;e3e)""#d%&() 6”) T) pwO 2004/ 01GEPG 1 Description PCTI 1 E2002/ 000120 Met hod
for the nanufacture of patterned mcro- and nanoparticles and use of such
particles i nbly of nanoscal e architectures in i

Techni cal Iﬂﬁ@ s invention relates to a nethod for tﬁghﬁ%% é@#ﬁ}e of
patterned nlcropartlcles, i ncludi ng nanoparficles, nore particularly

ani sotropically patterned mcroparticles and to the use thereof for many
di fferent applications, especially where control of such particles is
requi red. 10 Background Art The so-called "bottom up” assenbly of

functi onal nanoscal e architectures in spkgbﬁ?gghs a goal shared by
researchers in many fields {Philp, D., an oddart, J. F. Angew. Chem
Int. Ed. Engl. (1996), 35, 1 |54- 1196) Expected benefits of such assenbly
i ncl ude greater

i _ _deyice properti
i nnovative techre¥ey jt e deqet Sh ﬁg KE 1r%%®ﬂgg§%%n§ged,

is the nol ecul ar. self assenbl i.n olatia nano u nol ecul ar
and condensed prmo @fw% 5‘]".?%5 (lr‘,)‘ﬁﬁ?ég.s%rugh of mnqsscaie, 5}@%2:%&%9%991)

254, 12| 2-1319). lecular 20 self assenbly is the spont aneous associ ati on
of nol ecul es un ilibriumconditions into stable, structurally

wel | - defi ned aggregates joined by noncoval ent bonds. Mol ecul ar self
assenbly is ubiquitous in w0 2(10-t/016696 PCT/ 1 E2002/ 000120 7 bi ol ogi cal
syst ens and ﬁndgﬁﬂﬁmmuﬂﬂhekbrnatlon of a wide variety of conplex biol ogical
structures. In considering what nol ecul ar and condensed phase conponents

m ght be SU|tabIe (Mann, S., et al. Adv. Mater. (2000), 12, |47-150;

N ereyer, BMhvERNE FélatesEd a hARbddfor tHb rrféh@@ctu%‘ of battemeddi at el y

attracted to hlg |nforrrat|on content nol ecul es (Lehn, J.-M " Supranol ecul ar
Chenmi st ry, ConceghicrapgrtRges iachidifg ahopaiti¢les Mofd ﬁ@ﬁic)ulaﬂgi ahdsdthepicapy dl y

grow ng nunber of nanoparticles whose properties can be tuned by

control l'i ng t heipattdraed andropartiates 4 cothpoasd thare¢Pforunany akfferentp. ,
Science (1996), 27~, 933-937). There exists a grow ng number of exanples
wher e hi gh-i nf orat;qillawmomne@acmid)y@dtdleszoanmmlmefrsuphrpamc]@s inaequibedn sel f
assenbled in solution to yield novel nanoscale architectures, sone with
significant technol ogi cal pot enti al, including programmed naterial s

synt hesi s tOh J.J. and Mrkin, C A Chem Rev. (1999),
99, 18481862]) rogr ess, it neverthel ess remains the case that
the structural diversity and functlonal conplexity of the nanoscale -

architectures that have self assenble ol U.tIO fall hort of what
i s needed. 20 Esgbﬁtspaﬂa t&mr%taw Yd? ﬁ’r’i’@tlﬁflﬁ PangsAdy on

igﬂféhfa'bi 2%?22&%&'5%539%'@ Wil s%i‘%B‘af"wﬁeef Sised %r% ?riﬁ{ﬁg&?iﬁat
echon &1 on i ¢ SEREMRe Rl SIOUMRE. 3. o 4Rk Shen” wen AT B,
recoan ¢ on o oWl i otdid . bo47ne SEb

Spd fungti on assiisgtfelg)éan gﬁakgggﬁﬁ gggﬁﬁ%gﬁﬁﬂﬁgqﬂ:hﬂfe%teﬁﬂgﬁlort]‘s
2 monol ayer b epé"é*“&gﬁ%ﬁ%féf‘ﬁ PSRRI arlP bl AR IEChROR AP DD ©

usi ng Langnuir - Blg &}}Egﬁq’lé s (Petit, L. et al. Mater~. Lett. (2001),
51, 478): Asymme r| c nanopar es can only be produced with this nethod on

a | aboratory scale in comon with Langnuir

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, stmcturally well-defined aggregates

joined by noncovalent bonds. Molecular self-assembly is ubiquitous in




Bl odgett techniques. O her efforts have included the evaporation of a netal
onto one face of a Latex nanoparticle (Takei, H and Shimzu, N 10
Langmuir (1997), 13, 1865). This nethod is limted in a nunber of respects.
First of alWO2%p/816¢9art of the method can be carried out ParTsedoodoorzy it
bei ng necessary to early out the gold evaporation/ chem sorption step in a
vapour deposition chanber. Furthernore, it dan be difficult to get the
coated particles to redisperse into solution. The 15 nmethod is also limted
in the nature of coating materials that can be used. Other methods with
simlar l'imtati,ons for. the production of asymet(ic patterned.

nanoparticl es ar}EOIZ’r%Q\?Il i}f?nt‘?ﬁﬁlmg]déf} qlieg the t101H0T Bayile Vgt odr

B- Chem (2000), 63 1\2?‘&)@0 L.ovg, J. C et al. Nano Lett. (Communication);
2002; ASAP Auri ({O%P 1QLPLicaL SEHERIIS ine 21, 20 2002): Fugi moto, K. et al.
Langrmuir (1999), 15, 4630-4635 and Nakahama, K. et al. Langnzuio (2000), 16,
7782-7886). The preparation of patterned nanoparticles to date is limted
to the | aborat orlp cumiderdng winerolscudamseticdidersedeshagd cofhsdheas ntight
carried out on a large- or comercial scale and with which one can use a

wi de 25 variety hf suitatlend/Iann 3 i, 2 &/ Adpeduair 2000, hYy Mi7-150j bliegevet,
mat eri al s. WO 2t 10a/ 016696 4 Di scl osure of Invention PCT/IE2002/ 000120
The inventi o provddgewa Gletrhabhtf Bdd. (B0l 4d08) cond ispmhinediwdly

m croparticles, conprising inmobilising mcroparticles to be patterned on a
surface of a por#trectashisr high infaumiatignaontentimglecaies (Taahmti-M. can S bi nd
to exposed surfaces of said mcroparticles, and which can perneate through
the pores of saiHicHBekesalan Chepdsiry cCancepds vadsBernspeeotiots VEEY

m croparticl es, d renovin e mcroparticles fromthe nmenbrane follow ng
bi ndi ng of said @Pﬁnflﬁgnné\k@ﬁsgandméhﬁémdw gtewing Aymbsricdaaneparicles can

be carried out in;solution on a 10 co cial scale and allo faor the
manuf act ure of aVWPde PraRgA1EsCans ?E‘?&E{)WE?@B g theds size ﬁ@nﬁ%ﬁq er
descri bed. The nethod _accordi.n ot inventio m t-effective
vol ume- manuf act uf¥ &8P é‘ghggsa&ﬁ’%r%%r ﬁélﬁngg. E]ﬁﬁi@’ ?gﬁmbgs' tticles,
especially nanoparticles, of one material, which have another material (in
15 the formof snaller nanoparticles or |arge bionol ecul esL, deposited on a
wel | -defined reglbareéxistea gnowacg nunikerefiraangples svherartghsinfaireatiamn
subsequently be nodified by adsorption of a nonol ayer of one or nore

hi gh- i nf or mat i onc@enémolesitasuanssnanopartaledhave boen self-assambieskcinet e
regions of the surface of the patterned nanoparticle. These adsorbed 20

mol ecul es wi || c8QIg8oB® veldpowebnanessale aichticetures swima svitl siaibigantse and

bi nd sel ectively a, nolecul e, a nanoparticle, a substrate ¢r, possibly a
di screte region B¢ gicat petetil cinshiding arogramnesd mpfeials synihesiqwith

Aceorting ¢ ol onel SBIMRERLE {heindAKIT, Aodk noeBarkare) 9oed Raktipner o

S.
The i mmobi | i sed géfparti cles are suitably conposed of silica or latex. A
sui tabl e size ra% 'or silica nanospheres is 0.1 pm 10 pm
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




5 In the case of |atex nanospheres a suitable size range is 0.1 pm 10 pm
Preferably, the surface of the mcroparticles is chemcally nodified to

facilitate binding of the coating naterial thereto. For e t

mi croparti cY@LUHOBE ani ne- nodi fied. However, ot her typeégﬂﬁzgwqﬂg@g

nodi fiers can be used depending on the typejof 10 interaction required and
the nature of the coating naterial being used to pattern the

m croparticles. The coating material can be conposed of nanoparticl es.
According to one enbodi nent, the nanoparticles are inorganic nanoparticles.

15 For exanpl e, ;| 06y RfiPRARE! Shisitan didciithd, TR asdieshe oneyiekityot her

i norgani ¢ nanopartrcles can be used include silver nanoparticles and
nanoparticl es of,¢t,i ' i % T )| 0 18 Bledtiead y (1 Eals WO
200 17010591 6 BT 3P e e ey ok
nanoparti cl es and the mcroparticles are suitably chem cally nodified, such
Rdsor bed.  FbuevHIOHSIEROAGBIPETEHR A deBor et G oo SpOsTPE! s
anopar t1 ol es. | ARPGRHIRT QEAYMOBARYED AL ERU RRNEPIAICIFLO8 SR P CEL rollica
nanoparti cl es. ,
B‘”‘"B‘”” edSof THANBBANEIC SEE Srang s e Cr G apianes (PP} 1 R 7
e conprised-o > 7'For exanpl'e,
t he organic coatjn i be co sed_of I I i TR Hal
such ag DNA or atéﬁfgl m‘g{)&g_’g%br‘%?@?‘ﬁ?%i]tcer}?%p%r@ﬁg%Hcleroglggrb t% F%I es %gn be
 animal's as her iy G BEUEY e Lfor Of Sealy BRIyl Rt her

i sed of . . . ot
o1 sed of an BRI AN BiGTod B\ ERUANF o bpdpartion of .con

be nono-, bi- orm ependi ng on the ication to which the
patterned nanopagfkgl &odife FRedT PRitBK hahBphitadé (Takei, H. and Shimizu, N.

10 Langmuir (1997), 13,1865). This method is limited in a number of

respects. First of all, only part of the method can be carried outin
solution, it being necessary to carry 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;zuir (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.




w0 2001/ 01669G PCTI | E2002/ 000120 The nature of the porous nenbrane for use
in accordance with the invention can also be varied depending on the nature
of the mcroparticles to be patterned and the nature of the coating
materi al . P&O0200démp9e, if the mcroparticle and/ or the coatimgoomioerzpal has
a natural affinity for the material of the nenbrane, then the desired
result may not be achieved or may be inpeded For exanple, in the case when
one uses am ne-nodified latex or silica nanospheres and citrate-stabilised
'gol d nanoparticles, together with a relatively |ow porosity, "track-etch"
pol yneric (polycarbonate) 10 nenbrane of the type sold under the trade mark
CYCLOPCRE by whdPshosuad flventinas random y distributed cylindrical pores
across the nmenbrane surface; it is found that the nanospheres rather than
bei ng di sposed on the pores as intended also bind to the surface of the

menbr ane whi ch DERE $nderdt ides bEigpe | f rﬁgﬂ f the
type sold under the tradgﬁﬁngf?(\“%%sd] SCﬁg{/d W&Pgaqﬁa&?%?gﬁfyp (l)[%%g?(gdi ng is

not observed becpus®paktié i ; ; t he
FRUISRS, dospanel paTESInich i RTISvaphss

hi gher porosity relative to, e, the ane sold

under the trade gmakueldeGIRBordNs Menhtnky 88udhg HEHHt A akdri4l0hiohddan?0

matter if the mcroparticles stick to the surface of the henbrane because

of the high densbingd tof exgsssed aurthdesofisid amersparticléyahdsshichhtn permeate
m croparticles should be applied to the nenbrane in an anount such that

there are still twoaghrthe poseesf taidankmbranegosflonatdlaiverts edidammobilidé®
200~101GXDOG PCT/ I E2002. /000120 pass through the nenbrane. This wll be

readi |y deter ni nedctopastieleskand eemiovingehenticropaftickes fromathermbarbrane

enbodi ment, the nenbrane is_a high porosity alunna nmenbrane with the pores
arranged in a helallwwing hinding qfrsaicgrcabﬂnyg mdterial.cr oparticles to be
patterned are spin-coated onto the nenbrane surface. According to one
enbodi ment, the coating material comes into contact with the inmobilised

m croparei cl es pThemethdd hédatip b BNeREDNGRM bOBafEshein R516668 on a
t hrough the pores of the menbrane. 10 Thus, filtration of

citrate-stablfi seemgnbttislegrabeand allewd forate inanikicbiRns Parte ahhye 6Pat ed
with am ne-nodified silica or |atex nanospheres for exanple pronotes

preferential bi ngatigriadd gatbpanticles asitige@iafichelenatibsdheres to yiel d
di ssymmetri c nanospheres. Preferably, a differential pressure is applied to
the nmenbrane during said 15 flow of the coating material relative to the

Ceffects result ng e ARl ROUR, RS B R BT G 7

B e R

goTer L0, PRGN PR o A Ly MIORS e

' 15  the form of smaller nanoparticles or large biomolecules), deposited on a
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.




WO 200: 1/ 016696 PCT/ 1 E2002/ 000120 9 cl ose to the maxi mrum and, secondly, the
probability of sticking of nanoparticles such as gold nanocrystals to

m croparticles should be close to |, i.e. a diffusion-limted regi ne
applies ratWePHPAf% he reactionlinited case. For this pug%géoqzﬁgono
nanospheres in the enbodi nent descri bed aboge are nodified to provide an
am ne-term nated surface that provides suffrcient affinity for gold
nanocrystals during filtration. In general, a flowrate in the range
2.5-4.5 cnB/mn is preferred. According to an alternative enbodi nent, the

coating material, congs inpto cont,acy W t he | i |4 1€ icles
fol |l ow ng passag%cct‘ﬁﬁ% 98° p@o&wg&%ﬁetlﬂgnﬁgﬂﬁéeg@&dqp é}lggglrir%odi ment
the flow of coatin terial through the nenbrane is by neans of gravity.
In an alter nati%ng%nﬁﬁqeﬁent, the flow of coating material through the
menbrane is by nmeans of an electric field. 15 For exanple, the nenbrane can-
be netal lised and serve as a working electrode, the circuit being conpleted
by a counter el édhe mimabilisédnfioropastickesraresuiigblycamposedaf pdicdl drlate® t he
menbrane. By varying the direction and magnitude of the applied electric
field, the behaviour of the mcroparticle or coating material can be
controlled. 20 | FANPQE [ i Y - ing material
t hrough t he nenb@gg%tcaﬂé E‘fgﬁé{éggf%’?ﬁggﬁaﬂgéﬁ@ﬁ) Iélé{é:%elﬁgo P %wlag 004/ 016696
PCT/ 1 E2002/ 000120 10 In one enbodi ment, the nean dianeter of the

i mmobi | i sed m croparticles, _exceeds the nmenbrane pore di aneter so to
restrict the 5nur@é&lecﬁasﬁ&fégtquqsﬁgﬁr%§‘é@gb]@t’§=}?‘é§@r¥§f9 IS,Q:E:MBT@H% a
further enbodi ment, the coated i mobilised mcroparticles are contacted
with a solution of a bi-functional nolecule which can bind to said coating
material so thatPrferaBier thefsurfixer of the miabpagictes és thadmimblybmolified tap on
the inmmobilised mcroparticles retained on said nenbrane. For exanple, in
the case of ani nfaciliité beihgtefthecoatihpanateared ghetdtel es 10 and
citrate-stabilised gold, particles, the coated i impbilised nanoparticles
can be treated with a dithiol such as |, 8-octanedithiol, the thiol groups
of which can bi i < i i I el } dviedtother
second coating SE Of %%1?1%(%‘?’ t&%ﬁ%ﬁ:ggﬁ)%%gl%%E%éggb%ng%éﬂoggﬁté%sﬁiﬁg coat ed

| mobi | i sed m Crg%rstdf% faceTﬁbaigé@%%%ﬁb@age@ae endialesh thY fyipelst t he
desired nunber of"“particles have It up onh a given i mmobilised

een bui

m croparti cl gy asifigfR4TH f@f;ﬂﬁﬂs@ﬂd #rdnatlire biMké conghg Meaterial betigessaartovi de
e

two spatially distinct sit for nodification. A nmultrilayer deposition of

gold particles opgﬁeﬁhﬂg& nﬁ@[rdp'a@ﬁu@g_ di ssynmetric microparticles can result
~in conplete coattng of 20 one half of the microparticle. The ionisable

am ne group on the uncoated half of the mcroparticle foll ow ng renoval

fromthe nmenbrang,can hbe harnessed, fox e l,e i el ectrophoretic
rotation of sai d%[bgrctc? }Ikgs“{%%‘r\gﬁm%%fzﬂgﬁg%%{ihoef Ié)%}d&)%?ﬁ)s}%gf an appl i ed
electric field. WO 200~/ O G69G | | |

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).




PCTI 1 E2002/ 000120 Once the desired pattern has been achi eved, the coated

m croparticles can be renoved fromthe nenbrane in a variety of ways,

i ncl udi ng soni cation, dissolution of the nenbrane, for exanple using 3MNaCH
wi th an ANGRODSG4maedIsane, or by reversing the direction opci/ir2002/000120
Accordingly, it wll be appreciated that a wide variety of patterned

m croparticles can be obtained by use of thé method according to the

i nvention, including asymetric/di ssymmetric nanocrystal architectures. It
is envisaged that a wide variety of conplex nanoscal e architectures my be
synt hesi sed using different mcroparticle-surface termni, for 10. exanple,
car boxyl - and c}&h@nttbﬁrﬁaﬁowﬁéﬂ% ﬁf%g@]ﬁ}(nm&rﬁglm@'ﬁhﬁlﬁ}aﬂﬁ?ﬂ@ )
ferric oxide (Fe304)_ and titaniumdi.oxide (Ti02). Al though .anisotropjcally
patterned micr oﬁblttﬂi)bfé eml‘ée?lﬂahawdqﬁﬁém%aw they aae %%Tﬁlﬁég{)‘%@ove,

t hey have not been produced in a yanner which c e carried out on a large
or conmerci al ségﬁ%ﬁﬁqgoiﬁiin@ﬁf’?%‘ﬁﬁ%ﬂ @V,Stﬁ?lkﬁqﬁﬁ%gﬁ%%fpatter ned

m croparticles have not been previously manufactured. Thus, the invention
provi des an ani sotropically, biologically nodified patterned m croparticle.
The invention aldowevey] dger dor h‘apnamgjarﬁblas,inbhuiqu”oped:amplmdi fied 20
patterned nanoparticle. WO 200-t/01669( PCT/1E2002/000120 12 The

i nvention fuist hesenpicoviddesorenarapasticles) imsaldes nahbdpattictescandoatabyttiopi cal |y,
bi ol ogically nodified patterned particle as hereinbefore defined. For
exanpl e, the namstopartictes.can be a nanowire. 5 Thus, using the method
according to the invention one can prepare a famly of derived
nanostructured materials which include the foll ow ng: Aggregates of
patterned or tafﬁﬁbﬁﬂangeély?%ﬁhesomggﬁ%éﬁ&ﬂ RToMpHSSd bYahHbBaticlésdf an
prepared from patterned or targeted patterned nanoparticles; and
nanoconposi t es p@@@ﬁ@%i@ﬁm_conventi onal materials 10 and patterned or

targeted nanoparticles or any other such derived nanostructured material.
The subsequent processing, for exanple thermal, mcrowave or | aser

processi ng, of these mateqrigls may yi |. addi t4i on [V r.ed
or conventi onal %Sxﬂ‘aﬁﬁ& c%qr}?%@ I:'?Etegf'aﬁéianbl%? ﬁ%ﬁ@@dioﬁ%ﬁﬁ(@gg@@g%ﬁa
materials. 15, The; rgeted patterned nanoparticles described
above (herei aft@r&ﬁéiegﬁggnﬁéeé%the following list of applications as the
patterned and targeted patterned nanoparticles) can be used in any
application where the fact that the nangparticl.es haye been p ttfer ned and
possi bl y t ar get eloEgdeMplenEn VigeR1hEopErg majerip @a%ﬁamomm%& 20

i nproved applicati i)ns. The derived. nanost ured nanonmaterial s can be used
in any applicati BRIH&EOHAE maferial pagh af @?@Oﬁaﬁp‘t OLPIRGe
constituted from Eat tigiTned or targeted patterned nanoparticles endows them
- wWith properties U@nabl e new or inproved applications. WO

200: 1/01(C96 i 3 PCT/ 1 E2002/ 000120 New or inproved applications include
applications in health, information and comuni cati on, and_sustai nabl e

envi ronnent such T shetdparticksatahi egcoatad vgigh ahowdivet ingnegient famidie
security. In healthcare the followi ng applications can be foreseen: 5
Genoni ¢s The 1pat teaatexend o huanage oe othetandmeadsias heoyaattee descrikgd - be used as

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.




| abel s in high-throughput or other screening processes. The inherent

advant age offered by these particles being that one regi on can be optim sed
to recogni se and bind a specific sequence of 10 bases or base-pairs, while
anot her redWvoroEgI6d9e optimi sed for anot her recognition- bRGIAEIYP280EAR , f or
pronoting a chem cal nodification of the boynd sequence, or for reporting a
recogni tion-binding or a chemcal nodificatfon event. Proteomcs 15 In the
case of proteonmics, the situation is essentially the sanme as for genom cs
'set out above, but applied to am no acid sequences. Drug Di scovery The

patterned nanopatticles be used to .di spense reactant,s I

P Ghet hr oughpat 0I€ BRRES SLLPE DRSS HgUeBRd0T Fhe I Arareant SaTinhs,e

of fered by patterned.nanopantigcles . hat ,t he n . 004/ 01669G 14
PCTI | E2005/ 000138V UG CaRa B Saricd deendite b SBEaaFus Hdbe sl |
quantities of twQ.or f 0 § $SO I :
reaction. Al terﬁﬁ{(iQQBgﬁ}cq?é}g&ééig{g?HL%{ %‘g@ﬁeabﬁ“ﬁe%ﬁ@%&gg@ﬁﬁ%ﬁ? 1}1%1(1 by
adsorbed catal ysts or |abels that can pronote or report on the 5 reaction
in question. Drug Delivery The patterned and targeted patterne

nanoparticl es ndgom@iampke,tlﬁtlmmmapamdgmdﬁanthmﬂaémg/m@&ﬂﬂl a8t ubl e
drugs, to the intended site of action within a patient. The ipherent
advant age of fer etatpyaliaftipatt for tbe npatasphef the wembrapgath edtesHgdesitlligs
may be targeted to one site.. This approach rrgy be extended to the delivery
of conbi nati ons BEYdHUE aglieves Pb ey he ImpsEed. Furthernore, better

control over the rate of dissolution of these constituent conponents w ||
be possible, as conpared with particles in which i 5 such conponents are

sinply mxed. DiBanesimpie, ihahpattewint andusey gaiesnpadifiedrettx or silica
nanoparticles may be used as markers in a range of di ?n%nosti cs test.
formats. The inhnamﬂp}mdmamdg&rats-stmﬂisedgplfgmnbpaﬁ o3 tozethedivfitierent
orientations to 20 a substrate depending on'vvhet her a di sease state .is
i ndi cated or not rel@dpelydiong porositie "stacketoh'tpotympdc fpelyaraenaighopar ti cl e
in question, this may report a different signal. Furth r Ln the
case for drulp di sesnkrapeeidthertyge seld vadgr M@d%é@rkﬁgméﬁgﬁ by
bi ndi ng-recognition regions, and .the repprtj ng-signalli eqgi.ons of WO
2001/ 01669G PCT/ NEpainmmoayhich ﬁﬁ%wcgﬁni)’u &S&fégw&? s FOLPSACTOSS
82“ |m Cfgg) I nsgﬁzgfeg}ne%bga?% srur ancte??tdi%%05}118%ﬁétot%e(l?asnocr)sgﬁgrse%dra%}?er%éﬁ %eing
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




The patterned or targeted patterned nanoparticles offer the 5 inherent
advant age that they may be adsorbed with a particular orientation at a
substrate. Depending on the orientation, it may be possible to sense an

i ncrease i nwowos#nteyevol t age or ot her neasurabl e signal. pegrexembheo

sem conductor particles patterned with a sensitiser and adsorbed with a
specific orientation 10 may lead to an incrgase in the neasured

phot ovol t age/ photocurrent. Insulator particles patterned with a netal and
‘adsorbed with a specific orientation may l'ead to a increase in resistance
or increase in current. Bioconpatable Coatings 15'The¢§?tteyned and
targeted patt erpes theougtathe nlessbrame. b€hiswedil] e padiycettininediyt ane e
‘coatings. The inherent advantage of these particles being that one of the
patterned regi osiglledynttbe apt.i m sed to bind to an inplant. The other -
patterned region nmay be optimsed to inhibit/pronote binding at a

bi ol ogical interface. 20 Vitam ns and Nutriceuticals The patterned and

targeted patter i : 1 3
ot S cout feal - pradeRe BreoHECemBRMihent IR min BEREHE R Wi Quedity

PCT] | E2002/ 000130 gAGRRAIIiBHE vWRHThe DURN Arrh@sdlin 8 heRB¥ohaodray.uf fs w th

one or nore nutritional supplenents such as vitam ns. Cosnetics and
Cosneceutical s Many cosnetic products are fornul ated usi ng nanoparticl es.

The 5 patterned_and targeted .patter.ned nanoparticl.es offer t r,Q ct of
i mproved cosPret Pé%f%rﬁgy > &%%P@qucfﬁsltp%egmglaée tSBHHﬁHﬁ{]egccﬁl}Pgﬁg
nanoparticl es of sigi.ca ﬁftfterned with a dye, which conbine the rol es of
both filler and3fRBIB 24Ny ot her rel ated exanpl es may be envisaged.
It will also be possible to orient 10 targeted patterned nanoparticles at
the skin-air interface, with one surface optim sed for interaction with the
skin for exanpl dcdordingetsons enibadihesitotheoroating materzaldcarhes sitpeontact

optim sed for the air interface for exanple, for reasons of colour or_.solar
screening. The avish thbimmagbidisedanicapparticleripriar trfik@aiion aadagess coating

nanoparticles 15 also offers the prospect of .inproved cosnmeceuticals, where
t he nanoparti cl égam%paéswbmu&héh%ﬁ@r%%%%m NGre patterned with a

pharmaceutically active conmpound (or the converse). In infornmation and
comuni cation the follow ng applications can al so be foreseen as foll ows:

20 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




w0 200/ 016696 PCT/ | E2002/ 000120 17 Interconnects and active and passive

el ectroni c and photoni c conponents Wile these energing fields are still at
a very early stage, it is clear that their future devel opnment will be

| i nked to twe ni@y&béability of patterned and targeted nagpEpahideb@se and
derived nanostructured materials that can be easily and cost-effectively
manuf actured. The advantages offered by these materials are their diversity
of structure and associated function and their ease and cost-effectiveness
-of manufacture. 10 Hi gh-density nagnetic and optical storage nedia The
patterned and targeted patterned nanoparticles and derived novel

nanost ruct ured ndose t@tlse maxkialum bnddseqpidly atheqnebiabiléstaftickiglofind

‘emer gi ng storage technol ogi es. Patterned and targeted patterned

nanoparticl es ofnaoyagtieldssuchtargald mmochestal tdeposioperticles shauldttentlose
substrate. The inherent advantage offered by these nanoparticles is that
they can be ori et htiegl aadiffidontbmitediregine apphies ratheo tisdry thepeaniiord f or
interaction with the substrate and the read-wite head. O her proposed

appr oaches woul diinstsiduchset For thisrmapope tuenanesphetepin ther erobodimeitar ti cl es
to 20 produce all oys, possessi ng enhanced properties.  The patterned and
targeted pat ter néeschiedpaiove aresmodaiied ke proyadesevamingtepanatedsrsiacend

i mproved optical  storage nedi ga.. Agaip the inherent advantage offered by

t hese nanopart i cﬁ@%ﬁ@vmtsﬁﬁéwn afn ity dor g@ffgegnoqwsﬁgﬁ‘ PEgEIIEHOIR0 can
be orientated at the substrate and sinultaneously optimsed for interaction
with the substrate and the read-wite head. Batteries The patterned and
targeted patter nhdgsanepas fiost estedndhdeshyed hdvebnianos iy pesferred. material s
may all find applications in established and energing batteries ,

. technol ogi es. Patterned nanoparticles, in particular, wll find
applications in pl i:CS- L il :
Zvant age w11 bEcPRBE S r e R B E stk o HEL Effne dnto

di versity of 10 e@ﬁ&gg@@%g@ﬂ&ﬁ{&&ﬁk@d ﬁ{iﬁ#&ﬁa&ﬁhﬁe@%}ﬁ@g rﬁ&g;agéthmugh

manuf actured. One su ment 1s a materia

nanoparticle SHH orage, patterned by deposition of
conducti ng b?%de?#§§$ﬁ%§%ﬁ%ﬁqugﬁggaﬁg'produce a structure through which
charge may be transported, but which is also flexible and can be I S
deposited on plastics supstrates. Targeted patterned nanopart,icles jyay al so
e’ used to opti mb BN MBI ERCTeaPE Ve T B fa et
organi sati on of the patterned .nanoparticles. Displays including 'Smart

W ndows' The pat Xﬁﬂgaﬂ%ﬂégFﬁYﬁ%med patterned nanopal -ticles and derived 20
novel nanostructured materials may all find applications in established and
enmer gi ng di splay_technol ogi es. Patterned nanoparticles, in particular, wll
find applicationdnian alterpitiyetcsabodinaetethe flomcaf conting material thygugh the
transporting patterned nanoparticles_in an applied electric or nagnetic

field. Their Voebam §bsmensiehanelotoed®ldo i nherent advantage wil |
be the ease with which they can be

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 In a still further embodiment, the flow of coating material through the

membrane is by means of a magnetic field.




manuf actured and the diversity of specific enbodi nents, which may be

manuf actured. They will also find applications in electrochromc displays
(and wi ndows), which are based on 5, nanostructured filnms prepared from
nanoparti clwg HRHikésgd by adsorption of a redox chr Om)phof'@r/?ézo t/clﬂﬁ’fzo
functional conponent. Sensors In the case of sensors the généeral principles
that will apply correspond to those set out j@gbove for heal thcare
applications. 10 These sensors will be used to provide inputs to

i nformation processing systens. Such sensors will include those used to
nonitor and control the built and natural environnents, manufacturing and
qual i ty-control hr onessesodinteriththeageassdiometatdbVihddaliobdisedal and virtual
spaces. 15 Sustai nabl e Environnent Shelter The patterned and targeted

patt erned nanopanticripestickscexdecdy doe nwmbranensserdismeterdonad ®riestrictrthy be
used to produce next generation-building materials. Their inherent

advant ages are thamteo aftlpeyeair diteat aohtack destelmitthi gh i nf or mat i on
content/functionality and | ow enbodi ed energy; also that they nay be
cost-effectively manufactured at volume. An exanple of such a materi al

i ght i | ud i 1 b ] : h f | WO
o) oo 5o PRSP LARE Rl BB RE eiybotint ¥ EPaRENFALBIRUD, | unoa
anti-bacteriaf f ﬁﬁefdﬁmeiesaaﬁ%%ha&ép%igtﬁ%;gg»gﬁﬁ&h % W—ﬁﬁcﬁ%aﬁﬁ%dle&gl%ga'

activity of a deposited inorganic coatin same approach can be adapted
for producing hi ghigH'chadsindt8&altRESAIiAL itBAkL] S84 Hg@Bel Of PajRis ofy and

remediate the air and water flows in and out of a building.

Ener gy- Envi r onnegbafing matei il af trybuiling ehatie Raih6bilgdd mitespitictéses and
. derived novel nanostructured materials nmay. all find applications in 10

est abl i shed and eetaimgchgnsaidmenebtaricechnol ogi es. Their inherent advant age
wll be the ease with which they can be manufactured and the diversity of
patterned nanoparticle architectures, which nmay be nmanufactured. One such

embodi nent s a Mk jag%pl'?gi%ﬂf‘e ééé‘e%f’&n?&?és}ielﬁgﬁiiﬂeﬂ' 1‘3&%?%9}1@@@&&51& g€

separation, patterne eposition 0 i'ser. i rve to

produce a sthgct upd diftauagmbifibad 81@5@1&1&9% Q@é%%%&nrﬁglaﬂ?ééﬁ and separate

charge. Targeted patterned nanoparticles may al so be used to optim se,

through desirabl @ahepagidles @an HendéngdvRALSAithide sQEW R Kochedithi HE the
patterned nanoparticles. 20 Food Many foods contain additives, which’are

present as nano- thiol mreuppaftiitichscanhigdel thetcitrhe-fabiiRed gild gaatioRls subRse
particles offers the prospect of highly functional additives. These highly

f2 g B/Cl(:) i 82 S|6 gddi t ithatsa secded coating er lagerf ofgsidopartielesatin g appliedto tha\O
1 1
: 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 ofan applied electric field.




PCT/ 1 E2002/ 000120 the foll owi ng: Security, tracibility, colour, arons,
texture, flavour and preservation. Clearly these applications overlap with
t hose set out above in the areas of nutriceuticals and cosneticeuticals.
Transport Sydheosaidoer ned and targeted nanoparticl es and gerirgerd/o00120
nanostructured nanomaterials will find applications as fuel ' additives and
catalytic converters. In the case of fuel additives they may be formul ated
to contain conponents that both increase efficiency and r educe unwant ed
em ssions. In the case of catalytic 10 converters, a derived nanostructured
filmmay be conprised of nanoparticles that act as a support and are coated
with a suitable &icslthetdesTieskpattamdrisdrpen ahéeent)dhe edateyd mieropacticlehat
these materials can be cost-effectively manufactured at volume. Security 15
The princi pal se€anribeyreappyed fitamtlse frembpranednreevarety oBwgys ddchutingr ned
nanoparticles and derived nanostructured materials will include _those
currently based SANEEHPEACiHOANtioRO6bhe manbrangnfordexdmple wsing3MNaQlHd
those that wi'll energe. g}he i nherent advant age offered by these materials
is that they contifthapedORINGBembrrae, ook reversmizthesdiresitpnet floves axe
nore widely used as security markers, the need to prevent the
counterfeiting of these markers will also increase. One approach will be.to

pattern the nanopesdordirgtly, fHakilebeiapprédiasd haparade wrisy WilpatRlsad per m t
additional information to be stored thereon. These advant ages are WO

200~/ 01C69G 22 P@lici 620169642 Beastigmedbibiisd b tHealetliddheddieling tamtles i al s

can be cost-effectively manufactured at volune. Brief Description of the

Drawi ngs Fig 1. isventiomecmeludinpesyeasastrat/digyaimerid asiosybal aratitectlirdshe
method 5 according to the invention; Fig. 2 is a scanning electron _
m crograph of silica nanospheres (ZOOnm retained on a nenbrane filter as

i cr ogr aph anospher e: et a ! as

i1 ca ﬁanléé‘pﬁéfgﬁif?*ﬂ.sgé% ot AL S B AE LR RO EbhOR s AN o™
] ! i rhed By |

i or ofr aph of | 2t Pengunerged iyt difbreft it OraRROR SRERETENER, for

(0.2pm . as degcridxachple, Exaadyd- dnd tyfino 2eindind ahdai] $Fer &t &ﬁtﬁigeﬁlta'télﬁ‘allsa for

m crograph of the nanospheresof Fig. 4 patterned by deposition of go

particles ( l6nmexamplesertibeside (Exapladiftadiudidoxkld €Fi®2?1.r ansm ssi on
el ectron m crograph of a nanowire on patterned silica nanospheres as
described in Exanple 3; Fig. 7 is a transm ssion electron mcrograph of a

nanow re on pat t et figg LALer BANGRRNG | HoeRted FREISRRACIe MR Frork e ™0
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.



23 Fig. 8 is a schematic representation of a second enbodi nent of the

nmet hod according to the invention; Fig. 9 is a transm ssion el ectron

m crograph of nanospheres patterned upon attachnment of a single gold
nanoparti cl wo(2aemnpesas described in 5 Exanple 4; Fig. 10 p&raeo6desishSsi on
el ectron m crograph which depicts the assenbly of a nanowi re on patterned
silica nanospheres in two |ayers as describkd in Exanple 4; and Fig. 11 is
a transm ssion el ectron mcrograph which depicts the assenbly 10 of a
nanowi re on patterned silica nanospheres in five |layers as described in
Exanpl e 4. Mddes. for Carryipg Qut the:lnvention A schematic representation
of a first enbocsiﬂ%%mvee{%ﬁr&r%ertwqm@es ahapestorctuge assembledion @ g. | 15

"Nanospheres 10 are spin-cgated .onto me ane filter 11 (A . _ A .
nanoparticle di %F%&Bﬂmﬁ Y Elqlpgfcé‘rlg’dnﬂ%?é@@ﬁaﬁﬁ@%m ag heginhpicsn t he
nanospheres 10 a&eg[-re(%ai ned (B). The patterned nanospheres 13 are

redi spersed in a 1%%bl e sol vent by sonicating the nenbrane filter 11 (C).
Alternatively, a solution of a bifunctional nolecule (not shown), 20

foll owed by a di spersion of nanoparticles 12a, may be filtered though the
menbrane 11 on vforéxamplegdhe aanestrnaiues pheiesa h3gowire. ret ai ned (D). The

| ast two steps nay be repeated until the patterned nanospheres 13 a are
redi spersed by sonicating the nmenbrane filter 11 (E). WO 200~/ 016RC) 24

Ex le 1 P I / i i . CJ - i1 lised

gol d nanopar t) cl o210 Gerpeec BB e dhang L divalli i bbRip il ™
devel oped by Fr efamilyofiforivéd Matdificiibed miterialé Wigh indlde FO70RNwink! | €2
nanoparticles (200 nm di ameter) were prepared using € procedure devePoped

by Stober and Fi Akot&tabeof pWtermdtloFtaetett ' face Sci., (
1968); 26, 6269) gt staos bl pttermiatiof tabsets £a§9r%r%§%?‘%§9ﬁ%¢tfgé§ oxysi | ane

usi ng the proceduareostectiicaaefilhy prepatﬁtlat?&ﬁrﬁd”tt&ﬁéd%&ithr&g(ét@@ Bttaatiay en, A,
and 10 vrij, A, J. Colloid Interface Sci. (" 1993 ), | 6, P-18). In the
course of their pampzrtciesn anddanoeseposites prepacd-foei dorenihtivhal madtetinle
centrifugation (Sorvall Instrunents, A500 rotor) and washing (ethanol, 50
m) cycles we amppetiethadorizgetedsmanupariicles tor.ank othebsacle detivedr (0.2 pm
ANCDI SC from What man) was npunted 15 on a spin-coater (Mdel KWA4B from
 Chemat Technol ogignesicnaiares inateriale elbe swigseayiicas precasame, fon examplel i c

di spersi on of -anjne-npdified silica nanospheres (100 ~, L, 3.83x10~ ~
nanospher es dm 3ihepmalsmiicroveatcear asen processmgy ofikese materiglsosay godldr pm) .

Scanni ng el ectron,m crographs .(SEMs) of these nenbranes were obtai ned _using
a JEOL SEM 35C (%@gfi@né?] d&@&’@iim%fm%ﬁ Sycopventonsh (thenanogengturedt ed
(30 nmt hi ckness anpl € .noynt ed direct.l y onto .conducting stubs using
conducting tape %@%%rdnﬁ'eg?%ﬂos‘i %Ofﬁéfilﬂéi@@éeﬂa&cw | E2. 002/ 000120 The
menbrane filter was renmoved and inserted into a menbrane filter vacuum
apparatus (Mdel F625 from Watman). An aqueous di spersion of
citrate-stablii séeguititrnecoc targetsd pétt€ned nahopaxtiéled desordbadtabolves dm 3)
was filtered through the nenbrane. A pale red colour devel oped at the

menbr ane sur f ace(hareinsitariréfereedbe éulthe fullowing hist efmeplodatiomsoat fhieed silica
nanospheres no red col our devel ops at the nmenbrane surface. This fording
confirms that anPatersdandargeiedpatioreed nanoparticlesyta be vissdéssayti al to
ensure the gold ngéllggarti cl.es e adtztgrb d at the exposed face under the
condi tions descrf Hiote where ghe factdhat he nananpstiplesthaniedee e patéerned and
nanospheres, the rren‘ﬁiyafe filter,was removed fromthe filtration apparatus
and soni cat ed i nPRFHRROFIEEIRd endos fiem Peapedicsithet enalle n9YE Okerbr ane

was transferE@d éﬁgw&%ﬁ%ﬁﬁé\ﬁi\c The nenbrane was renoved fromthe

resul ti ng diSper Ned to prepare sanples for analysis by
transm ssion electron 15 mcroscopy (TEM. Al TEMs were obtained using a
JEOL 2000 FX TEMscan_ (at an acceleration voltage of 80 kV) for sanples
deposi ted on car Bbe-daratestinangspaictyrédisanomaterials 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.




The am ne-nodified silica nanospheres retained on a nenbrane filter are
shown in Fig. 2. The patterned silica nanospheres obtained by filtering 20
t he agueous di spersion of citrate-stabilised gold nanoparticles through the
sanme nenbr anewueighown in Fig. 3. It is clear fromFi g. irado2gedich
nanoparticles are adsorbed only on one face of the silica nanospheres. WO
2(10: 4/ 016696 26 Exanple 2 PCT/ | E2002/00012® Ani ne-nodified | atex spheres
(490 nm dianeter) were used as supplied (Signa-Aldrich). An agueous

di spersion of these nanospheres ( 100 ~. L, 3.83x1014 nanospheres dm 3) was
spin-coated onto the nenbrane filter (40s, 600 rpm. The m%an filter
was renmoved andNemser imgrovacoappléecatmmsriackide applacatiomsapdraadiiyen ation
‘exposed, as described above, to a dispersion of citrate-stabilised gold
nanoparticl es (4nd cbmraunkeliond andsopainakieanviiargyentiay dodiele the
patterned | atex nanospheres, the nenbrane filter. was renoved fromthe
filtrati on appacktbingcaceghifoatetransporh apgts€CUNE | 15 nin). The

am ne-nodi fi ed | atex nanospheres retained on the nenbrane filter axe shown
in Fig. 4. The patterned | atex nanospheres obtained by filtering an aqueous
di spersi on of c[ﬁh@hghgé@tthbIfgﬁ@v\gﬁg@ﬁpﬁﬁﬁﬁ@h_@lcﬁhéﬁ foreseegh t he above
menbrane are shown in Fig. 5. As inthe case of 15 Exanple 1, it is clear
that gold nanoparticles are adsorbed only on one face of the | atex
nanospheres. The strgegé Er esented in Exanples 1 and 2 for patterning
nanospher es Ps based a-filtration technology. The strategy relies on
retai ning the nanospheres to be patterned at the surface of a nenbrane
filter. Careful 20 control of the nunber of retained nan,oiphere is
required to ensure a Ehe paitsrand andaegeted nattsroedk aanppadiclesmay beused as
inportant as it ensures that filtration of the nanoparticl es?ecéiggccur

under the maxi num pr dgbelsdndighdheonghaut gyiher screenifg PRESS % 27
Exanpl e- 3 PCT/ |1 E2002/,000120 It is possible tq deposi.t, ngnoparti.c on
?)tne_ faC-le of a nagﬁspﬁéh@e;%ﬁgyfﬁ%e&fg@r@é@? rIT| qusﬁx‘éﬁg @tecgr_‘?eire%égz_
is also possible to extend t.his.approach as.foello in
Fig. 1: By gxposi ng ¥ HHHHBé?‘?it%F 8&%@%@?@@ Db Ay eg#ﬁi%g%q‘%gggcﬁce t he
nanospheres retained.,on the,menbrane, ;f.irst to a_sol ut] a0l tional
mol ecul e andYsecond tR7A58S B LRSF N S‘fhllﬁaﬁ%ﬁé"ref ?8@@&%@3@%aﬁ%&%ﬁg§§ t wo
steps will deposit the required nunber I S i : t he
origi na![ I yI deposi tig %}Mﬁ%&ﬁ‘ioénéﬁ%‘?’é‘??{%%@of@{ pl{bﬁ@%@%}eﬁiﬁ?@&pl
nanoparticles are r edi. F . ; er. In .
practice a solution Olp%%.lé@%t&(?fiﬁé@% ﬁ?gﬁ&%&h{g?ﬂ%%gqr’%%éﬁ?ﬁl (g 1 nnmol dm 3)
was filtered through ar I i t Sidd eqemr | atex
nanospheres, which m%%%gﬁgg&{vgsfﬁ%@%@: %Sﬁggﬂg?%ll}gbgﬁ%%nt& of ethanol. CGold
nanocrystals were then filtered through the nenbrane I S filter as
described in Exanples_1 and .2. These two-steps were repeated until the
requi red nunber of naﬁtﬁﬁﬁﬁﬂﬁﬁe | ayers had been deposited. Finally, the
resul ting assenbly was passivated by filtering a solution of a butane thiol

in ethanol (10 m, 0.1 nnol dm 3). Follow ng sonication of the menbrane
filter, a TEMsanpl e tmshecepaofpréteomichaheestuiationgs 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




20 dispersion. As will be observed in Figs. 6 and 7, this aspect of the

nmet hod according to the current results in the tenplated assenbly of a
nanoscal e architecture consisting of a single gold nanowire attached to the
face of silywg3yRf1édk €X nanosphere, previously patterned /g;?%%%lizgn of a
| ayer 25 of gold nanoparticles. WO 2001101669G PCT/ | E2002/ 1 8 Fig.
8 is a schematic representation of a secondjgnbodi nent of the nethod
according to the invention: A nenbrane filter 20(cross sectional view) is
inverted so as to sandw ch retai ned nanospheres 21 between it and the
sintered glass support (A). A nanoparticle 22 dispersionis filtered
through the undersi densefl tohdispemde ian® RR1lHhted Bevieas tpaathdmrsifavas 23
are redi spersed in.a suitable solvent by sonicating the nenbrane filter 20
(O. Alternatively, emsmlontireactafitsafobidissadtiiionandrmbeedient réadtioed by a

di spersion of 10 nanoparticles 22, may be filtered though the underside of
the menbrane (D). TheAltamativaly sthepsattmvetmanepeasicds untyi be niddfipdthyer ned
nanospheres are redi spersed by sonicating the nenbrane filter 20 (E).

Exanpl e 4 The strat egddsorbedratadysts orHabelExhaptan promptet drereponigomdnos pher es
is 15 based on ultra-filtration technol ogy. The nanospheres to be patterned
are i nmobi | i $ed on t H&agPparingwestion. of a nenbrane filter which is
subsequently inverted before insertion in the nmenbrane filter vacuum
apparatus. Careful control of the nunber of retained nanospheres is
required to ensure a Pyhb Iodiepynunber of unbl ocked pores. This is 20
inportant as it ensures that fittration of the coating nanoparticles can
occur under the maxi mum pressure differential possible. Key to effecting

t he deposition of just,one nanoparticle op each nari osphere is the chqice
of menbrane pore-, nathﬁ&af‘ﬁe@eéfa‘é aa%‘%fg]?ﬂ@?@e@iwl%smﬂ P)ﬁé‘S? do

Ei‘??? a%? ! %I 3 C‘rérg"? | BHRg drs PRBicaely pﬁ%ﬁ#éﬁi@fﬁ% PC;%% EORTSd ol eq
Gl stavour oa. |5 Secondtye OF ABHGRTAERCZ ptiBl. Tk S8hARPRANIS el ey s
chosen Lo OTAAt 1Y exchadeltd ERITRLANEIRTL thall RAPLEMJBURUESTIA) 6L Ligelde

nunber of pores in ditect cont € nanosphere surface-to o or

few). Thirdly, the di i+@f i i ght |
ew). Thirdly, the di gBhekitel THE lagﬁ?@é&i‘ﬁlgsf%éfﬁiéfr%gggﬁﬁggl?@ dEHvélt}}hgf‘ y

exceed (by ca. 25% the nanopartic di aneter, at1ng

delivery 10 of a singbembananetd bf t ] n - e:
Ul OPRCEOAA 0 TRRIBN G belepe,

In practice an aqueous- di spersion of Titrate-stabilise

(16 nmdianeter) was pogtral edetdionaité b ditedon ofThyR qrRdrntFrens
{Frens, G {1973) supsa). Silica nanoparticles (150 nmdianeter) were

- prepared using the proorparentevil] bresodiblel apeonmdediwith pSitRIEs in Whidh
and Fink, A {1968), supsa) -and surface-nodified with 3-am nopropyl

. triethoxysil &ne usi ngsutie cpmypresnteartesietplpadidyd.van Bl aaderen and Vri j
(van Bl aaderen, A and Vrij, A, ( 1993) supra). In the course of their
preparation and subsequent surface-nodification, nultiple cents ifugation
(Sorval |l Instrunments, pAROR0&REOr) and washing (ethanol, 50 nml) cycles 20
were enpl oyed to ensur‘ga‘rr‘p‘ft?‘ée‘e purity. A nmenbrane filter {0.02 pm ANCDI SC
from What man) was nounted on a spin-coater (Mdel KWA4B from Chemat

Technol o and hel d i | e usi ng adhesi.ve tape, An ethanolic dispersion
of ani negxr/rz)di fied ngég&gﬁrge&d patterged nanopar%c es may e tised 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




PCT/ 1 E2002100012. 0 silica nanospheres (100 pl 1.03x1014 nanospheres dm 3)
was spin-coated onto the nenbrane filter (40s, 600 rpm. Scanning el ectron
m crographs (SEMs) of these nmenbranes were obtained using a JEOL SEM 35C
(at an accayeraioegyeyol t age of 15 kV) for a gol d-coated (RG/mmolonkness)
sanpl e mounted directly onto conducting stubs using conducting tape as
adhesi ve: The nenbrane filter was renoved &hd inverted prior to insertion
into a nenbrane filter vacuum apparatus (Mdel F&5 from What man) t hereby
'sandwi chi ng the inmobilised nanospheres between it and the 10 sintered

gl ass support. An aqueous dispersion of citrate-stabilised gol? .
nanocrystals (10 nl thezspatidenauypbe septuatelyradimisgd nirEsREE 9 thelBugh the
menbrane. A faint pink tinge devel oped at the nenbrane surface. It should
be noted, that in thmﬂaakﬂgﬁﬂnmmmdaﬁﬂnéuﬁ§dﬁ0@@Xﬁ§d6§Bﬁ§$ s no col ouration
of the menbrane was observed. This finding confirnms that 15 am ne
nodi fi cation of the silica nanospheres is required to ensure that the gold
nanoparticles are adggrligd at the exposed face under the conditions

descri bed herein. Coprous anounts of ethanol were flushed through the
menbrane' s upper and under surface elimnating surplus nanoparticles that

red QSéffsiot EEEBZ? t lteftﬁgﬁae&%rﬁ% OF shiaepmopsecr R HERFURRC PR 408, o

ter R e HoBrane .
). The e brane @@&éﬁﬂe@%ﬂ”&%ﬁ%@ﬂgxiﬁ% PRt b bRl 20
(Tem . A “TEve wer o obmritbeEe Kb S DRI A A R Y °51

- PCT/ | E2002/ 001 20 TE%@%@%&%% s&ﬁeaﬁfﬁ{géééé]ﬁpcﬂﬁéﬁ@%lﬁ e @ dter for sanpl es

deposi ted on carbon- copper grid: e amne-nodified silica _
nanospheres retained ni&i}ﬁ?gbl Aneghy é,%ﬁhgp@@gﬁﬁcgﬁdmaof artidse of Fig. 2
. IC

descri bed in Exanpl e e patterned si nanospheres obtained by
filtering the aqueouz;a@ée%ﬂ@d SifiDa QbnsitiseAhad tedbbibetedithal shevfiopaidntaties

t hrough the underside of the same nmenbrane are shown in Fig. 9. It is clear
fromFig. 9phat eachpgylésdidandsieasein shelarasateed with a single gold
nanoparticle. Exanple 5 10 It is possible to deposit a single nanoparticle
on a nanospher e usi nglidievehagephbtstescertb dnsifatdxpapiodestpatierned viltb @

possi bl e to extend this approach as depicted in Fig. 8 as follows: By
exposi ng the nanopar tietad atelpadsiorleet] orith hespraifusptienation maideadio ehe
menbrane, first to a solution of a bifunctional nolecule and second to a

di spersi on of nanoparinicodass.inISSIRANEStGMGCIEARSANICNI B eps wil | deposit the
requi red nunber of |ayers of nanoparticles on the originally deposited
nanoparticle |layer. As before, the patterned nanoparticles are redi spersed
by sonicating the ne (?dlﬁn. actice a solution of :

1, 8-octanedithiol i nngtli nano?hﬂ(a%égl_o%ﬁil%%ﬁ nmol 20 dm 3) was filtered through
t he underside of the nenbrane retaining patterned silica nanospheres, which

h hed i’ [ f |« ol d I
then 111 er o t hr ough IHRAEHFE ARG Ariaclrd Ratigrse paorarCirapiy (& s
nanopar 11 cl 6 1 ayers hEPGEAPIOYBIIRNSE Gtdns: S BrEToa0l ERas T these
d ited. Finally, th | | ' '
orution of a but ane. PaTe) RoLREURTREERP Ty BRI IR Had ke IR
soni cation of the mempy g fd bhShplant EMhe ¥RbCpRSIRASRRIG Ialydse t he

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




resulting dispersion. 5 As may be seen (Figs. 10 and I 1), this aspect of
the nmethod according to the invention results in the tenpl ated assenbly of
a nanoscal e architecture consisting of a single gold nanowire attached to

t he face ofwa 2%64016@cnanosphere, previously patterned by gepasidiosnef a
singl e gold nanoparticle. 10 An alternative approach that may be taken is
to chemcally reduce (el ectrol ess depositiqm a gold salt on the patterned
nanosphere form ng a continuous gold nanowire. Exanple 6 Silica
nanospheres, 180 nmin dianeter, were synthesised according to 15 nethods
originally devel oped by Stober et al. (Stober et al. (1968) supra). They
were subsequent |y nodafopatticsd ognStitaehtofouerlindinary Hpodistofy svitlanpe as a

sil ane-coupling agent follow ng the strategy devel oped by van Bl aaderen and
Vrij (van Bl aader en ntoralnut(itiona) sspplea)entdsaclhas vojanapyl functi onal i zed
silica nanospheres were further 20 nodified by biotinylating the am no
functionality. Specifically, to a dispersion of amne-nodified silica (5
m., 2.42x10'5 M nano rface)) in anhydrous. DVF was
added biotin (0.085 %@%ﬁo&@ %ﬁyi@%ﬁéé&

1- et hyl - 3- (3-di et hyl am nopr opyl ) car bodi i m de (EDAC) (0.075 g, 3.5x10-4
nol) and the m xture_was stirred for, 24 h at WO 200~/ O1LCE@G 33

PCT/ | E2002/ 000120 anmi¥lany cosmsticapradactsiae Torapdated isingBaneRH UCles r T Peiged
(3000 rpm 5 mnutes; Sorvall |nstrunents RT6000B usi, AS.00., r ot or nd
soni cat ed (UPt ravvavePaf@nh@Clﬁ@é%r Eé@?mﬁél@aml&l‘%fs ?F‘étthﬁé’rm%( 50
m.) and CHC13 (50 ni) mashi ng sol ver%Is five ti ...Th K wer e lfl?lln |1y 5
di ssol ved in Et OH A IEREPYPHCOSMELES. e eg‘gﬁ by POSPIPIE Y (100

- ~. L, 3.83x1014 h 3 i n- t ed t-he: i t
(405, 500 rpmy . The RaBIasEe HankiRyBlel s iEe A el R G B S
nmb filtrati : ' i A tagl |

210 sol ution of of t raaoBs e OteCHTBRBLAr afd A RGP NARE Siher IAER ¥

3.5x10-5 ). It Lu.sh i fx It i i it

wastI ush(rand) 3Nith amgiseg%ler %rﬁﬂ %X B%i%@%ﬁ gt' gﬁ?ﬂl?}g&; %ésgig%gll%ﬁ({:%ﬂ?ﬂéﬂey |

dest hi obi ot iy anal ogugrecBlihitethaPhtn § 4oheSkdn-he iterfic@Xyith @nkb
nme

nanoparticles dm 3). rane filter was renoved fromthe IS filtration

appar atus and soni cat@gfide NetiRisddSMByr ini&abtion Wil the Y8Gn2QR:dx/a@hse Ifor34
Clainms: PCT/1E2002/ 000120 1. A nethod for the manufacture of patterned

m croparticles, conpriegkags bffadhésioal siterivie Rl thewther bptibgsabidretheedr on a
surface of a porous nenbrane, causing a coating naterial which can bind to
exposed 5 surfaces ofimtaifacerior exmanple; fesreods wiicoloweor sudamsarteentrg.ough

t he poxes of said nmenbrane, to flowrelative to said i mobilised

m croparticles, and renoving the mcroparticles fromthe nenbrane foll ow ng

bi nding of sai d coat L iflomRbAkhley Jr p AR AAEANE Mkfhdd R fartiehey oi 1

the mcroparticles 10 are nanoparti

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




3. A nmethod according to Claim2, wherein the i mobilised nanoparticles axe
nanospheres. 4. A nethod according to any one of Clains 1-3, wherein the

m croparticles are conposed of silica or latex. 15 5. A nethod according to
any precediwg 264416896 Wherei n the surface of the m cropartpCl/E0602900120
chemcally nodified to facilitate binding of the coating material thereto.
6. A method according to any proceding clai by wherein the coating materi al

i s conposed of nanoparticles. 20 7. A nethod according to Caim®6, wherein
t he nanoparticles are inorgani c nanoparticles. wOo 200.1/01G06 35
PCT/ 1 E2002/ 000120 8. A nethod according to Claim7, wherein the

nanopal -ti cl es are golmciconmnests and astivandpassifio¢lesivenidiang photonisi m 8,
wherein the gold nanoparticles are citrate-stabilised gold nanoparticles. 5
10. A net hod accor di nePmPOoREHtHne of Cains 1-6, wherein the coating
material is conprised of nanoparticles of an organic material. 11. A nethod
according to C aim 10, wherein the coating material is conprised of

nanoparticles of a bi Wl@@%ﬁeﬂ@%%ﬁ%fﬂeldégre 4ilrat hoakracalyditage, tipigany
preceding claim wherein the 10 nenmbrane is a high poroSity~al unm'na

menbrane with the porgkapthandei futu d ht d/illde liaRed £o s hod
according to any preceding claim wherein the mcroparticles to be
patterned ares spi n- coaygidabitity dffpatibmd ane tagefealtgandparliélestunteddroved
according to any preceding claim wherein the coating nmaterial cones into
contact w th the i mohahostedctiuired opsetialsthat gan be etsily ianidr aust-effeatidebxcess
coating material passes through the. pores of the nenbrane. 15. A nethod
according to C ai m 14mashehetured. ditfef adtvamtagds Affereddsy thesei matepiplls axe theit he
menbrane during said flow of the coating material relative to the

i nobi | i sed ni cropar t divessity ofigtriagore andh égocGiated function and their ease and

cost-effectiveness of manufacture.

10 High-density magnetic and optical storage media

The patterned and targeted patterned nanoparticles and derived
novel nanostructured materials may all find apﬁlications in
established and emerging storage technologies. Patterned and
targeted patterned nanéparticles 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




36 PCT/ 1 E2002/ 000120 16. A nethod according to Claim 14 or.15, wherein a
flowrate greater than 1.5cnB/mn is used during filtration of the coating
mat eri al through said nenbrane. 17. A nethod according to any one of Cains

1-13, wher ey Johgogsogoat i ng material conmes into contact WeEykdae2000120
i mmobi |l i sed mcroparticles follow ng passage through the pores of the

menbrane. | 8. A nmethod according to daimig, wherein the flow of coating
mat eri al through the nmenbrane is by nmeans of gravity. 19. A nethod
according to Caim17, wherein the flow of I O coating material through the
menbrane i s by nmeans of an electric field. 20. A nethod accor di ng to Caim
| 7, wherein the flowcah lsoatiengtedaethicdulishmteighd tshaultenboasly dpgithiseddans
of a magnetic field. 21. A method according to any one of Cainms 17 -20,
wherei n the mean di annteracaén twieh thereithstize dndithe apad-tiriteskeakceeds the 1 S
menbrane pore diameter so as to restrict the nunber of pores in direct
contact therewith. 22. A nmethod according to any preceding claim wherein
the coated immobilis particles are contacted with a solution of a bi
functional nol ecul e Mn bind to said coating material so that a 20
nunber of |ayers of coating mat erial can be bU|It up on the |rrrmb| lised

m croparticles retained on said rane.. 004/0166
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nanostructure is a nanow re. accor I ng to aim |

substant| al | ypas her o Qﬁéﬁféﬁ% iR eRteexEPYHibieshayBbe minufactured,

ani sotropically, bi oI gically nodified patterned 20 m crdparticle according

- to Gaim 25, substantJHd suckserbodimbaf iy enfestal RethedoinesEiphdpineidles,
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 200-1/016696 38 PCT/ |1 E2002/ 000120 32. A nanostructure according to Claim
29, substantially as herei nbefore described and exenplified. i0 15 .A A
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include a coating for a ceramic tile, which prevents both fungal
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metal oxide nanoparticle with the anti-fungal activity of a

deposited inorganic coating. The same approach can be adapted
for producing high surface area materials that can be used to

5 purify and remediate the air and water flows in and out of a

building.

Energv-Environment

The patterned and targeted patterned nanoparticles 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 séparation, 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
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and preservation. Clearly these applications overlap with those set

out above in the areas of nutriceuticals and cosmeticeuticals.

Transport

5 ~ The patterned and targeted nanoparticles and derived
nanostructured nanomaterials will find applications as fuel
additives and catalytic converters. In the case of fuel additives
they may be formulated to contain components that both increase

~ efficiency 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
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manufactured at volume.

Brief Description of the Drawings

Fig 1. is a schematic representation of a first embodiment of the method

5 according to the invention;

Fig. 2 is a scanning electron micrograph of silica nanospheres (200nm)

retained on a membrane filter as described in Example 1;

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 (0.2pum) as described in Example 2;

Fig. 5 is a transmission electron micrograph of the nanospheres of Fig,. 4

patteméd 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
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Fig. 9 is a transmission electron micrograph of nanospheres patterned

upon attachment of a single gold nanoparticle (16nm) as described in

5  Example 4;

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

in Example 4; and

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—v
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 13a

are redispersed by sonicating the membrane filter 11 (E).
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Example 1

An aqueous dispersion of citrate-stabilised gold nanoparticles (16 nm
diameter) was prepared using the procedure developed by Frens (Frens,
5 G; Nature Phy. Sci., (1973), 241, 20-22). Silica nanoparticles (200 nm
diameter) were prepared using the procedure developed by Stober and
Fink (Stober, W., and Fink, A., J. Colloid Interface Sci., (1968), 26, 62-
69) and surface-modified with 3-aminopropyltriethoxysilane using the
‘procedure developed by van Blaaderen and Vrij (van Blaaderen, A, and
10 Vrij, A., J. Colloid Interface Sci, (1993), 156, 1-18). In the course of
their preparation and subsequent 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 Cheﬁat Technology) and held in

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

silica nanospheres (100 uL, 3.83x10™ nanospheres 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.
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vacuum apparatus (Model FG25 from Whatman). An aqueous
dispersion of citrate-stabilised gold nanocrystals (10 mL, 1.35x10"
nanoparticles dm™) was filtered through the membrane. A pale red
5 colour developed at the membrane surface. It should be noted, that in
the case of unmodified silica nanospheres no red colour develops at the
membrane surface. This finding confirms that amine modification of the
silica nanospheres is essential to ensure the gold nanoparticles are

.adsorbed at the exposed face under the conditions described herein.

10  To redisperse the patterned silica nanosphéres, the membrane filter was
removed from the filtration apparatus and sonicated in ethanol (5mL, 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.
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Example 2

Amine-modified latex spheres (490 nm diameter) were used as supplied
(Sigma-Aldrich). An aqueous dispersion of these nanospheres (100 uL,
3.83x10" nanospheres dm™) was spin-coated onto the membrane filter
5 (40s, 600 rpm). The membrane filter was removed and inserted into the
membrane filtration apparatus and exposed, as described above, to a
dispersion of citrate-stabilised gold nanoparticles (10 mL, 6.15x10"
nanoparticles dm™). To rediSpersé the patterned latex nanospheres, the

membrane filter was removed from the filtration apparatus and sonicated

10 inwater (SmL, 15 min).

The arlnine-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.
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Example 3

It is possible to deposit nanoparticles only on one face of a nanospheré
using the approach described in Examples 1 and 2. It is also possible to
extend this approach as follows and as depicted in Fig. 1: By exposing

5  the nanoparticles deposited only on one face of the nanospheres retained
on the membrane, first to a solution of a bifunctional molecule and
second to a dispersion of nanoparticles. 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

10  redispersed by sonicating the membrane filter.

In practice a solution of 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.
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Fig. 8 is a schematic representation of a second embodiment of the

method according to the invention:

A membrane filter 20(cross sectional view) is inverted so as to sandwich
5 retained nanospheres 21 between it and the sintered glass support (A).

A nanoparticle 22 dispersion is filtered through the underside of the
membrane 20 (B). The patterned nanospheres 23 are redispersed in.a
suitable solvent by sonicating the membrane filter 20 (C). Alternatively,
a solution of a bifunctional molecule, followed by a dispersion of

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 whichis
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 narosphere is the choice

of membrane pore-, nanoparticle- and nanosphere diameter as well as the

nanoparticle concentration filtered.
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First of all, by filtering a sufficiently dilute solution of nanoparticles

through the membrane, widespread deposition on the nanosphere is

disfavoured.

-5 Secondly, the diameter of the nanosphere to be patterned is chosen to
greatly exceed the membrane pore diameter thus restricting the number

of pores in direct contact with the nanosphere surface to one (or few).

Thirdly, the diameter of the membrane pore is selected to slightly exceed
(by ca. 25%) the nanoparticle diameter, thereby mediating the delivery

10 of a single nanoparticle 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, A500 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 using adhesive tape. An ethanolic dispersion of amine-modified
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" onto the membrane filter (40s, 600 rpm). Scanning electron micrographs
(SEMs) of these membranes were obtained using a JEOL SEM 35C (at
an acceleration voltage of 15 kV) for a gold-coated (30 nm thickness)

5 sample mounted directly onto conducting stubs using conducting tape as

adhesive.

The membrane filter was removed and inverted prior to insertion into a
membrane filter vacuum apparatus (Model FG25 from Whatman)
thereby sandwiching the immobilised nanospheres between it and the

10  sintered glass support. An aqueous dispersion of citrate-stabilised gold
nanocrystals (10 mL, 6.75x10"" nanoparticles dm’3) was filtered 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
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TEMscan (at an acceleration voltage of 80 kV) for samples deposited on

carbon-coated copper grids.

The amine-modified silica nanospheres retained on the membrane filter
appear as in the case of Fig. 2 described in Example 1. The patterned

5 silica nanospheres obtained by filtering the aqueous dispersion of citrate-
stabilised gold nanoparticles through the underside of the same
membrane are shown in Fig. 9. It is clear from Fig. 9 that each silica

nanosphere is decorated with a single gold nanoparticle.

Example 5

10 Itis possible to deposit a single nanoparticle on a nanosphere using the
approach described in Example 4. Ttisalso possible to extend this
~approach as depicted in Fig. § 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 dispersién 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
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° 0 ° depo(s)lted. Finally, the resulting assembly was passivated by filtering a

solution of a butane thiol in ethanol (10 mL, 10 umol dm™). Following

sonication of the membrane filter, a TEM sample was prepared from the

resulting dispersion.

5 Asmay be seen (Figs. 10 and 11), this aspect of the method according to
‘ the invention results in the templated assembly of a nanoscale
architecture consisting of a single gold nanowire attached to the face of a

silica nanosphere, previously patterned by deposition of a single gold

nanoparticle.

10 An alternative approach that may be taken is to chemically reduce

(electroless deposition) a gold salt on the patterned nanosphere forming a

continuous gold nanowire.

Example 6

Silica nénospheres, 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 NHysurgueey) 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
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minutes; Sorvall Instruments RT6000B using A500 rotor) and sonicated
(Ultrawave, 15 minutes) consecutively from alternating MeOH (50 mL)

and CHCI; (50 mL) washing solvents five times. They were finally
5 dissolved in EtOH.

A dispersion of the biotinylated spheres in EtOH (100 pL, 3.83x10™
nanospheres dm™) was spin-coated onto the membrane filter (40s, 600
rpm). The membrane filter was removed and inserted into the membrane
filtration apparatus and exposed to, as described above, initially a

10  solution of citrate buffer, followed by a streptavidin solution (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).
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Claims: -

1. A method for the manufacture of patterned microparticles,
comprising immobilising microparticles to be patterned on a surface of a
porous membrane, causing a coating material which can bind to exposed

5  surfaces of said microparticles, and which can permeate through the
pores of said membrane, to flow relative to said immobilised

microparticles, and removing the microparticles from the membrane

following binding of said coating material.

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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8. A method according to Claim 7, wherein the nanoparticles

are gold nanoparticles.

9. A method according to Claim 8, wherein the gold

nanoparticles are citrate-stabilised gold nanoparticles.

5 10. A method according to any one of Claims 1-6, wherein the

coating material is comprised of nanoparticles of an organic material.

11. A method according to Claim 10, wherein the coating

material is comprised of nanoparticles of a biomolecular material.

12. A method according to ahy 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.
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16. A method according to Claim 14 or 15, wherein a flow rate

greater than 1.5cm’/min is used during filtration of the coating material

through said membrane.

17. A method according to any one of Claims 1-13, wherein the
5 coating material comes into contact with the immobilised microparticles

following passage through the pores of the membrane.

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

coating material through the membrane is by means of gravity.

19. A method according to Claim 17, wherein the ﬂoonf

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

coated microparticles are removed from the membrane by sonication.

24. A method according to any one of Claims 1-22, wherein the

coated microparticles are removed from the membrane by dissolution of

5 the membrane.

25.  An anisotropically, biologically modified patterned

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.
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32. A nanostructure according to Claim 29, substantially as

hereinbefore described and exemplified.

10

15




