20

25

30

WO 2006/004557 PCT/SG2005/000218 Mesoporous Nano particles
Technical Field The present invention relates to a process for making

WesoRai¥snanoparicles using a fluorocarbon surfactant. 5 Bagk@radS8u021s
of the Invention Research on mesoporous materials synthesis has been

mainly focused on mesostructural diversity, compositional flexibility and
morphological control. The ability to derive mesoporous particles with a
controlled particle size w%ggﬁdpm%%ggé/ép{?g)é Bractical applications.
For example, ultrafine mesoporous particles would be very to useful in

catalysis and gas adsorption, since the uég provide greater pore
accessibility and facilitate molexqg}r"aé%vﬁg . They could also act as the
host mdkbefertsytihesistofauanum fots-hihg magpateshangpaticles
in fsmgtionarspatRdalsmagpioimaging applications. Ultrafine mesoporous
particles could also act as carriers for drugs, genes and proteins for novel

biomedical applications. Igm%}gwgmﬁ;,gw&%ﬂne Mmesoporous
particl b [ rted, .put the type of mesostmcture,
SRLAYG, %%&%ﬁﬁ%&'@ %art%%ﬁﬁ] esy‘ntgeésls gasy %ce g gxgﬂ on

the degree of structural ordering an range of poré sizés Ravd%

lin PGS REEYaiiiEsifatsmaeritasgefnsliliusndennplviostorbistetinl. The ability
Mesdporeus:ssPigsus pariGesWith nexagRNal FAEVRSIG W RRI S SHHEIHEES for
aﬂﬂaﬁﬂgﬁéﬁ)&r@%ii%'aﬁé,ﬁ%e I‘sod?hgresl\éviﬁtlg;“caj}isordered (tgﬁ‘re str_ucturesi but
special equipment is neaded for this - 20 ApproaERP VS RAgtHEY arid be very
YIS Rl s drsudsenrispariseb anvoividethedeseraafea poationissibility
a|_mmmmmmrma§ﬂmm ?fﬁ@?%@ﬁtf%%&l @m@g@n@}}ﬂh@xpﬁ{g@%ﬁm
tri r surfactant for suppressing particle growth. N
o B oL P AP 3 A ing
coRRITYe e Yiatinmraesenoniies predisrreititdshacos tibieskeaivalygeares and

smmw@uwm@aﬁgmpgﬁmghgilica as a liquid-crystalline
mesopggggeundelr ag}dliﬁrg nditions, and would not then work towards

suppressing particie. growth. Wit RS TeRHfiBhIaY tdep apasdisalbaemsrted,
biutéhn R firessestakoyathmingiarv i striiets ptek Hendaho Bie B RE gks
Pasecsbeas Ioktainakie, Ry Hu3i AR LRGSR WS, IR ISt AARE"E &8 morous
thsﬁrgfor%gen%glfgr a sn’&sle rocess for makin nanometer-.s.lzea1 ]
pATtiCIER With tunaDIeaRbTe % S5 BYAT RSES BSTIGH g reasiiRremeta) oxide
SHpfER bt @d®rdered pore structures, but special equipment is needed for this
approach. ‘

One method for synthesizing mesoporous nanoparticles involves the use of a
cationic alkylammonitm surfactant as a mesostructural template, and a non-ionic triblock
copolymer surfactant for suppressing particle growth. A disadvantage with this synthesis
is that it required basic conditions, and could not be used in an acidic medium since the
triblock copolymer surfactant would co-assemble with silica as a liquid-crystalline
mesophase under acidic conditions, and would not then work towards suppressing particle
growth. With the restriction of templates usable for basic media (i.e. to alkylammorium
surfactants), the mesostructures and pore sizes obtainable by this approach would be
limited.

There is therefore a need for a simple process for making nanometer-sized particles
with tunable pore sizes.



Object of the Invention It is an object of the present invention to overcome ‘ ,
or substantially ameliorate at least one of the above disadvantageETHSiG2p05/000238
further object to at least partially satisfy the above need. BeneivedytdiSeptember 2006
Invention In a first aspect of the invention there is provided a process for
making 'mesoporous nanoparticles comprising: - providing an acidic
mvxture comprising a fluorocarbon surfactant, a second surfactant and a
silica precursor, and - reacting the silica precursor to form the
mesoporous.nanopamcles. The acidic mixture may comprise water, and
may be an aqueous mixture. It may be a solution, a dispersion or an
emulsion, and may be a nidjecnofdiidRvintivay have a pH between about
0.5 and about 5, qQr.between about 1 and about 3, The fluorocarbon
surfag%ésn?rﬁléis%‘g TS 1515??((32“ ST S SR O oP SRR TR e £ &&Bnd
ST ACRAPITRAPHEERT i e hicobing i i imstarriolitretivnte: fovrnpadot
be a fluorocarbon surfactant. It may be a polymeric surfactant, and may
be a copolymer surfactaffesayaffikcierdsiBek copolymer surfactant. It
may 4 ARalkyene RIqe Dlock fPAIVIaR U I61anG.£ 4,80 FURQ Rlock
C‘?j"%%é@fr surfa,ctqr!t. The fluqroca_rb(_Jn surfac qr_ﬂ and the secon ‘
s it May B&miscible or immiscible. The silica precursor may
compriseravifintraly saidie sikame suolrianan afkowyshan ety comprse
for exanua}a@ﬁfi@u@ggyﬂ@e@m@@traalkoxysilane, or a mixture of the |
two. The acidic. mixture may also camprise a hydrophobic materiaLThe
hydro ho _.%“r%‘g?esﬁé‘i‘ Prrﬁéw“%%?ﬁ?%%%%%%?%ﬁ%ﬁﬁ%ﬁ%ﬁc or alicyche:
hydrotr Btfic BPETESTRORAEHET SPHGUHAL RS %BRIHESE M Ttal BBisIise
sohvien thisrtyire ofd pdrdytokid mster ahidtomnadsibe hdudiopheRitediguid.
TheuSioNQf PRPAINghe-RGIdE MMM COMAHSGGOMRBIRNO e,
sligapreguizor.With.an acdic suriagiant midue, The agidic surfagtant
mixture may be aqueous. It maycbe a solution, a mlcelflar.soﬁ?ﬁbn, a
- riiEHSBn e e B Ot B STRePRTEAeD G th &ty e fotobmkture.
TFhdaratioaof silic depreengivortordeiait Surfactaktarblodticepphayt euifatwredn
ahgubel A (lyaine BRRUBIR Sy sivheni Wy, Rasityeo GRRYhRIRkUL
LefeRefasn. durngandiaralier thecombining the mixiure may he.
_ aaltate% e.g. shaken, stirred, swirled, sonicated or otherwise agltateg.
Idic surfactant mixture Amended Sheet IPEAJAII WO 2006/004557-
PCT/ S so500u2 Bay3comprise 2 hydrolysable silane such as an alkoxysilene. It may

comprise for example s t{;ialkoxysiianc ora tetraalkoxysitane, or a mixture of the twe.l -

The acidic mixture may also comprise a hydrophobic material. The hydrophobic material
-may ccmprise an aromatic, aliphatic or alicyclic hydrocarbon, or a combination of two or mgré o
of these, or may comprise some other type of hydrophobic material. & ma,jf be & hydrophohié
Tiquid. | o

- The siep of preparing the acidic rixtare may comprise combining the silica precurser
with an acidic surfactant mixture, The acidic surfactant zuixture may be. aqueous; |t may be 2
solilﬁon, & micellar solution, & microermlsion; an emulsion. a dispersion or some other iype of
maixtare. The ratio of silica precursor io acidic surfactant mixture may be between about 1:100
and about i:2 on a wiw, viv 61‘ w/v basis, and may be about 1:20. Before, during and/or gfter
the combining the mixture may be agitated; e.g. shaken, stirred, swirled, sonicated,e:jlotherwise
agitated. The acidic sqrfaétant mixiure

 Awmended Sheet
. PEAJAT.
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may be prepared by combining the fluorocarbon surfactant with the
second surfactant to form a surfactant mixture, and combining (e.g.

Wisselvingsshspersing, emulsifying) the surfactant mixture in @-8&E46:s/000218
solution. The acidic solution may have a pH between about 0.5 and about

5, or between about 1 and about 3. Alternatively the fluorocarbon
surfactant s may be combined with the acidic solution to form a
fluorocarbon surfactant mixture, and this may be combined with the
second surfactant. As a further alternative the second surfactant maybe

C%?IQ@MM*@ asidigmeluion e farm Rssaaanst SifartaRt SRS tant (o
and this %co.mbmedamth Lheflugroc bo]n.surggctant. An é)lr%g 05 h
thEEH 8ATHREIRR! PR IRS, BE SOTATE(E7G. SRAKER SR 8 fRg =y ne) the
sowifetant o dteinisecidivisrbdpdardicanslienamab by priklbrssamaapout
b3 selution. A dniealian sehutioAnd AF6r O eMISIARClAMLE TUMSIORL @ surfactant

dig %%réion %ﬁ%ﬁﬁ&ﬁ%& mesgfugﬂwixa%rﬁmu Ehﬁf%‘% | 9&3&3{%@@3&&3&? fd

hydi pﬁ(%%?é material, the hydrophobic material may be ed atan
sttt aur by RYRstedl oho repiint e mtiche milither Hirmaire ydged
befafstail heydanmmiinel sdib tefteiddtivdatanbo thof thecsudfactarits) oixtore,

bﬁifg{%@%ﬂa? ti?eﬁ%ﬂ?tﬁ&éﬁ‘%ﬁ? o8 %F&&%ﬂi%ﬁqﬁﬁ%&%%% '3{%@99@?9&%
with or without agitatio € process may ¢comprise step, of agitatin
BT RS BB S i S%f%ﬁ?roﬁ%*ffégdi pgfg]uo??%Faé?$€ﬁ1?fF§8ﬂ?%‘a ed).
emujsiorlhodthbebaveicidemiuisiohs Thelubgyitatinigatimypddetivigemisspemulsion,
MAdErRIG R, MileholkigiAy canaRiise shakingixgliging, sonicating,

ultrasopigafing,.swirling or some other, form of agijtation, The.step of .
reactingj% 6}’/"0’3%%?5%9 ms?ses o?%%?%ﬁ?ﬁbﬁ%%@ }%f qﬁgf?ﬁelgo(%ctﬁlgtmai
stapobagitstng ahiestaeliving therpreresyios rrapepaedhs atilicapiibiietdgnay be
befora hesioR GF acting b beHarialrertingohresiicaAIRg drsRfoRA the
O B NI, LRSS0 dD S AlER Bl BEURRL Gelelh e
mesoporous nanoparticles, which may be mesoporous silica .
nanopdfifel84oerhiS&tefs el clin piffethaBiRdiRg dheAeidic gxfiisg thdom &
aaisligionixw disforsiulfizient dmbiand Ataeaifiienbie rbperatitedmulgtn. The
kR YOIyl e sl PEP IR A i A0k,
maintaining the mixture, or emulsion, at a temperature and for a time

sUTraTer SN resqRB VS THEILE X B8 RS A U0 PR SgReof g stine
theapanepdstithest Q0T hetsiep GOF agititimixmayob e otep wltegitettrgriisiesitic

ICRREEMES (¥ SURRRINGS HRMRRIA S theay bedasmeample between
about 10 and ab%ll,\l}t 80C, o%ﬁbet een about 20 and abaut i‘?’%ﬁgv ay b
5 ré:

m
conductetl F5Po8hWEEA 6T STaRY BBEUT S0 RELLBIPRS StEpof "
meindaiwing the sitivawrechisty be foondlic togsendsensyoanepasiies7 Ovhisl may be

abaub 06 sand Mmayatifeiwasnepaidy 3ohardakROGei sraybe conducted
for D ey A AR hrt £61 STATR O Bace A2 a sufficient temperatore for
at least partial hydrolysis of the silica precursor to form a hydrolysate; and

« Tnaintaining the mixture, or emulsion, at a tempéram:e and for a time gufﬁcicnt

for reaction of the silica precursor and/or the hydrolysate to f‘orm the
nanoparticles.

The step of agitating may be conducted at ambient temperature or soine other
temperature. It may be for example between about 10 and about 80°C, or between about
20 and about 40°C, It may be conducted for between about 5 and about 50 hours or move.

The step of maintaining the mixture may be conducted at between abouit 70 and

about 150°C, and may be between about 80 and 120°C. It may be conducted for between



4 about 10 and 100 hours. During the step of maintaining the mixture may
be agitated or it may have no external agitation. The process may
WwamPpHsete step of heating from the agitating temperature t@ e cao0s/000218
maintaining temperature. The heating may take between about 1 minute
and | hour. 5 The ratio between the fluorocarbon surfactant and the
second surfactant in the acidic mixture may be between about 1:1 and
about 10:1 on a w/w or v/v basis, and4may be about 5:4, The
concentration of the surfactant (fluorocarbon surfactant plus second

SHSB%M&WGB%@ﬂdmmig%eesmf%m&eﬁgmwﬁ&%apeca@qma,@%c

on a w/w or w/vb sist, and may be about 3%. The concentration of the
sfﬁéﬁlﬁr‘@&?@ﬂ?ﬁ?f’ﬁﬁ% 488ic io mixture may be between about | and about
20% ot wrwesnmeD PUpeshe derioffiying Bpe thougteing FRRSBMRe the
fluprpaasheayHactantioihesiinaypiccuesatmeyoid hetmeend ahout 1:1
and aout kb Oueh it b RASIP ARLMMRA AROU:h:: RBRIRCESRe

may additionally comprise at least partially separating the nangparticles

residia METETR TOMIBA YRR AT AL AT PRI AR SRhEANCH oY BiSiSeTRd By

- Thésapaay 5i8. cri poiseditteiingf sbetindadacafitagcadatrifogiegny abisuerond
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filtering, dialysis.DEmbiane e iesarsaMSRINES SHitable:NPsesa 3 or
mgg‘/bcomprlse more than gne of these. After t sgg%rgtln the
n .

Pasiiciad PR ARRMsHAG ARG Mol HARPTRLRIR R ML fgdie
maix e wagdrs betaecagomes lsid ahd b Okt ameant .2t eo &/ el sad sey be
%%@#é GojiciclysBb %@mshfﬁmbm '%ﬁ%@&a& -ﬂgm;@@&tséaﬁh' SPAYR: bewéeen
washed once or moye than 20 once, and m washed between 1 an
a@?ﬂ?{t fd ﬁ?ﬁ% ogglrﬁ{c?r%? ‘a"{/(?; %gz}cl%sg)’/%lg v}ﬁw e})?k%ogggﬁ% washing liquid
as anyTbemsearssheyodiianlly srepeisgindearimnrtalivfamties thiapanoparticles
Washi r&gfmasg_{:wmasis&ﬁwmalgem epRIGRAisiRadeitoe digskinl. liThisdnay
e.g. sus ing the.nangpatticles in the. i n s
e S Y
séijaradng procedse s ialle MRSESaBIM M ROPBrER RGN GTRY hese. After
beiwesparahy tikOnanthHols, foryehamplsedbrtt B0@sking eyl bEsforashing
bﬁh@%%ﬁ@%%%@% AP0 RIS of B AUAS FROM S BAUES 4 Bigdkiic
or rhay not be accqm}éganled by agitation, for examgle SE |n%§stlrnrﬂ}9ﬁ, 5
SRR PGS SR Sk PEBIFE TG TP O iR B T i dhan
procesmdnay diseasbed priseducuntptivet Hatupastioles: Fhdh H@&hin@}fﬂ?_&;}‘fiﬁh
bg, [0S PREIYERAN fal JdimeauliciantiosamaveRiBRaubsiBinE dquid.
proportion of thé surfactants. The s%%stantla%&g)ortlo maél he g[eatgr
thilt? A3ERIRGORY SPERCSle PRAIT A0St Bk Ste%ﬁ%era‘? ?gmrﬁaﬁane’_e‘g'
greaierdngihabenpBoiole; imfid wrshibe lpidicad Bibe ser3oOulermgparticies .
é@%ﬂf?ﬁlﬁ%ﬁﬁﬁg ﬁgzh@,aﬂﬁﬂgd" 4 Ry gtet%%ﬁ?hﬁhg%@b@yésm%ea%ﬁﬁamc

e between about 1 an 0 s~ lt.may be,abou urs.
RIS A AESRG b L Fh hare i g Tl o for
nasisentidie, | minute and 10 hours, for example sbout 5 houss. It may or may not be

accompanied by agitation, for example shaking, stirring, sonicating, ultrasotnicaﬁng,
swirling or some other form of agitation. The process may also comprise he%iting the
nanoparticles. The heating may be to a temperature and for a time sufficient to YOmove &
substantial proportion of the surfactants. The substantial proportion may be greater than
about 50%, or greater than about 90%. The temperature may be greater than about 500°C,
and may be between about 500 and about 1000°C, The time of heating may be greater
than about 1 hour, and may be between about 1 and about 20 hours. it may be about 5

hours. The temperature and time of heating may be sufficient to calcine the nanoparticles,
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WO 2006/004557 PCT/SG2005/000218 5 The heating may be in air, or in
some other gas, for example, oxygen, nitrogen, carbon dioxide, helium,

VORI g Erixture of any two or more of these. In an embodigeptiNgssdsor1s

provided a process for making mesoporous nanoparticles comprising: s -
combining the silica precursor with an acidic surfactant mixture to:form an
acidic mixture comprising a fluorocarbon surfactant, a second surfactant
and a silica precursor; and - reactlngSthe silica precursor to form the
mesoporous nanoparticles. In another embodiment there is provided a

SEs: Sl @9%%@8&%% E%Q%P%J'EL%&@”&Q?E&&%&SMQM

he s Ica rec rsor with an aqueous acidic surf?%hant solution or

rﬂi@?@é B A8V AL A G ADUY SERAE ARG IS SBinprising a

fluorokerembsdirfeotamteasseedied sunferstrfonmaking ifcsopreryReraigles
g&&é} e silica precursor to form the mesoporous nanopartlcles is in
an

other eémQqdimept t ere is rowdec{l} ﬁroo%ssggrlﬁ%l%rﬁlgsqg%

nanoparfitfé ”?:‘8%1 ma-p ombining the <ifica precursor with an acl
surfactareidiixtoiavs f@mr&ﬁlgatféﬁewmse&ﬁ?&*}éuﬁ@e&%cﬁ%@é%ﬁﬂd A
surfactantie sesRpdsuiiactant and a silica precursor; 20 - agitating the

acidic Mt L ISR e a9 il isamRpigiue for o

least par{laf ¥S|S he silica precursor to form a hy dr%)ysate and -
maintiin#igihse FIRAHEHr Q‘r?fﬁlé?oﬁmé(fdo?‘feﬁwﬁé?‘ﬁﬁrefoén‘& fifpgporons
sukftgiantidorsepatiog: of the silica precursor and/or the hydrolysate to form

the nangpaticles. R MANMHRELEMARINeRLIBR SRR YteeR HREaS S

for making mesoporous nanoparticles ¢ rs) combinin
tetraalkoW@if&H&‘%\}ﬂ% tg ‘i’iﬁh%‘bﬁ%“ﬁ%‘f&%"@%g& t%rte g &n{msmgr% Fiuorocarbon

microemetsitnacy mprisidguafiiotcodrbgosurresraent and a second
surfactant,ig sﬁ&mﬂaﬁé& Rashs mbrepddbuagitaiagdbe acidic

t f ffl { bout 25 t
pertia DS P T Aoy s T e ign g bl

rivcperidisiopnasitiptising a hydrolysate of the tetraalkoxysilane; and WO
2006/00455biR6 (HCARSARARIB with an acidic surfactant mixture to form an

acidic mixture comprising a fluorocarbon surfaciant, & second surfactant and a
sili¢a precursor;

~ agitating the acidic mixture for sufficient time and at a sufficient temperature for
at least partial hydrolysis of the silica precursor to form a hydrolysate; and

- mﬁn@ﬁng the mixture, or emulsion, at a temperature and for a fime sufficient
for reaction of the silica precursor and/or the hydrolysate to form the
nanoparticles.

In another embodiment there is provided a process for makmg HICE0POTONS

nanoparticles comprising:

— combining a tefraalkoxysilane with an agueous acidic surfactant solution or
microemulsion comprisiug a fluerocarbon surfactant and a sccond surfactant, to
form an aqueous acidic mixture;

~ apgitating the acidic mixture for sufficient time at between about 25 and about
40°C for at Jeast partial hydrolysis of the tetraalkoxysilane, to form a solution or
microemulsion comprising a hydrolysate of the tetraalkoxysilane; and
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6 - maintaining the solution or microemulsion at about 100C and for a time
sufficient for condensation of the silica precursor and/or the hydrolysate to

vasmoiAr a@noparticles. In another embodiment there is provigeg&c200s/000218

process for making mesoporous s nanopartioles comprising: combining
the silica precursor with an acidic surfactant mixture to form an acidic
mixture comprising a fluorocarbon s%factant, a second surfactant and a
silica precursor; agitating the acidic mixture for sufficient time and at a
sufficient temperature for 10 at least partial hydrolysis of the silica

precu ESOEIIanQﬁ'iEhgfhﬁéd §9_imeéfr_ ﬁiam?mmth_e mdmtt;] :eo‘t_?’ RaUfBioN e
a temperatyre and for a.time sufficient. for reaction ica precursor
and/or th%uﬁ/%ﬁ)g%ra‘\ SRR r%ntﬁfé%l% 311}1‘8%%1}??0 é%g %natcltreéiééﬂ:‘:’gl gﬁ%ﬁ%‘%%%m
separatirijahenpmdpesrticles from a fluid in which they are 1s located; and

- washingrihadsanapaiticies il & washded liqpidcdss afothekambodipents
tm%%é%&gggg%ﬁ%g&qcess for making mesoporous nanoparticles

comprising: - combining the silica pregtgrsor v¥i h an 1g‘cidic surfactan

mixture t6FSRIHIAS B0y RTARIEIC VB RBASIAY SHEETEL APBOH S S AR A
a secondasiditaniamrandradsilica freterdon serfictuinptireadidieimmizatired
for sufficigft fimae.akd.at a sufficient temperature for at least partial

hydrolysis of the silica precursor,to f a hydrolysate; -.maintaining the
mixturé, G g% % ca"?é#foeef%tsﬁfrg%ﬁa ora m‘%%easéﬁﬁ?é}%%t%%ﬁ%we for
reaction ef Wvet silitial prdcelysisrod g MliehBreparenys fena iodralyRee;
nauopartiglgsamlelarshiamialy aepacaling he:panopaices dnine suffivdnt
in which'they are. located: a q hégggm h 0, grtﬂ&l@g to f h
temperatgorre ?ﬁg‘ or gtiﬁ%g s% ficiént to&r‘émgg%@?a&m su sl aﬁ%alo orm e
proportioR8eRAdideFfactants, In another embodiment there is provided a

process for akingialgseparog thanagpmichs domapzising: MvV@hich they are
2006/004&5&&%}&862005/000218 7
~ washing the nanoparticles with a washing liquid.
In snother embodiment there is provided a process for making mesoporous
nanoparticles comprising:
~ combining the silica precursor with an acidic surfactant mixture to form an
acidic mixture comprising a fluorocarbon swfactant, a second surfactant and a
silica precursor;
— apitating the acidic mixture for sufficient time and at a sufficient temperature for
at least partial hydrolysis of tho silica precursor to form a hydrolysate;
~ maintaining the mixture, or emulsion, at a temperature and for a time sufficient
for reaction of the silica precursor and/or the hydrolysate to form the
nagoparticles, '
— at least partially separating the nanoparticles frum a fluid in which they ate
located; and
— heating the nanoparticles to a temperature and for a time sufficient to remove a
substantial proportion of the surfactants,
In another embodiment there is provided a prowess for making mesoporons
nanoparticles comprising:
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- combining a tetraalkoxysilane with an aqueous acidic surfactant solution
or microemulsion comprising a fluorocarbon surfactant and a second

wortagians4e form an aqueous acidic mixture; - agitating the @e€OM®s/000218

acidic mixture for sufficient time at between about 25 and 5 about 40?C
for at least partial hydrolysis of the tetraalkoxysilane, to form a solution or
microemulsion comprising a hydrolysate of the tetraalkoxysilane; -
maintaining the solution or microemutsion at about 100C and for a time
sufficient for condensation of the silica precursor and/or the hydrolysate to
form the pappRArtcles: iz Alilesi Rruianeerarting heRaRORAREeS:
from a fluid in whjch they are located; apd heating the panoparticles to a
tomperaHE RN YL I S AR5 TETR GV Lt Lt AP B SRS o7

the surfaftemts, AMheriveliionisitmg: provides mesoporous nanoparticles
when magladaydhe Rpeassabidsiheafy Sasmestalninsacidaspast of tha

invention there, is provided a mesapor pari ticle having a particle
cire botCEh DO i B IE IR AR AR 61
304nm, dRiieRfs sgRsTEiAe puRRddreadudtal ity Sbbaisuatprsilanc:
between abiatidngntle abuic3Gnnmbtgreatdontrmnbonn) G etwdefm abdwt
10 and 5008 LhR NRNERAMIGIES MAKRS HRYE-daRuer RIS BariRato to form
foam-like mesostructure, or may have a 2-D hexagonal or wormlike
mesostrdéﬁﬂ@."mqﬁ%soporous nanoparticle may comprise silica, and
may compiiae mesdhosepmasil theThrmailivislnralydre o duadinithiot itbey arc
elementsy,far.gxaiple titanium, aluminium or zirconium. The mesoporous
nanoparticle, may be spherical or some other regular. shape. There is also
provided lg‘apnlnﬁg Ve %Ifnﬁ?é%é%%sotf’o%ﬁr? %3%5&?8@3% %{iargcdsé)g(i:ﬁ ed above.

. The measvpriguliskpsipertenieé thamsfsitittes may be between about | and

about $RORMExTRQIBHGIIE Feshissits iaroparsclhe Wiaastal barpwothe e
nm;/hbi% less than about 50% of nanoparticles having a particle size more

thah Tod5 Gitrerent from (greater than or less than) the mean particle size.
The miasbpsead aersplopfaiirciarepisaylise Ry HedraTsigeesEpRpHfse
anppass ebieinventonesn dvoat thind abpecitshtheirhentartoerédsnd about
PGHIACC USFR! BRISRARMIONS, BANPPAHASIF0R Bl BB bt 5 an

e
according to the invention for an application, selected from the grou
cAPRYHIRIGK ExtARThangd SR R MBI LPHESTad bR it HORe HEF e

nageetis-Dasbipastides hefuiibsonaiosmievialsoamkpibivagifd hoxagonal or
apRlGAIO AR ATe CHIICER IO AL SattpRRR IR NHH T QlEIAS 0L AQY hd may

g@gﬁ?g%gg%é%% ?g@gé.-[l%g rsexiggaa;lxsag %90%99%%933%7 elements, for example

fitanium, aluminium or zirconium. The mesoporous nanoparticle may be spherical or
some other regular shape. There is also provided a plurality of mesoporous nanoparticles
as described above, The mean particle size of the nanoparticles may be betweer about 1
and about 500nm. The particle size distribution may be broad or narrow. There may be
less than about 50% of nanoparticles having a particle size more than 10% different from
{greater than or less than) the mean particle size. The mesoporous nam:parﬁcle(s;) may be
made by the process of the first aspect of the invention.

In & third aspect of the invention there is provided a use of a mesoporous
nanoparticle, or a plurality thereof, according to the invention for an application selected
from the group consisting of catalysis, gas adsorption, synthesis of quantum dots and
magnetic nanoparticles in functional materials and bioimaging applications, and &g

carriers for drugs, genes and proteins for novel biomedical applications. There is also
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8 provided a mesoporous nanoparticle, or a plurality thereof, when used in
an application selected from the group consisting of catalysis, gas

WESRRenssynthesis of quantum dots and magnetic nanopagicles;Hos 60218
functional materials and bioirnaging applications, and as carriers for

drugs, genes and proteins for novel biomedical applications. s In a fourth
aspect of the invention there is provided a catalyst comprising a
mesoporous nanoparticle, or a pIuraIiﬁ/ thereof, according to the present
invention, said nanoparticle having a catalytic species associated

therewith, The. catalytic.sBesias, Moy i Agsathad, enousd of sptpikaton
ahdJor in the nano artiele. The aall tic s ecies ma Fpeﬂ%gsoggalgg&um dots
catlsRiet R dedr 8?@%%8@ Ic é’vtaﬁ/gﬁg sspg’qf(?% r an ingrganic.
catalytigriGepecipstidaniy ectendrpyierials s His BRI ALsH g &5
Itpay-be v epikhaneiniier AaropRiticlzcal afiayidis. associated in
some other, fax?]t?ion.(;J lhege is also pravided a PRCERS forRalinYRnprising a
catalygt1 éacg%‘lr nags.o fhe fourth aspect comprising exposing a . . ”
nTRSOPIIN SRS I 2 SRl BRSO SrETLIAE (O FF R T THhE Y BidL 5P
inveeliatcionhesatalyligispeeies afbecatalyticspetlosatdytibepisics may be
SONRN, (95 SXAMRIBALAHBEHS: A IRBARRUIRARRC Hhics may be
exposing may comprise agitating the pano artlcleégg ani_d a'gthe %a%é/ggtal ytic
T Ae LS RIS 6T RERURY ?frgk‘fﬁ YR TG, sonicaung.
ukpasienitaiingbswiringr somecotfier fantitsfmemetidmMHe spTeseRdy boned
n@{ggn@%gﬁtﬁgg%fgg@?&%m ;ﬁst@l[@%ttm gty st to become
associated wi e nanoparticle(s). Alternati c
compris S aSERPIRE %ﬁ% oF ?ﬁge'%%'ls%ﬁjf%%l Sé%%%ﬁ%%ﬁﬁﬁé@ﬁe '
fosoenaivipdertiosiigh merenopasturopticlehpridisl Brosalideoiding to the
N2RARATFGSLING PSRBT DY CRIMTseaiplcatieno ipebsiraphaion, for
example greater than about g 28 -the
e S Ao prant ahalibRuG 0 e aam a0y cnatd silig
plosastingrticielFi ondafbe HHY oM AR AERE JPEYS SRR Bt e
drgegh aiaRMe LRrgomeans) aviAbgaprate nthesoviatd defetipradiborbitadior may be
bound areabedbarevity. Shadiaandiangens andias Rsolaitnaxhee

r
reversﬁ%y associated with the nanoparticle, or may be irtev rsibly [vst or the
agseerarBelmerdNmmatthr e A6 dURIeE I BYSe LSS makinga ©
naphpaitinle, the aapdpeetiticthefeotxaagdo thipketoatnanfipgstisiplsd (comprising a
C?ﬁ?ﬁﬁ@&%@ﬂ%ﬁ%i%ﬁ%%&ﬁ%@%@ﬁw pouRbiralityréhareofor
according to the present |r}\g$ntlon,g%&hgnd{)%gt%d/%rs%% and/or protein.
THRERIG ERFHIER Y Brofeit May Be M solttion or In emulsion,
microemulsith empstispiisidneTie dipedmpronidptarmpieadiinating Rivgily
n Eﬂé&@cﬁftigﬂﬁﬁné?@tf@qwﬁm?tsaﬁ]w&mg IAYERORAY IBR/RiXiBY aud/or
shaking, stirring, sonieatin trasonicating, Switing o seine '
ofﬂaﬁﬁ‘cft‘fbﬁ%sﬁ“ﬁge‘ éﬁﬁti&‘#ﬁﬁ%% Be Coh i%ﬁ%%"e& et dﬂ*é‘?m"?m
and/or protein may be reversibly associated with the nanoparticle, or may be igeversibly

associated therewith,

There is also provided a process for making a nanoparticle, or a plurality thereof,
according to the fifth aspect comprising exposing a mesoporous nanoparticle, or a
plurality thereof, according to the present invention, to the drug and/or gepe and/or
protein. The drug and/or geme and/or protein may be in solution or in emulsion,
microemulsion or suspension. The exposing may cornprise agitating the nanoparticle(s)
and the catalyst. The agitating may comprise mixing, shaking, stirring, sonicating,
ultrasonicating, swirling or some other form of agitation. The agitation may be tontinued



WO 2006/004557 PCT/SG2005/000218 9 for sufficient time to allow the
drug and/or gene and/or protein to become associated with the

wanepastigle(s). Alternatively the process may comprise passgihe Aid@oo21s
and/or gene and/or protein past the nanopatrticle(s), for example through

a nanoparticle bed (comprising a plurality of the nanoparticles). The

process may comprise application of s pressure, for example greater than
about | OMPa, e.g. between about 25°and 50MPa. In a sixth aspect of the
invention there is provided a method for catalysing a reaction of a starting

mﬁe{ﬁ%&& ﬁ'ﬁ%%%ttio@fti%rc@ﬁgmt ' é(?@a@m{ﬁt hy bft&gr%mam g 2XPOEHGNith
startin ra Oa.C st according 1o the rourtn a (0]

rﬁ?(?ﬂp %%ir{\ AR 6%069%31 o?t & reaction |sgcap§m% fg oF Bene
ca@w.r@qﬁ@r@a@t@w Fﬁ@%@ﬁ&i(ﬁhgfﬁﬁaﬁéﬁmﬁa%ﬂh SolBtRsHARNFRCHPed

MEYRESN 26 YREKEOH IROmRAGHARLS). SDiktiencesthaayanmisiecipplication of
s SRV DES3 #@3@{@0 el R-aBR0o0aTaRe. an

ester, a oca ca on or some other solven ; The method

may cdmpr%@ggna}arﬁ the Upsriie hster s e8I MRSk d Harralysing
catalhi Dhe agitatingandyl comprisiemixifo; shelkivigy Sirnmeustnicaprigng
ultrasonie a&%@{gﬁﬁ%ﬂ ﬁ%&@&@%&f&&h@f@ﬁgﬂmﬁ@sﬁ%w&qﬂ%m
o‘?%%)e continued for SL!ffICI t|me to allow sag}rtlnfg tE}terlalé1 ea o, The
ﬁ%%%%’t‘bﬁﬁ?&eﬂ TR RS § Ay O e Pasding
10 thamgmgen%m@mw@sgmmba@w@fea@ww %ﬁ@kaﬂp@w@u@ﬁn
a ‘fﬁ&%ﬁ%@%&%%ﬁi@ﬂaﬁ\ h@wéaiaaoaﬁ@@@m@dmnm@ommaa hﬁ\ﬁﬂ'ﬁr
acatalglc r%%%c%ﬁasso& er}leégwnh Ter%%e Z t%%je 12 g/ e of rise
sUtHt R R, SR St 2B Th starting 20 n%/ater
inagitatirexttis sertigarmtenahmoiheredten con fermaipkrtndipratiing fpy comprise
SeyaMb %ﬁmﬁg 0§ﬂhﬂxgnweﬂaamghmea@ﬂb@u@dmngdmammﬁmwf
« NesMERo LG SkInIReesh Al e eanan-Ina £ihiR aSARE ALIRR

mv%1 ion"thereds prow a met or dellverlng a drug and/or a gene
arf/epr et dartsaradneing! @5&5‘8&‘ ARl S RRBRAE NS Sihrins
2srasprtboft@lnienterniio anlgsty o r@m&MeM@ﬂﬂmaﬁm Yesingfgprising a

/ r ;
meg?ﬁbﬁ%@t%%{dﬁ%] g%pgtueﬁﬁﬁﬁm%mﬂ%d IS g ?n%tgég% ?@ eshic).

T OGP PDPUEHE AR BRI Th ESH AR th saring
20 ermummenhcrbag' ibeuffivianiie elisvert tironenereriod foteptadiust. environnient.

The mﬂ;@%@v@ﬁﬁb’a@ﬁe&?&ﬂﬁ@iﬂ%@ﬂ?&f@&&ﬁd&wﬂdcﬁ 8- pRodiceasen sy the

patient, wh by the 30 and/or gene and/or protein for the condition.

Tﬁ%eBlgﬂéﬁ %ﬂbgs%eﬁ %1 rﬁaacﬁlgﬁ‘t or may be a non-human patient.
The paliemt dighth bepechsilebitvration dhereis piausidedte mepdOrdakivming & daie

MAMSMPIRL AR L@pﬁﬁ%m@ﬂ@m@%ﬁy@@@aﬂrﬁ@t@m{mmﬁmw the fifth

2 D e e A DD 3l i, M THLADRY A5 SBI56! bt
released from the nanapartwle The environment may be the body of & patient, whe:reby

the method is & method for delivering the drug and/or gene and./or protein to the patient.

The environment may be an aqueous environment or some other environm;ent. The
method may be for treatment of a condition, e.g. a disease, in the patient, whereby the

30 drug and/or gene and/or protein for the condition. The patient may be a human patient, or
may be & non-human patient. The patient may be a veriebrate, and the vertebrate maybea
mammal, a marsupial or a reptile. The mammal may be a primate or non-human primate
or other non-human mammal, The mammal may be selected from the group consisting of

human, non-human primate, equine, murine, bovine, leporine, ovine, caprine, feline and
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human, non-human primate, equine, routine, bovine, leporine, ovine,
caprine, feline and WO 2006/004557 PCT/SG2005/000218 10 canine,
whedmameal may be selected from a human, horse, cattle, cQwxRdhoa00213
buffalo, sheep, dog, cat, goat, llama, rabbit, ape, monkey and a camel, for
example. The condition may be for example cancer, AIDS, arthritis,
diabetes, hormonal disfunction, hypertension, pain or some other
condition. s In a ninth aspect-of the inintion there is provided the use of a
nanoparticle according to the fifth aspect of the invention for the

g}%ﬂﬂlfé\%rlf] %%&g@gw%@ag&téfarﬂm atfﬁiiﬁm,emz@é, a;;@%ézs @Ki@,ﬂ%@,_gmabuffalo,
isease, The conditjon may,be for ex e cancer arthr "
R T e o FRAR LYo SR o conciin
comlitioforieramplatpruesp NS mdritivetitkstebeeensldirtiaetign, hypeitension,
MegicrRei apmpsisitgr to nanoparticle (or a plurality thereof) according
to the it aspeclaldner e BliRRiRAERA JRARINP NI O RliliRfGrice
clinically acceptaa[g)’fe additives, carriers and/or excipients, In an, eleven

h
A SHREEBE R GEATRPther TRl n et e 8hA %%ié’afhe
e frastndigedseoinlai patent dimapriSihg wdditiers terinbp ot xspratierameer, AIDS,

theranaulityisA ARl A R MR mpaaRR YR 4o dhif-lanth @samehof
the invention, or of nan g}articlesﬁag%gr%ing to %E‘& (%ifth ae%?o%%e%[ E:%?u Heine 4
inventitn? Waﬁﬁﬁ%igé IRGTTAY Be Graly FiSpicany, By hjection b
(imtreopertiolss (ntrapiusltiatierel) Byemfiamtertisr Biilsameciopidhe invention,

apprepiistadies Riefddessripien aiibairasipgsl2Qainrelewetldoramdb:
the gres?nt invention will now be described by way of example with

reTEPEIREE to the accompanying drawings wherein: Figure 1 shows )
experifentaresinsRsecalcife PSR IEE Jfamiyy idPthe Bréghfor treating a
invgidtioy, apSEhdemiciog rgpintineetiifhy/adnoigrapty thy-phtidR dRkkdpeutic

m@%&%ﬂ{ﬁp&s 213ken-ahdiferentdneidenaRs utOkskbdObANde ikddntion, or o
reSpectively (inset; the 21 corresponding FT_patterns); e) éil?g%g)attem; f B
N%‘E&B&’ﬁ’l%ﬁ%%%’(’)‘?%ﬁ%@&B%Fﬁ??ﬁiaﬁm"z‘%‘i‘?aﬁ?éle)};b%ﬁ AT IS be

fosratiycinpit ABNGS Ajetioifigitevinevsy agemuinniention: by SElAtimoobyame
(insgk: %gaggm{ga-desorption isotherm); b)-d) I.1R- TEM micrographs
taken at different incidences; (100), [211) and [110], respectively (inset:

corrgsponding FT pattgﬁé)b%g,;g%% %ﬁb@’\ﬁcg?ﬂ? imental results for
C_a'c'”_egé%%ﬁma&%%@ﬁ}%ﬁ%ap@%%&l I¥eEn _é?%%—%% YRR mple
(inset: micrograph); R-TERM micrograph; c :
addrpienange tolrrsrorsBIRE M drawings wherein:
Figure 1 shows experimental results for calcined IBN-1 according to th{? present
invention: 2) SEM micrograph (inset: TEM micrograph); b)-d) HR-TEM mierographs
taken at different incidences: [100], {110] and [111], respectively (inset: the
corresponding FT patterns); €} XRID pattern; f) N2 adsorption-desorption isotherm;
Figure 2 shows experimental results for calcined IBN-2 according to the present
'invention: 2) SBM micrograph (insei: N adsorption-desorption isothern); b)}-d) HR-
TEM micrographs taken at different incidences: [100], [211) and [110], respectively
(inset: corresponding FT patterns);
Fipure 3 shows experimental results for calcined IBN-3 according to the present
invention: a) SEM micrograph (inset: TEM micrograph); b) HR-TEM micrograph; ¢) N2
adsorption-desorption isotherm;
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WO 2006/004557 PCT/SG2005/000218 11 Figure 4 shows experimental
results for calcined IBN-4 according to the, present invention: a) SEM

wicgiarksginset: TEM micrograph); b) FIR-TEM micrographp€)y2eB8s/000218

pattern; d) N2 adsorption-desorption isotherm; Figure 5 shows
experimental results for surfactant-extracted IBN-5 according to the s
present invention: a) SEM micrograph, (inset: HR-TEM micrograph); b)
XRD pattern; ¢c) N2 adsorption-desorption isotherm; d) 29Si MAS NMR

ectrum; e) 13C Cp/MAS NMR spectrum. Figure 6 shows experimental
(B for st FRIBFIh BFals 18N S0 IR RO rthareseat

pfeseﬂtmmipﬂﬁm ,nﬁhmgame(iﬂ:ﬂe@] gitectioapgarke dHshorMhaitransphf c)
tt%ﬁs% 1;1 %gfi;ag%pase in this small particle.
eta r| t|on

e Pre erred Embodiments In one form, the

[ﬁ@%?lﬁ%‘ﬁﬁcﬁ’i?ﬁfﬁvﬁ@é Bt fer PRI KLRT RS RN Phatoqsrlig s the
tb&s&)&t’lﬂﬂ&&ﬁoﬁf HBENiiefogizsid (hasticls TER{3M0ragmptiith )t RAbieteates)
%%%%A d%%&-sh%?s&ﬁeﬂm a] MM sAReY siactanmedittad nvir

syhth esls may e Is generaliZed to achieve various pore structures,
iBRGEEY 3-D cubic Im-3 m, 3-D cubic Fin- 3m, 2-D hexagonal p6m,

fE@md”éesﬂdildsV\éﬁﬁmﬂﬂeﬁtﬂOfmltai‘dﬂa?EM giftergapimatexalBtbmpasiinnde
The QeE p{a’)&Xn*?‘? 9'%18;( Ji?d['l'ﬂi;'% (‘;JE'E?J'“ Rt e%é’&tﬂé’\h%ms of

defir |n ‘fmesopores, requ artl e morp d excellent pore
Sce@basilg ﬂ"ﬁéﬁfﬁ‘ﬁ%’ﬁtﬁ wdodbit Iéaﬁﬁ““és?ze and may have

high structural ordering. The process 20 uses two different types of

surfactant. Thg JpRRAYSsBIRRRR%S s R RiPEacBIRRIYRUHACtant may be

used to control the growth of the mesoporous particles, whereas the
secorial SnefAHN N YR ABVANHOR BITINCE 1 HTRIIA DRSS TBM oAl RERFSPS Gt
themerindisnnesosimmiiieci fiecp eehdssCommpoisen prot ding e pacidies i

XY GE0BPYSag “%E’SC%Q ca%?oﬁ“ﬁ@&t&% ﬂx&ﬁ&%‘d fﬁﬂ&?&%@”&

I
a silica precursor, lﬁé reactlng t e silica precursor to form

SIS HITSH PSS OTH S URENIRS FHBHIIREAY RBInArSEn s i -
ey HB daxagpiabpsamifkundilte melywoonriiltespoosse 31 welhras clifierent material

glﬁsw Gifod O ERATRIR ARy hENAY AR %@gﬂw%ga«ﬂﬁﬁﬁé%mcﬂs ¥n well-

ion, and may bea mler emulsion, | ulsion, or a
RAGERCh SR PRAGE RN Popid: Siog B e Foeaiion e
awgﬁcﬁww o adivistablanimblotitidamey 206, highsturogal udadng0, The prpess
19@&%%&@& sk QP sartLARd 79O, iAABE- 260k RACkDBusEeandn

B R s
ﬁg@:@g@y@g@}t may act as a supramolecular template for formation of the petiodic
mesostracture.

The process coxi‘xpn'scs providing an acidic mixture comprising a fluorocarbon
surfactant, a second surfactant and a silica precursor, and reacting the silica precursor to
form the mesoporous nanoparticles,

The acidic mixture may comprise water, and may be an aqueous mixture. It may
comprise one or more other additives, for example salts, It may be a soiutio.n, a dispersion
or an emulsion, and may be a microemulsion, If it is an emulsion, or a microernulsion, it
may have a2 mean droplet size between about 1 and about 500nm, or between about 1 and
200, 1 and 100, 1 and 50, 1 and 20, 10 and 500, 100 and 500, 250 and 500, 10 and.200, 10
and 100, 50 and 200, 20 and 100 or 50 and 300nm, and may have a mean droplet size of
about 1, 2, 3, 4, 5, 10, 135, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 150, 200, 250,
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WO 2006/004557 PCT/SG2005/000218 12 300, 350, 400, 450 or 500nm.
It may have a pH between about 0.5 and about 5, or between about 0.5
wh90dsds2sand 1, Land 5, 2 and 5, 2 and 4, 1 and 2 or 1 and gedE3adt 000218

may have a pH about 0.5,1,1.1,1.2,1.3,1.4,15,1.6,1.7,1.8, 1.9, 2,
2.1,2.2,2.3,2.4, 25,3, 3.5, 4, 4.5 or 5. The fluorocarbon surfactant may
be anionic, cationic, non-ionic or s zwijtterionic. It may comprise
perfluoroether groups (e.g. -OCF(CF3£ F20-). It may be a, quaternary
ammonium surfactant. It may comprise some non-fluorinated groups, e.g.

alyh 0568InR0t FBaVPedaneX@mRlea%4a pH between about . 5 and about 5, or

(G35,20(GESHAC 59)8gF%F3? %‘H(Qm%)ﬁhitg%zﬁ it 330k dlSbaut 3. 1t

SECONT SUTTAtTAN may be anionic, cationic, non-iofic or Awitt erionic, It
mayyisevpe Bfiadsrsatbbnldu #ctaht 1t 1165111567 bhé &- ﬁ\okﬁ?n%'ri"c]sHr?cﬁtgt'z’aln?t“1
and may.fe,a sapdlyrhe flacdeatantsuf hetas poly vemisuidactdmtienayn beni or

bl%t&@&@éy ﬁ‘ﬁ{aﬁ&m@( pﬁeﬁl@m %Q‘RIQB’ rh@@ﬁ@ﬁ@@w&} It may be -3
copolymer or some o type qQf copolymer. he block r m%y
o CIEAGTE (TBRSRR S SHHRR Rty s TEHTA A0 R B (raure

bldkis or mareugisan 5 blBcks. It maxy havéan oddfer an ev@mnmlmber oFC4

bl @%ﬁ,@{@ﬁ@m@e&&ém@:ﬁ@ﬁd@%&hm@gmmmmy

g?ernatln Wlt drophoblc bIo CFES The ermin i) |0ng§ ma

|(er”°r‘11 BeRyarSphme. G o%e Ay be Hydrophi |l(j:°:§'1r?l fagiaat. It

hmmqomolmwé%é\e@m @‘Eﬂffﬁ@ﬁér‘?@ rAPIRAVECD sgriactgip Tho rInplyper
5 different fypescof blogksdi@yntiffercahinenemadsn | tépaly-he am alikdensy
O)é ol OCko%%BI%Q% %giggeﬁ%ko‘myﬁ% lﬁ@cﬁgfzﬁ)@rﬁ%ﬂ) % dfnloe!c
sur nt, e.g, an block Copolymer surfactant., Suita econd

saﬂiaefaﬁ&omaﬁa@mﬁﬁ@%%a(ebmmw Gfdﬂ‘?é"%s locks. It
(ERROR04 T (IA6Y, Aluvenim@ber 4f Blowon md 40§ KRG IPOSCEMERO ) may
&ﬁ %‘f%ﬂﬁ%ﬁﬁﬁ@l&%%%ﬂé%m&’w%w Biddd, ﬁ@%@ﬁ%ﬁ@?@ay be

rocarbon surfactant and the second surfact nﬁ may be miscib e OI’
‘?ﬁ?é‘ i

.M%B%Pﬁ%%& BEHRRR ISR BIE Mgtk R 36’&’8 obic.
hjthobpgalytecs ariersuthayhare 4oy it mordttinay @J&G@tmp@@rﬂp@se(z e.

tr @Mﬁﬂﬁﬂw@ @%9IK@&MW&%@@BM%&M&%&M@&@W@M
n alka Si stj %ace 8%pe oxw osilane %fg“ Suitable
bﬁ&l o%?ﬁ? Waé“r%a §&ndhe (& €.0. benzamP&?m}a gjr
eﬁ@l@ﬂé/gm‘i@‘{feﬂ@ phagiede 2-Hlesepitia b or (BORIBGIABP 3Mita iusinhe F85
Sm@@#@@«m@mnth&mmem@bﬁaﬁmmmmwm:m Plumruc P123

frfigse ci S AL vy miscible,
ethyltrigtb @PIM&Ifﬁﬁﬁxéﬁrﬂﬁﬁ)b@ﬂ#ﬂﬁﬁWgﬂﬁysilmf@ﬁﬁ}ﬂkoxymlane It may be
s O GRERONHARGARE Nl ?@gggnﬁ@feép RS RIS eﬁﬁ'sgvely

hexa eeyltriet OXISI ane (FIDTE decyltrimet oxy5| ODTMS
it may be an alkanoxys:iane (e.g. acefoxysilane), oximosilane (e.g. butanone oxlmo

silane), amidosilane (e.g. benzamidosilane), enoloxysilane {e.g. propen-2-yloxysilane)} or
_some other suitable silane, Suitable silanes include, but are not restricted to tri- and tetra-
alkoxysilanes such as teframethoxysilane (TMOS), tetraethoxysilane : (TEOS),
tetrabutoxysilane (TBOS), tetrapropoxysilane (TPOS), methyltrimethoxysilane (MTMS),
methyltricthoxysilane (MTES), ethyltriethoxysilane (ETES), octylrethoxysilane
(OTES), octyltrimethoxysilane (OTMS), hexadecyltrimethoxisilane (HDTMS) and
hexadecyltriethoxisilane (HDTES), octadecyltrimethoxysilane (ODTMS),
octadecyltriethoxyisilane (ODTES) as well as methyl polysilicate (MPS), ethyl
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octadecyltriethoxyisilane (ODTES) as well as methyl polysilicate (MPS),
ethyl WO 2006/004557 PCT/SG2005/000218 13 polysilicate (FPS),

weMiligthaxysilane (PDES), hexamethyl disilicate, hexaethy! gisificats 900218

functional trialkoxysilanes (eg methacryloyloxypropyltrimethoxysilane,
phenyltriethoxysilane (PTES), phenyltrimethoxysilane (PT'MS),
glycidoxypropoxyltrimethoxysilane (GLYMO),
glycidoxypropyltriethoxysilane s (GLYFO), mercaptopropyltriethoxysilane
(MPTES), mercaptopropyltrimethoxysilane (MPTMS),

PANROREOPEIEY) QUIRNYRIRNG LA FDES), mmﬂﬂammnmagmuweamnm
AP TER )4 m&&&ﬁy&a&g&@wp@gym a;}f gﬁ Shox rosiens
oxys

,3-[2-(2- amlnoe amino)e Iamlno]pr pytrlm TMS), [2-
Fé By ltrieth gﬁ dne (CHIPEFY ﬁmxysnaﬁg%’f
(glﬂ'did&)ypﬂ)wxylmmﬂm%ﬁm (V' I(ES)(}@m,er sﬂ@acpkemprspﬁtdhhﬂmmlyne

i ft
*ﬁéﬁfﬁ%%%mo i ﬁ’%@‘*‘-‘éf b A
3% Snixe PRSI SRR QL ﬁ?oxysfg* % e P HfioRY methoxysilane
Iﬁﬁ%ﬂnme%@xwyéﬂ‘l@m@obmmﬂﬂmmﬁ#d?@@IyI)@i’Iﬁé‘h@SMay é%(@e
ldﬁﬁﬁbet!&%kkhﬂﬁ@)éiﬁﬂ&fﬁﬁ@ﬁﬂoﬁh%ﬁﬁb&ﬁ@@ﬁ@ﬁ&hebabovemgmim)ed 2.
SOrs a | ombination,, T mixt,
&qu%gx Us tOQﬂ é{ﬁ i o%értﬁles oi%ﬁeﬁjs? nano gﬁlc esb%we amd&ﬁt )
r‘ﬁﬂbt lowisthanysidas %ﬁﬁﬁhs thehytipPSERE iRatBamarhes Hipad o Fbffcrartial
inaketizhimaf beyaf theabaticr afphiaticsdlisydlio by diacathan o tia ayobe
§9&T&ﬂxﬁérlﬁﬁlééépﬁa£’£&‘ﬁ%9&hﬂﬁw%%ﬂ' J&&M%@B ﬁowsﬁ agimﬂé,/s

be"a hydrophobic liquid, It 20 may be a swelling agent. T rop obic
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carbon atoms, and the aliphatic hydrocarbons may be branched or-
MBW& iin. The aliphatic liquid may be a mixture of aliphatic

hyd e atidinsmirtiseainsiatlohsrmpesgso hydrerhehis meiieripe thhischydrenhgbic
&Qx&andaaz&e&ﬁ@ﬂ;&@u@ ﬁmﬁah% d¥ amq(am bydenditin, 16ansl 20, s@rnsindb
Q ofaﬁl %r]éghc rb A leﬁia yn%t nger%(% b:lézd &%t?g%og'% Pquu? It

on ato UIta e arom tIC QUI INCIU uene X
m@wrmf@tﬂy&s’e@%hékvmopéwamfbmv&%mmh@néum@ﬁébﬂ
aronixtisrerafiiphatiopticitiensigl e ThelaramationdigtidmayHaauedapiwsieniquid,

gxgﬁl@aﬁﬂﬂﬁp éﬁi@&éﬁﬁé’&?ﬁﬁgﬁgﬂlﬁo@%ﬁ?@f%ﬁ@%&@c%@%&ﬁ R

12 and 8 and 16 or 10 and 18 carbon
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T Debingneing fdhe, BYAERIBRIG 16, 6 and 12, 8 and 20, 12 and 20, 16,and 20,
8 and 16 or 10 and 18 carbon atoms, and may have 6, 8, 10, 12, 14, 16, 18 or ZQ carbon
atoms. Suiteble aromatic liquids include toluene, xylene, 1,3,5-trimethylbenzene (TMRB),

ethylbenzene, diethylbenzene, camene or a mixture of aromatic liquids. The aromatic

liquid may have between about 6 and about 20 carbou atoms, or between 6 and 18, 6 and
16, 6 and 12, 8 and 20, 12 and 20, 16 and 20, § and 16 or 10 and 18 carbon atoms, and
may have 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 carbon atoms.: It ray
comprise a mixture of hydrophobic compounds. The boiling point of the hydréphobic
material may be greater than the temperature for reacting the silica precursor. It may be



material may be greater than the temperature for reacting the silica
precursor. It may be WO 2006/004557 PCT/SG2005/000218 14 greater

Whnsabaut80, 90, 100 or 110C, and may be about 80, 90, 10961:]&82@(;2]90@2%
130, 140, 150, 160, 170, 180,190 or 200C, or it maybe greater than '

200C. The step of preparing the acidic mixture may comprise combining
the silica precursor with an acidic surfactant mixture. The acidic
surfactant mixture may be a s solutionlf,*a micellar solution, a
microemulsion, an emulsion, a dispersion or some other type of mixture.
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may comprise t’he step of a |tat|ng e acidic mixture to form a so utlon, a
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form of agitation. The step of reacting _magP comprise the step of agitating
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- teReRaluR Ve Welhas, RRdinb e RiMSTR Rhihe st RGIY SRR O R,
25 hy&)@%ﬁgé%ﬁrgsonicaﬁng, swirling or some other fortn of agitation. The step of reacting
may comprise the step of agitating the acidic mixture or the step of agitating the acidic
mixture may be a separate step conducted before the step of reacting.
The step of reacting the silica precursor may comiprise hydrolysing and/or
condensing the silica precursor to form the mesoporous nanoparticles, which may be
36 mesoporous silica nanoparticles. This step may comprise the steps of:
~ agitating the acidic mixture for sufficient time and at & sufficient temperature for
at least partial hydrolysis of the silica precursor to form a hydrelysate; and
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WO 2006/004557 PCT/SG2005/000218 15 - maintaining the mixture, or
emulsion, at a temperature and for a time sufficient for reaction of the

WG RIsGEEsor and/or the hydrolysate to form the nanopartic;?%sf,/gl'(l%O%t,@{ﬂn18

of agitating may be conducted at ambient temperature or some other s
temperature. It may be for example between about 10 and about 80C, or
between about 10 and 60, 10 and 40, 10 and 20, 20 and 80, 40 and 80,
20 and 60, 20 and 40, 15 and 30 or % and 25C, and may be at about 10,
15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75 or 80C. It may be
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maintaining temperature. The heating may take between about 1 minute and ghout 1 hour,
ot between about 1 and 30 minuies, or | and 20, 1 and 10, 1 and 5, 5 and 60, 5 and 30, 10
and 50, 125 and 45, 10 and 30, 30 and 50 or 10 and 20 minutes, and may take about 1, 2,

3,4,5,6,7,,8,9 10, 15, 20, 25, 30, 35, 40, 45, 50, 55 or 60 minutes.
The ratio between the fluorocarbon surfactant and the second surfactant in the

acidic mixture may be between about 1:1 and about 10:1 on a w/w or v/v basis, or may be
between about 1:1 and 5:1, 1:1 and 3:1, 1:1 and 2:1, 1:1 and 1.5:1, 1:1 and 1,25:1, 2:1 and
10:1, 5:1 and 10:1, 2:1 and 5:1, 1.05:1 and 1.5:1, 1.1:1 and 1.5:1, 1.2:1 and 1.421, 1.2:1
and 1.3:1 orl.1:1 and 1.3:1 and may be about 5:4, 1:1, 2:1, 3:1, 41, 5:1, 6:1, 7:1, §:1,»9:1,
101, 1.05:1, 1.1:1, 1.15:1, 1,21, 1.25:1, 1.3:1, 13511, 1.4:1, 1451, 1.5:1, 1.6:1, 1711,
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10:1, 1.05:1,1.1:1, 1.15:1, 1,2:1, 1.25:1, 1.3:1, 1.35:1, 1.4:1, 1.45:1, 1.5:1,
1.6:1, 1.7:1, WO 2006/004557 PCT/SG2005/000218 16 1.8:1 or 1.9:1.

wheseasaatration of the surfactant (fluorocarbon surfactant plis-8e6endhoo21s
surfactant) in the acidic mixture may be between about 0.5 and about 10%

on a w/w or w/v basis, or may be between about | and 1'0, 2 and 10, 5
and 10, 0.5ands,0.5and 2,1 and 5,2 and 5, 2 and 4 or 2.5 and 3.5%
and maybe about 0.5, 1, 1.5, 2, 2.5, §635 4,455 or 5%. The
concentration of the silica precursor in the acidic mixture may be between

aﬁ@li: %ﬁﬁi‘i?@?%&(ﬁ@%&vﬁmwﬁgbﬁy trasisscarmayledietpien second
about | ap n an nd 10.
zﬁﬁ%&%ﬂdﬁ@ﬂf é(? 8 @J)féua ng\ fetwagn a?o%?@ %%&%@G&’l@% %ﬁ 9% or

% and maybe abouti,

Ayl BpBs, Bi50®, & Betpoprsebguy] ﬂfﬁ 1% 2ond), 3?4““&1@ {55 45§ 51"6%% 1
29{@ sThgwatio afdheflusracessonsaoiastbntbouteSilich B Efshizio, hayb
%9} en about i3 ANdiahanl, 110002l ity Bsis. 809 BtkRen

ween abo

T A 209100 AT 95D TS BSR4 10
mayse lahdat 1414, 5 e 10,2 Gaid 206 15 2 2001 and 15, 2 ﬂnd 8,3and 7ora

1%%196%%:#1 Ry bedBoniB-3,3;3.4, 414ﬁ505 5306, 0% prosessoyay 11, 12, 13, 14,
additionally compri ast par y.separat i or
frbrh !4 fldic $n WA igfﬁﬁ tlLF ERRRAt ﬂ??lecégbnb%%éﬁ%l%%@%o e &l%‘ d&cm

susg&mdedfmcrdwpefréeldaﬁﬁ N0 TR Sty o betwean
filtering seiling, deeanting | oepuifugings amicLiuen fittetidg;sdiaky3isd 1:4, and

mem$raanguf' g SAERGRE ?&%O'Qfﬁ%%suﬁeb'ﬁoﬁog?sm 2ndsmays 4,

e more’t afi on€ of these may be cond ucted
sMﬁa&éﬁ‘bdd’sﬁy 165 6qtidntiBiN:9%kenthe separating, the nanoparticles

may benyashed Wa&dﬁﬂﬁbﬂygxhqpnd& 20cTHewtisly nepligtin ﬂquaganartmlcs
mu% a%u?zi‘u?%‘r“c%‘gi UAO QRN R %ﬁ@ﬂ}t@&tﬁaquwdu%ﬁedwmm&sed

or some combiriation of these, |t§rg be fo exa n alcoh

S%Hh%él’éﬁﬁé%élsm@'ﬂﬁgﬁ%wgrcfﬁgﬁg?e RSBt maa]f/ggg »SOme ging,
otuemmen minadiy sdiklesis, mgbwkeﬁimnarﬁe@tetrma%m@r@alﬂﬁhémﬁblﬁ process,
Pué%jﬁ?a E&ﬁh‘%’%ﬁ&rﬁ%&?dﬁtbi%seqﬁ;hﬁﬂamwt@mtabmm@w or
iquid is acidified ethanol, e.g. ethanol ou 0
(ﬂgssefﬁzg gwa ¢ jiagpal altigles % ﬁhe@%dtﬁ &W&H&@ﬁh@m

aderegnte nee of more than once,’ and may
bmamwwec:wémntmaamewqm Vi P With 4 non-adueoks ’6‘1‘#‘ or

8 af ohghiE Iﬁ@f&f dhami Qdimesuibaehtiestiimay befuridxdnplsamacohol, such

Washggh auig oi‘”ﬁq OIeH Y s%jarc QRN PR AAiTerRR! WaRASoIvent,
Iltfﬁl Was coi'np exposin he nano articles to
waghmgerm@neegeslﬁss@ﬂmﬂbaﬂ?e%% %&ééﬁﬂ’i& ?rgﬁﬁf An

arés!amﬁe 3P semaal ﬁﬁaﬂl&@&i’qﬁ)ﬁaﬁleﬁéﬁﬂdmﬁmmyasgl reghbigplidvitisryeous
N SRR Hgocfgﬁaaés%é%@%ﬁél%ﬁwﬂ?%m&ae%@m
an ut 100

?Neen abou or between azg O,fsugd 590
e weshed befrsin] 200000t 48 B PTSH oW ar 100 or mare

than 10 times. Each wash may be with the same washing liquid as any other wash, or may
be with a different washing liquid, The washing may comprise exposing the nanoparticles
to the washing liquid, e.g. suspending the nanoparticles in the washing liquid, and then
separating the nanoparticles from the washing liquid, using any of the sepavating
processes described above. The exposing may be at between about 10 and abopt 100°C,
or between about 10 and 50, 10 and 30, 10 and 20, 20 and 100, 50 and 100, 80'and 100,
20 and 80, 30 and 70 or 40 and 60°C, and may be at about 10, 20, 30, 40, 50, 6?, 70, 80,
90 or 100°C. Tt may be for between about 1 minute and 10 hours, and may be for between
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20 and 80, 30 and 70 or 40 and 60C, and may be at about 10, 20, 30, 40,
50, 60, 70, 80, 90 or 100C. It may be for between about | minute and 10

WBYRsARLnay be for between WO 2006/004557 PCT/SG2006/0097:48000215
17 about | and 10 hours, 5 and 10 hours, 1 and 5 hours, 2 and 8 hours, 3

and 7 hours, 4 and 6 hours, | and 60 minutes, or, I and 30, 1 and 10, 10
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was’mnlgethc Qa?agpfrgc?e%? (g?gi%eor any or all of the individual steps of washmg, if the
‘nanoparticles are washed more than once, Thus afier the formation of the nanopartxcles by
reaction of the silica precursor and/or hydrolysate thereof, the particles may be sepamted
from a flvid in which they are located. They may be then washed, or may be washed and
‘then dried, or may be washed and then heated to temove surfactants, or may be washed,
then dried, then heated to remove surfactants, or they may be dried and then'heated ta
remove surfactants, or they may be heated to remove surfactants. The step of drying may
comprise heating the nanoparticles. The heating may be to a temperature bEtW.Cm about

30 and 150°C, or between about 30 and 100, 30 and 50, 50 and 130, 100 and 150 50and



1¢

28

25

30

remove surfactants, or they may be heated to remove surfactants. The
step of drying may comprise heating the nanoparticles. The heating may
W8 W/ ishperature betw'.een about 30 and 150C, or betwegi-gReUbRQe021s
and 100, 30 and 50, 50 and 150, 100 and 150, 50 and WO 2006/004557
PCT/SG2005/000218 18 100 or 80 and 120C, and maybe to about 30,
40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140 or 150C, or may be to
greater than 150C. The heating may b?é in air, nitrogen, argon, helium,
carbon dioxide or some other gas or a mixture of any two or more'of
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If 2 hydrophobic material is present, it may be located in the dispersed phese of the
microemulsion. The aqueous acidic mixture is then heated to an elevated tefnperature
sufficient to promote condensation of the hydrolysate to form the uanopamckes of the
invention. This temperature js typically around 100°C, however it will be under§tcod that
lower temperatures may be used for longer times, or higher temperatures for shorter
times, so long as the conditions of temperature and pressure are such that thfe mixture
does not boil. At the elevated temperature, condensation of the hydrolysate, ?ptionaliy

together with any unreacted alkoxysilane, to form the mesoporous nanoparticles of the
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lower temperatures may be used for longer times, or higher temperatures
for shorter times, so long as the conditions of temperature and pressure

WE8hehniBat the mixture does not boil, At the elevated tempggatidt@inos/o00218

condensation of the hydrolysate, optionally together with any unreacted
alkoxysilane, to form the mesoporous nanoparticles of the WO
2006/004557 PCT/SG2005/000218 19 invention. These may have shape,
nanoporosity and size which is controlfed by the nature and quantity of
the surfactants, the hydrophobic material (if present) and the alkoxysilane.

The, &9%@9&@4}3{&9%&%%&%%&%&@&@%@%c%rsamlaxd by the nature

centrifuging, or by'solvent ‘extraction, and then dried. The surfactants may
bédeRstpeh e varisledHERRIP L HASHHG IR U SRAHE Loy wsne
ethianoksopdoync alcivpaditive mantpaticlemsrathigls. termpenfieies, They solvent
i R ol holye il bt i
etween ahou ou nm. The particle size may be between. ..
T e A R
at@nBseei®s® and 500, 100 and 500, to 200 and 500, 300 and 500, 50 and
400, 5@1anE220ed ARaphdes 200:a06H300 ninbpRand RAGR: Phecls size
particle m ve esi ter ] re,
R T DR AR L B e s,
bardeh ABeiE0Pahandfi SR, brmetivd Qi 10 30 199radsH0
1 200ch20500 2308 40 Ana kD Bnd460) GR8;d5 8 d QDI &%) & @Dt éthak $00and

2906, Sh oA éfaglf?a@m AHHSR a@g&w@&%&v DY GRABEM
pare size about 1 4,5 , 6.4 6.]5f 7,7.5 8,85 9, 95
1 1

,3,4,5 52, 55 5.8, ,

Gt 2 3 6. TeD 18 Ty Vet 105ty b, T g, St g
40,248 dro8GimmopgeettemtimG0ai0T hanh 380 pard H nhemh ity
3%&05@9 ﬁk@pﬁm@%ﬂw 1@0&th -;s@@m&gp,omuﬁdsibgm ThessibicaoaiyJoam,

(0] with one or more qQther e S I R titapi n
BT e T B Sasie T 3T DLl ARS SRR T,
ot S lds hddel SHE iHudidh Asd%rldel Rpdraitn2d130, 35,40, 45 or
MERRAPEY QB BEMAPSIticie TRsHesssibachakpuaiciheinanipiss itieasing by
the nanoparicles .pe T
SRRA AL EE PRIREDARYE haRl SRR dhe R0 i MRl
afir potmale R AHEBHNIY ZHEPBUE: SHeAREPRIL SErapRIslomanGe
asph&iQ] 300samne 6OBr Fzalad 40Pz SUhantl @060 AlancoSEes mﬁianﬁkﬁsxf
3%%%&99?%&9%@3 IheRatislesize MiSHRUIAR MK AR Bharticles

narrow. There may be less than about 50% of nanopatrticles h?/m%??ﬁpgut

pEHERS BEWeSTLRAH, A RO ARPER: TS MU AR B LEL Y
mieani gatic|ensi260,dr das 80t dnabd0d, 4086020 apd AN ofihsd{b Périd 660,

hauingL@ R 16 S 2R dTUE HP50d Oscl@:a20250 30 F, 480 4Ri0(P9H0 and

different from the mean partjcle size, or. may hav out 50, 45, 40, 35,
360681 Q&pand 200nm, e%artgce s?ze mshgbutf%% may%e road or narrow. There may

be less than about 50% of nanoparticles having a particle size more than 10% different

from (greater than or less than) the mean particle size, or less than about 40, 30, 20 or

© 10% of nanoparticles having a particles size more than 10, 15, 20, 25, 30, 35, 40, 45 or
50% different from the mean particle size, or may have about 50, 45, 40, 35, Bb, 25, 20,
25, 10 or 5% of nanoparticles within that size range.

The surface ares of the particle(s), e.g. BET surface area, maybe befween &hout 200
and about 2000m™g, and may be between about 500 and 2000, 1000 and 2000, 1500 and
2000, 200 and 1000, 200 and 500, 1000 and 1500, 500 and 1000, 500 aud 600, 700 and
700, 700 and 800, 800 and 900, 900 and 1000, 500 and 900, 700 and 500 or 700 and
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30 25, 10 or 5/a of nanoparticles within that size range. The surface area
of the particle(s), e.g. BET surface area, maybe between About 200 and

WBoh#RAQm2/g, and maybe between about 500 and 2000, 1P00,&os/000218

2000, 1500 and 2000, 200 and 1000, 200 and 500, 1000 and 1500, 500

and 1000, 500 and 600, 700 and 700, 700 and 800, 800 and 900, 900

and 1000, 500 and 900, 700 and 900 or 700 and WO 2006/004557

PCT/SG2005/000218 20 850m2/q, ahd may be about 200, 300, 400, 500,

525, 550, 575, 600, 625, 650, 675, 700, 710, 720, 730, 740, 750, 760,

770, 380, 790, 800 3 , , 5 .

00 b Tap o A% S8, S, B3, S b H%ié&gil%;gz?
0 )

VBIBrEONTR), B0 ZHb IR, 28rdPhtit SnSIY, B vitné
OLB0aNtR0. 11208 2369013MNASOO026AAII0M, 0BHNIGX or5eifaley Sy pore

%@ﬁg&é %M%Qamgvma%m&%%ow f&cfst @.-féndl)z?iﬁagh(i,
03 a0 i £ ot s MR ok nd Tt andwfbaton,
dr-Infblo BIaE Sh RSB0 BENIR: AddrBJatdd, ifp<ORT: O¥§id % 095 1,
madified avabshapes domesshansdchémispherical; a round to ended

cylinda, capeule shaped, diseqld JRismRtc, ALCHALALLAMhAdR! (e
regular orlfrre_guiar L!C as a_cube, a rectangu ar prism, a rectan qlar

pEnetedisdipsadra s srodifiehrval KRspsy 6ome phad: Ay '3 round
palikiesnonisyitilelvwbeped dinchBl posmtceadiets copiiyhedrdbéetbenessular
°$P§¥e§anag%ﬁﬂra§>é%u&e,'% AR M 35S hAPRBY SRR AR MM ed, o triangular

nanoparti

[ es reported In the literature, in which the pore structyresiwere
R T ST RAD G DAL Bt BTG o e

tharsaboittBapity shee wibsofiereut eriomdete duahttesinres S ¢AvEItigHh
h@@%ﬂ%@ll%@p%‘d@&ﬁz?&%‘M&?I&'i&k@hﬂ@ﬁ%ﬁ&@%@ﬁu@&fﬁw mcaiaotzz@)
exagon rworm mesostzucture. MesosIXucture rerer Q "
TS APt oI SR S, (R ooy e ol &
| amerpwonssizesp (i ofdths)prescrb i HrENtBIh AP FYheT SPrigm-like
PREisias@kthePrRSaRivi W eIDiaaxapainber uaetiike ARsapplisationeltotede
from e o r%gpe%'%m&ﬁg&t%lyﬁié RS RSP HAB RYRGSIS Fhay have

guantum dots and magnetic hanopartioles in functional materials and

biesgaapingapFisadsre, Breaenlsseie rdARR, genes and proteins for
novel bigmpedital @nplipatiansokntisntiehighisd doconsppliatienpcketed from
S&lgacgugrﬁ%m@‘%g% IhemsUlARIeanRESArRIaR: OF gRsHEn At GRANnas:
species, or biological spécies, such as drugs, enzymes etc. for deliverin
PR o B R (R AP O SR, YR BB o
bérgenveiied into @aeitalyft byovehitgnediada it spiecie stiss dbrtbighy i
t%n'%fﬁ%k@'p-gréesﬁﬁ@éymasﬁﬁﬁéﬁstﬂélﬁ%lﬁﬁble for adsorption of gases, or' catalyst
species, or biological species, such as drugs, enzymes otc. for delivering them 14 the site
of action.

Thus the particle of fhe present invention may be converted into a Cat'alysf by
having a catelytic species mssociated with the particle. The catelytic species 'may be
adsorbed or bound or sorbed on and/or in the nanoparticle. The catalyst may he used for
catalysing & reaction by exposing a starting material, optionally in solution, to the
catalyst, whereby the catalytic species of the catalyst is capable of catalysing the'reaction
of the starting material to a product. The catalytié species may be a biocatalyst, for
example an enzyme, and the reaction may be a biocatalyst-catalysed (e.g.  enzyme
catalysed) reaction, The pore size of the mesoporovs nanoparticles of the! present
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adsorbed or bound or sorbed on and/or in the nanopatrticle. The catalyst
may be used for ao catalysing a reaction by exposing a starting material,

Wwatgnabadessolution, to the catalyst, whereby the catalytic SpRGIRS:Sfdt6021s
catalyst is capable of catalysing theireaction of the starting material to a

product. The catalytic species may be a biocatalyst, for example an
enzyme, and the reaction may be a biocatalyst-catalysed (e.g. enzyme
catalysed) reaction. The pore size ofthe mesoporous nanoparticles of the:
present WO 2006/004557 PCT/SG2005/000218 21 invention may match

the di o?{}ﬁia%ﬁa%ammmnwm 2y OVEIDERHZMIIBR thehBzyme to be

encapsulated in the porgs of the nanoparticles with long-term stability.
EsespRpieted %éﬁﬁﬁgrﬂ%'ﬁféﬁlﬁ?aﬁ% ng%% u o%lg%%%tg?nd 0.8 g of FC-4

were dissolved in 40 nil of HC1 solution (0.02 M), followed by the
iMtradydtion of 2.2 g of tetraethyl orthosilicate (TEOS). The solution was
sjisfatkabARC for 20 h, and then transferred to an autoclave for further

d 00 . j : '
oo en3AUan AL 0C[onh PN 2 A el samicd iR doaark O

re ved'in 30 ml of HCI' solution (0.02 M), fgllglv_é(;g b}z te
thselitimodQEFoNidf Blimvel iy ki IntiedPinm ] fof 28not 1E Y TEDSHeS
dgql. Theisalutioniwas.stueriai 306, tord 20:h randetvdridransfeded:
to an autoclave for further co dein ation at 100C for 1 day. IBN-3: 0.25 g
of@@?ﬁﬁf&%“éﬁ?‘b’f“ﬂ&o&g‘t&A Were dissolved in 35 ml of MCI Is
solutionkBee? M folfiiechisyFiid nt 6duetbRGf oves diseiyed in Yy of HCI

ST 9532 B ATEGS eSR.astlest e satoiem wasiar e 2
25C tor , and then transferred to an autoclaye for fbl ther. on tansfarred
corderiBERR wereaddedoPheaaltimnes §5%! gtof ﬁ&f’é% itiptd an%.%
of FG4uele dissolvas Rl MGbosaleianit§.02 M), followed by the
introduction of 1.0 g of TEOQS, The ion tigr f

and th e%%fs%%srgf%g ilé O%ﬁg(,)gc g\x}ecﬁ‘ll}gtrgﬁ ﬁ%ﬁcﬁeﬁﬂ%&%ﬁggw 1

1 a5 BIG Rylskeipfie mroding ofA s M efltehsiBe s i

3925 10, ﬁFéc%%OUo’éirQ”a&@eQ? Whle foiauac oy tharssradpstionoefzb 4 geall then
1, -bFs trimethoxysil'yl)ethane. The solution W%ngéige%gt 37C for 20 I,
annferce ineeredlars & BT BHMALT Shti@Hkation at 100C

for 1 dayg R eptslgloBNrBnit el 25 eayritNasit &6 ateridisolorbindlanefHC)
by sentifho died n 2t gdcalGioRtAhSEPEIY S niRISURRE @ikion wes

Surfactants were removed by éxtraction; 0.5 g of the

astaymthesPefesi plouidbadansiio i polprhpgfor further condensation at

100°C for 1 day.
IBN-5: 0.5 g of Pluronic F108 and 0.7 g of FC4 wer¢ dissolved in 30 ! of HCI

solution (0.02 M), followed by the lntroduction of 1.4 g of 1,2-bis(trimethoxysilyethane.
The solution was stirred at 37°C for 20 h, and then transferred to an autoclave for further
condensation at 100°C for 1 day.

Bxcept for IBN-5, the as-synthesized materials were collected by centrifuge, dned
in air and calcined at 550°C for 5 h for surfactant removal. In IBN-5, surfacténts were
removed by extraction; 0.5 g of the as-synthesized sample was treated twice in 100 m! of
ethanol with 2 g of 2 M HC! solution at S0°C for Sh. '

KXRD patterns were obtained with a Siemens D3003 diffractometer usitg Cu Ko
radiation. SEM micrographs were obtained on a JEQL JSM-G700F electron migroscope.
TEM expeﬁments were performed on a JEOL YEM-3010 electron microscope with an
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ethanol with 2 g of 2 M HCI solution at 50C for 5 h. so XRD patterns were
obtained with a Siemens D5005 diffractometer using Cu Ka' radiation.

vabkMognesegraphs were obtained on a JBOL JSM-6700F eleGH@Rsc2065/000218

microscope. TEM experiments were perfonned on a JEOL JEM-3010
electron microscope with an WO 2006/004557 PCT/SG2005/000215 22
acceleration voltage of 300 W. The njtrogen sorption isotherms were
obtained using a Micromeritics ASAP"2020M system; the samples were
degassed for 10 h at 150C before the measurements. "Siand 13C
GPyRedon ViRt asisedtRWE e Eikaitmims Somtne isoraon s sPaiesd Withs
‘kn%f &Mg&ﬁém@@f@ﬁ@@a@mm@m i svipe Mﬂﬁﬂeﬁifﬂéﬁwm’c before
referenced to trim silang (T . Results and discussion.The
SR HSERE TSP carr omb%t i a&gv%lﬁy%%%?cs fec |uvr%crfp%k§nl.‘gl-%§§), Hi:
WATé5803Y h oysegewib ustsota I TS Yekpwthr sheypierl s dadiobl epectra

siliga RESEHESPT, iRRAFRNInIaSkeagphlymer surfactant ((ethylene
oxidf%)x-(propylen_e oxide)y (ethylene oxide),), to and a cationic

fREFEE A SHEE ¥ B ant FC-4

(C3FTIHOHFAREE Fae)2akd FEOONIOHEN-redus) ati31 6th&orhere 2
CRSRSsRMRNS R RO Rl heh EntHimahy gnae i PABIMAS3ISRionic
ad,de(fto adjust the pore si rI vary tl esosfructur cﬁé thlghlhc id
iRk copemE e Hreil SR e Sndsbetispyiens sraddefpliviing Gidan,
land-range arder in aguimoiss solutiofuerpestprdy act as sugremblecular EC-+4

teeiplaiendar crsafiegasboiRLenNCSHHOIFd MALKAS: cases, organic
uorocarbon surfactants, howev&ilg%re no':gwta%e tem late%for

phepiRg gesRldria IREEUBBISHE AT Al B fud AR B o
averyigid machiacknatfiniynjoigdahiobivel ddpelyness luin drsbionhsibmofmbly

”ﬂgoeﬂﬁ&mﬂm alhageoatien:numbss Blead AfPrHpdis 9RGs ARG oular
order. Also, unlike the hydrocarbon chalnsei%)f comﬁ;oh %l:rfact nts (which
c

AR orogarvon surtactants,
Hysivephobicanshiipidp haipieted foe pedpriphydiacd tionparusiweratsd or the
iﬁj&éﬁ%aﬁﬁ glther immisgible.ar iy parialymiseible vREermastn e

& ]
itions. The synthetiC strategy used in the present work was, based on

themiercpt TpivPeTiuihoril SR g e Bt igREs S PR HR SaR ranee
ceidely meiisi, riatiant o tigiack e achihe seframolec darfiannpafeiioh the

g b I
Pgﬁgﬂ%ﬁﬁ@%@g@wh%@ﬁ&&@&ﬁmﬂms_%@ fyafaGiAnE Wk B obic,

riod i
ob
E@eggo th of mesoporous particles." The process could ble

dBesriven Aydorethen trrIWBIROSERAR SBIRAHDI WU IrbitumisaPla Ry only
isielnilicaipr el sesgiteng the hydrolyzed silica species would

co-assemie it UBlock COROINMEL SHUIARIANNA QR e 6830 lttrent
mesophases, Whose strictures an
properties of these two types of surfactants. The triblock copolymer surfactant would act
as the supramolecular template for the petiodic mesostructure, whereas the fluctocacbon
surfactant would be used to confrol the growth of mesoporous particles. The process
could be described as follows: the weak acidic condition would promote. a slow
hydrolysis of silica precursors, and the bydrolyzed silica species would co-assentble with
triblock copolymer surfactants to form well-defined mesophases, whose structures and
Vpom sizes would depend on the type of copolymer and the amountftype ot: organic
additives. Simultanecusly, fluorocarbon surfactants would surround the silica Eparticles
through S'X'T" interactions with the surface species of the latter, thereby limiting the
growth of silica particles. By this approach, five different mesoporous structubes were



30 pore sizes would depend on the type of copolymer and the

amount/type of organic additives. Simultaneously, fluorocarbon
wirtasianisswould surround the silica particles through S"Xt iRtefadtinSeoo21s
with the surface species of the latter, thereby limiting the growth of silica
particles. By this approach, five different mesoporous structures were WO
2006/004557 PCT/SG2005/000218 23 successfully derived with

nanometer particle sizes (denoted as #IN-1 to 13N-5 in Table i). Table 1:
Mesoporous nanopatrticles obtained with the fluorocarbon
sutferessillyrsaizad v idy mpreBrice msvalsi sieBEMEeta PRS- SiedBSahiplEable
Meggsostructure Surface Volume (nm)t Area (m2lg) (cm3/g) IBN-1 3-D

Cubic (Im-3m) F127 779 0.73 5.8 IBN-2 3-D Cubic (Fm-3m) F127+TMB

804 0.65 9.5 IBN-3 Mesocellular Foam P65 + TMB 821 0.82 19.5 IBN-4
2-Drbekademab{pbmirefa8:40 910:88Gudth B firdiboarbelilsertO8t Sii&iiaiay
5.&mifdygrocarbon surfactant FC-4 was used in all syntheses to limit the
particle size. alculated from_the adsorption_pranch o O
isotherm using the BJH method BRI la shotElthe scanhflig electors Size
mierapicopy (SEWBHinEEe of calcined IBN-1 tRatfeeas prepérechevith  (am)t
Pluronic P127 triblock copolymer (EO106PQ{af4H6) aneh¥)

fl arb rfactant FC-4 usi e synthetig_approach cribed
PIBipgaT AR gLy U i) 8 47

ove. M was composed of relatively uniform”particles 00-300 rﬁr%

T8RS tissiol erbétidiv-AmerosBbby(TER) imag®{Figure 1alifget) reveslsd

thiNtese predctiaiwdicanell- dispermed with litghe aggregatggr, The XRBs

patiarp of.calei I igure showed well-res, d peak
Rl O1.L8 ﬁsél%‘gﬁg‘eiséﬁ iﬁ% viisy 6’% b4

with d spacin | and 82 A, respectively, which board be is
i s th pm-g?m 200 diffrdtfléns of acubie Qymmpt%fsﬁlifh a lattiek

coRbfamtabefh sdfchnihe-high-sestilubio sy Tildds kRichic i) Faiceegiaphs of
g feaieLiat ol R kbR 1hh0] antk i RRHRRASR AR

' corresponding Fourier-transforms (FT) are shown in Figur%‘g}lg?ﬁ:ﬁa{nd Id,
ré@fﬁ%&’fi\/ely. IBN-I particles displayed morphologies that were in good
accordance with their cubic symmetry (for example, square and
hexagBiaute hadickes 20e srenphal olgheoweimostrgor (BidVih Q8] cdrdl¢ibd 1BN-1
dirpetiens, tively) plienfaioly7 opdaked AR SHA B SRBS Sind

c%uld be.o se[‘}(ed OV[?& the entire particle in all cases, .
uoracarbon surtactant FC-4 using the synthetic approach described above. IBN-1 was

10
composed of relatively uniform particles of 100-300 nm, Transmission .clectron
mic:rosbopy (TEM) image (Fipgure la insef) revealed that these particles weEre well-
dispersed with little aggregation, The XRD pattern of calcined IBN-1 (Figure 16) showed
two well-resolved peaks with d spacings of 116 A and 82 A, respectively, which tould be

15 indexed as the 110 and 200 diffractions of a cubic symmetry with a lattice constant & of
164 A. The high-resofution TEM (HR-TEM) micrographs of this material taken at [1001,
[110] and [111] incidences and the comesponding Fourier-transforms (FT) are si}own in
Figures 1b, 1c and 1d, respectively. IBN-1 particles displayed morphologies that were in
good accordance with their cubic symmetry (for example, square and hexagonal:,particie

20 motphologies were observed in [100] and [111] directions, respectively). The highly
ordered arrangement of mesopores could be observed over the entire particle in ail cases,
indicating the high quality of the sample. The reflections in the FT patterns could be
indexed as 110, 200, 211 and 220 of a cubic phase (Im-3m space group) thh a large
Iattice constant @ of 165 A, as consistent with the XRD finding. IBN-1 has a Typfe IV Na
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indicating the high quality of the sample. The reflections in the FT patterns
Could be indexed as | IC, 200, 211 and 220 of a cubic phase (%m-3m

$pa0esHaLYy) with; a large lattice constant a of 165 A, as congistariitmoozis

the XRD finding. IBN-I has a Type IV N2 WO 2006/004557
PCT/SG2005/000218 24 adsorption-desorption isotherm with a type-H2
hysteresis loop (Figure 10, suggestingsthat the mesopores were
cage-like. The average pore diameter was calculated to be 5.8 nun from

t i iSO, i - . rs .

(RO A e OO AR 05 B By 1 SR
irFes B PR PECR TR B 56 o BI THE 80 BA CHRPISPTTE S LGt st mom
high alativés@reass Uendl 2f018) ivwltick congtititeHaadtbryeerdiiredo®IH)

E’éﬁ(é@é&' yme £ 8l %&flh%@mﬁ}gﬁ: 23S %@%ﬁﬂdﬂ%ﬁ%&m@&cﬁﬁmn

‘surface area of 779 m2/g. IBN-Z was synthesized under conditions
SRATRHYSAhATITIBALY, B CEHERian 'y ighnsiHY O PPRECH Ak bl avhich
(spestabie djuiiwas heopd pee obeld dispereadpanikie diaf 2 kHB:a0Mer-

n@&ﬁ@y@%{;@é\g M&bﬂ%&%@%%& igure 2a inset) showed that MN-2

possesse -type pores averaging 9.5 on, which was much Iartﬂer than
that ORI I oEEE s YR AP S S G HetoeR it  arge
miekagt ap T Eaken ddeddauratnciglences (bigpred 2bwd)lidisptraté gditeles of
well-grdered.lar resgn . . SPOtS: | r i
SIS BNE (DN TG N 25N e U B
cupieespdeIEewing BORSRGY EEiRg Rarstambich s ouchtrges it 9§ JRN-1
tf&s&orﬁfﬁemmvwmmmﬂmﬂ@dgaﬁt.(hmmﬁméquicﬂmuew&om:lmm
eyen +1 eyen).and {001: 1 even} According to.extinclionrules, .
aﬁnﬁlé%é’\?lso s‘%fﬁsg?\egﬁé’gf i%i‘%kf ccboﬁégr 6%?gr§si %ed to%%?ée??:lgﬁggiseg
cbipateumetienrratahinacior 2Ky, indexed ap dtbrA08f 2P0 8] e dfrceetiections
Shﬁvﬂ%iiﬁHQ?@eﬁufd{ﬂ&ﬁ Slheakaalenghhimbl Loz ; bi;o_a. suggesitigoeraChese
presence of mixe ases. This, confir, t orrespanding, 7T,
irﬁeﬁggnfﬁfgﬁ%e AWhieh fitu ra\%%%wﬁb&% vi%Xl:’lo ég-'piézigg gg ih}-%%
ABEABGI. PHahe it eseriridrestindion relaviend prrddeinbiisome 2BD-2
?@a@gggaﬁi&@gm gm&wcﬁaﬁfeagagfcw@ma@d 3 ?mlsﬁa.ama@éﬁlm%@fpt FPRcKad of
0 AB...) mode were a serv ween .cuhic twins as a
e o A R PR T b P A i the
imtesgronifingkoipiesandlBiDMae xenfomet bivabe somespasidingshiaf ipwasdl@igure
sigjlaginaronthi-has hegawhseneddn e paiisles sbnesopotakE: with
silica, such as FDU-11251 and SBA- 12 E?l rgesoceil‘kulil?ar foam %I:}{I F)is a
BT R R R Wi AHER B R G BEBIH AARARRY Witk e cages
micaogn inslonsoiiieclolivgiaigd ifhesopbras (2 madd: weiehidsseohyatted\@ Feen

3p.paticatly dsefulassaialal RS 28 SRRAHORANEHGHTRE a perfect

processes involving Iargg . L
intergrowth of cubic and 3-D hexagonal phases in such a small particle; similar ingrowth

has been observed in large patticles of mesoporous silics, such as FDU-1# arld SBA-
17,1241

Mesocellulay foam QVICF) is a novel mesostructured silica material templated by
cil-in-water mictoemulsions. The ultralarpe mesopores (2540 nm} have made MCF
particularly useful as catalyst supports and separation media for processes invclvi‘ng large
substrates. Conventional MCF has a cauliflower-type morphology with a particle size of
tens of microns. Using the preseant fluorocarbon surfactant-mediated synthesis, épheﬂcai
nanoparticles of MCF (50-300 nm) were successfully obtained as IBN-3 (Fignre: Jg). In
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substrates. Conventional MCF has a cauliflower-type morphology with a
particle size of tens of microns. Using the present fluorocarbon

worbasimnisniediated synthesis, sipherical nanoparticles of MGE(R@236€000218

tun) were successfitlly obtained as IBN-3 (Figure 3a). In WO 2006/004557
PCT/SG2005/000218 25 this synthesis, Pluronic P65 triblock copolymer
(13020P030E020) and TMB were used as the surfactant and oil,
respectively, for the formation of microemulsion template. The ultralarge

foam-like pores in the particles obtained could be easily seen with TEM
ethisrs atthesiatRlatyriow ¢h adpiiflationlRig RO RONESYY Tk THEB PEM used as
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hysteresis loop (Figure 4d). Most of the IBN-4 particles have a rod-|ike
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Séﬂ'tployed as the precursor and surfactant template, respectively, in our fluorocarbon
surfactant-mediated synthesis to prepare nanoparticles of PMO. The surfactant itcmplate
was removed by ethanol extraction to give IBN-5, The *Si MAS and e CPMAS
nuclear magnetic resonance (NMR) spectra (Pigures 5d and Se, respeciively) showed that
all of the Si atoms in the material were bonded covalently to C atoms, and the framework
consisted of Si0; s-CHy-CHa-8i01 s structural units. It should be noted that in Figare Se,
the two small peaks at 16.5 ppm and 70.1 ppm were due to C species from the: residual
triblock copolymer surfactant. Both SEM and TEM micrographs (Figure 5a and inset)
showed that IBN-5 consisted of fairly uniform particles of ~ 100 nm. However, unlike
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the two small peaks at 16,5 ppm and 70.1 ppm were due to C species
from the- residual triblock copolymer surfactant. Both SEM and TEM

wiciqgranks (Figure 5a and inset) showed that IBN-5 consiste@r@fdait¥eoo21s
uniform particles of'- 100 rim. However, unlike WO 2006/004557

PCT/SG2005/000218 26 the pure silica materials discussed earlier, IBN-5
nanoparticles were not well-dispersed. The mesopores in IBN-5 could be
observed by TEM, but the contrast Wgt{% relatively weak (Figure 5a inset)
due to the disordered pore arrangement. Only one peak appeared in the
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W%%‘%e@% Wendemigd QF’MH&%&%%@E@M@H'Q%\%@ KRRIUIREe, irregular
ogy. Moreover, the nature an Egﬁgcﬁ?rgtﬁé‘ltratlon 20, 0f t trlblock
It

emﬁa&%n?w AL NE. SRR n ¥ cgptaln
c%ﬁwﬂmmwmammmamt B ditionpe aibiiy asisiactadition G .6

s@}ble and. for #p% ed meslles-shisshauls P @){ﬁé&@&i tl{‘ ﬁl%?n@f@é‘%%xd
syn t
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fofrm mlxe mic rocarbon surfactant. Therefore, the: triblock

copufiinessuimashenersy Ayl dmnrede sgifetsodly be faisdle md

(W%E@Q@ﬂeﬁnmoﬁ&ﬂ@b%ZﬂﬁﬁaEﬁlﬁa)pWﬁdﬁﬁ pyefesse since the
plates for this the strat S h u
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capmwweﬁ@weme:lqsgdwﬂuh@més hotamae i Arrremiobic 8&h seamyay the
InGRatkashiliie power the tiblock copolymer has, and therefore, the more :likely it
would form mixed micelles with fluorocarbon surfactant. Therefore, the triblack
copolymers with relatively long hydrophilic BO segments, ¢.g. F127 (EO10PO70EOQ 1)
and F108 (B3P O5EO32), were preferred templates for this synthetic strategy;; as they
could be used over a relatively wide range of concentrations (0.5-3 wit%). These triblock
copolymers were used in the synthesis of IBN-1 and IBN-5, respectively. In aor;trast, the
triblock copolymers with low BO/PO ratios, for example Pluronie P123 (EQ20POQ7EQz),
have to be used ;'ﬁ very low concentrations (0.5~1 wi%) in the synthesis of I!BN—4. or
large particles with an iregular morphology would be obtained. This was possibly
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triblock copolymers with low EOIPO ratios, for example Plumnic P123
(E020P070E020), have to be used at very low concentrations (0.5.1 wt%)

whthaysthesis of IBN-4, or large particles with an irregular rpeph1oladyooo21s
would be obtained. This was possibly WO 2006/004557

PCT/SG2005/000218 27 because P123 would involve most of FC-4
molecules to form mixed micelles at relatively high concentrations, but
when its concentration was kept Iow,%gC-4 molecules would still function
towards controlling particle growth. In the cases that involved TMB
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forming nanoparticles. 20 Also, the present fluprocarpon
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bZ8ic conditions so long as a suitable combination of fluorocacrlgi \ P
s@%aﬁ'ﬁalﬁ&g?éhfﬁfgtﬁgg‘ﬁ?rﬁ’é‘fgn?’?sa SHBIS) A B85 PR oA heRy g
OR:frdd B0 ARG Re daived: hdnGepicisber 2006 28 Claims:

" Also, the present fluorocarbon surfactant-mediated method may be generalized for
the synthesis of a variety of mesostructures, as illustrated in the present spc:ciﬁc.:ation. it
has been shown to work under acidic conditions, and may be extended to basic conditions
so long as a suitable combination of flucrocarbon surfactant and templating surfactant is

employed.
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1. A process for making.mesoporous nanoparticles comprising: providing _
an acidic mixture comprising a fluorocarbon surfactant, a secongy/8G2005/000218
* surfactant and a silica.precursor; and reacting the silica pfﬁé‘é&i&@&@@éﬁtember 2006
the mesoporous nanoparticles. 2. The process of claim 1 wherein the
acidic mixture is an aqueous mixture. 3. The process of claim | wherein
the acidic mixture has a pH between about 0.5 and about 5 4. . The
- process of claim 1 wherein the fluorocarbon surfactant is cationic. 5. The
process of claim 1 wherein the seczind surfactant is an alkylene oxide
block copolymer surfactant. 6. The process of claim | wherein the silica
precugsgg.gamprises a hydrolysable silane. 7. The process of claim 1
wherein the acidic mixture also comprises a hydrophobic material. 8. The
process of claim 7 wherein the hydrophobic material is added before the
silica precuréairogest fier @mmmﬂmmhﬁhmmgf preparing
the acidic mixure omEisasamAiRIAS b siics PERISRLIAANApITIc
- surfactapng rgyxé %3&10 Thg &orgcess of clalm 9 wherein the rati
idic

precursor to ac SUrfactant mixiure 1e bae“tween about 1:100 and about
1:2 on a wiw, V/v GBS a8e. iﬁ?cﬁr herprosesstof daim Ithmeremndﬁetstep
of reactingdiretiiica precursor comprises at least one of hydrolysing the

silica precurggt aackGapdansing e SUEa AIERUSOr .UM e i,
mesoporou ano t%ei Amended Sheet
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Mﬁ@%ﬁ@?&% the step of reacting the silica precursor comprises

steps4f. agitatingtae afciHien Mdiedeenl ol Slelanidime g at eaﬁb&ﬁézc'e“t

temperaturedor é%[ggssgpgﬂgl hydro %ﬁ}l%‘;ﬁof the sill SI%AOG%P u%s%r t m a
e

h:él%e c% ate, malntalnlng the mixture. of emulSIon
g }cupo ymer surfactant,

The process of claim 1 whersin the silica precursor compnses a
. hydroiysahie silane.
- 7. The process of claim 1' wherein the acidic mixtore also comprises a
_ hydrophobic material.
8. The process of claim 7 whcrem the hydrophobic materisl is added before
fhe silica precursor.
9. The process of claim 1 wherein the step of preparing the acidic mixture
comprises combining the silica precursor with an acidic surfactant mixture.
10. The process of claim 9 wherein the ratio of silica precursor to acidic
surfactant mixture is between about 1:100 and gbout 1:2 on a wiw, VIV or wiv bas1s
11. ’ﬂ:e process of claim | wherein the step of reacting the silica Drecursor
comprises at least one of hydrolysing the silica precursor and condcnsmg the silica
‘precursor to form the mesoparous nanoparticles.
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time, sufficient for reaction of at least one of the silic : - -
hydrolysate to form the nanoparticles. 13. The process of claim t% ‘ )
wherein the step of agitating is conducted between aboutégcg.n da%:o/ fzf;ifgfgﬁz
80C for between about 5 and about 50 hours. 14. The processrg'f claim fﬁ
~ wherein the. step of maintaining the mixture is conducted at between

about 70 and about 150C for between about 10 and 100 hours. 15. The

process of claim | additionally comprising at least partially separating the

nanoparticles from a fluid in whicl2¢hey mre located. 16. The process of

claim 15 additionally comprising washing the nanoparticles with a

washing llauith ddetherRigEees ALGR 1RRR0c0mpiRe e g i

nana %rtlcles 0 between about 500 and abou_t IO00C for between about |

ARG About20 hours. 18. Mesoporous nanoparticles when made by the

process of claim #git@ing theasidfordxisra dnopiitichs haviag at partithéesize

betweemniupiirt 366 anfa RRNHEAT:A BISRP BAES SiZeReMEesR-aRout

1land L =ganm,said nanopartiole being made by a process

comprising providing an acidic mixture comprising a fluorocarbon

surfactant, a secAPiPSHaE thn AT Silreasien isoiomemrrraaciddore -

silica ptzeu selficienfaim thretimesdpoious srnaharicibs 2RERS and the

mesopgiaksRaneRaRice AielaimLo wherein the pore size is between

about 10 and about 50 21. A mesoporous nangparticle having a

particslg' sizg%ee sen AT é‘%\ g%%%téf)ﬁm nEFRERR Jearonducted
HefwegsthaetdPaxirbetbiliofhr ivevere ppechaidthepbiBaDsubic, 3-D -
foamikiike,. 24 prexagonebiantwaidvikenssaig Banepaiticle BeRamage by
~-o@nﬁmrws&v§g@95&£Eﬂé&kﬁ’@isﬁﬁ@&?§é&9&§%§a§?&%§%§ﬁ 3

Septq ber,éO% '30§proce s eomprising providing an acidic mixture_
comprising & fIUBPGE rl?éncéﬂﬁa}:t {iaonely. SRPRETRE (Nt Sy RSy
spreetipgdr ravanasadaniome Sitid e pracutboras fomtedthe mesoporous
nanoparticlese 2g&odde HES@aRrous namepatic ecabsiainy 2% uheseindhe

PRRGSIAE: W B G Apggabout | Onm. 23. Use of a mesoporous
nanopﬁrticl%%ccording 0 any one of claims 18, 19 or 21, or a plurality

there6?, for 4K APTEaAbT 88 el MY Ripreote; Sintpaticies o

between about 500 and about 1000°C for between about 1 and about 20 hours.
i 8 Mesoporons nanoparticles when made by the pmcesé of tlaim 1.

. 19. A mesoporous nanopa:rti_cie having a particle size between about 1 and
‘about 500nm and 2 mean pore size between about 1 and about 50nm, seid nanoparticle
being made by & process comprising providing an acidic mixture comprising a
fluorocarbon surfactant, 2 second surfactant and 2 silica precursor, and reacting the
silica precursor o form the mesoi:oi-ous nenoparticles. E '
| 20, The mesoporous nanoparticle of claim 19 wherein the pore size is
batween about 10 and about S0pm. | | ,
' 21. A mesoporous nanoparticle having a particle size between zbout 1 and
~about 500nm and having & mesostructure selected from the group consisﬁ:fg of 3-D
' cubic, 3-D foam-like, 2-D hexagonal and wormlike, said nanopéxﬁcie being made by a
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-m———catatyss—gas—adsorptrmrsymhesrsvﬁquantmﬁomnd magnetic

nanoparticles in. functional materials and bidimaging appllcatlorm’@rgtmasmﬂﬁzls
=~ carriers for drugs, genes and proteins for biomedical appiieations 14 September 20606
mesoporous nanopartiele according to any one of claims 18, 19 or 21, or
a plurality thereof, when used in an application selected from the group
consisting of catalysis, gas adsorption, synthesis. of quantum dots and
magnetic nanoparticles in functional materials and.bioimaging
applications, and as carriers for dré#fyys, genes and proteins for biomedical
. applications. 25. A catalyst comprising a mesoporous- nanoparticle
- g%emﬁpteﬁgmmxﬁgf@m #Batk? Sdngkishizad Blvralnbingrentisaid
. Qe%? %‘%‘g V|n a catal tlc s eC|e s,rgoc%ted thereW|th 26..The
“cata st 0 alm Wherein t aIy ﬁemes IS a%renz me W % ,
%?ﬁ%%’i‘%l’él%ﬁ?ﬁg a react|on comprising exposing a starting material
to a catalysifacoesdirgrts wlasmuBiblewhenzh) tivheaitalytisospdriesoiathe.
catebsk 18papable of catalysing the reaction of the starting material to a

prod 28 M thod for producin rodugct comprisin 0SIn
startlLr%t maténial to a @g?ai? &t ac@oagalar% 0 cignﬁt% W% %er?a?glytic
Spekids ophdibateayst @i:aemé%eaﬁai%ﬁdg&we%e@%mewﬂﬁg
caaiptialge thisoprteh)ciyi@Besy pfoghastomhénsnaad enbyntiie piagassciel elaim
%&M@ﬂ%%%@ﬁ%@%ﬁ%&& ang of claims 48R0k al, s

o icle hav species selected from the group conS|st|ng of a

R . ‘anp §héﬂ§%8£a ssociated therewith. 31. Use of a

' nano@émclémmrﬁ@tmm@@mmmmwﬁ@m Hhadieaiient

i for ﬁlﬁﬁﬁ,a'im%ﬂ ehanapetliien foleciRe FEMNdNe G IMDARRVSINGR of

&Qﬂ A £ stq{?&%?’&%dé%&‘ %é%éhvhé{%%pa%ﬁa@“
‘paln Amended Sheet, 7PJLAIAU
nai materials and bicimaging spphications, and as carriers for drugs, genes and

-proteins for biomedical applications. -
25, A catalyst comprising & mesoporous nanopatticie according to any one
of claims 18, 19 or 21, or & plurality thereof, said nanoparticle(s) having 2 catalytic
- species assoeiateci therewiih. ' ' ,
26.  The catalyst of claim 25 wherein the catalytic species is an enzyme, _
27, A msthod for catalysing s ‘Teaction comprising exposing a starfing
 material to 2 catalyst according to claim 28, whereby the catalytic species of the cetaiyst
~ is capabie of catalysing the reaction of the starting material to a product.

28. A method for producing 2 product comprising exposing a starting
materiai to g catalyst according to claim 25, whereby the-catalytic species of the‘catalyst
is capable of catalysing a reaction of the starting material to the produet.

29. | A product when made by the process of claim 28,

30, A nanopamdﬂ according to any one of claims 18, 19 or 21, said
nanoparticle having a species selected from the gronp consisting of a dreg, a gene and a
protein associated therawith, | .

31. - Use of a panoparticle accorﬁing 0 claim 30 for the manufacture of 2
medicament for the treatment of 2 condition selected from the group consisting of
cancer, AIDS, arthritis, diabetes, hormonal disfunction, hypertension and pain.
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