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development of DNA microarrays ("gene chips™) for analysis of gene expression and

genotyping by Affymetrix, Incyte and similar companies has generated the wherewithal to
immobilize up to 20,000 different fragments or full-length pieces of DNA in a spatially-
defined 1-cm? array. At the same time, however, the use of these chips in all cases requires

25  hybridization of DNA in solution to DNA immobilized on a planar surface, which is marked
both by a decrease in the efficiency of hybridization (especially for cDNA) and a far greater
degree of non-specific binding. It is unclear whether these probiems can be completely
overcome. Moreover, there is a general sense of disillusionment both about the cost of
acquiring external technology and the lead-time required to develop DNA arraying internally.

30 A second example of how groundbreaking can be slowed by inferior tools is in
pharmaceutical discovery by combinatorial chemistry. At the moment, solution phase, 5 to
10 pm diameter latex beads are used extensively as sites for molecular immobilization.

Exploiting the widely adopted "split and pool” strategy, libraries of upwards of 100,000



conpounds can be sinply and rapidly generated. As a result, the bottleneck
in drug discovery has shifted fromsynthesis to screeni ual l'y
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wi de bandwi dth associated wi th nolecul ar fluorescence. If the frequency
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25  available) with 2 flow cytometry-like analysis. (See, e.g., McDade et al., Med. Rev. Diag.

s =

Indust. 19, 75-82 (1997)). Once aggin, the particle flavor is determined by fluorescence, and
once the biochemistry is put onto the bead, any spectrally distinct fluorescence generated due
to the presence of analyte can be read out. Note that as currently configured, it is necessary
to use one color of laser to interrogate the particle flavor, and another, separate laser to excite
30  the bioassay fluorophores.
A more significant concern with self-encoded latex beads is the limitations imposed
by the wide bandwidth associated with molecular fluorescence. If the frequency space of

molecular fluorescence is used both for encoding and for bicassay analysis, it is hard to
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fl uorescence bandwi dths. (See, e.g. Bruthez et al., Science, 281,

2013-2016.(1998)). wever, th " I gner" nangparticle r.e ite
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nitri k9 Suchhashmaisrgls briedisver hesasepartednt i noni de, a seni conductor, a
sem -netal, any organic conpound or material, any inorganic conpound or

material, a particulate |ayer of material or a conposite material. The
segment s W&Mpresent i nvention may be conprised WO
01125002 PC/ Um&z&%%anoparﬁcles have been prepared whose composition is varied along the

length of the rod. These particles are referred to as nanoparticles or nanobar codes, though in

25  reality some or all dimensions may be in the micron size range.

The present invention includes free-standing particles comprising a plurality of
segments, wherein the particle length is from 10 nm to 50 pm and particle width is from 5 nm
to 50 um. The segments of the particles of the present invention may be comprised of any
material. Included among the possible materials are a metal, any metal chalcogenide, a metal

30 oxide, a metal sulfide, a metal selenide, a metal telluride, a metal alloy, a metal nitride, a
metal phosphide, a metal antimonide, a semiconductor, a semi-metal, any organic compound
or material, any inorganic compound or material, a particulate layer of material or a

composite material. The segments of the particles of the present invention may be comprised



4 of polymeric materi aI s, crystalline or non-crystalline materials,

anor phous e gl asses. In certain preferred enbeghaRies of t he
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preferred eﬁrﬂgménmmmns:hgbﬂuelep’aﬂd moimmt y:pxﬁpouadseaxdi dofnbinatitrsatdresfbd@sdd on

di fferences shape of Ihe articles .and/or the
nurber . conBBe B GHRIRY sl e SHE RERrCIPr HRBE ML SIE of her

enbodi ment Sdetectablepgt ti cl es are differentiable based on the nature of their

functiopalizatio p ertles .g., as neasured NASS
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The present invention includes an assembly of particles comprising a plurality of
25  types of particles wherein each particle has at least one dimension of less than 10 pm, and
wherein the types of particles are differentiable. Preferably, the types of particles are
differentiable based on the length, width, shape and/or composition of the particles. Further
included in the invention are compositions comprised of a particle and a functional unit
wherein said particle has at least one dimension of less than 10 pm, and wherein the nature of
30  the functional unit is encoded by the particle.
The present invention includes a method for encoding information about a material or
product (e.g., paint, rubber, metal, wood, textiles, gunpowder, paper, plastics, glass,

polystyrene beads, etc.) comprising incorporating within or attaching to said material or
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i nvent i on. MEASUEMGHLS 81 2nagRe,CRRcBHANS T BT VIS FRLRIMA P PR LG C "&ngt h for
bul k Pi5 anébnfisting=d @ilkitidnIhat fhaR BoritdlR gd hddtres WittoaplanlignficoMposifichs Ofleade | N
reflected light node of a 9- striped bar code (Au/ Ag/ Au/ Ag/ Au/ Ag/ Au/ Ag/ Au)
of the preSEMEOTRRFIONCHRPTISEF §RolHeFRADFGT mafesie! atierasis QBons aF 4 e

det ecti on GMiykRbbaed to\digaiticRIGmPrahy 4 flurdlidpsHsedradrit) Whentin the parasle BAgM.is Each
of the images i s of ’8\ m xture of striped nanorods, as 30 described in

Exanpl e 4. Temd0pm i A0jum gndthenartgle Width is from LrmihSGrmnivhersin e gaturgofy 5

bandpass fiaid Rknpokitignsis entBaddby thgREk1dto Wihigh WaMRLEN Ghd dQEctihe waichRed. Figure
4Cis a reflectivity image at 400 run. Wc) 01125002 PCT1USOQ 27093
20  interactions have occurred.

BRIEF DESCRIPTION OF THE FIGURES
Figures 1A-1D depict schematically 4 different illustrative nanoparticles of the
present invention.
25 Figure 2 shows a graph of reflectivity versus wavelength for bulk Pt and Au.
Figure 3 is an image taken from an optical microscope in reflected light mode of a 9-
striped bar code (AWAg/Aw/Ag/Aw/Ag/Au/Ag/An) of the present invention.
Figure 4 demonstrates simuitaneous bar code detection by reflectivity and analyte
quantitation by fluorescence. Each of the images is of a mixture of striped nanorods, as
30  described in Example 4. Figure 4A is imaged at the wavelength of FITC emission with a
bandpass filter. Figure 4B is imaged at the wavelength of Texas Red. Figure4Cisa
reflectivity image at 400 nm.



6 Figure 5 is an inmage that shows an assenbly of six types of nanobar
codes. The ure diagramatically illustrates the six fl nanobar
codes, A-F, “éfh‘g 2 image is |abeled to show which of tﬁ?fﬁfgﬁﬂ'%ggrs codes in
t he i mage correspond to the various flagors or types of nanobar code. 5
Figure 6A is an_imge of a collection of Ag/Au nanorods at 400 ntn and.
Figure 6B is afiguradys apimageshat shrwsep piseinbly ofsintype0d napabaneonad. LHD WRI TTEN
DESRI PTI ON ol; gﬁgg S
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detail in Ulahd@do Stoart whiclubf the vanolbgyigbdes &t thoimage coredspdyd. to 08/v89Bis3VT0rs b1 | ed
June 20, Ofgm%;}rcg‘ga[ "Col l oidal Rod Particles as Nanobar Codes",
incorporate Rerein T entirety by reference. Filed concurrently with
t he present applFigned $0is,and@neagealf 2 oclicatar gfoYgad eshnotods &i480 nm dnli@liguraéB isr ety by
reference, are t Uni t ed getateai b&rlrty Applications entitled "Methods of
Manuf act ur ER3P2ESH Iﬂlﬁsaﬁllecﬂ fPABs as Nanobar Codes” and "Methods of 15
| magi ng Col | oi dal Rod Particles as Nanobar Codes." The present application
is filed as_a ! A /59 395 application. Because
bar codi ng 254! YENEL®r 1 d, the concept has been
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on el ect rophoretr c patterns of restriction-enzyne cleaved nRNA, bar-coded
surfaces f mntuersetgyeragéﬁepe Hiled gpnsyrrerrtlyyyisy thejpresent applicasion eed alse wgm@erawnr ng
probe m cr quprn%r ARttty GIYRIBS raraém@%rmt&i)ﬁ'eés ity %pg RIDFANE pali lnt' ng)

produced by multi-chronophore uorescence In sita |zat|on
t hese met ho@éeﬂ@s-‘dnpﬂ/ls@fm;rs of GolmeRbﬁ Partigjéscs Napepay ﬁc@s'hmﬁ "Mﬁhﬁldﬁmf none

offer the r i resent

i nvention, I?rﬁgﬁ é%lrlﬁg%ﬁ%%ﬁ%le%sn%%@ %@?Esfar gﬁe ﬁ}%&n&%ﬁﬁa\u es o he pr esent
i nventi on a‘EcmtlarhatlemraPm qﬁhe@%ﬂﬂe‘ﬂsmpplasnananopartr cI es, nanobar codes,

rods and rod sh nt that .a f, these CI’I ptions
may be consi deré cau &%’Irn?cf 15’ 59 r‘%’éde clgﬁcg PRESY IC ‘”ﬁl‘%r%h“" FREH gzbs appl i ed
shoul d be itgmsimedito mnshculammheavaidmcﬂ@matme memfeaﬂaﬁoxenﬂ‘hm therdase of t he

i nvention, '&)h cont ai.ns i.nfor content, this

t
is not true F’ ?Hrg’o ‘S’%‘i’“lr?%@gl%ﬁtbﬁ)‘r?d“ tfﬁs%g Igcg"p‘&fn?ffough

nanonet sy - S\taiiadm@,aarai ¢cﬁl3ﬁ$aséd96d stiivgh b ¢heinhl SGAPEcadiepbitd bedié itk bais baxed al |

of the particles of the inventi fall within such size range. WO 01/25002
PCTI Usoogzmgpgectmphorenc patterns o ?resmoc?mn -enzyme cleaved mRNA, bar-coded surfaces for

repeatable imaging of biological molecules using scanning probe microscopies, and
chromosomal bar codes (a.k.a. chromosome painting) produced by multi-chromophore
fluorescence in situ hybridization. All these methods comprise ways to code biological

25  information, but none offer the range of advantages of the bona fide bar codes of the present
invention, transformed to the nanometer scale.

The particles of the present invention are alternately referred to as nanoparticies,
nanobar codes, rods and rod shaped particles. To the extent that any of these descriptions
may be considered as limiting the scope of the invention, the label applied should be ignored.

30  For example, although in certain embodiments of the invention, the particle's composition
contains informational content, this is not true for all embodiments of the invention.
Likewise, although nanometer-sized particles fall within the scope of the invention, not all of

the particles of the invention fall within such size range.
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particles are mnade by el ectrochem cal deposition in an ) r
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01/ 25002 Raddnéa@imadas, the overall length is such that in preferred embodiments it can be

visualized directly in an optical microscope, exploiting the differential reflectivity of the

metal components.

25 The term bar code is appropriate because, for example, rods with 9 segments have
been prepared, as have particles with segments comprised of 4 different materials (each with
a different reflectivity). Thus, for this example, there are 4° (>260,000) unique types of bar
code nanoparticles that could potentially be prepared. When one considers that particle
diameter or width, segment length and overall particle length can be varied, and that there are

30  ahuge number of additional materials that can be added to those already available, there are
actually many more. The point is that there are literally billions of unique (and identifiable)

compositions of matter.
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(1999). Theamdrfos maaoscepi¢ plaear slsetzadesl Huwscspecially for dieqampwer hars, molecdat i ret y.
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ent 1 ed - NAagh i@t Bk od B o L ARG Blnde byingrely A Sdalther e
Serial No. 6ffirk@@acedibperticd that abduseful fof biod&s0Pconemnictibrt.ed " Col | oi dal Rod
Particles as Bapcaodes": and United. States. Provisiaonal. Application Serial
No. 60/ 194, 616, a’?ﬁel%’gﬁ%ﬁf‘?“ ,ra"k% o °Zﬁ’t“ﬁ’tpﬁ°‘e583m?{%ﬁ%o“8§f° Sdse‘icf‘“}lbé@ﬁhol ogy
Pl at f or po f oMafthhenal yaivigiaterihio 1 teSHIFId[1 92D}t e S60OR brgohaedtrtdin by es of the
present invention, reference should b rrage to Figure 1. This figure
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2 Application Serial No. 60/190,247, filed March 17, 2000, entitled "Colloidal Rod Particles as
Barcodes"; and United States Provisional Application Serial No. 60/194,616, filed April 5,

2000, entitled "Nanobarcodes: Technology Platform for Phenotyping."

In describing the scope of the particles of the present invention, reference should be
made to Figure 1. This figure depicts diagramatically 4 non-limiting possible shapes of the
30 nanobar codes of the present invention. In these diagrams, each of the particles is comprised
of 3 segments, A, B and C, and the dimension defined as the length is denoted x and the
dimension defined as the width is denoted y. In each of these embodiments, the length is

defined as the axis that runs generally perpendicular to lines defining the segment transitions,



WO 01/ 25002 PCT/ US00/ 27093 9 while the width is the dinension of the
particle that runs parallel to the line defining the s nsi tions.
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di stingui : oo of | QNS h hel e.
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embodiments the width or cross-sectional dimension is 30 nm to 500 nm.

25 As discussed above, the particles of the present invention are characterized by the
presence of at least two segments. A segment represents a region of the particle that is
distinguishable, by any means, from adjacent regions of the particle. Referring to Figure 1A,
segments of the particle bisect the length of the particle to form regions that have the same
cross-section (generally) and width as the whole particle, while representing a portion of the

30 length of the whole particle. In preferred embodiments of the invention, a segment is
composed of different materials from its adjacent segments. However, not every segment
needs to be distinguishable from all other segments of the particle. For example, a particle

could be composed of 2 types of segments, e.g., gold and platinum, while having 10 or even



coul d be conposed of 2 types of segnents, e.g., gold and platinum while
havi ng 10 or 01/ 25002 PCT/ US00/ 27093 10 20 diffe nts,
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t he present thenwemtiowif sepmentbeowd bpdishetishéd oy otvers ot édamplenb®5 preferred
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i ridiunm,; amrygafRpalynehmbetdntas] have sdpicals defied @y (. ifclusisigiidyes thativaald

titani um di Oﬁid%‘iﬂ a1 rretal.‘&zulfide; ahrretal selenide; a netal telluride; a
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nono- or 30 bilayer .such as a nolecular film For example, nonql ayers of
or gani ¢ nol &k&feE@oBionsof the sspmeaipithad Make e Bdes- 1apatide BrY fAER Ul es can be

associ at ed kdnken@ Wit dx@bMel9 bifiERInAEonBIekitiBse For example, a single particle could be

comprised of one segment that is a metal, and a segment that is an organic polymer material.

The segments of the present invention may be comprised of any material. In
25  preferred embodiments of the present invention, the segments comprise a metal (e.g., silver,
gold, copper, nickel, palladium, platinum, cobalt, thodium, iridium); any metal chalcognide; a
metal oxide {e.g., cupric oxide, titanium dioxide); a metal sulfide; a2 metal selenide; a metal
telluride; a metal alioy; a metal nitride; 2 metal phosphide; a metal antimonide; a
semiconductor; a semi-metal. A segment may also be comprised of an organic mono- or
30  bilayer such as a molecular film. For example, monolayers of organic molecules or self
assembled, controlled layers of molecules can be associated with a variety of metal surfaces.
A segment may be comprised of any organic compound or material, or inorganic

compound or material or organic polymeric materials, including the large body of mono and
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smooth fine of transition. In addition, in certain embodiments the composition of one

segment may be blended into the composition of the adjacent segment. For example,

25  between segments of gold and platinum, there may be a 5 to 50 nm region that is comprised
of both gold and platinum. This type of transition is acceptable so long as the segments are
distinguishable. For any given particle the segments may be of any length relative to the
length of the segments of the rest of the particle.

As described above, the particles of the present invention can have any cross-sectional

30 shape. In preferred embodiments, the particles are generally straight along the lengthwise
axis. However, in certain embodiments the particles may be curved or helical. The ends of
the particles of the present invention may be flat, convex or concave. In addition, the ends

may be spiked or pencil tipped. Sharp-tipped embodiments of the invention may be preferred
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of an applications, the functionalization is different and specific to the specific flavor of

25  nanoparticle. The assemblies of the present invention can include from 2 to 10'® different
and identifiable nanoparticles. Preferred assemblies include more than 10, more than 100,
more than 1,000 and, in some cases, more than 10,000 different flavors of nanoparticles. The
particles that make up the assemblies or collections of the present invention are segmented in
most embodiments. However, in certain embodiments of the invention the particles of an

30  assembly of particles do not necessarily contain a plurality of segments.

In the embodiments of the present invention where the nanobar codes contain some
informational content, or where an assembly of nanobar codes contains a plurality of types of

particles, the types of particles are differentiable apart from the nature of the functionalization
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covalently or non-covalently modified, denvatlzed or otherwise coated with an organic,

25  inorganic, organometallic or composition monolayer, multilayer, film, polymer, glass,
ceramic, metal, semi-metal, semiconductor, metal oxide, metal chalcoginide, or combinations
thereof. While such functionalization may occur most commonly at the outer surface of the
particle, it also may occur at interior surfaces of the particle, as it might in the case of a
porous or hollow particle. Such functionalization may occur on individual segments. Thus,

30  for example, a gold and silver particle may be functionalized on the gold and not the silver.
Alternatively, the gold segment may be functionalized in one way (e.g., with one type of
antibody) while the silver is functionalized differently (e.g., with a different type of



porous or hollow particle. Such functionalization may occur on i ndividual
segnents. T for exanple, a gold and silver parti B

functionali géebs 1 ﬁ(% he gold and not the silver. Alternat i(}\lygl Y, 2(’%2 gol d
segnent may be functionalized in one way4(e.g., with one type of antibody)
while the silver is functionalized differently ge. g., Wth a different type
of WO 01/ 2508bedyETAesitimothgussibilityabath pregngits may be funpongliged frethe SEBSVHI | i ty,
both segnent.s WEY L€ A e dfhord way (e.g., with one type
of anti bod;t;a,%”but to“@???_er eér;lklg})’c}ég_r edgger r{?ge%%%gr enbodi nents, the entire
particle may be Ieoterunbadinentshide suiirepastitie manbesoatsd with theesamasebstaaeprenlys of

the particl : | I f t 5
coat i ngs. ﬁg%ﬂ)é%%rﬁn%gg%n&?ﬁ %{ee n\(g%rn%(r%?%ee%%o gﬁisc%%@g?fﬁéfhglegﬁgén%gdl ments of
t he i nvent | eatingsh8ueh cohiéngp anay be b@spriséd ¢ffeay matedalt ilnembodenerntoaefals invention

separations_occur by differenti.al absorptjon/desorption.kromthe coating
material, tHeY %‘ﬁ@#&lﬁ%?gtg%ﬁzmo%ggtc?%ﬁd: g’?d ¥Py Oﬁﬁ‘f/ c %’n%[rbtjlérgrémgny organi c
functional gfpsapton/dasarptish fagn Hidtconinl matamial, €6 fireiomlizdion cedingesfiln lhpl S,
ethers, esters,. thioester 1t hi oethers, . carbarnates, anides .

thi ocar boneREBrise Y FeRo AT groun Gelidirelant nof heaited to Scis, ARines, Bipkynes

aromati C gr ks estétk,aBbedes, tHSdIakS) 63birtes, £¥iaRR heRarbolateCHtiRbdnadd| t1i | es,
isonitriles, .isothiocyanates, and organocyani des,. or conbi nati ons thereof.

The coat{ ng@BRessAEES BKEITZ4vPEh AREPICH RIS AeohaltyRetorrsy glah FEene6dr di nat i on
conpl ex,  ii8&dybithied Chilills, B&Hitrilels ThdtRibcyafates; anddrgandeyanides, ofcombfmatio® and 9-
coordi nate conpl exes. _The coating  or functionalization may conprise any

or ganonet al hfreoke GhpPeskng prntep#HEatamaYROmPYiRg 40¥ dnoFganipoRidEEHsCamEXai ni ng
one or nor &;MEkial bR AbPRAed B0 ak: 9l 5L GOM. 0Lnd®{cBbraihie'-0AERxROAHS coatiBy
addition, the coatings or functionalization of the particles of the present
i nvent i on nyfuncteraligstive maygompihisiana plgerenestaliyy epmpiex. incinding byiarpt dndedde or

nol ecul gs, | ni.c. Or abhbe nSpes Prﬁ??@g%h based

t her eon%Thgg&%Sﬁ%ﬁagﬁ%ﬁngg{llgg!%qrg%lt% %‘eﬂbl%art | gihgin Sg&fﬁe pr es%ﬁ@si %?/ent i on
may occur oaddition, thawedatings of Ginpuenalizatien oighe pastidestof thegwepamsinvention thay cert ai n

enmbodi nent s | of. t ticl Ln. . enbodi ment ,
both or | usc{om%ﬁigé%&cgaﬁgﬁ? 'lg)t%sﬁ(af%g(%/%mgeflu?C gﬁnél g‘ﬁéﬁ qr%éo&culg%g? oltﬂ%eamn%?ur e of the
functi onal i ergtrnonwtaltgspetidsf @rompositbebateduberednn certai n enbodi ments of the
et Lo i IR BB BLtohS ol 8 Sk G PR e e
used f o020 25paetediles 6f beddtiedisefidnts dr Graderain, endOLIFRAB] dnahe tifisfod ekdsiag thelpagtiales.on,
positional frianguylation nd/ or ntitation., Such. measurenents can be
acconpl i she%‘sB‘:}‘seg‘gmgW‘eﬁbg%’gﬁf J“Btrﬁnegﬁﬁ%E Spomay b“g%‘ﬂ‘é’ioﬁ%l% g ﬁ'ﬂﬁﬁf)‘?"“‘éaccgtt ering
of one or nRARIcAAIREGISHayEhFe PiHedds. em ssi on generation and/or scattering
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particle comprises a detectable tag. A detectable tag is any species that can be used for

25  detection, identification, enumeration, tracking, location, positional triangulation, and/or
quantitation. Such measurements can be accomplished based on absorption, emission,
generation and/or scattering of one or more photons; absorption, emission generation and/or
scattering of one or more particles; mass; charge; faradaic or non-faradaic electrochemical
properties; electron affinity; proton affinity; neutron affinity; or any other physical or

30  chemical property, including but not limited to solubility, polarizability, melting point,
boiling point, triple point, dipole moment, magnetic moment, size, shape, acidity, basicity,
isoelectric point, diffusion coefficient, or sedimentary coefficient. Such molecular tag could

be detected or identified via one or any combination of such properties.
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Unique identifying tags that can be "read” can be attached to any material including to

25  molecular entities in order to track molecular events.

Non-informational modes of the invention include embodiments where differential
properties of the segments of the particles are utilized to provide nanoscale templates.
Examples of differential reactivities can be seen when the particles are comprised of different
metal segments. Gold binds thiol containing compounds, platinum - isocyanides, copper -

30 dithiocarbamates, nickel - glyoximes. The precisely controlled dimensions of the particles of
the present invention, coupled with the differential reactivity of the segments, allows for
applications of the invention where precise nanometer separations are required. For example,

using the nanoparticles of the present invention and the electroplating process as described
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-

25  those that occur in solution (e.g., microfluidic synthesis), and/or involve photochemical
techniques, MEMS, e-beam, micro-contact printing, and laser ablation methods.

A key property of certain embodiments of the particles of the present invention is that
when the nanoreds are segmented, differences in the reflectivities of the component metals
can be visualized by optical microscopy. Thus, for example, in a segmented Au/Pt/Au rod of

30 200 nm in diameter and 4 to 5 microns in overall length, the segments are easily visualized in
a conventional optical microscope, with the Au segments having a gold lustre, and the Pt
segments having a more whitish, bright lustre. Another key property of the materials is that

the length of the segments, when they are prepared by alternating electrochemical reduction
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25  large numbers of assays at the same time. Positive signals can be identified and the nanobar

code read to determine which analyte has been detected. The same general principle can be
used with competitive assays as they are widely known to those skilled in the art.
Like macroscopic bar codes, which are based on difference in contrast of closely
spaced lines of ink or other materials, in many embodiments the nanobar codes of the present
30 invention are distinguished or identified based on different patterns of reflectivities of the
various segments. What distinguishes nanobar codes from other types of optical tags, or
indeed from any type of tag ever applied to a molecular system (including isotopic tags,

radioactive tags, molecular tags for combinatorial beads, fluorescence-based tags, Raman-
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(singlet or triplet oxygen, ozone, etc.).
measurements. Morte importantly, high fluxes of photons can photobleach fluorophores, as

can too much heat, and chemically reactive species (singlet or triplet oxygen, ozone, etc.).
25  Metal nanobar codes are inert to a large number of environmental perturbations, and most

significantly, the differential reflectivity is not affected by photon flux. Thus, differential

reflectivity of adjacent stripes is a superior readout to those based on excited state

photoemission.

A unique characteristic of nanobar codes is the ability to differentially modify their

30 surfaces. Thus, considering Aw/Pt nanobar codes, each metal may be selectively modified,

providing two different chemistries to be placed in close proximity. In the case of nanobar

codes, the ability to put different molecules on the Pt and Au stripes of a single particle has
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nanoparticles is known to depend on particle size, particle shape, and particle composition.
25  Such scattering can be measured in multiple directions to obtain an integrated scattering
profile.

The wavelength dependence of metal reflectivity presents another interesting and
powerful detection format for nanobar codes. For example, if one looks at the %reflectivity
vs. wavelength plots of Au and Pt, there is a crossing point (Figure 2). In other words, there

30 is a wavelength at which the reflectivities of the metals are the same. This is referred to as a
reflectivity isosbestic. At the reflectivity isosbestic, the reflectivity of a nanobar code is
uniform, even though there is variation in composition along its length. Importantly, this

reflectivity isosbestic can be perturbed by binding particles (e.g., metal or organic) to the
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so for noble metal surfaces, in which nanometer-scale roughness features can act as scattering

25  sites for surface plasmons. This leads to greatly enhanced antigen sensitivity. Translating
this concept to bar codes, the idea is that molecular recognition-induced binding of colloidal
Au to the Au segments of a colloidal bar code will change the bulk refiectivity, and at a
reflectivity isosbestic, will lead to reflectivity contrast. One could thus consider the colloidal
metal nanoparticles to be contrast agents. This reflectivity contrast mechanism — which is

30 essentially a solution analogue to surface plasmon resonance — has the potential to be
exquisitely sensitive. Using commercial instrumentation, it has been shown that detection of
one 40-nm diameter colloidal Au particle per 10 square microns is easily attainable. Because

the surface area of the bar code may be much less than 1 pm?, it is anticipated that binding of
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An alternative approach to perturbing the reflectivity is through differential binding.

25  Thus, while in the aforementioned example, the colloidal metal particles were bound to the
entire nanobar code, this need not be the case. If different chemistries are placed on different
segments, and the binding of the particle occurs at just one segment, the reflectivity isosbestic
will be perturbed.

Thus, at least two different ways to do analyte quantitation are envisioned, one in

30  which quantitation is made on the basis of the fluorescence intensity emanating from a
particular nanobar code (which could derive from a molecular or particulate fluorescent tag),
or from the intensity of the differential reflectivity. In both cases, reflectivity is also used to

identify the nanobar code. It should be noted, however, that a variety of other schemes can
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should be recognized that these principles apply equally well to detection of oligonucleotides,

25 cDNA, mRNA, proteins, ligands, small molecules, lipids, sugars, inorganic anions and
cations, cells or cell components, organs, organ systems or even whole organisms. In other
words, nanobarcoding can in principle be used to detect any and/or all species found in
chemical or biclogical systems, as small as molecules and as large as organisms. Moreover,
since nanobar codes are small enough to penetrate cells, and in principle can be made small

30  enough to penetrate components of cells {e.g. mitochondria, nucleus, etc.), there is no
limitation to their use in biological systems.

Moreover, it should be clear that while many embodiments of the invention are

directed to quantitation, nanobarcoding, like its macroscopic counterpart, can be used for
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at least 2, preferably at least 3, and most preferably at least 5 types of particles, wherein each

25  type of particle is differentiable from each other type of particle. In the preferred
embodiment, since the types of particles may be comprised of a single material and since
different types of particles may be comprised of the same material as other types of particles
in the assembly, differentiation between the types is based on the size or shape of the particie
types. For example, an assembly of particles of the present invention may be comprised of 5

30 different types of gold rod-shaped nanoparticles. Although, each type of rod-shaped patticle
has a width or diameter of less than 10 pm, the different types of particles are differentiable
based on their length. In another example, 7 types of spherical silver particles make up an
assembly. The different types of particles are differentiable based on their relative size. In
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25  nature of the functionalization. By encoding the nature of the functional unit, it is meant that
the specific identifiable features of the nanoparticle can be attached selectively to a known
functional unit, so that a key or leg can be maintained wherein once the specific particle type

has been identified, the nature of the associated functional unit is known.

30 PREPARATION OF METALIC SEGMENTED PARTICLES

The preferred synthetic protocol used to prepare metallic nanobar codes according to
the embodiments of the present invention is based on the work of Al-Mawlawi ef al. (Al-
Mawlawi, D.; Liu, C. Z.; Moskovits, M. J. Matzer. Res. 1994, 9, 1014; Martin, C. R. Chem.
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generated using 3 different metals. Synthesis of a AwPt/Au rod may be accomplished with 1

25 CofAu, 8 CPt, and 1 C of Au. The nominal dimensions of the segments are 1 um of Au, 3
um of Pt, 1 pm of Au. The 5-segment nanobar codes, Ag/Aw/Ag/AwAg, were generated by
sequentially plating and optionally rinsing the appropriate metal. In some embodiments it is
possible to include all metals in solution but control deposition by varying the charge
potential current A nine-segment nanobar code, AwWAg/Aw/Ag/Aw/Ag/Au/Ag/Au seen in

30  Figure 3 has also been prepared. The number of segments can be altered to desired
specifications.

The next controllable factor is diameter (sometimes referred to herein as width) of the

individual rods. Many of the nanobar codes described were synthesized using membranes
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nanorods, by lithographically patieming the backside silver that is deposited on the
membrane into isolated islands, each island forming an individually addressable electrical
contact. By way of example, each island would have enough surface area to contain between
25  10° and 10® individual rods, all of the same type. (Note that since the membrane thickness,
and therefore pore length, is much greater than the nanorod length, multiple nanorods can be
synthesized in each pore. Each nanorod may be separated from others in the same pore by a
silver plug that would later be dissolved. This could increase the total yield by 10x.) The
membrane is then placed, with careful registration, onto a "bed-of-nails” apparatus, with
30  individual spring-loaded pins contacting each electrode on the membrane. Computer-
controlled circuitry attached to the bed-of-nails is able to individually turn on or off each
electrode. During the electroplating process, each island would be plated with unique

combinations of metal types and thicknesses. In this manner, each island would produce rods
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25  array of vertical holes in the photoresist. Electroplating of metal into the holes and removal

of the photoresist yields a new type of template for template-directed synthesis. The shape
and diameter of the nanorods could be controlled by adjusting the light source and the
resultant standing wave pattern. An advantage to this technique is that the template
thickness, which is the same as pore length, can be tailored to the length of the rods, which
30 improves uniformity of electroplating across the membrane. With this technique, 10" to 10"
types of nanorods can be constructed on a single substrate. The two approaches described
above can be utilized to synthesize many types of nanobar code from a single wafer. (iv) A

further approach uses the customized lithographicaily-defined pores from above, and
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is then picked up automatically by robot and placed into a separate microwell. An automated

25  fluidics station is used to introduce the necessary etching solutions to release each rod into
solution. (ii) An alternative embodiment is a matching microwel} substrate that contains
wells in the same pattern as the individual islands in the membrane, and a2 matching array of
channels through which flow etching solutions. The membrane or wafer can be sandwiched
between the microwell substrate and the channel array. Etching fluid is then introduced into

30  the channels that dissolves the Ag backing and carries the nanorods into the corresponding
well. Other means for removing the particles from the membrane are also possible, including

laser ablation, controlled acid or base ablation, and so on.
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with establishing the size of an object under illumination with light of wavelength A. It is

25  quite possible, and in fact has been shown by numerous groups, that features much smaller
than A/2 in diameter can be visualized, even if it is not possible to make an accurate
determination of size. In other words, one can easily distinguish a Auw/Au nanobar code from
a Au/Ag nanobar code, where all segments are, say, 50 nm in width, as long as the precise
size of the segments is not a required piece of information.

30 Thus, is possible to distinguish (and quantify) the number of rods by visual
inspection; such a task could be automated. It is also possible to distinguish segments of
different lengths within individual bar codes, provided the A/2 criterion is satisfied. Images
have been obtained of a 9-striped bar code (Aw/Ag/Aw/Ag/Au/Ag/Au/Ag/Au) in which the
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single feature.
g image obtained at 400 nm that is used to identify each type of nanorod. In this case, the

image shows a mixture of striped nanorods. Panel A, imaged at the wavelength of FITC
25  emission, contains bright images of the first type of nanobar codes, and barely detectable
ghosts of the second type of nanobar codes, which are easily subtracted digitally. In Panel B,
tmaged af the wavelength of Texas Red, the second type of nanobar codes show brightly,
while the first type of nanobar codes are extremely dim.
The ability to read fluorescence and identify nanobar codes simultaneously comprise
30 apowerful set of tools for multiplexed assays. In some embodiments, identification and
detection can be achieved using the same signal. For example, a pattern of fluorescence can
be used for identification while the intensity of the fluorescence indicates the concentration of

the analyte. However, there are a large number of bioanalyses carried out by means other
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725  increased ionization efficiencies. Moreover, combined with nanobar code technology,
SALDI-MS becomes a powerful molecular fingerprinting tool.

Conventional light microscopy has been used to image the nanorods, and should
allow for automated "decoding" of the bar code signature. Additionally, fluorescence
microscopy has been used to quantify the level of binding of a biomolecule to the rod. The

30 detection and readout can also be accomplished with custom instrument designs and
sophisticated image analysis software that are capable of detecting and reading the code of
each nanobar code, and quantifying the fluorescence from molecules bound to the nanorod.

Additionally, this detection system allows for highly focused laser excitation of the
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dimension of the nanorod, at each individual nanorod. Beam steering optics can be used to

sequentially illuminate and desorb proteins and and/or molecules from each nancrod, which
25  will then be accelerated into a time-of-flight mass spectrometer. Individual nanorods can be
chosen for mass spectrometric analysis based on the fluorescence signal detected, thus
minimizing measurement time by analyzing only those rods with significant binding.
As discussed above, though the preferred embodiment involves reflectivity as the
mechanism for particle identification and fluorescence as the sensor readout, reflectivity
30  changes themselves could also be used, with a potentially large payoff, for sensing. The two
relevant points illustrated by Pt and Au reflectivities, are that (a) at most wavelengths, the
reflectivity is different (thereby providing a contrast mechanism) and (b) at about 600 nm,
they have the same reflectivity (a reflectivity isosbestic). At 450 nm, the Pt stripes will appear
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identification and phenotyping. There are also non-bioanalytical uses such as for traditional

bar coding type applications and nano diodes. Several of these applications are described in
25  detail below.

GENOMICS APPLICATIONS
The nanobar code technology of the present invention is useful in at least one
embodiment to: (i) monitor gene expression on, for example, 100 samples simultaneously;
30 (i) carry out genomic analyses on self-referencing particles; and (iii) to carry out single
nucleotide polymorphism (SNP) analysis on 10,000 particles simultaneously in solution.
Practitioners of genomics aim to globally monitor gene expression and/or detect

genetic polymorphisms within an organism. In humans, such a tool can be used both in
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diagnosis of disease.

Surfaces containing an arbitrarily large number of spots of double-stranded (ds)

25 cDNAs could be prepared (e.g., a spot for every gene in a genome). However, for purposes
of illustration, a surface comprising 50 to 100 spots of double-stranded (ds) cDNAs, focusing
on a subset of genes of interest, such as those known to be relevant to a particular disease, can
easily be prepared. Gene clusters very similar to these are now commercially available on
membrane and/or glass supports. (Note that the white background of membranes could

30  provide excellent contrast for nanobar code identification). Each spot is approximately 400
microns x 400 microns in size. When each of 100 samples of isolated mRNA are reverse-
transcribed to cDNA, a unique oligonucleotide tag (15 bases) will be appended to each poly-

T primer; thus, all the cDNAs from each sample will have the same (unique) tag. Inan
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flavor if there are no differences in expression, if the spot is 200 x 200 microns. If this

25  relatively low dynamic range (i.e. 2 decades) is not sufficient, the number of samples can be
reduced to fifty, and the spot size tripled, to give a 3-decade dynamic range. This does not
require tripling of the required material. Related work has shown that a single linkage is
sufficient to hold the attached species together.

This type of very high level multiplexing (i.e. multiple tags on multiple spots) cannot

30 be carried out using any other current technology. With spherical particles, one can get
different flavors, but the particles are so large compared to nanobar codes that only a few of
each type could bind to a surface. One could put 100 different cDNAs onto such particles
(i.e. one type on each), effectively allowing the array to be replaced with beads, but then one
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nanobar co¥fdalsq positives in bioanalysis. For example, only 25% of the blood samples labeled

positive for hepatitis C are actually positively contaminated. Accordingly, the FDA is now

25  considering Nucleic Acid Testing of blood as a more accurate method. Ideally, a positive
signal from both antibody- and nucleic acid-based tests would be required for unambiguous
identification, especially when the consequences of a false positive are life-threatening. To
that end, government agencies are actively pursuing complementary techniques for
identification of biological warfare agents. The simultaneous detection of antigens and

30  nucleic acids for anthrax, can also be accomplished using particles that are derivatized with
antibodies on one set of stripes and oligos on the other (both the oligos and antibodies are
available from Tetracore LLC, Rockville, MD). The DNA. assay will be carried out in

"sandwich" mode. Only when the entire nanobar code surface emits light (i.e. both analytes
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25  of nanobar codes produces enough of each flavor for the equivalent of 14,000 gene array
experiments. (Note that you would do seven different syntheses of 1536 nanobar codes to get
10,000 different flavors, as typically is available in a genotyping experiment.)

The inventors have demonstrated that selective oligonucleotide hybridization can be
carried out on nanobar code surfaces. Thus, when an oligonucleotide of sequence A is

30 affixed the surface, a sequence A' (where A' is perfectly complementary to A), will bind, and
remain non-covalently bound upon heating until the melting temperature of the duplex is
reached. In a control experiment, when oligonucleotide B (which is non-complementary to

A) is reacted with the A on a nanobar code, none remains attached after washing and/or
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25 There are a number of different biochemical approaches to detect single nucleotide
polymorphisms (SNPs). Each can be carried out in a multiplexed fashion on nanobar codes.
Here the unique ability of nanobar codes to make extraordinarily large numbers of
distinguishable particles will be indispensable, as it is estimated that the human genome
contains on the order of 100,000 SNPs.

30
ANALYSIS OF SMALL MOLECULES

A further embodiment of the nanoparticles of the present invention is combinatorial

self-assembled monolayer chemistry on nanobar codes, thus allowing a SALDI-TOF
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molecules are applied, and then washed with increasing stringency. Since each
surface/stringency combination leads to a different adsorption profile, the technique provides
25 ameans for analysis of a complex mixture. This embodiment of the invention extends this
approach exponentially, by generating thousands of different surface chemistries on nanobar
codes. Each chemistry is identified by its nanobar code ID; subsequent analysis by SALDI
will lead to a vastly improved analysis of complex mixtures.
Combinatorially designed surfaces to capture several analytes simultaneously on
30 distinctly coded particles from biological samples have no precedence in the separation
sciences or the clinical chemistry arena. In one embodiment, to generate these surfaces, self-
assembled monolayers (SAMs) may be used that are terminated with reactive functional

groups are derivatized with libraries of reagents to give nanobar codes with an extraordinary
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carrying diverse functional groups yields a library of A hydroxy amides of dextran coated

25 nanoparticles. These methods provide a common reactive inlermediate that is easily
prepared. The dextran coated or hydrophilic SAMSs simultaneously provide a surface that is
resistant to non-specific interaction between the nanorods and proteins having a wide range
of molecular weights and isoelectric points. By appropriately choosing and designing
structurally different amine reactant cocktails for derivatization, there is an opportunity to

30 create a vast library of surfaces. These combinatorially-derivatized nanoparticles present
surfaces with varying avidity for binding to the wide variety of molecules present in 2

biclogical sample, with much greater efficacy than that described for SELDI.
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25  ensemble thereby giving a fingerprint of the sample analyzed.

FUNCTIONAL PROTEOMICS
According to an additional embodiment of the present invention, the nanobar code
technology may be used to: (i) develop highly sensitive multiplexed immunoassays or other
30 forms of assays for known proteins; (ii) develop methods for identification of post-
translational modifications; and (iii) study protein-protein interactions.
The primary objective of proteome analysis (a.k.a. proteomics) is the rapid

characterization of gene products (proteins). State-of-the-art technology in proteomics relies
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25 In the proteomics field there is a need for massively parallel analysis of expressed
proteins. The combination of nanobar code technology, SALDI and fluorescence based
immunoassays into one platform, as described below, enables the generation of highly
sensitive and quantitative multiplexed immunoassays for known proteins. The ability exists
to merge selectivity, sensitivity, multiplexing, quantitation and mass analysis in the same

30 measurement, offering among other benefits a minimum of 100-fold increase in sensitivity.

First, a specific immunoassay is associated to each flavor of nanobar code, via

attachment of a specific capture antibody. Analyte is bound to the antibody-coated nanorod
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immunoassay). If post-translational modification has affected the epitope that is recognized

by the detection antibody, the isoform will not be quantitated by fluorescence. If both the

25  capture antibody and the detection antibody are polyclonal antibodies, there is a good chance
that a great number of the modified proteins will be quantified. After the fluorescence
measurement, the nanorods are subjected to mass spectrometry analysis. SALDI-MS is used
to characterize the protein and identify the different post-translation modifications. The
SALDI-MS laser energy ruptures all non-covalent bonds allowing for detection of any

30  molecule complexed on the nanorod, including even the protein sandwiched by two
antibodies.

The tagging of an assay with a specific nanobar code is critical to the success of this

method. The code on the bar will be associated with a specific predetermined protein having
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translational modifications. The amount of post translational modifications can be a measure

of stress and, therefore, overall health.

Protein-protein interactions are examined according to the present invention by

binding specific proteins to nanorods for screening the biological sample for potential entities
30  capable of molecular recognition. Nanerod technology combined to fluorescence-based

quantitation and mass spectrometer-based identification allows investigation of specific

protein-protein interactions. Different assay formats are used to interrogate the biological

sample for the presence of free analyte A or for the presence of the free receptor R for analyte
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Finally, it should be noted that this method allows for a significant reduction in
5  sample size, via addition of thousands of different flavors of nanobar codes to a few
microliters or less of a biological sample. This is an advantage over the use of biechips or
arrays where antibodies or proteins are spatially arranged on a flat surface. In the latter case
much higher sample volume is required to contact the entire chip. In addition, if the
nanoparticle has a magnetic metal, they can be pulled out of solution by magnetic interaction.
10 For proteins up to mass 13kDa, SALDI mass resolution is similar to MALDI.
Between 17 to 30kDa, mass resolution in SALDI drops by a factor of 2 to 3. Nanobar codes
have the required spectral properties to allow proper energy transfer to the adsorbed proteins.
By varying the attributes of the nancbar code segments (e.g., length, width, compeosition, and
s0 on), the nanobar code spectral properties can be tuned ic deliver the optimum protein

15  desorption and ionization enexrgy.
PHENOTYPING

The Nanoparticles of the present invention can be used as a platform for multiplexing
assays in very small volumes of biological sample. This platform allows simultaneous

20  measurement of over many hundreds or thousands of assays from ultra small volumes of
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A reader can be used capable of imaging the intrinsic differences in reflectivity of the

20  metal segments in individual bars by conventional optical microscopy. This reflectivity
measurement permits nanobar code identification while the fluorescence intensity associated
to the corresponding nanobar via binding of the detection antibody will determine the
concentration of the analyte. Software that can automatically analyze reflectivity images and
identify nanobar codes as well automatically analyze fluorescence images and quantify

25 nanobar code fluorescence can be used. The development of sandwich immunoassays will
demonstrate parallel acquisition of reflectivity data and fluorescence detection data.

Finally, in a very small plasma volume (50 microliters or less), assay multiplexing can
be shown for a large panel of proteins relevant for the physiological characterization of an
organism. The ability to conduct a large number of assays from a sample volume is critical in

30 many animal studies, particularly for often-used mice studies. 50 microliters of plasma can
be harvested from a mouse without harm to allow multiple longitudinal blood draws and

repeated measurements over the life of the mouse. This protocol enables, for example, the
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mcroliters of bl 0Gd from a rouse tail bleed. Mbr eover,,
rudimentary level, for proteins. Multiplexing refers to making multiple mdcpendent

measurements at the same time and/or in the same region of space and/or using the same

25  materials. This can occur on a chip, as in current approaches to analysis of gene expression,
where the relative levels of expression of cDNA from two samples of DNA labels with
different fluorophores is measured. This strategy has been adapted to proteomics, by
derivatizing two protein samples with different fluorophores and mixing prior to separation
by 2-D gel electrophoresis. In these cases, the level of multiplexing is only two, affording

30 minimal increases in efficiency. Using the nancbar code particles of the present invention,
any capture chemistries known to those skilled in the art can be used. This provides for
multiplexing that can be done on an unparalleled scale. In addition to proteomics, the same

strategy can be applied to genomics (e.g., SNP mapping) and other phenotyping assays, such
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item goes through either in the manufacturing or distribution of the product or in actual use
25  (e.g. paint). Nanobar codes create enabling capabilities in several of these areas. Moreover, it
is important to stress that the durability (and chemical inertness) of these materials contrasts
sharply with other types of paper or plastic tags.
The use of nanobar codes as tags or labels can be further extended by the use of
multiple particles as a label. By using a plurality of tags to label a material, the number of
30 different types of nanobar code particles that have to be prepared can be reduced, while still

providing the same large numbers of distinctly identifiable combinations of nanoparticles.
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through heat processing. However, a problem still exists, in that while packages of fasteners

25  can be labeled, individual fasteners cannot be marked. Nanobar codes on fasteners provides
the industry with the means to comply with the Fastener Quality Act and vastly improve

human safety and reliability issues.

Tires. The industry has long sought a solution for tracking individual tires. This is especially
30  true for the commercial (truck) tire business. Truck tires are frequently re-treaded two or

three times and put on a different axle of the fruck. Although the economic and safety

incentives are there, today there is no easy or cost effective way of identifying a specific tire

so that usage and maintenance can be monitored. Commercial tires are a $6 to $8 billion
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of expl 0si yB5., AR LR DLimied Athoh HREHIAERE haV ebn fARén to assure that money
and documents such as passports and visas can't be counterfeited, invisible (to the naked eye)
25  nanobar codes can be used in the paper to assure the authenticity of the document. Moreover,
conventional bar codes can be used as positional indicators of nanobar codes. In other words,
documents could be impregnated with nanobar codes in specific locations that are revealed
by interrogation of the macroscopic bar codes. This will allow rapid verification of document
authenticity. The same strategy can be applied to valuable personal property, personal

30 effects, or irreplaceable heirlooms.

Paint. Bar coding of paints, a $16 billion/year business in the US in 1997, offers three

excellent opportunities. (1) Outdoor architectural paints. Traditional forms of bar coding
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repl ace them, The search has led to the discovery of oil in some rather
renot e ar edgsifiabnanobaysodss mjght &uerfast with the end-use of the crude oil, they could be

removed during the refining process.

25
Identification of Living or Deceased Organisms. The stability and inertness of nanobar codes
allow them to be used to tag organisms in an uncbtrusive fashion. For example, small
animals released into the wild could be tagged with nanobar codes, providing unambiguous
identification in the event they are captured in the future. Such an application could be

30  particularly useful when the number of organisms to be tracked is large. For example,
nanobar coding of individual plants or seeds could be exploited to track crop speciation. In
theory, nanobar codes could be used to unambiguously identify animal or even human

remains.



way to transport the crude oil is overland by neans of a pipeline (e.g.,
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isters, gnd.delay. lines. 10 Resistors can be fabricated
by O ot ngEA BT ot P R TBHE L deoni e TSR ST UEH RS Bortuct | ve
met al st ri fesfuh@iof as regRtivk elep@er, or silver). Polyneric nolecules of this
type include cqpductin ol. rs,. such as | y(pyrrole pol y(anilipe), and
pol y(t hi ophene)ﬂwgrraera?@@a%%”ﬁ? g Fos e yhbesis et rﬁa?rgff%qiqsﬁaé used I
hydr ochl oraid@m@mlegaﬁpemffeegnﬁgltramtﬁ{cagﬂrmeg_mni um chl oride). Thinner stripes

of nore highly resistive materials, 15 such as self-assenbling nonol ayers,
which & e typi ol Myteomsrrndreiontgahfeican| thess dyicengansist of a multicomponent

rod with metal ends and a semiconductor particle in the middle. The metal ends can be made

by conventional electroplating or by electroless plating, and the semiconductor can be a pure
element, such as silicon, germanium, tin, or selenium, or a compound semiconductor such a
metal oxide, metal sulfide, metal nitride, metal phosphide, or metal arsenide. Rods have been
25 made with diameters varying between 70 and 200 nm which contain oxide semiconductors
(titanium dioxide or zinc oxide) and chalcogenide semiconductors (cadmium selenide)
between two metal ends. The diameter of the semiconductor "stripe” is typically the same as
the rest of the rod, and its width varies from a few nanometers to 1 to 2 microns. The metals
used to date in diode rods include gold, silver, platinum, and nickel, but could in principle be
30 any of the metals described elsewhere in this invention. The semiconductors can be
introduced into the membrane pore template by adsorption of colloidal particles, or by
electrochemical growth. The top metal contact is fabricated by electrochemical deposition

and by electroless deposition. Such diodes generate an asymmetric current-voltage curve.



are functionalized at one end with a thiol, isonitrile, carboxylate, or
other ligatjin can also function as resistive elg ,3%03,270‘5§1e pr esent
i nvention aWQ%“g{uﬁ%ws for the synthesis of nanoparticles ?CE can be used
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gol d- nol ecul e-ni ckel devices, in which the nolecule is

16- ner eapt ohexadecanoi ¢ acid, have «curraq 2 rectifying characteristics.
Negative differential resis ~has also been incorporated
into such a structure. The @ M very thin (0.5 to 3
nm, and can be introducedu e /bottom netal, foll owed
by el ectrochem cal or electroless deposition of the top netal.
Alternatively, a striped rod contairing a suitably thin

20 I
By applying a gate lead 1o either of the diode devices described above, it is possible to
make a device that functions as a transistor. Such a lead could be applied in a crossbar
structure, which can be fabricated by electric field-driven assembly or by self-assembly.
A high aspect ratio rod containing multiple stripes of conductive metals and other
25  materials {(polymers, semiconductors, or inorganic or organic dielectrics), could function as a
delay line or shift register if a train of high and low voltage pulses is applied at one end. If
the rate of propagation of the voltage from one end of the rod to the other is slow compared
to the clock frequency of the circuit used to apply the voliage pulses, then the signal could be

read out at the other end as a string of zerces and ones.



15 sacrificial nmetal |ayer (such as copper or silver) can be immobilized on
a surface gr 0@ circuit, and then etched chem cally gicrrisgpipsachem cally
to | eave a gap between the end netals. The gap can then be filled by

el ectrochem cal ly depositing or adsorbisfg a pol yner or nononeric nol ecul e
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optical mcrosco For.  exanple, 10 different flavors pf. nanobar des
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segnenis. NI, end FRVorl#24s 2 de&6hs giid Rllowedhydl aicrédlverlpwed 8y Catiesnt he

conposition _of each nanobar code by segnment nmaterial and length (in
m crons) igPl‘iBarent heses. For exanple, Flavor #1 is 4 mcrons |long 15 gol d,

D

and Fl avor #2 [ Plagod® qr ONS Q0T PestApdisied by 1| g Sdp@ients || VeLendtbl | pwed by 2

m crons gol d. 1 Au (4) 1 4 um
2 Au Q), Ag(1), Au(2) 3 5 pum
3 Au(l), Ag(1), Au(l), Ag(1), Au(l) 5 5 pm
4 Au(2), Ag(2) 2 4 um
5 Ag(1), Au(l), Ag(1), Au(1), Ag(1) 5 5 pm
6 Ag(1), Au(4) 2 5 um
7 Ag(4) 1 4 um
8 Ag(1), Au(2), Ag(D) 3 4 um
9 Ag(1), Au(l), Ag(1), Au(2) 4 5 pm
10 Ag(2), Au(l), Ag(1), Au(l) 4 S um

A detailed description of the synthesis of Flavor #4 follows. (All other flavors were
synthesized by minor and obvious changes to this protocol.)
20 25 mm diameter Whatman Anopore disks with 200 nm diameter pores were used for
template directed nanobar code synthesis. Electrochemical metal deposition was carried out
using commercially available gold (Technic Orotemp 24), and silver (Technic ACR 1025
SilverStreak Bath) plating solutions. All of the electroplating steps described below were
carried out in an electrochemical cell immersed in a sonication bath, which was temperature

25  controlled to 25°C.



Fl avor # Description # Segnents Length 1 Au 4 m 2 Au 2,A 1, Au2 3 54M
3 Aul, A1, Aul ul 55 gm 4 Au2, A2 24 m Aul 15Sm
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m nutes. The gold ating soiution was renoved by serial dilutions with
wat er, and mrm@%ﬁﬂa@é@}’%@nﬂﬁ@ ebjcirodsposited silweyindhs rencbed poresd wes resioved i cron
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t he membrane to the acid. After this step, the nanobar codes were released from the alumina

membrane by dissolving the membrane in 0.5 M NaOH. The resulting suspension of nanobar

codes were then repeatedly centrifuged and washed with water.

20 EXAMPLE?2
It is an important goal to demonstrate the ability to use a wide number of materials in
the nanobar codes of the present invention. To date, rod structures formed by
electrochemical deposition into a membrane template (alumina or track eich polycarbonate)
inciude Ag, Ay, Pt, Pd, Cu, Ni, CdSe, and Co. Primarily, the 200-nm diameter alumina

25 membranes have been used for convenience. Many of the materials are now also being used
in the smaller diameter polycarbonate membranes.

CdSe is currently plated via a potential sweep method from a solution of CdSO, and
Se0,. Mechanical stability problems have been encountered with the metal:CdSe interface;
i.. they break when sonicated during the process of removing them from the membrane.

30  This has been remedied with the addition of a 1,6-hexanedithiol layer between each surface.
The Cu and Ni are plated using a commercially available plating solution. By running under
similar conditions as the Ag and Au solutions, it was found that these metals plate at roughly
the same rate, ~3 um/hr. The Co is plated from a CoSQ4/Citrate solution. These rods seems

to grow fzirly monodispersely, however they grow comparatively slowly, ~1.5 um/hr.



evaporated silver layer (and the el ectrodeposited silver in the branched
pores) waswoipsegl 15 by dissolution in 6 Mnitric acid,pdeusyzess eful to
expose only the branched-pore side of the nenbrane to the acid. After this
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N dismethyd gl yos ok f}mg?éigggépﬂyoqwi@@p{eﬁpg EuleQigeReSre géﬁ*gl;qlkr,pgnﬁu ends

exane mer capt oet hyl am ne are
used to fthinclihaivakli greups kspetidey.oDepdnding oul the dyBemithe sirface functienatizationpound
that is typical us for i on.inhihition for copper, neaning it
shoul d bé 1§B?s(§lbh%t°l5?a‘r?1(gV@ﬁ“@@?’lﬁ\’/ogﬁ@ertggé tli%iémgo'pper section of the rod.
Butyl carbamate is a nolecule with a term nal carbonyl and am ne group on

t he samm_%aboth of which chelate Cu well. The glyoxinme and the
hydr oqui | so known to chelate Ni, making them a good functi onal

gr oupof or nong| eittion baseteindodch ifhiameassdychas bexntdevedaped Horvae bo bar cndyds o

produce the belst results for qi‘l‘t hogonal  funct.j.onali atfé]on. It ig possi bl e
to expl oiffatCRBIYF PRUSALRICTSORY; afeﬁ%f‘% fehe | TR 20y JPRRTeR PEAISE 8r of
exposur e Ai) AwAg and AwNi rods of varying segment patterns. The nanobar code is read based on

differences in reflectivity of the metals at differing wavelengths. Figure 4 depicts the results
of this experiment.

25 Initially, the sandwich immunoassay was performed on two types of rods, Au/Ag and
Au rods, using the following system: anti-rabbit IgGFc/rabbit IgG/anti-rabbit IgGH&L
labeled with Texas Red. Fluorescence images have been taken with filters for FITC on a
mixture of rods and the rods appear to be the same metal composition with a 600nm bandpass
filter, however, changing to a 400nm bandpass filter reveals the bar code ID.

30 Then two different sandwich immunoassays were performed on two different types of
bar code rods. For this experiment the same Texas Red (TR) assay as mentioned above was
used along with the following system: anti-human IgGFc/HIgG /anti-human IgGg specific.
FITC images were taken first since this fluorophore photobleaches much quicker than TR.

Since it was established that at least two fluorophores could be distinguished, a simultaneous



create a large variety of orthogonally functionalized segnents. The rods
are then 15gf4neki.onal i zed with rhodam ne or fluorecin tgcegisafgle the
presence of exposed amne and thiol functional groups respectively.
Dependi ng on the dye and the surface fufigtionalization it is possible to

make various, parfs of the rods LE.4 .20 sol uti on based
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attenpted next. TmaeEtﬁgi&tmmmemaﬁdt@edfﬁ\gtvthn@ @ apidwich asaptiabody in
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AT A AL T G e e S o P R "B A/ N/ Au
wer e dedl vdiiorapiiongiabierbaneernlithe naggbat oy extitistionabspceantoand sedtiering).  Au/ Ni / Au
rods were selectively derivatized as evidenced by the lack of fluorescence
on the N sections. Furthernore, Ag appeared to enhance fluorescence from
FI TC. EXAMPLE 5

Flow cytometry experiments have been employed to quantitate fluorescence from

immunoassays or nanobar codes. Both human 1gG and biotinylated Cc systems have been
25  investigated. The rabbit IgG system was switched to the biotinylated Cc system because TR
could not be excited with 488 nm in the flow cytometry instrument. Titration curves were
prepared for the human IgG and the biotinylated Cc systems on Aw/Ag nanobar code. From
the graphs, it appears that the titration curve for human IgG contains an inflection point,
whereas the biotinylated Cc system does not. Instead, it reaches a maximum and appears to
30  level off. The shape of the curve for the human IgG system may originate from Ag
enhancement of FITC. Flow cytometry experiments may be conducted to determine the
amount of antibody binding capacity (ABC), as well as the concentration of capture antibody

needed to optimize the system.



To investigate the enhancenent factors of Ag with FITC, a sandw ch assay
was perfogpgehdds Ng two different fluorophores on the samasoypmesof rods.
The human 1gG FITC 15 system and a new system of the foll ow ng:
anti-Cytochrome c/biotinylated Cc/strepPavi din phycoerythrin (PE) was used.
As for the human 1gG system there was brighter fluorescence on sections
of the rod which correspond to the Ag sections, as revealed in the

refl ecti viBAMPhB@ge. However, no enhancenent from Ag was seen for the PE

system Thus, |t is Likel. t hat, the, enhancenent | wayel. specific
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since they, are easier t.qg.nake nodi sper.se rivati LOC tible.
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adsorbing a_nonol ayer. of 1, 6-hexane. dithiol on the rods followed

exposuf® t WHAGVERI ‘ﬁffﬁr.e““l%mfh WA R thsgre%'flregdf {}'85 adcgjlm}fﬁpélro t he
nanobar copligghemftal 4R8t B¥Bouplo@ tocd Ehangilift FréfRtlivitys Morp@dr, pids tieanpe inf

reflectivity can he seen wt r. Wi t hout addition of coll.oidal Ag. ver
at 600 nm re%/lﬁtéivity does not need to lr)]c 8fferent tgr thjme var(ljous segments. T?lus, the most gcn%ral However,

implementation involves a molecular binding/debinding induced change in reflectivity of one

or more segments for the entire nanobar code. A more specific embodiment involves

25  changes in reflectivity leading to elimination (or generation) of a reflectivity isosbetic.

EXAMPLE 7
Bar code rods are useful for solution based assays methods for the detection of DNA
hybridization or dehybridization. Initially, oligos are used for method development, however
30 the technology can easily be extended to cDNA's. To date, the attachment of short oligos
(12-mers) to rods has been accomplished using fluorescence (FITC) for detection. Two
methods of attachment, both of which employed amino modified oligos, have been

performed. One method used a bifunctional crosslinker, 1,4-phenylene diisothiocyanate



striping pattern cannot be seen in the absence of Ag nanoparticles but can
be seen in the 15 presence of Ag nanoparticles. These data indicate that
there is a dYP$&®atial el ectromagnetic interaction bet weEF/HHRE270%y
nanoparticles and the Ag and Au segnents,of the nanobar code, since the TEM
data indicate a uniformdistribution of the Ag material over the surface
of the nanotpDITCHdelink\Nhe eminb hddified @ligdwandesr sfutind featihited PEGJTheiskomieed to
i nvol ve an is&g{?esh nag.differentia 20 refle
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dehybrldlzatlon Initiallly, ollgos are used for nethod devel opnent, however
30 the techﬁ gn easily be extended to cDNA's. To date, the attachnent
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amount of nt t and es th i fungtional crqsslin 5 met hod.
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attachnent known to those of In the art can also be utilized.

EXAVPLE 8 10f BAoniodhesspartiples anddhe nridaiopilicansyef the DAWOIMGe Sfhasbiste et al
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functional, sublithographic, el EC%I’OI’II c devices. IS inportant to
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Much of "this ocuses on usin ter sca
particles. canbe calculated for both the adsorption of both thiclated and nonthlolated DNA onto the

particles, -1.83 x 105 J/mol and —2.51 x 104 J/mol, respectively.
The ultimate goal of this embodiment of the invention is to use DNA to assemble
nanorods on patterned surfaces to form a memory device. Before assembly can beginon a
25  patterned surface, it is important to understand assembly on a simpler system, for example,
on Au films. A variety of parameters have been explored to study their impact on the
assembly of rods, including, sait concentration, temperature, blocking agents, and three oligo
systems versus two. The best results have come from derivatizing the rods with thiolated
DNA followed by immersion in 6-mercaptohexanol. A Au film is then derivatized in
30 thiolated DNA followed by octanethiol. The rods are then suspended in a buffer that is 10
mM phosphate (pH = 7), 0.5% Blotto blocking agent, 1 M sodium dodecylsulfate, and 50
#M junk oligonucleotide. The Au films are then immersed in this solution and tumbled



15 Before these particles can be assenbled using DNA, it is essential to
understand the fundanental process of derivatizing the /ﬁéog)z'ﬁlgsmth DNA.
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ol i gonucl eotide. The Au filnms are then imersed in this solution and

tunmbl ed WD 01/ 25002 PCT/ US00/ 27093 61 overnight. Using this system the
nunber of gedgppgsenbl ed has been greatly increased while the nunber
assenbl ed nonspecifically has been decreased. An alternative derivatization
i nvol ves usi ngMashrediexpraimentsdiaprinen performed using BQO myydiamster fds thatpeigce of
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hydrid I Th
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al um na newith dinethylgybene, fmﬁmechﬂa;sthxcﬂmmDNAf @ht sods weresthen treated with YOYO,

a DNA intercalating dye that also binds to single stranded DNA. These data show that

orthogonal derivitization can be extended to include AwNi (as well as P/Au as discussed

25 above). Nanobar codes containing Aw/Ni/Pt should allow three different chemistries to be
placed on the same nanoparticle. It is likely that selective chemistries can be developed for
copper (e.g., employing dithiocarbamates). Thus, it should be possible, for example, to attach
four separate oligonucleotides to a single nanoparticle, each differing at one base residue.
Such a system would tremendously simplify SNP analysis. With four types of segment

30  material chemistries combined with end or tip derivitization, a single nanobar code could be

derivitized with at least six different chemistries in specific locations.



smal | er diameter, polycarbonate nenbranes. The rationale for this is that
certain optical roperties or magnetic properties, or p I r. chem cal
properties 8”r°&<i§§“§ﬁbl y chemistries wll be superior for r}ézgggénf’ﬁ”snal | er
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chel ati ng agents (di methyl gyoxi me or 8-hydroxyquinoline). The rods can 20
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PCT/ USOO 2 8343poR 11 EXAMPLE 10 Electric fields to align particles have been
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on the surface Effeqshave yeegimadp to manippiaselorderad twosdigtentonadistruyers of Biegkr e
derivati ze 1 g i ot rlc: flel d.
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The second | % er is_an electronically definable nenory el enent,
Rod Bundles Formed at Interfaces

Rod raft formation techniques were attempted that involved chemically modifying Au

rods (250 nm diameter) of various lengths with polyelectrolytes or thiols. The modified rods
were typically in water and were then mixed with a dissimilar solvent, such as hexane. Rod
25  rafts of various organizations would then assemble at the interfacial region of the two
solvents. These rafis could then be removed from the interface and placed on a solid
substrate for further analysis and manipulation.
In trying to form smaller groups of rods, the concentration of rods was decreased in
the agueous phase as well as different solvents to create interfaces. The surface modification
30  that seemed the most promising is Au rods modified with mercaptoethane sulfonic acid
(MESA) and the polyelectrolyte polyallylamine hydrochloride (PAH). Smaller rods packets
are formed; however, many single rods and disorganized groups are present. Several small

bundles of PAH rods at water/hexane are formed with relatively few single rods. This
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enter the pits; however, many more rods seem to physisorb to the surface despite the

perfluorination. In another attempt to create an attractive interaction between rods and the
pits, the pit bottoms and the Au rods were both treated with polyethyleneglycol (PEG) and
25 allowed to react. No useful rod-pit interaction was seen.

By eliminating the perfluorination of the BCB and allowing MESA pits and
MESA/PDAC rods to interact again, an increase of rods in pits was shown. While the
perfluorination provided a hydrophobic surface that would be repulsive to the aqueous,
hydrophilic rods, it was ultimately more like the polymer coated rods than the water. This

30 factor secems to have resulted in the rods being relatively attracted to the perfluorinated
surface. By leaving the BCB untreated, PDAC polymer coated rods are relatively more
attracted to the MESA treated pits.
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200 nm pore diameter Whatman Anoporedisks {Al,O;-membranes) were used for

template directed diode synthesis. Electrochemical metal deposition was carried out using
commercially available gold (Technic Orotemp 24), platinum (Technic TP), and silver
25  plating solutions. Titanium tetraisopropoxide[ Ti(ipro)s], mercaptoethylamine
hydrochloride(MEA),ethyliriethoxy silane, chlorotrimethyl silane were purchased from
Aldrich. All the reagents were used without further purification. All other chemicals were
reagent grade and obtained from commercial sources.
Ti0O; colloid was prepared as follows. Ti{ipro)s was dissolved in 2-methoxyethanol
30  under cooling and stirring. The solution was kept under stirring until it became slightly
yellow, after which another portion of 2-methoxyethanol containing HCI was added. The
molar ratio of the components in the prepared solution was Ti(ipro)s: HCI :2-metoxyethanol

= 1:0.2:20. This solution was diluted with water to adjust TiO; concentration to 1% and
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reagents by soaking the membrane in several portions of an appropriate solvent (0.01 M
aqueous HC1 or DMF) for 1 h, and drying in Ar stream. Finally, a top electrode (Ag or Pt) of
desired length was electroplated at the top of TiO2/PAN multilayer without sonicating. Then
25  the evaporated silver, Ag "plugs" and alumina membrane were removed by dissolving in 6 M
nitric acid and 0.5M NaOH, respectively. (2 to 4 C of Au was always electroplated on the
top of Ag electrode to prevent dissolving the latter in the nitric acid. Also preliminary
experiments showed that multilayer TiO2/PAN film self-assembled on plane Au(MEA)
substrate did not destroy in the 0.5 M NaOH.) The resulting rod-shaped diodes were
30 repeatedly centrifuged and washed with water.
In most of the experiments, chemical passivation of Al,O3-membrane pore walls was
applied using treatments with propionic acid (20 had sorption from 0.0013 M aqueous

solution) or alkylsilane derivatives. In the latter case, 2 membrane was successively soaked
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the pore middle space. During the electroplating of a second metal "stripe” (e.g. Au), the
growing metal follows the surface of the bottom rod and fills the hollow thus forming the

rounded end. Further rod growth results in a cup-like end due to the metal adsorption on the
25  pore walls. Each sequential metal segment grows in the same way in the end of the
underlying segment.

It is unlikely that the relatively rough surface on the top end of a rod may be
completely covered with the ultra thin TiO/PAN film thus preventing immediate contacts
between bottom and top metal electrodes. From preliminary experiments on plane Au-

30  substrates, it was found that the multilayer TiO»/PAN films grown on smoother surfaces
demonstrated better reproducibility in their rectifying behavior, Passivation
(hydrophobization) of Al,Os-terminated surface of pore walls with propionic acid or

alkylsilane derivatives, such as ethyltriethoxy silane or chiorotrimethyl silane, was tried to
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exposure of the rod to the electron beam causes complete destruction of the heterojunction

and arising two individual nanorods with nanoparticles stuck to their ends.

25 In order to investigate multilayer TiO,/PAN film sandwiched between Au and Ag
rods, Aw/(TiO»/PAN)s/Ag nanorods were prepared and their top Ag electrode was dissolved
in nitric acid. The remaining 2C Au rods with (TiO,/PAN); film deposited on their top were
analyzed by TEM. Preliminary studies showed that ellipsometric thickness of mulitilayer
TiO2/PAN film self-assembled on plane Au(MEA) substrate did not decrease after immersion

30 in 6 M HNOs; for 30 min suggesting stability of the film in the acidic medium. Furthermore,
similar to the Au/(TiO2/PAN) o/Ag/Au rods described above, TEM image of the
Au/(TiO,/PAN)s rod taken in the first several seconds did not reveal any particles. However,

during longer exposure to the electron beam, gold melted revealing nanoparticle film on the
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prevent Ag t&sheedehitle! amlsdhd Mo Wil ShelBP-skiiped 138 of ik Metdi fodghgrd d be not ed
that TEMinmages in_all likelihood do not give a true picture of the
mul til ayer malideyprilor gpys P derfachboth eﬂcqp%eﬁ% endyfupt 2R apst PpEFINAtely of t he
mechani cal §.iJ: i i k : L ] al rod
fehdifDl ﬁ%@gﬁﬁ&% ﬂgftﬂ »%aﬁs ﬁ&%g&&%&.tnﬁg%@amldnl{s Li&h Wbt

ends. Longer tine .OSUI' e e_ rod to i ) ectron beam causes COFTp| ete
dest r uct $ onolskrved&lnhbeight of uHitrnn whichnilows ¢stinagng raiber godt eipdispth theanor ods wi t h

nanoparti cl nel I AKEsTL gad | L0 er
e paN 11 102 B s BB p e AR B e
nanor ods weplenpAapiE AAckubstcltetihiestimated pt Agutdifaet r ode was dissolved in nitric
acid. The remaini 2C Au.ro i (J102/.E 6 _film asited.on their top
Mere analyoed 5 el Pt Rl CoITANE IS OTA fasd v SR oSGt

t hi ckness ofectiffirgibehyrior. THe C2WRAM delanedtdsfmasapoieheds oe~ . hae ~AN(WEA)
substratlﬁ did not decrease after imersion 30 in 6 M HNG3 for 30 mn
suggest ihg EERESHYSYy of the filmin the acidic medium Furthernore,

simlar to the Au/ (Ti @2/ PAN) | o/ Ag/ Au rods descri bed above, TEMinage of the
Au/ (Ti 2/ PAN)6 rod taken in the first several seconds did not reveal any
particles. However, during |longer exposure to the electron beam gold

mel ted reveal i ng nanoparticle filmon the WD 01/ 25002 PCT/ US00/ 27043 68
rod's top. It can be seen that the upper contour line of the filmis very
close to that of Au rod before nelting. This fact is consistent with the
cup-shaped top of the metal rods. The nmultilayer filmgrows on the surface
both of cup bottom and cup walls and approximately retains cup shape after
the thin walls have nelted. This explanation is consistent with 5 observed
filmheight of -100 nm which allows estinmating rather gold cup depth than
(Ti02/PAN)6 filmthickness. Ellipsonmetric thickness of TiQ2/ PAN)6 film

sel f-assenbl ed on a plane Au(MEA) substrate is estimted at about I Owm
|-V characteristic of the Pt/ ( Ti 02/ PAN)3 Ti OQ2/ Au rod-shaped device reveal s
current rectifying behavior. The forward and reverse bias turn-on
potentials are- -0.2 and -0.9 V, 10 respectively. W 01/25002

PCT/ US00127093 69 CLAIMS :



W claim 5 1. A freestanding particle conprising a plurality of segnents,
wherein the o?ﬁ%b%de length is from10 nmto 50 m and tgE&RR6AJesd € W dth
is from5 N6 m 2. The particle of claim1l, wherein the particle

|l ength is from500 run to 30 m 10 3.69he particle of claim1l1l, wherein the
particle Iength is from1l to 15 gm 4. The particle of claim1, wherein the
particle :s from10 nmto 2 gm 5. The particle of claim11l, wherein
the particle width is from30 nmto 500 nm 15 6. The particle of claim1,
conpri si ngveclgigm:50 segnments. 7. The particle of claim1, conprised of 2 to
10 different types of segnents. 20 8. The particle of claim1, wherein the
| engthg of sai g SegK%Eﬁ?ﬂdﬁé%aﬂmelcoHp?ibiBQapﬁ@alf@ ofSegrhbifts, Mdeicirtthe of clai m

SIS

1, wherein the' lengths of said segnen - from50 nmto 15 m 25 10. The
particl e grticledenathiis froonifinm imP pmepd the patiglewyidth is fpra S drhio R e ™ar ticl e

|l ength is from1l to 15 m the particle wdth is from30 rimto 2 m and the
| engths of said segnents is from50 run to 15 m 30 11. The particle of
claim 1 wherei@. at Teamrtidnel daiind , wbepmanthe pastidolepsth dciiorn $00 mmted am.
selected fromthe group consisting of. a netal, any netal chal cogenide, a
metal oxide, a netal sulfide, a netal nitride, a netal phosphide, a netal
sel enide, a nmeBal t Ehd partidecf daimel, shemintthepariidelength pefrerh 146 Lopm. g

sem conductor, a sem -netal, any organic conpound or I*IIICL MS WO

01/ 25002 PCT/ US00127093 70 material, any inorganic conpound or material,
any or ganonet al4l i ¢ TheetidieloDolaimal, ehemin thaparpee widtlulseftom 1Gyrato dimyat eri al |
and a conposite material. 12. The particle of claim 1l wherein at |east one
of said segnments is conprised of 5 a netal. 13. The particle of claim 12
wherein said ngtal iTgegli@ebrdaifn Qmhtie the patficle evidils isstdm30 wh to §80 vmr , gol d,
copper,_ nickel, palladium platinum cobalt, rhodiumand iridium 10 14.
The pafr5ti cle of claim1ll wherein at |east one of said segnents is conprised

of a material el ectrgépdriQbt H8nOr, QolpEMIS2 BtS0nggments.a pol yneric material,
a crystalline material, a non-crystalline material, an anorphous nateri al
and a gl ass.

7. The particle of claim 1, comprised of 2 to 10 different types of segments.

20 8. The particle of claim 1, wherein the lengths of said segments is from 1 nm to

50 pm.

9. The particle of claim 1, wherein the lengths of said segments is from 50 nm to
15 pm,
25
10.  The particle of claim 1, comprising 2 to 50 segments, wherein the particle
length is from 1 to 15 pm, the particle width is from 30 nm to 2 pm, and the lengths of said

segments is from 50 nm to 15 pm,

30 11.  The particle of claim 1 wherein at least one said segment is comprised of
material selected from the group consisting of: a metal, any metal chalcogenide, a metal
oxide, a metal sulfide, a metal nitride, a metal phosphide, a metal selenide, a metal telluride, a

metal antimonide, a metal alloy, a semiconductor, a semi-metal, any organic compound or

A L



15. The particle of claim| wherein at | east one of said segnents is
conpri sed ofw@gykgzSuper par amagneti ¢ compound. 16. The pa of claiml
wherein said part?ncl e can function as an electronic devi %é*"géog%@%part of
an electronic device. 20 17. The particlm of claim 16 wherein said

el ectroni c devi.ce or, part of an electronic device_is selected fromthe
group consi SeiEHY WY l‘é‘%&%’l’ﬁﬁ?&p&m d grmaigrigh any Ysanemeelistcgrpoyndgr materil, a
capaci tor, garfi@$dté1aPér of taktBaRhddEeotipbliR@Mdiaf! resistance device, a
resonant tunnel i ng di ode, a ferroel ectric switch, a shift register and a
delay line. 25 18. The particle of claim1l wherein at |east one of said
segnents i s funcil ongnk 28flce of aim NGy IRALH hiGlEt Bk o ?La@dé%gﬂn S0 e §%¥
functionalization conprises an organic substance norgani ¢ subst ance,
an i nor gani emeBbr di nati on conpl ex and/or an organonetal lic conplex. 30 20.
The particle of claim19 wherein said functionalization conprises an
organic substance. | 11111 11111 IN S WD 01/25002 PCT/ USOQ' 27093 71 21.
The parti cl e of 18l ai Fh@ partitie pfilainskd wheosigail metalib sdl@taeidnsthagroap gani ¢

mat eri al . The p |cI of claim?2 erensald . C t.er.i al
conpri ses car lsung of %E & ﬁ “BPEnBf 1%:?1 Pn%gg "S‘}‘BWB Cogglﬁgﬁ%“‘\‘%g%dﬁhi@l e of
claim 20 V\/nerel n said organic substance is an organic nolecule. 24. The
particle,of claimp?23 ereln i.d ani.c Iecul nprises an anti body
10 or aﬁ% body fer 8?‘?6} B“nﬁc T gdeas %eagi%ﬁ%gm%m%e@ﬁwéo an
enzynme, a piobeiis, selacted:ﬂdira kbésgﬁ-oupa:oﬁﬁétﬁk w:i @pcﬁﬂﬁdrﬂé%ﬁ{ena@ a'c?%taﬂme %atenal

car bohydrate r?ﬁ?égn saccharide, an am no, aci a pepti

particle of?R9ng AR FTAL AN SopPhoyRTRtEiRh A1 28l#SSon conpri ses an | norganl C
15 coordination conplex. 26. The particle of cI aim25 wherein said

i nor gani ¢ coor di natlon conpl ex . .conprises 2- -, 4-, 5-, 6-, 7-, 8- or 9-
coor di nat e conpll@xes Inopargee ofiplaimyawharen at lesst Qﬂeé’ifﬁ%l‘ige%éﬁséﬁ qemprised of a

functi opal i @tbRBmESRRE LorduRd)

16.  The particle of claim 1 wherein said particle can function as an electronic

device or as part of an electronic device.

20 17. The particle of claim 16 wherein said electronic device or part of an electronic
device is selected from the group consisting of a conductor, or diode, a transistor, a wire, a
capacitor, a resistor, a negative differential resistance device, a resonant tunneling diode, a

ferroelectric switch, a shift register and a delay line.
25 18.  The particle of claim 1 wherein at least one of said segments is functionalized.

19.  The particle of claim 18 wherein said functionalization comprises an organic
substance, an inorganic substance, an inorganic coordination complex and/or an
organometallic complex.

30
20.  The particle of claim 19 wherein said functicnalization comprises an organic

substance.
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organonetal lic conplex. 28. The particle of claim 27 wherein said

or ganonet %biofnsﬁwl ex conprises species conprised of GgRHIFRY3E

nmet al - carbon, rmetal-silicon or netal-nitrogen bonds. 25 29. The particle
of claim 19 wherein said functionaliza?lon conprises an inorganic
material. 30. The particl f.claim?29. wherein.sajd inorganic.material is
conpri sed of g?]ass,ﬂ‘%mﬁfﬁfgﬁmgb%%}“i OFAnEE! ?cefl&%aéucﬂg?tﬁl%l e of
claim 18 wherein said functionalization conprises a detectable tag or a
material which will bind a detectable tag,, 1111111 11M 1LIIL NIILE 11 111
CL MWc) 01125002The@prtislsriclamags whemsinssid oppamicynatenia! CmBRsEE FAPYR 31 wher ei n
sai d det eghablg dtiﬁx%nh%r?ﬁ&%%ﬂ fromthe group consisting of. a
fluorescent tag, an isotopic tag, a radioactive tag, a particular tag, an
ol i gon@cl eoti de based tag, a nolecular tag, a Raman-based tag, an infrared
tag, a mass 5 §§).ect-£ fi€ofichim 28Wheftth &l EGbARCHBHhtRls drfdtgand3. The
particle of claim1l erein sard functionalrzation conprises a coll oi dal
particl e, mpd¢opleer, gl ass, nol ecul ar nonol ayer, nolecular nultilayer or
film 10 34. The particle of claim18 wherein at |east two segnents are
functionalized differently. 35. The particle of claim18 wherein said
functional i zat 2én i Thepartinteofmlaib@3whergssant orgarag niolseile Fernprises Z agbodph e
particle of clai.m.35 wherei.n id.ti i tic petjonalized
G 11 erint 1 =503 RRatibanbt fonfleul REpRim Rl el bufil 3 pifie! LoD 20
of parti cleamlystaesitelytic aifibodyg e fipjslan tarbohydiase, b polysatchatide ahemB® agid a1 2l engt h
and is co r'fed of a plurality of segnents, and wherein the types of
particles Pedi fferentiabl e. 38. The assenbl y of particles of claim 37
wherein said types of particles are differentiable based on differences in

the length, wdth or, shape of .t.he rti.cl es.and/or_ t.he 25 nunb .
conposi tion, | %gt hrrB"rp ‘ﬁ? E‘E‘Halglfwg °a¢‘%§a¢f§§‘ﬂf ‘).n%hoﬁ'ﬁ%n%nssgse%ﬁérg%l}w
parti cises Rbrdedadbitomplherein said particle types are

26.  The particle of claim 25 wherein said inorganic coordination complex

comprises 2-, 3-, 4-, 5-, 6-, 7-, 8- or 9- coordinate complexes.

20 27.  The particle of claim 19 wherein said functionalization comprises an

organometallic complex.

28.  The particle of claim 27 wherein said organometallic complex comprises

species comprised of one or more metal-carbon, metal-silicon or metal-nitrogen bonds.

25

29.  The particle of claim 19 wherein said functionalization comprises an inorganic

material.

30.  The particle of claim 29 wherein said inorganic material is comprised of glass,

30 phosphors, zeolite or oxides.

31.  The particle of claim 18 wherein said functionalization comprises a detectable

tag or a material which will bind a detectable tag.
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differentiable by optical neans, electrical neans, physical neans, chem cal
means or magnetic nmeans. 30 40. The assenbly of particles of claim 39
wher ei n sai PEP%I e types of are differentiable by opticAPHEMHs.
1111'11! 111111 11112 tiiit 11! 111 C 4y MWD 01125002 PCT/ US00/ 27093 73
41. The assenbly of particles of claim40 wherein said particle types are
differentiable by differential reflectivity. 42. The assenbly of particles

of claim 37 whegrgin C i article compr,.ls 2. 51 and
wherein the | ené ‘h o é{a&(}%?epogrc@il %Péw#%m?}rs%l diteeigbligtgésrﬁe%f %g ﬁ%ﬁﬁ%{%&%ﬁp each
particle i sofsiging 30 ailncrascaht tag, Avisbtdpictagegadivictivengtdmrtbuir fagom 50 nmto 10

m 43. The assenpl f rticles of clgim37 c risi functionalized
particl es. ’5"%‘3.ecq‘}?gjaﬁegg%ﬁW?%f‘lab'ﬁ%ﬁaéﬁ“@?'%&?e%g?gawnggmé(‘fﬁp? P8¥nhg types of
particl @s dpéchemenichsy, afdumcidcaddkinzartag r om ot her types of particles. 45.
The assenbly of particles of claim43 wherein said functionalization

conpri ses an organi ¢ substance, an inorgani c substance, an inorganic

coordi nation conpl exThelgartfedRlai 18 VhadRanRifRckibgalicA ¥R |cBmpridba cditiafssenbl y
of particles of claim43 wherein said functionalization_ conprises a

det ect abl e PrRigleopolymermElass; BpleGi apon@iayer, Briaenla nudilaver gpfilt ag. 20 47. The
assenbly of particles of claim46 wherein said detectable tag is selected
fromthe group consisting of: a fluorescent tag, an isotopic tag, a

radi oactd ve tag34a pikanattislenfelaim 3§ whensingtt legs e sagoenty are naliged a

nol ecul ar t Raman- based tag, an infrared tag, a mass spectronetric
tag, and an e rochemical tag. 25 48. A conposition conprised of a
particle and a functional unit wherein said particle conprises a plurality

clai m a5 wher o Aoeai Rty e Mt e dhengy #op s o SREGARRERAGE o,

conposi t i orsaigfpadicki m 48 wherein said particle length is from1l to 15 gm
W IIJSIII VNN LL

ety

36.  The particle of claim 35 wherein said tips of said particle are functionalized
differently.

37.  Anassembly of particles comprising a plurality of types of particles, wherein
20  each particle is from 10 nm to 50 um in length and is comprised of a plurality of segments,
and wherein the types of particles are differentiable.

38.  The assembly of particles of claim 37 wherein said types of particles are
differentiable based on differences in the length, width or shape of the particles and/or the

25  number, composition, length or pattern of said segments.

39.  The assembly of particles of claim 37 wherein said particle types are
differentiable by optical means, electrical means, physical means, chemical means or
magnetic means.

30
406.  The assembly of particles of claim 39 wherein said particle types of are

differentiable by optical means.
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14 WO 01125002 PCTI (JS00127093 74 51. The conposition of claim48 wherein
the nat ur eyglysdeg functional unit is encoded by the parddralsgon7aed. The
conposition of claim51 wherein the nature of the functional unit is 5
encoded based on the Iength wi dth or %hape of the particle and/or the

nunber, corrpos r Lienn o ment. The_conposition of
cl ai m 48 wher ef 5 ?fozflan@%f e‘%ﬁ“;ﬂﬂ%g‘? EPeEEE&Cifi ¢
speci es. Bﬁ'fe%tlaﬂibﬁyﬁﬂﬁﬂﬁﬁhl’[réﬂh&tlﬁfy.C| al m 48 wherein said functional unit

conprises an organi c substance, an inorgani c substance, an inorganic
coordi nati on conplex and/or an organonetallic conplex. 15 55. As assenbly

of particles canpriBidigset bgiwpahicteyopcf.lalhmeﬁhaémawhtshﬂlpaﬁmlevaaﬁipﬁkea2 each
particle has at |east one dinmension _|ess tha % pm . and vvher%b he types

of par §i clte30 segments, and Bhersin tp|eagth shcack partigled ¥ 115 By the gtk ofgach| 5i m 55

wherei n ﬁg&lﬁce%&brﬁlsenhﬁmtm |aﬁ@§fes?ﬁ?entl%9gtﬁé%%hmﬂr§ﬁﬁldmﬁn 500 nm 57.
The assenbly of particle of claimb55 wherern each particle has at | east one

di mrension | ess than 200 nm. 25 58. The assenbly of particles of claimb55

conprising at heastrg Js%' aHﬁ!iJs'oFél%% 37 cofnpriting FARBEIzY Pktidi@! ti cl es of
claim55 conprising at [east types of particles.” 60. The ‘assenbly of

particles of claim55 wherein said types of particles are 30 differentiable

based 19" di ffeﬁ nce’fhézﬂs &ﬁﬁﬂ cms's 191 3 1n e t%sdlffér%ly()f the
al‘tl cl es q‘

partlcles asse rising

functi onalﬁume'dnqhacdfrmheﬂxertyptsOfphrtlblb$ 1111011 11I 1X1111111 11 V\D 01/ 25002
PCT/ USOQ' 27093 75 62. The assenbly of particles of claim®61l conprising
types of particles differently functionalized from other types of
particles. 5 635. Th’éhesssam‘db}' yf paftichaof cleine43 whereihaaihf@itiokedizgion sai d
functi onal I Z%t fides an organic substance, an inorganic substance, an inorganic coordination complex

15  and/or an organometallic complex.

46.  The assembly of particles of claim 43 wherein said functionalization

comprises a detectable tag or a material which will bind a detectable tag.

20 47.  The assembly of particles of claim 46 wherein said detectable tag is selected
from the group consisting of: a fluorescent tag, an isotopic tag, a radioactive tag, a particulate
tag, an oligonucleotide-based tag, a molecular tag, a Raman-based tag, an infrared tag, 2 mass

spectrometric tag, and an electrochemical tag.

25 48. A composition comprised of a particle and a functional unit wherein said

particle comprises a plurality of segments and has a length of from 10 nm to 50 pm.

49,  The composition of claim 48 wherein said particle length is from 500 nm to 30
pm.
30
50.  The composition of claim 48 wherein said particle length is from 1 to 15 um.
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conprises an organi c substance, an inorganic substance, an inorganic

coordi nation conpl ex and/or an organonetal lic conplex. 64. The assenbly of
particles o184 61 wherein said functionalization 10 ¥o§PPEEE g
detectable tag or a material which will _pind a detectable tag. 65. A
conposition conprised of a particle and functional unit wherein said
particle has at 5l.easThodupdsitiens] iml48 Sthetehthe Adhurdof &8 dunstieatiurit she nature
of the functio h uni t S encoded by the particle. 15 66. The conposition
of claimé 3 Yﬁ‘eﬁft’&epartl cle has at |east one dinension |ess than 500
rim 67. The conposition of clai m 65 wherein said particle has at | east one
di mension 20 |less than 200 nm The conposition of claim65 wherein the

nature of the fdhcti dRaFOcsitipn P@lm@ﬁéd‘d’éﬁﬂﬁ%éﬁmﬁﬁ ths fuclprRpd Bt 1% dt h,
shape angl/ o csRABRRH bh a2 1a{gﬂ¢ BEdR 8¢ dhbsd &me%én@% anfyobBlc hagbd:0foniieeaeh, Ny

i nformation about a material into said naterial conprising’ incorporating
with or atth@ﬁh?@aﬁ@H@ﬁFWﬂﬁerl al a free-standing particle that encodes
information regarding said material, said particle conprising a plurality
of segnments, wherein the particle Iength is from10 nmto 50 mand the
particle wi dth i58. fr&he &nmiositipwofiaidGtSwhemmuthofimcidinal wal admprisssdp dnalyte-

i nformati Onspleaﬁp% gd; on the length, width or shape of the particle and/or
t he nunber, “conposition, length or pattern of segnments. 1111111 WO 01/ 25002
PCT/1JS0O 27093 76 70. The nethod of claim 69 wherein said encoded

i nformation rel %hes ggenc 351%8{'1’(8? |t| n %Ieﬁneﬁagd[ étf&%éltuﬁztco nse net hod of

cl aim 69 wherein sai BPHCS ory of the
material . 7&ganldwbsterichon mdrgah:asm@&ememﬂ'gamuﬁdooide&sbn complef andar dn segent s
is conprised of a.,materjal selected fromthe group consisting of: a netal,
any nmetal cHEFOBGRHICFE™Pe netal oxide, a metal sulfide, a netal nitride, a
net al phosphl de, a netal selenide, a netal telluride, a 10 netal
ant i nonj de, al | oy, em conductor, a sem -netal ny or anj c
corrpounhsdor él‘l afs a%%?b]iyr?z%‘ﬁﬁlf"%c &AMl qsarparaﬁ Heremn
or ganonet al éauspmwwl 160§t oNBbRlchabn les thdA0LIng Bh@lvBertRYRY tyPds o@’B&ﬂElbsa' and

a conposite nmateri al
are differentiable.

536.  The assembly of particles of claim 55 wherein each particle has at least one

20  dimension less than 500 nm.

37.  The assembly of particle of claim 55 wherein each particle has at least one

dimension less than 200 nm.
25 58.  The assembly of particles of claim 55 comprising at least 3 types of particles.
59.  The assembly of particles of claim 55 comprising at least 5 types of particles.
60.  The assembly of particles of claim 55 wherein said types of particles are
30  differentiable based on differences in the length, width, shape and/or composition of the

particles.

61.  The assembly of particles of claim 55 comprising functionalized particles.
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73. A nethod for conducting an assay to an anal yte, conprising: 15
contacti ngwd ¢ikdeei on that may contain said analyte wt hP@'f/ﬁ&ﬂ?f@ tion
conprising a species capable of binding said anal yte and a par e
conprising a plurality of segnents, wWiérein said particle length is from
10 urn to 50 mand the particle wwdth is from 5 nmto 50 Iim and
detecting whether interaction between said species and said anal yte has 20
occurred. 74. Fhe mehdiarcenitly 6f rtibletDf BIaRk 61 aoxﬁﬁiﬁiﬂgayﬁejs@mmﬁaemg&eﬁtne
nature of said _species. 25 75. The method of claim 74 wherein the nature
of the spefE‘i“ié'gn?lbze‘gfc{E’Bd’é‘HrE’Qgse‘tfpéﬁ“’leﬁ'he l ength, width or shape of the
particle and/or the nunber, conposition, length or pattern of segnents.
76. The method of claim 73 wherein said species conprises an_antibody or
30 antisbody fr&3nendhe asemhly gbpardglesiclaan 6} whepsinesaidyfunciiopadizatianor | an
enzyne, a BEHGsAn ofanichbktahes, an thofhfd!skbdidncd bh ifpghhic @oldiitith céplex

car bohydrate, a polysaccharide, an amno acid or a pepti de.

11111111 |angjor an grganometailio cemplexy s s WO 01/ 25002 PCTI USOQ 27093 77 77. The
met hod of claim 73 wherein at | east one of said segnents is a materi al
selected fromthe group consisting of. a netal, any netal chal cogenide, a
met al oxi de, a6#et allhe sss¢rhbly of paticiestadiclamn 6t Whereinssandgfhndtiopdlizstidn de, a net al
sel enifie, BalBLAls deRELHE LS o Gl RbonicR Uil BRR L A8l B2l @l 1oy, 2

sem conduct’or, a sem -netal, any organic conpound or terial, 5 any

i norgani ¢ conpound or material, any organonetallic conpound or material, a
particulate |agyer qQr material, and (of0) site erial. 78 . The met hod of
Bai m 73 wher el safdPREPEIYT SRRl AT MRl o & ochighg) Snit whetsimsald, " oans
chem cal rpagtitde haelacledst o dimeksisisleBthanei@nad,iaad wheres:. thd flatui® of the dunedédadd of
claim 73 wher.ei n %i tharti.(iI e is attached to a plurality of species
capabl e of‘mﬂfi‘ﬁfﬂcﬂéf yitheraidleanal ytes. 80. The nmethod of clai m 73 wherein
said armal yte is a protein or peptide. 15 81. The nethod of claim 73
wherein said ans%l yt %helz gon?prgasi?iloll g? c[,]gi?nl 6eSO\£/}|1ecrieelh said particle has at least one dimension

less than 500 nm.

67.  The composition of claim 65 wherein said particle has at least one dimension

20  less than 200 nm.

68.  The composition of claim 65 wherein the nature of the functional group is

encoded based on the length, width, shape and/or composition of the particle.

25 69. A method for encoding information about a material into said material
comprising:
incorporating with or attaching to said material a free-standing particle that
encodes information regarding said material, said particle comprising a plurality of segments,
wherein the particle length is from 10 nm to 50 um and the particle width is from 5 nm to 50
30 upm; and wherein said encoded information is based on the length, width or shape of the

particle and/or the number, composition, length or pattern of segments.
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82. A nethod for sinultaneously conducting a plurality of assays to a

plurality o ooqﬂﬁb%/t es conprising: 20 contacting a sol ut ip\%mg&ﬁtmgay
contain said analytes with a plurality of conpositions, erel'n each

conposition conprises a species capabl eggof binding to one of said anal ytes
and a particle conprising a plurality of segments; wherein the particle
length is fron®0 rE eghado!dlain 60 whweeip said propdedipfprnation relelgiosbqim t o 50

gm and whepgbskidd@riatii&iff each species is encoded by the particle to
which it is bound; and 25 detecting which interactions have occurred. 83.

The nethod of claim82 wherein at | east one of said species is an anti body

or antibody fragnme i J¥ =] t..l east one
of said speci esg?'s glhelg%%?rﬁﬁ% eg%’%%&ﬂls@{l F?%O?AW%%P%%I@%ES f?flﬂiéll [T 11l
* C L MSS Wdtapg pDbeeRteRdT/ USOOD 27093 78 85. The nethod of claim82 wherein
at | east one of said segnents on each of said particles is conprised of a
material selected fromthe group consisting of a netal, any netal

chal cogeni de, a72ret dlheoxdtithel, of alaime 6Rivheartihfat ldas; owe afeid lsegmentsiisleympmissbdfal
phosphi de, a_ netal l.enide, a netal. telluride a | ant,jnonide, a
metal all of,maggr?g?ﬁlec?%ﬁgﬁ’g‘[t f Erogp %"é‘ﬁ%ﬁé} ‘?aaf metal, %W%%ﬁ%?%%‘&ﬁ&dﬁﬁ% or
materi al , aride] avoetgianifide conpsiuiicldg ik nied! hidsphide, 2 Metd Egatide)e bt tefluridzpapound
or material a.particulate L%?/er or .ma%erial, and ? cor?os.ite mat eri al . 86.
The metifod el APURIRIGS3 TRt o 3 7EMGPRENFQL fiemiHctl 2p% a1eeee Fampid Bed based

on the | enghdferialafl} Mo@tnis BaRsouad of AR efRAldhl 6leBncdHIRK cdufiRuildlbiiBdterial, a
conposition, |ength or pattern, 10 of segnents. 1111111f IIII1I1l HE 1111111
IN C L M s Particulate layer or material, and a composite material.

73. A method for conducting an assay to an analyte, comprising:

15 contacting a solution that may contain said analyie with a composition
comprising a species capable of binding said analyte and a particle comprising a plurality of
segments, wherein said particle length is from 10 nm to 50 um and the particle width is from
5 rm to 50 pm; and

detecting whether interaction between said species and said analyte has

20  occurred.

74.  The method of claim 73 wherein the particle encodes the nature of said

species.

25 75.  The method of claim 74 wherein the nature of the species is encoded based on
the length, width or shape of the particle and/or the number, composition, length or pattern of
segments.

76.  The method of claim 73 wherein said species comprises an antibody or
30  antibody fragment, an oligonucleotide, an aptamer, a receptor, an enzyme, a protein, a
catalyst, a catalytic antibody, a lipid, a carbohydrate, a polysaccharide, an amino acid or a

peptide.
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77.  The method of claim 73 wherein at least one of said segments is a material
selected from the group consisting of: a metal, any metal chalcogenide, a metal oxide, a metal
sulfide, a metal nitride, a metal phosphide, a metal selenide, a metal telluride, a metal
antimonide, a metal alloy, a semiconductor, a semi-metal, any organic compound or material,
any inorganic compound or material, any organometallic compound or material, a particulate

layer or material, and a composite material.

78.  The method of claim 73 wherein said detection occurs by optical means,

physical means, chemical means, electronic means or magnetic means.

79.  The method of claim 73 wherein said particle is attached to a plurality of

species capable of binding different analytes.
80.  The method of claim 73 wherein said analyte is a protein or peptide.
81. The method of claim 73 wherein said analyte is an oligonucleotide.

82. A method for simultaneously conducting a plurality of assays to a plurality of
analytes comprising:
contacting a solution that may contain said analytes with a plurality of
compositions, wherein each composition comprises a species capable of binding to one of
said analytes and a particle comprising a plurality of segments; wherein the particle length is
from 10 nm to 50 pm and the particle width is from 5 nm to 50 um; and wherein the nature of
each species is encoded by the particle to which it is bound; and

detecting which interactions have occurred.

83.  The method of claim 82 wherein at least one of said species is an antibody or

antibody fragment.

84.  The method of claim 82 wherein at least one of said species is an

oligonucleotide.
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85.  The method of claim 82 wherein at least one of said segments on each of said
particles is comprised of a material selected from the group consisting of: a metal, any metal
chalcogenide, a metal oxide, a metal sulfide, 2 metal nitride, a metal phosphide, a metal
selenide, a metal telluride, 2 metal antimonide, a metal alloy, a semiconductor, a semi-metal,
any organic compound or material, any inorganic compound or material, any organometallic

compound or material a particulate layer or material, and a composite material.

86.  The method of claim 82 wherein the nature of each species is encoded based
on the length, width or shape of the particle and/or the number, composition, length or pattern

of segments.
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