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Met hod for the manufacture of patterned m cro- and
woaoapaéds cl es and use of such particles in tReT/IE2002/000120

assenbly of nanoscale architectures in solution 5

Technical Field This invention delates to a nethod for

the manufacture of patterned mcroparticles,

i ncl udi ng nanoparticles, nore particularly

anisotropically patterned picraparticles and to the
use thereof for many differgkﬁgﬂﬁﬂﬁﬂications,
especially where control of such particles is

required. 10 Background Art The so-called "bottom up"
as s dbiho doforfthe eharonfakture ufgsateened meierd-esndinenoparticles and
solution is a goal shared by researchers in many

fi eds of(sBlchlymrtiCles inrthe Ssetdbiy of Hanbscabnaehitedieras in
Int. Ed. Engl. (1996), 35, 1154-1196). Expected
bengblutsomf such assenbly include greater control 15
over material or device properties and innovative
technol ogi es that address unnet needs. One approach
envisagedealifSetdre nol ecul ar sel f-assembly in solution
of ~manostructures from nol ecul ar and condensed phase
conponents (Whitesides, GM et-al. Science (1991),

5 S g ﬁllf léé éﬁﬁ%l%ig% g%l@wgelﬁe% g;etﬁgqi 3’5:{1 F@&%ﬁg@é%uires of r1]3(eettterned
I T —
. Ml ecHRhed Rkt SPATIR Yar ' Blttid fstebf for many different

applications, especially where control of such particles is required.

10  Backeround Art

The so-called "bottom-up" assembly of functional nanoscale

architectures in solution is a goal shared by researchers in many fields

(Philp, D., and Stoddart, J. F. Angew. Chem. Int. Ed. Engl. (1996), 35,

1154-1196). Expected benefits of such assembly include greater control
15 over material or device properties and innovative technologies that

address unmet needs.

One approach envisaged, is the molecular self-assembly in solution of
nanostructures from molecular and condensed phase components
(Whitesides, G.M. et al. Science (1991), 254, 1212-1319). Molecular
20  self-assembly is the spontaneous association of molecules under
equilibrium conditions into stable, structurally well-defined aggregates

joined by noncovalent bonds. Molecular self-assembly is ubiquitous in
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and underlies the formation of a wde variety of
woan@lessobi ol ogi cal structures. |In consideri ngP@inAE2002/000120

nol ecul ar and condensed phase caonponents m ght be

suitable (Mann, S., et al. Adv.2Mater. (2000), 12,

147-150; N eneyer, 5 C. Angew. Chem Int. Ed. (2001),

40, 4128), one is inmediately attracted to high

i nf ormatiion cont ent | ecul.es .(Lehn, J.- . .
3up%a¢.l@ |SYBLeRE AT tqqdferfeﬁﬁéz%pf@%wrpe% ayeide; Yasdety of

VCH, i nhei .(1995 and to the rapidly grow ng

numyeHL Pxﬁﬁﬁaﬂé?ﬁf&ur%ose properties can be tuned

by controlling their size and surface 10 conposition
(Alivisatos, A P. Science (1996), 271, 933-937). )
Thera coxisiderimg gimtinnolecutdreandooredenspd ghasb eomponents might
hi gh-information content nolecul es and nanoparticles

hav detmatatde (Marss dhberd!. iddv. dduteri B000),yl B11d 7rdH8) Niemeyer,
nanoscal e architectures, sone with significant .

f ecKholiagewaCheot. dit.i ol (ZQQIL&%élng»g@mmmedlately
materials synthesis with 15 DNA(Storhi)ff . J. d

M r KitiactedAo ldgbninfenation goniendanakeey e&@ém, J Dggpi te

this progress, it _neverthel ess remai t he gase

t he %Wamq]e@mlarcﬁg@%ﬁtw %%ﬁ eﬂd?rﬁvpewse%f éﬁaof

t he ngoscal e architectures th have been .
ot rWaaandd BRI uRs 65 rantihe gBRY T Rifier of nanoparticles
needed. 20 Essential l,y the .qurrent at f +{he '

bas e"gﬁ%ﬁe 13 Lo e otﬂr‘é]refiic]%}f aotr {ﬂ‘g ﬁ‘:ggr %%e anflf Surfiee

SIS Ol RSP 27030997

particles is that they are isotropic.
There exists a growing number of examples where high-information
content molecules and nanoparticles have been self-assembled in
solution to yield novel nanoscale architectures, some with significant
technological potential, including programmed materials synthesis with
15 DNA (Storhoff, J.J. and Mirkin, C.A. Chem. Rev. (1999), 99, 1848-
1862).

Despite this progress, it nevertheless remains the case that the structural
diversity and functional complexity of the nanoscale architectures that

have been self-assembled in solution fall short of what is needed.

20 Essentially the current state of the art is based on spherical nanoparticles
modified by chemisorption of high information content biomolecules.
The inherent limitation of these particles is that they are isotropic. Asa

consequence the nature, rate and extent of recognition directed assembly



consequence the nature, rate and extent of recognition

directed assenbly WO 2004/016696 PCT/ | E2002/ 000120 3
wonoadiemson is the same in all directions. FoPCTAE®02/000120

reason, the conplexity of and function associated

with such assenblies is inhereﬁ%ly limted. Efforts

directed at preparing patterned nanospheres have

included the deposition of a nonol ayer of gold

nanpparthIes n one fa nano

si |
usi RoSaligh? AP Bisamaty Alf dgah nss FOPLPIseas e fotplexity
. tt 20
nangéan@ffﬁn%@o SRy ARSI S plersatiidimited.

on a |l aboratory scale in comon with Langnuir -
Bl odgett techni ques. Qther efforts have included the
evapdfats direofedeat prepatingmiatteoned hanespzheras havesncluded the

nanoparticle (Takei, H and Shim zu, N 10 Lan%mu r
( 196@positivn abss)ondlayer aﬁgnbﬂdnanoparﬁpl@oom ang Tagereée silica
of respects. First of all, only part t

& annbmpaﬁmé@ distig Langn*sbrﬁlpdgettlt@cmaqﬁes Eﬁ%féfsiarey aloMater.
carry out t I d t / h

a fvgééruf(?@@dgs?i 4786 Aosiisametig meRepRISIACE Fr oay BRgirdduced
ifficult, t t.th d I .

"t ovide Hhisimathorhen psRaren sealgia goniehai A fnuir-

o SR e TP LB crlme%g&b ety o
b SRR P i
e £99P,dopt9geke i Py Va@ﬂatﬁggg numbe of
(oL S PO ARRh Dt e el aly b pamd i

Langmitioh 20 ¥Ring AEceskabR td 888 -out the gold evaporation/
chemisorption step in a vapour deposition chamber. Furthermore, it can
be difficult to get the coated particles to redisperse into solution. The

15 method is also limited in the nature of coating materials that can be used.

Other methods with similar limitations for the production of asymmetric
patterned nanoparticles are known (Himmelhaus, M. and Takei, H.
Sens. ActuatorB-Chem. (2000), 63, 24-30; Love, J. C. et al. Nano Lett.
(Communication); 2002; ASAP Article; Web Release Date:June 21,

20 2002);Fugimoto, K. et al. Langmuir (1999), 15, 4630-4635 and
Nakahama, K. et al. Langi;zuiiﬂ (2000), 16, 7782-7886).

The preparation of patterned nanoparticles to date is limited to the
laboratory scale and there is a need for a method which can be carried
out on a large- or commercial scale and with which one can use a wide

25  variety of coating materials, especially coating with biological materials.



The preparation of patterned nanoparticles to date is

limted to the |aboratory scale and there is a need
woéanodai1ems hod which can be carried out on a | RCGEE2002/000120

commercial scale and with which one can use a w de 25

variety of coating materials, edpbecially coating with

bi ol ogi cal materials. WO 2004/ 016696 PCT/ | E2002/ 000120

4 Disclosure of Invention The invention provides a

nmet hod for the _manufacture of patterned

m cr In sing i mobilising mcroparticles

to be patterned on a surface of a porous nenbrane,

causing a coating nmaterial which can 5 bind to exposed

sur fBlge fnwdnthdi Pravidespantiholdefor thethakufabtiganf patterned

perneate through the pores of said nenbrane, to flow

r el ahiorephaticlesdcompoibilg fathobilisingpai ¢iopaetscleand be patterned

renmoving the mcroparticles fromthe nmenbrane

f ol | @wasyrtzced fmpofousandnimane pcpusing i cdatinpmatetidosthich can

according to the invention can be carried out in ‘

$ol whindrtosxpwsedGuetaees ofisaid suerapaatidles| hodsviiich aamepermeate

manuf acture of a wi de range of patterned |, L. .

ni cribpeugh the pors pksaidnaembragederilowaelative tapsaiddmmobilised

accorgding to the invention perm,ts the cost-effectiv
vol Umictopaiieles ard wmgatn&ﬁleeﬁqpaégakﬁi@@§. eTRgfbrane

is m.croparticles, _.especially nanaparticles, of one

et SHllWingp KRG of SARDEHRNGAFIAL (in 15 the form

of smaller nanoparticles or |arge bionol ecul es),

deposited on a well-defined region of the surface.

ThesEhe ah¢thoenast ondimgptar thiedheentian caauieseayuiea dyt imesolution on a
modi fied by adsorption of a nonolayer of one or nore

Wi ghcombugneizli ssalecand eHowsofoedhe esamfachyarnds widonange of

or nore discrete . ) .
patterned microparticles as hereinafter described.

The method according to the invention permits the cost-effective
volume-manufacture of patterned microparticles. That is microparticles,
especially nanoparticles, of one material, which have another material (in

15  the form of smaller nanoparticles or large biomolecules), depositeéi ona
well-defined region of the surface. These patterened nanoparticles can
subsequently be modified by adsorption of é monolayer of one or more
high-information content molecules or ligands at one or more discrete
regions of the surface of the patterned nanoparticle. These adsorbed

20 molecules will cause one or more of these discrete regions to recognise
and bind selectively a molecule, a nanoparticle, a substrate or possibly a

discrete region on any of the aforementioned thereof.

Preferably, the microparticles are nanoparticles.



regions of the surface of the patterned nanoparticle.

These adsorbed 20 nol ecules will cause one or nore of
wohewi®igioscret e regi ons to recogni se and bi ndPCT/IE2002/000120

selectively a nolecule, a nanoparticle, a substrate or

possibly a discrete region on &ny of the

af orenmentioned thereof. Preferably, the mcroparticles

are nanoparticles. W 2004/016696 PCT/| E2002/ 000120 5

Accordi ng to one enmbodjnent, the inmmbiljsed )

nandeporilingto ane enhodinishés ths. 1nm9bi11m%i>mm<§@9aﬂcles are

m croparticles are suitably conposed of silica or

| at 8RNOSPhesgst abl e si ze range for silica nanospheres

is 0.1 m10 pm 5 In the case of |atex nanospheres a

suitable size range is 0.1 pm 10 pm Preferably, the

sur fageimdbiised ariopspdriiclessare suttabiy catiposedaiffsiléch or latex.

to facilitate binding of the coating materi al

thereto. For exanple, the microparticles can be

am - oy .

o SUREb % S AREE NS SR g sBHERR 400, A .
interaction required and the nature of the coating

mat eri al bei;& used to Battern the ntcropartjclﬁs.

The Tndheioage it atexananasphpeescbapidalle re rangspierQ.il diasl 0 pm.
According to one enbodi nent, the nanoparticles are

i norgani ¢ nanoparticles. 15 For exanple, the
NanqRafsiablLshedrRRest the fiﬁfbi’@ﬁéftidlé@i?s clidamioedly: modified to
ot her inorgani c nanoparticles that can be used include

si | viaeilitagnbilihg ofeke eodtingmopeeial thest@f titani um
di oxi de (Ti02) and gallium . '

For example, the microparticles can be amine-modified. However, other
types of surface modifiers can be used depending on the type of
10 interaction required and the nature of the coating material being used to

pattern the microparticles.
The coating material can be composed of nanoparticles.

According to one embodiment, the nanoparticles are inorganic

nanoparticles.
15  For example, the nanoparticles can be gold nanoparticles.

However, other inorganic nanoparticles that can be used include silver
nanoparticles and nanoparticles of titanium dioxide (TiO,) and gallium

arsenide (GaAs).
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When the nanoparticles are gold nanoparticles and the
waizergperdsi cl es are suitably chem cally nodi f PEBIERODON0120

as when they are am ne-nodified, then the gold

nanoparticles are strongly adsoPbed. However, ot her

i norgani ¢ nanoparticles include, for exanple, 5

sem conduct or nanoparticles, insulator nanoparticles

coaW e ke enaPar Gofs: ESENEIORAHG s < hesggrogprticles are
' ial.,F I h [ ial 4

E;E %g%iég{rtgl?é@?eurﬁ g{%ﬁﬁégf Qel}eda %%\?V " %gtﬁegglr%%nelﬁegmodlﬁed,

[ u ial. : ani c

coanli?%ﬁﬁ%gg}ﬁ?n%%aﬁjn%esc%ﬁp%@gﬁlgfa@Bﬁfoo '3nuc| eoti de

mat eri al such as DNA or a pol ypeptide or protein

material. The mcroparticles can be cpated with an

act iHewengr,athenndrganiciaanopsrticlesting Hides fORe¥@MPY,

other animals as hereipafter described. The coati n%]t.

frat SEMECOBANCIT JI8NBPAHHES. [Bsulaber RANOPRIFEIESHRG goplytic

material . A nolecular coating material can be nono-,

bi - DERORPArEFIeSnct i onal dependi ng on the application

to which the patterned nanoparticles are to 20 be put

in practice. WD 2004/016696 PCT/| E2002/ 000120 _
Alternatively, the coating material is comprised of nanoparticles of an

organic material.

For example, the coating material can be comprised of nanoparticles of a

10 biomolecular material.

" For example, the organic coating material can be composed of a
polynucleotide material such as DNA or a polypeptide or protein

material.

The microparticles can be coated with an active ingredient for the -

15 treatment of human or other animals as hereinafter described.

The coating material can also be comprised of an image contrast

material.

A molecular coating material can be mono-, bi- or multifunctional
depending on the application to which the patterned nanoparticles are to

20  be put in practice.



7 The nature of the porous nenbrane for use in

accordance with the invention can also be varied
wdepandéadg on the nature of the mcroparticl eBCTAEDE2/000120

patterned and the nature of the_coating material. For

exanple, if the mcroparticle arid/ or the coat i ng

material has a 5 natural affinity for the material of

the nenbrane, then the desired result nay not be

o e P ol BSe 2, 8 AP S bl e
B e e
o MR el PR Bl RN LS5 R

" has randomy distributed cylindrical pores across the
menbrane surface, it_is found that the nanospheres
r at Hr exeanplsei e micrppesiclemndier ther ecating matemaldaps a

also bind tQ the surface qf t menbr.ane- whi ch_ bears

8 hamgéural @fﬁnm\f@r the maéﬁ@ahggaleamma@ﬁgﬂzﬁn %We&tsg/ result
sol d under .the trade mark . ANODI §C by What man, this

t ypenay et bgi ardieve oF Iysbe va@ededause of the

hexagonal arrangenent of the pores and al so the higher
porosity relative to, for exanple, the aforenentioned
nentfanexanple, indee casewhenaste useskarGke-Oraifiedatax or silica
this type of nmenbrane, it does not 20 matter if the | .
ni crogmmsphetassarsd cidtate-stabibised gpdd sanpperiiclon ipgeifer with a
because, of the high density of pO{es anz I'iym'ted
amouslatbfrels Jomaperositye "frekwiiel't Pelyeserndnplycgebonate)

{86 memtrase i the aupeaebndrAdinds auek CLHABOHE by

mat eWh%Jtrrfa%, and which has randomly distributed cylindrical pores across
the membrane surface, it is found that the nanospheres rather than being'
disposed on the pores as intended also bind to the surface of the

membrane which bears a charge.

15 However, if one uses a membrane of the type sold under the trade mark
ANODISC by Whatman, this type of binding is not observed because of
the hexagonal arrangement of the pores and also the higher porosity
relative to, for example, the aforementioned membrane sold under the
trade mark CYCLOPORE. With this type of membrane, it does not

20 matter if the microparticles stick to the surface of the membrane because

of the high density of pores and limited amount of surface.

The microparticles should be applied to the membrane in an amount such

that there are still some free pores to allow excess coating material to
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menbrane. This will be readily determ ned by one
wekbddoachosn the art. Thus, in a preferred enbodCmEE1002/000120

the nenbrane is a high porosity alumna nmenbrane with

the pores arranged in a hexago®al array. 5 Preferably,

the mcroparticles . to be patterned are spin-coated

onto the nenbrane surface. According to one

enbodi nent, the coating mat gr‘i al_.comes . intp cont a%tb
wi tprass ibraughotia mesebnaner opAks vl be rgadiy degermined by one
filtration and excess coating material passes through
t heskpldeddn ghe e - menbrane. 10 Thus, filtration of
citrate-stabilised gold nanoparticles through a

- nmenbrane partially coated with am ne-nodified silica,
or ThaeXn wﬁfﬁfan*&dr@ﬁbbdimm«adm membranteds a high porosity
preferential binding of gold 6n one side of the
nangsphienancinbryne vetlltlss porestarrengedhos p hexagonal array.
Preferably, a differential pressure is applied to the
menbrane during said 15 flow of the coating nateri al

el 8. - WEFRL j ' in-Byat¢diditto th
St Pt e ERRAERS do Bech ARNEU Br Spin-Bated a1 the

fr ofebeiRI &R Wween nicroparticle size and pore
size are dimnished. Further, preferably, a flowrate

greater than 1.5cn8/mn is used during filtration of
gon&EOTRG Gt Bmnaa PohS Y TEIR R B R (S TppCinto contact

T CORBRI ShGE90 % ROHREIARiAFY I EA @bess oating
200%&%91?1?8&1&%/ thﬁ%?@?{kféolg&%g of the membrane.

10  Thus, filtration of citrate-stabilised gold nanoparticles through a
membrane partially coated with amine-modified silica or latex
nanospheres for example promotes preferential binding of gold on one

side of the nanospheres to yield dissymmetric nanospheres.

Preferably, a differential pressure is applied to the membrane during said

15 flow of the coating material relative to the immobilised microparticles.

By using differential pressure any adverse effects resulting’from

mismatch between microparticle size and pore size are diminished.

Further, preferably, a flow rate greater than 1.5cm’/min is used during

filtration of the coating material through said membrane.

20 In general the optimum conditions for patterning the microparticles can

be defined as follows: First of all, the pressure differential should be



9 close to the maxi num and, secondly, the probability

of sticking of nanoparticles such as gold

woamamg®sal s to mcroparticles should be cl oseCTaE2082/000120
i.e. adiffusion-limted regine applies rather than

the reaction- linmted case. For @his purpose the
nanospheres in the enbodi nent 5 descri bed above are

nodi fied to provide an am ne-term nated surface that

provi des sufficient affinity for gold nanocrystals .

dur i ¢lgs¢ £0 thexmagimum ange re¢endly atly probakilatyi of stheking of
range 2.5-4.5 cnB/mn is preferred. According to, an

al t eRHNAFHEC hrasngoldianacaystalitoiaopartielsrshould be close
into ant act,. Wi t.h the.| bilised,..m croparticles .

f ol 16wl rice- g HOBIBiSH Tegtme REPHES £3G thafy the reaction-
menbrane.. | n ope enbaodi nent .the flow of cogtin .

et ehiied 456 R TS RHtpEes e Fanomphetes it s Sgbodimgnt

ln a |fernat i ve k fl ow of j s ,
e TRl AR 1o, ot G i B fited surface
el e [ ' . I : :
et ol B e sufficient (FAIY hr sblenfRicty3REs eRfinyflirarion.
circuit being conpleted by a counter electrode in the

for of a petal grid.disposed I lel ;to0,the

me rhg@.leref afﬁpw ﬁagtetlﬁéﬁe GRRER B 2 }rmgmst gdered.

the applied electric field, the behaviour of the

m croparticle or coating material can be controll ed.
20 | Aceosding] tofar alhemativieagthbediment) ¢hé toating ntatetinhgomes into
material through the nenbrane is by neans of a

magneoiitact atlithe/ymawdili sdd aderdpartickadoloodagamsiage through

10  the pores of the membrane.

In one embodiment the flow of coating material through the membrane is

by means of gravity.

In an alternative embodiment, the flow of coating material through the

membrane is by means of an electric field.

15 For example, the membrane can be metallised and serve as.a working
electrode, the circuit being completed by a counter electrode in the form
of a metal grid disposed parallel to the membrane. By varying the
direction and magnitude of the applied electric field, the behaviour of the

microparticle or coating material can be controlled.

20 Ina still further embodiment, the flow of coating material through the

membrane is by means of a magnetic field.



I n one enbodi nent, the nean dianeter of the

i mobi lised mcroparticles exceeds the nenbrane pore
wdizermtiensso as to restrict the nunber of por @6TiE2002/000120

direct contact therewith. According to a further

enbodi ment, the coated i mobilid$8d 5 nicr oparticles

are contacted with a solution of a bi-functional

nol ecul e  whi ch can bind to said coating naterial so

ST LN A T LA

o R i TR AR R s v o
t I d

o {3 B AP ERE AR BB Byt o,

dithiol such as 1,8-octanedithiol, the thiol groups
of which can bind to the citrate- stablllsed gg
par tAerexlingda a fusthererabedinaciio #2¢ agated immebilisedyol d

partlcles ca be applied to .the ated [ ilised
i criggenoppElicles ampenm%@wl@ aso mwgaﬂgfb%%nqnahmolecule

%“S. %Ehc'tg Sm@m“ﬁ?ééé’f %%ﬁirfﬁ%n@ St Raapee pY 18ers of
Bi | :

Spat YoE GEtinead PRw R B 4he fogl Pl ffickdBarticles

mul tfé%@l%ﬁ%gl cg‘isgé?%l'fn% r%h gold particles onto thiol-

ter ssymTe nicroparticles can result in
conpl ete coating of 20 one half of the mcroparticle.

i cr BpRFTARILe. tﬂgﬁ%rﬁé”o?@%mé'ﬂmdgﬁéﬁ E%%%@?%L\ﬁé%aégﬁamdes

5t atpoaeAcssnBlissa 40l l‘ékéﬂﬂiq‘imtﬁ apby e

gocl_l_;ar I@%%aﬁ 3%9&%{) t)e %‘ea%e i § 8o fsudtnd ?%4/08 el ithiol, the
thiol groups of which can bind to the citrate-stabilised gold particles such
that a second coating or layer of gold particles can be applied to the
coated immobilised microparticles. This process can be repeated until

15  the desired number of particles have been built up on a given

immobilised microparticle as hereinafter described.

Bi-functional nanoparticles provide two spatially distinct sites for
modification. A multilayer deposition of gold particles onto thiol-
terminated dissymmetric microparticles can result in complete coating of
20  one half of the microparticle. The ionisable amine group on the
uncoated half of the microparticle folloWing removal from the membrane
can be harnessed, for example, to induce electrophoretic rotation of said

particles upon switching of the polarity of an applied electric field.



11 Once the desired pattern has been achi eved, the

coated mcroparticles can be renoved fromthe
woendriaemei n a vari ety of ways, including sonPCaIEZN2/000120

di ssol ution of the nenbrane, for exanple using 3MNaCH

with an ANODI SC nenbrane, or by kleversing the

direction of flow. 5 Accordingly, it wll be

appreci ated that a wide variety of patterned

?ngﬁﬁ}%&lggfq%h% npq%&é’gt ta%i,b’neeqnd n%qb é‘?q‘?pch etc%%te?%qggoparticles
asymmetric/diss tri.c nanocryst.al archjtegtures. I t.

3 ohon e et ed Tom, e MERPEAGE ok Loipveal Wanssingading

ar chi r . may _be t hesi sed i-ng different

o or SpceHbR ditPlulh B Rrembint osSampE Gsihg 3MNaOH

rat oyt an HSOPEE BT dhe WP ko ELb Ahidon of flow.

titani um dioxide (Ti02). Al though anisotropically
patterned mcroparficles are known fromthe prior art
a3 déé&orémimﬁmll baeppresiateddhabaavidereaiaty fipatterned

manner. whi ch. can be carr.ied . out on | arge or .
comrél?ler%malileé@se@ar& e&%it%l@? & usg P@‘&leomﬂw?aawrﬁmg to the
patterned. m cropay.ticles have not been . previousl

e a ¥ ]
manufBYSHHAY Ineliding asummeihy/ dissy pisirifgsangerystal architectures.

ani sotropically, biologically nodified patterned
m croparticle. The invention al so provides an

ani st isopivisaged that al wide uitigtynolicdinptex A8nestal e arddtectures
nanopartjcle. WO 2004/ 016696 PCT/|E2002/000120 12 The

i nvemayphe isynthesisqst wsingedi fierentuscropeatticle-sasfeetteanini, for

on an

10~ example, carboxyl- and cyano termini and different coating materials, for

example ferric oxide (Fe;0,) and titanium dioxide (TiO,).

Although anisotropically patterned microparticles are known from the
prior art as described above, they have not been produced in a manner

which can be carried out on a large or commercial scale.

- 15 Anisotropically, biologically patterned microparticles have not been

previously manufactured.

Thus, the invention provides an anisotropically, biologically modified

patterned microparticle.

The invention also provides an anisotropically, biologically modified

20  patterned nanoparticle.



ani sotropically, biologically nodified patterned

particle as herei nbefore defined. For exanple, the
waamageast ure can be a nanowire. 5 Thus, usi ngCTHE2002/000120

met hod according to the inventigg one can prepare a

famly of derived nanostructureti~materials which

include the follow ng: Aggregates of patterned or

targeted patterned nanoparticles; nanostructured

S
AP 3RcalT: B0LE G ARG AL EAHGREAat AR, Hreinberore
nan t% ﬂt ured material. The subsequent processing,

for ex r%p ‘e thermal, mcrowave or |aser processing,

of these materials nmay yield additional derived
nanqgst ructured or conventional (the nanostructured
mat dFOTEXaBPIy the sanpsiryelyee sanhg)a RARRVISE s. 15 The
patterned or targeted patterned nanoparticles

descri bed above (hereinafter referred to in the

f5ol IDhm:gglsJiﬁg the@tethod iacabfd:ing teght igvertdé ensednandpare a
targeted patterned nanoparticles) can be used in any

app! facaly off denbred ndmmstactutedanatdralsaidphinckideshhdfolowing:
been patterned and possibly targeted endows themwth

pr opdggiezatehaf petiatnes oetergetedymitarpedwadoparticles;

appl i cations. The. derived nanostructured nanomaterial s

can manasgaeturedailms ppeparadifsom paitaracdios targated patterned

t hey arein&art rin mhole,constitutg@from . .
pat tRHHRAILGIES; ARGABPCHRIRASIGE PTRBHSHAT PV Hinad materials

ST b SBF toy BR 4EF orved
nanostructured material. The subsequent processing, for example
thermal, microwave or laser processing, of these materials may yield
additional derived nanostructured or conventional (the nanostructured

material being lost in processing) materials.

15 The patterned or targeted patterned nanoparticles described above
(hereinafter referred to in the following list of applications as the
patterned and targeted patterned nanoparticles) can be used in any
applic‘étion where the fact that the nanoparticles have been patterned and
possibly targeted endows them with properties that enable new or

20  improved applications.

The derived nanostructured nanomaterials can be used in any application
where the fact that they are in part or in whole constituted from patterned
or targeted patterned nanoparticles endows them with properties that

enable new or improved applications.



13 New or inproved applications include applications

in health, information and comunication, and
weusdaie@abl e envi ronment such as shelter, cl oPOTmER002/000120

energy, food, transport and security. In healthcare

the fol |l owing applications canlde foreseen: 5

CGenom cs The patterned and targeted patterned

nanoparticles my be used as labels in

hi gh-t hr oughput or ot her scre?ning pr.ocesses.

. T . .
i nheswor ampanved epphicaiiees Biclufde SpPHSAHRS a&hs&%nformatwn
that one regi on . can bhe optinsed t.o recognise a
bi nang COFRBUN GAtTY @@%cwsg%m& %%%‘@goweagé%c- ar ?@?ﬁeﬂ
whi | not her regio an be optjmsed for another
rec8&ﬁfﬁ%ﬁ%%%@%@?°$ﬁ$§%ﬁyhg a cheni cal
nodi fi cati on of the bound sequence, or.for reporting a
recogni tion-binding or a chem cal nodification event.
Pr ofe bieatthcare the veiagepgfiqationseandas fargseesnt't uat i on
Is essentially the sane as for genom cs set out

above, but applied to am no acid sequences. Drug

i scover Y;ddi§nRrat t erned nanoparticles may be used to
(gj);spense)‘gr'eracrarT‘ts in 20 high-throughput or other
screeni ng processes. The inherent advantage offered

D e BB eS8 Mg BB R Bl e wec o

to well- %@él%dln%?éh&ﬁf‘ofgrfﬂldt SHsHEE E&%%nﬁ{g hi¥tesses. The
inherent advantage offered by these particles being that one region
can be optimised to recognise and bind a specific sequehce of

10 bases or base-pairs, while another region can be optimised for
another recognition-binding event, for promoting a chemical
Iﬁodiﬁcation of the bound sequence, or for reporting a

recognition-binding or a chemical modification event.
Proteomics

15 In the case of proteomics, the situation is essentially the same as

for genomics set out above, but applied to amino acid sequences.

Drug Discovery

The patterned nanoparticles may be used to dispense reactants in
20 high-throughput or other screening processes. The inherent

advantage offered by patterned nanoparticles is that they can be



or nore reactants for dissolution and subsequent

reaction. Alternatively, the patterned nanoparticles
woayodmacarodi fi ed by adsorbed catal ysts or | abeCs/1tE10a2/000120

can pronote or report on the 5 reaction in question.

Drug Delivery The patterned andi4targeted patterned

nanoparticles may be used to deliver drugs,

particularly poorly soluble drugs, to the intended

site of action within a patient. The inherent ..

advant ag &W@r&pwa@ f@a‘fv@@rpléaecpgﬁws smalkguanfities of two
that two or_nore drugs y..-be.targeted .to one site.

Thi s appr%ﬁﬁfﬂﬁw%%g%ﬁﬁa%g&l%o e hW%‘ﬂ?}ﬁcﬁeamon-

conbi nat i of.. drugs, co:-factors and.l.abels. .

Fur t her s beTiAHelY> e gt plapoprticIey B be modified by

di ssol uti t] ngs wll

poss bl e, Sagtbed SEREAGITabelS thas CATPRAGRIC A eporbp the
gonponent,SaafienShie¥tighxed. Diagnostics The

patterne anc} targeted patterned nanoparticles may be

used as nmarkers in a range of diagnostics test

formats. The ﬂefjerent advantage is that they may be

bound wi tHIMEMLRGRY orientations to 20 a substrate

dependi ng on whether a di sease state is indicated or

not. Depending on the structure of the patterned

nanopart i The Eiatterm‘atbsﬁd targetdd pattennedemaiopatticliet fraae e used to
~signal. Furthernmore, as in the case for drug

di scover ydelivbrdtrugsdparticedarly peoriybsalubbodrigst te the intended

bi ndi ng-recogni tion regions and the

repor t i ngsitd ghactiomgvitlegi anpstiemt. ithe dulagrensedeantage offered by

PCT/ 1 E2002/ 000120 . .
10 patterned nanoparticles is that two or more drugs may be targeted

to one site. This approach may be extended to the delivery of
combinations of drugs, co-factors and labels. Furthermore, better
cbntrol over the rate of dissolution of these constituent
components will be possible, as ‘compared with particles in which

15 such components are simply mixed.

Diagnostics

The patterned and targeted patterned nanoparticles may be used as
markers in a range of diagnostics test formats. The inherent
. advantage is that they may be bound with different orientations to
20 a substrate depending on whether a disease state is indicated or
not. Depending on the structure of the patterned nanoparticle in
question, this may report a different signal. Furthermore, as in the
case for drug discovery and drug delivery described above, the

binding-recognition regions and the reporting-signalling regions of



15 these particles nay be separately optim sed in

respect of their intended function (as opposed to
woizaEdigast i cl es). Sensors The patterned or tacgaermd2/000120

patterned nanoparticles offer the 5 i nherent advantage

that they may be adsorbed wi thla particul ar

orientation at a substrate. Depending on the

orientation, it nay be possible to sense an increase

in current, voltage or other sur.abl.e signal . Fo .
exanpl e,t@éwgﬁglﬁét%‘i‘y SIS?PEWEEE’ ?Q?mé?erﬁi’&l WSPﬁCTaOfthelr
sensitiser and.adsqrbed wth a . specifigc orientation 10

may Ieadm@%n‘g?fi ?‘H%‘&% 5 Qpﬂ%gdﬂ@dggf particles).

phot ovol t age/ photocurrent. Insul ator particles

patterned with a netal and adsorbed with a specific

ori ent atSemsamay |l ead to a increase in resistance or

increase in current. Bioconpatable Coatings 15 The
patterned and targeted patterned nanoparticles may be

used to Tﬁégpdiﬂﬁeg'ggﬂ O ¢mRtaPhateARd mifopaltielesryTisei

advantage o particl es being that one of the

patt er nethHepshoadGvaARY O eharheyimed betaisbiivet tvttaa particular
I npl ant. The other patterned region may be optim sed

t o i nhi bptieptation et HisabstrgteatDeptdinggrctie oriertatiang it may be

20 Vitam ns and Nutriceuticals The patterned and

t ar get edppssibée tedensenapincreadeein amyeiis vodtagetas other

produce I nproved nutriceutical products by patterning

exi sti ngnwaskedklecigaas FaTeamplz seungoaductor particles
patterned with a sensitiser and adsorbed with a specific orientation

10 may lead to an increase in the measured

photovoltage/photocurrent. Insulator particles patterned with a
metal and adsorbed with a specific orientation may lead to a

increase in resistance or increase in current.

Biocompatable Coatings

15 " The patterned and targeted patterned nanoparticles may be used to
- produce biocompatable coatings. The inherent advantage of these
particles being that one of the patterned regions may be optimised

to bind to an implant. The other patterned region may be

optimised to inhibit/promote binding at a biological interface.

20 Vitamins and Nutriceuticals

The patterned and targeted patterned nanoparticles may be used to

produce improved nutriceutical products by patterning existing



16 nanoparticle constituents found in many

food-stuffs with one or nore nutritional supplenents
weueli/ae9ei t am ns. Cosmetics and Cosneceuti cal BCEAER002/000120

cosnetic products are fornul ated usi ng nanoparticl es.

The 5 patterned and targeted g#&terned nanoparticles

of fer the prospect of inproved cosnetics. For

exanple, it will be possible to manufacture ‘ ‘

nanoparticles of silica patterned with dye, ich

conbi ne BaROpaItiste spngsugnts fouad @rﬂ@aayifépérséﬁ%g Wihyne or

other related exanples be envjisaged. It wll also

be possi BI¥eERItH0gA! sq@&%ﬁ;&@é@ sich 2s tg’éws-

nanoparticles at the skin-air interface, with one

surface optimsed for interaction with the skin for

exanpl e, Cozmeticsagah€osmeadhtisalsn or texture and the

other optimsed for the air interface for exanple,

for reasons of colour or solar screening. The

avai | abi kj : t : :

manopart PPl CheRRHEPOBHcR Mo BB AEARIAT WARGparticles. The

osnmeceut, rdd i
Eh&@hfed ﬁmgfrgh%'ﬂegml% tdrfopastities Q)ffhé% a{che prospect

ormul ate the nanop are patterned wt

phar ”aCeb‘fiiﬁ?rbye@‘ébisﬁﬁti%ﬂm@(ah%let ftevilbBegyaseible ke
i nformation and communi cation the follow ng

appl i cat neaysufasfuralismopartic¢les esstlicapatietedwsith20dy€ which
2004/ 016696 PCT/ 1 E2002/000120 17 Interconnects and

active aconpsssithe rolesaifi othdileampdhatowdorant. Many other related

examples may be envisagedl. It will also be possible to orient

10 targeted patterned nanoparticles at the skin-air interface, with one
surface optimised for interaction with the skin for example, for
reasons of adhesion or texture and the other optimised for the air

interface for example, for reasons of colour or solar screening.

The availability of patterned and targeted patterned nanoparticles
15 also offers the prospect of improved cosmeceuticals, where the
nanoparticles used to formulate the nanoparticles are patterned

with a pharmaceutically active compound (or the converse).

In information and communication the folloWing applications can also be

foreseen as follows:

20



conmponents Wiile these energing fields are still at a

very early stage, it is clear that their future
wdevalogirent will be |inked to the 5 avail abi | PCY/I1E£002/000120

patterned and targeted nanoparticles and derived

nanostructured materials that cdd be easily and

cost-effectively manufactured. The advantages offered

by these nmaterials are their diversity of structure

and assocj ated functiop and their ease_and . )

cost - ef f e]'ag:_r\egageet&an haelilYS, an& mssewﬂ elpeironicand photonic

magneti ¢ and optical storage nedia The patterned and

target ed %ﬁﬁ&%ﬁgﬁﬁﬁ nanoparticles and derived novel

nanostructured materials may all find applications in

est abl i shed and energi ng storage technol ogi es. :

Pat t er nedWante thesegaherpipgtiteddnert stalhap artdryleaslyoftage, it is

magnetic material may be 15 deposited on a suitable

subst r at ecleanthdtritherrduturedlevie] epreot el linked te ¢lee

nanoparticles i.s that they can _be orientated at the .

Subst r at eavaitahilify of patternad angh targetasanannpartictassand derived

with the substrate(fnd the read-wjte head. O her .

proposed BEMSHKEEd Msterals hakean begaptsarg cost-cffectively

gk DI R ——
oo OB SO 58 T AL SR and
Agai he | f db h
SR

PCT/ 1 E2002/ 000120 18

10 High-density magnetic and optical storage media

The patterned and targeted patterned nanoparticles and derived
novel nanostructured materials may all find applications in
established and emerging storage technologies. Patterned and
targeted patterned nanoparticles of a magnetic material may be

15 deposited on a suitable substrate. The inherent advantage offered
by these nanoparticles is that they can be orientated at the
substrate and simultaneously optimised for interaction with the
substrate and the read-write head. Other proposed approaches
would include the thermal processing of patterned nanoparticles to

20 produce alloys possessing enhanced properties.

The patterned and targeted patterned nanoparticles may also be
used to prepare novel and improved optical storage media. Again

the inherent advantage offered by these nanoparticles is that they



can be orientated at the substrate and sinultaneously

optimsed for interaction with the substrate and the
woeed/n6d96 e head. Batteries The patterned andrPCangmwbra0120

patterned nanoparticles and derived 5 novel

nanostructured materials may all8 find applications in

establ i shed and energi ng batteries technol ogi es.

Patterned nanoparticles, in particular, will find

applications in, plastjcs-based battery technol qgi es. .

Thei r | neR B oneRaRchaicthg upsate wed strsultanpowslqtimised for
t hey can. be nuf actured an he diyversi of 10

pat t er ne I\ REHIHE VL @%%Lﬁ?ﬁgr@i%?ﬁ dke m@%&lrﬁt&yhﬁi?él'

manuf actured. One such enbodinent is a material in

the form of nanoparticles, suitable for charge

st or age, Budtarsesned by deposition of conducting

bi nder. This will serve to produce a structure through
whi ch charge may be transported, but which is also

flexible At j : :
ggﬁ.bdpr&@ém*éﬁ C?hp'élaglllt?gé’t%ﬁ cPRe®n@fbbaicles and derived

substr at argete rned nanopartictes may al so

be used 4RyvePhaAbSRuctuédutkerlal maklAl fiadegplidations in
bi ndi ng events, the organi sation of "the patteérned

nanopar t iegtatslished aaidl @mergingl bitionEsIsehholdpienwWBattded
patterned and targeted patterned nanoparticl es and

derived m2fopartitlenamosdnticviar; edllninéapplisatiays ab plastics-based
find applications in established and energing display

t echnol odiattery Pechmologies. nBneipanhéreneadvamtagarwilbbe dhe ease
will find applications in display technol ogies, which

rely on rwithiwhighdheycanspomanvgaguredpnddhe diversity of
nanoparticles in an applied electric o[l, gnetjc
I0i el d. THtterned nanoparticle architectures which may be manufactured.
One such embodiment is a material in the form of nanoparticles,
suitable for charge storage, patterned by deposition of conducting
binder. This will serve to produce a structure through which
charge may be transported, but which is also flexible and can be
15 deposited on plastics substrates. Targeted patterned nanoparticles

may also be used to optimise, through desirable recognition-

binding events, the organisation of the patterned nanoparticles.

Displays including 'Smart Windows'

The patterned and targeted patterned nanoparticles and derived
20 novel nanostructured materials may all find applications in
established and emerging display technologies. Patterned
nanoparticles, in particular, will find applications in display
technologies, which rely on rotating or transporting patterned

nanoparticles in an applied electric or magnetic field. Their



WD 2004/ 016696 PCT/ | E2002/ 000120 19 i nherent
advantage wll be the ease with which they can be
woamsfraesr ed and the diversity of specific PCT/TE2002/000120

enbodi nents, which may be manufactured. They wl|

al so find applications in eleclPochronic displays

(and wi ndows), which are based-on 5 nanostructured

films prepared from nanoparticles nodified by

adsorptiqn of a redox chronmophore or aqther functional

conponentinhesstiggivantage: el badhe spsearitordhichshgeran e
B AR AP, i
or ocasei ek pemARaIasterel lhey willalsS find ameiidias
AR S B TS s

e Al s fon
B Pt uar - iR uRE s Rhopdi8 o IRtk il m3fiied by

The. pat ¢ oidiedbagH dror SRS GINEY AABRRIAG SR hponent.

derived hov nanostruc e use
produce next- generation-building materials. Their

I nher ent ;dvant ages are that 20 they are characterised
by high i tion content/functionality and | ow
enbodi ed energy; also that they may be
cost-effectively manufactured at volunme. An exanple
of such almthiessdsalofisegbors the general principles that will apply

correspond to those set out above for healthcare applications.
10 These sensors will be used to provide inputs to information
processing systems. Such sensors will include those used to
monitor and control the built and natural environments,
manufacturing and quality-control processes and the access of

individuals to real and virtual spaces.

15  Sustainable Environment

Shelter

The patterned and targeted patterned ﬂanoparticles and derived
novel nanostructured materials may be used to produce next-
generation-building materials. Their inherent advantages are that
20 they are characterised by high information content/functionality
and low embodied energy; also that they may be cost-effectively
manufactured at volume. An example of such a material might

include a coating for a ceramic tile, which prevents both fungal



include a coating for a ceramic tile, which prevents

bot h fungal WO 2004/016696 PCT/ |1 E2002/000120 20 and
woaotimé@b growt h by conbining the anti - bact er Pair/1E2002/000120

function of a netal oxide nanoparticle with the

anti-fungal activity of a dep Pt ed I nor gani c

coating. The sane approach can be adapted for

produci ng hi gh surface area materials that can be used

and out GPUBAeATER a%é?bépayliﬂm% Git-bagighal function of a
patterned ar get ed erngd..nan

derived nﬁ%@g HLE%B%IE? l ﬁhﬂber ?&Eg{l %l%ﬁsquy ﬂga
Foehnol ogEsitdE ?1%%%*2@ ORI P R ApPeHL B BE adapted
ease Wt

di versi t'}oigﬁ}k&&\%&ﬂ %é%%ﬁga# ?@tg%lgﬁs %?? ﬁfrll?)g used to

whi ch H?eﬂﬁf‘ rﬁ&&ié &the Q?Ganﬂu\%? £ TRARS TR 13! d'cfu t®f a

mat eri al he orm o nanopartic sul tab or

char ge smr@hgon patterned by 15 dep03|t| on of
sensitiser. This will serve to produce a structure

t hrough whi ch one can both harvest photons and

separ at e ;.char Jargeted patterned nanoparticles nma

al go be lﬁthggfgli%&rpnﬁwﬁ |tohrough desi ragl e d

TS

recogni ti on-binding events, the organisation of the
patterned nanopart| cles. 20 Food Many foods contain
addi t i vesThevhatternadeand tesgatedasattemeod namoparticles and derived

novel nanostructured materials may all find applications in

10 established and emerging solar cell technologies. Their inherent
advantage will be the ease with which they can be manufactured
and the diversity of patterned nanoparticle architectures, which
may be manufactured. One such embodiment is a material in the
form of nanoparticles, suitable for charge separation, patterned by

15 deposition of sensitiser. This will serve to produce a structure
through which one can both harvest photons and separate charge.
Targeted patterned nanoparticles may also be used to optimise,
through desirable recognition-binding events, the organisation of

the patterned nanoparticles.
20 Food

Many foods contain additives, which are present as nano- or
microparticles. The ability to pattern and target these particles
offers the prospect of highly functional additives. These highly

functional additives would combine the functions of any or all of



m croparticles. The ability to pattern and target
these particles offers the prospect of highly
woumatoieral additives. These highly functi onaPCT/1E2002/000120
addi tives woul d conbine the functions of any or all of
WD 2004/ 016696 PCT/ | E2002/ 000120121 the fol | owi ng:
Security, tracibility, colour, aroma, texture, flavour
and preservation. Clearly these applications overlap
wth those se Qut above in the_ areas of
nut ri ceuttﬁ@ ipﬁloa/ﬁagb%@%gﬂ% gt idity, cotprnsrema, textme, flavour

patterned and targeted nanoparticles. and derived )
hanost r oA SRR & [CD thess appligatipps pystlepngithdhose set
fuel additivyes and,catalytjc converters..ln the case

of fuel AHiAPOYEN thidaRol Belficsitiels 2ud egsmsHestticals.
conponents that both increase efficiency and reduce

unwant ed em ssions. In the case of catalytic 10

conver t erkranapadr i ved nanostructured film may be

conprised of nanoparticles that act as a support and
are coated with a suitable catalyst. These advant ages

gre enhaﬂﬂ%iggﬁteﬁfe% érﬁPfar%E&‘dﬁ rtiBRisSHPA& i pan be

cost-effectively manufacttred at volunme. Security 15

The pri ngipRjstreeavedinandpritegiald @il il apglitfidedaank]
targeted patterned nanoparticles and derived

nanost r uctidditivesrahé catdl gtividonvetteed. ubietiehose slilfuetatditives
based on conventi onal nanoparticles and derived

mat er i al shepdnapbsdorhmalatedltb cemtaigeconpenemisehanboth increase
advantage offered by these materials is that they )
cont ai n maffficiency and reduce unwanted emissions. In the case of catalytic
10 converters, a derived nanostructured film may be comprised of
nanoparticles that act as a support and are coated with a suitable
catalyst. These advantages are enhanced by the fact that these

materials can be cost-effectively manufactured at volume.

Security

15 The principal security applications for patterned and targeted
patterned nanoparticles and derived nanostructured materials will
include those currently based on conventional nanoparticles and
derived materials and those that will emerge. The inherent
advantage offered by these materials is that they contain more

20 information. For example as nanoparticles are more widely used
as security markers, the need to prevent the counterfeiting of these
markers will also increase. One approach will be to pattern the
nanoparticles. Patterning these nanoparticles will also permit

additional information to be stored thereon. These advantages are



20 information. For exanple as nanoparticles are nore

w dely used as security markers, the need to prevent
woheosmaenaber f ei ti ng of these markers w Il al SBCT/IE2002/000120

i ncrease. One approach will be to pattern the

nanoparticles. Patterning these2danoparticles will

al so permt additional information to be stored

t hereon. These advantages are WD 2004/ 016696

PCT/ 1 E2002/,0001 2 nhanced by the fact that these .

mat eri al serémcsé%yoéﬁéﬂ tithes§ materakcanbe gostrefiectively

vol une. Brief scriptiaon of the Drawings Fig 1. is a

schenatianEBﬁggéﬂdﬁ&Y§L¥ﬁaa first embodi ment of the

method 5 according to the invention; Fig. 2 is a

scannin% el ectron m crograph of silica nanospheres

( 2008nief Diescaiphied ofthe Ideawimase filter  as described in

Exanple 1; Fig. 3 is a transm ssion electron

m crograph of the silica nanospheres of * Fig. 2

£ > :
Be JoELF s RRRRIE LR @fiof SR PR GhBOATnert AFHe method
" 8l ecid QRAALIPHARVetiohat ex nanospheres (490nm
retained on a nenbrane filter (0.2m as described in

Exanpl e 2; Fifg.hs S atLansms?ion el ectron i b
' Fi 9. 4,.

gxpo@& %5%;8@3@?@5 %Eé’qifcafétif:zo‘igﬁ]abi;im?gﬁéﬂ%ﬁs {200nm)
m erisgrst uf e dhorbethe B18n s AEREHARN N Ehvapinle ™!

nanospheres as _described in Exanple 3;

Fig. 3 is a transmission electron micrograph of the silica nanospheres of
Fig. 2 patterned by deposition of gold nanoparticles (16nm) as described
10 in Example 1; |

Fig. 4 is a scanning electron micrograph of latex nanospheres (490nm)

retained on a membrane filter (0.2pm) as described in Example 2;

Fig. 5 is a transmission electron micrograph of the nanospheres of Fig. 4
patterned by deposition of gold particles (16nm) as described in Example
15 2

Fig. 6 is a transmission electron micrograph of a nanowire on patterned

silica nanospheres as described in Example 3;

Fig. 7 is a transmission electron micrograph of a nanowire on patterned

latex nanospheres as described in Example 3;

20



Fig. 7 is a transm ssion electron mcrograph of a

nanowi re on patterned |atex nanospheres as descri bed
wonoEvaepbe 3; 20 WD 2004/ 016696 PCT/ 1 E2002/ 00@0@R2AED82/000120

Fig. 8 is a schematic represegﬁ tion of a second

enbodi nent of the nmethod acc ing to the invention;

Fig. 9 is a transm ssion electron m crograph of

nanospheres patterned upon attachnment of a single

gol.d ngnoparticle. (1 6n as ( ri [

3 Taeo® 156 Seedfic P Biod PIE 185hd drbgomEMb e

depi cks {he e f Nanow re on patterned

Si |W8@9¢[a%%°s°3ﬁ§}?2@ ?1}16 ]?lv\vx?%ltlg@érs as described in

Exanple 4; and Fig. 11 is a transmi ssion el ectron

m crograph which_depicts the assenbly 10 of d
naridig. Pas@ritrpasmissien emtn%nhmaﬂﬁ cEaapRsphezes patterne

| ayers as described .in_Exanple 4. e or.Caryyin .
Qutuporeattpgiement ol /2 SR EO n?’éﬁp%‘g&ﬂ? ol é%‘??) &P dgteriBed in

fi rﬁt enti)og{i_rrent according to the invention is set

ut EXHMPlY 45 1: 15 Nanospheres 10 are spin-coated onto

a menbrane filter 11 (A). A nanoparticle dispersion

12 is filtered through the menbrane 11 on which the
nanBEphe Bsa trAnsméssien @lewtbr( B)icragraphavhishnéepicts the assembly
nanospheres 13 are redispersed in_a sujtable sol verg .

by ebainzabivige bhepatterhedsdida narospheres 1y two layers as described

Alternatively, a solution of a bifunctional nolecule
( noin Ememyple 4; and 4

Fig. 11 is a transmission electron micrograph which depicts the assembly
10 of a nanowire on patterned silica nanospheres in five layers as described

in Example 4.

Modes for Carrying Out the Invention

A schematic representation of a first embodiment according to the

invention is set out in Fig. 1:

15 Nanospheres 10 are spin-coated onto a membrane filter 11 (A). A
nanoparticle dispersion 12 is filtered through the membrane 11 on Whi?h
the nanospheres 10 are retained (B). The patterned nanospheres 13 are
redispersed in a suitable solvent by sonicating the membrane filter 11
(C). Alternatively, a solution of a bifunctional molecule (not shown),

20 followed by a dispersion of nanoparticles 12a, may be filtered though the
membrane 11 on which the patterned nanospheres 13a are retained (D).
The last two steps may be repeated until the patterned nanospheres 132

are redispersed by sonicating the membrane filter 11 (E).



20 followed by a dispersion of nanoparticles 12a, may
be filtered though the nenbrane 11 on which the
woabimiemd nanospheres 13a are retained (D). PO®1Ems1/000120
two steps may be repeated until the patterned
nanospheres 13a are redi sperseddby sonicating the
menbrane filter 11 (E). WO 2004/ 016696
PCT/ | E2002/ 000120 24 Exanple 1 An aqueous di spersion
of citrate-stabilised gold nanoparticles (16 nm
di aneter) was prepared using the procedure devel oped
by Frens (Frens, 5 G Nature Phy. Sci., (1973), 241,
20-22). Silica nanoparticles (200 nmdi aneter) were
prepared using the procedur eBdawgileped by Stober and
Fink (Stober, W, and Fink, A, J Colloid Interface
Sci., (1968), 26, 62- 69) and surface-nodified with

3 aTnoReRYIdi S ORYY §F LARRUINMSER Sol PRABRIE G 1cs (16 nm

devel oped by van Bl aaderen an

A, diathetér)Wvaj prépared usdhd %@P{j}dﬂeﬂh“ré‘%vgﬁ)ﬁjeggﬂ}gﬁggns (Frens,

156, 1-18). In the course of el r preparati

SubsenMentre g aler. N 73)cat i 020-2m)! t4; .
centr.i flégatigﬁhﬁ}( Sor’l\)g I I)nst r’uner%tgs)', S&g%gnﬁgpggstlcalﬁ%@%nm

was Hiagefet)haere prepadedrissingyitieasrosedaredm)dl
ens%lt.e sanpl e purity. A nmenbr aﬁg filter (O. gﬁg(rintb?’ Stober and
A

_ igk(Sfobew WwradhBink, whs Jnblodisd Inidare Sci. (1968), 26, 62-
spi gs-c}oat r ((fwbdel KW 4B from Chemat Technol ogy)  and
hel &9 ﬁm(ﬁﬁg acersnog liedneshdamdpeprapy lefi¢thoglsidane using the
di sper si ne% aqT ne-nodi fied silica nanospheres (100
L. Qrggy?lir evelaped g{e‘f@gB&aﬁ@emd%rm (earnBddadershpA ., and
he ang filter (40s, 600 r . Scanni ng el ectron
lpn pr\gﬁﬂ%hf C?%féwgf)l ’ﬁ%gél-&éﬁﬁn%hde%,vhﬂ8).oh theredurse of
UST Rl plESAratiol S s&géequent surface-modification, multiple
centrifugation (Sorvall Instruments, A500 rotor) and washing (ethanol,

50 mL) cycles were employed to ensure sample purity.

A membrane filter (0.2 pm ANODISC® from Whatman) was mounted
15 on a spin-coater (Model KW-4B from Cherﬁat Technology) and held in

place using adhesive tape. An ethanolic dispersion of amine-modified

silica nanospheres (100 pL, 3.83x1014nanospheres dm™) was spin coated

onto the membrane filter (40s, 600 rpm). Scanning electron micrographs

(SEMs) of these membranes were obtained using a JEOL SEM 35C (at
20 an acceleration voltage of 15 kV) for a gold-coated (30 nm thickness)

sample mounted directly onto conducting stubs using conducting tape as

adhesive.



20 an accel eration voltage of 15 kV) for a gol d-coated

(30 nmthickness) sanple nounted directly onto
woamdeéddng st ubs usi ng conducting tape as adReSIE®2/000120
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filter was renoved and inserted2ito a nmenbrane filter

vacuum apparatus (Mdel FG5 from Watman). An aqueous

di spersion of citrate-stabilised gold nanocrystals (10

m., 1.35x1014 nanoparticles dm3) was filtered

t hr o8 e@brens fiies was rriheveddnd insdrved imfeveeremeblaze filter

the nenbrane surface. It should be noted, that in the

caseVeFUWRARNAARE (Mpd@hFﬁaﬁdipﬁbM&tmn)e An @iqogous
Cont ARREI SRR OLGHIHE Rl RShEo Brratoatatals (10 B, 1.35x10™
nanopBnoaTielEs TR Vi Bt Red oy eéttgﬁgggl@gvra%em@l@rred

di
O IR A B g o
:ete o cer b fdlﬁé‘?g G RRAHE H SO GEASMbBs at the
menbrangh¥ae RS et %dﬁﬁg’%lghf%%ﬁﬁ?{xéj%aqugxg)gér@iogﬁf’icatlon of the

menbr ane was renoved from

whi Cﬁl%ﬁ%dﬂﬁﬁgh&&ﬂ%%@%ﬁ@%@@ﬂ%ﬁré E{el_%%ﬂ Mi{}n?p%%es are

transm ssion el ectron 15 m croscopy

wer eadirbieded theiekBoded Eide 1%9@& th& coﬁ'@l‘i’ﬁﬁﬁ@ g@?érﬂ%ﬂ herein.

accel eration voltage of 80 kV) for sanples deposit
on carbon-coated copper grl ds. The am ne-nodified

ARGRRISTEE LRS00 IR A0S, LT 8L8 e was
obt ajagy oy ffdﬂlttﬁfeiﬂlgratlon apparatus and sonicated in ethanol (5SmL, 15
min). The red coloration of the membrane was transferred to the
solution. The membrane was removed from the resulting dispersion,
which was used to prepare samples for analysis by transmission electron
15  microscopy (TEM). All TEMs were obfained using a JEOL 2000 FX
TEMscan (at an acceleration voltage of 80 kV) for samples deposited on

carbon-coated copper grids.

The amine-modified silica nanospheres retained on a membrane filter are

shown in Fig. 2. The patterned silica nanospheres obtained by filtering
20  the aqueous dispersion of citrate-stabilised gold nanoparticles through

the same membrane are shown in Fig. 3. It is clear from Fig. 3 that gold

nanoparticles are adsorbed only on one face of the silica nanospheres.



20 the aqueous dispersion of citrate-stabilised gold
nanoparticles through the sane nenbrane are shown in
weOi2004/036696t is clear fromFig. 3 that gold PCT/TE2002/000120
nanoparticles are adsorbed only on one face of the
silica nanospheres. WD 2004/ 016@96 PCT/ | E2002/ 000120
.26 Exanple 2 Am ne-nodified | atex spheres (490 nm -
di aneter) were used as supplied (Sigma-Aldrich). An
aqueous di spersion of these nanospheres (100 L
3.83x1014 nanospheres dm 3) HxempeR coated onto the
menbrane filter 5 (40s, 600 rpnm). The nenbrane filter
was renmoved and inserted into the nenbrane filtration

appaAating-modiBud dstes, sphgrsteGO0 mddi%hié’téro)p\g@r@ulsed as supplied

di spersion of citrate-stabilised gold nan rticles

(10 (Hignt-Adddich) Amnagueous dispersiom of heseT@anospheres (100 pL,
redi sper selé{ he patterned | atex nanospheres, the .
menb? 835101 1naosphsresedmi’y dvds spintdwatéd lontath®membrane filter

appar atus and sonicated 10 in water (5nL, 15 mn).

Phe @sné0Bupn). ebhe membranefifte mes remtavetbandingented into the

menbrane filter are shown in Fig. 4. The patterned

| at SRCAHNEB féﬁl@@mmaf@wsmnd exposed, ag describedabsve, to a

di spersion of citrate-stabilised gold nanoparticles

¢ hr GHIGRETHRD REGleaiceribiliredgal dsipnparickesd ] 0amlp6. 1510

t he case of. 15 a 1,..it is clear that, gold

nandTARA G AT R0 BkeRsRS U parer Hlegsnanpepheres, the

| ate n res. The strat resented i n Exanpl e )

1" ardtedtHgRe SRt ar AcmoXRaEAbr Be Tiiratipisappaatus and sonicated
tra-£iltration fHRol ogy. The strate relies on

i U fobtdy (ﬁéﬁfhg g@gﬁ 9y gy

retaining t eres to be patterned at the
surface of a nenbrane filter. Careful

The amine-modified latex nanospheres retained on the membrane filter
are shown in Fig. 4. The patterned latex nanospheres obtained by
filtering an aqueous dispersion of citrate-stabilised gold nanoparticles
through the above membrane are shown in Fig. 5. As in the case of

15 Example 1, it is clear that gold nanoparticles are adsorbed only on one

face of the latex nanospheres.

The strategy presented in Examples 1 and 2 for patterning nanospheres is
based on ultra-filtration technology. The strategy relies on retaining the
nanospheres to be patterned at the surface of a membrane filter. Careful

20  control of the number of retained nanospheres is required to ensure a
sufficient number of unblockéd pores. This is important as it ensures
that filtration of the nanoparticles can occur under the maximum

pressure differential possible.



20 control of the nunmber of retained nanospheres is

required to ensure a sufficient nunber of unbl ocked
woanENieePhi s is inportant as it ensures that PCT/IE2002/000120

filtration of the nanoparticles can occur under the

maxi mum pressure differential possible. WO

2004/ 016696 PCT/ |1 E2002/ 000120 27 Exanple 3 It is

possi bl é to deposit nanoparticles only on one face of

a nanosphere using the approach described in Exanpl es
1 and 2. It is also possibl e%t’_‘&nl@ﬁind t hi s approach

as follows and as depicted in Fig. 1. By exposing 5
t he nanoparticl es deposited only on one face of the

nanolpbgmssible taidepdsit enoperticled vabe onfdresface® A nanosphere
solution of a bifunctional nolecule and second to a

di spusisigdheatppraadpdesirtbedin Rapagilend a2 e It iwalsd @ossible to
will deposit the required nunber of |ayers of
nano@ietddhesappraach asrfiodioves and ad eepsited dn glg. 1: By exposing
i . f , th
gﬂ 8@% %é&@igf%rQ@%Sﬁgﬁ&;gﬁgogg Ff)gagéafa ngnaedpheres retained
' : i luti, f
B e ———
178, S S B e SR AAS B v
[ ' t | . | d tals . .
wor e SRSt RS B Ry logn SR s i irorRets i Dscoriginally
] ' . d { wWo- st .
coscRLRTATBITIER: hAPS 7 bARER iR RER Al rticles are
lqyer iglééis@&%g/ &ﬁﬁ@?ﬂggﬁ%’e pidefiBtdné fif@e resulting

assenb was passiva erirng a solution of a

butane thiol in ethanol (10 nL, 0.1 nnol dm 3).

Fol ik b?gcusc%neil (S:gltuiti%rl]‘l 8% 1,8-octanedithiol in ethanol (10 mL, 0.1 nmol
dm™) was filtered through the membrane retaining patterned silica or
latex nanospheres, which were then washed using copious amounts of
ethanol. Gold nanocrystals were then filtered throﬁgh the membrane

15 filter as described in Examples 1 and 2. These two-steps were repeated
until the required number of nanoparticle layers had been deposited.
Finally, the resulting assembly was passivated by filtering a solution of a
butane thiol in ethanol (10 mL, 0.1 nmol dm™). Following sonication of

the membrane filter, a TEM sample was prepared from the resulting

20 dispersion.

As will be observed in Figs. 6 and 7, this aspect of the method according
to the current results in the templated assembly of a nanoscale
architecture consisting of a single gold nanowire attached to the face of

silica or latex nanosphere, previously patterned by deposition of a layer

25  of gold nanoparticles.



the menbrane filter, a TEM sanple was prepared from

the resulting 20 dispersion. As will be observed in
woeigs/0169and 7, this aspect of the method accopPdimERo02/@0120

the current results in the tenplated assenbly of a

nanoscal e architecture consist28g of a single gold

nanow re attached to the face of silica or |atex

nanosphere, previously patterned by deposition of a

| ayer 25 of gold nanoparti cl*qks*.**\{k\g 2004/ 016696
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representation of a second enbodi nent of the nethod

according to the invention: A nenbrane filter 20(cross

secthign8lis wi seemeagio eseattaiion af d secvmddhbbdirhent of the

retai ned nanospheres 21 between it and the sintered

gl aseethgobasdorditdg to thenmvepsdoni cl e 22 di spersion is

filtered through the underside of the nenbrane 20

(B). The patterned nanospheres 23 are redispersed in,a

sul t&%l&n%%ﬂ@ ﬁﬁe}?&Oﬁ&‘B E%Ebﬁgnélhﬁegﬁ)b“f??ﬁ}gégéﬁ sb&ls 6%andwich

S
(O. ternatively, “a solution o ctronal

ggl setified hahboesteb Y 18batividear # S tHe %i@té&?ﬂ%‘zgéé Lot (A).

, may be filtered though the undersi
e K ap@opaiicle Tedispetsibids FilRPEd Mhsouph henaRlside of the

until. the patterned nanospheres are redi spersed by

sonimetibrgnt 26 (BtTlae patteliet n@fodphereF23 ¢ ecdispbised in.a
strategy presented in this Exanple for patterning

nanacspifable solvent bymsechtong the menhbianeafiiten20 (C). Alternatively,

technol ogy. The nanospheres to be patterned are

i mubselugien ofha bifengtipaal moleade, 661lewed ity adésfarsioarof

which is

10 nanoparticles 22, may be filtered though the underside of the membrane
(D). The last two steps may be repeated until the patterned nanospheres

are redispersed by sonicating the membrane filter 20 (E).

Example 4

The strategy presented in this Example for patterning nanospheres is

15  based on ultra-filtration technology. The nanospheres to be patterned are
immobilised on the upper surface of a membrane filter which is
subsequently inverted before insertion in the membrane filter vacuum
apparatus. Careful control of the number of retained nanospheres is
required to ensure a sufficient number of unblocked pores. This is

20 important as it ensures that filtration of the coating nanoparticles can
occur under the maximum pressure differential possible. Key to effecting
the deposition of just one nanoparticle on each nariosphere is the choice
of membrane pore-, nanoparticle- and nanosphere diameter as well as the

nanoparticle concentration filtered.



subsequently inverted before insertion in the nenbrane

filter vacuum apparatus. Careful control of the
wauantamieeb retai ned nanospheres is required t 8BCEABWDE000120

a sufficient nunber of unbl ocked pores. This is 20

inportant as it ensures that fi29ration of the coating

nanoparticles can occur under the maxi num pressure

differential possible. Key to effecting the

deposition of just one nanoparticle on each

nari osphere is the choice of nenbrane pore-, ,

nanoparticl e- and nanosphere dianeter as well as the

nanoparticle concentration filtered. WD 2004/ 016696
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sufficiently dilute solution of nanoparticles through

t he thendghathe, mehteape pwidegresd depositiont dre thanaspdypdrese is

is disfavoured. 5 Secondly, the dianmeter of the

nanskpfaeoerad be patterned is chosen to greatly

exceed the nenbrane pore diameter thus restricting the

nunber of pores in direct contact with the nanosphere
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25%grbiigy BROSRALHE flcnbi3RIGYe dibhRA&PHhuRREsRIdHHE tHenumber

delivery 10 of a single nanoparticle to the contacting

nanegijuaee iis difedt Gontadt Wide the AandspHere Qusfade 302! (O few).
of citrate-stabilised gold nanoparticles (16 nm

di aneter) was prepared using the procedure devel oped

ancl By, £ 8Pug S GRS hadtiBr Al pite 5 Blerted tastightly exceed
15° 4B Er 3378, AR G ARRRRle dRRr OB el fhe Belivery

10 t Rof3r SimeORARGYArticle to the contacting nanosphere surface:

In practice an aqueous dispersion of citrate-stabilised gold nanoparticles
(16 nm diameter) was prepared using the procedure developed by Frens
(Frens, G (1973) supra). Silica nanoparticles (150 nm diameter) were
prepared using the procedure developed by Stéber and Fink (Stober, N.
15 and Fink, A (1968), supra) and surface-modified with 3-aminopropyl-
triethoxysilane using the procedure developed by van Blaaderen and Vrij
(van Blaaderen, A. and Vrij, A., (1993) supra). In the course of their
preparation and subsequent surface-modification, multiple centrifugation
(Sorvall Instruments, A5S00 rotor) and washing (ethanol, 50 mL) cycles

20 were employed to ensure sample purity.

A membrane filter (0.02 pum ANODISC® from Whatman) was mounted
on a spin-coater (Model KW-4B from Chemat Technology) and held in

place usiﬁg adhesive tape. An ethanolic dispersion of amine-modified



triethoxysilane using the procedure devel oped by van

Bl aaderen and Vrij (van Bl aaderen, A and Vrij, A,
wO020RB)6@apra). In the course of their prepar aCraEzoazicho120

subsequent surface-nodification, nmultiple

centrifugation (Sorvall Instr nts, A500 rotor) and

washi ng (ethanol, 50 nlL) cycles 20 were enployed to

ensure sanple purity. A nmenbrane filter (0.02 m
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P, RSO A0 PSRPENEIAPREY 5P ks
SCoSHR 0GB ARG by a2 gt atling e a

congiikbkR@. St ubs using conducting tape as adhesive.
The nmenbrane filter was renoved and inverted prior to
insertion into a nenbrane filter vacuum appar at us

i o ARV A A i o
o ¢ aneBYRREE itk JaRGURGHBRR AT PR FiGa5 from Whatman)
R, SRR BT A g A an e
148 ”J%‘ilgt%?%% g%%sﬁf%l‘ﬁggbﬁ AB%&&%pcﬂgé&@ioﬁ HPEiti'[‘eﬁeIé??oi(ljiged gold

case sil'i'ca hanos €S No colouratl

?‘; a:ﬂ!ﬁld(f??ﬁéﬁnﬁ 0NRE, P35k Y8 nahBpartid|Be dR9*RAsk iflifted through
the membrane. A faint pink tinge developed at the membrane surface. It
should be noted, that in the case of unmodified silica nanospheres no
colouration of the membrane was observed. This finding confirms that

15 amine modification of the silica nanospheres is required to ensure that

the gold nanoparticles are adsorbed at the ‘exposed face under the

conditions described herein.

Copious amounts of ethanol were flushed through the membrane's upper
and under surface eliminating surplus nanoparticles that may have

20  become trapped in the nanosphere-plugged channels.

To redisperse the patterned silica nanospheres, the membrane filter was
removed from the filtration apparatus and sonicated in ethanol (SmL, 15
min). The membrane was removed from the resulting dispersion, which
was used to prepare samples for analysis by transmission electron

25  microscopy (TEM). All TEMs were obtained using a JEOL 2000 FX



15 amine nodification of the silica nanospheres is

required to ensure that the gold nanoparticles are
wadsaroeds at t he' exposed face under the condi PCOMB2002/000120

descri bed herein. Copious annuné of ethanol were

flushed t hrough the nenbrane's zper and under

surface elimnating surplus nanoparticles that nmay
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di spersion, which was used to prepare sanples for

anal ysis hy transm ssjion electron 25 mcroscopy (TEM.
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with a single gold nanoparticle. Exanple 5 10 It is
possi bl e to deposit a single _nanoparticle on a '

nanosphere using the approakxampled bed i n Exanpl e 4.
It is also possible to extend this

10  Itis possible to deposit a single nanoparticle on a nanosphere using the

approach described in Example 4. It is also possible to extend this
“approach as depicted in Fig. 8 as follows: By exposing the nanoparticle

deposited on the nanosphere retained on the membrane, first to a solution
of a bifunctional molecule and second to a dispersion of nanoparticles.

15 Repeating these two steps will deposit the required number of layers of
nanoparticles on the originally deposited nanoparticle layer. As before,
the patterned nanoparticles are redispersed by sonicating the membrane

filter.

In practice a solution of 1,8-octanedithiol in ethanol (10 mL, 10 pmol
20  dm™) was filtered through the underside of the membrane retaining
patterned silica nanospheres, which were then washed using copious
amounts of ethanol. Gold nanocrystals were then filtered through the
membrane filter as described in previous Examples. These two-steps

were repeated until the required number of nanoparticle layers had been



approach as depicted in Fig. 8 as follows: By exposing

t he nanoparticle deposited on the nanosphere retained
wonoddhacayenbrane, first to a solution of a  PCT/IE2002/000120

bi functi onal nol ecul e and secong to a di spersion of

nanoparticles. 15 Repeating the € two steps wll

deposit the required nunber of |ayers of

nanoparticles on the originally deposited nanoparticle
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amurRkgltiio gidmepibn. Gol d nanocrystal s were then
filtered through the nenbrane filter as described in

previous Exanples. These two-steps were repeated
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11), ‘this aspect 0 acco

| nvepddpnrtieRyl ts in the tenpl ated assenbly of a
nanoscal’e architecture consisting of a single gold

nanowi re attached to the face of a silica nanosphere,
' d deposi tiaon of ,a singl | d
;ﬁ\é%.ﬁlrquljf%pga% %%)B?oacq}/tha? @ng}ll beaken is'to chemical y reduce
(electroless deposition) a gold salt on the patterned nanosphere forming a

continuous gold nanowire.

Example 6

Silica nanospheres, 180 nm in diameter, were synthesised according to
15 methods originally developed by Stober et al. (Stober et al. (1968)
supra). They were subsequently modified using 3-aminopropyl-
dimethylethoxysilane as a silane-coupling agent following the strategy
developed by van Blaaderen and Vrij (van Blaaderen ef al. (1993)
supra). The aminopropyl functionalized silica nanospheres were further
20 modified by biotinylating the amino functionality. Specifically, to a
dispersion of amine-modified silica (5 mL, 2.42x10"> M nanospheres,
7x10* M NHo(surface)) in anhydrous.DMF was added biotin (0.085 g,
3.5x10™ mol) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
(EDAC) (0.075 g, 3.5x10™ mol) and the mixture was stirred for 24 h at



10 An alternative approach that may be taken is to

chemcally reduce (electroless deposition) a gold
weabd4/006v96 he patterned nanosphere formng a CceqaTIE02&0120

gold nanowire. Exanple 6 Silica nanospheres, 180 nmin

di aneter, were synthesised accoBdding to 15 nethods

originally devel oped by Stober et al. (Stober et al.

(1968) supra). They were subsequently nodified using
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R CRRDALG S Thdte YRRFPIIGOR BY LR HIfHENARE (5 mL,
3.5x10” mol). It was then flushed with citrate buffer again. Finally it
was flushed with a dispersion of citrate-stabilised DSDA (disulphide
desthiobiotin analogue) modified gold nanoparticles (10 mL, 1.2x10"
nanoparticles dm™). The membrane filter was removed from the

15 filtration apparatus and sonicated in water (SmL, 15 min).

20



rpm). The nmenbrane filter was renoved and inserted

into the nenbrane filtration apparatus and exposed
woago4aseq@escri bed above, initially a 10 sol uti eaTm£2002/000120

citrate buffer, followed by a §§ eptavidin solution (5

m., - 3.5x10-5 nol). It was the | ushed with citrate

buffer again. Finally it was flushed with a

di spersion of citrate-stabilised DSDA (disul phide

desthiobi otin anal ogue) nodified gold nanoparticles

(1023 9y 1015 nanoparticles dm 3). The nenbrane

filter was renoved fromthe 15 filtration apparatus

and sonicated in water (5nm, 15 min). 20 WO ) )
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3. ASIBLARY BRARLAL PG il teiher el 1 the

nan cles nanospheres. 4. A
met hod according to any one of Clains 1-3, wherein the

2. A method according to Claim 1, wherein the microparticles

10  are nanoparticles.

3. A method according to Claim 2, wherein the immobilised

nanoparticles are nanospheres.

4, A method according to any one of Claims 1-3, wherein the

microparticles are composed of silica or latex.

15 5. A method according to any preceding claim, wherein the
surface of the microparticles is chemically modified to facilitate binding

of the coating material thereto.

6. A method according to any preceding claim, wherein the

coating material is composed of nanoparticles.

20 7. A method according to Claim 6, wherein the nanoparticles

are inorganic nanoparticles.
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to facilitate binding of the coating materi al
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nanoparticles. 20 7. A nethod according to C aim6,

wherei n the nanoparticles  are inorganic . .

nanopar t 8¢l esA met 4&5@!?61@%'5@&&?1@ boPhersin fie Banoparticles

A nmet hod according,.to Caim7, wherein the

nan®5a$? 'dcql%%’Pangleéol d nanoparticles. 9. A method

according to Caim8, wherein the gold nanoparticles

are citrate-stabilised gold nanoparticles. 5 10. A

met hod a@cor dAnmethodaycanking o @laimes, whereih¢hegold he

coating material is conprised of nanoparticles of an

or gnanacpanticdes ate, citrbte-stabrbsetbgoktnanapargicies. A ai m 10,

wherein the coating material is conprised of

nanoparticles of a bionolecular material. 12. A nethod

gecor di nggt 0 Ahdthed aELGRifRL by BF Clafifis 106, wherein the
'um t he

menbrane i's a high porosity , a menbrane with
por 8saBhs #MREIal i conmpeied WTlarpgatticlebDf #h OB material.

accor di n% to any preceding claim wherein the
m croparticles to be patterned are spin-coated onto

the membngne SudASE ‘according to Claim 10, wherein the coating

material is comprised of nanoparticles of a biomolecular material.

12. A method according to any preceding claim, wherein the
10 membrane is a high porosity alumina membrane with the pores arranged

in a hexagonal array.

13. A method according to any preceding claim, wherein the
microparticles to be patterned are spin-coated onto the membrane

surface.

15 14. A method according to any preceding claim, wherein the
coating material comes into contact with the immobilised microparticles
prior to filtration and excess coating material passes through the pores of

the membrane.

15. A method according to Claim 14, wherein a differential
20 pressure is applied to the membrane during said flow of the coating

material relative to the immobiliséd microparticles.



15 14. A nethod according to any preceding claim

wherein the coating material cones into contact with
woheodiorembi | i sed m croparticles prior to filtParimmw2/000120

and excess coating materi al passes through the pores

of - the menbrane. 15. A method3&ccor di ng to Caim 14,

wherein a differential 20 pressure is applied to the

menbrane during said flow of the coating naterial

relative o the i ilised mcr |cIe

2004/ 01CHbe. POTRELIBRRTONE 1SE 1aE 1 40nEs niferein a flow rate

accordin im 14 or a fl

o caegretnan 1:5Suimintn 1 vao duling (RlAyRn o il Qsfing material

t he,coat ter t hrough said nenbrane. 17. A

et HEAY f&cq’%cga {)@na?ny one of Claims 1-13, wherein

the 5 coating material comes into contact with the

i mobi | ised mcroparticles_  follow ng passage throvgh h
erein the

t he poret7of Ahmetizodeaeerding to anjrericoal eums:l il i,
Caim17, wherein the flow of coating.

% hr ooRfing mtﬁaabcamsugtmyon@ahwﬂﬂ m)n@ lied microparticles
nmet hod according t 17, V\/ne |n th fl ow of 10
coafollgving passagem%r@u@hm%eo #Geans of

an electric field. 20. A nethod accordlngto aaim

17, wherein the flow of <coating material through the

menbrane(gs bW fARahsd akcardingnetClaiti E7 dvheédein Ahetlovodf
according to any one of Clains 17 - 20, Wwherein the

nmeagogiiagensterial thivmghnthehneidrdneis bygaeams:bﬁ gravity.
exceeds the 15 nenbrane pore dianeter so as to
restrict the nunber of pores in direct

19. A method according to Claim 17, wherein the flow of

10  coating material through the membrane is by means of an electric field.

20. A method according to Claim 17, wherein the flow of

coating material through the membrane is by means of a magnetic field.

21. A method according to any one of Claims 17 -20, wherein
the mean diameter of the immobilised microparticles exceeds the
15 membrane pore diameter so as to restrict the number of pores in direct

contact therewith.

22. A method according to any preceding claim, wherein the
coated immobilised microparticles are contacted with a solution of a bi-
functional molecule which can bind to said coating material so that a

20 number of layers of coating material can be built up on the immobilised

microparticles retained on said membrane.



contact therewith. 22. A nethod according to any

preceding claim wherein the coated imobilised
waizergpendsi cl es are contacted with a sol uti on 8€TAEDD2/000120

functi onal nol ecul e which can bind to said coating

material so that a 20 nunber of37ayers of coating

material can be built up on the immobilised

m croparticles retained on said nmenbrane. WO

2004/ 01 6 PCI/1E2002/ 000120 37 23. A juethod .

accor di %391 0 %ﬁ%ﬁ@%&ﬁ% oA Rtscsding fiaim, gibergin the

mcroparticles are,removed fr t he .menbr ane b < e

sonicoArbtoRpa el TR F ey T B Rudhy sonication.

Clainms 1-22, wherein the coated mcroparticles are

renoved fromthe nmenbrane by dissolution of 5 the- )

menbr ane 245. Amethioslacoepiding toyanpiook efi Claimg 1-22, wherein the

nodi fied patterned. mcroparticle. 26. An ) .

ani seatehnysropartisien agiremasedisont thaimesgebrangdey dissolution of

nanoparticle. 10 27. An anisotropically, biologically

Aodithf SBCIHERG-ned nanosphere. 28. A nanostructure

assenbl ed on an anisotropically, biologically

nodi fied patterned particle according to any one of

Cainms 25.- 2An ahisdfopidalignbeiogichllyenadifiedpagetred

Cl aim 28, wherein the nanostructure IS a nanow re.
microparticle.

26. An anisotropically, biologically modified patterned

nanoparticle.

10 27.  An anisotropically, biologically modified patterned

nanosphere.

28. A nanostructure assembled on an anisotropically,
biologically modified patterned particle according to any one of Claims

25 -27.

15 29. A nanostructure according to Claim 28, wherein the

nanostructure is a nanowire.

30. A method according to Claim 1, substantially as

* hereinbefore described and exemplified.

31. An anisotropically, biologically modified patterned
20 microparticle according to Claim 25, substantially as hereinbefore

described and exemplified.



30. A nethod according to Caim1l, substantially as

her ei nbef ore described and exenplified. 31. An

weanismiéopi cal |y, biologically nodified patter Rew/IERDD2/000120
m croparticle according to C a'g 25, substantially as

her ei nbefore described and ex gpl ified. WO

2004/ 016696 PCT/ 1 E2002/ 000120 38 32. A nanostructure

according to Caim?29, substantially as hereinbefore

descri begh and SR HGE ac%or&ﬁlg #°Claim 29, substantially as

hereinbefore described and exemplified.
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