C@fecgf TEQS i ot g @ﬁ@' ths ave@gd%@@et@éaﬁtaféra,ddmon of a total
g pla s Aok B0 8 U 5508 aes
dlﬁef@p@gg@rowasrawera@ubeaep(dla}ned by the difference in the number of nuclei (i.e. core
particles) present in both cases. If all the silicon alkoxide is converted into silica, for an equivalent
amount of silica the number of the smaller cores observed in the TMOS synthesis should be larger
than the number of the larger cores observed in the TEOS synthesis. In fact the difference in core
particle population should be inversely proportional to their size since the total volume of silica is
constant. Furthermore, for an equivalent addition of silicon alkoxide, if the number of core particles
to be coated is twice as large, the increase in the core-shell size would be expected to be
approximately twice as small. Hence, the smaller growth observed for the TMOS.

Importance of the choice of the microemulsion system
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centrifuging at 3000 rpmfor half an hour the
suspensi on and neasuring the concentrati on of dopant

WO 200684380 i N t he supernatant using UV-visi bl e PCT/AU2006/000193
spectroscopy. During the rel ease study, -the sanples
were store in 370C wat er batsg, and kept in the dark.
Resul ts and di scussion |Influence of the enul sion
paraneters on the seed size The follow ng three

SySNPI!JSwa%Wélé’ctb@ Rr bﬁbﬁudﬁ@%&oé?ﬁuléléheduﬂﬁé RE ehifle %Jmé@@f\’/? process.

on the size of core. The correspo
It 'Srﬁea@ré'b’rb&f!ﬁ‘{éd Hhekingeasing ﬁheea@oh@i Cmcgmjraéonﬂeaosycs the maﬁual NeFeEse of the

pol;ﬁ‘l} }_ﬁg@_ﬁ) & ham&l}ﬁ S WW&@H‘%@%@ Qér{@a §e€'\§lﬁ’)@? TR %hol content.

Thig Hpity It[eMﬁam]]urm cancenteptiom gf @koxtle sprecEfaort fotdllle add@lrmtce r'this precursor

pro %?%F@Qol %ﬁéﬁ%ﬁ)ﬁiﬁqw‘_ ﬁlﬁﬂﬂ ?l’ﬁlﬁ?lm \}_{ITCT%%§ g? gL)l( actant i Iegs‘:_ sensitive

to 4l¢dRolOgonkeht, ma.rst ]con'eeritrathdV@Salkéad% peeRksor Hé%%rr@fﬁ@d uring the
? »—%ol Ls eing 24 hrs Parti
pargﬁeag{é\y ocC szﬁh pfpseng),@;t qunt@nola;; ptcesvriactany makeszthe rexerseqnicelles

mor’éorl:gkﬂe B&d thﬁ@ cﬁ‘aHgés e n}\l/\,ﬁ‘ﬁé?ﬁuésm‘ﬁ f7(1nﬁ"ﬁrts?_%g't? %%%?ﬁoaélgos Fmproves the

unifergyity pﬁm@ellg.smn@subsequgﬁlym solihpariictsl sizegin@dditiorh MP-9 microemulsions

per A SRR e T e GEE Ah A s Mrblt 7 /Bt whie

maiataiding BeStadiityf mlommulsloeemdta@urﬂormnﬁmhwrﬁm 1:  NP-9:

W hfklﬁpq%ﬁfﬁfﬁ”e /ﬁﬂ&{@%@”ﬁwm%%ﬁ f%@@]a kP)f«geSS rrol / L

ParAIthonIm iié pesshblaas goR &R parigesRy éeﬁuwal%ﬁ&h&rﬁf bl%)!ldé S‘precursor the

extra silicon precursor. the growth proces
Pa”fCEf‘ F‘BtGQ 10 3ame exiept by the é\mli_edoﬁugw afy@eu waterdi thegnigalle core. In
e
addiﬁbrg'{Htﬁls?gthg&?@@édtl{i@rﬂBle&IeQ"é’?rfom%) #u(glcorg]coy%‘bgfﬁé@?

peme;ﬁ{t@m]atlve p_r_oce[swic@}onpedqngpe pregent Ispmfleamn,ocﬁonalstsrmgprovudlng an
addﬁr@@ SHW EPSEE ﬁg@gorrﬁ A+f' Tﬁn‘alﬁarﬁar T‘rﬁ&{) §l‘?\gll's|8% Wg%ﬁfﬁ\ﬁ alkoxide
hydrolwa &hctcamgeraspm artchhis PRFICIS grovaiv.i Aleshematid t@pnefsermm biythe process

oL ERG Bl ) A B e

to thesuspehsiorasf stdus (cure @rm;fes)i Darmgﬁhé mﬁing q{éwg -adidy e d%'fbﬁs?s from the
t he the averag

fresl?q G\éﬁ;ﬂemul}JOQCpaglascEémtﬁg@ﬁChygromgc qro@etﬁﬁ@]talmmg ihe seed ga;ﬁtlcles and the
wateR \eesoRsiCat et &Y ofcfﬁe %tlﬁé &cﬁ*‘é gé’mc?é%d Ubénoéb‘aglorg b élkomde g pracursor, it

represent a

reacﬁewnhnm@ \wags a%g[@daaﬂ cﬁ@opar’tlch'é suﬁ‘mes gﬁtrolysteh @nd memcalhdeosnse/vlth the
8BRS o 91 ARG L AEN B 5 f pBoy g
levely $eraeseentration ofsitioan lpremﬁrsdz‘r rémains Ipstow e BUperdatUrAoR del%d 1o extra
nucle] Ihérg ef?ljérk@.: ThS paigies, gfpﬁl\g@rggﬁaﬂ% Ty % aelclaﬁlcag)ﬁ%g@%\&e% Rotlel 3ation
Examples of particle grown using this method are presented in Figure 5.

The addition of water, in the form of a micro-emulsion at each cycle enables the
introduction of active molecule at different stages with different concentration. This leads to the
possibility of encapsulating more than one type of active molecule in different locations inside the
ceramic nano-particles. The species in outer shells can then be released earlier than the molecules
located inside the core or inner shells. Some typical TEM images of these core-shell structures are
shown in Figure 11. Precise composition analysis of each shell using EDX line profile could not be
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particles) present in both cases. If all the silicon
al koxide is converted into silica, for an equival ent
w@eaans43ed silica the nunber of the smaller coP€FAU2006/000193
observed in the TMOS synthesis should be | arger than
the nunber of the l|arger corgs observed in the TECS
synthesis. In fact the difference in core particle
popul ation should be inversely proportional to their
perfri& &9 A6 @lckiRh Eééhadam@ééltﬂ@ s&hpl&ahd Badd a%&i&tfllﬁﬁibn of the metals
Furthernore, for an equivalent addition of silicon
insige ine waidieles (see Figwe Admber of core particles to be coated

woul BPE BB fopds I, MOBARFed RrdrlPpIE Rttt i the
sizé-Hange0f 50Reb08mma) dosmogly d 01300 biseThediralfsire of the canDiB. particles depends
| nportance of the choice of the m croenul sion
'systenmNP-9 was sel ected for produci ng m croemnul sion

dur {ahgnitioemalsion pr@p@WSanﬁﬂdmg HeQydend s@f&@ﬁﬁ@o sdrﬂactaﬁi solvent, water
that, increasing the a

general |y, believye

donce® FUIARGR ek o I EGHEY Broa U anaP S DF pHipbuler pook
pol wltgw §Ik6)é(de§frecﬂl%brtdn9 t€&ncérafighe m croenul si on

phasé diagramis sensitive to the al cohol content.

Thi &) Il‘iumberspfﬁmsrram mum concentration of al koxi de

pre precursor produces
al c ?’ﬂ@m?f ?écp%é%?ag’g%]d%f%@ccgdé %g m croenul sion with
NP- &) auth&ssmlibelcreammnswendltnaasswbasihe Item?,)etawralpBI@Itml

t t trati .

Ui Be ense' e BRHE Py Bl heRBrBiesnel B4 G5gucedan dscussed

abdve mpwsctuce Bhiga p&r@%@gﬁ gwefxfr%sbn%?fébafmpmmg@r gﬁﬁ Y n)‘ @eh@abpropriate
S S |

es the reve ,

Se@%{hg{égnf i8S A eaeanly e a¥ithes ﬁmm@? mﬂy@etsalﬂ@c{ taeural apeak acid,
evealm?e@lumws SifoN8 Bl 'éﬁnr‘dﬁ}h&f? sl Lf%fng %%Pééreﬁmé hggrlﬁé‘fﬂan silica.

subsequent the solid particle size.
Infingnce Oﬁdﬁe@@ﬁwmrlmnetaharamtem.ogﬁbe pqmde%pqlvqlwslwct ant |

ng the production of |arger

Inﬂ%@rk%??i’ee@&vﬁdl(ﬁga@n@’nt aining the stability of

m cFlgmm]Bs:hcms toa diiftereat waysfab dding the firepta micrazimeilston zemposition. The

secf s Bl @ B et RGBT i o8 S el byt crgoreigre, 1 pentano

3 s, S0.384emit of PG-I‘4OW 1.38M, paiter 116 Ingiol, bPE(?&qemhdgllédge@ﬂﬁI4Bh)0ndd|tlonal
ro IS

of al koxi.d rsor
MICRLETEASD GRS B! el 158 16015 S5 or e TEO S e goded as
folldWde mcelle core. In addition, in this nethod, the

active nol ecul es can only be Ioaded in core of t he

part i AdeiHon gitbe aniere reiuisionestiingc H5,C énsfchaureand additiea of TEOS
pr ese%m\ﬁw 'inp%r%?ﬂourfons' sts in providing an
i ona

addi t in the form of additional
m ce o-Additiors ofoth,e wn‘astarstt hipentahe oabl kayslolbartey fisbfolieiesl Ehchinutes

d iLaon, d th | ha, A TRt |
- opr o RabbER on A0 adk iR PR bt St Suthd B G & hows and
10. Oad@tldnfbﬁTECGGtblléwwrb?)ag@@fot 6&hoers, s produced, a fresh
(ot  NH o thecamoraniion v CHPachig Taen a‘ftfeaéﬁfs@ymwmn o
dr opl edeSsuffa@dnt, 1NRnfahd afd Eclha@Ra! 'Sﬁﬂrlﬁ@atos@ai 856 Bourd &Y addition of

t he hgﬂrophlllc dropl ets "‘contai ni ng the seed
par t i JFRS follaver byragingdar 8 hewsor bs at the surface of the

o1 9! ARS8 nd Bhinbia SSiutot AR idAE b Gl A6 Xof f pours. Then

pre wat er "a
part i atiditionuof ftbe eyrfaeiadt; d peenael rend tdyelohexanedieliomves byi thé addition of

1 naeas e B PG 0P8 BT el ow a cor tai n

on.
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| evel , the concentration of silicon precursor remains

bel ow t he supersaturation | evel and no extra nucl ei
wae®@eOersed. The particles grow gradually by aPCT/AU2006/000193

cl assi cal nmononer to nuclei addition. Exanples of

particle grown using this mgthod are presented in

Figure 5. The addition of water, in the formof a

m cro-enul sion at each cycle enables the introduction

of Alttihes Glff@f@htem@ih@dﬁprﬁuéeﬁeﬁmess\hlﬁﬁfh‘é ¥4rﬁé”' s6.f fneélﬁ‘@ﬁbsequent
conceg%@atl on. This [eads to the possibility of

Progave ﬁt’ﬁeﬁ'@dﬁﬁﬁésqdhan one type of active nolecule in
Inflgén% 8ftﬁe"r§un4b9F5ftshé)/§S i nside the ceram c nano-particles.

he species in outer shells can then be rel eased
ear To tudy tharsizenimitnan palyeisparsityp @ ssusptnsions 200t e padicles (k. core+3

155 S B, TRy S4B 0 LR b 168 S g e e

2, 592)mb oBNIt4O0i . 383ahol/k i(sH-~a1 . 86)d eduivalent Watersdn ennfolPvak tied added and the

esliRiryle Cf d?arﬁoﬁﬁoaP%@ﬁﬁgiigﬂ‘i?a%sqﬂ?’e%&é&%SEﬁ&embpf t-pentanol

4tnmﬁo|)rrahcam D% @V@loha@n@%iel tﬁérﬁédd@é ®Pthk| 59%1{ ﬁSI&?)Afteluél\'rﬁ‘@ for 20

nt hesi s procedure, nonodi sperse

m'nbﬁlﬁfa B%@!sl— ?Eé%ﬁ (96 pnellwaserided ta the sxﬁt%wwdhy@s iufthewtlrred for 48-72
hourd @gﬂparl‘fdﬁénmlm lrerma hed %8tre{b‘t@d aﬁ? Sridd d@ades&fﬁutf in O@ﬁ:&;} Breparation for

ceram c part croe
proghicig it nne silidaneoraiglione THeeTEM/ pm:rmyapbs: of the tresulting partlcles (i.e. core+4

sheff] afd S i Pt oD R <Blney S RS D =B reata e (e
corax shallsp weneqmd)ducémseé Floereofs- t?.l Kgute de dpm@wat@@ l’cha@@éi}ubﬁtﬁl growth
cI es § anount

Doy REAIeL, Bodsit e pouBlieOl ppBfissersar daiighs. Sighes b reves 2 bimoda
distfi kﬁlﬂ@ﬁ wmnﬁ aGd?ﬁtﬂ'té NG g&EE P30 bé‘rﬁbléseﬂﬁﬁrsﬁfa%r %Fes%ﬁheé &§ze around

Using the process of "the present Invention,
1504h Qﬁamoreb' egadionrigg the p@v%&wa@e anz&@s&ab@@m eIy érbrw 80 nip to 325 nm.

ThlsC’?rQﬂ}éPSppéérbhd%%)f @ﬁ\EJSe'r ﬁérﬁcﬁeé Qighdy ée ‘f‘o?rﬁ E)ﬁ o%evp %ﬁcea il resutting

appr se ect
frome mamﬂlﬁf@n@abmwee@gm sdcteuemsgormnmmswu:mmw dropnetsnwﬁtdum the

par@léélb cj\% %lﬁgﬁﬁg&{ @ gBr tggﬂgn@&{t@?sh gweg)(r?@gigld tb% siz lé’[l’lBUtlon % possible

wayntot thei prleser\tehmonm:ildpemsw of rla‘rgmeiﬂse 1) ﬂarﬁ(ﬂ@r Ay be fractionation by

sediRGlAnERR s oG hatRT betesd gerrih %@{qﬂ%r TDPPAIRAS i on
Fi Anotherl BragtitaMiimitaien, dadi rfgeth@rsbql)’éﬂb(aﬁ O(Tﬁtf wiR@Hinge baHicid ri@%ﬁe time

m cr oenu fl on conp OSI tion. See were prepare

NECERSR & SoRwleteine wml@\ @y@y&p&aﬂxtmﬂwlﬁl thrieershnells i@ 240 ot dlameter) it may

takeCB’ ‘?g %%Wm%rwé}rsfbeﬂgcf&%rg&ﬂfy%m%ﬁ%%@ A b?fto Wéeh the reaction

temmﬂ@turp] Hiegnativelyc beingemolediydinlygaeLatoside ipescuredrumay spbed up the particle
growtﬁlltl ally used for the seeds) and TECS were then added
as follows: Addition of the mcro enmulsion, stirring

Influatcest e fresh énuisionrseederiulsisidiolumenatiofl  TECS

Experimental results (Figure 15 a and b) show that dilution of the seed emulsion with fresh
microemulsion does not always lead to uniform particles. When the dilution (volume of fresh
emusion/volume of seed emulsion) is higher than 3, it produces polydispersed particles. This
suggests that the amount of water that can be incorporated with existing particles cannot beyond
certain value. If more water is added then new water-in-oil reverse micelle are formed and act as
nucleation centres for the formation of new silica particles, resulting in the production of
polydispersed particles.
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foll owed by aging for 68 hours. Addition of the

surfactant, 1 pentanol and cycl ohexane first foll owed
wdaoriosuises afterwards by the addition of the BOTBORM@G6/000193

solution. Stirring at 55C for 6 hours and addition of

TECS foll owed by aging for 88 hours. Addition of the

amoni a solution first followed 10 m nutes afterwards

by the addition of the surfactant, 1 pentanol and

InflGamed oftexmRg mathod r i ng at 55C for 6 hours and addition
of TECS follqovved b%ﬁi‘ % for 68 hours, Addition of
CM ¢

t hEigWAnt shawsdbe impo medof gerstionixisg iheramiiontcosgiping the
seeﬁgdartﬁleg% lae ﬁ%”mﬁ%‘éhwh?s@@o)?ffev& '&@en%Htr %ﬁ%t@a@ e, dse &sed to induce the

t anol cyc ohexane
coa capidheligsh gmolsion Hiopleissit thes; axrstlﬁgﬁ;oms mmtwmgAhe seteﬂeand thus

onciig 6 4wt o ibRodipBREE e Tie o bt ot R ing e

reswﬂr@demmsﬁd mmmeat@fvetwmgm shidae rateo {8060 gdn) S0 pronteudhypldtfvellision and

codsiape| dbe ol Boloadhretisp yreades R FaiRhn e diane doplets by
increhdirfgRd &m Ps?a@readf lmmkemmman @q#nwtaﬁﬁ& ﬁ‘otwfnat @lthou?h theoretically

stirring for one hour

ful ems@enpe geyld pe-aahieved @tﬁpormr@ﬁrammen tbmWnE) re%@dttm@thea@ &wake it

oS B -AqIe 5 i HofiaRie s Sheiaprel e fh cARfi ot room

temp@raturaxdiopicatian dever Gornongoperioy of tinexdase navemducetr&opleicoddelscence as

derihsteé 5 BRARSE i libToosied BRI B e "syst em wni ch
Inflvense dfuhd siteon precursor cbattivity 48- 7§n203: Isedng parf:lr Icl es

t h hed act
T R Resad AN h 1S rebANe Slod0 oot 51n 38 TEDR Bioclgeepisger cores
thaRReNeeactitSprddaldorike rrmmsawhén mios liseadaaﬂﬁ ltrfel sa@e %Tabfsaﬁb 8STEOS to

core+4 shells) are shown

thet(ﬁQev% @fﬁefoiﬂi*eéd@%la%’“cﬂﬁ&r £ kimedal wsmhutlaﬁ '%Qb’fﬁlaedsmﬂ] 75 om @ore-shell
parbic%rs ésﬁﬁﬁ‘érlzﬁm"‘é%%&d%@ﬁ%fég &%?ggru @)pfgﬂeg%ﬁespond

enonstrat es hat uenti al
exatiyalasthe eoreeoduicest using 6M08f SepﬁothUl’egp@r é.Fhaal Sp@ests dheepresence of a

seciet Ruckaid) bk Phich, oty BB e Hoilehirftdh of Puckbilsly ‘Tihos reaching
rapi?mu;i;?faéﬂmﬁg and! bdnngaregéveg .bwsgarog«éhnlﬁlﬁbleatbnsﬁmer 113?1 gondensatlon with
the Sl G0 of cotBesh 1B Inesas et 0TS, b pancetias B o hygrolysed

morinefy ks Mbrefivlyl bt @R reiors 9§ b Beh@ndupieddy teabtiodfwith & core surface
silica nuclei resulting frominconpl ete coal escence of

befqre el gensantiaion reachpg SUppEAluRiehandinsuegssrieatisn.cont ai ni ng
Orgahie mbafidd S c§ ?RAM?SIE F‘é“s%%t}uﬁwretd%‘é‘né figgs the

nanoparticle broader the size distribution. A
po&zt-geil ynesjs ndasth @afjﬁ tosthe peodualino of mpmpsnougz paticlésali.gdarge pore

size} éeléi?‘tﬂneépn% R@rﬁ&h ﬁén@faﬂﬂg)(hllﬁ r?@?tah@ ug dnﬁ@ ggnrglease of their payload

(typ@ellyeorgam@ldye( snmhblbdbugnaolwﬁust« @l ma) Ihroadeh éo kpaspatttel emhpsulated
molﬁ%lpe]tsl |e§|%es[he ce?q%gg 8@:595%6&, lér?(? talvc‘;?d Ie%chmg Iaunng the \A%shmg step, the
ceramic matrix may be functionalised with active group (such as -NHz, -SH, -COOH etc.), which
will form a chemical bond with the encapsulated molecules. Using such a strategy, a fluorescent
dye (fluorescein isothiocyanate (FITC)) has been successfully encapsulated in silica particles
functionalised with amine groups (APTES). The release of the dye may then be triggered by

screening or cleavage of the active molecule-matrix interaction.
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necessary to conplete the whole cycle. Typically to

build three shells (i.e. 200 nmdianeter) it nmay take
w@20/08i3y5. One way to decrease the processi ngp€T/AB2096/400193

be to increase the reaction tenperature.

Al ternatively, using nore hydrol ysabl e al koxi de

precursor may speed up the particle growth. Influence

of the fresh enul sion/seed enul sion volume ratio

EX pledybrias fhbﬁdpam@léy bvbr% s(yﬁth@é#e@ ab@or@in@wje)@bnrﬁém{vcbm&)ns described
di lution of the seed énulsion with fresh m croenul sj

earlwbeahﬁ&Rm%%enh@ralategr@tednn fher parlsier €9 P psidenthersecens shell. The
pro;S’drtliolthfol‘F) V@' fo mBl"’/e %rli’h%WS’nf g%ﬁﬂ@sﬁf (SER%r used in these

uces pol ydlsperse
exppmenta:lb ammop‘r‘bm&rmm}wgm& APEE$ Tmeecoaasp@ndlng)TEmees agsshown in

oo A 5o bFPcRH G AR BAI S oA e

water-in-oil reverse mcelle are forned and act as

ucleati on cen r th orpati on of new silica
Tab&\“ b- P%PWOS"'%F}?‘M@&& e TIB?"E%{?CH on of
poI ydi spersed particles.|nfluence of the m xing method
|T15 Bro? 16 shiows the fmportance of [he method USed for
t he e@”Ull sion ¢ont agﬂépp t he| seed mrztl cl 33 Riaraeter

tH gsh m ¢roemul silo n b@m)
used -t d i diica_thp r\nal escence GF h frnach St

o I
_Mram‘ T :’wa’mﬂlpf)nw sting droplets containingth 48 61
% orTéoiPﬁéénoéﬁ)surl ng the production of 43-65

nmonodi TEQﬁ{( nlﬁlg)/i’)rzl cles. The first!l approach conslists
i ar Uil ' | sion mixture at ap.
\I/rﬁe}g\?thﬁl ARTESHRS tg)Olr%v)f e ¢§%§)g0@lﬁ%@wn pronot e dr npl ot 80-104
dfmgerdsu?fﬁgggcﬂorgﬁlg es¢dRER(100MRel % echnd _appr oach rlel i 890
oD 1| I&9P (7§ Moh%) coll ki t& of b et s| byso.
éjr eagiAPIES Rempldhipet IZIF <l§1$rg #161 /‘ﬁ ii;?rgﬁz ?(%2 16z
i ¢ pgt e )Qugh eli? aIIy 4
“ﬁag? esd gtr%?ghggﬁloﬁbe gg% g?/@b&g r bOPMESE2hmek%alt urle, f]%UhLS;O
time required to achieve this make it inpracticable,
as denonstrated by the pol ydi spersed sanpl e obtai ned
Corafshakstri@ires nampam@eswhcapewated witfpleo attive emoleBules io different locations

TN R N T R ——

dopdlhtsﬁ thlekwlfel paRicke s frang @f e sidlisUEaeh Mdicbule Maf by eslectivalf ertcb@ulated
licon precursor reactivity As di scussed earlier

in diiecaat fogatlons gletha inpnapaies A s coasaEFATgE mag: omeo@ais@lgd at each
grow gg&%%ﬁﬁs k Egﬁg@% é‘on'frﬁﬁﬁé ORIl @&@EWh%‘b\‘ocbésk&Jt Eb(%e gore size

I'S a he sane ['ar” ratio as
andithesthBtneasifiseeh shef m@yij:bHQéeqm Hus p@teré@lly centeling dhel Iength of he release

cyclggé% i(:\fg#)h’é ey Afe%n?{%feﬁéen%féiV"Tﬁe*?ol?o%r@ggx&%l@s SRey +edsat Pgnewgnstrating

ew di fferent Wways c

€s an arti
the Fergamtg ofliAly tecfitigueas Wetraptae ﬂexﬂjllasandcmomtmd;pfcblmbneamulaﬁloyl pragess.

th SB@ r @ SF 468 duced gﬁ%]eo? gFferglgfsg&Bﬁ Efll eH(bIEP 5 0) %%&@Yiﬁ” doped in

dlfféMéHt matlm%ﬂ{hb%aﬁdp@wb@ The earrsspéridiy ITEM smégésyaﬂé pleyehed in Figure 19
andrtaq prg{@?p%gé,g IR u?@ggeréi;? ,tage;ﬁgr{e;éga grﬂ)r\}qeq zg[hll-'lgucl!e 20. Table 3 lists

the CAMSHRAGRbT ffdreft Eel?nples with Cu(NHa)s2+ and Co(NHs)s3+ doped in different location of
the nanoparticles. The corresponding TEM images are presented in Figuré 21 and the photographs
of the particles suspended in acetone are showed in Figure 22. Table 4 lists the composition of
different samples with CuPC? and Ru(bPy)s?* doped in different location of the nanoparticles.



the existing cores. In contrast, for the | ess reactive

TECS, the concentration of hydrol ysed nononers rises
woreroe/084369 y and t herefore they can be consuneRChyxU2006/000193

reaction with the core surface before their

concentration reaches supersgturati on and i nduces

nucl eation. Organic nodified silica (ORMOSIL)

core-shell structured nanopaicles Sol-gel synthesis in

t
Flgbr@%. dh@\@@'%e c‘érrée@@ Zgof?éé‘:?%grﬁéta @@vﬁé‘i’%%gimg gﬁswé?@g dt|P| %) and the
irFeUSPER ﬁdalpmteénd uncontrol | ed reI ease of their

Ta@%“ﬁ%??"‘ Rl Bero N R ST e o os

i nside the ceram c nanoparticles and avoi d | eachi ng
during the washing step, [the ceramc nmatlrix may be
Sample i onal(iGare with actiViéShelldup (such asShel®, - SH,
-COMH etc.]), which will florma chenical jpond with the

en’éa sul at|egl;: nol ewgge,ﬁ Llspgdag_ suciopnmgtrategy, a
k scentgidye (-f% § %idjzl s?%%bq}ﬁglana.te (FITO)

has heen chiccessf nsilica particles
™

oo ottt Troocoo ot

W? onal |iRed w th629mg ne Q. oups21.6FMES)|. The rel ease
e dy¢ Sm;y thmdmg t rlgj(ggr eggzmom‘g:r eeni ng or

bl CangC f l ||C abl | VE LI | CbUI C ||al| | /\
ik-sggact i driwayer EB37afogarticl es were synt hesi sed
accor di ng t&hoaéxpe?ﬂ(}@am al| 90ndi 28%00smglesicri bed

earrier. 1 u—avu;rg Ther Tntegratgd Tm the
Nc-ro7c! e c% ﬁ dle ﬁosecond shel |{. The
proporti on TECS-G0 é“%l t| P2 75288100 %ind 25 m)l % The

lg%l\/%l L priggursory O.ngﬁ.gil n these experi e 6.
- I t APT,
TEM i g;ggy éél ° ag%d% g@ogr{gd"t céi@r g&rag@%

%} e O?I\@E&L cor1 partl cles are |[dgspl ay@%'n’fg
1: Rﬁﬁh on t £
eore oh\_! | %ﬂﬁf J;QM \@i?dal :%%@.mﬁ@é_ 976.00 mg

nanoparti cl es encapsul at ed wth two active nol ecul es
g fferent | ocations Anot her advantage of the
Tabls % b6 OmAORRAERAC) PartielR 8izg:@leqdye2, ¢ yNpil S arckipriaie asglopants.
nore than one dopant in the core partlcle or in any of
the ghelts.—Each ecure ay besetectivety

A ted in difif | ocatio f, the .
Saﬁﬁ»ﬁég‘p?rﬂtr cles, and %ﬁgoncentrat r\%’P’rﬂr‘?‘ay al so bePiameter
controlled at eachigrowmth cycle Not only is jt
ossi|lflle to1®&meol| the overall dize by this prlocess,
LNKa£53 &ti®e: t NE.@om@ §i ze and the thHi ckness of eac4s3fain
may hé€ul 8i0k:dbed% t Hus potentially controlling the
I engtilcyof t hesaT B ed™: cycbessmg Vel I as the diffferent
LNKEFSRASHOS atpggo,i?w b npl es are ai ned @tgo nm
e e

VVCII 1T écl\l UIIIl_y arra \JUIILIUI Ul CITC ] ]
0 atl%;)ojd?%ce S le 2 li|lsts the conpositiaon

LN;7551 g%@ ey dSi0g §§’ &QAMEB) 42+ and Ru( bPy)7§88 nm

doper iPpttpatent || ocation of tHe nanoparticlds. The

cor r g§piondi HB2TEM iinages are pregdint ed #h26ingurie 19
LNKr#56'1 I6O-p hotgrmagphs Sid.: t BE8.qoang i q1SKG,: s g%he0dgd |i 102-132 nm

acet Qi0g/ &i0g 1showed |i n Figure 20. |TGpbBi©3.5Wtsd s |t he
COITp()%lotl ony % erent sanpres W t . Cu{ NA3) 42+ and

different | ogati on of the
uvﬁg;%g‘g%)r%@ 38-60 nm

this techniqug a
al af +hao

correspondi ng |TEM i mages are
2 1 and the photogaraphs
8 1-and-the photograph
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of the particles suspended in acetone are showed in
Figure 22. Table 4 lists the conposition of different
WG 200pl08s3m t h CuPC2-
| ocation of the nanoparticles. Figure 23 shows the
corresponding freeze-dried powders (Si O /NaCl weight

and Ru(bPy) 32+ doped i n de€ET/apzns/000193

ratio: 5% and the particles resuspended in water.
Tabl o2 The conpenrepts—of—product CH-NHB )42+ a.n.at
Ru(biN 032+ é%%@ﬂaj;%“ SanBl-B3®8r o Shel -1 Shel l}2 Qu:
LMi6 7582 2.8 IPAK209A0 I 72.00 ng Si G 27.7-88 nm
288. dd° |Q§Zu15M°/62 e/ 80273 W68 LNK-705 Si OQ2¢ 72.00
ngy SIH@: 288.820ngg |Cu: 10. 82 ng LUNK- 706 Si2: 72.00 ny
LNX-289 | S188. 0% mmiRu: | SIS 2 28800-Mk- 707 Si Q2: 72. 00| 78387 nm
Si O0:| Gp8iO5wo0u: | 10.82 ng Ru: 6. 48 rrg LNK- 708 Si Ce:
720 Si 8 00—1g—Sr 25716 LVU T 2Ty
: . 7009..Si O2: 72. 0

e e SRR il s e e
size Idfo/ p@dﬁ CU(NHR) 42+ and.

dopant s. Tabl e 4 The conponents of product 3, CuPC2-

okﬁ@é . b @ i oned
Tat@&?oﬁéé é%n?@?odgﬁg?%ﬁ%s dﬁ\hhﬂ@#%}rngd@%ot possi bl e
due to el ectron beam danmage, sone clear core shell
stryct ure-can be e\vli denr\b h\l TEI\/I Tho pr esence nf an
tructure (S hgure 2 1 R, f-.79)
%33’5#' rms tre%r%ossi bility |0 eﬁwgél ectively asopl r%g a
specific—ghett—w lllz&lpg;ptbl frcdopant—The—Totour
s@es ohsek ved it uriesi@, 268.00Mey 23 wi th dopants
w;gat ed in 0% fer@ROMABydr of the nanopdrticles
further 11 d{] rat rﬂqﬁ gotential of thi|s technol ogy
[M{-&@pti calsg;gpl i_%%olmg s.| StDcap2ds.amen of solid core
: 1.62 mg i~ i~
LNK-821 Si0: 72,00 mg Si02:  288.00 mg Si0z2:  576.00 mg
: Ru: 1.62 mg . CuPC:  12.96 mg
LNK-822 S0z 7200mg |90z 28800Mg 1 on " 57600 mg
CuPC: 324mg i~ o~
LNK-823 Si0;  72.00mg Si0z2:  288.00 mg Si02;  576.00 mg
: CuPC: 3.24 mg o~ Ru: 6.48 mg
INK-824 g0y 7200mg | S0F 2800MG g6 67600 mg

Although as mentioned before, elemental analysis and probing is not possible due to
electron beam damage, some clear core shell structure can be evidence by TEM. The presence of
an “onion” type structure (see Figure 21 b, d, e, f, g) confirms the possibility of selectively doping a
specific shell with a specific dopant. The colour changes observed in Figure 20, 22 and 23 with
dopants located in different layer of the nanoparticles further illustrates the potential of this

technology for optical applications.
Encapsulation of solid core

An additional feature of the present invention is the ability to encapsulate solid particles
inside a shell of metal oxide. The core may be any species of powder such as metal oxide,

semiconductor, quantum dot, magnetic particles or crystalline particles.
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An additional feature of the present invention is the
ability to encapsul ate solid particles inside a shell
wW@Roows4B9 oxi de. The core may be any speci es 0PCPAWRI®K/000193
such as netal oxide, sen conductor, quantum dot,
magneti c particles or crystabkline particles. The
shell (s) may conprise one netal oxide or a nore than
one different nmetal oxides, m xed netal oxides or
ThaTsHe(s) Ayl dmpRARIThBinttia Exide SHRRAGTE thaﬁ'@n@ﬁl r‘ut‘?né?'{l ok, mixed metal

%ﬁgar ati on and encapsul ati on of ¥ |ne
oxXi dnejal PXifle; containinga gpwant d\nsen@mplemé h@enrenaraél@n tami engapsulation of

cryy BRERRIRREYSNE U BIG RERBeARaBR0[ 2 | OV T 0179

ved re water
NH4 DeD:nan ougsialaiviere prapareg as fallowso 1 10h2g a0k was dissavet I|ne10 mL of pure

vt 0 D0 i BB 8 S s i

waWotrhecBGl mhd NH4+w@tse/ver@ean’mvé Ib%hcc@ﬁvb'wd@ﬁin@ (BE‘HO l@ﬁes W|th 50 mL of

g vvaﬁ det ef
waiply eag b’?? Jatlng Ml @@mm@twsgﬁ@d@% %HN%@WW@% ’rh@uadded to
Pepﬂyeefhﬁgﬂédié)ltab aﬁé”ﬂ'ﬁ% %perfélcfn%u?r@@bv&mgfg d¥l5595 OC"\W?urth@Eb% mL of

t he suspenS|on stirr agal n overni
HN@s1 re@/wva@@ddeﬁra@d therraBPepsiomatisrephagain mmu@ht aph5geC. aTm finblepH was

me sﬁMd%h? Chng R holhBd %MfL@M\ br&ﬁ@htgé \Rnﬂ] %@I c}{swgﬁffdcefgd

cets. he cry stal s were en C
f oI TMWIW@MD coatacbiisingi tioenfokowdngrmeihod. Agokationtontdining 6 mmol

ot 0% Sy bl oA, e Pl TGP v, st

untlbdlwa.r A sol uti on B containing 6 mml of NP-9, 6 mml
324 nL of th

ent of | ohexane
ri éa@ ?SF%%' Ggﬁéﬁsﬁdﬁﬂm 19 AR of Cyclohexane,
0. 32741 Loy thellh©s hzm@?@ahlyw s@ﬂﬁgﬁo@\ﬂé’s ﬁrr&\@urﬁll ¢daaxed_toget her

2.4 e mxture. The
Theéwp é@lvt@ns tnagd Bguete mised togetherand 8@ mmol of TERS addedttothe mikisre. The

sohhﬂ?@asaé&é@ ‘F’ort7? his"50 P&} & n% %ﬁ%ﬁ'aﬂ{i‘e& t‘|8 élgeer%%'gl suSBnsion to

m croenul si on and recov
destahifiasi the misrogmuisiomanth Eﬁ@oweeﬂmrmmcles rﬂms pa:tlbllas aemtwasbedmdera! times

W'th%féear‘?%d& ﬁ@ ﬁgﬂ’éjgﬁ %:er?%]%ﬁ% g‘é Elﬁ-‘%gﬂ‘?g?gf lg@jﬁ/,fﬁ{nonstrated

the emndpsulanm aimessommadswasmsu@a harfol;ﬁmcﬁacaps ul ation of a
corfg?lgr shell The

E E active tracer {]
nc é’ E‘M a4 (QHCWP r@??é(naf ePregSdfles such as | n-DTPA and
Ga- mFéﬁcap@ularw &@h@ﬁé&gpéc% %hérpéhsm(WAearfafG?iB'rf&ﬁrﬁ%y selected

shell) of silica particles has been success

Iocagqml(gwg@r sﬁe@eqﬁhe of st @ﬁ[hclgg hgsqaq;e)nswcmfuﬁs{whmgd The metal
cntHPAe St o ESS08E =L T8 Byl B8 o
dlstr@uwmfomd tabe indenenddnt dfdhmpre&ncér briabsencabi dapant!; fais confirms the
oo Sl PR Sy SRR R B BB b e
proce$ef fheesasert inventient i on. Radi oact i ve tra_cers such as

67 %dloactlve T erg | ssu%h %?Gsa ﬂ)‘yPAdo ay als Q Stl)ed%agiiyl Iolc():paed inside silica
nanoparticles, thus producing particles that are traceable in vivo. Such particles were prepared by
the following procedure. 67GaCls (tvz: 3.261 days) was received from ANSTO-Cyclotron with
activity 2 GBa/mL in 0.1 mol/L HCI solution. The solution was diluted 1 in 10 with water. 0.428 mL
of concentrated ammonia (25 wt.% NHs) containing DTPA 3.9 mg/l was added to 0.22 mL 67GaCls

solution at pH about 2.
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nanoparticles, thus producing particles that are
traceable in vivo. Such particles were prepared by the
wo eiobosd3py procedure. 67GaCh (ti/2: 3.261 dayshPCmay2006/000193
recei ved from ANSTO Cyclotron with activity 2 GBg/ nL
in.0.1 nol/L HCl solution. EKhe solution was diluted 1
in 10 with water. 0.428 nL of concentrated ammonia (25
. % NH3) containing DTPA 3.9 ng/l was added to 0.22
'TL ff’l?éi%@ﬁltn’fboédﬂﬁlbrpma)abe Bé’éoeé%%& aiueﬂ]@sél ohlir th8%rocesses described
sol ution may be used he aqueous so ution in
earfigr 4 producs p@é@le mntb@ttheéactlve ealhunm inghe eare,an fherautsidesshell otrthroughout

theg\mlp %Ertlagﬁmégeu&@de% H{é}q g@ \'ﬂ%%ﬁ% Blgtg{ft |bdé{>}1e§tn(%§qg ip%sq@ate the location

of giliaa partidiessn m/usmg garard coumtuhg axcH detectitrumnethou, Potentiabspplication of such
ate the | articles in rats

naroBarices G buSaged it nfucthesthvand BaRaLiEL S pot ent ! o

Releld@| flofredoreodheparfiibgh nanoparticles may be envi saged
both in radiotherapy and radi o-i mg |n%I Rel ease from
P

cor 8¢ g8 anegamwoe%sbaﬁ@ caalyedoprbgelpryalipdiudaags thaweproduction of
meSpbRlY ?a;rﬁkle%cd &, 95dut §)ﬁﬁ‘12 Pﬁ%h%eﬁe?&?%ﬁﬁlﬂt ré ﬁﬁld%@gH&hfr&l@d lease of

Sopo arti C
theig @md@a@ll Tpe @Qtﬁble) iexcegtianaloi thiis dn thewancansulatidn @obrgmomataﬂac obmplexes,

o A5 S AN F, FEECCARR A Sl Sy o, ve

inteeachiorboft the emr&ice witie trecdomplex asueseencapsuBliorc aid l@mpa’aﬂ} Iockmg of the
cas ase, thelfeteractlo

moigiyié G U At aonBl i s e okl e isnaned  agueous phase,

the tsRERRHTTRIY oﬂ 1R Biho%uﬁécetfch@valf@ |c@r$ g&’a&laﬂlf‘élbﬂ&eﬁ R Rsbrbod Squilbrium
nanoparticle structure. gartl cl es are suspended

with the ae}ly@ 619aNgsmeiallis complex His @J@gs'a@ B molegule putegh ihegilica watrix. In most
cas8thb Afdisé %racM@FeP b%ﬁﬁha%l?éawméf tHel A Aemgl ¢ he

adsor ption equi Fum w t e actirve organonetallic
conp? dsmankiiate the pelatiabigr seluentiallreleask dwo aets of nanbariidesinith different

dopgﬁ’tg Oﬁ tﬁ? céc[gs i Oﬁﬁtt%rf%ﬁlﬁg?r% @ﬁ%ﬁeglzﬁf‘;az sérr@q ?ﬁlﬂl’( a%\glﬂpéfuPC in the outer
shetH enrdﬁutw atties ¢dne apoblb)sampla LNK-@24, with Rebyyiimthe roeﬂelemeﬂéand QuPC in the

cor€ Ih8 rias® G018 oo 1R o v isn UREFE Solrfsmel. A UV viie
spebilfr &aRe Wotdyeﬁh R@}et I%lelllﬂmwsighﬂgtlfe %U@ig' abs’pa@l[urﬁﬁléiﬁb@ #wo shr'ﬂﬁles (LNK
e Wi u

822378 BR4) ey éﬁﬁcﬁ oleachiag s s shauml F@a@@fﬁfﬂ@rmw asaeption o
Cuﬁ?@@tﬁg MR8nd& 304 FAP e Hdﬁ;ﬁW@héMeNéps’oeﬁ/Fé%ﬁ Weqw&bé%s |s'%rr+enf' and can

VI SI spectrum wat er

thugbey neglectesl l&@dﬂr@t a@pr@&mamm Nb sh en tthmn@anm @bsqrtier vm@length (for

Cort f By UA DAL R 3L L RF PP ot M2 ore oy e pari

synihesis @nge).aA r&iftrofragpooxintatehpgQ nil B@bsenexdIfarboihelyse om BBEnm to 450

nm hmﬁgkf)pyd@\ag ?@”%1 %qu‘l\l&p@&v‘%}‘] ﬁ}q?r?qqgte | e¢ ﬁfp%ép (see Figure 26). In

san@l@SISNI‘DSMO@ snght%bﬁﬂﬁbﬁ‘ chri 96 swPﬁ md%aenw s%qlgﬁéimg lrhéres s slight

serve range of 1-12 (corres

am%xg}qf,(‘@f’g rglmﬁ@g{?@rerl%ﬁ@@t;sorp}\onf@aRgtmyfa{ that region. However, due to the
exus?dﬂ@é ‘6% bl@f Sﬁébrpﬁ&h f‘bbP‘C AP IEH \hﬁ‘fj E[)tf %rham%d”qga?(\gﬁ ' thd f\‘ﬁﬁby release,

Rubpy an nmto
esp@ﬁﬂxcfonmatsn@"wnwna changes to SBF (see Figure 26) I'n

sa e

ar gﬁﬁgo@%orﬁﬁbsrglg ﬁ/ %fof‘ﬁ%%&g Eggrg E?qﬁl%p@@s 3re éﬂm}vﬁ] in Figure 27.
When CuPC was encapsulated in the outer shell, it was released gradually in 10 days. After that
time, a constant concentration of CuPC for a few days was observed suggesting that most of dye
had been released. A very small amount of the Rubpy from the core was also released although
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amount of CuPC rel eased as there is no absorption for
Rubpy at that region. However, due to the existence of

W@ kooghg43absor pti on of CuPC at 450 nm it i s hardI/AG2006/000193
quantify the Rubpy rel ease, especially for such a
smal | amount. The correspondyng rel ease curves for the
two core shell particles are shown in Figure 27. Wen

CuPC was encapsul ated in the outer shell, it was

ther exagtammuntds Actwasily \uarifishi, ﬁﬁéf@stlnth gy coﬁdﬁ%f dLNI’@@2 f¥hich was green
ani concentration. o or
'n't@@sgﬁe%ézwug%é@eytneﬁwora@ge ﬂt@sﬁheoWley@f Habpybmad nanopartlcles) after

ol SR 1 81 SR TR i1 B4 e o
Ondhesether haucaivhérf Rutipy avas toped unethe ouﬂg1 shell artueCuPd wasrin odre (LNK824) the

e T T I TR TE e

fromauompwaet biserre). Dtiny theeéa@mﬁ@, tﬁé el Gof fpanitel *&ﬁar@b‘& &bm yellow to
t hus onf| r t he scmguentl al ‘rel ease

oreFE, e el ot A Barkics capialingiel CReIGpy heseseragoatts conim
theipBtehiieuseLsr méseslﬁlﬂilIéye?erd%a@eigﬁo%‘éuér@al?%a%e %W@%ﬁ{% the

rel ease curve displa bpy
was hem &p stengNgeragtioa @etw@erethe @rtaella @ncbﬂheceulm pbrecsurfeasr ie present

G R T e T M
Wh!d”r |C@ﬂ fsm a:olhemmal bbnd Ivith ﬂmr&ncapsalatedmm@aumswsm?|chh a strategy,
a

tent
BN R S P B P BBl Ui s
funtalppdllsemwllmmme Wbﬂps TES) PRDreloabe Eakd hem b@%d@@t‘é&' b%/ Rereening or
Ie a ‘ % ﬁ&r(e surface is present
cledlBge ol et P/meﬁ%%veﬂ*&a% ACHPTR AdeT A0SR 19 vascapsuiate small
molléuwsénﬁsudesﬂiﬁ fﬂn@gpordﬂ%artrcl\%'ts m%ﬁ% gg}n ?(}‘2 fq%r %Téfgl%] gﬁch as

a chem cal he enca
dexgmcp{aadegqrmg@yto ecansualiosscent dye (fl uorescein

is Lldc
SO PRI BT O P MAEART LA TRl 6o
She@ﬁtﬁuqﬂéﬁeé@bWb@U lcontaitmene loe ntord gglize emblehxylescor elepuntsgermapsulated in
I ecul e trix.nter
i RERBR Bk Sl FFbi o TR PSRy B Boony nlu
the ity dabecdntn@ pr&efselpdrmramaartml@ bl@é% coR iR, SNithidats, Edhedhtration of
" th |ar, go If dextran or a dendri ner
ac 'Yg SRECIES o ef‘r?e PO 245 Hﬁ’ afrh‘Be 5?'@%8@n§equwén@ndofelq@ﬁ@\ratae@f each
encapspiaied egganf or manufacture | ayered nanoparticles, with

coreshell structures and which contain one or nore
actlinfe NyBt@e uhave gemensiiaiad sthatn @ﬁ}@&uDVQﬁWeﬂaﬂlcdmefeeulwtcan be
encdpR@iakl f8Re He Sp%rtx&l‘g? &hbs rﬁ6leéu@¥ﬁqﬁbe% gfal. &?n&ée); ComRQY Le-g- copper

nanop article vant ages o
tetragring, mhalt hexamine, mdumﬂﬂPApgaﬂmdew\) tnmmganwejyalsuchmrnubpy Rtris(2,2-

oy P eiut ) BRI oiFC TEBooich SE8AAaN e rGasonic ac

tetrasmwe salt aad dluore$oea@edye FEC (horearh @W@d@ﬁr\d’t@}t B#ndeRBRk objects
h lejﬁq)nvenot or,[sI hav% ermn?trat ed that smal

sue oarsj 8 EIOSIVPIPE i IPe SlifaRE etk Mete T@pertap ﬂ@tl@/@nﬁowa&shown that

it is bdi&lb[éétbtehédp%ate Hb?esmaﬂﬁheegdgbﬁsat ldffte eﬁﬂl@cﬂﬁﬁ@ihsﬁ@fﬁg'nﬁﬁ‘opamcles

er tet m ne, exam

with ﬂﬁ‘%&%ﬁﬁ'ﬁ%ﬂaﬁgi hpunamﬁpm‘ﬂde\ytructumalrag 89TE Sizel piad layer thicksesses may be
preciBP RY¥ntiofidd tySthé pfocéssing parameters such as the nature and quantity of precursor

added. The monodispersity of the particles may be maintained throughout the growth process by
ensuring that all the water added at each cycle migrates to the surface of the existing particles.
Residual empty water droplets (i.e. not containing a particle) may act as secondary nucleation
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bi pyridyl)dichl ororutheniun(ll) hexahydrate], CuPC
[ copper (I11) phthal ocyani ne-tetrasulfonic acid

WO edoas8438d um sal t], and fluorescence dye FI TC PCT/AU2006/000193
(fluorescein isothiocyanate). Even conpl ex objects
such as Iri 293 nanocrystal s s4ay be encapsul ated. Mre
importantly, the inventors have shown that it is
possi bl e to encapsul ate nore than one dopant at

f
o Y0R8 5 s s b0 0l el of e
addingea celelys i mmga\m Seaoj/matemais cpowgs@vsltymaynttmduqmeafnesmewh cycle

Extﬁegr[étdr I@‘ohﬁglhg %eée oﬁ%f?xé feg@%lp ﬁ\%ﬁt&@é@h o ﬁqlfyglrépgrgeot Woparticles.

moAkbughpihe sakapartified pheduoa by the bresemfpsocés‘s aresuithisie foe thiravenous drug
hout 't he cess b urin

h
dollEly o oA R s 2BBIGHIoB R T e EoReY {0t didketensig ol memory
stoﬁab@ Qjéblﬁé loptetal 8érishrs| & ShiosBRRId WAl i TR ¥rdt@:h&ﬂsuﬂééé°h%&|ﬁcatlon of

(I'.e. not containing a parti cle) may act as secondary
nanﬁgatlcé%t fras cerrasiop/oxidation, Hbnigying tané corlestenek thenge ob suriage p@pemes
suﬁé&%?‘:ﬁr@e‘ od o otén'ﬂ&r grlfégnllfypeet@qﬁl{ﬁg o .t tée’rfn‘?qw &Rfnology may be
emrjoykeyldiosqjm!elsptrganomrtlcles roomprm@ edre gerticlee o@nthmmgoéneapsulated active
momése&gt& shﬂf@sgfc%grt vg S@ﬁ%ﬁ@'ﬁi:‘f%@?ﬁ qsrgqu&sgr eﬁwnbmng functional
grodp t.keo%ﬂ 946 -CEOEpwitH mbyebe pagiyg tumetionxlisbd @y BABEBS or peptides for

L? gr re S|J habl e for intravenous drug delivery,
actiyg, Cé‘?zﬂlcatlon|n|nform:1t|ontechnology

f OFlgtEHaQ @85 efdS bty st idfegfamiRiP rré’pr@s?gﬁfaﬁ&ﬁ oS R&RYd ! different layered

optrcal sensors or bioSensors

nangpastickast aceprdisaita deepreseal invantien. dinsheeld rbsﬁwmrﬂwatcme@ feprgsantations
shogv?(fni)ﬁas#e%r}f el rﬂ%& ren?fe/é%fc#‘ hat pﬁ?‘ﬂﬂe ﬁlg@\ ﬁ%g?)g e GO to the

ace pr reies
invgntiore and toiat the parpieutes imsitons fpy ysiret tbe nanopartided avegy way of exaingle only.

OB BB P YG e 98 TR AR BB e prosen

spealﬁctatlme Tmm Ebmdeezslpmmatbeﬂwkaye whied faken) ac opplesionly, aidavinet to be
modi f % an] ur sor eﬁhl biti functional group
takg e ) Wi Do R st sr3gpoe &l Begyanjon

f U'\l‘ﬁmlr@f@iéhbﬂb%@fe apd, 'I:Q@Féd %néﬁam@I@PFO' é@')ﬁ@rée@. foﬁ%'c R particle 15

drug targeting application. Figures
Contnr@@g HiahiRlepsablp 69@6@% ﬁﬂda@ PRIPLS !wer %Qecmmlsm@l sercp@d @ieasable dopant B

sun‘o e&ré‘ﬁ%ﬂé‘ﬁﬁ Whgﬁ' néﬂf@%%qt@hlaﬁ a{cggggré?ﬁ@% liquid environment,

I nve t 1 oNn
releagablecdepantaBiiv meleashdirsh iiop manbpanictsd 16, handnthery reledstlde elopant A is

o PR O B R S A e v

20, aﬁsd lhg pderlmd ofiinmeogyar whicH doparaAds H@wamwayfdemrmlﬂm thickngss of layer 20

25 WIS, P Dt et e 105 GRGRATEISE MANDefeadiiiton 1 ture of the
dop§dﬁ§ &8¢ Wlcattheombturd Eﬂlﬁpo*rehéi’zeQﬁE 8676 bﬁldl@m‘ar{@%g@w@rﬁtehﬁtl\}ég if dopant

t aken as exanples onl Y, and are not to taken in
A isnaioreelanaatie) dye, mpRanaticio 10Hwil eepsee coleused: hie derpobd, ard wil e’e|ease

releh&%%% s, MW é@rtﬁ&faﬁérﬁzﬂﬁ@ |fto‘8?fn‘t Etl‘s@n&%tea%aﬂcéf‘tfgg %%d dopant Ais a

nanopa ticle ses ous core
releasadierdogantghdn nasopaﬂ@leewsralbamearmomtedAy dnmianaBpandcydlisre|ease dopant
A | ayer 20 conprising second rel easabl e dopant B
" surrounding core particle 15. Wen nanoparticle 10 is

pIWMErefmfer&eSu lthataI %bl lagerbdi n@opartickn € bmprises @@@a@b@e parhcle 35

B fir t from nano artlclg
corqu @p@h@é@ AAPRIOYR qygr 40 comprising no releasable dopant Porous layer
40 surrounds core particle 35 When nanoparticle 30 is placed in a suitable liquid environment,
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rel eased. The period of tinme over which dopant Bis
rel eased nay depend on the thickness of |ayer 20, and
wo b@opessod of time over which dopant A is rel PEEaU2006/400193
depend on the thickness of |ayer 20 as well as the
size of core particle 15. The rel ease rates may be
dependent on the nature of the dopants as well as the
nature and pore size of core particle 15 and |ayer 20.
releBbalk db@bﬂm% béleaéefd fféﬁﬂﬁﬁépeﬁobq 0 @ftér%lerag | ﬁr@%@ihfbf %%elay depends
nanoparticle 10 w pear col oured dopant A,
onmeﬁhlckﬁ@ﬁ@a%@oresav@fa@msgy@égant B. As a further
al [ =gl
Qo)A 10! loufE PRy el e 58 (BRBa Doftlie o8l 55
comprllslhg tiptrelaasableldopant 4, fivst pdmpsalayer B0 salmuunqu; bore pareels 85 and second
dopant Wth r en to re
por R o suftuded Bsfisirisdeehat ¢y isr B0 sapfées B6 misasable dopant
and- serpnd porogs kagdre6BSehpesed aeeund réle@eaglembaruSB | Vit naﬁ@pamcle 50 is
Qr ous

| no rel easabl e dop
P'a%els’n'?é @g%é't@l‘#'@ epdeRMment seepyd f@@?@ﬁm% 2oRspLB @P%ﬁét rglgagable dopant A
areﬁlelé&s%@ sbdiheﬁtlaﬁiy“\mk%l &eléy' (St édn G BNAE P @Bﬁb{ntsf B'aﬁ@%aﬁ'h@ length of the

I's rel eased row1nanopart|c e 10

del@b@s d@pendamteon thertpicknass andigrasity efjirsbleyssAds on t he
ﬁr?é?ér@n@ntg ﬁ@?&?&&z?g%g ﬂgﬁo:ﬂh’@clé %9 ecromﬁfﬁses ?fyo o@B core particle 75 . ..

rence ure nanopa
commmpg fisierslegsable wepanb Ae fIBHpG’OLS| layet‘ﬁ) mnmppsmg; semgncf ieteasable dopant-B

~surr'(rg)ﬁllrx agg(gfr’q S%rfggg thagq] ae@gr 3%’{8“% f§5§ (fOﬁ'SpE?l @n& Irrelé)ausalcg}le dgpant c

surlfé)umcf rcgumdt Rgerf 80.SWhérohaneparttiely 90 6 Qladei hsé duwaw li®fl environment,
|sess(go rel easabl e dopant, and %econd rous | a
a

relegga drpentdes releassAdist &pm 48 aglclg dRalien gl dopant B¥sereleased
and fHARPRlhdableRlopiht ASs Féjle%%dThé‘?rﬁngsb'ﬂ thélRJIe%sé bl%?&hts A, B and C from

environnment, second rel easabl e dopant
nanoparticies Abliegertbyreihe thickagseesrasd @a@@tzesgé Jw@rﬁﬁo and §5 arw thesige of core
parﬁc?’é@ bet ween rel ease of dopants B and A. The length
e del ay is dependent on the thickness and
poWilk irefgrende foi Figure | 28¢e nandParticle 99 tdompridee rppnatie dote 5argm @5 with

confittc aof LS g8rs g RS 11 S 1 G fiMBlak BB SBGR R o Partice 95 anc
conf:@rm&i layses OGS aﬂloa]/’gﬁf c@@rlwmaswlmwmmemCB o eas@@btWely, whereas
ey QLA 4] B R0 i RRANL e NFRPRA SR 0 B G 7 sulsble i
envﬁbﬁnﬁéﬁﬂ PékéaRabld Uép%lht d) %V@Iéaﬁg firsYYAGR naRpaRAEE b, Ql’\é?n r@@aéa%le dopant B

ace in a suitab envi ronnent , re easab

is f@l@%ﬁﬁﬁl engfinady feéﬂaé@{@eadppan r/&ts releesed nEieepisra de&ayebemen ttmeelielease of
| |

o SRR o 2o e bSO Lt 818 o

delays pmbs confrolgddom dwe(ﬂwuéhnessemmdmomsitiemf dayge 1de m‘d)o(mpedileely

KR, SR 2B el PAPBuet e O e 15
conibiising reivasahivr dopaﬂte\ Y musnaysmorsowr@mmg oore p@lﬂélé I123 (PoQ}Es layer

130?@%5%%3&%%@ or OIS ,aeqi gy%en @g;ogarégg f ?é |Sé)lqyg l%ﬁcgunable liquid

envﬁmmdbpéhté 3%69&3 &l‘éﬁeﬁé‘ﬁd Tiks? f@ﬂ%nbﬁa@tldeeh@a%ﬁ@krfén dopant Ais

dopants A, B a C respectivel wher eas | ayers
releawi Alteonadivit éfMQP&ﬂbAr!%ﬁ seiseisasabisalyanianongsigle 120 wil appear coloured

by PARRAEA] il FoledQe FefoaRAtR dophls B afidibt A0 RirthdrtbHlative, if dopant Bis a
non-releasable dye and dopants A and C are a releasable dopants, then nanoparticle 120 will
appear coloured by dopant B, and will release dopants C and A sequentially.

Multi-dye encapsulation
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envi ronnment, rel easable dopant Cis released first
from nanoparticle 70, then rel easable dopant B is
w0 edoeassadd and finally rel easabl e dopant A is reCEAB26/000193
There is a delay between the rel ease of dopant C and
dopant B, and anot her del ay et ween the rel ease of
dopant B and dopant A. The del ays nmay be controlled by
the thicknesses and porosities of layers 110 and 100
few&&bﬂlm@ﬁé’destbB abﬁfeeCﬁf@eaﬁooRLﬁb JZ*eha%fbeen 1 pncapsyated in siica
nanoparticle onpri ses porous C parti
na@@wﬁeie%wﬁyCu%@?elamtﬂ @ddim 2N oglied slpﬂﬂr amdsw(:eay&fsa TB© amount of
r e
cadiie Y Bt B2 I R IOSE st Saundfel| At Ferttnese wo sampes
dispiay differeni odlcmrSlSZiéUalI)s (lﬁgm@em sanaples UNKBB2 eanti i LaNK-824). In the following
env ment ed first

B e e R RS Ol G HesiPafin SN sengss 2 shown  Table 5.

Thé\bérﬁmefsaémw@dlewlcal éolgle Di@ﬂbﬂly é«ftérfsymhéswﬂarﬁeﬂeéi’ééﬁ?lhg éﬁ%@sﬂng that the
colwq ??artl cle 120 wil|l appear col oured by dopant

hedlaBapagicles depands @ ﬂt@dyarﬁp@p@eaﬁoand: thwscoacenmmqmerather than
theﬁ‘ﬁdc&tfoﬂ%tthé(ﬁa 8b@,éf&pant B is a non-rel easabl e dye and

dopant s are a rel easabl e dopants, then
nanopart| cI e 120 w I | appear col oured by dopant B, and

- Tall T R PR e e CBEC T e abive, P2

and Ru(bPy) 32+ have been encapsulated in silica
nanoparticles wth CuPC2-T in core and Ru(bl-’y) 3Z¥ 01N

S4me shelllgorgnd vi ce verisgyefihe anmount anaz:h dye in
core of sanple-1 and outer Lell of sanp|

di fferent. nce wo sanpl es disp i ff nt
QWory S Vi sually (%ﬁfe 250, SR B K- 8@%‘3@ L
LNK- 824) . |I8i10£ he 7200myi Ng experi nent’, thsqo§am§7@m)mgt

of each dy s doped I n dlfferent sarrpl as shovvn
le 5. Cu\#%e paé? %‘bl our 3.24mg

§ k-3¢ §es (220

visual |y afdigy symtd@%g and freeze- @@qugg@@m&g
that the cofour of the nanopartictes depends om the
dye conponents and their concentration rather than

t hieigure 26 slawisdire dya réldese nbenolp samplein 28S (FrasplatdbuffEhslution) at 37°C.

oGP0l RO B0 GER i SRe ctor i

CuFiiJ ﬁﬁd R@@?y@@ defQLI@(S@ Flé@e% Aglla&@ L@KBB@ éﬁlg@@ m&%gﬁctwely For
LN@Z%@ %cegir@@n osagg@mmwemr@mhlé thaélhb@tueqmydﬁ@nd day 40. After

that; g: o% e)‘afsuﬁﬁéﬁgﬁ/amé ﬁwvér?or? %@3@%‘3? @fézglﬁse B‘%&ﬁh geeurred due to

decnmbdsmoh awae €dP@ar dssodiation viethe CHRT witnthapalld éfttirdcontainehén the early

Pc and Ru(
stages o? the r§ease pro(?ﬂe ({?ij concentration ofP&PC increased or remained substantially

constant. The inventors hypothesise that this may indicate that the dye release rate is higher than
the rate of decomposition. Figure 29-A shows that the dye (Ru(bPy)s2t) in the core started to
release after about 30 days, suggesting that sequential release of the content of the multi-layer
particles did occur. In Figure 29-B, the dye (Ru(bPy)s2) in shell showed continuous release up to
64 days, while a slight amount of CuPC was leached simultaneously and then decomposed after 50
days. It appears from these results that the release rate profile may be adjustable depending upon
the nature of different dopants in different locations in the particles. Figure 29 A shows the
sequential release, with an initial release of dye from the shell for the first two weeks and the
release of another dye from the core after 30 days. The decrease in intensity of the dye from the
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2+ for LNK879 (Figure 29-A) and LNK880 (Figure 29-B)
respectively. For LNK879 the concentration of CuPC
WO 20vaiosu3ab r oughl y constant between day 18 and PEI/AG2106/000193
After that, it decreased substantially. The inventors
hypot hesi se that this may haye occurred due to
decorrp05|t| on of the CuPC or association of the CuPC
the walls of the container, In the early stages

she&rnayrb@ axplpiagd by degsadalion, withHimeces KeiRe visile als feom f (CuPg in the

cort) PGB0 [osBRON SR et Bl o LPkse R F retpim che
fromi;he shel amdfgmmbwstlraedse ngretdg?n tthﬁa[ a: ﬁeog .
. S WS
(Ru e(%f; @@Wfﬁg L Bl abange Jin enersdaion agariasieer
abgtyp &%eﬂ%yﬁfcr%ﬁtggﬁﬁerr'tﬁ‘é? IjoRRkert 8 fﬁJ?ofés@ém fs@h%&%ﬁ?tef(lflgm was

the content o mul’t i ayer pa es d
encEpsyiateei indidemy sitidaemaixein (rRsércy0f Baplingi ayestrsath as ABTESIbecause of the

chefifaL AR ebieer S aeRlec ur e Bl G fihely the preson

expdﬁﬁmﬁﬁmﬂmﬂvbﬁ hra&aoto dAxEPsuldté tk@l‘bﬁﬁrﬂi@%yé EGE Erl‘t%sn%nopartlcles coated
results that the rel ease rate profile nay

withe@RMEBHtshell( @elpwmxng:tasﬁﬁba’r tmswouldaiarmw thefpoes snzreané tfus decrease the

dyelt gﬁér?eérﬁ g?lkedéiqfe@ré&ﬁ fIJ)vi glga[r}' rggﬁog{nqp j;,b@repgf édﬁﬁb%%%{wspondmg TEM

|mageu tieadisplagbe msEigwé 3dlyEhef syaiesid illoieel the fyical fvecddures bis described
and the reI ase of an&yher dye fromthe core

earlgl érves% oet@yg werprRaplered inerdes t moglifyttes Rartigle $irfaga,dhejgamponents of
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Wi ion SL R Ce BUTAEPaGL AATOD o5 F PERR: SOriaon et hereased

to dp‘pf“ﬁ.'m (19 @P@;rﬂﬁtﬁé PG LSPHBAY bt b8 A §fvatRRRP-HRole ratio = 2).
Figure 32 ¢ and e shows that the addition of the first shell without extra cosurfactant produces
particles which are mono-dispersed. However, as another layer grows (Figure 32 d and f), smaller

particles with diameter around 20 nm are produced. These results suggest that the presence of co-
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t han about 100 nmand start to settle. Wen both

surfactant and cosurfactant are increased fromO. 2
wodobhs4369 0. 4 nol /L, the particles with two orP€TYAE2006/000193

shells retain a narrow size distribution (Figure 32 g

and h), but wthout a signifspcantly |arger growth

corrpared to those synthesised with 0.2 nol/L of

surfactant. Conbination of two processes

surigrtartus §ré@alé% dedomatien piapanogipRerss; p@éwfeﬁ eranyhen the a@m%w pig larger
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t he al koxi de. of the water is bound to the

adohhoe@waéﬁr) lRads) toaae ﬁ@ﬂw&pn ghpatiglesrwithod cerecortaining dheaagtive dopants
sunf&ﬁ{m/o%ﬁ tby gﬁ?mﬁgr@héﬂnﬁlofe&em br R g@ﬁt{gﬁ o8 cérﬁnﬁ @g@ﬁf& alkoxide, all the

mil'sion I's a ona
waterih éhe walertpoelris fansuneet! amdtno farther @uwthus pogsibler Thiscis @urther exacerbated

in nalg%wﬁsq\g Iarbg% Bn g@\%gl,aiperﬁ%lpfgg I?)k %p S{g;eté%%gr{t ?nt tﬂe water pool is free
and\&efd ﬁﬁ?ﬂlcﬁ)‘éﬁa inahd %ndé@séﬁdn%f 166 gm@mecwrabﬁéf thé R&teid b&Ad to the
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wit 5 o s B e & e RO g B ot it abgl 55 .

AfteP@fﬂdJBétl@n @We% tﬁ@iM|t|§|%ebdsCW@é‘%@é1ecﬁblmVﬁ &9, Wlﬂ‘i‘ péfticRYidneter in the
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rangeh@ttaparown@tﬂyr 2048 mm. g\t dhis pelntt Hatwaies) teusiliecit alkoxisia dualel ratio was
slightf§ B8 S, TR re i€ of thCh&w method show that the particle size may be increased above

200 nm using a smaller number of incubation steps.
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grow h procedure, thus providing nore water to the
system Figure 35 shows the TEM i mages of particles
w@wbhesssed with a water to surfactant nol e re€T/au2106/800193

for the growth process. Conpared to a
[water]/[surfactant] =6 system the initial seeds are
not larger for a [water]/[surfactant]=9 system

t he cle size increased nore quickly
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was reacted after one-hour.C ains 1. A process for
formng a | ayered nanoparticle, conprising: -

WQ@e@vi0gi3ay a suspensi on conprising a core partPCt/av206/00193
first liquid;, - adding a second liquid to the
suspensi on, said second liqgsyd being immscible with
the 5 first liquid; and - adding a reagent, or a

precursor for the reagent, to the suspension

size ingrasee WahaPserved e lopart lrnquaajﬁow timegh éugggﬁmg.that elmest alplison alkoxide

wasé%c%ggﬁgcﬁgh&Pe suspensi on conprising the second
[iqurd, € reagent reacts to forma layer on the core
particle, and if a precursor for the reagent is added
to the suspension io conprising the second liquid, the
precursor is converted to the reagent, and the reagent
jhus fornmed reacts to forma |layer on the core
particle, to formthe |ayered nanoparticle. 2. The
process of claim1l wherein the first liquidis a
non-pol ar liquid. 3. The process of claim2 wherein
t he suspension conprises a first surfactant, and
wherein the process conprises the step of adding a
second non-polar liquid and a second i s surfactant
before the step of adding the reagent, or the
precursor for the reagent. 4. The process of claim3
wherein the second non-polar liquid is the sane as the
first liquid. 5. The process of claim3 wherein the
second non-polar liquid and second surfactant are
added such that the ratios of first liquid plus second
non-polar liquid to first surfactant 20 plus second
surfactant remain constant on a v/v, v/iw, ww Vv/nol
or wnol basis. 6. The process of claim1l wherein the
step of providing the core particle in the liquid
conprises formng the core particle in the first
liquid. 7. The process of claim1l wherein the core
particle has a core dopant substantially honobgeneously
distributed therein. 25 8. The process of claim1l
wherein the second liquid conprises a |ayer dopant, so
that the layer conprises the [ayer dopant. 9. The
process of claim8 wherein the [ayer dopant is a
rel easabl e substance. 10. The process of claim8
wherein the reaction of the reagent is such that the
| ayer dopant is substantially honogeneously
di stributed through the layer. 30 11. The process of
claim1l wherein the core particle is a nanoparticle or
a subm cron particle.
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12. The process of claim1 wherein at |east one of the
core particle and the |ayer is porous.13. The process
wW@R00o6084389 1 wherein the steps of adding the sepOnaU2006/000193
liquid and adding the reagent or the precursor are
repeated one or nore tines, sshereby formng a
plurality of layers. 14. The process of claiml
Cla grei n the second liquid is aqueous. 15. The process
of claiml wherein, if a precursor is added to the
suspension, the precursor is capable of reacting wth
the Second? Progeas dor fasming & fyenae nansagréicle, compisinghe pr ocess
of . Chrai ' ; ri a.condensabl e
pect R e YR o 06 298 PO A 0 diert s o
specidig aseconthiisuidrte teswisgension, asait sbeordleliyeit el émmiscible with the
pr eCLﬁf‘?ﬁ@idié‘hda hydr ol ysabl e speci es, and the second
l'i qui dq' I'S aqueous, whereby the precursor is capabl e of
hy-dlrasidipg amengent, GrarpractiBer forcBa@Bgent, ithe SBerioR CBRBrisHy the second
cl ai mau}d_v\her ein the precursor 1s a hydrolysable
silane.™19. The process of claim1 wherein the
whepsbg Cifthe Aiagérs istdbatrt &f@# '
fﬁb;ui d isgan aqueouiH el@ﬁ%bﬁ?ﬁan 'tﬁﬁgemgrg%ctg@&q%@gﬁgﬂ?agﬂ reacts
1o fqrina 1ayes 98 thercore pasiees and, iz & ptpcurey fonyite tagerisi atldsiiocthe suspension

i i [ r densabl e, s i es;
compPiiidho SUFR IRut (HiofockiRar & ThibueR ERERReR, BRE TheRagent hus
formgg irsisdo fomeyaiiagientap tiiecnor pattiele yarm. theXByerdtirangafiess of

cl aipm 19 iLA.the .step of rolysing the
hyd ng} ys a\gﬁg b@ﬁ%g iog(ganﬁg %&Pfewggﬁﬁtﬁ'ﬁ%ilsﬁi NeB-PelARliquid.
susg@ensi oiThaprosess uf ldin Izwmreirﬂﬁ@éﬁsﬁéﬂéfoﬁ cBrﬁ;Br's?s a first surfactant, and
whe%?f”' Cj gnt ti ne.tomtqudr ol yse the hydrol ysabl e speci es.
| e RIOGsss, covarises 1 stepnol adding @i ssieend ponsealesrliqeit ragd om eecond
surfastantisefae th steh @f AdRing M rBsheft 6% pré?u?sto fo?f'ﬁﬁﬁ‘ agé}{t,t hally
separati nq, the | ayered nanoparticle F oM {5585 r st
i qgi d: - ThmBNRress of eidim) Sawherednithe seeopenon-pola ligdid s thersame as the
first iRideous |iquid; - washing the |ayered nanoparticle
Wth an organic liquid; - drying or freeze-drying the
| ay8r ed naifopeacesscoieclaid2l wheesimtiec sseendhospdtarmiqlid and second
' f . di.ng, the suspensi on | i
S””aygﬁn%a?? iced gﬁt&'ﬁ%&“ﬁcﬁ‘?‘t% st QR 55ConA O PRlRtiguie dn e surfactant
plus scopd sstfactafit sqpesirseoristam oh Be/vf ¥/ S/w] ViGblictw/nfRbabisemul si on
additi onatwcongrgsli_ng a surfactant erein the
dr opl et's Prese ok clai b whareinsteg step AtirAvding the cete perticle in the
liquidcoomgrises #phing FeeBieRAMIME MhANENBLYS! S; and - adding a

hydrol ysapl e species to the enulsion, said
hydf-ol ysabledregsecefslinhbwhgjeia teaoreeparticle has a core dopant substantially

homogeneously distributed therein.

8. The process of claim 1 wherein the second liquid comprises a layer dopant, so
that the layer comprises the layer dopant.

9. The process of claim 8 wherein the layer dopant is a releasable substance.

10. The process of claim 8 wherein the reaction of the reagent is such that the layer
dopant is substantially homogeneously distributed through the layer.

11, The process of claim 1 wherein the core particle is a nanoparticle or a

submicron particle.
12. The process of claim 1 wherein at least one of the core particle and the layer is
porous,
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of hydrolyzing in the aqueous droplets to formthe

condensabl e speci es, whereby the condensabl e speci es
w@owdesuses in the presence of the catal yst to POI/AURM06/000193

suspensi on of the core particle in the first |iquid.

23. The process of claim22ssherein the enulsion is a

m croenul sion. 24. A |l ayered nanoparticle conprising a

porous core particle and one or nore |ayers at | east

partigal |y Thdrgireuess on elaimed dm@.@rneth@%tetpw @dduvm@eéeeor@t IquId and
| east one region of the nanoparticle selected fromt

addipg ihe raRaent ofdNeRECUBSOr AiSITePeRlag EREOTIBOMP g% dnesel dpsaing a plurahty of
ayeﬁbSt antially honogeneously distributed therein, 25.
ie | ayered nanoparticle of claim24 conprising: the
por oids corkepecessaf elaimskiiwraivthe sgrand liquidds agepusi si ng a

Gopat .oyt RRPet Rl e B a GRERT; Bgtef 1) B Sispension, e

pre@rEor i6 easkbl®i teheting wﬂetr@aecton@ ||q£ud 1@ form Teaedgemer ed
nanopart i e of cl ln g}/]\ln in at | east one t%ﬁﬁ ,
cor el8dopanthe RFreestl claiy, & whereip d1e reagest REPUseS doBlensag sedies
acrbiswaaugﬁ&séseﬁ@wénwd@s edds, The layered nanopartu cle

claim 26 wherein th nanopart| cle is capable

r eI elsi ng thegracassdf clam buhesah e aeuper ISaawlaydfqlt@afal@isr@mes and the
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— drying or freeze-drying the layered nanoparticle.
22. The process of claim 1 wherein the step of providing the suspension comprises:
— providing an emulsion comprising aqueous droplets dispersed in the first liquid, said
emulsion additionally comprising a surfactant, wherein the droplets comprise a catalyst
for condensation of a condensable species upon hydrolysis; and
— adding a hydrolysable species to the emulsion, said hydrolysable species being capable
of hydrolyzing in the aqueous droplets to form the condensable species,
whereby the condensable species condenses in the presence of the catalyst to form the
suspension of the core particle in the first liquid.

23. The process of claim 22 wherein the emulsion is a microemulsion.
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of a8l easA lagered nanopaticiarnadefbya pracessuwhich comprises the steps of:

- providing a suspension comprising a core particle in a first liquid;

- adding a second liquid to the suspension, said second liquid being immiscible

with the first liquid; and ,

- adding a reagent, or a precursor for the reagent, to the suspension comprising
the second liquid;
whereby, if the reagent is added to the suspension comprising the second liquid, the reagent reacts
to form a layer on the core particle, and if a precursor for the reagent is added to the suspension
comprising the second liquid, the precursor is converted to the reagent, and the reagent thus
formed reacts to form a layer on the core particle, to form the layered nanoparticle.

29. A nanoparticulate substance comprising a plurality of layered nanoparticles
each of which comprises a porous core particle and one or more layers at least partially
surrounding said core particle, said substance having a narrow particle size distribution.

30. The nanoparticulate substance of claim 29 wherein at least one region of the
nanoparticle selected from the core and the one or more layers comprises a dopant substantially
homogeneously distributed therein

31. A method for delivering a releasable substance to a fluid comprising exposing a
layered nanoparticle comprising a porous core particle and one or more layers at least partially
surrounding said core particle to the fluid, wherein the layered nanoparticle has the releasable
substance substantially homogeneously distributed in at least one of the layers or the core particle
and the fluid is capable of at least partially releasing the releasable substance from the layered

nanoparticle.
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32. A method for administering a drug to a patient, said method comprising
delivering to the patient a layered nanoparticle comprising a porous core particle and one or more
layers at least partially surrounding said core particle, said layered nanoparticle having the drug
substantially homogeneously distributed in at least one of the layers or the core particle.

33. Use of a layered nanaparticle comprising a porous core particle and one or
more layers at least partially surrounding said core pariicle for administering a drug to a patient,
said layered nanoparticle having the drug substantially homogeneously distributed in at least one of
the layers or the core particle.

34. Use of a layered nanoparticle comprising a porous core particle and one or
more layers at least partially surrounding said core particle for selective sorption_of at least one
component of a mixture.



