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WO 2006/084339 PCT(AU2006/000193 Layered nanoparticles Technical
Field The present invention relates to layered nanoparticles, and to
processes for making them. Background of the Invention 5 It is generally
Ve [iey@et1brat controlled drug delivery is capable of improvingethe safelfoco193
and clinical efficacy of cancer chemotherapeutic drugs, which typically
produce severe side effectd-aYRres RYROBBERRIESOXicity. One approach to
this problem is to preferentially‘ciigéiiyiﬁgé% ’%‘Bxic drugs to the tumour. It

has been established by several research groups that nanospherical

particleprésetiévBniabe!zias tikmetenaangeqEessasBpQhS D fRKA .

physico-chemical propertiggé@.gl‘m &Hﬁgiﬁ@“’tﬁ! distributed into tumour
masses from the general circulation, over a period of one to two days

afteft iﬁ@@%ﬁi@d@ﬁﬁ?@dﬁbﬁﬁ?ﬁmslbddmg bgiivariuie cptine abipavirgtihearely and
cIRICENBHRIE Ot MARSMABKEAIIRIN ARy UmaY r@ie%@%[%) gesvtr%fﬁ )?E%eﬁﬁecfs due

nanoparticulate delivery systems have been Us Xperimen
o RRRAUR SRR CARR RRRICEEH I iR AiRlo® [SrischiRieantialirdfivar asisiesic drugs to
thmmmliab@iiwmﬂi%@ Wrﬁ@l%ﬁg@ﬁlﬁm@ﬁiﬁ rﬁr@}gﬁyﬁieﬁ%ﬁ P&fies in the
hsical - 0 POQI ta provide long enough blgod circulation to
S B B P o e 3 TR B, can be
sqlattiebediinipsdatotymeoTesao lioaTtha cisnered oitadstioo, previaipedod of one to two
degengeniraipendeseiibe tubu0r) AR Sake RRRAPLLIER of the micro-

vademeﬁlgogecl to date have veﬁ/ low drug loading and slow release rate
IR 8 A TR SHE R e HORRUh BRGS o prICRE R, Saiie v syaiems ryaybeen
ussthepeimetadparticodatemyssamitcaneliniitysdate ctad bithedtnmineal use for
mBYSiBiPpikdsBorgticule-endothelial system) and eliminated from the blood
stream, resulting in a small proportion of the drug reaching the tumour. 25
ModDBHe P 1§88 doiavarug delivery vehicle are organic in nature:
polymetﬂmlwﬁmesstﬁiﬁlmdrdﬁmrﬁo@&@- dﬁ»\ﬁ@cgiﬁ@@bnﬁﬂl@iﬂﬁ&mﬁémﬁi@x@@sum
pLQYi y.advantages over the organic delivery matrices. For
e>%(g¥np é%%?c@ep%aﬁg‘%@zﬁ%gb|18?88ri]?:%1 y inert and have hydrophilic
surfaces. RePiare driknsroIDXIoshithBe b cempatibles andwazdao provide 2

sytibaised Rkliawitenipeiature in order to preserve the molecular
structug

f th . Furth , thejr si d it in 30
St S ST G T RE RS iR DS Py A8 Sow
ar¢lresegainividone revifieveitiordefiatyieeninatinattanhaigue Goee Figure 1),
has begn/dspeHiesHGeess i SREPaHAE, 95%@@'89@8&%‘3%%9'%}9 @ae\/%fs‘fem

oxide matrices. During the last several years, the present inventors
d€els -gntzg)&ipﬁll;gigé%@} and eliminated from the blood stream, resulting in & small

proportion of the drug reaching the tumour.

Most of the materials used as drug delivary vehicle are brganic in nature: polymers,
liposomes, dendrimers, eic. In contrast, the ceramic materials provide many advantages over the
organic defivery matrices. For example silica particles are biologically inert and have hydrophilic
suriaces. They are also nor-toxic, highly biocompatible and can be synthestsed at low tempefature
in order to preserve the molecular structure of the drug. Furthermore, their size and porosfty remain
stable within a wide range of chemical env'ironment. Sol-gel technoidgy, an Inorganic room
temperature polymerisation technigue {see Figure 1), has been used to successiully encapsulate
organic moiecules inside oxide matrices.

- During the fast several years, the prasent inveniors have devesioped a technology for
producing ceramic particles for controlled relsase applications (WO01/62332). This technoiogy
allows active molecules to be encapsulated in ceramic pariicles using a combination of sol-gel
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producing ceramic particles for controlled release applications
(WO01/62332). This technology 35 allows active molecules to be
encapsulated in ceramic particles using a combination of sol-gel

é@ ¥E SHEET (RULE 26) RO/AU WO 2006/084339 PCT/AU2006/060193
PCT/AU2006/000193 2 chemistry angl water-in-oil (W/O) emulsion
synthesis, The size of the particle is controlled by the size of the emulsion
droplets and the release kinetics is controlled by the sol-gel chemistry, To

ctmmémamwa@diamr(@ﬁmmwﬂ@mwmg tibisimethnd pataRias csntrolled by the
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achleved usw;g the Stober process (see growt uted me
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5 rfor

active to leach rapl Substantial wor een uring

prodiician capneerN el Sty Gemintie e mrbkemaksula] ﬁél%f&%é%@ﬁ@ﬁ*ﬁddw an empty
stedithtiicmoteasiedgifusion speeificdpaingashd beideiaxeshreirase, timed- 20
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have been inves |gate eve e complex

talRERd SPPaspsREHRTS @rﬁf@‘r’%@@l@@t@ﬁ frenraprtifieavrsiicess ey Sklavethetnsa) timed-

rew&@%ﬁl%@ntbﬂéi@é@ﬁ%mﬁ@} rt@lﬁ @réh@yrnpa@fwl@éru@r&mw@ Béen‘al&&)fgated
T %pe es stS rg suF ?f %Sm%s stg?% sd structure. All tEese s%(ste -

8 5 1B AT IR SRE AAGTS RIVSB TS CHi55 D8RR Of i moditication
rrfri‘trtme@b@m@! reditetienol Pareiles aridriziooe petifitaliyn 25the morphology of the
sRRRPRRAILARIRANGINAReER IR Igpied Sy e &'kﬂ?o?é élr 9P Sarioue

Core-shell coIIordaI maiterials with tailored structura optical, and surface

foRRS RMEE W3R e IS EREN B s TGRS atBRID RIF- tﬁéﬂ&@sd@ﬁﬁdﬁoﬁh‘@%‘ﬂwﬁy
naepediokds, i natisischbeanwasstiyaiehidyhbive kpatertbabiRaigations of such

CO”%QB.QH@‘E&% PRAE; % f'ﬁ’ﬂsta%%%t& L}tg&' (?ha%ch r& %% g'ro%aﬂies have

concentrated on c anging the surface proper ai given parfi
be@@dﬁﬁ@@y g]ygg@g{ﬁg@ﬁg ihe fast decade. The research in this area was dnven by the

potential applications of such collolds in a wide range of fieids. Most of the research sffort has
concentrated on changing the surface properties of a given particle by coating or encapsulating it
within & shell of a different material. The core may be a metal oxide, a semiconductor, a quantum
dot, a'magnetic particle, a crystalfine particles etc., while the shell usually changes the charge, the
functionality, and the reactivity of the particle surface, and may also enhance the stability and
dispershility of the colloidal core. in other words, the material of core is different from shell
materials, and the most commonly reported core-shell structures are ceramic core with polymer
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30 within a shell of a different material. The core may be a metal oxide, a
semiconductor, a quantum dot, a magnetic particle, a crystalline particles
y Wéf'i!ﬁ tr%e shell usually changes the charge, the functionaliéy, and the
feactivity of the particle surface, and may also enhance the staiyapu00193
dispersibility of the colloidal core. In other words, the material of core is
different from shell materials, and the most commonly reported core-shell
structures are ceramic core with polymer WO 2006/084339
SR tA02 0064000298 Brehedhianingce ozt deramic 60 RBIee MaiBidgsrent kind

ofpeaRRuRIEterlveaRdAasarIin A lfalent Kind of ceramic |

materials have also been reported in iterature. Several methods have
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reberotheicetiethudiheporiacinbeoltratiReans shiextEarins die Pamifleceds
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adiEon olanemralkaidemiesesareiaarsHbrtearisiey SThetpatitye Sietomingsisgarding

thisinsbiisbariresthesmgrastioneatd difiaginteRstePatices CANaH8ie9a versily
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tofrgpavitjdiie, sefe grarieles Stgmificaintlyithbccemsiiiecote tatirysatdthy etvisall yield. Yet

. aRRNNSERQARSTANTE Sl &%&%@égﬂ-&%ﬁé&@%&i%%a@éy%eé?e%%%mn this

Figure 2. However, in this case the active molecules cano _
cA5F R B AP C5) B D% ARSI SERCRE oA TRty armuh I
linféed thathehécikexite plecdespenesd htedonstomamaiendofreassidn. Since the
i f is.q formation of W/O ,
o B o G RIS i sy
agi3hle- Wkt intrGA Ot &Y Weibidnbipatsnd i Hecitalsne Rorwdatjeloesttteiveastion, as
sondd seee iwataids hondediaithe &@fﬁﬁgﬁﬁgﬁm@@_@g@ﬁﬁﬁﬁiﬁ% is being
water eing consumed.and, less js available for further
Coﬁggﬁ?@%@gﬁ%%g%#ﬁ%ﬁ%@% tﬁ%rl(’) f%?é”}f HE& for a layered
nanbisaetieldereigiehngcd dpantas et aradnaricindh véstrietedoy thdocaied of and

retiRIBQRO AR iele ﬁﬁﬁé%a%iﬁr@é@ﬁﬁ%%ﬁé%@(&%sc?ﬂﬁ}éqmr@%&&ﬂéﬁ?&om,

matioge apresshohe e peanamtici leitulaospeeesnédaramigeaviitbitagiar species
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shells). Such a process may opeh up a wide range or novel potentia

- shelishicdabm 8reEReh MaYdipae AP a wide range of novel potential applications such as optical

storage, data encryption or security ink in addition to the controfled release of drugs described
above.
 Object of the Invention
It is an object of the present invention to overcome or substantiélly ameliorate at least one of
the above disadvantages. It is a further object to at least partially satisfy at jeast one of the above
needs.



storage, data encryption or security ink in addition to the controlled
release of drugs described above. 30 ' Object of the Invention It is an
object of the present invention to overcome or substantially ameliorate at
least one of the above disadvantages. It is a further object to at least
partially satisfy at least one of the abgve needs. 4 Summary of the
Invention In a broad form of the disclosure there is provided a process for
forming a layered nanopditickaagoohfirisingetigaosing a catalyst to a

reagent in t resence pf a core particle, whereby the reagent reacts to

forth & PSR SHEne b BERE (336 18 E5traP A L BED g averd
nangagEigist, sear st aRINSHE partidietritay ragksh dsdtk inreséiel. of edbuidbarticle,
whei@By e RdigideddhecatalshipryRdesriod 900N IRARMKALAI R cie.
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réagent. THE €4 a%ys{ Ay Be 6 e A BRI S A4 e 'Seidc aRH bp aFRwd. The
calalggiotien Paagcetsth priserdpicibrmreasiuidislysis, patidensaioatalyst may be a
catdhpbiepRdensation esalinkineaRRms ek AeHRitalan andosiatiRnT e

-E%Qr?rrﬁamg bgsg g%)%nt sprrzw&g{g% tshe cn%!e ga?rtlcle, and thetreac_tlonl,o{< ,
AR (BagEnTIaY Pl BartP i RSO FRaEOra R fasinking,
polymansatisimrisetisiercint adiaiierethamnopakiciedbar suedayidredhe cors particle,
andnaseRatbele; Maceduimedy @P@MF&WE%%%%FW%Q%W?T% 238 tarticle may
for ng%]r(telag!%es%{r lénigeeorle r ‘%ancaéa@ﬂ atnéd byE thef Ii%%{éThe core particl mag

SR oEI el s O e AEEET e apithatsd B e TAYMA i S8t ARGy

COMPIiRG I Sosingfldigaaidredrrariaiygloraendee of ancepsuimietebpaheciass The core
partRy SBABICIENPRLIGRIMNAIRGING SRANSMALEFRIRIANE IBVEERL HiANR% may be 2

sincfompr: eeo? differqnt m terﬁ}[g In one form .tfl1e di closureép.owdes a ,
9procEss 1B Orfiifyg & Ayete N OB REL e@oiﬁﬁrféﬁﬁgp -r@ﬁ%\ﬂl%ﬁoame the
sameUBpleidiantvysrigifignaycorpirercifdrss fisseirjuid; and - exposing a
catalysbie adiRpgRNLIEIGPIRA0sE 9T iReSorRPaTtsle. WhehY tfoparticle,
rea%e,nt reacts to form a layer on the core particle to form the layered

COmﬁfellsno%article. The step of providing the core particle in the liquid may

comprvdifs msHepensicsolempasticle ciriethartiitetrigdiret imvidreatnbodiment,
the paigiags bahsanakateddroniberisstdinsigdeirrethgestep of
R GPobe LG CTR SRy O HLER [T JFoR RSRRarePeice
step biecstpeintriding Seraprisertne tbgdioid maddmpdsséuong Hyuidearticie
in g BushEnsianemBidinesond harvit conpiisnedna SRIARS: faf bASdIRE step
of eXDGIRPIR 2 R IRSEERLIo% e reagent, to the suspension;
The step of exposing may be repeated one or more times, thereby forming a piurality of
layers. The step of exposing may comprise the steps of;
- adding a second liquid to the suspension, said second liquid comprising the catalyst; and
- adding the reagent, or a precursor for the reagent, to the suspension;
whereby, if the reagent is added to the suspension, the reagent reacts to form a iayer 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 fayer on the core particie. The catalyst may be
dissolved in the second liquid. The second kiquid 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

tayer from the reagent.



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 catal%ﬁt for conversion of the
prét @IS0 B8 GETNOSHE/ OY FERFO P AERSRSST MBI frdAyansd nanoparticle
conme@@ent. 5 In another form the disclosure provides a process for making a

layerge RANoPaILs s @Bﬁéfg%da BrRYdING A 3 g.“éi'?é?ﬁ%ﬁ!;fﬁ’“ comprising a

core pa |cI inafirstli Ing a secon uid to the suspension,
said 8&¢Bha ﬁa‘Eﬂde&‘ﬁ rt%#i@ HIeeIpat i ﬁ@ﬁe%méﬁapmg@m mpifelyst for
addmgéb‘mﬁeﬁgea;ﬁgem amqrecursor for the reagent, to the suspension so
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anotherf rm the re prOV| es a pr cess for forming a layered

nanopEgkio Eﬁﬂcﬁﬁh@irﬁba lpeRAdNS G USRASFdhsion comprising a core

particteanvidiratrothiel discicklirgoagesondliguid forthermuspenaied, saisharticle,
compRSA d liquid being immiscible with the first liquid; and - adding a reagent,
ora grecursor for the reagent, to the suspension comprising the second

Ilqu|OUFW%P%W”?P%@%%@Eﬁi@géd@@dpﬁit%’%é@ﬁé%i@n comprising the

secondlitiquicicthed éaget tieaaispdeskonnsaiileyenoridhie earg paiticlse amd the
if a PrECUIRRY. farsthe reagent is added to the suspension comprising the
second liquid, the precursor is converted to the reagent, and the reagent

thirs 2FSHRde® FRA9ERS 1816 rReaU e o ithécagvel plarfgestepesiontranaj@redne

nanopacticddiglile second liquid may comprise a catalyst. If the second

whec;géga fre%‘?? Bﬁﬁg’ 5'&% el ﬁg’tc}pgo[fﬁ ﬁtﬂttﬁ@g%c&%ﬁ cp 2 QaE $ht reacts

rm|n a er without a cat st” and/or the precursor may
o 5@ &14uene @P%W% ?%Gérﬁ"%&ﬁ%foétéﬁt@@@t%ﬁ Srivgle wsﬁ@ﬂsson
compesiondhbiqusichiss diquigoths, tlreuipoecutsaramay beta Sdagmtthﬁdhmdrfdy@ﬁ thus

forn*th%ﬁ?ﬁ?%% Qf@y&atsﬁl}f%t cb?e%%as%ofﬁh B&% ﬁaﬁ?ég glge Second
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capSHSBERRIAY $2 ASIRGINRE NG RERUER R R8e, if the second liquid is aqueous, the
precursor may be a silane that hydrolyses in the absence of a catalyst.

in another form, the process comprises;

- providing a suspension comprising a core particie in a first liquid;

- adding a second liquid to the suspensicn, said second fiquid comprising a catalyst for

reaction of a reagent; and

- adding a precursor for the reagent to the suspension sc as to cause the precursor to be

converted fo the reagent, and so as to cause the reagent to react to form a layer on the
core particie.

The second liquid may be immiscible with the first liquid. The step of adding the second
fiquid may comprise depositing the second figuid on the core particle, for example on the surface of
the core parficle. 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 & condensable species, a crosslinkable species or a polymerisabie species. The



converted 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 patrticle, for example on the surface of the
core particle. If a precursor is added do the suspension, the precursor may
be capable of reactlng with the second liquid to form the reagent, i.e. it
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Ilqux@é/cﬁﬁﬂﬁgeg?i%ed%ﬁ ggﬁra‘ﬁh@@brﬂ I%%?Qr %%%gﬁtlaﬁ)'& %Wiﬂg glrj%?usly

either the core particles have acore o an omo
d'St?lﬁ”étﬁ‘i’bﬁH?é‘a%h%rEﬂtf‘ FthuhesipAvg lavered nanoparticies are capabie 0 releasmg the

dopant, or at least one of the dopants.
In one embodiment disciosed herein, there is provided a process for making a layered
nanopariicie comprising:
aj providing a suspension comprising a core particle, a first surfactant and optionally a
first cosurfactant in a first non-polar liguid;



liquid comprises a layer dopant so that the layer has the layer dopant
substantially homogeneously distributed therein, or both, and wherein the
layered nanopatrticles are capable of releasing the dopant, or at least one
of the dopants. In one embodiment disclosed herein, there is provided a
process for making a layered nanogfgrticle comprising: a) providing a
suspension comprising a core particle, a first surfactant and optionally a
first CHsUPBRERRAMIRAFRYE ABMdpbIdRti GuraeBe) salldivy caHs abflssbeRRgsie
to theimispeosiensaiaidoaguenissdid deorpsiisingacaiadigstdsfiprising a dopant
co&daew%dﬁf@&%@g@psable species and optionally also comprising a

n

dopant or a combination of dopants; ¢) adding a second non-polar liquid,

a seondPLHihEEFRPER AVRRFAND asesmy corapransRtiatiellsacshend co-
noswifEotantispiics éxeinnoniselbldquitihding fiksinoninoterifiquis-wnd iuid; and
proviging, e, ”ﬂsf&%ﬂé’éﬁaﬁsﬁs%Os&gygtﬁ@?&%@g%%% %H?gﬁ%%'r?gl{w%?t the

that the condensable species condenses In resence e catalys
to TORANSARGEPE9e 430 G5aPay TSR BlEReRRy B e phitikE s Igeratarstraty
layperedndan tpeantiel palidie s gecsreianidnpelad iguighaiay be the same as or
QrfRESBLdf s oL TADPRAT RS R AHI AR MALRE g The
same as or different to the first surfactant. The second co-sur actant ay
SecRjK fgasiamdnak b hiraEn et tRTRS Kol tRcianel Bresistcheshsdatant
mayiGeitie secenat sudidetEmtane setaodetcanfatianicnnay henaddedosidchecond
surtehBfs ationaldUshaen el it s, sReaNtR0 paIRr IRUAIA BiRt ous
surfactant plus second surfactant and to first co-surfactant _ppus seco d
SeCQRS SR ARBI NG Y oHEREHNb RIS VIRE WAV INARLOT sl &t (iphsrgrdant plus
secTresasfrisioanAIOc2006/084530 P TVAU200GI0NLRsE Meyshepension
provided at a temperature of between about 1 and 70C, or the process
may comprise bringing the suspension to a temperature between about 1
and 70C, commonly between about 15 and 40C, and more commonly
between 20 and 30C, i.e. ambient temperature. Lower temperatures may
be used provided that the temperature is such that neither the dispersed
phase s nor the continuous phase freezes. Higher temperatures may at
times be used, depending on the volatility and boiling point of the two
phases and the inversion temperature of the surfactant. Step d) may
comprise providing a hydrolysable species to the suspension to form the
layered nanopatrticle, said hydrolysable species being capable of
hydrolysing in the aqueous liquid to form the condensable species. Step
d) may comprise the steps of hydrolyzing the hydrolysable species in to
the aqueous liquid and of condensing the condensable species in the
agueous liquid to form the
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layer. The process may comprise the step of maintaining the suspension
at a sufficient temperature (for example between about 1 and 70C) for a
@Bfgi%i%né tgigne (for example between about 6 and 96 hours) to hydrolyse
e RYdFSiEable species, and optionally also to condense thBCT/AU2006/000193
condensable species. Steps b) to d) may be repeated at least once, or
may be repeated 2, 3, 4, 5,. 6, 7, 8, 9, 10 is or more than 10 times. In each

~ repetition, the aqueous liquid may comprise a dopant or a combination of

negRNIRYdRdTIRY: CONpErSeds domast. Atk theorant i ABFERENHID: dbmprise

oG MBS IS S S LU b Sl

apbrpiiseaaddapentsanmanly detwpeise2hoadop3ive, The ambeeh Bapaatumay ower
iRRAABIEASAPIR SHAPIRNRRIMTRY B R AR QPA?HEH}?@%C tng 38d phase

core particle may be, 20 between about 5 and 150nm in diameter or may
G SRS B0 TSR iLEr” PSS A Bt (Fiegybhasedadensading on the
valaidknassbbifigyeem elivuivh pades 0PN e Prasivesihabre & ABJURERRRL Step d)

5 b | trolling. th
T e e R s S gt
Sk RiREPYERIB LP aiRs deifihyPaRa Hee g pulisiamdiby duaveua frid sizéom the
cdpevesi afisk 0stamsl Ry @%pﬂtﬂtﬁ@@@eﬁ%@ﬂﬁmﬁnﬁ%@w&@%&% Beies in

SRR e nckr e
layRe barreocessanafitiereritad e rehytinalytatitg tpecigsnibamasiifent emperature
(fECHRHIR hetRenUbAth SRR GUSPS Q&fﬁﬁ%ﬂrﬁ%él%ra&%ﬁlg%é%%% r;ﬂ@ft 6 and 96

coms%gse a_surfactant. The process may generate a nanoparticu
ho%_{ﬁ; PSR I A 5RIP SRS tSR 1 A BiionalYciea e leandanser thioycthdansable
spstigs digrobjding maguspepsiey adsapises, pravidinadsuspension 307 5 ¢ 10

o SBRERYE R ol sore BaNCRR e Irsbnanpolarlud The

process may ionally compriseé one or more

- conibiaalion o4 RRAYIS < AraiiFrRiSa Apedernmarishietidtesdimanopastitrlaferesent

st 01805 4 RGP o
' . T) W | | )
o3 HALPRO0001 55, B Washng, e Arers nengbartide, o o dosant may

ndnopartlcu te su nce, w
be) gy Eeasaiin Bitinte, o manbparthontatecsatistantstsodtTon arganidcliowis; be

, I . . ) ' -
bevBRANBDEE AR EB0RFeth BRARCRALHAISy B @MQ@%@WW%&E%@“&%@%%J@&

- may be conduycted at room temperature, or may be con
G o oA LSS0 oGR8, (S5 BB GO PR GROHHICALRPeK § enc

1

7optepr §ndcfrise Pudarwessonapbéarapitblepdasityamayitariiestos Bepesingyer.
o o 8 A o e B g may
ha@.@ pgrpégglp[ey@’eg@p 0.5 and 20 nm. The core particle may comprise a dopant, which
may be the same as or different to the dopant in the layer, or in any or all of the layers. The
hydralysable species in any repetition may be the same as or different 1o the hydrolysabie species.
in any other repétition. One or both of the suspension and the aqueous liquid may comprise a
surfactant. The process may generafe a nanoparticulate substance comprising a plurality of layered

nanoparticles, whereby the step of providing a suspension comprises providing & suspension

- comprising a plurafity of core particles in the first non-polar fiquid.

The process may additionally comprise one or more of the following steps:
@) at least partially separating the layered nanoparticle, or nanoparticulate substance,
from the first non-polar liquid;
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do 50, 60 or 70C), but should be conducted at or below the boiling point of
the organic liquid. Steps f and g may be conducted more than once, and

ucted in any order, or one or both may be omitted. For
‘gg%ﬁ%%%%g process may comprise (in that order) steps e aﬁgﬁ{‘f‘g?@fé‘ﬁ?gm
e,fand h, or steps e, g and h, or steps €, f, g and h, or steps e, g, f and h,
or steps e, g, f, g and h, or may .comprise some other order of steps. Step
h may be conducted in a manner that prevents or inhibits s aggregation,
for exarfiplasiégy inenkipredmaniperise ze chyipgrixsiste sohbiaRtl) with an agueous
WO01/6g382 (Barbe and Bartlett, "Controlled Release Ceramic Particles,
Compositions thereof, Processes of Preparation and Methods of Use"). :
Step h Hay HENLHEEEHiRepaRRERer Sfaireomitivwiricaubstanes, Iaitiean organic

amouiguf surfactant present at that stage may prevent physical contact
betweep t ' inhibit agqregation. 20 In an embodiment
there isﬁ?)r%@gﬁl g‘%%éggggﬁ%rg rr?l%{i%{gnaaﬂ%%ﬁ%’!]aqﬁ% fcle having a
dopaHPthERBIRLFAMERISHA! copbiaBIRIR L pPOVIBTY costabled SUSIITEEG0C (e.g.
acstmRIeing, A0ceuesnaTtielsoACI TR AR aMGLA Fb'i'%B%ﬁfﬁ’éﬂﬂ?ﬁ&ﬁﬂh‘%&an fts

“non=polar liquid; dding an aqueous liquid to the Suspension, s
P e e e s erem o b Ssac oy
b@ﬁ@@!ﬁﬁ@h%@@p@'@wm, o) mdgingandetaie high-RoieCiau d:atReando, 40,
ienal = -and d) addinga . .
T oISk VR e &0 bR dlgsrs
a'?%Q/fH ﬁ?ec SIRY PREPIRb PR RS &R R7kisIos Ainteyspideies biingboth may
beapibicfof e tiysiges iy RAASL IIAG R UPS DR PAAPIRADIE s ana
r of the suspension and the aqueous liquid may
D L, e ST B &y b HLCRK SR T nGabbtsor may
Caiefler SPIE FERIA O sleRs.dHien Iboiay. he candubied am bradiTerehattivevenecgsshibits
agRPEBRIACRT W0 RRIDR4RIC:HiRe HeQRRINING 3R A QIS (Barne
an%mgé%gﬁ c;@mﬁﬁrll ing ?%ueougq?rog'lets dispersed in a non-polar liquid,
sai _em’uls8 it coftpMSnGeL e taComogiens plisrafly Brocesses of
Prepagsiipragnd Mothede rbidsttie Sthob ety bepudiisecd dirialy stdosieoBdeRRAEER, the
& arkis ' rolysis; ' first ,
e I PR A S esn vmges

dro|
an@i%%%%%ffﬂ?ﬂ%ng in the aqueous droplets to form the first
condensattiedbpaciesetivepabiiethumioga SrSPENTNHLROT GPBSHEIRS MBving a

doﬂiﬁi@%ﬁ%ﬁﬁd?%ﬂ%@@gﬁgﬁégg an aqueous liquid to the suspension, said
. , e

aqueous liquid compri catalyst for condensation of a second
condeﬁ%a@@”@'ﬁ%éi ble suspension comprising a core particle, a surfactant and aptionally

a cosurfactant In a non-polar fiquid; '
b) adding-an aqueous liquid to the suspension, said aqueous liquid comptising the
dopgnt and a catalyst for condensation of a condensable species;
¢} adding a second non-polar liguid, a second surfaciant and optionally a second co-
surfactant; and . |
_ d) adding a hydrolysable species to the suspension to form the layered nanoparticle
having the dopant therein or thereon, said hydrolysable species being capable of
hydrolysing in the aqueous liguid to form the condensable species.
One or both of the suspension and the agueous 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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d) adding a solution of a second surfactant, and optionally a second
cosurfactant, to the to suspension; and e) adding a second hydrolysable

Spesie gggﬁe suspension, said second hydrolysable species bein
capa}i)@ of hydrolysing in the aqueous liquid to form the secdndt AU2006/000193

condensable species. The emulsion may be a water-in-oil (W/O)
emulsion. Following the addition of the first is hydrolysable species (step
b) or the second hydrolysable species (step e), the hydrolysable species

mayanysookiisg 40 deuBidh ecifelsigReend: RIaD SRS SPRUSRN-polar fiquid, said
resp g,sté eé i hl(ﬁ’] may then condense due to the action %he _
cata@s E{s) ¥o 8?%1%3%@@}85@3613{1 %Fﬁ%ilﬁﬁlﬂ@[?ﬁ@l‘&@tﬁ@ RS9k HibREn the
THEOPIESR eryierisiy plalyspiecrosdensitior dedustctvdnsipiadperispapiehydalysis:
be d i t .
o e S8 U RLIP ARy BR8P A8 o
R0 PRSNGSR ARl e e PR iRBifgTeby
thisrodmpasasietaonlof emepaxipiesitiahe the-pelaaiaus:liquid may comprise a
dopant.Qy; [ dopant in any repetition ma

Do e B 2 e AT R ¥ B
efRUFSISRNERINOP hacaRidcg0densrile PrESIESomprise a dopant, and at least
onegfegtRimE el esifonT R EecasPIAMRISHRDHINE/COBRAMISHARhNG the
Iag/l?r Sr}s{@r%n 5 comprises at least one dopant. In another embodiment

thar? is'provided a process for making layered nanoparticles comprising:

a) pﬁb\ﬂdﬁﬂ‘@ & saerrdtamdralyhatisnspecigorisiniye csesrasitantaid chevorankpdtaiysabie
g(g'fl&ieérlb@inﬁ%Béﬁélﬁf%%?ﬂ'ém@qw%, §&@@q@m@t o tﬁg RGN ondensable

ution an aqueous solution comprising a catalyst for condensation of a
fir§€6Rdensable species and, optionally, also comprising a first dopant
(cofinelepalstyn aydprbeimgvateemulsiB/id amulim UFblelrY BoluianaAng e frs

o AR A s
Mae g CHEDABILEY RNk SintptaAthsgersable soReifsrasntatimelertingt may then

conddensabienspeninst elmaina(engithe emusianal afic®Rbunding the core
oIS e 8 B S LB o
thep sl dfir, Sepd Aduebusykpiepeaatnidtag ancatalysty terrepeated 2, 3, 4, 5,
6, ordensationpfaimacepdnendrrsayie sherssian bARIANAIY 25859 Wrtaly
sugg\ﬁw%%qg %cgredgfrﬁlc?etg’. In each repetition, the aqueous liquid may comprise a dopant or
may comprise no dopant, and the dopant in any repetition may be the same as or difierent to the
dopant in any other repetition. The emulsion and/or the aqueous liquid may comprise a dopant, and
at least one region selected from the group consisting of the core particles and the layer(s) may
comprises at least one dopant.
in another embodiment there is provided a process for making layered nanoparticles
comprising: '
a} providing a surfactant solution comprising & surfactant and a non-polar liquid, and
optionally a co-surfactant; _
b) adding to the surfactant solution an agueous 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:
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g) adding a solution of a second surfactant, and optionally a second

cosurfactant, to the suspension; and is h) adding a second hydrolysable
wivssie gé};e suspension to form the layered nanoparticles, wherein the

secon(? ?gy rolysable species is capable hydrolysing in the a§GectE g erg1e3

to form the second condensable spegjgs. Following the addition of the first

hydrolysable species or the second hydrolysable species, the

hydrolysable species may hydrolyse to form the first or second

condlepdsitge Spat biessolisatis prectacely ihwhinhisnay e ARSIENSHIEUBekRS being

theyRetios 9&&1’6 TSN 5 microemulsion. In

B e e e i

ano%‘.er embodiment there'is provided a process To

nanop SRILRILNG &% sriklsien &) dreiiangtansarsateiat sdlokiotive rprisimaian of 2
sudtpetainan dose panioRsReriche thsendird gionaibs.a co-surfactant; b)
adding.to:the. solutian an aqueous solution comprising a

catqaslys{% (;Frlbqagr?dr 9?%%%%) uléﬁ%g?ﬁsiuég?ﬁéoﬂs3@%%@%@@&@0‘?%@%#3@@%1
alSb CoReprRiiPY & Arseersganndendarmisis s eandlsitiontiyna eoRdriREEAN layer

sgbgtiai and the aqueous solution; d) adding a first hydrolysable species

to the emulsion, said first hydrolysable species being 25 capable of
hy(ﬁﬁolﬁsﬂﬁgiﬁ ?ﬁg%a&éaﬁy@gﬁjgﬂﬁ??@%rﬁ%@‘%%érﬁ?é@fﬁh@ﬂ@éﬁé@ééo the
ejuspeRaiaimang the emulsion at a sufficient temperature for sufficient time
for for@HeNL eSS RS care particles from the. first hydrolysable

S efiesgfgadding,an ac?m??d%édrgqu%ﬁéegléosﬁﬁsepesr%@?gﬂs,[%i@amoﬁﬁ layered
liBRNBPABIGRS &ReseID BRaRRNGBYraerblesannsiecos sasebioryidomysiteris dtagueous
sipitiésfoam thopiemalbpratarasBdpdepant; so g) adding a solution of a

ANt tionall d factant, to th
R e o oo T s,

{

n,
therd i okyapld wariepaPaEIdydralisersinidve seediet hydselysabionspreifs Ebecies
respeqaiie whieh ety nehi BoHaensE HRAH UM A G Tcond

congdensahle species; 11 i) at least partially separating the layered
naﬁﬁ%gﬂyc?leog ﬁgﬁ??m%?éﬁé?é‘?”ﬁquid; j) washing the layered
nalfopaeticie sbioinenbrigemidsliguididd wasbiogs the iaxergd)arenatitisses

convgitfirgn aqueous liquid; 1) washing the layered nanoparticles with an

organic Ii%uid (which may be the same as or different to the organic liquid
of StdPYVENG RGN IRFe FEBPHISSpArGiegiant and a non-polar liguid, and

optionally a co-surfactant;

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

¢) forming an emulsion from the surfactant soiution and the agueous solution;

d) adding a first hydrolysable species io the-emulsion, said first hydrolysabie spacies being
capabie of hydrolysing in the aqueous solution to form the first condensable specles;

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-aqueous liquid to the suspension, said agueous fiquid bomprising 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 cosurfacfant, io the
suspension;

h) adding a second hydrolysable species to the suspension to form layered nanoparticies,
wherein the second hydrolysable species is capable hydrolysing in the agueous liquid to form
the second condensable species;



In another aspect, there is provided a layered nanoparticle comprising an
inorganic core particle or an organically modified inorganic core particle
and one or more porous ceramic layers at least partially surrounding said
core particle, wherein at least one region of the nanoparticle selected from
the core and the one or more layers has a dopant substantially
homogeneously distributed therein, said layered nanopatrticle being

capalsteeatt @M%l??@afﬁ@%@ﬁﬁﬁreﬂfﬂﬁéﬁﬁ?%%gﬁ PP IHEVided
Iay)eragsna@apwsﬁed%aﬁbaﬂwbshﬁwm@asc\wmh comprises the steps of:
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ifle ngorga IC core ppar SIS iR P?lq(h ; combining the

sulspevesiong Mhyarsbwnmbﬂcimdwthamomo@mwIcﬁqwrmh?bengJ&mﬁﬂsuMe onvittarent

to ihg@ggﬁgglgggglg S@ggﬁgdmg a reagent, or a precursor for the reagent, to the
suspension comprising the second liquid; whereby, (i) if the reagent is

AYHIHE BYRBEIRERIA S prising the second liquid, the reagent reacts

to |fo§mtraemb@uszwmtﬁvlaeﬁ I@Véf@ﬁw@@f@m%lﬁﬁssﬁ@én(mbﬂﬁaﬁa@t‘:@@tﬂﬁﬁlﬂe or
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substantially ‘homogeneously distributed therein, or the second liquid
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may b pherical. The core particle may be a solid, and may be a porous
Sec@él?ﬁ“%ﬁ”@@é’bhMéfdhﬁﬂé%%‘bﬁ)é@d% %w%@%éﬁ@%ﬁl HieaSpenad Hquid, the
reag%ﬁth@ﬁmb@gnﬂ@ﬂétﬁw%%g%aﬁc EV@F ﬁﬁ QRO ?fn@r@r é?f:ithﬁf(égﬁ@cﬂﬂ%)/f@&he reagent is
between about 5 an nm ch layer may, indepen entl
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reagsef dinte dhfremnrehes gréup eqnsistingafitHeycore e ddkeotireoriorore teey @ysred
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) of dopants. Thus there may be a core dopant and/or'one or moré layer
thergiio (Pa IR SR dFUELM s PRahEKRRY PR SR ataR e ANy HemidyarRe dorsti substantially
homgishabisigaidnning the@iertbal cRinpEaastsaldARNANpA S Hay RxamRIgsidhsing

th he nano arttlcle lﬁ% (g rlses a core and a single layer, and the core
© O@ﬁ?b?s e%s core’ ep hd the layer comprises a layer dopant, then the
cdreadiberarmhegintenis tisstan tedijdae i gyerne oasdpatisizibomedsing theosoparticle

lie. %ﬁb}%d% &%@@ti ax 'é?i@é&?%i&fﬂél@”yuh@ufﬂ&g&@%%%hé %mt&um iRyered

er. The | ere ano artic| eI ma b?? am razlarous or meso %Sf
“a“%%fi‘f IRANG A ?ét%a 8 CBrePANE THEo e P o R T &t i Ao, for
exairie penidienoip b e iesopPatI SatE, rﬁ@@@mrbﬁjsm‘meabwermﬂst@yma i mean
marﬁm&%a}hly ihe ﬁfapea@%@tmé%n R NERPSIARN e GRRMRHS S Mydrolysedently,
be a Sa]nde ay%rr 8?( g ge[? aner At teast cne region of the iayered nanoparticle selected from the
group consisting of the core and the one or more layers may comprise a dopant, or a plurality (for
example 2, 3, 4, & or more than 5) of dopants, Thus there may be a core dopant and/or one or
more layer dopanis. The or each dopant may be substantially homogeneously distributed in the

region that comprises said dopant. Thus for example, if the nanoparticle



hydrolysed alkoxysilane, and may comprise silica and/or a

polysilsesquioxane. The or each layer, and optionally the core particle,

may, independently, comprise a ceramic or an oxide, e.g. a metal oxide.

If more than one of the core and the one or more layers comprises a

dopant, then the dopants in each OH ese may be the same or they may.

be different, The or each dopant may independently be releasable or
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nanapallield Mprisdra HBRG0Sietricp aFtiae c&vipriSi ARt PORRsE: r@l’@&@ﬁﬁédd%ah?%h
layeanthy iNGIOUIRIdAYE EOMATISIO0: @ SRENCrsatc asablgy dapamirad teagden about 0.5

andp@'&ﬁ‘"ﬁ’néwtﬁééﬂ%” ? ?é@%ﬁf ok %r?%'si&& { ou‘?'? and

releasing the se ond ant an easa% opant

50ngkdtie ARBAR:. fiﬁh%@lﬁé’?%@'ﬁ%éﬁ%%ﬂ%@ré“@@?ﬁ\%é@iffan@yétréﬁy be a Sa%t ora

dyenacapipsticleacomprising & peaieus saucalticleicnnaiisirgva dirsitance (for
releasable dopant, a first porous layer surrounding the core particle, said
first layer comprising no releasable dopant, and a second porous layer
comprising a second releasable dopant at least partially surrounding the
first porous layer. The nanoparticle may be capable of releasing the
second releasable dopant and the first releasable dopant sequentially,
with a delay between release of the second and first dopants. The length
of the delay may be dependent on the thickness and porosity of the first
layer. In another embodiment there is provided a layered nanoparficle
comprising a core particle comprising no releasable dopant and a porous
layer comprising a releasable dopant at least partially surrounding said
core particle. The core particle may comprise a non-releasable dopant,
for example a non-releasable pigment for colouring the nanoparticle. The
core may be porous or non-porous. The core may comprise a magnetic
material, so that the layered nanopatrticle is magnetic.



In another embodiment there is provided a layered nanopatrticle

comprising a non-porous core particle comprising, optionally consisting

of, a releasable dopant and a porous layer comprising no releasable

dopant, said porous layer at least partially surrounding the core particle.

The nanoparticle may be capable of releasing the dopant after a delay.

The length of the delay may be dependent on the thickness and porosity
eXagiPth e pBIEIE: |Mﬁa¢¢¥@fl%eﬁw&6hﬁx@a PRINOPe RiG s ablenadisint stbetance, a
radremrmﬂﬁeaxémamlm&@lﬁa@gﬁnm}ﬁé@z@k%m@@@lgﬁganopartlcle There is
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capbivl agictddling tier soendecraaabieagieausndlvid el RxasBle apandaRiEntally,
wie2YEE) (LOREYPOEING (K ORISR Y1143, Ek10. S M0 SOREPHD o

or otherwise a tatll’l e layered nanopa
dePRRdEALRN el Q:%ﬁ?ﬁﬁ% W@F@ﬁ‘éﬁ@‘ﬁéﬁéﬂéﬁsable su bstance into the fluid,
and anammmpommlmm ;ﬁl‘tﬁld@?&ﬁ@é@é@ sdRsianee H@rﬁoﬁgngrglt%ﬂa particle
(S ance. ma ntr
cor e e ey o PR el iy e
partjgll &/éHé%dwaﬁaﬁrﬁ%%%traﬁeaf%ﬁaﬁ&*epwa@wm PARRASAleatppant,
for mmaumtrmmmgbmwb@mnmm@ m:.larmg»aaiaré thi:fhdid i6: b@gﬂbbus or

nonfbg'rggﬁ gfhf?l&?g m J%eeggﬁ?gﬁ%@csa%b éth rc? 'Stﬁ rtI,Jr(_:‘et od o;}aﬂ icle is

mlnlsterlng the rugt comp rieh ng dela\'}erm
magesihe patient, e.g. to the blood of the patient, a layered nanopartlcle
adecxabithgrtertbediisaiasereis revipbdrality dblayeraAHanpASIRE & non-porous

cor@%%ﬂ@éngo(&?prm%??g@w dﬁﬁégt, eor‘gda na%%%gaat{t'cl?(gg pavm hed ru%yer

therein an for exam Ie n an an er
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Riravenaus (). defiv Injegting into the patient a )
maylsus esnsmn comp ﬁs%nﬁ&( se%ﬁgré-g%gl |cle %ﬁrgu’s fi&eﬂw‘ﬂ Qayer R e’ non
releasable dopant, for exampie a non- releasab!e pigment for colouring the nanoparticle.

There is also provided a nanoparticulate substance comorising & plurality of layered
nanoparticles according to the disclosure. The nanoparticulate substance may be manodispersed,
or may have a narrow paricle size distribution.

There is also provided & layered nanoparticie when made by the process of the disclosure.
Aisc there Is provided a nanoparticulate substance comprising a plurality of layered nancparticles
according fo the disciosure or when made by the process of the disclosure.



suspension may comprise a suspending fluid. Suitable suspending fluids
for injections are well known, and may comprise saline, Ringer's solution,
glucose solution, fructose solution, dextrose solution, amino acid solution,
protein hydrolysate, sodium lactate solution or some other aqueous liquid.
There is also provided the use of a I@/ered nanoparticle according to the
disclosure for administering a drug to a patient, said layered nanopatrticle
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nanBRAKRIP ULLRIREBITHE dayess:atdeastipartiallySureaunAngBaid 6888 ding to the
articles jn the manufactur ofa_medmgament or treating cancer, wherein
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according to the disclosure, when used for delivering a releasable

oW RRG MY ROBHIBRISH G GBS RIS EY T ulucErs Rabpgexirose
solutian @part cedasnddiding deithe disglesutedon seteetbmusorptiommef @hdeasieous
liquig.n?hg%ni]&)%@%ﬁ%o%mﬁg%% {')I'[hae I%'/g%&) %%F}%Pjéﬁwg RO %e ?ofﬂ{eadié%%gr%dfror
nanoparticle when used for selective sorption of at [east one component 0
admiigiexngra drug to a patient, said iayered nanoparticie having the drug therein and/or thereon.
In another aspect, there is provided a nanoparticuiate substance comprising a plurality of
layered nanoparticles each of which comprises an inorganic core particie or an crganically modified
inorganic core particie and one or more porous ceramic fayers at least partially surrounding said
core particle wherein at least one region of the nancparticie selected from the core and the one or

more layers comprises a dopant substantially homogeneously distributed therein, said dopant



WO 2006/084339 PCT/AU2006/000193 14 Brief Description of the
Drawings A preferred form of the present invention will now be described
by way of example with reference to the accompanying drawings
wherein: Figure 1 shows a sol-gel reaction sequence in the presence of
base; s Figure 2 shows a flow chart,gf a process for producing

~multilayered nanoparticles with dopants contained in the core only; Figure
beirg stsargRier FRMCHbRt DANPRATRSCESY forihroehddinganiltdmyastisd substance, said

nanB@éPSRﬁsﬁf Heianuta h@%ﬂ&@'ﬁaﬂ@ﬂ%@?ﬁal@ Gdr@stishws TEM micrographs of
particles produced in a NP-9/1- 10 pentanol/cyclohexane/NH40HITEOS
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re;e%%%f@ugggn%gﬁﬁ ? nm), &) Ath addition (36 nm); Figure 9 shows
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TE@@fugyeQ@s@eﬂfetbsw hiyoByer éiteawt@éﬁma_dzaﬁmmﬂdfasrmm@m%qgamc

B S D 0 B e
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distiifusest dbsrait maamer@n@wmgage@mmmag@aamr@manmd ﬂmage reiyeasabée
hedRgk field image after EDX line profile; Figure 13 shows micrographs ‘
|Ilustrat|ng the influence of the method of addition on the core- shell

palftiefie!aes EMeRsTEM 4° ol RREGSRLYINELF FarfcideWhrtesiaearding

fo tmmto@)fé Oyelﬁld@}fyeof%ﬁ?@ilﬁhm@@rm Bocoraygle (herbstidashelisn used for
deif ﬁjurg r%a?e gws Es M mj gro‘%[rgphs of particles grown using different

Gilliidn Fak ihere the “dilition rates (volume of fresh emusion/volume

of E@ﬁse!mutsmjsr) revide{prAsB P i@yergddpmparticle according to the disclosure for

selective sorption of af least one component of a mixture. The disciosure further provides for a

layered nanoparticie when used for selective sorption of at least one companent of a mixture.
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a) sample 1, silica core copper doped, the extra added aqueous phase
1.333 mol/L NH40H, with Cu 10.14 mg/mL in the form of Cu(NHa)42+,

WO 2006/084339 PCTIAU2006/000193 15 b) sample 2, silica core
BPPYY e, the extra added aqueous phase 1.333 mol/L RE#&4006/000193
without copper; Figure 16 shows TEM micrographs of particles prepared
using different methods for mixing the 'seed emulsion and the fresh
emulsion; 5 Figure 17 shows TEM micrographs of particle cores formed

using TEOS, and shells pgépeddyiitiony b Brifvfyaditions identical to
those used for Figure 5); Figure 18 shows TEM micrographs of silica core

coat® PRRIRAEO fRTBSH dheRreseruneentorndiviow Bm dascribed anhiayfelxapigle with

rafdtbneomprsitampsiany trdnRle widrdgure 20 shows photographs of
listed in Table 1 and suspended in i0 acetone; .

npl ith ition,
’ E?g@é%l%%%? éﬁ%ﬁ%ﬂﬁ%ﬂ%%ﬁ Wﬁ?@%‘\ﬁﬁt?&%position listed in

T dltiperg 2 Bhguieadiovs thow of phtogsaifon srodusing pleltieiteresbrapopsitionsliste dopants

chRdiAtlé hacshsimpended in acetone; Figure 23 shows photographs of
saé:mgples with composition listed in Table 4: a) freeze-dried 15 (SiOz/NacCl
wel

WerdRioraon) dy Strshehiisdmisoeaniles Rratkrngigurtiayereg sargparticles with
mphiokodoperagraphs of In20a nanocrystals in suspension and coated with
silj hell; Fj 2 ows.UV-visible spe f CuPC. (black line,
anﬁgyéé%g nnégbgﬁd gﬁ@ dér@é%h?é? X@naﬁ% %m)ofﬁdé%el?[rafr\t/valaer; yg.g/ I-
pm@e@%@w@%@%ﬁ@ YRR SR\ aR-RiBReBBILNRIB 22 (black line,
X rrigikieG1hdwe T BN taDES 0B R cke SaicinRriBaanivibO R dNsPifalter 32

A SRS T T R P R R ks v
Sdnigike 1 sikws JENONB08Gepb$ bhslie-deididesquatiecdd BChm EoliSBig ati@d&ulsion
B e PR SR B
Cﬁ;ﬂ?@ %9;{ "f‘@'ﬁlﬁ%‘i@(gﬂa%yered nanoparlicles according to the present
inFentiohshiguEEROrkdnayapies iklstasiegrpddicde veyimgasiareiasiddton of TMOS: a)
C(%%V(léﬁ iRleAPSARIRR oP] S3RB! %?T@%S#g%ﬁi%)%%tw g&%&%ﬁ #{5 addition
reeze dried powder suspended in , at wherein the
{3Rampetibaddtiond@demsntain 15 wi% of SiO2 and 85 wt% of NaCl): A
Cig@e XehawsTeHMRgraphs llustrating particle growth by sequential addition of TEOS: a)
cora (50 nm), b) 1st addition of 1.2 mmol of TMOS (83-92 nm), ¢} 2nd addition (91-106 nm), d) 3rd
addition (102-120 nmy), e) 4th addition (108-129 nm), {) 5th addition (128148 nm);
Figure 10 shows a schematic diagram illustrating the principie of the nove! growth process;
Figure 11 shows TEM micrographs of core-shell structure: aj bright field image (dark areas
indicate heavier elements), b) dark field image (bright areas indicate heavier elements);
Figure 12 shows TEM micrographs of core-shell structure showing beam damage: a) bright
field image, b) dark field image after EDX line profile;
Figure 13 shows micrographs illustrating the Influence of the method of addition on the core-
shell particle size.
Figure 14 shows TEM micrographs of particles synthesised using: a) 4 cycle (core +4 shells),
and b} 5 cycle {core + 5 shells);
Figure 156 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 extra added aqueous phase 1.333 molL NH4OH,
with Cu 10.14 mg/mL in the form of Cu(NHa)4?,
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N Rubpy, ?.max =450 nm; Figure 30 shows a flow chart of a synthesis of
dye encapsulated silica hanoparticles with ORMOSIL surface by adding
more emulsion components; WO 2006/084339 PCT/AU2006/000193 16
VE e/ B S ows TEM images of silica nanoparticles with OFIABSR006/000193
surface produced by adding more emulsion components: (a) seeded by
TEQOS; (b) seeded by mixed precurso?g; (c) core-shell particles by TEOS;
(d) and (e) silica core with ORMOSIL shell, (f) ORMOSIL core and shell,

nedatailadin T iy i " Clos
e (e ol (oY Sl AR T S5 Y o
Wﬁﬁf”l@)‘?ﬂ@@.z mol/L 1-pentanol, 74-86 nm; (c) core+2-layers particles by

0. #igued/161stovEs Witk onlerdgrphdan phrikRS-LEfhrum ugily eonsdr tayRids for mixing the
Sp@d’gﬁlgﬁjoqyang.ﬁ%gﬂg%/ﬂ_e%ﬁé@ without 1-pentanol, 132-152 + 20 nm; (e)
N y

core+Z2-layers particles % mol/L NP-9 without 1-pentanol, 106-126

nniiddiechf shomyEh pisrterRHY e tiie reresrioomeithsing ITEQenthshsls using
Tﬂi@%‘@sﬂrﬁthbs?%lgﬁﬂiﬁéﬁlé i@@xﬁﬁ:’?f—td%/&'égéﬁl@d%*%@x@lﬁ VEO% '—-4NP73L0|\-IAI; VSOV L

- pentano - nm: (h) core+3-layers particles by 0.4 mo -9,

0. A TR T P A e O SR o

prﬁigu;etiwﬁMWaﬁéf_émisiﬁgaphanbmyehasitbymmﬁipmgtwm Titdedh

e EhRIgURSIRRRR A6 @%%tvﬁﬁi‘{‘émi?&. LS aM %%ﬁm‘%ﬁﬁ%ended in

images of silica particles produced by combining two growth techniques
889G le ratio [H20)/[surfactant] = 6: () Seed: 50-60 nm, TEOS 1.2 mmol,

HZFQuBs2Nhshols THRGMGDEEE o8B Careccnpayech §dteGinmbid &OS 4.8

B AL e S G E YE H e
ARl 35 nm, TEOS 14.4 mmol, H20 72 mmol, [H20)/[TEOS]=5; (e)
Corgurd-18YR6uk 3ot &fpapie oL GakisetSwaH eompRkitdd Asltia ok 4: a) froeze-dried

H20)/ITEQS]=6: () Core+5-layer: 146-172 nm, TEOS 33.6 mmol, H20
@%&%’n@% f%ﬂ?@ﬁﬁ%&?@%ﬁ?@%ﬁ@-@% 200-240 nm, TEOS 52.8

mir@lie2en2ws pmierol (2o THRG] sdant;rRigls & S8sptrews ArE Nbinagés silica
sfisilica particles produced by combining two growth techniques at mole

jo [H20J/[surf. \ntj = 9: Seed: 50-61 nm, TEOS 1.2 I, H20O 54
o HB 35 o901 SHE o5 GO G o SRAT BT WA e,
A2 GBHAmhimelfel 204 TEOS]=11.3; (c) Core+2-layer: 95-117 nm, TEOS
9. : =16.9; +3x | ; -17
B0 MR R LIRS GRS O e B
828 69rY Ao 98 na1LB RE A ARHBYS TEOS 24 mmol, H20 378 mmol,

[HAQWETE €15ds §5eBaD @oreme-taye S hrpe dNKZ2ARPRHIGRse TR Sowder In
2§1%L68§E%?57tt2,%m§7=86%m8!’b[)%%\gﬁ&%ﬁ }6’.65559 of freeze-dried powder in 20 mL
SBF at 37°C, hmax =450 nm), wherein the freeze dried powders contain 15wit% of SiO» and 85wi%
of NaCl;

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 UVivisible absorption, of samples (A)
LNK-879 and (B) LNK-880. 2g of freeze dried powder suspended In 20 mL SBF, at 37°C (whersin
the freeze dried powders contain 15 wi% of Si02 and 85 wi% of NaCl): & CuPC, Amax =615 nm,
M 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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30 Figure 36 shows TEM images of silica nanoparticles synthesised at

high temperatures with mole ratio of [H20]/[surfactant] = 6: (a) 35-50 nm

ageing 20 hrs at 352 oC; (b) 48-62 nm ageing 48 hrs at 352 C; (c) 37-52
R eediFg20 hrs at 502 0C; (d) 48-70nm ageing 48 hrs at SBPTYEI2pjg1pa193

37 shows TEM images of silica nanoparticles synthesised at high

temperatures with mole ratio of [1-1253/[surfactant} = 8: (a) Seed: 35-68

nm at room temperature 352 C ageing 48 WO 2006/084339

P 0
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adgi g pd %%@2”?,0”6@537@1% by g&irg: 46 w%@f@mﬁ)n@w@% (c)
covshed @articR8 iy TE0SH (3 Gnd ) %@%mmm&@ﬂﬂ@@@ sl ) SORMOSANSbre and
sfﬁ%@%eu EE%VQJEEIVI images of silica particles at different incubation

dges: efore ‘s’incubation (76-88 nm); (b) 555 00 incubating 1 hour
be?@ﬁéezfé’oﬁh@véiﬁu {nagss @stios paRitleec)t BBBUS sudantant nenpechistiiessafter (2,
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Nﬁejwsuk i oPhed: 1Eé1ﬁnanvent'0fafj%@9£§ bl B:e/saafé% oger% without

metal oxide shells'and non-porous or porous oxide or non oxil
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peaghigleividy imsorporatg dalyesiderSiiarieoBjerldmaial MRISLers mol/L 1-pentanol,
fgolr.ﬁ) ﬁnlell organosilicon with incorporated dyes The first and third
categoriés are of particular interest for the encapsulation and release from

coriSLEn S phptele o shagptivedigivthel frwesehsiiseaanopruicis frotembiang two
gr@W@ft@éﬁﬁl@;é@@&@dﬁ%ﬁ@@&h@}%‘sb\ﬂ peRgdrn any of the Iayers Thus in many

o R A B R B o
atsh‘@lEaﬁéiO dH@]éstmbﬁfm%mgﬁaMnéeed m%waﬁmmg mmol, H20 36 mmol,
ew%y clrrtRe mr%i%%@sea'@moﬁ @@ﬁ!ﬂl@z ﬁgﬂ)ﬁ%os =7.5;

o be able to tailor the composition of each of the in |V|dual
éfa G BT T b 2 Bl U EG-ABhg) hsros-yer
mﬂamﬁgmh?éli@ﬂ:eﬂe poad cEfpEs timok . [TiUR TROEBE; dchiaved- lay%r2536-166 nrm,
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reaﬁ ent precursor. It may be nt tO malnt the emulsi

gifigh Wa@lf{ﬁéos%rﬁ&s&sb ?f‘iﬁ@@é?ﬁa@%ﬂ‘?ﬁ%&%Q 8 mmol, H:0 216
miul s EOS M ater) that allows production of homogeneous

B BRI R AR RS 0 o
technigues at mole ratio [M20)/[surfactant] = 9: (a) Seed: 50~61 nm, TEQS 1.2 mmol, H20 54 mmol,
[H20)[TEQS])=45; (b) Core+1-layer: 70-87 nm, TEOS 4.8 mmol, H20 54 mmol, [H20)/TEOS]=11.3;
(¢} Core+2-layer: 85-117 nm, TEOS 9.6 mmol, H:0 162 mmol, [H:0[TEOS}=16.9; (d) Core+3-
layer: 158-172 nm, TEOS 14.4 mmol, HeO 162 mmol, [H:O)[TEQS}=11.3; (e} Core+4-layer: two
size nanoparticles, TEOS 24 mmol, H:0 378 mmol, [H:O)[TEQS]=15.8; {f) Core+5-layer: broad
size nanoparticles, TEQS 33.6 mmoi, H:0 378 mmol, [H0Y{TEOS]=11.3;

Figure 36 shows TEM images of silica nanoparticles synthesised at high temperatures with
mole ratio of [H20}[surfactant] = 6: (a) 35-50 nm ageing 20 hrs at 352 °C; (b) 48-62 nm ageing 48
hrs at 3522 °C; (¢) 37-52 nm ageing 20 hrs at 50+2 oC; (d) 48-70nm ageing 48 hrs at 5042 oC;

Figure 37 shows TEM images of silica nanoparticles synthesised at high temperatures with
mole ratio of [H,O[surfactant] = 8: (a) Seed: 35-68 nm at room temperature 3532 °C ageing 48
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the present invention provides a cyclic addition of emulsion and precursor
that facilitates production 30 of multilayered particles. The present
specification discloses a sol-gel process for producing layered
WHaReAeHs via a water-in-oil microemulsion (W/O) systerf CTRd2006/000193
nanoparticles may be multi-layered. The resulting nanoparticles may
contain one or more active molecules],7encapsulants and/or dopants,
encapsulated in different locations within the nanoparticles, which may be

hrglesarddn asaesr ﬂli%WQwr%Panfrﬂ&ﬂéﬁ% 5’@%3&5'«9&3@%@%, r#a%n% 28 hrsat

fashion. The nanoparticles may be Ceramic nanoparticle
i e ISR " R SRR (B G AR ORI s A AGBARR) 80
téhoh(difeng A8 fpsetE0sDPS; (OF 88:920iea | hoemmpdifies pepearenisy as well as
fresh; I T . parti [ well.as the core
o S8 A R S RS S SR B tfare (o betor
Inghbaiinft (GFBRovukdb Bbidetd iacrbrinpitiieusbadire asking adamugiasds2-96 nm); (c)

5@@@%@@&@@@@&@@@@%@@@@@mateﬁ(mw@wsor may be a
hydrolysable species, e.g. a hydrolysable silane. It may be capable of

hydrolyzing to form the reagent. The precursor may be varied from silicon

alkoxide to otherlitfatiati Alkesxipkion ofitheiRraferetl Bndiodiaikisides.

D ing.on their location in the multilayered particles, the active .

oA AE B T e T el g i some
emm@ﬂﬁotmeagewms@; of teasimie foatexialn phéhifaceramispeticied isne or more
cHERRIIHELGNRYING R IIeARA N SHRSIR Ee: R4BE BP(PSrOQQ%QFaE&BEtQ{eHS and

layer, with an inzgeﬁégxer between the outer layer and the core having no

NOR R AEPRIAYE or fiea s uEsIPAemEAUSBIe substance would
proijerech el satiovitharcbe dsiedinioelease - release steps occurring

S it ; resent invention, the core particles
m?”%ﬂ@é%m%&%ﬁ%%ﬁa@ﬁn%so invent !

e formed In situ or'they may is be added as preformed particles.
THe cilied Segielastahaystisany species of powder, for example silica
partiofese{shethhraanbidined @il aaoaeiigidalygiica or silica fume), metal oxide

pa#ti indi [ nixed oxjde particles (such as
S BB oo vom
caRsedehagiseac panrlisss shybeamrrenarmaies oifsofivm dtherieypd ipfhat a dopant
m@ﬁb@d@ﬁgdﬂﬁ?rﬁ@f@ﬁ@@%ﬁé@@?ﬁ% ﬁ@trﬁﬁiﬂgﬂﬁ@m%&l\d%ﬁ%ﬁé E&?)él?@dﬂﬁ@lﬁresem
..shape of g triangular rism, a.tetrahedron, a polyhedron (for example
o PR B SR A R R g pr et anc
a 1R CIOtRREY! anfiakenoteaionanig béngdiapgedoeshodistiiatid|tsonghyubtie layer
aﬂg@@gm %i@q@@%ﬁaﬂine, or may be partly crystalline. It may be porous
or_non- qr us.. The core particles may be between about 5 and 500nm in
AR EP P

1R/ GGEIHeD SR s Akyidend awsrs qbihsomult Ay proisies it
is BoasiblaliD@xpicinics BOIS artlsAfe 1O mivdllb Q00! LOranditne, THE ang BOBNed, as
A P L R (e
ImeQRAIRBAISED 101 B sopEmRISEEN B8, We Same 50060 teoiedery phase diagram:
Surfactant-Oil-Water) that allows production of homogeneous multi-layered particles with identical
core-shell structures and does not lead to generation of particles with different composition. Thus
the present invention provides a cyclic addition of emulsion and precursor that facilitates production
of multitayered particles.

The present specification discloses a sol-gel process for producing layered nanopartices 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 andior dopants,
encapsulated in different locations within the nanoparticles, which may be released in a controlled
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90, 100, 150, 200, 250, 300, 350, 400, 450 or 500nm in diameter, or some
other diameter. The non-polar liquid (or each non-polar liquid

independently if two or more are used in different steps) may be a
WORWEARSH, and may have between 5 and 16 carbon atomECErAIEakeetH193
5and 12,530 and 8, 6 and 12 or 6 and 10, and may have 5, 6, 7, 8, 9,
10,11, 12, 13,14, 15 or 16 carbon atoffis. It may be straight chain,
branched, cyclic and may be aliphatic or aromatic. It may be a mixture of

fgé}ﬁ%wc@ﬁgoﬂ%uﬁ‘#t%@?“%ﬁlﬁ 'ém@'apl éﬁ%&i&%“ Nt OH@'%' gr(») gsised by

example a hal ane or oaroma iC ora |OW ISCO |ty SI ne,

SPGP%BE@V% BiRg i rRstatyedplasrig Rt ﬁ@@ﬁﬁ&ﬁb@r& (ierondprsryrsors (or organically

rrfhmw@mmrsTTrﬁs tmmaazﬁgggl%wwﬁm@@n@rﬁm%él/ Ogﬁglgfﬁ‘g% Qefas the core
e visco

R B3R Ak e el s et Sraliy BRaUPH, chytoryog! atced.

The hicknesaaf eﬁ@tylayéramm OB} rqﬂeg bsiwaesaliat 2ep@60n0, THO pBOYIEar 1B be a

ﬁ@cﬂ}[sétﬂé’%&d@@ee‘@%ﬁﬁg!e &&%ﬁlé%é(né)‘?t %Emﬁttﬂé(éﬁﬂ%x& W%@zﬁlﬂ%’}ﬁrm the

he cyclic silicone m 3, D4, D5, D6, D7 or D8 cyclic silicone or
SR L PSS BRI VB oSt AHBAEE R Sy alses  hire o
metalelsexidse DipddycohiesiaioeatiBh e nQnaptalarek@umdrmay b@ mmlﬁiﬂé@ules may

bd hg??}s l@hﬂa ot ﬁaggﬁfr;érﬁ% [%?h%?al pé@g?esﬁo e eas% Thug for

cata or con ensation o e con nsa S ecles, an
Bapdie %@P@W@%&@@%é&%ﬁﬁwu@!a%sab!ﬁyu!?@i@maﬂrctam)gand in.an,outer

;a?egamm mlﬁr@ma&ﬁﬁ@@f%@%%ﬂtﬁgwga@ﬁ@@o@!ﬁ)m@ RBS8Idi84ble substance,
ide such a agqueous ammonja), an_ami

T o el R ol Wt B AP REE T o Tl -

releapRipOpRAtHiBgResyeiliai)), a fluoride (for example,HF, NaF, KF,

N, Hifinb gibcssiranailiai iR DiRtRuIRlg AR AR HShoy may

m alkoxide ncentration of the catalyst in the aqueous
b?&ﬁ%ﬁ?ﬁﬁ BB b P 6oL e % SR b3 PSRl POeKample
sitrach@ti0et (awoll ds Brdedistiod, SoidiBebsilibd pl siioalibnd) anstdh ollde patkRDfsldch as

m@iﬂﬁ* %%d@}”%"f@y z?&d?b&lrgeog]artgtgs Qidn N?é_l_ﬂdﬁmp 9’?2 edf%gd %F?Calgjza[ﬂ}des

S0rs5

Sﬁla*a%%?f B@B@ﬁr\/@@ﬂt%gﬁt@@“@ﬁ@ﬁ%?@%\ﬁ@éﬁ”ﬁ‘&ﬂ?ﬁ@f%@ 3@ i type
oﬂ;@,rt&l&nd HelodBe parte® nyalnelspBerkll andub, ddneuythd & Pestdpbt Wonangutar

Ok égr)a?igﬁjrglﬁr ?&9@%\4 &%‘? s Swi2: 5969758390 % O 1321131]14?01#115 17,

& ratio of e aquebus liquid to the 'stuspensl
1%01%%&%@%%% tha0/90iers)nfaliake @émeréaﬁdﬁo@mgelﬁwewqr@mrms may be

CMW%WOWC?@%(??%%@@@W égfé?aﬂirénﬁ rayhe Mé@{)rﬂa@%&](fh@ fhe core
out

pees e Bl aon 55 oy Sehef ebeglsch a6l 3 gt S oo,

5 pat GO8% ﬂ@%?’@ﬂd}@dﬂ@ Speneiés, l@atlltb?aqiﬂmﬂ§m} Uil ancb40bel Detd/2e0) 10 and

b /
I ok T

) M P bt 5, 15578 5, 20,8, 46, 65550 68,20, 80,
907 1005158, 38, 2093600830 A0G A E0 W\ invHiaoemplarsbasisthdh@ameter, The
ndHRANSAR'RSRERIES BRY R independently if two or more are used in different steps)
may be a hydrocarbon, and may have between 5 and 16 carbon atoms, or between 5 and 12, 5
and 8, 6 and 12 or 6 and 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 silicons, for example a low viscosity dimethylsilicone or a low
viscosity fluorositicone. The fow viscosity sificone may be a linear silicone or a cyclic silicone. The
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25 hydrolysable metal species, for example a hydrolysable silicon,
aluminium or titanium species. The hydrolysable species may be an
alkoxide, such as a metal alkoxide (e.qg. silicon alkoxide, titanium alkoxide
Vo a8eritidih alkoxide). The alkoxide may be a C1 to C6 stratghtAdIane/eo193
branched chain alkoxide or may be a mixture of such alkoxides.
Alternatively the hydrolysable spemesl?*nay be an aryloxide, for example
phenoxide, a silicon alkanoate, for example a silicon propionate, and 30

"@‘m‘*’“ﬁ&'m‘m@m’ﬁﬁ?@l@‘ﬁ@%@@ﬁe‘ﬁ?ﬁm%?ﬁﬁ@ P8, SER S ang
Tt A 2B T 0 20, 5, T o e esinae mey
bmtmalbjbmmm@mrlmmﬁm onmﬁnzimemlmapeele@m@m,dm Img, Brech0B cyolic

thox .
mﬁ@&’i&'ﬁ? tetraet'@metﬁ ﬂ%&éy t&;t%ré e g@@waﬁ may be used is
Cx@ﬂ% BobFiRihee Mﬁép%é@ﬁywﬂ%@h@mﬁaﬂ& (nmrlsw@)cww)st for the sol-gel
pROSE(RHR3R R@Td@éﬂ@@@ﬁﬂé@@a‘t@ﬁ oﬂﬁdﬁ@f-ﬂbﬂiﬁ RUAAR! (MY FeTdr example

T T
trlﬁ@(a@@ﬁgnﬁmemmaawmammﬂmmmmmwn@ﬁxmmmneoaamzﬁﬁaa ), an
afpad t”@%‘iﬂ ys'mﬁdﬁDT%@ﬁEﬂ?Cy@Wth% anguoﬁODJsEShPTES

as wel ethy| silicate (MPS), eth (ﬁolysmcate
R w@%wo@% g oR AT (S —
a!mmda(éhabmaa@dexmlanmmdﬂ) wemiadium alkoxide). The concentration of the catalyst in

th@“&‘&béb?fs\’iﬁé{ﬂ&’%rq&h{éﬂu@éﬁf@%@@@ aﬁ%mﬂ%gg;%%@'&%e 55’& 53 4nd 2, 0.1

phenyltrimethoxysilane oxypropyltrimethox iR

angL ey %Fy& RISt Rethind BihencA oy E@)d 2M, and may e about 0. 1,02,
0. mer&;mmfﬂ@pwmﬁmyslfﬁna PP ES)] m@w@mgpylulmmw'an%s the

c@?n s ?g?g) ﬁ?b%]%é%@%ﬁ:éﬁg‘% ﬁ,%ﬁ‘gég ‘?zé@i 50t 8 and 13, 8 and 12, 8 and 11, 8

a@n‘ﬁ)nQwﬁllénilﬁ@mrﬁbﬂﬁrﬁﬁibtﬂo‘%@eﬂdﬂe10 AMINEIIS), 342KE2and may be about 8,
3anslr@@thwlammethly@mnmopylmeih%yﬁh@%&%{%ﬂ ngus liquid to the

cyclohe trleth S|Ian EETES), v Itnmethox silane
L e DA i) MU g
0. hyaﬁ&ﬁéb@ gpediesdrhdlbrac HhdleddOhydndly8ing togbpolocada or 1 and 2%,

an@%@éﬂ@ BRe6IeS ngegcgrgdgrssglbﬂefyogcge@ §8Y be AsParal 9rg 5 o 109,
Tf\‘iéaﬁ Iet% P{drolysate of any is of the above hydrolysable species. It may

%ﬁ@@?@@'eeaﬂacm havgupoys gy @%ﬂ%?ﬁ”@%ﬂ?@%@ﬁ and 10% on
a wieledyley or musettsanahdianob g peruTieside; @tmms beo@ead 1, 1 and

10'%&% B?E%nﬁ%ﬁ%ﬂ&ﬁ%ﬂé@c%ﬂl 5‘?"1”9 g é’rz'g‘?'{hu . %,?5’ LIPS OB, 7,75,

molecule. It may be a mixture of silanol’ species! ecorea
B, & r o 18708 haiirlepEn QESEr i r e dibsalysable species may be
hypolysiliesatissanes, dd:lui@gmﬁ)iélkﬁ‘lwgwiﬁﬁ’lmf%h‘%Jﬂ%ﬁ%%'ﬁ%ﬁmﬁ@ﬁemes The

eC| s is 20 organofunction may, provj

hygl ﬂa%nsa%fe Spede Whit %h 58 Kt @%F&%ﬁgoaﬁh%qﬁ)%ﬂ ﬂt‘?&nﬁlh?ﬁ’g?ewamum
a'KQWﬁ R ndm atopdeliceevalieftissintitaal @ bie A sfarbticmsd, wmptimokely chain
alRiRcHvRly SraanpiyBeliong amdara@some%\faf e FRIRIARE YRS be an

"' amfa\}/ growcﬂ e selectiye affinit
aryloxide e phenoxice, a silicon alkanoate for example a silicon propionate, and
aminosilane, an amidosilane or some other hydrolysable silane. The metal may have between 2
and 4 hydrolysable groups per molecule on average, and may have about 2, 2.5, 3, 3.5 or 4
hycrolysable groups per molecule on average. Suitable hydrolysable species include, but are not
restricted to, tr- and tetra-alkoxysilanes such as tetramethoxysilane (TMOS), tetrasthoxysilane
(TEQS), tetrabutoxysilane (TBOS), tetrapropoxysilane (TPOS), methyltrimethoxysliane (MTMS),
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- de& ompound. in us ' precurs

a dopant or other species for the organofunctional core and/or layer(s).

Alternatively, it may be possible to provide a particle with core having a

precursor to a desired compound, and one or more 25 layers surrounding
WRSHSHaYing a catalyst and/or reagent(s) for converting tB€ HrdeAipsepo193

into the desired compound. In use, the precursor may be released from

the core, and be converted into the d8sired compound by the catalyst

and/or reagent(s) for release from the particle. This may be of particular

m@ﬁa@ltﬂe&h&mﬂ(@d( Oueﬂwﬁf&ﬁéﬁ‘éﬁ%ﬁ’eﬁgﬁ@% Surﬁl{% Al Ao .RERGY'S éﬁns

e sta l‘%ﬁ an t eSIre Compoun Ient tem eratur
o o s, L e R R SRR S0, kRSB A BADTHS),
hﬁ@dacmeﬂ@wsﬂaaadlmEBﬁrwtéc@sﬂtr&mh&ytﬁhﬁ@fd@ﬁ MIS) m&&ykﬂr@m)@sﬂane

(e e e IS5 St O P et e e,

hexgmaiylas disicats, 6@9’@%’%’ @‘@”!Cﬁfﬁe s@ffflcfé@ﬂ*lﬂmb W@WWSWeeWCh &s

mﬁb@@ﬂf@ybﬂ@@@lﬂ@mﬁoﬂfsm%e Scighd 2, (Fayl 4%?1&1 Afhéfto g&lane
06/000193 21 96, 36 and

9 4 and W 6/084339 U2
o Bl gﬂf@ SRR Esiaag (GLYEO)
mﬁ@@n@p@ﬁﬂtr:ﬁﬁwwa@out G/IRTES)S, 24mB6apBp6oy TR Bdrgsiat:hourgierMs),
arﬁ?@dr@@lmﬁéﬁéh}%%ﬁ@ hoykpTifige COf&H@ﬁJbﬁkﬁrﬁéﬁ@%@%@fOV‘iﬁﬁ%j" 32

een about 1 and 70C, or may be brought to

em eratur&
'E’g}?i%@/ AN REBREBRI%IE and 70C, or betkEHS Bout 10 and 70 C ¥t (2
arhintelidamiofmiitylaind]dGpsiinethbesiern about 1 and GATESY, between

1 boy -

P R 0 R0 S

(VARS) a00snistres -l Bere, Bischydialyssblasrsies may Be samibe, of hadrolysing sproduce
a @daEabe, sﬁ&n@T%sﬂden@&l@@e@@s%@% a&ﬁsﬂ%ﬁ’?ﬁiﬁﬁ@%\’h% §:§g of any

metal ¢ uch as copper tetramine), a 1o d

ofﬁﬁ %P%QQ}%F%Q%oglc glleasc(:)[we kaf%étai? 08 (- a%%l@aé’ Aifeln2 3 or stanol
Qr@énwabmﬁ&ﬂ% A ringin dardfutanek pitesare. )netamﬁa;rﬁiewnemanaatdeasa partially
cofﬂé*@@tﬁmé?eﬂa'#%%ﬁﬁ @Wﬁﬁd@‘@%ﬁi'&%ﬁé@%ﬁﬁol@&uéoﬁ"ﬁs@tB@%tﬁfﬁﬁu%f of silanol

re m?/ be different dopants in different locations within the

Spﬁ%\%’o awf?cl & ® I dBFeaRLE L4 ot MRS oF@Yor RHeRE s tibs Samprise silica,
po@emsemmmmmpwm@ oThesathe dugpentxdaylbidoeatelsahiiffesent is

oréﬁﬁﬁﬂl%%%ﬁﬁ'tm@ e Br%@@é?@r&lﬂé’e?]éﬁ)@ SBE%M@}@}PQ éﬁs%ﬁlf gqoéénﬁuﬂ&%ﬁ% and

more la ers may comprise the same dopant he or eac

uliRRis i 8?%%%%9&3@@ Wb e ﬂ%ﬂﬁ%m@@@ﬁ%ﬂ@ti@@reﬁf@ﬁ@a@t Relpstively
organefthofianat imane bemeebos sedteranct #id &gt SnEHIORANEOWRY Bfective affinlty for

a H&aned?%@b@e%sa*&d%ﬁ% TRERE eég asable r yg gs&,@t@ ft*v%])(h to[?@ﬂ be

non-releasab dopant inthe core or a ayer may

Possin® fedrevide mpriickriiness? BevbtmmassPEipaipshirdprvbItARG Wgh or more
layBRJ @L@@[ﬁdﬂfg'ﬁtﬁ&for& railinge aﬁaw@dﬁ%p@agm%wa%&%@ﬂsﬁr&mﬂﬁt&qhe

gg0nant th S CIUde aéjrlrtrj}g?lbg refease%?rom t%e core, and be converted into the
desired compound by the catalyst andfor reagent(s) for release from the particle. This may be of
particular use if the desired compound is of limited stability, and/or if the precursor is more stable
than the desired compound.

The suificient temperature to hydrolyse may be between about 1 and 700C, or between
about 1 and 50, 1 and 30, 1 and 20, 1 and 10, 1 and 5, 10 and 50, 10 and 40, 10 and 30, 10 and
20, 15 and 40, 20 and 50, 50 and 70, 30 and 50, 20 and 40 or 20 and 30°C, and may be about 1, 2,
3,4,5,6,7,8,9,10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65 or 70°C. The sufficient time may be
between about 8 and 96 hours, or between about 6 and 72, 6 and 48, 6 and 24, 12 and 96, 24 and
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example 2, 3, 4, 5 or more than 5 dopants). If the core particle or any of

the layers comprises a plurality of dopants, they may be all releasable, or

at least one may be releasable and at least one non-releasable, or they
AP 4884 Hon-releasable. For example a layer may compri$é& & Abaeraoss

releasable dopants to be released simultaneously, or it may comprise a

mixture of non-releasable 25 dopants tla.g. a dye and a magnetic dopant)

to impart either a plurality of properties to the layer or a composite

9@@@%?’#@?5%@%”@9'%@ %WQ'&W?F@YQ@ W@%'Qf@@@%@@%@i%ﬁours and
SIN a omprise a releasable dopant for release to the

B SR e ot D T SRt MARPS G Pt Gy, T cor
pﬂb@mm@ob@gwmqiﬂé & dyiehpthaddparemamicomdpattt]er mpyesemtught o a
téﬂ%éﬂﬁeﬁéﬁﬂéﬁ%ﬁ‘gw hg %%%Pb'é:t% Sat?gﬁﬁtﬁganﬁofé &%@t&{ﬁ Céﬂ'c%ﬂ and 10

article ant |nt e ayer orany o yers [ more an on

@ﬁ%ﬁ%@%@m MaHle §06@W@¢9%6W@wmgﬁma&m@@@m or
bithadeteyiesut N0RAEIR TG BE 10)R0eD, PERERF0ICE AMPTOCOIMHTR, BEAKE 50, 20

AR BE SRR (e e ey g oo R Fisle 3%,

e surroun ayer ¢omprising d r’e
58ifidERrdOf6ur (e.g. green). Thus the layered nanoparlicle may adopt the

WO%@%&@%%%EQJ&M%%&%%%&% COIMASSRAIEBU i),

en), posijte colo r{he releasable and non- releasable
dé@ﬁﬁéﬂ@% RI99%EHERCHR SHORIRRR NSRBISAPRIEE ReRbiiis RASEBTBAIdeH tr/Me.
drgnpampidnstl) e dyagletig. sdigrifeen sadisertiveayaber atestient tadbsciacispoats, or
sihie ERSRSCUSLRS RERD o0 &90%5%%4 ra%?%%ﬂ?@%%§%ﬂ}ﬁsthe

a er comprises a second releasable opant rea ent

ﬂ%ﬁ@%ﬁi&‘ﬁ? 88O aRfbRieh AN R RYS Y@W“Wﬁ@ﬁm*ﬁé fif{rseairopants).
TiesemRadtisiet maphésdiredoiatitenithiecaipns ehpRsabIbRRISRIINAY &fe and

le t f t add f the article rder
o S e SR 8 S R o B ey oe
refpReab b PeReipiRaseden Hrisera hematardogent wmtﬂaemagzt flepsitione a}smmxcmay be
re@%‘?@&ﬁ@ syeast e eepaParicle MAY:REsaNY, %%tﬁ‘ PRTER béoréieasable or all

article. It may be a nanopatrticle

OB SR TRe s SEPAA S0 CB8 Fo 0BT BARErRgs Drough sl
cosxaripye!, anthriop dticieripnig comipriserpene baditsathddayer layer. it will be

u@érgwe@%@mme%f&m%'ﬁsama s%mrm%enﬁwd?@é@lg@a@ %Pec?d%ts for

E gﬁa prodrug) which is a precursor to a compound

e (b the ERGEDRMR AP i H‘Qﬁ(98%9@1@%%%”@15%PM%R/COT“PV?SGS a
pfmamvmﬁsbmmatamsnwmemnvam@merm lelmbam e b eleasapiound aMébstone

R BT A R T R W e o
fegﬁ%?@}etﬁ@ﬂm@rﬂ@eremﬁ% LRVARSOWYO @h@ IBaYRIBAREE RiSH@entissssable
dopenteleasedybrand Hmagﬁmm@puﬁi)aomm‘@mr ReafHbiprépe R3S Ryer or a
compn}R H%ge\{’{y {g’gl f'osr g)Ial}'ﬂrBféeﬂwon é%%mdﬁégwerg incorporated into a single layer), or it
may comprise a releasable dopant for release to the environment surrounding the particle, together
with & non-releasable dopant (for example a dye).

The dopant in the core particle, if present, may be substantially homogeneously distributed
through the core particle. The dopant in the layer, or any of the layers (if more than one layer is
present) may be substantially homogeneously distributed through that layer.

in an example, the layered nanoparticle may comprise a core particle having a non-
releasable dye {e.g. red), and the core particle may be surrounded by a porous layar comprising a
releasable dye of a different colour (e.g. green). Thus the layered nanoparticle may adopt the
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A layer may comprise a release rate modifier, either in the form of a
non-releasable dopant 20 or in the form of the material of the layer itself.
The release rate modifier may be capable of modifying the release rate of
VE8185835R8 dopant incorporated in the layer or in a layer cl@$&7 A& pfe/000193
core particle or in the core particle. The release rate modifier may be
capable of accelerating or deceleratir?ié the release of a releasable

dopant. For example the core may comprise a releasable dopant which

051@& afighe @I@é@@epﬂ}/@y@ ?Ztﬂrré?éﬂﬁ‘dép% t&ﬁnﬁ@é@er@@%ﬁ%ﬁ Wés%@ég%?ehand non-
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aminoe
p%ﬂ?rglrﬁﬁyr%g naRed5Bied to it to form a nanoparticle according to WO
200612816889 R4y CoMJ2Q061 ROMHAB 22 dhenre sstaly 4 RN iRam RN a nanoparticle

t
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mﬂ’f@@ﬁiﬁ@ﬂéﬁc@@@ a@tﬂ%&ﬁi@ﬁéhe rhﬁmé@m@tﬁ Wwigt arcigavariethenderdmmisfience
oftl‘h% @wlmqmm@emahmam&rwaaﬁobﬁeﬁqi@%wd%m%%fﬁ%arﬁ% This may
x thout atlo Jid. Another example of the use of
t‘é%glorﬂ %@%ﬁﬁ&ﬂ*miﬁ? ?ﬂ%%gﬂéﬁt? rials. Thus, for
exaﬁﬂtab@r thay nanmsarm:mmatg aquidirnUsitheoiretimaitiol efitvaraimsable dopant
PRSI SHI P AEIAR BT BL BOTRUE IRYShimRY pﬁe%ﬁ%l%?or m%f t?)'@%d[?ﬁbie of

hly toxic acidic materials safely. On exposure to a liq rsin
Rﬁwwaré ItAsk&RaL! ﬁ{@!eawg}?dﬁﬁaﬁﬁklwwge&ﬁ iRt i esrdp the
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i I f erial. The resultant
e o S R B el T s
dappiteviise tastapitis apeTsifh aelRiparieRg W@@meo@a‘f@@mwwmmcwhwh

wdﬂ!ﬂ@é@ih&\wé@sﬁ%ﬂm%ﬁaﬁwm&%ﬂ nanoparticle may comprise (in the
core.and/or in one or mor ers chelatlng and/or comgrlex%% group

that ale Capab n%fal'n{%?'gc S P fOIR i Sgroent. et orm af a non-

releasable dopant or in the form of the material of the layer itself. For example, the core particle or
a layer may comprise a non-releasable amine dopant, or the material of the core particle or layer
may comprise amine groups (for example derived from aminopropyltriethoxysilane used in making
the core paricle or the layer), for sorbing acidic species. An example of the use of such a materlal
may be the selective sorption of low molecular acids in the presence of high molecular weight
acids. Thus a porous core parlicle having amine groups, for example derived from
aminopropyltrimethoxysilane, aminopropyltriethoxysilane or aminosthylaminopropyfirimethoxy- or
trimethoxy-silane, may have a neutral porous layer applied to it to form a nanoparticle according to
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particular chemical species or class of chemical species in order to

provide selective sorption of that chemical species or class of chemical
species. The chelating and/or complexing groups may be either in the
WAt Hdh-releasable dopant or in the form of the materigh T/ e p8§/840193
itself, or 20 both. Such layered nanoparticles may be used for example for
sorption of toxic chemicals, such as i?réavy metals. Thus a layered
nanoparticle having a non-releasable dopant comprising a group capable

1R rhelatingdead 6R SkoBsBRUPY mg%&ﬁﬁﬁé Tgﬁ?&r%zur@ i @u@@%ﬁﬂﬁ%ﬂd& tﬁe

lead from a solution. The mean nano | may
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oot YuRbE G %ﬁ[ﬁe %Hé%ﬁéﬁﬁnfﬂ&ebg aanﬁeiﬂgrﬁiﬁg@g @ﬁgr’ﬁwcgerﬂ% r?ca»‘rvseozfi:»ing

a mean particle diameter between about or between

- highfp it eeitiemaliassalsi SHE Berdado3dovd sarmisimoha toieatidsotatadg the..

namda\éﬁ(ﬁb 2006408483 %RE A1 W&W%&@Mﬁ?%%}?ﬂg@%iﬁ{g%%ﬁﬁ%@ core
" V. ean icle er of abou , 30,
R LR s s R S R R
naBpBEHGRaER isarked teiarridiermTindabanidie safi ihbandacymeithalatier layer of the
néFBAIRNORINE CREVIIRE e aERIRRGBRIveen 1 and 10 layers, or layers,

at least partially surrounding the core. There may be between 1 and 8,1

B Qe 5 AT T G B TSP TP A S oty SHOBAPRA A more
laysss) chelgling, B1d6y Zo8p@ogL Orokppetist carenaapdide nobisidhzaiing Giiayiesily with a

T8 T b B A 200, 1051 o
th@r%@gfﬁi FEO°S R 956, o SbeRiA Peeriesali Ea%tsGang/eneomplanacToups may

beagitie50, 1w dovel 80 ddh-asiehd4hl Séhaanet hAkk bBedidnd OtdROMBER L6k itsolf, o
0 i0o . 70o0m, an

e o e @R od Bt SR A SRR Pt U 3

hegwy ggtalis Thus 4 dryeredignanopadigly, erng Botnrpielsasabls, GUBNBEWNRIBDY450r0up

capatfOBNohefEing foaR(k Niekbess elgackholpyenQr dayReday ieRENERNIYy a
somﬁe etween about 1 and 50 nm, or between about 1 and 30, 1 and 20, 1
and 10, 5 and 30, 5 and 10,10 and 50, 10 and 40, 10 and 30, 10 and 20,

20 ahelBeen3mnaprilice buts densiyon@0baricl 10 reng@ARBgR0vhin 22gkmAay about
0.12:P8Ub 38 B B0,%0.5t010,1485 %025 03025 10 0.50/cm3, and may be about 0.075, 0.1,
0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6, 0.85, 0.7, 0.75, 0.8, 0.85, 0.9, 0.95, 1, 1.1, 1.2,
1.3,1.4,1.5,1.6,1.7,1.8,1.9, 2, 2.1 or 2.2¢/cms,

The nanoparticulate substance may be monodispersed, or may have a narrow particle size
distribution. The particle size distribution may be such that more than 50% of particles lie within
10% of the mean particle size, or more than 45%, 40%, 35%, 30%, 25%, 20%, 15% or 10%, and
may be such that about 10, 20, 30, 40, 50, 60, 70 or 80% of particles fie within 10% of the mean
particle size.

The nancparficulate 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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is 35, 40, 45 or 50 nm. If more than one layer or shell is present, they may
be different thicknesses or the same thickness. The core and/or the

layers may be porous and may be microporous, or mesoporous , and
Wiy MeEte Hmean pore size of between about 0.5 and 20nmPGF/BEREBAG0193
about 0.5and 10, 0.5and 5,0.5and 4, 0.5and 3,0.5and 2, 0.5 and 1.7,
0.5and 1,1and5,2and5,3 and 5,4 and 5, 5 and 10, 7 and 10, 10 and
20,5and 15,5 and 7, 1 and 3 or 1 and 2nm, and may 20 have a pore size

566098 A RoBd 8ok %ml aﬁd %ajyiﬁa\% 3 gﬂaﬁ H?@ci% @afc?éi éf%béu?wZZO 30,

3.5 4, 4.5, 101
‘*éﬁ%*@hu@o’fé?@e%é?nﬂ?@ B 45 S RiyER hauy biaiger sieen grartice
dmmm@hmpqnmmnhpoaaomaaath@dmf@fgem@y m\%@@yw@amgéﬁ%@n 1 and

an outer Ous.
O D A AU Yo
1 68?0%@88 BBoRasth Wb ardaic 8006 s Bushwarheah@uB0aRBTD,H 9 or 10
Ia@élﬁ ﬁﬂng(y)ﬁﬁlﬁréﬁg% @h@rﬂ@b‘i@e@ and ?{q%a@ (t)ﬁﬂfg?g@n%pgﬁg‘ggée%r%qg%%ﬁ%épa%ut 5
o SR AP S APELTSP al RS 206, 5206 26, 0 25696, b 500,
100rRndigffariOtrang 6y ésedt! Betivereh1abduti®l 8d 4QDE0% afdido, dorend-®0, 30
a9 (05 A1 h@VFM‘Qn@(?S@%@ H&%@%@d‘aﬂﬁt %WB%H%IOW%C%C{% gs'p and

may not also be a dopant in one or more layers: the core ma for'exam

70 LB 88 R onidl dPa g Sarfichd odron‘?érk@r & QQM dBiBBB 90, 95,
100 Exdatp ks fitte 1I5(2Qﬁ)r@098®9§3&1§)40@ hsodeBaTHHTEE BRI Bfikhess of each

d 5, 10 and 1
o B AR R b D SR S s o B0 e ana 20, 1
ang2hekand Adduang 30, parg w, ‘5) qtd 5ﬂ5!02m|z@ 30 28%30,0045d 20, ZFar@&0, 30
50790 Zhd a@ 2852189 9520960199299 :ﬁéyll%)é(\ébét Prz t@%‘?@fﬁﬂ? 20, 25, 30,

Ssd%’% f;ﬂg@/ esen betwe n abo and ZSWE 6 of any partlcu ar layer
sirtoanding W '388 @Vﬁ{@ %f@ﬁ%‘%&d Yanadh diferd tigknesses or

the samecihieibess: 0 Wmmarw/ahﬂlaﬁay@rammm@e(pamm&rﬂ avgt 85, rliovapocbus, or

m@s’ép@r@t@mﬁr@ﬁn gl Fen AR Qb ANCLBANAS SRS BBERR Mhou

bout0,0.1,0.5, 1, 2, 3, 4 10, 11, 12
OAE%OO é’%%? 3554, S %@mgan%w iyl St duhdriichtRand 5, 3
aﬂd@fél &0 Biebst16f Anieds) (ipatidly, Separ i Botde | aypteTlonanapamic|a@nay

havéaé/p%%%@%éll{%"@ﬁ '6“2”6’@"6"@“9 g CENHTyeIng, ulrapenius “Pé”g %2 25,3,

settling, decanting or a combination of thesé. 1t'may "also ‘compris
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Paige,dd the AtieashyeIRs MisdNdRPDRENtlc RGN potasiticli hmmaee aestahilisisags, or
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porosity about 0, 10, 20, 30, 40, 50, 80, 70 or 80%. The dopant may represent between about 0
and 100wt% of the core (i.e. the core may have no dopant or may be an active material which may
or may not also be a dopant in one or more fayers: the core may for example comprise a
micronised drug particle or marker or quantum dot, as in the example of the In:Os nanocrystals).
The dopant may represent between about 0 and 50, 0 and 25, 0 and 10, 0 and 5, 10 and 100, 50
and 100, 5 and 95, 10 and 50 or 25 and 50wt% of the core, and may represent about 0, 1, 2, 3, 4,
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 particuler layer surrounding
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at which the suspension is not stable. Depending on the phase diagram,

the changing may be heating or may be cooling. is The steps of washing

may comprise contacting the layered nanoparticle(s) with a washing liquid
WRitHE W4#tous or organic) and separating the layered nandj§dithdiegey000193

from the washing liquid. For example any or all of the steps of washing

may comprise suspending the Iayerea nanoparticle(s)in the washing

liquid, optionally agitating the combined washing liquid and the layered
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nag er{fcgfeﬁins‘tr? nd may. % i Rle betwee
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lay8Be r@ﬁ@p‘mﬁ@é @b@@mt% ﬂzm ey BreH0NeBEpBOcIES) 30, b7 GaahiBPGauid, for
exdWREniye QS adddianall %é&@%é&&%@%&@%ﬁ&@%&iﬁa PR M0 Geps

ffor xam%e as described in W01/62332 (Barbe and ntro
R @faﬁ?iﬁpﬁﬁfm%é%“gc@ﬁmﬁ%ﬁl%é*%@rewp%@/@és@@w the layered

nampepiziehnvhic gtbe dsabkt Jef pxEihelistea dlietrying w(?@Mn%@@@I@a@éVf&med
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e R AR i o

A0YeQHS Rl ey @ i yqﬂﬁ%rﬁ!ﬁﬁ)omwmamm@bhe anlveriyahemay
be far poﬁazmmieaamamﬂoiaged@lvé:ﬁg oy hlibiple GasRRRGi BHERMT i%pﬁﬂéﬁHFe £btone,

dscﬁt}) oimeth gl'% 'E'i%r&&r%,r %f(]jyi acet atet%ue;zéj o¥ SOhe ()?}¥erasdo \I/grcl)tne?r!(}/ may be a mixiure of

ternatively com
soivents. The step of washmg may also comprise heating or cooling the suspension to between

about 10 and 70°C, or between about 10 and 50, 10 and 30, 10 and 20, 20 and 70, 50 and 70, 20
and £0 or 30 and 50°C, and may comprise heating or cooling the suspension 1o about 10, 15, 20,
25, 30, 35, 40, 45, 50, 55, 60, 65 or 70°C. The heating or cooling may be to a temperature which
prevents the system from forming a single stable phase by changing the phase diagram of the
system. The system may also be prevented from forming a single stable phase by using a mixture
of solvents to change the phase diagram.



26

25

3%

applying a partial vacuum to the layered nanoparticle(s). The partial
vacuum may have an absolute pressure of for example between about
0.01 and 0.5 atmospheres, or between about 0.01 and 0.1, 0.01 and

WPF80@%44#d 0.5, 0.25 and 0.5, 0.05 and 0.1 or 0.1 and 0.2 CT/AU2006/000193
atmospheres, and may have 1s an absolute pressure of about 0.01, 0.05,
0.1,0.2,0.3,0.40r0.5 atmospheres.an an embodiment of the process of
the invention the step of providing a suspension comprising a core

partigle dRonaRmRARE IgkichSOBRI SR AGRIE Fﬁ%r%a’rtﬁfé@_i.gtﬁg ﬁ%@ﬁ? ) ay be to

emulsion comprising aqueous droplets dispersed in a no
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D R Pt b R B MBS HLEh, st dgio may
agitianztho oo altamativelyOcoBDrisa haBhy 10 siieeh80 2Bsaovar dior3Breunt! Teniayered

na@ﬁﬁhﬂé}ﬁé@.@f‘ﬁ@ rﬁafll% a}%as%ﬁ%t%ﬁne’fpi’o #R4 re%aﬁl aﬁ%ieﬁs? ?ac?etcg?%gﬁgpant

80, 8@,9? 95, 100, , 120, 130, 140 or 150nm in mete ,
iR ARG et RIS mANRe & exampie e slesisbrrgon. halwdragpen dioxide or a
mistirtacteseclntioreg bengrisiMestp thckang angy adtttmanlax?!@r Hrsigianceomprise
H - u Clal olution an ueous.
a@ﬁm%%%ﬂo%ﬁ%ﬁﬁéwgg@% e oL e PR A R oot

Pregruta s neasivbringerpbeut BHNSIAG atmesphamsaeithaverRoDBIdEH 33 0.1,

om@mwa@ﬁé@aw@zgmips,r@i.og%@qa @.W@i@@ﬁ@%s@%%@@g@ﬁﬁd may have

S e aqu sojution; ctant may be an anionic,

anc%%ﬁgﬁ%%ﬂ%ﬁ%%ﬁmé@@h é?sgéla?égalﬁt‘?g& A A nonomeric or
polyimdtierabriotahel distameessupfateadtemiondie step of providing a suspension

comriRReRAYRAEHOEBRNRLICCIPHS Fid HPEH2CH2)NOH (NP
series), or.octylphenaxypolyethoxyethanol 5 CsHi7CoH4(OCH2CH2)nOH
(8 3PS SRR s 8 OB I Beoesesed il BPERTafRA,

or
(Tri"tonpé(éllj
15 or wherdirl heattobleiagdredte 5 Gitalyss f@, Oiahtis 1P alfBst Wdusiykable species,

Suitablg;gasuridaiaisningiuds %&n@cg#a%fé‘ 'ﬁlﬁg}ggé%]g B%P&gﬁ%nsable species

1-hexanol, 1-heptanol, 1-octanol, 1-nonanol, 1-
conceHRAHM8WH#5e®8lrfactant in the surfactant solution may be sufficient
to fermaduiatatile firsicniolysidlorspackembinatianuish suitallenamernjadlsable

water aneLcORMIACANARhERYRE to form a suspension of core particles in the non-
polar liquid.

The aqgueous droplets may be between about 5 and 150nm in diameter, or between about 5
and 125, 5 and 100, 100 and 130, 120 and 150, 5 and 80, 5 and, 50, 5 and 30, 10 and 1 00, 30 and
100, 50 and 100, 10 and 80, 20 and 70 or 30 and 70nm, and may be about 5, 10, 15, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130, 140 or 150nm in diarmeter,

The step of providing an emulsion may comprise the steps of:

- providing a surfactant solution comprising a surfactant and a non-polar fiquid, and

optionally a co-surfactant;

- 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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io. between about 0.05 and 1M, or between about 0.05 and 0,5, 0.05 and
0.2,0.05and 0.1, 0.1 and..1.,, 0.5and 1, 0.1 and 0.5 or 0.1 and 0.2M,
andma%/beaboutOOS 0.06, 0.07, 0.08, 0.09, 0.1, 0.15, 0.2, 0.25, 0.3,
A E3EE 0.7, 0.8, 0.9 or 1 M, or may be some other SuitBBIEAV2006/000193
concentration. The concentration of the cosurfactant in the surfactant
solution may be between about O and” 1M, or between about 0.05 and 1,
0.05 and 0.5, 0.05 and 0.2, 0.05 and 0.1, Olandl 0.5and 1, 0.1 and is

0.5 or %W@@&Mm@ﬁﬁo‘fﬁ% @%&&H%@u@@ﬁn@t@@a&%s@oﬂﬁo@ 09,0.1,

8. 0,9 or 1. M. The molar ratio of
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manenBi©oand2) diandfacn widtls st indlatedrOrRipReamnd filefbyethanc,
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Synthesis of nanoparticles

Figure 3 summarizes a process according to the present invention, The process may be
described as follows:

1. A surfactant solution is formed by dissolving a surfactant and a co-surfactant in an non-
polar solvent such as cyclohexane.

2. An aqueous solution is formed by mixing the active molecule (dopant) to be encapsulated
{e.g. dye or drug) with a catalyst for the sol-gef reaction (e.g. base).

3. A stable microemulsion is then prepared by mixing the surfactant and the agusous 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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surfactant, co-surfactant and non-polar solvent is then added. After the
system is cooled to room temperature, further precursor (e.g. TEOS) is
added to grow the particles by forming 10 a layer around the. original core
WA 48nthesis parameters such as water to surfactantFd/aF 288000193
surfactant concentration are kept constant during these steps. 6. Steps 4
and 5 are repeated one or more time$%o produce the required number of
layers in the layered nanopatrticles. Note that by using this process,

differ i indi fi Le. s).of ..
the o B oA A O SRSMR 108 Mol e Bhoton
formeBPBeFBILr S SrveRterie S BEBtoRENe b ieisusccomplaiin aidhe reaction. This
destagtiipadhisemisiomrysteananddq@stantHigrarticles by settlement

or.c I ion. If.requjred, more solvent is used.to remove the residua

o e e PR SR ReL R vt Te
wash Bt Siieotbbm:5e6 llectsdolnsse phvatibe ddtadelaten thive daestiried af the

uSingsarREe e thd @ @anpitRRITRM M Bdad f GaePR A aRdRaiRtele formation,
"Controlled Release Ceramic Particles, Compositions thereot, Processes
of Prafitade Haasn

)
o i OH RN WG RaRNe & nseijagiay elution containing
procesilednt, sospdatinhanil rpolpoisallent (eteraatiana)tis hddagkinithRoled to

mixt ilj ' ' re extracted ,
By se B U D R g
furthét FToVEUHb 186 irRigiag: GusidaRislens PyplorgianaraoRies| shehfiammater to
particigratianianslksagogkatoaHOEAoauaIRIC I IR AR EMRINE @ dsteps,
s%r‘fag t fgm%tr%loe% i r;}%(gragt/\év%er |iat|og dprectfrlsor/\gvacg%r r%“%llthers o
naturd and amount 'of fetal precu%or, Eiatgal é’%l Nl a0 3?3 5
The difiaisresr nayenalissperigoihaiow psimaythiimescetepdifferniddsmants may be

repeatesipd el HmanR kaABYRl AN LARINE MalacHipa flgpants) may

b? arlitl\?{ee%q at eacgc cle. The location of each active molecule depends on
when it

RHFAIFELTTRPEDIHE HRoRHRed ZRPRHS MR e s FIoRRHIAFdsd o the
may ixisenioaléstitiiisetibeaemolsivh afypieat ansoio antled . the amideison setitiment or

other.grontRiBehegI8RaHSH ke igﬁ%’&%%’{b%’%?géﬂﬁaﬁé Hfactant,

experiments reported in the literature, a process according to the present

inerftith SR SRUE GBI RaciRg e toepfedhrearadies i phiagaboa collected
nanopawsjeietobyunnaintaihireg zékisissausiagal prateisugéaciped (FpanRtlY? (Barbé

00 R 8 0E b RS B R, R 0G Borec, Processes of
micrdapRRighanst Makeds oHasaantherarides prnelse lbe atotestd inssstiension. A
Systerwied singitieg HesdRe Pk ack iRYES mihue o dedionefBeS8f986h system and
o A R rarekea Y lactE Rl o o o, on be
the rissAddp urhss Feeaveihichiasieni sesitiimitially. The process may proceed s

COMEIRLRYIF BIHIOURETHA AR SSRE Snd BRGNS T S R oarameters

(e B"%S ar&e{n Vc%ﬂéie%?re‘zltsloah%urfactant/water ratlo '
.. , , precursor/water ratio), the nature and amount
of metal precursor, and the cycle time of step 4 and 5. The number of layers depends on how many
times steps 4 and 5 are repeated. The type and concenirations of active moleculas (dopants) may
be altered at each cycle. The location of each active molecule depends on when it is introduced in
the process, and the thickness of each layer may be controlled by the amount of precursor added.
Comparison with other growth method reported in the literature

In contrast 1o 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-waler-surfaciant (optionally with cosurfactant) phase diagram. This may be achieved
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possibility of introducing new active molecules during each addition of

fresh microemulsion. Hence a novel approach can be developed to form
core-shell layered nanoparticles, by which more than one dopant can be
VERCARAREREd in the core or selected shell(s) (layer(s)). The @GGapEdHEeH193
molecules may then be released in a predetermined release sequence
depending on their location to inside tHe multi-layered structure. This

ability to control the payload in each layer enables the design of delayed
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poteatigintanistidgies sedgiR ofgradele i bypeei il e e (MIRIRATS) MiRSactive

RSt R TSI, SR RSl SRl dtieoparere it i
adéﬁ@é5§9'rﬁﬁf!%@i@aaﬁ)t@mm Ry frd priistiomonc oppér t(tittetebappientions for
cmw@ BleeesdRietaring m@@teeﬁ@mnmeprmme OYAHAN%RR and

ol et: %n monia Wmse to‘glknown uantity of copper (I1)
Airate-hydrate: Ui R BIR SBIGHOT R st? F  FRENGERR K Vhiggmation
’feﬁﬁ?aﬁmred to 100 mL volume flask and the volume was adjusted to 100
Exdthbysadding diluted 25 volume percent of concentrated ammonia (i.e. WO
2006/084339 PCT/AU2006/000193 30 25wt% NH3). The prepared
agff on contained copper 16.69 mg/mL and its pH was measured as

11.88Prinoay atiemoxyb Gyeltaitydiihite xcmisRnivaIe;CRgkeH, ALYEKming 630,
HLBYStS ﬁ%%@@avsv?&e%ﬁgﬁg%ﬂﬂxu%r@&%&ﬁ%@fﬁ{a@( ?Wa%esr“'sbgff aho

copper (1) tetramine nitrate solUtion, exce JUARS 8%15?19@?" Karl
F‘Sé%éiﬁeﬂﬁ? rdapatieragstiene dTFaR) ol e tsema BT a/ANkIHE)S thieo used as

received.  Organic solvents (cyclohexane, 1-pentanol, acetone, chioroform) were ACS
spectrophotometric grade (89+%) (Sigma-Aldrich). All other chemical reagents used were A.R.
grade. High purity Milli-Q water (Millipore) was used for the preparation of all aqueous solutions; its
resistivity was above 18.2 MQ cm. All samples were stored in the dark.

Preparation of encapsulant (dopant) solution:

Preparation of Copper (I} telramine nitrate: Copper (Il teframine nitrate solution was
prepared by adding 25 wt.% ammonia dropwise 1o a known quantity of copper (Il) nitrate-hydrate,
until 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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solution was heated to boil for twenty minutes leading to formation of

soluble cobalt (Ill) hexamine complexes. The final solution contained

cobalt 16.69 mg/mL, and pH was 11.82. Preparation of Rubov: A Rubpy
Wadte Bihibyridyl)dichiororuthenium(ll) hexahydrate] solutiBf&2006/000193

prepared by dissolving a fixed amount of ruthenium complex in a fixed

volume of 10 diluted ammonia (10 véf% of concentrated 25 wt% NH3) to

make a solution with a concentration of 2.5 mg/mL of Rubpy. Preparation

: Il ingztetrasulfonic, aci

e e Somee PR e, L E s gy o
11<:%§)per complex into a fixed volume of diluted ammonia is (10 vol% of

concerdpaigr2of vidtah H\) Homake vaRIuBeR i) heRSEN LN @ffon was

. CUPC. P ion.of FITC: Al thiog te
e e e B R s e e P oo
thaddering | difselspintteabaimitioteiby(iiDevbyvsmt edirateth amtach 3528t HHDINGY), the
solQrERat® RAteIoRsIqn Méh&?gﬁﬁﬁl@?@é@iﬁl@ Bh9brmh %'Uﬂ'saﬂlﬁéué?}ﬁ%ﬁﬁll@?gxgpine

Pr? ar?ljjonf,of in-DTPA or Ga-DTPA solution: A known amount 0
CoORRPY wAE iPGLAGHERY forBiBehEoRRIAESS Te/Rlvand et Wids added to
dissdtvepareticsalt! ARlbed Amtuiny ofrtiettipienelyprinRERIAGRRNICHagHy drate]
e.DT.P tal. element molar. ratjo was
sof 0T 0" RR S0 SR Al L Bl PR et e of
digeqREmanaitd ye e setnramiatinetc it iameakals soitienDt Acwaentration of
2@Ijﬁg/@iuemgjb@metal-DTPA chelate was formed with formula as

[Me-B ! E‘@ !é-aa%syégcture as following: WO 2006/084339

PCT 3111/0 -0-02C /N-In3 -NBC(r)2 y 0 C The
cononéetedleapneidhizphikaioariding- etnsitfoniusheidniatrdvedalih ofplstioron was

pré¥asEbPYBsdkirCaaRsy %%M@%H&W%M@xth%’%&?@ mb@@ BEHALE M monia

i dNa}igra{ngferre to 100 rpL vgéume flask quantitatively, and water was

U0 B LY ARG A4 Mt R imasery seuigafaramoncrriotothn gl of

CuRfn silica core 7.56 g of NP-9 (12 mmol) was dissolved in 60 mL

cycl@gﬁ@?@%@%p mL screw capped container, 1.304 mL (12 mmol) of

1-pentanol' was then added. This mixture was shaken vigorously
A Tfluorescein iscthiocyanate solution was prepared by dissolving a fixed amount of

fluorescein into a fixed volume of diluted ammonia (10 vol% of concentrated 25 w.% NHs) to make

a solution with & concentration of 5 mg/ml. of Fluorescein.

Preparation of In-DTPA or Ga-DTPA solution:. A known amount of InCls or GaCls was
weighed in 100 mL beaker, 10 g Milli-Q water was added to dissolve the salt. A fixed amount of
diethylenetriamine pentaacetic acid (DTPA) was added so that the DTPA 3o metal element molar
ratio was kept at 1.1:1. Concentrated ammonia (256 wi% NHa) was added dropwise as the mixture
was stirred magnetically, After all of the DTPA was dissolved, the metal-DTPA chelate was formed
with formula as [Me-DTPAJ> and structure as following:
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for about 1 minute to prepare the surfactant solution. Then 1.333 mol/L of
ammonia solution (NH40H (pH--11.86) 1.296 mL (i.e. 72 mmol of water)
containing the active molecules, such as a w dye, was added. The mixture
WRLWIFEFigorously for about thirty minutes to produce th&CT/AU2606/060193
microemulsion system. 0.546 mL of TEOS (2.4 mmol) was added into this
magnetically stirred microemulsion, which was then left to stir for a fixed
time (48-72 hours) at room temperature, 222 C. This was followed by the
addition of 50 mL of dry acetone to degfabilise the microemulsion. The

system was further stirred vigor or about 10 minutes. The silica
particles usually flocculated is arpd cotld be separated by decantation; if

no significant sedimentatio otglj rved, the mixture was centrifuged
at 4000 rpm for 10 minutes, After g ime‘lljtation or centrifugation, the
(o

particles were sgpara’t,ed%gm &:br ph and washed three times
with 50 mL of dry(3géone eﬁmtimgﬂ)\mﬁg@g@he surfactant. After

decantation of the aceton 0&P20 mL NaCl agueous solution was

mixed with particles and intyoduced jn a decantation funnel. The resulting
suspension 20 was furthgrywashed¢ times using chloroform (50 mL each
times) to remove the residual surfactant, ultrasonicated and freeze dried

TheSArreiaied apomiany ecadradcosiinuovsly Syt sHipksolsiionwaRihgee NYBP. and
to%wsm@misvlasom@tdmwl% rml.sgai_@?swats@mggmgﬂégquqrt@oqﬂfE&&ume flask
i omoge sly.distriputed, inside a NaCl matrix.
qugﬁg\%ggt{ﬁé rﬁ%{i\?fﬁil%ws%z%é}ﬁaggqg ?ﬂ%?}‘g 6‘8 %f{@a@%hm (Figure 4 and Figure
Tygiog) prepwsalisnignaretiioria 60 srusiéich agra protective matrix to prevent 25 the
nanopsyiicierme i A | i bet ili d
Soclim %gr'dﬁ B M3 HERAH cappes
€0 Pé’}?&rm%ﬁ ﬂ?;'o wﬁ@b@ﬁmwwwmeemegeﬁa pilete @y ehaken vigorously
for2giP610B 4088 AC Trépal20NG/ANRANT S tBrePReatiorsS a0 BMkeases bolution
Y2 e j re described abovye;
e e YR e SR poen o o
WeelipbAiat (GsmreanassHiest varaslirias avehthidd miosasnin. pbduce the
mictc@B8Ision\dy st ACHAA pit-3LTBOB (124 erdyaleBtav@ienidhmmaihargy Stired

TR TR R AR RSAN S AR o
"C.ofhigpad irbsepitouit adiition dhmhvlisy aclens logastaliiTEmSH @B msiat) The
systerthearheestitRdSiodBskadianss: (ARl IRCLRAD SIS RAITHSS ASed
and ol B o) 5 R RIS ANt Seimontation Whe oosened. b frixure
was centrifuged at 4000 rpm for 10 minutes. After sedimentation or centrifugation, the particles
were separated from the organic phase and washed three times with 50 mL of dry acetone {each
time} to remove the surfaciant. After decantation of the aéetone, about 20 mL NaCl aqueous
solution was mixed with particles and introduced in a decantation funnel. The resulting suspension
was further washed 6 times using chioraform (50 mL each times) 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 8-A). The sodium chioride 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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This procedure produces 720 mg of monodisperse 100 hm silica
nanoparticles. The corresponding TEM micrographs are presented in
Figure 5-B. is Preparation 3: 150 nm (core+2 shells): Prepare 100 nm
YRR ESdescribe above; Instead of adding acetone to dBSHEBHXEE/000193
microemulsion, split the emulsion into two aliquots; Take one aliquot,
increase its temperature to 555C and?stir for one hour. Then add 2.592

mL of 1.333 moVL NH40H (pH-11.86) (i.e. equivalent water 144 mmol)

ang, st heyr , Add 15.12g of NP-9 (24 mmol) mixed
Wif%%s%%%nr%%pen Ef’;\f}r%%)}#sg‘:férﬁmol), and 120 mL of cyclohexane and stir
*for SRR Seadrioinaghe Mos s Jees IR BRIMENto the mixture;  Stir for -
«ABrERiDITSIdRT ACdanh (e ubuRiREg e YHIRERAIGIE 10548 36HRASIR to 5515 C

Typigal: ion for producing 50 nm silica core above; This procedure
pr@ﬁ%@%@?&ggf of relatively monodisperse 150 nm silica nanoparticles,

* ThEheg e S8R Mh @ TENE midlobiraphspitel péR dineehiivilimtiraBrG44 mmol) and
Prepaiadingid 280550 (Garess felR)idR tgrﬁggl%@e@(_)_nm particles as

.de |lﬁ? alﬁy% Fg:#Instea of a dlnmcetone to destabilised
B RGO Bt RIS BN o Rt orians o Biloeahd et of
It ayclohesEHndtiiftor 8haihges, and add 2.592 mL of NH4OH 1.333 mol/L

,gphh&é.%@)n(tQEQ%Q\(W%%%QW%mmol); stir for an additional 6

ours at 555C; WO 2006/ AU2006/000193 33 Add 15.12¢g
* NPIGB I HREY), mixed with 2.608 ML 1-pentanol (24 mmol) in 120 mL

« Cyplmhexgretand oyjrthorpafisninadenschisid B Y840 orEBRR0ko8 BRRtP50 nm
thgm%x%g otir for 48-72 hours; s Wash, extract and dry particles as
described in Typical preparation for producing 50 nm silica core above;

ThihposPede dreupro dRibes aounodigperses] Bbivel siicn nantisprécse. 206 sonesponding

TEWeACRARPRASHCIRS AR irdRhipSERNding TEM micrographs are presented
in Fi -D..Parti _haracterisation 10 The size and morphology of

Si ticfes-were-thotftoted™ising a transmission electron microscope

« (JEreNar2000FidriniciO te20he Move;

» Instead of adding acetone to destabilised microemulsion, split the emulsion into two aliquots:

= Take one aliquot, increase its temperature to 5545°C and siir for one hour. Then add 2,502 mL
of 1.333 molll. NH,OH (pH~11.88) (i.e. equivalent water 144 mmol) and stir for 6 hours at
551+5°C;

e Add 15.12g of NP-9 (24 mmol) mixed with 2.608 mL 1-pentanol (24 mmol), and 120 mL of
cyclohexane and stir for 20 minutes;

s Add 2,184 mL TEOS (8.6 mmol) into the mixture;

o Siir for 48-72 hours;

o Wash, extract and dry the particles as described in Typical preparation for producing 50 nm

silica core above;
This procedure produces 936 mg of relatively monodisperse 150 nm silica nanoparticles. The
corresponding TEM micrographs are presented in Figure 5-C.
Preparation 4: 200 nm {core+3 shells):
s Prepare 150 nm particles as described above;
= |nstead of adding acetone to destabilised microemulsion, split emulsion into two aliquots;
¢ Take one aliquot and heat It up to 555°C, stir for one hour, and add 2.592 mL of NH:OH 1.333
mol/L (pH~11.86} (i.e. equivalent water = 144 mmol); stir for an additional 6 hours at 55:450C;
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To monitor the amount of residual surfactant TGA/DTA experiments were
performed using a Setaram TGA 24. Undoped samples were heated to
900C at a rate of 10C /min. A typical diagram is shown in Figure 6. Two

i ¢eomposition reactions were observed by DTA: af §g/4U2006/060193
endothermic reaction at about 100-200C associated with the evaporation
of water and other volatile componer?f’s and an exothermic reaction at
approximately 400C associated with the combustion of the surfactant.

o THRI@MBYRS ofrboupgl c | iff -
S iﬁ%ﬁ S WA ek A IRB R iRo) in 120 mL

betw
su?’f%%ﬁgmr}%@ LEBGVEEF: with the silica particles after washing five

« tinAgg 2 &hhol Fle0B{ S5 adoai) 18 1Bevsy3tenf the silica dry 20 weight. This

« COSTeRPARGS ﬁgﬂ?out 1.65 molecules of NP-9 per 50 nm particle. Release
rate of dyes After separation of the silica L]particles from the aqueous phase

* by GShufitigatisi, i owidae rssdeseiedds d ¥piar deparntio far oordsieing | afaun silica
bagdyefisisl{SBF, pH 7.4/25C). The composition of SBF can be seen from

: ' M. Ahola; S, i1, iemi; A, Yli- DL
T RN R o PEEEN e e Ir dermenisss g
cafesRpenyinoehi rainareihdarg ritsentsdtio iosaddissue effects after

PipRaRiRRsBigmater., 21, 193-198 (2000). The release was measured

by centrifuging at 3000 rpm for half an hour the suspension and
measL e L GHERIAPAL 72 R85 SR NS araoRed esbg SeVaawve Ga pgeton

mloigsoipi{dESRAGOBED pyJHDLAAENME release study, the samples were

o e T PR M o

2 SPEM ST G0t thBdPRAYCTIEWIBT HRsasaId d0IRB3GHR RathieoM (ECSImdn of thpical
disgreen TEheconTieSRpRIEI g WEd it rGaeARSIRICrBIERADIREohianES By YR an

4 .PCT/ 0 93 34 .Syst 1: NP-5: 0.2 I/l :
erfoRAIE Rl ARG el RITE sttt At e oner
VO e fOIMPPIEO|a BIMICRR ] eXGHIE/ TN OHINIP-B] ampreadeiioly 2006 aomdiaiel with the
C B SUc R IR ool bk BeH XA ARIRI W o diferencs
atalyst: 1,333 mo ‘ -11.86); -9]/[1-pentanol] = 1,
o eSa TR A 88 P Ic-of S B Bgamepoas esocited
withdhgchdiadi partides: altOvraahingsiiatdimes i tittorodirh 09 aBAO 1% Tolhe rtica dry
o A TNl SR o U ASOH; THOS

MOSI = 34.7. Particle diameter: - 25 n article growth

mol, [H20]/
H%%ﬁ@%ff&%ﬂ?&i%ﬁddition of precursors (without extra emulsion) 10 Two
eXfierisepmtsionef eheaiich pbeiitiessingn Thd @ ansl THase Syesemililgition, the particles

wePETESISERied 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. Karisson; I. Kangasniemi; A. Yli-Urpo; J. Kiesvaara,
“Silica xerogel as an implantable carrier for controlled drug delivery - evaiuatién 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 supernatant using UV-visible spectroscopy. During the release study, the
samples were store in 370C 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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Experiment 1: NP-9: 0.2 mol/L; cyclohexane 50 mL; catalyst: 1.333 mol/L
NH40H; [NP- 9)/[1-pentanol] = 1, [H20])/[NP-9] = 6. Patrticle size increases
gradually by sequentially adding extra silicon precursor, the growth

Vit geessidom Figure 2. The results are displays in series B¢ Fiieg096393
. Experiment 2:NP-9: 0.2 mol/L; cyclohexane 30 mL; catalyst: 1:333 mol/L
NH40; [NP- 9]/[I-pentanol] = 1, [H20]?ﬂ\|P-9] = 6. Instead of using TMOS,
TEOS is used as silicon precursor, TEM images are shown in Figure 9.
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appro aII Hence, the smaller growth observed for the
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roduces alcohol durlng its hyd ro ysis. The mlcroemu sion with
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diffsehdenartrinisizge QA tapahid-ByHEaReRNEIGAShe number of nuclel (ie. core
particles) present in both cases. If afl 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 chserved in the TEQS 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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10 permit higher [waterj/[surfactant] values, thus enabling the production

of larger particles while maintaining the stability of microemulsion and the

uniformity of particle size. Particle growth. by sequential addition of
Wiceefitidton and silicon alkoxide Although it is possible toRfr&iy 6000193

particles by sequential addition of alkoxide precursor, the particle growth

is limited to some extent by the IlmlteaSSUppIy of free water in the micelle

core. In is addition, in this method, the active molecules can only be
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earliéheralieriabvmpilewssieslerodead dnitiwidustest cpeelimationeeaiistisingooviing an
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e stelﬁj%POSI%)?n analysis of each shell using EDX lihe profi e cou
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to ISide e RATCles: @5k Eégfd 18%39 iy Brogsd rolg])feés frpr the
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surfactant to co-sur a antm ar ratio an

hydé%ﬂﬁ@@%@@g@gb@t&@ﬁ@%%@mré{ﬂb@atkoxude concentration is kept below a certain
level, the concentration of silicon precursor remains below the supersaturation level and no extra

nuclei are formed. The particles grow gradually by a classical monomer to nuclei addition.
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
possibifity 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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(c) number of cycles; io (d) amount of precursor added at each cycle; and
(e) other sol-gel reactions conditions such as the temperature, pH etc.

Using the process of the present invention, layered nanoparticles may be
Wotiea# 3¢ discussed above to produce silica particles in tREks&3a 0193
of base (pH higher than 11). Using appropriate selection of conditions

and reagents the synthesis condition nmay be shifted to neutral, weak acid,

is even medium to strong acid environment, possibly using other ceramic

jalset Higa. | ' tal )
S O e B AR gt

_the
Insjis e FREICRRETRMEIS 4%8f adding the fresh microemulsion composition.
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Oéouble the volume of initially used for the seeds) and TEOS were then
addeqawit%@wm\g@wﬁe@mﬁmﬁ@ﬁf@tﬁ@ BIIOMCRINr At RRl [0t water
hours an ac%glht‘g)@ 0 iTi%S §j_l?_!Iowed by a nqﬁfor 68 houyrs. 25 Addition _
of the sultALIERE" PRALEHS: SHHACAMIGAES AL MIRRISRADPH) f vler pook
aftervilgirdigbyf el sidmiitienwrobrthre dsromoeiaiasiohytion. Stirring at 55C for 6
hours(@r\%mgg}g RETEOS followed by aging for 68 hours. Addition of
the ammonia solution first followed 10 minutes afterwards by the addition

of th&bRRaualY rerrelgiedal e3h6H&aRe. Stirring at 55C for 6 hours
and a@dplitiner ofl-g4 reEsMBsfotinitiesh bycraNBsfRMPSraer eH Aedition of the

' ion first f by stirring at 55 6 hours. Th :
A R I B A Gl e
abgyaittopiasey siivs pattriaginghefiisecsers pbsio fofbhigghibars! NyUsing appropriate

s Q 4aaRtibne 20 WAGRREARD Sthe3is AdREndtEoNRNEHREINOH8utral, weak acid,
rodu ed'té’sat%'desi |t£|.the sa eslﬁF' In all gubse yent proc%sses,th.e
o BT G A RR PO 0 S PR g e B A Sive

Inklrnemop differesptapeyinentad pansiciersfoR Ot par e s pllydfspersitye+3 s

nghelie)lonas salibiniesbygAliquots. One aliquot was heated to 555C while
stirri fo}% ?ﬁe hour, 2.592 mL of NH40OH 1.333 mol/L (pH-11.86)
t

(equiVSIERAL W AREHS A GG WK REAdRA P AiseHicromsuitiony Gomersiéon. The
sestiredréqrapdiediby edifgibeulokbglRgtah HP-9 3@mennEoh,cR«GOGhERanef 1 pentanol

3 TGN mi of NH:OH 1.33M, water 18 mmol, TEOS 0.6 mmol aged for 48h). Additional
micro-emulsion (double the volume of initially used for the seeds) and TEQS were then added as
follows:

e Addition of the micro emulsion, stirring at 55°C for 6 hours and addition of TEOS
followed by aging for 68 hours.

s Addiion of the surfactant, 1 pentanol and cyclohexane first followed 10 minutes
afterwards by the addition of the ammonia solution. Stiring at 55°C for 6 hours and
addition of TEOS followed by aging for 68 hours, '

»  Addition of the ammonia solution first followed 10 minutes afterwards by the addition of
the surfactant, 1 pentanol and cyclohexane. Stirring at 55°C for 6 hours and addition of
TEQS foltowed by aging for 68 hours. |

s Addition of the ammonia solution first followed by stirring at 55°C for 6 hours. Then
addition of the surfactani, 1 pentanol and cyclohexane followed by the addition of
TEQS and aging of the suspension for 68 hours.
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(24 mmol), and 120 mL of cyclohexane were then added to the

suspension. After stirring for 20 minutes, 2.184 mL TEOS (9.6 mmol) was
added to the system which was further stirred for 48-72 to hours. The
WarIEBHETe then washed, extracted and dried as describeBGH Ayisiep00193
preparation for producing 50 nm silica core above. The TEM micrographs
of the resulting particles (i.e. core+4 2hells) are shown in Figure 14-a.

Using the same procedure particles with an extra shell (i.e. core+5 shells)
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frofEOMRLEE A fopasaenee s Atipd RS TRISAR Hiilinibeofrriateosinining the
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C ) e Xl metoq,
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sedimeniation aphimRigHalon glsgcaad senas i shal spnameisierulsion. A
few diffethenbieiysl diamtdien seshiptiRdueadiel eRABSEERFR W8l e time

e B e AR S o
takeo i 4o sHammmidmglapgase the processing time may be to increase the reaction
temperature, Alternatively, using more hydrolysable alkoxide precursor may speed up the particle
growth,
Influence of the frash emufsion/seed emulfsion volume ratio

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 velue. 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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resulting emulsion mixture at a very high shear rate (8000 rpm) to promote
droplet collision and coalescence. The second approach relies on
increasing the collision rate of the droplets by increasing the temperature
VoP BG4 emulsion. It is important to note that, although tREGfatigepypoo193
full coalescence could be achieved at room temperature, the time required
to achieve this make it 10 impracticab%, as demonstrated by the
polydispersed sample obtained after, 18h stirring at room temperature.

fﬁ%ﬁé@éﬂﬁbﬁﬁ&%ﬁ%&&g period of time) does not induce.droplet

coal escence as demonstrated b{gthe bimodal distribution observed in

Figur8Ui% 18 HMGRE DBPiARCSthR MRS et s divng R auiiuseritaining the
sear|jariidete ssdreactiveh shicagreicars ot mcm@eeﬁE%aocem@e&Mgmehduce the
oS3 U0 Tt RN S VR e S s e N e B0 s
e%simnsd@%\p@%t@tmﬂ&lﬁqaoseparﬁeammﬁewhﬁf!eée@péwh oga?ﬁtaéssam mixing the
re%mméeérﬁ@s@m;ﬁmewwww@h%@ﬁe@wm Ty M@M@U%@t%sﬁssm and
rres exactl ﬁe othec re roduced usmg B;/I%)‘EEF see Flg\;ﬂlf % Jag
%"%LF&ge £E (PROGH L AR RRCR e b MEERP A QL[ Rl oroplets by
snm!ts; frerentineralorncé titeavizer ofiwaino i seithTiM@Ba esehial dibaagbithgoretically
fuﬁ%&é%@é%@*é@&ldad‘edaaﬁév&ir&'H%Xﬁ%%ﬂ%bé%&f?é“iﬁ%ﬂé‘ Hf%s‘;&%ﬂﬂ%%ﬁﬁ\@ make It

condensation with the existing cores. In contrast for t S reactive
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(i.e. |&€igﬁ]ls@t(§§@?5dé’tﬂera@@d§ ferie @m@brﬁﬁxwéﬁ” hereadnitsib g ﬂ:léll%éﬂﬂgger cores
uncontrolled release |ca e or sm
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0Q0OH etn‘g whic @%nl a chemical bond with

eeﬁf&va&s & B REIEN yS'e%. FPg ElgdiegiP a?ﬂﬁa?&%%%ﬁ‘ﬁ thg/@resence of a
seftndanscediedtiot gy antsith (Edﬂﬂ@)‘)dﬁ&ﬁf&é)@&ﬁt@ﬂ@%&ﬁlﬂwdmmaqﬁma&damhmg
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]%%:e may then be triggered by ‘screening or cleavage o
thf"nS

(e SoiatrirmsiEStoR” Wie léﬁmeeeueﬁ%ﬁmWQm}@@m% hggrolysed
mbayeredistanepasiels awerersynibieyisaohaconsding 59 RPNt core surface
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particle core orinsi he S con ropor Ion Of TEOS is either

Orpsriaal10diiadciios (ABME STy sorsfnbsbucipiesoiaremadiced in these
eXPSéEf@@r&ﬁmﬂ%ﬁ@itﬂ@ﬁ@l@d&@&&‘ﬁé%ﬁﬂé&tﬁmﬁ%@aﬁﬁ% SAMBEPAIBGe pore
szze a outacg%%argh%hogvgneraiiy exhibit a rapid and uncontrolled release of thelr payload
(typically organic dye or small drug molecules < 2 nm). In order to keep the encapsulated
molecules inside the ceramic nanoparticles and avoid leaching during the washing step, the
ceramic matrix may be functionalised with active group (such as —NHs, -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 cieavage of the active molecule-matrix interaction.
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s Figure 18 and the compositions of the ORMOSIL core-shell particles are
displayed in Table 1. Table 1: The composition of ORMOSIL core-shell
particles Image of Diameter Fig. 18 Core Shell-1 Shell-2 (hm) Image-a
WEHS BP0l %) 48.61' fma e-b TEOS (75 mol.%) 43-65 SAPTRHREH0193
mol.% TEOS (75 mol.%) TEOS (100 mol.%) 80-104 Image -c APTES 25
mol.% Ima e-d TEOS (100 mol.%) TEOS (100 mol.%) 85-90 Image-e
TEOS (75 mol.%) TEOS (100 mol.%) TEOS (100 mol.%) 122-152 APTES5

25 1. La/gér@@%cépgﬁ% %@s@?\%@e@%@:&(ﬁ Qor‘%%eﬁi)nérn@%o%ﬁléﬁ‘é)ﬁe@énbed
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growth cycle. Not only is it possible to control the overall size by this
rocess, but bo ze |s ickness of each shell may be
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well as the different release rates. The following examples are aimed at
démagastrating the versatility of this techniquejas well as the fle |b|y Qeg
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different samples with Cu(NHs)42+ and Ru(bRy)32+ doped in - different

loteaisreol HORHABHEtles. The correspondihg TEM images ate 48-81
prpsgeted |ﬁE % 5@"9’@7") 0 and the photographs of the particles 43-65
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Images are-r@@s@gmcw Figure 21 ard the p nOI%%d% tis—of theparticles
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PCTIAU2006/000193 40 Figure 23 shows the corresponding freeze-dried

owd ‘%Silo /NaCI ht ratio and the tlc sres ended in

COREP A 3 QB LS G B o5 PSS i o ocatons
Ru(bPyBaradsctogmeftse present process is the possibility of encapsufanng more than one
dopant in the core particle or in any of the shells. Each molecule may be selectively encapsulated

A
IUVV\,\A LI}

in different locations of the nanoparticles, and its concentration may also be confrolled at each
growth cycle. Not oniy is it possible fo control the overall size by this process, but both the core size
and the thickness of each shell may be failored, thus potentially controlling the length of the release
cycles as well as the different release rates. The following exam;::fes are aimed at demonstrating
the versatility of this technique as well as the flexibility and control of the encapsulation process.
Table 2 lists the composition of different samples with Cu(NHs)«2* and Ru(bPy)s2* doped in
different location of the nanopariicles. The corresponding TEM images are presented in Figure 18
and the photographs of the parlicles suspended in acetone are showed in Figure 20. Table 3 lists
the composition of different samples with Cu(NHa)s** and Co{NHs)s® 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.



Sample Core Shell-1 Shell-2 LNK-704 Cu: 10.82 mg Ru: 3.24 mg SiO2:

72.00 mg Si02: 288.00 mg LNK-705 Flu: 1.62 mg Cu: 21.63 mg S102:

72.00 mg SiO2: 288.00 mg LNK-706 Cu: 10.82 mg Si02: 72.00 mg SO2:
WRZ06M83LNK-707 Ru: 1.62 mg Si02: 72.00 mg SiO2: 28800/ #igo06/080193

LNK-708 Cu: 10.82 mg Ru: 6.48 mg 5102: 72,00 mg Si02: 288.00 mg

Si02: 576.00 mg LNK-709 Ru: 1.62 ffig Cu: 43.26 mg Si02: 72.00 mg

Si02: 288.00 mg SiO2: 576.00 mg s Table 3: The components and

R o A Y R e RN RS SR8 s and e
particled rASYSAANSH! iagiut Si02:15 wt.% Cu: 10.82 mg Co: 21.63 mg

TAONIC: Thé Gopgheni Qb ELRHOZH RIBD.POMREGHNAT dopnRIO2: 15 wt.%
Co/Si02: 7.5 wt.% Cu: 10.82 mg LNK-755 SiO2: 72.00 mg S102: 288.00

me-76-88-AmCu/-S102:15-wt:06-Cu-10-82-mg-Co:-43.26-mg-LNK-756
BRI -00 My &@HH2: 288.00 mg bdfdi-$76.00 mg 102 32,nm Cu/ S102:
15 wt.% Co/ Si02-:7.50/0\/vtyg/§2C0: (lsfjgésrgg ;N@%?S? gégog(%l%%rzgl?ng
%n\’é'%f/‘; cu: gc'év?}mq’z.’oo%ﬂ%o S0z 288:0?111"32 |
LNK-705 gllé)z 7;.35 rnr?g gluOQ 2§;g§ nn;}g

W08 1S5 Ta0m mg | S0z 288.00mg

LNK-707 gilgg: 7?2%%%% Si0x  288.00mg

LNK-708 . gi%)a: ;ggg nTS S0z 288.00mg ging: 573.@(8) 523
LNK-709 | S'F:;gat 7;.'85 nr?g S0z 288.00mg gilgz: 5%20%?1%

Table 3: The components and particle size of product 2, Cu(NHs)e?+ and Co(NHa)s™ as dopants.

Sample | Core Shell-1 Shell-2 Diameter
Cu: 10.82 mg

LNK-753 | SiCz  72.00 mg 44-50 nm
Gu/ Si02 15 wt.%
Cu 10.82mg | Co 21.63 mg

LNK-754 | Si02:  72.00mg | SiOz 288.00 mg 80-90 nm
Cu/ Si0z: 15 wi.% Co/SiOn 7.5 wt.%
Cu: 10.82 mg

LNK-7556 | Si0z  72.00mg | Si0xz 288.00 mg 76-88 nm
Cu/ Si0z: 15 wt.%
Cu 1082mg |- Co: 43.26 mg

LNK-756 | 8i0z  72.00mg | Si0z 288.00mg | SiOz 576.00mg | 102-132nm
Cw/ Si0x 15 wt.% Co/ Si027.5 wt.%
Co: 10.82 mg

LNK-7567 1 8i0x:  72.00 mg 38-60 nm
Co/ Si0z 15 wt.%
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LNK-758 S102: 72.00 mg SiO2: 288.00 mg 77-88 nm Co/ 8102:15 wt.%

Cu/ 8102:7.5 wt Co: 10.82 mg LNK-759 SiO2: 72.00 mg SiO2: 288.00 mg

76-87 nm Co/ S102:15 wt.% Co: 10.82 mg Cu: 43.26 mg LNK-760 SiO2:
W2 30o#ig5102: 288.00 mg S102: 576.00 mg 104-135 nm  CE/IBITR0$500193

wt.% Cu/ 5102:7.5 wt.% Table 4: The components of product 3, CuPC2-

and Ru(bPy)a2+ as dopanfs, SampléICore Shell-1 Shell-2 LNK-819

51RU: 1.62 mg 02: 72.00 mg Si02: 288.00 mg LNK-820 CuPC: 3.24 mg

298756
288.00

5102: 28300 m.8202: 72000 mg2l KAgR 1
51022806100 MEOCS 1@28.I0NINK-822 Ru: 1.62 mg

Ru:721.62 mm g 5102:

Si02: 576.00 mg

ST@28 nm
LINK-823:

CuPC:

S102: 5

g/ 8RS w6 MEWBIBT.F21iG6 m
34 my!888muae
LGRS eip CTA08 g
£l 45 Htha

00 mg 5102: 576
5302 £88.00Mg Ru: 6.48 mg SiO2:

gh as mentioned before, elemental g

00 mg SiO2:

72.00 mg
78:80'mg

nalysis.and

robing

Bonot pdedmgdu

68ruare cHPBE@vigSiee RBGEANIThe
W{lﬁé@ﬁi@ﬁ%”m ~d, e f_g)confirm

to electron bearh@iama

‘ .M C
b Prese RERWBMAN "pHIGr BEyise
WSt of

ear core

selectively

doping a specific shell with a specific dopant. The colour changes

Tahservecimidgsie d0r

otdobAdY

MRV

_owidhd Hopanis+acaieshin different layer of

the nanopatrticles further illustrates the potential of this to technology for
optical applications. Encapsulation of solid core An additional feature of

the present injention is the ability to encapsulate solifl particles inside a
SENPR metal IR, The core mayW&lkhy species of ﬁ‘ﬁ&@r such as
metat-oxide; >UII'IiL,UIIu'u1LtUI, guantum-dot, magnetic-partictes-ot
crystalline partg%s. Wgzgggyélos 1830 PCBAIGAQ06/000193 42
CuPC:  3.24mg .
LNK—&?O Si0x: 72.00 mg Si02  288.00mg
. Ru: 1.62 mg i~ o~
LNK-821 Si0s: 72,00 mg Si0x  288.00mg Si0z 576.00 mg
: Ru 1.62mg . CuPC: 1296 mg
LNK-822 S0z  7200mg | S0F 28800mg | g " 67600 mg
g CuPC:  3.24mg o~ o
LNK-623 Si0z: 72.00 Mg S5i0: 288.00mg Si02  576.00mg
. CuPC: 3.24 mg - Ru: 6.48 mg
LNK-624 S0z 7200mg | 90F 28800MG 1 gn 5600 mg

Although as mentioned before, elemental analysis and probing is not possible due fo
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, g, 1, g) confirms the possibility of selectively doping a
specific shelt with a specific dopant. The colour changes observed in Figure 20, 22 and 23 with

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, quartum dot, magnetic particles or crystalline particles,

’dopants located in different fayer of the nanopariicles further illustrates the potential of this
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The shell(s) may comprise one metal oxide or a more than one different
metal oxides, mixed metal oxides or metal oxide containing a dopant. An
example of the preparation and encapsulation of crystalline In203
WRARMAREIS inside silica shell is detailed below. In20a nancP&r/SHIaR/agR193
prepared as follows: 1.017g InCI3 was dissolved in 10 mL of pure s

water. 10 mL of NH4OH 10M was adéfed dropwise to the solution while
stirring and a precipitate was formed. Cl- and NH4+ ions were remove by

Tﬁ@@ﬁ@@l#@w&aﬁb#@g &Re %&é&%}@&Wﬂ%‘:ﬁ&éﬂh&WW%tﬂ%% aw“%% metal

monia was detectable. 0.92 m was then a
0’6@& L BFE%‘ﬁﬂ%@@ﬁ&ﬂ%&é@ﬁ@&}?@ﬂ?&éﬁﬁ@?ﬁ@ﬁﬂa&nssts@@umtion of

crystetiee D06 natoofskiblinSdersiti shets deldid a@ldﬂhe suspension stirred
agaln St ured t2 284
e e B B DR e AR Qe T L Bt pure
W@Wsﬂé’l@%vé‘r@”ﬂ%@ﬁ LJhreep psHRY BenTdsinithe mmjww%emmmm a precipitate
WaOAIBINGI6anap N Rrede Eemuwbpédc&@mm@&sﬁﬁ)g%—qmmgwa@%L of

40H 6.667 IIL, | cl A sol
v e O B R TR aE. 8 b OB ) e bemaeed o
pepiise. R pratinitdtenanth foasnensogippstiis dnosemsizah siofewa eCstikresthanti. 45 mL of
Hn@ﬁrmmewwmwaw@%e@enw%fﬁé@ eesh ;&gﬁﬂéﬁ{aﬁ?}% TN i ) pH was

TEOS dded tot mixture. The solution'wa

E%ﬂ@&%wré%umﬁ@%@i@s@wgwtweawmge the
mlcroTémutmbaIa aerd ﬂmmmremaspgmebs@w‘h@wmlesswar@wa&h@mm 6 mmol

AR WO R A SETEN RIS 200 1S e

UiHe$¥ds inside S|I|ca nano-particles Encapsulation of a radioactive tracer

in theAcobgiar Shﬁléti h;igeﬁlﬁ@aﬂﬁldﬁﬁlp:@/ gé lﬁﬁ%ﬁ%ﬁq {!(5@%5!1%? §B"|F5Li’o?dcyﬂorfﬁxane,
n.any selecte ocat re or selected sne
O B B s SRR U SR motal cotent s
Therapaddions Epw ﬁ/a@rwm@mmemaww Bf4tmengl | EDISenpdatitdethsimexane The
soRifién %ﬂgéﬂb@ﬂmvyese g R RARRNES HRLIRARY RRERAT s%rﬁ)ensmn to

d a‘bg? anfs This confirms the ability to exercise indepehd
o B Sl 200 EPHRL e PR I SR oo et Beised s
wwh@cpmeemﬂ|mmmmwa’ﬁiqm|v@uraeeysﬁaarﬁmﬁf@mﬁaa' Bléampayredstrated

thé’&w@a%%llbét@%ﬁﬂé%'% @@t&ﬁs;e@t}l?m&m%%ﬁ fi)s producing particles that

ceable in vivo. Such particles were prepared by 30 the following

are tr
?8%@(??’9“ é'f@géoi’ée(tf\‘?ée@’mc%ﬁ)" s received from
ANST@-QyatetitationifhchaltidtypdeB et LainiQITRIOHAd F@Glmmtmﬂ B&ected

o B e ) & I R R T R g
CO@?’@@@I@‘@@R%BYI E%I-W%@IH‘FQ“M@ 2@%&0%3@@@%%@@6@@0&%&2@
distribution were found to be independent of the presence or absence of dopants. This confirms the
ability to exercise independent conirol over particle size and internal structure achieved by the
process of the present invention.

Radicactive tracers such as §Ga-DTPA may also be easily doped inside silica
nanoparticles, thus producing particles that are traceable in vivo. Such particles were prepared by
the following procedure. 5GaCls (tuz: 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.% NHa) containing DTPA 3.9 mg/l was added i0 0.22 mL 5GaCls
solution at pH ahout 2.
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43 The resulting solution may be used as the aqueous solution in the
processes described earlier to produce particle with either active gallium

in the core, in the outside shell or throughout the whole particle. These
WAy be used in biodistribution studies to investigatd® $HEABRAAEH193
of silica particles in rats using gamma counting as a detection method.
Potential application of such s nanoﬁﬁrtlcles may be envisaged both in
radiotherapy and radio-imaging. Release from core-shell particles As

mentrﬁgéegga{ﬁg'%Ufﬁ%n%ﬁfb‘éaﬁ@&ﬁsﬁQ@%%%hﬁﬂmﬁﬁ E@%S 80&@?91? descrived

pro duction of mesopor partlc es (l.e. a

SRR POANRR P AeleLH ORIt @@%@a@@ & thﬂéwr&dwsﬁcpw ﬁhﬁ&@aéhroughout
thexdeitigniteisie mamm@,swars@m;@ba@mmmﬁtamegw éteJaQa Iocation

of%h %%gﬂ%)é m&@@% ﬁeamter&)%trl] X bethf n ?fi%aglt%ﬁ ﬁﬂ?l@?t‘on of such

sur this case. 18 iNgeract
n@?@ﬁﬁ@@%‘ﬁéﬁb@@Wﬁ@@ﬁéh@th&fﬁﬁm‘ﬁﬁlﬁd@m@@ﬁiﬁeglm;olecuIe inside the

Reiligse NaMepRLtcde siflgelire. As the particles are suspended in aqueous
phase, the str affinity of the silica surface for water can gradually
CiopiAol S ARYo EFRH -G Tﬁs e G £roccton

HERYERIAE TRIEASR I AENACYATCYE! dsaluion 3 g ﬁ&!r&gam@%mpnexes

demonstrate the pote Ol' sequentia ease tWO

Wﬂ%w&rﬁﬁr@g FRPEdTRIAEIAN deiveaRsTAtahsalioReans ditarstidansll lwdkis case, the
inkystivestt et )riaamnpite bl Ko&agswgﬁaﬁsl B@apsm@t?#m W@qdmkw the
1IN the oute
il FRR AR SR MR e R ha e T A s,
thasirpaallinge & fec sitomeurpcaiy wajtsitse Paisplyciisiacet the ddsorphpasiuilbrium
L L PRI TE e il i rou
a 4
el aﬁ%@&é’i%ﬁé}y @@@#%ﬂ%%o ‘!?F %Fr‘?@ %80 nm for Rubpy.
The dveitapristsaiesnptiental dopssaksritaioniedtaidocats chusbmticgianiediforent
d amgn@mermﬁa%ememr%m@%wemﬁaq_m%@@gw%s&@m §18%uter

uPC and Rubpy) with pH is observed in the
Shell s BB G BOfHé" blisigps %ﬁ%ésmﬁva@; ‘%%%Wsﬁﬁ #helrand GuPC in the
cozp (TrexisteaselfrofOtine isio baepieedvierntiorey esing Gmmwff‘oﬁ%@@x MMvisible

S FOU 58 A0 0 AT ML R DA R
8%%% JaieE3R et glgeaniing theRE is iRymt i Tou PaXnalsaahsarption of
Cubereds586 @bmt@gdﬂm%ﬁmup@t Th@b«@mpﬁetwlé@wm J%&ﬁ@i%ﬁmif and can

sten f Jlgh sorp. tion of CyP 0 nm,.itis h uantify the
i TP SR SRR R SR i AR e b o
CL@%@&- %ihméé\fftbr nHeSt\mﬁ@’mé ishibl pHrticigss cird-thnomeipdFidingec2ife particle

syWARSE GgBIC Aval acaBpHalRAL W AU SRl IhBR (R1R2R6H 300 1m 10 450
nng{%%}‘;%g s After that tlme a constant concentration

S}gR}Q@@ﬁ&@&g@%@W%@Wgﬁ 10 SBF (see Fsgure 26) In

sample LNK-824, a slight absorption can he seen in around 615 nm suggesting there is slight
amount of CuPC relgased as there is no absorption for Rubpy at that region. However, due to the
existence of slight absorption of CuPC at 450 nm, it is hard to quantify the Rubpy release,
especially for such a small amount.

The correspending refease curves for the two core shell particles are shown in Figure 27.
When CuPC was encapsuiated in the outer shell, it was released gradually in 10 days. After that
time, a constant conceniration 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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had been released. A very small amount of the Rubpy from the core was
also released although WO 2006/084339 PCT/AU2006/000193 44 the
exact amount is not easily quantifiable, Interestingly, the colour of
WRROEHS43fthich was green initially (see Figure 23), turned tB{GFANGaI¢080193
the colour of Rubpy doped nanoparticles) after release of CuPC from the
outer shell, thus confirming visually tHe sequential release of the CuPC.

On the other hand, when Rubpy was doped in the outer shell and CuPC

¥axAR ﬁ%ﬂﬁ@'ﬂ@%ﬁ@ilm&fﬁéﬁﬁsﬂ%ﬁﬁ ﬁﬂ%@@{iﬂ@(—% SIS green

F&%&) was leached, No detectable leac rom core was

L 5Ets oM 2 kel 5K i dovpecrmrspeglishnetor

mteagméaaﬁmc(ahmmg@n_ahaptm@mﬁwgmﬁtﬁ@@%mﬁ%mbﬁ%W%Cupc.
r otential use o e multilayere

O R L s IR B SR A TS s R gene v

reRaRh SR isipdeie BdayaTeosiint B bpyever itackeis Noaktabbltiuhing of CuPC
fromrapricHAbNers, beuRHaCtieNalineg VHHTL%QW%%PQHEE HERAT &Hﬂ?eegpw to

- -000H etc.),, which can forr acheml,cal bond with the encapsu
SRR iy CHRY o B R opk ByEGhaerescpaments conm
thcggﬁq@@}g&m@ﬁ@ﬁ'@;}ih&wdﬂwﬁi@ﬂmmmimlsﬂiﬁ@.@ﬁbﬁ@«lﬂ&

functignalise il iﬁ!@%ﬁoﬂrﬁﬁm&%T@cu@%Eeﬁagﬁcﬁ oud téﬂﬁé‘ceb % present,

triggered bg/ screening or cleavage of the active molecule matrix

thﬁl?@?ﬁ'@ﬁo’ﬂ.tﬁ%@ﬂe’?ep%@%ﬁﬁﬂwfi@ Wi apisa gie BpriaHchmdiblutSs, iF3RRH etc), .

whih RSO0 I@ chepaticlem ity Qﬁ@]é&ﬂﬁb’%tﬁﬁ?& m&@iﬁﬁe@%dﬁ@'%ﬂ% SRy, a
tr rmer: ulation. The present invention

ﬂ%f?)w es@%p%u?é%%%r %ﬁ%}%}gg a%ﬁg/ﬁi % ﬁ%’b&ﬂ?@p@éﬁwh‘%@?@ﬁs%ms

fuggHonaliteds WiRPIWRR Brodst AR TER dhanelaesactividriterebeliggeraddiyasitaening or

clenvegpilaiecaiivsliffrRisidarationmtb@or NAS 15 XREDNRS He capsulate small
e 20 the ablnty to

ticles. Advantages of the technology include 2
e R . B oA e ik aties such s
dexbipe aitidengries pactiteeeapapeidatiin. each shell, as well as the release

sequBRCaBA FASHGS RS aeaﬁbes@@&%@%f q%ﬁée?g{%{ﬁg%?}%ﬁ core-

hhnelv demonst %e%that small organometallic mo gc
5 gnégif%\fff%ﬁ@&c{n 68 FRTA AR TRESECIMS Imclaaden oruBRpARS ANBwIiisd in
difteseniocatidnédlig. cebiper (@Brspufaoinaopaliolish Axamings B eIy include
' Do ' S [(ris(Z:2 s .
e e oy el B 9 gy, conesiation of
aci!}fgt KintasBushethirgnicrelcier 1bérdelaransenrcanehflusiesseerite dyeach
encdfstilddopantein isothiocyanate), Even complex objects such as In20a
nan S y n . Mare importantly, the inventors have
sh0\(/3'v?1‘rétlhzha{?t‘J %{%pt%zileg%%#%%%uﬁﬁe ﬁ%ﬁ@ t?[g?{“gﬁ%’f @pé?ﬂ'%ff*’t?ﬁfe‘r‘%’ht be

enaeauiipt skkitarariniiophese reeaiavieiuifenelat toalageomend tey. copper
tet:@mpwﬁﬁl%@I&h‘ﬁé‘,%di@n@ﬁ?bﬁﬁtﬁﬂﬁﬁﬁﬂﬁriﬁ%‘elﬂﬂ?@ﬁéagu taéé Hﬁbpye[(gir?g,?—

. DLeci controlle the, processing parameters su s the natu
bap%&gﬂ%{%ﬁg@éﬁé@ﬂ@%ﬁyhexah dra?e?], %ulgop[copper (1} phthalocyanine-tetrasuffonic acid

tetrasodium sait], and fluorescence dye FITC (fluorescein isothiocyanate). Even complex objects
such as 205 nanocrystals may be encapsulated. More importantly, the inventors have shown that
it is possible to encapsulate more than one dopant at different locations inside the nanoparticles
with different loading value. The nanoparticle structure i.e. core size and layer thicknesses may be
precisely controfled by the processing 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 emply water droplets (i.e. not containing a particle) may act as secondary nucleation
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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
WPoNE3#2° not containing a particle) may act as secondary fti&atRe00193
WO 20061084339 PCT/AU2006/000193 45 centers. Although the growth
kinetics may be accelerated by |ncrea4§|ng the amount of precursor,

adding a catalyst or using less seed materials, polydispersity is introduced

c@ﬂ%@%ﬁhﬂ%%'ﬁroxﬁ%tﬁﬁ% '9@a%f:é@?a%ﬁsedi%%?ﬁ#tﬁésﬁnﬁﬁ%ftgrecwsor

the production of polydispersed nanopartic he nanoparticles

3y H}aL?ceawvﬁﬁ@fplfa%lﬁsw@@ﬁ%@uﬁawg%fsmww@mfgearaj@réhe 4 cycle.
H;ﬁé#e iutbeyf m@smb@mt&&miI@@(ﬁl!@ﬁd@mﬂiﬁ@mﬂ@ﬁbﬁ%bﬂ?&mwé@é nanoparticles.
[0] S CI optical se
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dﬁltsﬁm/céﬁebgr@bs/ba«aaa#@waéﬂméhﬁ@wﬁmwré@@@guépthah@emmsapmetamemow
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term technolo emplo edt develop nanoparticles
R | oy PR RO eI GRS CPHEM R RUETRS o fuage Sroportes
(weefateddhgrah alifs) mbrmip sinspersjaij, reto.dln‘lddecemmwrpr&@r&hhnfnm may he
emmlw fianatip %@mé&%@ﬁﬁ "Ry p%%ms V?Pc%ﬁa%% active

functionalised by antibodies or es for "active ru ta
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mveﬂﬂ@’ﬁs aavd that2fih espeivti clagiemetito depresentsiingzhel nsavershriifiesnbriayered

nEROMAMIES BARPBRISIORY. p@gbﬁr]ﬁ\i&%@ﬁﬂ%lﬁ@ﬁa@ﬁ&em%C&ﬁéséofeﬂr%é&atauons
them are pos LEle and gre en ged in the present specmcatlon

SR AL ARG e dlve Bt BETe R GG B baadir e o the
ingenticak erdithatiye waricalgrvedtigdiniitingnwitle nespemtitesiae $gory of dkenple only.
Otﬂéﬁ?éb%rbf Foituretarenes ﬂ&? Gy ReRShe 9%9@9%@%&% ihe, present

nse%ﬁé? %&‘?S core particle 15 comprising first releasable
I

S%?ﬁ 38 e RS RN S KPR RSB RS BRI hT and are 70t 10 be
takeminamding anrenpantithg & \Méhen todrapartioiehtthigmigce in a suitable

“qUiWﬂPYéY&@ﬁBW F@'@?ﬂ R &%&H&é IRRRANIPAEIRS 15

10, and then releasa ased riod o

CWT@NH&%FB@M@%& ANy BepeniavePiheenidsnsescetd agleaszb}ez@ppam B
sumodnthe; periogaaiclkme. ONﬁérvwlraﬁdip@l@@@nMsI@t@@he@asﬁ%&wéﬂﬁﬁw@nﬂ?ﬁbnmem

fla ell as th t |
AR e N T st
refersadadlecneiing pfdn@em@" whishdensat ok dssacdriayderaod Aitieribiivedys if layer
20 Qﬁtﬁ!ﬂb iR AR s%?mhlgoeéﬁ A@@@%@@é&'ﬂsﬁﬂ@ﬁefﬂa BRRRARSAIAELDY 20

and will releas e dopant B. As a further alternative,’if

asdug% grzg r%p]orleepgg Eo g iﬁl ?‘?8386%‘5?1?3&% Jbe,dependent on the nature of the
dopants as well as the nature and pore size of core particle 15 and layer 20. Alternatively, if dopant
A Is a non-releasable dye, nanoparticle 10 will appear coloured by dopant A, and will release
releasable dopant B, As a further alternative, if dopant B is a non-releasable dye and dopant Ais a
releasable dopant, then nanoparticle 10 wili appear coloured by dopant B, and will release dopant
A

With reference to Figure 28b, layered nanoparticle 30 comprises porous core particle 35
comprising releasable dopant A and porous layer 40 comprising no releasable dopant. Porous layer
40 surrounds core parlicle 35. When nanoparticle 30 is placed in a suitable liquid environment,
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30 releasable dopant, then nanoparticle 10 will appear coloured by dopant
B, and will release dopant A. With reference to Figure 28b, layered
nanoparticle 30 comprises porous core particle 35 comprising releasable
VER gUM{R*3Hd porous layer 40 comprising no releasable dop&RE/PEBHe400193
layer 40 surrounds core particle 35. When nanoparticle 30 is placed in a
suitable liquid environment, WO 2006084339 PCT/AU2006/000193 46
releasable dopant A is released from nanoparticle 10 after a delay. The

rd%@%éﬁoﬁhﬁt%ﬁ%i%@@ el nQﬁbHaﬁaéfé"f@fﬁﬁésa%%ﬁg%géﬁ’gfﬂfd? WO ends
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whereas layers 100 and 110 contain no releasable
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porous core parti comprising re easablé dopa
dopge 130 doprbLiIBang eistaep deldetpeent elsdse el dopant B and dopant A, The

delays may be controlled by the thicknesses and porosities of layers 110 and 100 respectively.
With reference to Figure 28f, nanoparticle 120 comprises porous core particle 125
comprising releasable dopant A, and porous fayer 130 surrounding core particle 125. Porous layer
130 comprises releasable dopants B and C. When nanoparticle 120 is place in a suitable fiquid
environment, dopants B and C are released first from nanoparticle 120, and then dopant A is
released. Alternatively, if dopant A is a non-releasable dye, nanoparticle 120 will appear coloured
by dopant A, and will release releasable dopants B and C. As a further alterative, 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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130 comprises releasable dopants B and C. When nanoparticle 120 is

place in a suitable liquid environment, dopants B and C are released first
from nanoparticle 120, and then dopant A is 30 released. Alternatively, if
WBREMR“E% non-releasable dye, nanoparticle 120 will appeFEdIRAGAEE00193
by dopant A, and will release releasable dopants B and C. As a further
alternative, if dopant B is a non-relea$able dye and dopants A and C are

a releasable dopants, then nanopatrticle 120 will appear coloured by

dop i . ially.. Multi-dye I
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theblooetion théhe asropatiseles depends on the dye components and their
concentration rather than their location in the nanoparticles. to Table 5:
The component of dye doped nanoparticles. Sample Core Shell-1 Shell-2

Tehlp&:ghg sempanent pheyesiopemBaaivigscuPC: 6.48 mg Si02: 72.00 mg

Si02: 576.00 mg CuPC: 6.48 mg Sf02: 288.00 mg Ru: 3.24 mg LNK-880
Si02: 72.00 m[Si02: 576.00 m Figlifé 29 shows the dye Telease of each
saanpplie in PBS @pleosphate buffer|sgigticn) at 37'C. Masepfdhe dye

i icles-was-that-encapsulated. in the outer
1s C and Rgbmy)32+ for LNK879 (Figulesg®eA) argib MiK88D

?E@%Jlﬁgng) %T(ﬁ’z‘?CtiV%YDO!:rﬁé LN theBBORGshtra ﬁm

remained roughly constant betweegnday18-and-day4 ;
gased su W@ially.ﬁﬁﬁ@mvenﬁ%s, hyg%%sise thaiLthis may.- &g
occurred due [@igeconTpositign of &cuPt or a%so igfien ofgﬁ;laoglﬁq_c_:'
e,

with the walls of the container. In the early stages of the release prof
th i fCUPC | d ' bstantially 20
con I SR SOt AC il WAL U MR PHOICAE bt 37
Meglghthe ﬁ%{@é&@@ﬁ@wtmﬁui}tﬂwmpeﬁuiesmqoﬂ)simmﬁigme RRA DI i.o.
cipatdie AR BIMIRRMIIANG L AR aHPRRed6 RAaG A UR RN AD ey, o
t of the multi-

da8¥s, suggesting that sequential release of the con ayer
LNK879 the Concentration of CuPC remained roughiy constant between day 18 and day 40. After

that, it decreased substartially. The inventors hypothesise that this may have occurred due to

decomposition of the CuPC or association of the CuPC with the walls of the container., In the early
stages of the release profile, the concentration of CuPC increased or remained substantially
constant, The inventors hypothesise that this may indicate that the dye rélease rate Is higher than
the rate of decomposition. Figure 29-A shows that the dye (Ru(bPy)s2") in the core started io
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)s®) in shell showed continuous release up to
64 days, while a slight amount of CuPC was leached simultaneously and then decormnposed 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 refease 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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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 25 days. It

W PSS these results that the release rate profile may Beadj#etafyte3
depending upon the nature of different dopants in different locations in
the particles. Figure 29 A shows the ‘ésequential release, with an initial
release of dye from the shell for the first two weeks and the release of
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amaggf% ificles showed slight broader particle size range. 20 The
encapsulation efficiency of orange-Il was measured by UVNis absorption

aftefhesinespTHgtie Slgenne phasssalinig spassesis andW&énipkporption after
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saMhidaith 28 RREANSFEEGthe outer shell (LNK1122) was about 45 wt.%, The encapsulation
efficiency of organic dye appears to depend, amongst other factors, on the nature of the dye, its
amount, the dye to silica weight ratio, ORMOSIL mole percentage and the thickness of ORMOSIL
containing layer. This indicates that the organic groups of ORMOSIL precursor may play a role in
preventing the dye leaching from silica matrix during synthesis and washing. Furthermore, this
effect appears 1o be dependent on the function group of each ORMOSIL precursor, it was found
that GLYMO (epoxyfunctional silane) was more efficient than most ORMOSILs in preventing dyes
from leaching out very rapidly. -
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Other methods fo increase particle size while maintaining particle monodispersity
High surfactant conceniration

it was observed that when the particle size is above 100 nm, the emulsion system becomes
cloudy, the particles start to precipitaie out of the water droplets and finally form two physical
phases without agitation. One could postulate that the co-surfactant loses its function and that a
higher concentration of surfactant might maintain particles in suspension. Figure 32 shows the TEM
images of silica particles produced using various surfactant conditions. The initial seeds (core-shell
particles with diameter between 74 and 86 nm as shown in Figure 32, a and b) were produced
using the typical synthesis procedure with 0.2 mollL NP-Q and 0.2 moll. 1-pentanol with
fwater)/[NP-9] mole ratio at 6,

The core+2-layers and core+3-layers particles were formed from the seeds produced above.
Without the addition of extra co-surfaciant {1-pentanol), the surfactant concentration was increased
10 0.4 molL (fwater}[NP-9] mole ratio = 3 then), and 0.6 moliL. (fwater)[NP-9] mole 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-




15

20

25

30

in particles with diameter between 74 and 86 rim as shown in Figure 32, a

and b) were produced using the typical synthesis procedure with 0.2

mol/L NP-9 and 0.2 mol/L 1-pentanol with [water]/[NP-9] mole ratio at 6.
WPHEEEPAIS-layers and core+3-layers particles were formedPfr&hg6/000193

seeds produced above. Without the addition of extra co-surfactant

(1-pentanol), the surfactant concentrition was increased 1s to 0.4 mol/L

(Jwater]4NP-91 mole ratio = 3 then), and 0,6 mol/L (Jwater]4NP-9] mole
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han TRt @xtia sasudagiangproduces particles which are mono-dispersed.

However, as another layer grows (Figure 32 d and f), smaller particles
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spers
growth techmques descr:bed above (he. multi-addition of TEOS imterspersed with addition of

emulsion components). During each incubation cycle, the silicon precursor is added twice rather
than once in typical method. Figure 34 displays the TEM images of particles at each growth stage
with water to surfactant mole ratio at 6 for the whole process. The initial seeds were about 55 nm.
After 3 incubation cycles the initial seeds were coated with 7 layers, with particle diameter in the
range of approximately 200-240 nm. At this polnt, the water to silicon alkoxide mole ratio was
slightly above 4. The results of this new method show that the particle size may be increased above
200 nm using a smaller number of incubation steps.
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Figure 33 illustrates the process of production of layered particles by

combining the two 25 growth techniques described above (i.e.

multi-addition of TEOS interspersed with addition of emulsion
WegHip§#HEats). During each incubation cycle, the silicon pre ®GrEOURIMIGET3

twice rather than once in typical method. Figure 34 displays the TEM

images of particles at each growth stage with water to surfactant mole

ratio at 6 for the whole process. The initial seeds were about 55 nm. After
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room temperature followed by an incubation stage at 55+:5°C for one hour fo ensure that the
majorily of TEOS was completely reacted. The new emulsion components were then added to the
suspension followed by an incubation of the mixture at 55::5°C for 6 hours 1o allow all newly added
water to adsorb on the existing particle surface. Figure 38 shows the silica particle size at different
incubation stages. Before incubation, the particles were in the size range of approximately 76-88
nm. After indubation for one hour under 5525 °C, the particle size increased slightly 1o about 82-96
nm. However, after adding extra water and then ihcubating the system for 6 hours at 551:5¢C, the

average particle size was hardly changed, exhibiting slightly broader size distribution. No particle



As mentioned earlier, to produce layered nanoparticles the seeds were
manufactured at 25 room temperature followed by an incubation stage at
555C for one hour to ensure that the majority of TEOS was completely
Wid 2e4eer¥e new emulsion components were then added td*fH@éAU2006/060193

suspension followed by an incubation of the mixture at 555C for 6 hours to
allow all newly added water to adsoth on the existing particle surface.
Figure 38 shows the silica particle size at different incubation stages.
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- A\fter incubation for one hour under 555 C, the patrticle size

Walgn%ar%e%ggé@gﬁamb about 82-96 nm. However, after adding extra water
and then incubating the system for 6 hours at 555C, the average particle
size was hardly changed, exhibiting slightly broader size distribution. No
particle WO 2006/084339 PCT/AU2006/000193 52 size increase was
observed for longer incubation times, suggesting that almost all silicon
alkoxlde was reacted after one-hour. PCT/AU2006/000193 Received 23
March 2007 Claims 1. A process for preparing layered nanoparticles,
comprising: - providing a suspension comprising inorganic core particles
or organically modified inorganic core particles in a first liquid; -
combining tie suspension with a second liquid, 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, (f)
if the reagent is added to the suspension comprising the second liquid, the
reagent reacts to form a porous ceramic layer on the core particles, and
(it) if the 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 porous ceramic layer on the core
particles, to form the layered nanoparticles, wherein either the core
particles have a core dopant substantially homogeneously distributed
therein, or the second liquid comprises a layer dopant so that the layer
has the layer dopant substantially homogeneously distributed therein, or
both, and



wherein the layered nanoparficles are apable of releasing the dopanf, ot /AU2006/060193
at least one of the dopants. 2. The process of claim 1 wherein thettfsgived 23 March 2007
liquid is a non-polar liquid. 3. The process of claim 2 wherein the
su%ﬁg&ssion comprises.a first surfactant, and wherein the process
comprises the step of combining the suspension with a second non polar
liquid andia secbptbeasiactaebeddage thbrarepaichd dingpsingeagent, or
the precu A The p aim:: rel ”
e A el L RGRR TEe N By oot

second non-pol is the same a
claim 3 wheEsiitpRiesagisia hefpdmidiquid and second surfactant are

added_sugtriivaidhe: ratiossibiinstiiauigald s sagons nesmetalif eI estye
surfactant qu}us ﬁggfnd surfactant remain constant on a v/v, viw, wiw,
vimot or W @P £l gu@aﬁ e process of claim 1 wherein the suspension is

the predugidpifermdpgithe corepadidle thethadust iatid sd2Ba3eh domprising the
Amendeq[t‘sogece[} L”é?,EAJAU PCT/AU2006/000193 54 Received 23 March
2007 7. The proq:eés of claim | wherein the core particles are

naibp@hticles or submicron particles. 6. The process of claim 1 wherein

theicpie RaEiIFIES AR PRIANS DTG REAERASALHS BikAnY W&ﬁ@fﬂ@ﬂ&@&éﬁf?@%@ts to

of combining with the second liquid and adding the reagent or the

preiTt e RHS PRIBRAHEOA ST 9B SRS s3tRereby forming a plurality of
layidir § tibordduesprioc s scafieltinadisthe teindfie sasomeh g it aseaOiBHd, e
11 C lainy 1 rein: recursar is,added to th

su é)%lr%%gs g@?ﬁ%ﬁe%ﬁgg%%%aggjp%esfgag?rﬁeﬁgﬁrf?)l | hr%céss%é%r%a poTous
liqGRIEfBIC S B Ecatsatlides, The process of claim 1 wherein the reagent

CO{BM@Q@Q%?&Q@%‘@M@Q%@% @igsosslinkable species or a
po(tlﬁmer'tsab species. 13, iI'heﬁgr)éocess of claim 1 wherein the precursor
IS

RO AER TE ek 0 ORI 1o e RO oK oo ity e
préwussomisiicapabrenbhydopysipantadane taaayaageiis kerHopaprogesstialiy
of ﬁéﬂig&&é@{%g@&@u&ﬂﬁ%_&s&f is a hydrolysable silane,
both, and ' | _ _ '
“ wherein the layered nanoparticles are capable of releasing the dapant, or at least.one of the
dopants. _

2. The process of clzim 1 wherein the first liquid is a non-polar liquid.

3. The process of clalm 2 wherein the suspension comprises.a first surfactant,
and wherain the precess comprisas the step of combining the suspension with a second non-
polar fiquic and a second surfactant before the step of adding the rsagent, o the precursor for

 te reagent, ' '

| 4, The process of claim 3 wherein the second non-polar liguid is the same as the
first fiquid.
g, The process of claim 8 wherein the second nor-polar iquid and second

surfactant are added suchy that the ratios of first ﬁqdid pius secorid non-polar liguid to first
surtactant pius second surfactant remain constant on & viv, vAw, wiw, vimol or wima! basic,

8. The process of claim 1 wherein the suspension is the produt of forming the
core particie In the first liguid.
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15, The process of claim 1 wherein the pre.cursor is a hydrolysable  F F:T/AUZ‘*O@@U@I%
species and the second liquid is an aqi#éous liquid, and the procesBeceived 23 March 2607
comprises the steps of: - hydrolyzing the hydrolysable species in the

aqueous liquid to form a condensable species; and - condensing the
condensable spétfeRecgictadiribut nieaitotieravenhariples, 46, Maneparticles or
progﬁﬁﬁ@gn%g,iﬁaeg wherein the step of hydrolysing the hydrolysable

species comprises maintaining the suspension at a sufficient temperature

for a suffient tise FEPFRCIGLE HHGHTA B XB AR EARPT ST ne

process of clainTisaesitignalisicompiisitgtionsapt aietemishitigevialtawviagnd fiquid
teps; - at least partially separating, the layered nangparticles fram the first

! BRI HE g e A ATt o o oty 2

Wammpﬁd@y@red nanoparticles _vvith an organic liquid,; drying or

freeze-drying theylayered panaparticies, 0, s praGERSQfaiaim

[

wherein the step of providing the suspension comprises: - providing an Ny
emulsion Ebmpridh B EqEREGRiard pleeetdlsarsedser thadfretaifgiaussargion. sad
emw%@@%@%ﬁébﬂe@%@gﬁm@sﬁ@ﬁéﬁ%ﬂf kq%mh@f&m #Heedrarlets
comprise g catalyst _for condensation of a condensable species upo ,
hydrolysisZand TRIRSEE AN HON SRR TARRA P FA SOUR 550
55 Recsilreb23Iddaerchr 200¥mardtaing sadvjedrolyzable species to the
emulsion,,said rolysab ciesheing. f ing.i
~ aqueous c‘i?bgle?gﬁ%dg %c’r%r?ﬁbt eaglc%nfgr@g%ﬁgrg;@g%s%,ﬁwaﬁg%ﬁgae%%Q&S_’ anc

corfbreAgaBie 'Q]ﬂé&e@@%ﬂﬂ&e‘ﬁ%@’%ﬁ-fﬂ%p&@&@ﬁ& Shate chfurstvaigoeniom the
thes=sgspension of the core particles in the first liquid. 19. The process of
claim 18 wherein the emulsion is,a microemulsion. 20. A layered |
nanopartcls conFHETEr o HTLHE G THAIRLF BGrREpre
modified i_h’brgaﬁm mmtic{@mmd«bwei@mmmwdws bmmfrﬁekiawef_:si@t and
eapRaCkRlin R HERINARIALCORE REpIEiSMIRIRIRAheaRBk gpe redion
of the nanoparticle selected from the core and the one or more layers has
a dopant B{HRYZRGiAI HEmbtEReBRasigdts B uewrelent tednimasy sragensable
nanopartigiesleiagicapable of releasing the dopant.

— condensing the condensable species in the agusous figuld to form the laver.

18, The process of claim 15 wherein the step of hvdrolysing the hydrolysabie
spacies comprises maintaining the suspension at & sufficient temperature for a sufficiznt fime
{0 hydrolyse the hydrolysable species. |

7. The pt‘ocess of claim 1 additionally comprising one or morg of the following
steps:
 — atleast partially separating the layered nanopartioles from the first fiquid:

— washing ths layered nanopartioles with an agusaus liquid;

- waéhing the layered nanoparticles with an organic %iquid;'

~ drying or freeze-drying the layered nanoparticles,

- 18 The process of claim 1 wherein the step of providing the suspension

comprises: ' |

~ providing an emulsion comprising agusous dropiets dispersed in the first fiquid, said

emulsion addftionally compriaing e surfactant, wherein the droplets comprise a catalyst
for condensation of a condensable species upon hydrolysis; and
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- 21. The layered nanopartiele of claim 20 wherein; - the core particle id CT/AU2006/000193
porous and has a core dopant substarfifally homogeneously distriB§és#ed 23 March 2007
_therein; and at least one of the layers is a porous layer having a layer

dopant substantially homogeneously distributed therein, said porous layer

at least paidiallya sudrolysatic gt doeliea ivlision2 sain dkaiRbrsdle species being
nanopartjgle; ' wherei @ﬂ%@g i ing
the Iayer%%%@gnﬁm %Hggﬁ%g agltf@seq en'gglsyﬁg? @Bﬁﬁiggﬁﬁé’
nawieiseiitide condensabyia proiee SETRAIER corRBrRIBEeIRE §E$é% el iafmghe

a SYSRANSIAN ROTPISINGIUEFrpiRRNie RQUe. particles or organically modified
inorganic core particles in a first liquid; - combining the suspension with a
second lifflid, salfiREESRA _ﬁlﬂtfﬁd%q@ﬁ&‘firwﬁﬁg&lnﬁ@WiW@D%‘?E‘;WGUid; and

- addir)g. @Q_rer?ggnay@eﬁrrgne%ma@r]mw%ﬂMgeggmgam ttm&_g_mﬁi@barmiamorganicaﬂy
comprjsing the .second liquid; where i) e [ 1 i
Sugﬁ%gh%dqo%o&ﬁ{?{f)ﬁgfﬁgg ?ﬁﬂé{eséég)r?(qelialpjlimf%r%h%%g?@a%gcgr%%ﬂe&ac%%o%%??ﬁ{;b% ey
postrsimiranaid tagseradivithehetieab ket ise regien o) agasetiniordsiepgom the
reagent IS aAgRd g e SRS O SATEREGRIG NG SREQRA LRI thereln,

precursor Is converted to the reagent, and the reagent thus formed reacts

to $ekNRYEISERRISPEEYARABISPRIOGFRPRETE PaAERS, to form the layered
nanopartigles, whergisrgithaspireolelgartitiehbasia core dopant

substantially,homogenegusly distributed therejn g ligui ol
comprises oy GO SUYNE Bl Taneh Fig toEe ot R aeneoul
substantialI;dhwimwﬁhgeiuﬁyddistributed therein, or 7206226 Amended

Sheet IPEAIAY,B6,Rothyang uhRreindhe: iayerednanoRgei g mraistantaly

capable of releasing the dopant, or at least one of the ants. 24. A o
nanoparticuBEREHCETERRHSRYS h ﬁ%ﬂfﬂ}’%‘ﬁ}’ﬁg/gr%%sﬁ5%%&&%%@%9
each of whighescereptiseis. an inorganic core particle or an organically
modified lporganie ¢oic. PAIIRSRACNG AL MRG0 TR ARIAINE RXBRR o
east parffally surrounding said core particle
releasing the layer topant and the core dopant sequentially,
23. Layerad nanoparticles made by-a process which comprises the steps af,
-~ providing a suspension comprising inotganic core particles of orgenicalty modified
inorganic core particles in a first liquid, 7
~ combining the suspension with & second liquid, said second lhiquid being
| ~ immiscible with the first liquid; and ' ‘ '
—  adding a reagent, or & precursor for the reagent, to the suspension comprising the
second fiquid; | '

- whereby,
() if the reagent iz added to the suspension comprising the second liquid, the reagent reacts 1o
form & porous ceramic fayer on the core particles, and ‘ ‘
(il) if & pracursor for fhe reagent is added o the suspansion comprising the second iiqgid; the
precursor is converted fo the reagent, and the reagent thus formed reacts o form a porous
seramic tayer on the core particles,
to form the leyered nanoparﬁbles, wherein efther the care parficle has & core dopant
substantially homogenieously distributed therein, or the second fiquid comprises & layer dopant

56 that the tayer has the {ayer dopant substantially homogeneously distributed thereln, or
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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, said dopant being® releasable from the nanoparticle
and said dopant being an active substance, said nanoparticulate
substance having a narrow patrticle size distribution, 25. A method for

bo e"l’i%ring a releasable substance to a fluid comprising exposing layered

whé@noRaiplesICRINGFIREINAEARPIb ESErDREIFIE SR REsANIsALY B3ediigdyy the

ingrganic core particles and one or more porous ceramic layers at least
dOpﬁ’gﬁ"rally surrounding said core particles to the fluid, wherein at least one
regi@d.of the namgpetiticies seiseted famprikiacareiranddheens Q{amlipﬁicies
layers, i rous and comprises a dopant substantially homogeneously .
oo LR TR S Ao PRgiAg Tere 2D BRIl KA Gp drERe core
paréiiel myal duiopanoisding uansticdayalssthvast padithe divisliigiogpalkleccf particie
t. lally re i t f he ed
o e o e (SRS, WL e e o pore
laygra Rines 68 GrgaprohRybTiastate Honesgaenushodispantrsidbereinl orie dapandieing

reldRREBIS FERANYE Ve AtidpashRadially ssuFPURIIRG sRid.GREe Qéﬁ%%%i%%,i”said

the manufacture of a medicament for treatlnrg cancer, wherein at least

nanoRE et YRR SRhRYPArB SR Y RIS B UWeRes and the one or

morgslayers iscBRiiss eNdkaRPIses AleabisAReeIPURISUBRIHMIRA Mxposing
homogene LF’%’ distributed therein, and said nanoparticles being such
YR (AR BFIC ARG YRS PIBEICABIE BREIRAGTHOPSAT Il Tgplhegy noraanic core

partidigwopadtiol® afrciaine 20r0saidananiopayticiedpadast fosmer RyrtomBig Sid core
ayer.on the core particle, 57 28. The layered nanoparticle of claim
oo B0 R i B GRAER  reores
antithpaameasiantbve reyerseispeiquerandizenufiites eoderpattickestanthilipenclaygameously
distributed therein, said dopant being releasable from the nanoparticles and said dopant being
~an active substance and the fluid is capable of at ieast partially reteasing the releasable

substance from the Iayered_ nanopafticies.

26. Use of layered nanoparticles comprising inorganic core pariicles or organically
modified norganic core particies and one or more porous ceramic layers at least partially
- surrounding said core particles in the manufacture of a medicament for treating cancer,
wherein at least one region of the nanoparticles selected from the cores and the one or more
layers is porous and comprises- an anticancer drug subétan.tially homogeneously distributed
therein, and said nanoparticies being such that the anticancer drug is releasabie therefrom.

27, The layered nandparticie of claim 20, said nanoparticle being formed by
forming a layer on the core particle. '



57

28.  The layered nanoparticle of ciaim 20 wherein the release rate of the dopant is
dependent on the nature of the dopant and the nature and pore size of the core particle and the
layer,



