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Mesopor o us Nanoparticles Technical Field The present
invention relates to a process for maki ng nmesoporous

woawepaesst d. es using a fluorocarbon surfact ant PCT/SG2005/000218

Background of the Invention Research on nesoporous
materials synthesis has been mainly focused on
meaostractural diversity, conpositional flexibility

and nor phol ogi cal ,gontrol. The ability to derive
mesopor ous parti cf"é@r’%’?ﬂ?‘ﬁ GROPEIIe®Sparticl e size

woul d be inportant for many practical applications.

For exanple, ultrafme nBsdp@aplre/darticles woul d be
very useful .in catal ysis and gas adsorption, since

t hey Psﬁntﬁ?mﬁ’?i'e‘e]@%ég’t*’eﬁmw@f maldBEEPwPIIPRY naneptrticles
fusiag h fihab@ralsegictanr, di ffusi on. They could al so act as
the host matrix for the synthesis of quantumdots and

magneti ¢ nanoparti tional..materials and

bi oi ga glg appl i ca ?I ons. UUHJ g’ |"|’1ve"rﬁ§-’ o or ous

part fﬁ%%r B IRPSIOEYS aPptedds csypthpwy dag d?ﬁe’éi riguly desteed on
m@bs&mﬁ@n digerdif] conpysitiondl a8BsliS3hd %ﬂ;hb&@fcmo&ﬁms?ﬂ?abﬂuy

npl es of ultrafine mesoporous particl have beg

g‘?‘%\&l TRESPRAyoUs diFictes grithhy contrplled Wéclefswnm@ heid onpurem for
hﬁﬁy ﬁﬁgﬁdﬁﬁapﬁﬁca‘ﬁbﬁévl%g e, Qﬁ‘faﬁﬂgm@% oxtonsg?aﬁ'@a%ew&ﬁd be very

ore si zes_have been I|mte Aer 0so

: L in, ealalypiy apd gassadsrationy sier they wanldipravide gespior mus accessibility
sid faifitafelhécRr Wifullod CHAYRAR ﬂ@@@t YERb fidth At ﬁe . egﬂx\?cmhc ﬂ/nthcsm

sfruct ur es, and transition-netal oxide sp
at § &ats ¢ emagnpticc pepopisticlpn in. Sipatiqnal matstialp raed thidimaging

ApEid@ibné. OirdfiAk &e%@foﬁ@ﬁﬂml@b@mqﬁfsg ﬂ af OfriY fb&' B&%& Zéc&g and

Mesopor ous nanoparticles involves the use o
fqlﬁrf?fdloﬁ?lﬂ?wt&ﬁﬁcﬂéﬁpllﬁ%@\ﬁrfact ant as a mesostructural

te 'Tmtﬁeeexaxﬁ?l@s 6¢ WR4ink s Epokdus :%Iax‘ﬁ‘éllés ﬁm%l\ﬁ%xﬂﬁotz\mwally reported,

sutrfact ant Tor suppressing particle gro

_ W%?Wei the deggsprof Baugtugal joderingiandithe apgpuf ped sizes
Ve beerCIRmietd! 1R ol- xﬁ&ﬁat&?éélf@s@ﬁﬁ%lﬂﬁs Uadn E@to%%a%fng% éorous

dium since the tribl ock copolynmer surtfactan
e sberrs VEh hpragongd pnd: xesipylag pprecatrnetuies. yant dtahsitien-metal oxide

§BeePRAse didsrdatd akdkudd@adivhi Apidial ?eg MWt ﬂé%{i%& BN this

wor k towar ds suppressing parti c
$PREFRct i on of tenpl ates usabl e for basic nmedia (i.

10 abrieY mahHP rUiDnftid 1£1ﬂ% %fﬁ)}oustﬂﬁc())ﬂégtﬁ:%ﬂ?hg\tfegrtﬁg W %f a

pore sizes obtalnab I'S appr
faipie aliylammenipm; syrfactast af a)mesowwn tdmplate asd aporeionic tiblock

RO L Bl AR ENEL oRpAL T DM ] o s
is ihat itreqyred h@wmoe@éms, indveonldinohbe wsed wearcapidic medium since the
SHaL BhdIfthdrY @Bt OWGNE Blassemble with silica as a liquid-crystatline
mesophase under acidic conditions, and would not then work towards suppressing: patticle
growth. With the restriction of templates usable for basic media (i.e. to alkylammonium
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 tanable pore sizes.
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| east one of the above disadvantages. It is a further
object to at least partially satisfy the above need.

w@ooamo4ssDf the Invention In a first aspect of P€T8G2005/000218

i nvention there is provided a process for naking
mesopor ous naaoparticles conprising: - providing an
acidic mxture conprising a fluorocarbon surfactant, a
second surfactant and a silﬁ%a.precursor; and reacting
the silica precursor to formthe nesoporous
nanoparticles. The a xture conpri se water,
and ﬁay be an aqueod@b ik{R” ”ﬁﬁ?’ y beng solution, a

d' Spﬁfssah%gjeetrofﬁfé peemtaiveﬁnonw@lvmebﬁ s@smlm%mulh&at@a
H bet ween and about

Ei‘éft\fae@ﬁf tgb%hgwe qnsaéimltaggﬁ lgttxs 8 %réaﬁreobpqcht&ab{%srt Bgﬂgly satisfy the
aevbaeddgant may be anionic, cationic, non-ionic or
zwitterionic. The second surfactant nay be anionic,

cationic, non-ionicgar T%W%)‘ﬁ;re'lggé&ian” may not be a

fl uorocar bon surfac‘? a polyneric

sur fmcatmt anet mmv&ﬁo@mﬁp@bmméd & phlotads for Ataking @fesoporous
aégﬁ)ock copol ymer surfactant. It nay be an

exa
%ﬁéswp&ém& ock copol ynmer sutfactanjt, e.g. an

: EO’ RO bioomklgcap@chgmrmnxmw tangiraing . a ﬂhm'oéah'hmrsmc&cthm,na second

surfact t _and.t S n factant nay be m sctble
ng %‘?t&nd‘f'ﬁ%c l?e(f%‘l%ér:‘e’arpr‘écursor may conprise a

hy d r@! yesetbigghssdili@pescaatio fsmale meskporyssinaagparticlef.t may
¢ o??[‘ﬁaaﬁ ﬁ%ldg o&\l?ﬁ%@@!{ gon?prfsé e}( gfl((y %.J' gﬂﬁl &Agcﬁls ﬂ]xture It may be

oXysl1 | ane or 'a mx
msalum anfispersios or ewemylFign aad mﬁbl b phvigioemwsionrIf way hﬂW@ pH

%( «%PE'&BE 9.9 653031 5ITBY b G RO 4636t 2Mind@ BHR4, CFhe fluorocarbon
atic or i cyclic hydraocarbon, or a conbinati,on

ewrchmt 18Ry bm%n@n&ra catiqaig cnongpnia ZvdtisrAnics Eheshend sppfstant may

w Qﬁmﬁé RHH® Bl%lhinf‘c orebeiifetigdic. 1! ﬁmy“”ﬂdt 2@ fRokyabahetant. It
Teste pr epar aci di.c mxture q'az

ewﬁr: A9a Yewsﬁw%n% Al opy 1)%% E@tﬂf Syfactipt, fqr exgmple 2 block

r Stitffcbmt. N nafbi b atkyledd) 6xid€ bldile cqidal)frm tsﬁtiﬁtctan,t e.g. an

T R R T S S R T

maypemcM&ﬁmlwt her type of mxture. The rati o of

sili tecursor to acidic rf.ac ur.e

bet 168 DGO O TR comgn%eb%@% Bl@gtlang]\?\}}cﬁl s a? Qﬁ&fﬁ Velnc It

hmyicsmpmdforrwganipdae abiniktoxsilRE:. oraetecwékoxdman@ @r anuikwre of the
fter the conbining the mxture may be agitated, e.g.

shaken, stirred, swirled, sonicated or otherw se

agi t Bieeabidid Idxtorsi maycalwvdnamisanthydﬂoxwioemri%em ksgeopbiobic

mé.tci:i gﬂﬂé)n& ng cl:]tbg %{ &Johk&? l?#hgf?(pms ﬁ%cé%&lh of tb&)mciymatlon

econ a sur a%t an m Xt ure
of)tvm ol mgre (o, thyse, Gir Say| cpimase somsisihes ityng of dirdroBhobig mgyrial. It

gxlw be a hydrophobic liquid.
The step of preparing the acidic mixture may comprise combining the silica

precursor with an acidic surfactant mixture. The acidic surfactant mixture may be
aqueous. It may be a solution, a micellar solution, a microemulsion, an emulsion, a
dispersion or some other type of mixture. The ratio of silica precursor to acidic surfactant
mixture may be between about 1:100 and about 1:2 on a w/w, v/v or w/v basis, and may
be about 1:20, Before, during and/or after the combining the mixture may be agitated, c.g.
shaken, stirred, swirled, sonicated or otherwise agitated. The acidic surfactant‘ mixture
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surfactant mxture in an acidic solution. The acidic
sol ution may have a pH between about 0.5 and about 5,

wW@ro0em0458EN about 1 and about 3. Alternativel yPe€T8G2005/000218

fluorocarbon surfactant s nay be conbined with the
acidic solution to forma fl uorocarbon surfactant

m xture, and this nmay be corrbl ned with the second
surfactant. As a further altBernative the second
surfactant maybe conbined with the acidic solution to
forma second surfactant m xfure,.and thi ma e

BEKBF REgared by comning the tHercyBoR W?t%f&t“ﬁﬁ‘ttﬁe iﬁ%ﬂfﬁ%ﬂf%‘f‘?ﬂt to
g{nnt m,drﬂb@;\tqnmm(él X %@Sorﬁﬁ%{ng@ @gnism@ dispofsings kmkiBifying) the
stirre swrle ica of,. 0 rw se. a

Rt s o6 AUOE SUp o o G iseoE0Y 8 WAE pirh feeen Boout
015Gad kst 5@k bétivedh, abauttiand algiti3. Sﬁlltematlmhy &Hﬂh&bmbona;urfactant

ey BF Eomina e R Rt 85k R Sorla Makbclfen slyfaclfiPmsture, and
khiel rmap e kiombined evith athe myncb@r&dd@dAata furthersltampetiveLihe mepond
tmgga &ﬁtg&gﬁg e&&b@e@%&m&d&%ﬁ@ﬁw&% gsé&)&d sdnﬁ ot¥ntdixture,

he sane as or after elther or

bt thisomay fhe combingd withtthe flaprogselionr mrfacignts Aay er alkpf the shove
Anixiles ﬁlf %%E a%lﬁ?ed% ' G3kdA! QEHASRFirled, borfBYedRR oBRARSE Withidd).

or wt itation. The process rmy corrprl se the
dmzor off ofthe share mitwREmaC bR WiHfoRafriseliap sqlgias gmicroemulsion,

%ﬁ’larﬂﬁlblgﬁl " (ﬁSpg['sﬁJH%xr ﬁnﬁ%ﬁﬁfr %y@@oﬁﬂib&hltﬁé on. The enul sion

may a mecroemnul sion e a atl e, Vi J OUS
Tolel Shecscfic e PEPFHEy 2 FUESPRLE Al e bgpuh Kb ratérial
%&9 b6 Aldedtht anyl didpR FARMEAE pRGess smrebarm tigr ackiiermixpirbdl may be

gg&a%fﬂt\eg%i@ g.(n[e;% g’i aﬁ’cgeggﬁcraqré)oﬁﬁ otf fhu %lellq:a cYan hé%; %‘ore at the

@imﬂghé @tdraferttiesilioa ipehicersari i may be addyd with or widpat mtetlémt ep

conduct ed bef or.e t

rea%%@r OFHE " 1C nﬁgélgep“g of Eé&%g pr I@@cﬁ&% E0’5 forgrél #

acldian; acdxs;ﬂbalml mg an lemulsion &“hc pmebmnsmy be af wicmentylsion. The
orQ L e in

SF‘?E%B% %ﬁ bga\ﬁg glf r&dd%%t WGl rﬂnfn% dﬁﬁﬁ@%%aﬁg, stiring,

opar sste rnset steps
@mlcaagg,ma:tasmgcatlhm swiling @ sping Pt!llﬁléfom pf %ﬂﬂﬁ% iTae gtep phygacting

%ﬂg rnyfi‘sestﬂé %th&? bf E&taﬁrﬁ‘g’@@ hAdik iixdiR or die ét&ﬁ@ft gy (B¢ acidic

he silica precur sor tO forma

WWIW&W@ seRRFiie Siel geadicred beforertbe sepafigagtingsr enul si on,

at aThLRRAr &t WabtidNehel Mlicad pidmﬁlﬁorshhfaf' ' &h@ﬁﬁe fh9drolysing and/or
reaction of the silica %rec rsor and/or the

gefeniiges e Sig EMISeR e me§apRiops; nanpparticles, yviigh may be

ehsdpdkdul GiliBPYanBfurtEede dﬂﬁ§ fﬁéi) idy @ﬂ@héﬁthe dtepIper at ure or
some ot her_ tenperatyr

abourt f@taaﬁ@ﬂ%adw&@ f°f&%§9&%@%ﬂ§ﬁg %ﬁ’é?@%ﬁﬁ? for

4Q0C, bt lessbyark hoQrolsic bﬁﬁe filida pb(&.tlm&n fc&bmltydﬁ)bemd and
about 50, hqurs_or .nore, ta|

m xt Tir SHREIBE e SRETEe 8 "ﬁm%lefi R?\%tgﬁperﬁo tan9 %uﬁi fent
1500C, fanekatiton bf thetsiliee rpredosot a8@or it .hzﬂﬁkysateb tto nflaym  the
be conduct 1for bet weenabout 10 and 100 hours.

Buri ng of maintaining the mxture may be
agi t Ahedepof iagitating may be conducted at ambient temperature or some other

temperature. It may be for example between about 10 and about 80°C, or between about

20 and about 40°C, Tt may be conducted for between about 5 and about 50 hours or more.
The step of maintaining the mixture may be conducted at between about 70 and

about 150°C, and may be between about 80 and 120°C. It may be conducted forf between
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WO 0vpe0#sUre to the mai ntaining tenperature.

may have no external agitation. The process nmay
conprise the step of heating fromthe agitating

heati ng may take between about 1 minute and lhour. The
rati o between the fluorocarbon surfactant and the
second surfactant in the acidic m xture may be between
about 1:1 and about 10:1 on4a w w or v/v basis, and
may be about 5:4, The concentration of the surfactant

&wluorocarbon surfactant pl us, secon surfactaﬁH) 1% ¢
atiout Woindi100 heuks. Drusngthy sise of Bpinkdring e Frxtgreanay hy agiiwerd or |

ﬂﬁyﬁgenaeméﬂmg italoy. basi s, and may be about 3% The
concentration of t he ﬁl|lca ecur sor, i n.the aci

i xt UREPTARESE BY % © st Pl opting o Hig deitasing /écgwc%t i tg the
Whivita@ing/tbMpdasre Srheatﬁﬂmgﬂ’}aybﬁcc abmﬁm St TThinuteahd o hotr.

th | b f t t
et;'&w@{né 05 upRERAR, shactilf o pleCRoBaTSlhaR o me
m&ﬁb ﬁux’c&xﬁ Ghaydy bétereabz(butlt 1t1 8nd dbloat 18k loares w/wray/v/v basis, and may
I t
S0 RSyl AR B T 09
mfaamw m( b héidin mlktyrcsum'dmweo rabelit Syfetnd cliyut 19H en #ggw or
gy asir% %dfr{ililg; b%rdb{}& Cﬁﬁ eﬁh%'cbﬁ‘&ntgéﬁﬁaﬁ R kHAGki1Rc8 Phdchisbd lgltwa(;ldlc

al ysi s, nbrane filtéring or
otiAter msibe ébttveelpab@@fels@d et W%W{Y\‘ iV % O é’aftlta&hd B‘ﬁ%be

géout b SBhe rﬁtot ff the ﬂll%ro%%@ﬁ ?thfa’aﬁnt th lﬂ% SIRA PRAIGhEDeBBYveen

washed a washi ng % Shl g liquid

Aept b awhqb@vtl MOnaﬁW/H’cﬂEé%ﬁEaslsr %ﬂ&‘nft&ﬁy fa 13

no %W&Uéﬁ rhd %d#ﬁamaﬂi] c@fipride gﬂﬁzislcpdrhﬂlylséb;ramhg ﬂ!ﬁl’iﬁnopmhcles

conbi nat i on ese ay t es e ,\as ne

Gt P At o, e Opiont FEaTaEy RE aperedf R Ray

@&ﬁﬁlse meﬁdg”&ghﬁ, d%aht@ngt, Eéiiﬁ’ﬁfug&ﬁ% Rratmiyh ﬁiﬁ:rhtgtdnaljt?dme nembsEne

in as ot her,wash, or nmm

\g?tpqr@rcgﬁ?m% #i SHﬁa eﬂéatfeas a.tﬁ,lgla nﬁem e tggrb Xn%r& tﬁese After

ehePRpiriithe] the naaspanivles intdyelse twashid m&vazsh'ashgxgl Tiqyad. d‘he ewaghing
uspendi-n he ! L%k dub a0 i o

L

Hquid,dommn gombipativh qfn@essetaarmmomg wdve\g@b@i etecg@r |“E9é‘?j than

%ﬁ%g%d xg %cmlbg&eg?y a&?ab%ﬁt l%ﬂ@ @ m@paoEich%sﬁﬁﬂy be with

exanpl e about for between
dlizosatne Mmlmh@llanﬁmﬂmm@b qramayé;@awﬁt S dettswt washing liquid.

RUGashinl HEY rﬁ@%xgtﬁ ngDffe ALAGTERR O 0Y @ﬁhﬁt@tliqﬁm e

for exa l'e’s tirring, sonicating,

§hape @a@ppﬁgtlclw thei wrghige iitbeand i SoRaEting Gfe nanopenticles
ok &%'%mng 'itam@r %%Saxmmalsaﬁr&awm@edﬁ gatiitng dbbee. Thc
nanopart I cles. heat | % n;lp B@t u(rle ag £
AR BB AR I R LT R
REQRET EioRi ﬂﬁmﬁd“tﬁldsmrlfoaﬁt fon EﬁampT@bﬂ)oﬁugggﬁﬁ] {1 saky or may not be
proportion may reater.t about, 0.0r,. are
taﬁcaﬁlp%% by w}eﬂ% oy @W‘B‘@Pa%lﬁg@ ity e GPEY tt"%r “ﬁ{i‘g"ﬁ“"““ﬂg’
1000 é; 510519&, otﬁéid'otfﬁtﬁf agmmmemgmmaﬁ @Ro annipasechehting the
ne. o n e rt
RORAPSSl EE BBY HE i BB Roch g MIBeRR P Wache o
|stbstamyalqeopdhiivutof The surfactants. The substantial proportion may be greater than
gbout 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,

TPET/SG2005/000218
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hours. The tenperature and tine of heating may be
sufficient to calcine the nanoparticles. The heating

woreyeloesssn air, or in sone other gas, for exanptE$G2005/000218

oxygen, nitrogen, carbon dioxide, helium argon or a

m xture of any two or nore of these. In an enbodi nent
there is provided a process for naki ng nesoporous
nanoparticles conprising: 5 - conbining the silica
precursor with an acidic surfactant m xture to; form
an acidic m xture conprising a fluorocarbon

The hfaling andy, bedin sicesria some other gast fon s¥pmpley joxygeg, nitrogen, carbon
d %?&%Uﬁe%% ar@Sior alﬁlﬁﬁ?édf@EY iWiFordrd AnQRE.ECUr sor to form

iresopbr ous nanopart.i I n_anot.her enbodi nent )
t helrean ambodimentiderc s mwaé@sﬁsprf’%ﬁss forRiEHgE W@%"QB’BP%%@"?"B“" es
(ﬁﬁyg t|cI es conprising: - conbining the silica
precursor with ap. aqueous agj dic surf
or raicemBEing thesgise PEFOMEI IR aﬁ@ﬁé&ug‘?@%‘f‘gl’@xﬁ‘ﬁt Oém an
CONPr igidiOmBtié cediRBRg Aucsitifbas blrfictanta a s&oodshrfactant and a
surfact ant and a silica precursor; and - reacting the
si | i caMSPBEEYr ¥ form t he mesoporous nanoparti ¢l es.
51ln a&@hﬁt@lhe sifibosttowesot tot fuex the e sqporws dadpatigesocesss
f or . maki SORAL e
condl A REPRRTS e B CRBAL Lo bRTRbe Sloly esoporous
xﬁwﬁaﬂtcteanOmpnsmgure to forman acidic m xture
conpr gw% {cl# YhicR %?JQQ,Q& with faﬁ%ﬁ@é@){ls a8ldie @RAR%hnt solution or
surfac an nd a silica precursor, - agitating-the
aci di onigiogtnulsionfte forgyuirt pqueplst aqctm@wstwe cqmpBsiag # fREOERRon
t enper JLai G faQcol s&r?a%éht daaafsni@t. RMiRl Mgi s of the

silica precursor to forma sate; and

mai mt a‘mun@thp biCHPIREUEFOE to f@F“ °§ ROFPUS thoﬁart“é?Fper ature
and 1 Ofoffet eBodiMédti bR providéd achiotdds dbr ifakingi hésoporous
precursor and/or the hydrolysate to formthe
HRAMPHIASSCEMRSING | n anot her enbodi nent there is

prowvi deghbaniy theafifa fppecursak it aneoiio swirstantamixpae t¢ &luasan
conpri si - conbi ni t et naal I

s queoLErEE TS S (ol PR stk s Sl s and o
Conprlﬁllxdag)mmfsbn,lor ocar bon surfactant and a second
surfactant 0 i e o

agi tat ?% u{gﬁ% c&tf‘) c mtx%.u'g ﬂ)?? Ef:i&‘ii‘n?é ?Igtcafgél# c?ent Qmpcrature for
bet weent mmmmamdmmlsaﬁdmsﬂm@p@cmmr tafonneétyftm\wa%

hydrol ysi 5@ (‘LQE\I)&S‘F} r AR ShtlatBiBperitie 2R 1B @ time sufficient
spl ution or A cr oermul’s| on conpri si ng a hydrol sate of

t he t efor amtdioxyefi thanslicaameecurser Ardiern fheghydsdyssls tn iforn

or m Cﬂaﬁﬁﬁ%&&?” at about 1000C and for a tine

In another embodiment there is provided a process for making mesoporous

nanoparticles comprising:

- combining a tetraalkoxysilane with an aqueous acidic surfactant solution or
microemulsion comprising a fluorocarbon surfactant and a second surfactant, to
form an aqueous acidic mixture;

— agitating the acidic mixture for sufficient time at between about 25 and about
40°C for at least partial hydrolysis of the tetraalkoxysilane, to form a solution or
microemulsion comprising a hydrolysate of the tetraalkoxysilane; and
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sufficient for condensation of the silica precursor
and/ or the hydrolysate to formthe nanoparticles. In

waewblesssenbodi nent there is provided a procesBCT/862005/000218

maki ng nesopor ous nanoparticles conprising: -
conmbining the silica precursor with an acidic
surfactant mxture to forman acidic mxture
conprising a fluorocarbon s@rfactant, a second
surfactant and a silica precursor; agitating the

acidic mxture for sufficient tinme and at uf fi.ci ent
t enperaginpigingdhe splufier of npgpEulfion, oy 2]6‘?“§/§|0§°Cgf‘“°{ fax @ ume
Si || cayBicRatos SindbRad@I dTHR shitdprebutsa ard/or theRydedlgiatit frm
the m xture, or enulsion, at a tenperature and for a
tinme ohergoepaEiplesi or reaction of the silica precursor
andA@ranbiaer ByiBFddhys atheretio provided: heproasofiar makihg snesopa@us
| east ,(ﬁ)arti ally separating the nanoparticles froma
TPORAFYS CRAPEIE hey are |ocated; and - washing the
nanepagoirbitlires thei siliva prewesti wigh lah goide. succtartonintre to form an
embodi meat TRAGE Sorhiis o hlEaioR LQekant, £, QEcoll® KirBGtant and a
mesopor ous nanoparti cl®es conprising: - conbining the
si | i cosilagoagws@r with an acidic surfactant mixture to
form az%b ! gqﬁ&acmie%g&lﬁeﬁ) Blfdist Behe@nd h4QhfeRhOBRAperature for
ctant,

surfa a second surfactant and a_ silica

pr ec ur & deast partialhydeelysisepf thesilige prepuesagfodopp a hydselysate;

suf fi Gl ghaintdaBe ARGurator @mbldtoh, o ia @Hipet P Ridfot! b Gimb Guffidient
| east partial hydrol g/rc,l s of the sil i&lan]?r e(ﬁur 30{9 tfo th
f or m afonyiaacHpy Oft e Silic preeursqh; AgVar e phydrglysaie [y, form the
enul si @Ropacl@®; tenperatuie and for a time sufficient

for reaction qf the silica precursor. and/or. the..

hy drol YsAob PR TERIEHRS (R ABISRPFR SR & T i Migh they arc
parti alotitedsagir at i ng t he nanoparticles froma fluid in
which th re |located; .and -,. iNg the

nanop a\”?ﬁ?‘égzl? 'laBOPﬁ}cger"‘iﬁ”étrﬂg%aﬁhé@%Wor a tine

suf flncimethier tembodimente thares isbpiovided al ploeesp fot imgkingf meseporous
Surf&ﬁél@s@o&pﬁ& .anot her enbodi nent there is provided a
FORESES0Or Thn ‘ng nmesoporous nanoparticles .

conpr i eimtguing thendiliasi precussor aitha aeidie syrfagiaet Wixtyse in form an
aqueoug;ag hﬁﬂ?ﬁe%ﬁl&ﬁﬁﬁém Hudtdatoh QR FREant e QRIS FcORt and a

conprising a uor ocarbon surfactant and a second
sur f acégiligaprequgsor;
~ 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;

— 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
nanoparticles; ‘

— at least partially separating the nanoparticles from a fluid in which ‘they are
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 process for making mesoporous

nanoparticles comprising:
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- rnv

form an aqueous acidic mxture; - agitating the
aqueous acidic mxture for sufficient tine at between

wW@bwao457 and about 40C for at |east partial hpdr/eGy®5/800218

of the tetraal koxysilane, to forma solution or

m croemnul si on conprising a hydrol ysate of the

t etraal koxysil ane; - maintaining the solution or

m croenul sion at about 1000T and for a tine sufficient
for condensation of the silica precursor and/or the
hydrol ysate to formthe nanoparticles; - at |east .

par t+ adompingegpa tetaplhexysitane vefiopn peucenseacidip Srfagtant selyfionnor
whi ch rﬁfcﬁ)@%ﬁu@fog ok d: mARfarbol) GRfabiask &l second surfactant, to
nanoparticles to a ternperature and for a tine

suf f i cloomen agyequs agidie MiXWhst anti al proportion of the

sur f_actAM S thelfiBedul ¥QME nBKu! HOuETcRt (06 aBREARA Y25 and
nanoparti cles eﬁemade .by. th? %r 0CESS of1 t he, fi rfst
aspect 2boyptnd®C Jar-prigesh eptiak hygrolysireot; g dsiraplsirypiiame, o) form 2
provi g@%t@n pRaRehoBn ra?ﬁlbmarb glel tggnglylmv bfihe a:traaikd:xiysilg&e;

si ze between about and about "

50" andPABGEPEIBB LI AT A eaRReT o ebdl BECEET A E e
1 and aiffuidnt BOagndensationd thwesiliva plrowursorsndiocthe byinoly@rioform
or greﬁter tslrﬁr{e\q | Oom or between about 10 and 50nm

The naBpHPTEY® nay have a 3-D cubic or 3-D ,

f oam | atdeastpstalyr wpdarating, tho nanpggrtiday fom 2 fpidhiaxeyentey are
or wor i sostructure. The nesoporous nanoparticle
may conprise silica, and may conpri se nesopor ous

si | i ¢ aheaffirgethe paropastieten to isderappsatereind for gt sulicisbiqrenove a

for examnlGial hbRidh Bt ol suidfintim Oor zi rconi um The
’nesoﬂﬁgr_ous_nanoparti cle may be spheri %-le or sontg ot her ¢
r egulhgrinvepigaealsopryides mESORPIORS M q§ whepmgfey the prggess o
HRIRAQpeYS nanoparticles as described above. The mean
particle size of {he nangpajticles r%x be bet ween

abouk! 15eaend aspest el &g dpyentt cro 45 Provided 2 Iggoporous nanoparticle
diidgd 4 RisthdlOfize BrywdeR abuud @ dnd sbonas00am, ofivewen nbyut 156 ahdgout

t han abput 50% of. nanoparticl.es . havir rticl '
0. GRERmESE PR RREo TP BT P B b ooy Seo b & faa
b ornh@ gieaeen thad i Oring, loe betiveen abdiid Ormed 6Qnox. dhs nanoparticles may

. anoparti.cle ] vonal
Pihct 33 s 5o/ fk G RS, U MPEERT D piGgonel o
twoemiilevieesbstomtuteh dhe niesoporang | ndeepagiclgsmay foraprife stisar wdsmay
aneRalidgl i id | Qfith R6GUHAE, FoP ekl
ORI i Srpfps e 78 MR ) uf BN e e, kf ehitplc
tiGniins talwrgnioh asceirdnjuh.s Theyaesopert priopaiticld yiayHesspherpl or
gM’ﬁQ b régqlﬂ& ghagg.dfh%qy Akd froligary ?l'iutaliﬁj Fndsbpobdth ahiopitbles
mat eri al s~ an ol magi ng applications, and as carrjers
fapdesdrited shovge Fesmesn @agiels size 9 tegrnpatisles piep e pigraed about 1
@Pcplzﬁo‘ﬁﬁgdoﬁfi.s'fhe-r ife ife BLBMRIAhHAR FrodMCTURAEW UBhere may he
nanoparticle, of a plurality thereaof, V\:hed;] ul%gd b a{r)fm
da5p thiag ahonb % of nanoparticles having a particle size more than 107 ditferent from
(greater than or less than) the mean particle size. The mesoporous nanOpartic,le(sz) may be
made by the process of the first agpect of the invention.

In a 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 Hots and
magnetic nanoparticles in functional materials and bioimaging applications, and as

carriers for drugs, genes and proteins for novel biomedical applications. There is also
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selected fromthe group consisting of catalysis, gas
adsor ption, synthesis of quantum dots and magnetic
woamwepesssi cl es in functional materials and bi oPOE§GIYS/000218
applications, and as carriers for drugs, genes and
proteins for novel bionedical applications. In a
fourth aspect of the invention there is provided a
cat al yst conprising a mesopdrous nanoparticle, or a
plurality thereof, according to the present invention,
sai d nanoparticle having a catal ytic_species. _—
rasddrgi samesepeey RARPRATIClET 9B & Phirality ¥*18&e<>§ a\@’a‘ é‘§°5"r+w“ ppplication
RfL5Rs h’@ﬁitﬁ’tf gr@ﬁﬁrkﬂhﬂsi&{ng%@ EAgGlsi) Faudddrption, Gygtﬁaeis of quantum dots
nanoparticle. The .catalytlic specles,nma - Qr-0an
apd traaepeticcagpragicles in CW‘B!\H’& i &’“’&%ﬁ%‘ﬁy@?ﬁ%&é‘%@b i) s
Qbric ol ML) 28ie€ andqRdteihy for foepeioinedical kpplinatipnbe an
enzyme or some ot her catal ytic speci tatht Ruprising a
cov én?‘PVﬁbaSPF@H OF ghet ng‘%gﬁo%gf tllgﬁ?ééﬁ%ep zlltamay. be ‘f"s"‘g_
AsRPGa elopanticko we a phunaity fleshf, ancordihg toethe preging #ivention, said
rovi ded, a. progc for. | Vit cas! lc816: they be
DTS b B e i b e bt h i cARGAE hoii oy

I SITNg exposing a nmesoporoys
sRodphot looh@pr ©rbed opland/an intthe navepastigle. The cRrlIRTTFE RHybe
@rrhers en% oo iﬁ\ét?c L8 of &g%‘l%ﬁle&mcaéaﬁ)@ﬁ@ sPRRE been indinic. catalytic
?51“9 |é peCres nay be in solution, for exa Iefa\qJ J
gguien Usmay bnorenayiueerisems oigt fagytic PREIEIHEEY ﬁ“g%ﬁ“‘ y bone
%%Hpﬁdnﬁw $13¢th el BB AR APRIfel Bler Jasilod t he catal yst.
ating may

e agl r conprise mxin shaki ng sti.rrilng,
soni Beerd inglso PRYIPELORMPEest fr @Eﬂ%ﬂ ?‘ftfﬂﬁﬁ aspriing 1 i fpul aspeot
%I%Hsﬁl.fg eg?gsgﬂ%td @fbop&lbll% @gjt)lﬁmdl@ trcbr Igﬁm?ﬂitm thieteb f) sedrding to the
sufficien | o.all ow, ca st 1. .
aesscot IEmforthe CHETIEARRSY IPE CRRLS o e‘?&n}ga?%eﬁoilmf Beor
BEGAS & dfaors QFP6i-KReprsalurign. tThe cxpdsiigysdy comprisreagitating the
sol uti,on past . the nangpart. , g I hE Qe
BRG] B° BATR S P e b colflise AR, fuldi ik,
B@fi@pAg, bitekatdting] meirlitgor ewse othg fomnplseissionpihciagiaipymay be
of pressure..for exanpl reat t asddAIRALRitH - th
Bengh L SpcidL G WL pflpd 6 ALl Ry pEaRie sldbis BUS e
inmwpaticie(s). t Altmmtively ghowratey man SABPHETE Pastiag ey cajalyst or the
Rl | i lafdglet nopatitioRed @aingrisi
R A e N S AP
phualisy of Sespoorartistesy Ehg Proresompe SoBrisSs FaRligelan LFeayy: tor
teﬁﬁﬁe@%{}er tﬁziheabgﬁtli@mﬂ,cﬂ%? Eef@%iﬁab@ﬁl%%d BOMP£i N MRy be

S

rev assocl ated W th _the nanoparticle,.or ma )
i rreles sﬁi%l agpegt ebthe dpwatiom Bew, i tPFP,V“%a dr ’é““?%a“éf?es 8 ax’l‘%‘w
%e%iqd Q%oﬂin%"t@ RS Svehin, BRK hi@paticlahovsy 4 drok end/am gane and/or
plurality

t hereof, according to th i ft i
campemgriegiated (o adipropd a0 W&%bﬁ@n‘gﬁs‘?’?}- @gsﬁ%rﬁ“%’“ gene
RhifoRbiotelh riiesca@versivly agbeibted with tidvenpraeiln or iy kritievmsibly
to the drug.and/or gene and/or protein. The drug
a’f’ﬁiﬂ’F’@l‘c‘lggFFg"“Snd/or protein may be in solution or in
enmul Shavis MCHoadl s pobess forsnsiers nowpartitie oe g pEility thereof,

catorpipet i 78 et Hpbiod RARE L SleRpbrbud dipdpifict, or &
Sitirtlity therecfo nicomlinigniy, the present invention, to the drug and/or gene and/or
protein. The drug and/or gene and/or protein may be in solution or in emulsion,
microemulsion or suspension. The exposing may comprise 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




ultrasonicating, swirling or sone other form of
agitation.. The agitation maybe conti nuedfor

wa@edobioeisent tine to all ow the drug and/ or genePENSGLN05/000218

protein to become associated with the nanorarticle(s).
Al ternatively the process nmay conprise passing the
drug and/ or gene and/or protein past the
nanoparticle(s), for exanpl @ through a nanoparticle
bed (conprising a plurality of the nanoparticles). The

process may conprise application of pressure, for
éocanﬁc@ntgtmw}low hesiragiadior qqyworeprgtem%?%@ﬁ asspgiged with

Mgg Altdafv@ Hehroarsn Qsdy @mptifepabiiaint tap ahdier gene
|s prOV|de

a method fqr cat yS|n reacti on of
&pder PrRICTreR2EY ity n{“{?Pﬁ“ﬁF@ju fhr?ﬂggd'ﬁ anﬂgpa{tﬁ Jo bed
Gihg Cﬂmﬁﬂy oF &@ REgAtichg). tme pﬁic&fstm&’ygcomphﬁﬂ’ apllicdtion of

REcRpH

a catal yst cor our t

PRI .quﬁx BFEY qﬁﬂ?@g%‘g?%ﬁe@ E?)gc‘lgle%&g% ﬁ%‘y Sous.

reacin @Rixs aspaaaﬁl the ddvetithathyrei im pravidedr e acthodfor Fdysing a

startin be b

5‘3’8%%%96 g&gmﬁol?}at%gﬁgooﬁ mduftug ! p‘?%: Wﬁ tﬁJ] quect)’ Somksing

mbasmgdm stam;mguaatmam atatalyt aonorémg snthe ffwh\ampt of @egnvcahon

al a(ﬁ& Q]gé&res ap ﬁl%%‘giﬁiﬁ?n & QJIQ QPEQQ?mngathc reaction. The
car er sol vent met hod may

@tmmglns?éer@bmmabﬁ in golpwén whigh Ny e ABRGEEIUSIOr d ROT-peous solution.

9@k Whi- Q&eﬁt@‘%dﬂh&a &y B ¥ stution R 03Bt 1A (/PRYNn SIOEHAN, iaf @ther,
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m XI ng stirring, sonicating

ahrcranh hw,ra@arm; a halpaarbpi gT smesehis sey 1k Thepagheg may comprise

%gigéttﬁ% RN tartiddGnAdial GUHORNITRY aRBthe Ol UBe aﬁlﬂf&mg may comprise
ient tine to aIIowﬁcitartl ng mat. tial

aRINREr $heling.05 RS, SPUEHTES. RUp, S1csohe HBT o ©f
GEidtoh Sﬁw%ﬁéﬂoﬂ Ghalybe c&ttﬁhﬁéd ﬁg sdfﬁqtleft ititle to ulldvh aamng mihiedal to

h h
ast teggqi? tg B%/ gchlz}l%?a ¥c?£g|€: éﬁy&r 13 agr co%pﬁ?et Q{f?é th? gtﬂrtmg
ﬁﬂdﬁﬁﬁ&éﬁ the $ohioh @ust thy catalysif for wmmhsqb@@gles c&dm bedatoaprising a

Wi he catal vs V. of
R b e (oDt Ros I fial ReoRfnl spctih pBBLRe1 therowier).
Ik eatalybt ted ntalyde bf shitalle dimfchfionsoatthat &eamldﬁm@ time of the starting

G Ot{}‘él ea m%ﬁie l%e% i J&ﬁicpéxpgliﬁgjw it é@b@cﬁ@%@ﬁ%&ﬂt@ﬁﬁgﬁ:& of the

ere’ls provid when nade by .t he
rret h @da sefvemh aspeEbof itheginysation ’tbfﬁwtlhEl‘Or"éSFH product whem giade by the

tion there is provided a
%&ﬁgdg)f?jo%ﬁg(ggﬁ%éﬁ}ﬁekgu@?ug and/ or_ a gene gqr;d/ or a
pr ot & 0 dghWpaspedt A ﬂl@xwazmﬁ&wgp 1 aFY)ad £ mefhed i dekiveripga drug
taﬂdf\gﬁ? gﬁ.{ ef dnll/oRS PRedin QmprRe leRMBIAE A RARR REOHIRE RRE fifth

he drug and/ or gene an einis
ragpesefthe mmﬁw FeyeawaRpaeR] i@ wich f‘ﬁfed@g@‘i % s Andipnprosin is
{0 @AY mQhe Aand i tThe hafoaRntidiey Hmhamayl of adpati@itratbeby
for deliverin and/ or ne and/ r.at el Gl'tot. €
tthemsilied iy met VP e froE a0 e a‘é‘@%é%ﬁ%‘n 0 the patien

‘é' érRoRAdnt Q(iays&nﬁi aduleeis &Wﬁbﬁﬂﬁﬁ&ﬁtsom@%hdﬁ‘ﬁitlhmy The
condl.t 1 on

at ment of
O St o ep ety T it S a s SrbRARg: by me
Rired idror fgarre anl¥er proteiti fos the conditien fEiteipatitnt may bo e humin patient, or
| at,i ent T i e
o e o 0 AT DB a6 00y b
rmammakl 2 marsapislupiaeptibe: The mapmal may mpmmmll nofelEnige pemate
P! oEH%I forfunli Qnatﬁiﬁ% ArHg EﬂaHﬂa?may be selected from the group consisting of

human, non-human primate, equine, murine, bovine, leporine, ovine, caprine, feline and
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or other non-human mammal , The mammal nmaybe sel ected
fromthe group consisting of human, non-human primate,

weowicetssur i ne, bovi ne, | eporine, ovine, caprPeESG2005000218

feline andcani ne. The manmmal may be selected froma
human, horse, cattle, cow, bull, ox; buffalo, sheep,
dog, cat, goat, |lama, rabbit, ape, nonkey and a

canmel, for exanple. The conHl t i on may be for exanple
cancer, Al DS, arthrltls dlabetes hor nonal

dlsfunctlon hyp nS|o |n or _some,_oth

esoin; Thecmematigl SoY e A B hgmar harsp fy e S8 P gzl
e/ 1362 datl Bt UBRa GEbH, ﬂ&pﬁhﬁﬂ{eyladdiaaamﬂfﬁt exgmiple. Theecondition

f f th f th f th
ﬁéﬁb@@?é}%?ﬂpﬁ%q%n% eﬁp# ll:;:i is glag?tgsra hg]gﬁ)&w g%n%géxy %?pe?ttens@on
ﬁ’dxﬁ@ﬁﬁ»ﬁw oftlaeconditigi.t i on may be for exanple cancer,

] : $ of '@ nano
hypar ERE Aol gt 8 AR SRR Rhafia b % nengpargt
acpEiig to thetfifth asprwmfttheunvquQm foriths ipmofacierin m@ma@@pﬁfﬁq the
ﬁ'ea%ené %k‘ B g?d?htpﬁ né)? aardtl%?@e e’ﬂ(e%nﬁ i ﬁlﬁf‘{aé koY eitﬁﬁﬂ&&ﬁ%er AIDS,

accor aspect 0 I nventi_on,

@rprmt@,rrhwevs,th@gmnhle‘imfmoﬂﬁﬂ awrfsvm% pain €1 Jofecolfier (pndition.

ace tﬁ&hﬁh%gs& fof ¥RSinv&Abd HRFSisAnNifd £ xriRMBa] ?oombxﬁhmg a
even

spect of the inyentiop there is
aanepariga (on BE: BeFeeh GBTINEE dh e T S0t <06 imefton
Q%tﬂfﬁﬁﬁ £ W ge®OMRith SInb Gor fsFe NiliBicelly Bebeptablt hAdifiads) emtied and/or
erapeut| c quantity of a nedicanment according to the
F’@m‘?ﬂ"%spect of the invention, or of nanoparticles

ac C O ChinN@evieBtht f3pect of the incpaat thefe iis lpeoviidedentoicthnd foFftepating a

e st ot ok JBiticnte e pIEL b8
qmﬁtyobhe:r nmpmmqmt i m:cedmga ubethe Bentbf aSDeeth’ﬂ fiei iwensipnit h’é of
o awmﬁ g5 %cchél?ngg IrLEedgiﬂg BB ofls Fce 1&5&% n’i‘hé &‘ﬁ‘ﬁﬂiﬁﬂeﬁﬁgemay be

y way o exanp reference
bﬂlly,hepla:db'ohp tjeptiomy(intrascrionsy Sntvgrasaiias et bnméalaﬁw\by sore
er sults for calcined IBN-I according to
ﬁler @ght?kq#}e\e/entl on: a) SEM micrograph (inset: TEM
mcr ogr aph); %) HR- TEM m cr.0 hs,taken at
different inci de Héépefof‘&'ﬂf’”“[f 86 raWEngs 111
r es pagréfereddyfo ofghe preaentsnwnme whbraw bﬂgdewbﬁ‘%bl’ wenefjexample

’x_akthrfrE%De &tﬁﬁ{eqit:c E(r%»e“ g% esor ption isotherm

-(D

OWs € resutsfor cal cined | BN-2
@tgum di stgpws oe)mmmmtaésrenﬂts i fm/ enlcingd : IBAy ] SEAdINE to Jhey present

L e

frakbil | atamtffe{r&ﬁoinmdemqneﬂtooyemol i and e {11150 raspestivnlili Gager Tthe

om0, I S R A,

$hvraTi2C Slogks apiperfimasa t esultEMori wlcmgd dpN)2 abdordif TENhe present

‘mcr

mvent?(gxr a? IgEl\/i:)rmcrogmph (inset: Ny adsorption-desorption isotherm); b}-d) HR-
TEM micrographs taken at different incidences: [100], [211] and [110], respectively
(inset: corresponding FT patterns);

Figure 3 shows experimental resulis for calcined IBN-3 according to the present
invention; a) SEM mictograph (inset: TEM micrograph); b) HR-TEM micrograph; ¢) N2
adsorption-desorption isotherm;
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adsor ption-desorption isotherm Figure 4 shows
experinmental results for calcined IBN-4 according to

W b@s/optsesent i nvention: a) SEM m crograph (i nBEr/SGX@sDn00218

m crograph); b) HR-TEM m crograph; c) XRD pattern; d)
2 adsorption-desoiption isotherm Figure 5 shows
experinmental results for surfactant-extracted |IBN-5
according to the present i Ment i on: a) SEM m crograph
(inset: HR-TEM m crograph); b) XRD pattern; c) N2
F@@wmp&u&@ @@‘éﬂﬁlﬁitalofbsmlﬁofoh edaltined ) IRRRSI acddEnANR the. present
spectru BJ 13C CP/ VAS N ectr thfultlgﬁ(s shovvsh
imlegdans FbEM mHaRFRh GRS N HHFEEER: Yaph PEREBPD; ©)
gg@h; upﬂpa@@@ﬁ&da@@pﬁ&{@&mg esent invention, along
t he % direction, show th Iﬁﬁ{s of CCF) h
shawa PRI AL TEp %-em?g rordingyfq the
pP@Eﬂt lifleRtionPey SEN1eAlclIpREHE (1ﬁ§et GIR-DEM! hRroBfapfi)e by HD pattern; c)

Enbodi nents I n aqne for i nve
Nsragtrfioa-desaapting 1eethgom: @ﬁéﬁﬂ@é@ W@é@?&*@h t13§3%f’|61}4é§ NMR
sh&gumynt hesi s of nanoneter-sized particles (50-300 nm
wi th tunabl e pore i ze ange of 5-3

Fgho oAb PRl ehls F%dfé\i @%?Phé‘é K%A‘Wwémpm‘e
BRER# o gregeat RGN Qlong EHcC[UE)] ARESE OB, niddeddUb Sifow the twins of
i ncl udi n D cubi.c |.nmBm D cubi.c Fmi 3m 2-D

R Rl A ¢ ﬁ%gwgﬁh?fmkéhaéﬁﬁt%m‘?]}?wepores, as wel |

as different material conpositions. The synthesis my

be 002! & el S8kiSh oy e DB HPE DSl L

vel | def i ned regu ar par e nor phol ogy and
exce] b&forROaR Sﬁﬁﬁﬁﬂv&lhbh toyovideS@ diaple padt-ekentied! pess that

SRR B AR B e g e

tﬁélrrﬁxfg@t at5-30Nen.i Thie nflasrscafhon pasfacthitahediaie synthems may be

£
oGP GreobRe YRR bR RS DRSSP . i o
mmmﬁmgbnﬂwﬁmﬁmwmﬁummnwaqmmaas welip$ diffsrehbmaterial
BB eybi Bl 80'cfraliB 3 ALY Lftrar R QO ARl

rlses pr xtur
deﬁm’dr VeWPHron xsgularammh mogphglogy gad @Wlaétmm a%ﬁialbdlty The

x?ésb#g‘?% iy feHd Bﬁfablc"i‘ﬂ‘gzé £R%hdyHevd Reh ShlcherA oﬁeﬁﬁé‘ r e 'prdcess

mesopor ous nanopartlcles The aci di c m xture
usesy tWH ﬁﬁer@e tyines of | surfiantea Yhep Envagiors GueRsse tht the, flaeroqapbon

SR Nt Y 3@ QntrfDhe pRMWIE bf B dhdsbptsus palicleS  A¥RIE the
salts. It may be a solution, a dispersi

seepnl Spefeetant ﬁ&Yr?é‘rS/%é SEpTRRIP M FRplElR, fon Pormition ot e periodic
wayb@R, Oor a microenulsion, it may have a nrean
dropl et size between ahout 1 apd about

bet WEE BrOSHSnFomPrises Proying jan, li@e}xtwf a%i’f%t?g # Tyorgearbon

sﬁﬂ‘actalx@ a%ébnﬂ@ﬁrfacl@x@ afgl sifiE0prectitsdr, andl réabithg tAdsibenchratfior to
é 100, 50 and ZlOO 20 and 100 or 50 and 300nm
S‘??Q(’Pé‘sﬁm}‘?g%fﬂc&?‘opl et size of

The acidic mixture may comprise water, and may be an aqueous mixture. It may
comptise one or more other additives, for example salts. It may be a solutio‘n, a dispersion
or an emulsion, and may be a microemulsion, If it is an emulsion, or a microermulsion, it
may have a 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, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 150, 200, 250,



10

15

20

25

30

about 1 1 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45,
50, 60, 70, 80, 90, 100, 150, 200, 250,300, 350, 400,

wWdadeo045500nm It may have a pH between about BCBHSGME5/000218

about 5, or between about 0.5 and 2, 0.5 and 1, 1 and
5, 2 and 5 2 and 4, 1 and 2 or 1 and about 3. It nmay
have a pH about 0.5, I 1.1, 1.2, 1.3, 1.4, 1.5, 1.6,
1.7, 1.8, 1.9, 2 2.1, 2.2, 323 2.4, 2.5 3, 3.5, 4,
4.5 or 5. The fluorocarbon surfactant nmay be anionic,
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froma fluid in which they are |located. They may b e
then washed, or may be washed and then dried, or may

wheowaestsstl and t hen heated to renove surfact anP&T/S62005/000218

may be washed, nen dried, then heated to renove
surfactants, or they may b e dried and then heated to
renmove surfactants, or they may b e heated to renove
surfactants. The step of dr¥ing nay conprise heating

t he nanoparticles. The heating may be to a tenperature

oo, R S0 5090, s 5074 i, S, 325 1.
g{g ANG0%2 P Gnay b o BYdG theh HimthMeéﬁhg 56y 6 jn 70, m@qgen,

100, 110, 1,20, 130, 140 o
gewabdim, sathon dope orFRe H@%&ﬁ“ﬁ&’ ar%ﬁ”‘&E Hegl e Hndi8of these.
.ﬂlt&fxtﬁﬁ@l’} or aﬂ@ﬂdihallh ?{cl steof d@nﬂgma)dcqnmnfaefrnge-dm Theatep of
or a e of. an : ver and/
e A o e
tt&q;ﬁﬁo&sz’ﬂaedgay iy be Thpas Betcip insrt tg rtlw Rigficigyand may be for

addi |onal d Oé orDar thl?éil t LV aiGQEEs §ﬁlxﬁ§§§fmgse;’iand may be
S r’and/or through the partjcl

e
@f’mi fth stbp oﬁ dgatrg mpy additipoplieen all[eglatlﬁ:‘éy ﬁo(ﬂlgqsm gﬁym%ﬁ é)&ttlal
X%c% m?o g&om it &. Pld partdl ViGHR Gnayﬂfag@ﬁh atehuiepRssute. of for

or a mxture of the
ebcamb bcﬁneeusatbe\pt QA1 wey-hgmirEsh sRfersB A b %}"ﬁff oPd 0.1, 001
A1 Y&l 05, 0%l 9, 8/oBlayd 09 oaOpaernauoals anacypbires; ‘and may

Hd F05
m&ﬂ&%ﬁ’%& rcsamasibo L8 L REHH, B B8 Gniicre. e
f%é:@hﬁameﬁmdrymgobemmu@bout 0.01 and 0.1,

and
o _ olmson faprgrepstis mts oeaink R 3 Bl Bl e
gl &élﬂfaﬂcoﬂflsﬂa:m 4¢ adied 1o aﬂ) a@@out()acidlc @mﬁactagt wixtge mpnsmg a
0

EuETS o § Al DB PP i

ne representatlve process
At eaiag scﬂgtldnooﬂ henquroemémpn iofiviben fipornacarban ariesianfsind fhe second

gﬁrfq‘%gag{ nt il rl&‘é@/ag' kﬁ‘&h@@ hiso aﬂ%ge éﬁy&ébhaw fRLHaPRhidh Say

f1 uor ocar
o nipabmﬁnssm Bcomrion of foses s e S HEngRAsEC @F P adgitign of the

%ﬁi %!#sfl ﬁ?'»lna{ aSifalist 098t Grbe, athm anmwmhes atoteasnfpamauy
uor’o on sur.fact nt and, t &p fagtant . .
Hiydrolybset i G REFCCBEIBR AP H9Fmas SYOTERRHS oly 36 op‘ﬁc}b
gﬁélﬁfg fbve Wbiah t&ﬁﬁ’er@&@ @ﬂﬁhﬁﬁb@éondwdsdt Ildmg:rltmperamres for a
t

I on_of pores in th

donger time Bie hydeo W%GWSIM aapfiéuail %&rﬁ@ﬁ% t?s r?(ﬁ a1l 9P the alkoxy
?& @Ma Be ﬁy&f)lyiddm it thilebeal domplesd Hydméysab il welaglt all of the alkoxy

I h I
e h@@d&t’-@“ boppeet 3%4“&%8 g%“?%t!g% ﬁ{,ﬂﬂﬁg 'Htx&y"q & huble, so
&H&!‘ﬂﬁe rt@dmir@&httldo&ﬂmﬁammm@ mapbe a scdquob,eo_lr_ @tomm@ta@acrg ulsion.
vver e ra on
391 hydr e? ln}a qna o%ﬁey A attr%f%'e{)%ch@% mnglt% J?a%ﬁ?fs%& i»fh%@é 8f the
ahiéfmmugroﬁumﬁe apaeoeacidja mintyrs del then hegted tagn plevated tcmpﬁamfe

L WAL Bl ol 0t

hiyteneibry. SEhisetemperatie m\la'pieallwtmdlle Csboweygr it Wﬂ’ebc understood that
r es uI | oA GRIS bé1 Ll for mnﬁ&uﬁrﬁes”@/ hipBerdtemPritiicd fior hbrter

e e f&fén‘;ﬁu”x‘éef#fg@mw@édr She s givare

Ofioek 16t boil. At the elevated temperature, condensation of the hydrolysate, ?ptlonally
together with any unreacted alkoxysilane, to form the mesoporous nanoparticles of the




10

15

20

25

30

m croemul si on. The aqueous acidic mxture is then
heated to an. elevated tenperature sufficient to

w@e@anossstondensat i on of the hydrol ysate to foroT/s86205/000218

nanoparticlies of the invention. This tenperature is
typically around 1000C5 however it will be understood
that | ower tenperatures may be used for |onger tines,

or higher tenperatures for &horter tines, so long as
the conditions of tenperature and pressure are such
that the m xture does not boil. At the elevated
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from(greater than or less than) the nmean particle
size, or less than about 40, 30, 20 or 10% of

woawepasssi cl es having a particles size nore theer/86G2005/000218

15, 20, 25, 30, 35, 40, 45 or 50% different fromthe
mean particle size, or may have about 50, 45, 40, 35,
30, 25, 20, 25, 10 or 5% of nanoparticles within that
size range. The surface aré@& of the particles), e.g.
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of the starting matcrlal to a product. The catalytlc 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 mesoporous nanoparticles of thei present
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WG p@oioesssassoci ated with the particle.

of action. Thus the particle of the present invention
may be converted into a catalyst by having a catal ytic
The catpCTB8GL05/000218
speci es may be adsorbed or bound or sorbed on and/or
in the nanoparticle. The catal yst may be used for O
catal ysing a reaction by exposing a starting materi al,
optionally in solution, tohe catalyst, whereby the
catalytic species of the catalyst is capable of

catal ysing the' reaction of the st a{%{1 %%g@te“ al to
ipventior tma¥ hratabdhadipensions 98 ah L2V Wi I ¥“’

%19 éé@'ﬂl et 8 Hnopaftilct hth (@gadrinmbity. be a
dcata yst-catal ysed (e.g. enzynme catal ysed)
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and then transferred to an
300TEfonY dayf. Or farther condensation at 100C for 1 day.
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Except for IBN-5, the as-synthesized materials were collected by centrifuge, dried
in air and calcined at 550°C for 5 h for surfactant removal. In IBN-5, surfactants were
remaved by extraction; 0.5 g of the as-synthesized sample was treated twice in 100 ml of
ethanol with 2 g of 2 M HCl solution at 50°C for 5 h.
XRD patterns were obtained with a Siemens D5005 diffractometer usirg Cu Kou'
radiation. SEM micrographs were obtained on a JEOL J SM-6700F electron microscope.
TEM experiments were performed on a JEOL JEM-3010 electron microscope with an
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Except for IBN-5, the as-synthesized materials were
collected by centrifuge, dried in air and cal ci ned at

wWG0E48T 5 h for surfactant renoval. | n | BN-BCT/SG2005/000218

surfactants were renoved by extraction; 0.5 g of the
as-synt hesi zed sanple was treated twce in 100 nm of
ethanol with 2 g of 2 MHO solution at 500C for 5 h.
XRD patterns were obtained 2ith a Sienens D5005
difrractonmeter using Cu Ka radiation. SEM i crographs
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pyatrdlysd eFsilichpeechisasamd the hydrolyzcd silica species would co-assemble with

triblock copolymer surfactants to form well-defined mesophases, whose structures and

9-’9

pore sizes would depend on the type of copolymer and the amount/type ot: organic
additives. Simultaneously, fluorocarbon surfactants would surround the silica particles
through S*XT" interactions with the surface species of the latter, thereby limiting the
growth of silica particles. By this approach, five different mesoporous structutes were
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coul d be described as follows: the weak acidic
condition would pronote, a slow hydrolysis of silica

w@e@e0456T s, and the hydrol yzed silica speci esPeDsG2zI05/000218

co-assenble with triblock copolynmer surfactants to
formwel | -defi ned nmesophases, whose structures and o
pore sizes woul d depend on the type of copolymer and
the ampunt/type oi: organi c2additives. Sinultaneously,
fl uorocarbon surfactants would surround the silica
bRREdAN @8rivel WA Anddeter! phrticl $268¢den6B8 aMHNL1 kO EBN-5 in Table
surface species of the Iatter thereby Iimting the
é}omﬁh of silica particles. By thi s approach, five

di fferent nesoporous structures meresuccessfully
derived with nanoneter particle sizes (denoted as
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fﬁ 54 2‘%@ fjuorocaP[lB surfactant FC-4 was used in

-2 e (F-3mni ¢ T}%éti cl 8% ze. CHfeul at ed®?
mwm t hmaﬁsmnﬁmom br peE-hTMMB t he BRsor pti op.gesot heryms

gtgr Q’gﬂﬂ( SElr\fwﬁrmge of g@%llscf E:j g%?gﬂll- Ing

{B4S was Wem&hlead Wi t h PFL08onic F1375tri bl 00ls4 52

cEMfoling e e o B e SR fiife”

(B‘ll:wat&ddwmﬁmp@sqﬂom branehl el sgrptios fsdhmrpamgnhﬂ BaIsI of
2300 nm  Transmni ssion .electron mcroscopy (TEM
Image (Figure | a inset) reveal ed that these particles
we're welldispersed with little aggregation, The XRD
pat tEgure b4 showis therseshnjuBMlactrérFnipmrseonyd P END oo of vadeined IBN-1

R R R I R Sy T
tlndrbeagtonisorfactant FE-dcusbigcths yymthetic yppmataln desctibedtaboee. IBN-1 was
CAAAF e Aoty fofr DEaBep e ORI b gty edtpon
pxiqqqcopmﬂ‘ﬁiéhme dfitgutchéa drsed esw@lndhthag these particles were well-

Ew% A gﬁm& rlf?tRan B @101(1 Fﬂﬁ\ﬁﬁ 6%{9%%("8{ éaﬂmf o 2}5&'(1 ﬁj}? &&e 1e) showed

tvory Wtibtesxgvﬁqacalhaztlﬂmbspecmgs of 116 A and 82 k respcctwely, which tould be
indexed as the 110 and 200 diffractions of a cubic symmetry with a lattice constant a of
164 A. The high-resolution TEM (HR-TEM) micrographs of this material taken at [100],
[110] and [111] incidences and the corresponding Fourier-transforms (FT) are silown in

_n

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}particle
morphologies 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) w1th a large
lattice constant @ of 165 A, as consistent with the XRD finding. IBN-1 has a Typfe IV N,
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D

substrates. Conventional MCF has a cauliflower-type morphology with a particle size of
tens of microns. Using the present fluorocarbon surfactant-mediated synthesis, éphen'cal
nanoparticles of MCF (50-300 nm) were successfully obtained as IBN-3 (Figure 3a). In
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Mesocel lul ar foam (MCF) is a novel nesastnietured
silica material tenplated by oil-in-water

won@eoessst si ons. The ul tral arge nesopores (25-HOr/863005/000218

have ma e MCF particularly useful as catal yst supports
and separation nedia for processes involving |arge
substrates. Conventional MCF has a caulifl ower-type
nor phol ogy with a particle2§ize of tens of mcrons.
Usi ng the present fluorocarbon surfactant-nediated
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e o oL Doieg CoGBRINRE BTG SRR ok
consisted of 8i0; s~CHz-CHy-8101 5 structural units. It should be noted that in Figure Je,
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



10

s

20

25

30

nucl ear magnetic resonance (NVR) spectra (Figures 5d
and 5e, respectively) showed that all of the Si atons

WO poobloessant eri al were bonded coval ently to C apPCIsG20a5000218

the framework consisted of SIiQ.rCH2-CH2-Si O . s
structural wunits. It should be noted that in Figure
5e, the two small peaks at 16,5 ppm and 70.1 ppm were
due to C species fromthe r¥sidual triblock copol yner
surfactant. Both SEM and TEM micrographs (Figure 5a
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have to be used at very low concentrations (0.5~1 wt%) in the synthesis -of IBN-4, or

large particles with an irregular morphology would be obtained. This was ‘possibly
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and F108 (EO"WQ@soEQOM, were preferred tenplates for
this synthetic strategy* as they could be used over a

WO edoa4s8Ty Wi de range of concentrations (0.5-BCWEE&3005/000218

These, triblock copolynmers were used in the synthesis

of IBN-1 and IBN-5, respectively, In contrast, the
triblock copolynmers with low EQ PO ratios, for exanple
Pluronic P 123 (EQRqPQ7qEq Yo), j have to be used at
very |l ow concentrations (0.5-1 wt% in the synthesis
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- reacting the silica precursor to formthe nmesoporous
nanoparticles. 2. The process of claim1l wherein the
wa@eoodioessat xt ure is an aqueous m xture. 3. The PCDSEH®5/000218
of claim1l wherein the acidic m xture has a pH between

about 0.5 and about 5 4. The process of claim1
wherein the fluorocarbon surfactant is cationic. 5.
The process of claim 1l wher@$n the second surfactant
is an al kyl ee oxi de bl ock copol ynmer surfactant. 6. The
Pregsss: of claiml wherein the silica precursor
conprises a hydijolysable silane. 7. The process of
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Rl dﬁs@rgaf gl aim1l2 gherelg the step of agltatlng is
con [ etvvee abouyt .a

about 5 afRdAHEUL 516”1}12@?'561' Iﬁg]l‘:‘l'g}‘[gp or gcegss o?‘g aP?ﬁc
Milﬁ[ﬁrtsiamcohfbhmig thpsitita pmuﬂoawnh argactdn@smﬁam mEXiues.

cond )
bet weén aBo‘g r?&% ﬁn’(l}m?og L{Iry]lg%er%s %edém Tﬁ{e Sl%?aﬁgggs@& fo acidic
sirfictmtimiathat; is bowakr sbouohrifiliand Apubt:2 e azywpdr e vy bysis.

fﬁgyf £ 'e':'ﬂ? ﬁ@c@s@@f‘%ﬁﬂﬁ ti Gh&in[thOWeft dt!rbilcting MmeRiiGgrecursor

comprises at least one of hydrolysing the silica precursor and condensing the silica
precursor to form the mesoporous nanopatrticles.
12. The process of claim 1 wherein the step of reacting the silica precursor
comprises steps of: .
— agitating the acidic mixture for sufficient time and at a sufficient temperawre for
at least partial hydrolysis of the silica precursor to form a hydrolysate; and
~ maintaining the mixture, or emulsion, at a temperature and for a time surficient
for reaction of at least one of the silica precursor and the hydrolysate to form the
nanoparticles.
13. The process of claim 12 wherein the step of agitating is conducted between
about 10 and about 80°C for between about 5 and about 50 hours.
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s 16. The process of claim 15 additionally conprising
washi ng the nanoparticles with a washing |iquid. 17.

wab@ejpo456ss of claim 15 al so conpri se heati ngP€T18G2005/000218

nanoparticles to between about 500 and about 10000C

for between about 1 and about 20 hours. 18. Mesoporous
nanoparticles when made by the process of claiml. Q
19. A nesoporous nanopartick® having a particle size

bet ween about 1 and about 500nm and a nmean pore size

bet ween about 1 and about 50nm_ 20. The nesoporous
nanopfar tThe| nsoests ef alaiv 19 wivesivithe sthie op Graintaihing the mixtre is
Q@ﬂdﬁ&@@at%ﬁ%%uﬁfﬂnﬁ Redk 1§@@ 68} bedden AoUBRARAN QG‘ﬁonrs

nanopartic avi ng a particle size between about
and (khe proseamafelainy!] ﬁiawﬁgllwmﬁ@%&%tﬁwémrt@llxmwthe

fnﬁ:%hrhbl@s ﬁ&r@ﬂ@luﬁ‘iﬂ%ﬁ;hlt aRflocate® cubic, 3-D foamli ke,

2-D onal an The .neso rou
nano rt |PEOCEES I‘“‘Eg%ny T%W‘?B‘i’zﬂéﬁ WIPHES §’€ fagoparticles
gﬁmatvﬂsmhglmncabout IOnm 23. Use of a rresopor ous

nanopar tid.cl e acc n 1 19 .0

0" 211 o e R el efta dPhofheflpalhE bifbpditges™d thlween
suwéﬁﬂaa;hdfabmwwéc fmbatpfeexmbsutsltandgbcoﬁ Zthmt ysis, gas
adsoypt i t t tic
manonar apRa¥ it pifeef n AR W o ARDERARE. ©
app! 1% atA owsopornsinaroparticle having 4 particlle siggshetgesnaboutridind about
BOGHArd% thédh pBHcQTE BLikRln ﬁ@ﬂll'aﬁé‘%o‘ﬁp?omf"' A mresopor ous
nanoparticle accordlng to any one o alns 18, 19 or
21, 4 dhs meseposqus mpnapagicleatt clajin df wheedn the nore size is ‘between

AR 16 AHdi BBut SBhRCL ed from the group consi sting of
cat al ysi s, %)ps adsor pt |,

synt hesi s .of quant um dot s
and %lag fefre H‘QH%&%‘PPW&%E“W % R %?Fa‘i’e%‘ﬁ%?ﬁé‘g?‘ﬁlléngﬁ@“‘
BoGnTRE! Iﬁ%n@@&hds@s&hbm&cleﬁétﬁfrﬁﬁ tiAgrbripedonisibtii o BUYSubic, 3-D
ene a£ roteins for hiomedical applications, 25. A
%9" P%llaﬁqg g ‘opor ous nanoparticle
aC cozdi e hizsdpoyoud Amopdrticlt af dBEmDY whbRirothe Bdre siaé is@reater than
urality thereof, said nanorarticle(s) having a
" ?‘%}W'c speci es associated therewith. 26. The
cat a2y stUsefof almmisopoRdss wianapertialetaoerrding & aryi ane sy einesiy, 49 or
0 a
3[‘ gxn%ﬁ@al?té thé?‘ec{fehn o) %@iweﬁi@h %le%?tgc? Qrao ﬁﬁ %‘H&%Qo?sistl{xg of

xposihg a's

aaidmmsh gag qdeprntltcm wmlsesw\mfeqmymt idets czaldamygnebo s:p@cma@sles in
Blnliifn ERLAUN Sha bRARARADPGORT WA U Lk U AGELELRR wnd

mtcnpﬁrf@ﬂu@n appHeAiges conpri si ng exposing a starting
At eg4, a' SsoBolofd ¥ i @ b dinB o &Je%ma%% %Mﬁaphy ora

t he cat yt1C species of the catal i's capable o
plurality thereof when used in an application selec ed frOm the group conststmg of

catalysis, gas adsorption, synthesis of quantum dots and magnetic nanopamcles in
functional materials and bioimaging applications, and as carriers for drugs, génes and
proteins for biomedical applications.

25. A catalyst comprising a mesoporous nanoparticle according to any one of
claims 18, 19 or 21, or a plurality thereof, said nanoparticle(s) having & catalytic species
associated therewith.

26. The catalyst of claim 25 wherein the catalytic species is an enzyme.



catalysing a reaction of the starting material to the

product. 29. A product when nade by the process of
waeb@enve87 30. A nanoparticle according to anyPOReGTN5/000218

clains 18, 19 or 21, said oanpparticle having a

speci es selected fromthe group consisting of a drug,

a gene and protein associated therewith. 31. Use of a

nanoparticle according to cl3® m 30 for the manufacture

of a medi canent for the treatnment of a condition

selected fromthe group consisting of cancer, AlDS,

ar t her.t i 4 meghiodHestcatalysing amenstidn ehimpiising eXosing a starting material to

YRRy eR@iRg 8\ GaiR®s whereby the catalytic species of the catalyst is capable of
catalysing the reaction of the starting material to a product.

28. A method for producing a product comprising exposing a starting material to

5 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 product.

29. A product when made by the process of ¢laim 28.

30. A nanoparticle according to any one of claims 18, 19 or 21, said nanoparticle
having a species selected from the group consisting of a drug, a gene and 4 protein

10 associated therewith.

31. Use of a nanoparticle according to claim 30 for the manufactire of a
medicament for the treattent of a condition selected ftom the group consisting of cancer,
AIDS, arthritis, diabetes, hormonal disfunction, hypertension and pain.
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