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The present invention also provides a nethod,
conprising: introducing a plurality of SACNs targeted
to a nol ecul e i nvolved in an abnormal pathology into a
patient with the abnormal pathol ogy, wherein the
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t he abnormal pathol ogy; and obtaining an i magi ng of
the associ ated SACNs, whereby an abnornmal pathol ogy
may be di agnosed. [0017] The present invention also
provides a nethod for |abeling an animal wth a SACN,
conprising introducing a SACN into an ani mal, wherein
said introducing is selected fromthe group
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for BMRIrnandPakit 0GR cidli@sBont t@@éﬂxerat@ath@h%&ﬁiomﬁl f@¢metal
menbr ane. %0023] Figure 4 shows scattering intensity

vs. PESERCShift for glass and quartz surfaces. [0024]
Figure 5 shows a TEM i nage of nanorods prepared in a

sol UBRMFDE8SRETIORIAFOtHE FIGURES
[0020] Figure 1 shows a typical Raman spectrum. _
[6021] Figure 2 shows a comparison of SACNs made with five different label molecules.
From top to bottom: quninolinethiol, malachite green isothiocyanate,

mercaptobenzamidazole, bis(4-pyridyl)ethylene, Bodipy.



[0025] Figure 6 shows SERS spectra of 4-MP/ BPE- SACNs
obt ai ned using- 633 nm excitation (Trace A) and 785
nm excitation (Trace B). [0026] Figure 7 shows Raman
spectra of BPE-SACNs (dashed Iine) and 4 MP SACNs
VOabie7343he) . [0027] Figure 8 shows the numdRiT/EHR005/013989
bi otin nol ecul es bound to nanoparticles conjugated

with varying ratios of NeutrAvidior"t and bovi ne serum
al bumn (BSA). [0028] Figure 9 shows linearity of

SACNs by neasuring signal after exposing a sanple to
various anounts of excitation pover . [0029] Figure 10
shows signal froma sanple vs. function of tine for a
SACN [@(?ﬁpjoseiqouteoj shms&ttcﬁﬁo ’nlcg-m' VS, I&Q{Qﬁ%ﬂ ot MFemlJocéllulose and
shows evi dence of batch to batch reproducibiiity fo

SACN Y EPaPatr e [0031] Figure 12A shows Raman
spectif@3lobtRdureeidhats s@8Binniotnsex ¢i Ratn ift fof 2l :6E5RBOnAMe @riges.
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rel eas . [0033] Figure 14A shows a TEM i nage of

Au natf (5"(‘3 with 35 nmdianeter released in ME.
Fi quI24B Refawishays R marbesyb biot Tried btbaind ethagparicles conjugated
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es of .250n
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250nne wrl%@l1wwmxmmpovfe®036] Figure 17A and B show

Ranar{‘O(ﬁﬂeCtlfg@rle) st%50ﬁ‘§ﬁhl)fro%5Qanﬂﬂtvs AbhcsoNeNEmeatr « 68BRRXposed to
and 633 51 excitation. [0037] Figure 18 shows the
resul f“gt Y protein mcroarray sandw ch i mmunoassay

ex perﬂ?“ﬁﬁint Fignrevih hots dviderige gidbatclt i batctrepebduditd 0B8] SAKNuaperation.
19 shews t heurqsalbions x@fmdaspk@aewtmedmlaawmh mn@ao‘ssay()nfmd
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Fi gu Fan spectra fromuntreated and
t r eal®3Bls pdiicgreilfA showi SEEYDiagecl Hgyyenoredssvitly 35 Modreter released in

Fi guiMVE. 22us Mo SRREE Hti ekl RAxMBR 613M&, ME VeBlaced Hith
m nthga' after SACNS were
[0034] Figure 15A and B show SEM images of 250nm x 250 nm Au SACNs.
" [0035]  Figure 16A and B show TEM images of a 250nm x 250 nm Au SACN.
[0036] Figure 17A and B show Raman spectra of 250nm x 250 nm Au SACNs at 785nm
and 633 nm excitation.
[0037] Figure 18 shows the results of a protein microarray sandwich immunoassay
experiment in which IL-7 was titrated.
[0038] Figure 19 shows the results of a lateral flow immunoassay for Bot tox.
[06039] Figure 20 shows scattering intensity vs. Raman shift at 758 nm excitation for
whole blood without and with SACNs.



injected into the nouse tail. [00421 Figure 23 shows
it spectrumacquired after SACNS were injected

subcut aneously. DESCRI PTI ON OF THE | NVENTI ON [ 0043]
Sur f ace Enhanced Spectroscopy-Active Conposite
wanoaruscl es are described in United Stat #SCTRHRWH13989
No. 6.514,767, entitled "Surface Enhanced ‘
Spectroscopy-Active Conposite Nanoparticles,” United
St ates Patent Application No. 10/345,821, filed
January 16. 2003, entitled. "Surface Enhanced

Spect roscopy- Acti ve Conposite Nanoparticles," and
United States Patent Application No. 60/557,729, filed

Mar C"too%& 2@&%’711@%@2 ILrQQl hel@ldﬁdcﬁﬁg nndE&Qaﬂf{ﬁ\dlabeled ceH and
Spect r y-Active Co | es,
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2 not to about 50 am in sone enbodinments in the range
of about 20 ran to about 50 not (for exanple about

20, 21, 22, 23, 24. 25, 26, 27, 28, 29, 30, 31, 32,

33, 34, 35, 36. 37. 38. 39, 40. 41, 42, 43, 44, 45,
WEe,20067073438, 49, or 50 mMm). Ani sotropi c nanopETU200s413989
may have a length and a width. In sone enbodi nents.
the Il ength of an ani sotropic nanoparticle is the

di mension parallel to the aperture in which the
nanoparticle was produced. In the case of anisotropic
nanoparticles, in some enbodi nents, the nanoparticle
has a dianeter (width) of 350 run or less. In other

enmb 0 dﬂrerm@tuﬁercﬁaxtb@dbmggg% L bm& &a&il@ a q{e@n?EﬁTCICQfa\'xggS(Qe nm

or I N
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[ 0048] Anisotropic An and Ag nanorods may be produced
by el ectrodeposition into preforned alum na

tenplates, in a manner simlar to the production of
Nanohar codesOO particles. See, for exanple,
WPeensarH3 - Pena, S. R ; Freeman. R G ; Rei CT§2008/013989
He, L.; Pena, D. J.; Walton. 1. D.; Croner, R ;
Keating, C. D.; Natan, M J. "Subm cronmeter netallic
bar codes. " Science 2001, 294,137-141.; Walton, 1. D.:
Norton, S. M: Bal asingham A ; He, L.; Oviso, D. F.
J.; Qupta, D.; Raju, P, A; Natan, M J.; Freeman, R
G "Particles for multiplexed analysis in solution:
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pr od sedhted n@@B]clel s lbﬁrremecrrb@'%%ﬁfd “PS)A(@F\BC HBephiheiempise-
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interface between the netal (e.g., Au) and the
material to be released (e.g., Ag) in the preparation
of the particles. The lack of a snmooth interface nay
result frominterdiffusion of the two netals to form
WPI200697343nd subsequent deal | oyi ng duri ng thePGTAIS3ep5@813989
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background signal from SACNs, as well as inproved
SACNs exhi biting reduced background signals. In
Figure |I. for exanple, the background signal at 1600
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Because the Si Q2 precursor and the |abel will not have
to conpete for space on the Au particle. a higher
surface coverage of |abel should be achievable.
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di ni t r ophenyl am no) propyl tri et hoxysi | ane,
2-cyanoet hyl tri met hoxysi | ane, and p-

am nophenyl tri net hhxysi | ane,

n-(3-triethoxysilyl propyl)-4, 5-di hydroi m dazol e.
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node by using a reference el ectrode to control
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oxidant), followed by treatnment with a solution of
reporter in ethanol, so that adsorption of the
reporter may occur inmediately upon reduction. In
wolzess/oesodi nents, the ethanol is renoved BCT/US2005/013989
centrifugation, and the reporter added in a further
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background into the Raman spectrum of assays involving
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pyridine), and pyridine-'5N, 4-(nethylam no)pyridine,
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conv antrenid sshehmiyrebfionsrsB sised nukd MY BPBT brial allows continuous
deconygl.,ution software, that combines backgr ound
subtraction and peak detection, alaong with neth I
such (003 djlpeses: cfhpgsifec e fﬁﬁé“ﬁ%t‘““%q‘ﬂa“r yationap H‘é"dﬁé‘ a“o°f’“°’ ent
such appbima@kiafiad ksewsgyt e thivakadély avaifuble thrapginishitabatsebstitution. For
gﬁpore;dql;pleng’éu@ﬁfé{j 8PE qglﬂéfﬁ§1t4 @%m%dﬁp mdde&i@rhéa Ig@ﬁg{dgd%ﬁﬁylencs

tware allows Inp pure reporter
spectd ¥R P PIH RS déﬁlc‘ﬁﬁi‘ﬁwr“{"}%t“ dd’él%ﬂﬁ‘tel tates each

conpQoosdt i Spedaridepeadnce chrROBDYy dydeassesepoeg srertrabdstonfrdgion
Been §§l%! d?ecﬁ'xﬁgomgulggbagﬂﬂgﬂx% subtALBR §Hdtpé/ak chtectulfheal%% m&ﬁ(ﬂs such

normal | zed, thus resulting in Fq{{ ¢
si gna drepsiassiil ket Sagresp Ahg s plauch q"I‘W’i‘i“? a Oé"éﬁ’ﬁm" 2
whi ¢ haidglata @porposddchibegainst ihenshdidiel reportdry. FathoghrareaBows input of

ensu rtﬁsbu&: %oﬁﬁ%&bw Mdg%&lesmn %utptg %Q@;Mn@ta&@éﬂgmecoiﬁlﬂﬁler@ n mixtures.
gi ven neasurenent. In one

nor maP¥at | Yiie prReEsE hd"é’&“t‘?ﬁ?“fC%éhe e a] {eg‘b‘é of the FACHfg can be
fir stnonstaé;;agi ttub@sulting Br$RCNy witleegitab Sgrelf par ventied® pariidiey.i Thip

featyg [ﬁblCRlSw hich BRI L& with B0 B BS HloBhords RnduR€ S ﬁg@ﬂﬂn possible
step nprising a decreased quan

r epor“?’é‘fn'c ryE8s foh‘b&jvebi}wa(sﬁ&mclnh 'é?“§ émlngi e?l J\? rﬁ)%édnédu?n >})rocesq
r at i eohiséshnat stepf. 1t hefiveakestingneportiver the geeifyipprfegpeg fed .

with rgplaﬁersec?r(&ﬁé%ul‘cgnln%e stchBs séﬁ@NCQQ%ﬁ)h@degc& R4 LIRSS
intensity signal. Thi

s o BET e il BN C S PBURERN P H RS el BT €
r out iprepiryd, witsierexegtionfobihc SAGNNRerisoR the dppost ineansg!ty fighas d"hg ee

Ex anpllleﬁxoﬁgssun‘nleplm@n Q&sgﬁﬁon %ﬁ'&@ Fj:b(mé%ncerﬂgﬁ(m@-l“‘h%@k |r(anleobserved
reporter adsor tion ma Creasli Igg

C
anmour?r 2618 (O ELRrE “”Cpé‘i%i aﬂ‘i é')ﬁ'She'%?‘iﬁ"ée" ANOPEF T 8 cI e
sur f aeperte arsorpripn BAON sshyavtdtasicgasitgierapyt of Sl @qewgsor( (kilane) on
repof ﬁe%ﬁnoﬂg&%rsm&p&rm& SRES B RSy r%(ﬁtSMJJ fhe fepor@r : adsorpuon

D et S A RO 8L 0 B
substugadthéraih liysomeeratiodimefie subst4ntally equk! réfers @meak firteasitias atare

are Whhhbp of]cg%’ogxtar @r?&}h:r Qltb'a@\rnentsl QoLhhe ecﬁlmbgfgrk Bak ﬁuensmes
substantial |y al refer nt en

Sl Ao ke b ut b P B Ry bR
enbogkariidnsiies Sulrst vemini 18 df yuclegurml refers to  peak
i nt el’f(;‘dsg]l eSl"ht B‘@stent@nr\ Gm\S‘A Jol%bﬂeJ S%P@CNS @@ﬁ)hsn@rtm@!cuve E;QQ;%]thc
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group. In sonme enbodi ments the reactive group is
associated with the encapsulent. The 20 WO

2006/ 073439 PCT/ US2005/ 013989 present invention

provi des net hods for preparing bioconjugated SACNs,
wacboadiagp preparati on SACNs conpri sing a r £giiSees/013989
group. such as thiol-active SACNs for bioconjugation.
I n enbodi nents where SACNS are encapsul ated with Si Q2.
the surface silanol groups can be derivatized. The
silica shell of the SACNs can be functionalized to
bear free sul fhydryl groups ei ther during the course
of making the Si2 shell ("direct nodification"), or
af t er rcuﬂpxa\%Pt?olnlgroQ@é nQ;ﬁg& i 9@&1'1‘1@51 &JCXHJJL%EJ%NS nlllcludmg

reactions for
rmdl Plepstion RAGYS cappriginds fegf'mp -Ar ak‘ﬁ'awﬁ“‘tﬂéAFHbfgf
ski | Ib@cbnjugatioh €ln afifodimEas whe&)Samfpls &¢ ericdpeul BidGRAh Sigk. flwcefagcan
be nQﬁiJnr)l gﬁprs ch tBrdgrﬁfFr‘tQEd @}ﬂé e %helﬁ Qf%herﬁéglt L1 Be NM\J. ghdhzed to

am nopropyl  trinethoxysi|ane (APTI\/SL) or et hoxi des
(3-9 |b§’"’¢ rrﬁf)ff"@y??ﬁ‘rg&)ﬁ%e“’fcf fysiag ‘H?ﬁ&)@? AR “g(‘@gr%j“j” (“direct
Reagemntisicaibep oeikrsite sbeti hnerbeemrcprwlml)efomh f ‘hgsdmgdlfsanon ). Many
carb Qéyllon?tﬂrqhe%&ﬁi%angp&gﬂtnbl Q g%laIchﬁox\an(g thosg Qﬂle&‘ gl‘fillte aQ NFor

Preparation o ol -active IS descri bed :
ExamsFETis, T BOETYTHT B T e SACRER ST EE i fgjopropy
t he pirstakatdnom POMSSACNSxido (§-gigaly lexyptopy-trimedmobibigIGEEMS)).
for ﬁ%@@m B0 eﬂsm Acqr%&me anmw DSrooReh ghdramel p%qm@gésd&

For e attachnent I\/? %f/} be used
to olseuHeHioany rfﬂémb‘i‘%?ﬂ‘ﬁ%’l aC&WCFAghlb%gﬁﬁfg’ﬁ‘[ PESBEi i mi de
chem{@®B8Tly tThiohictiachACARntrt veidi ferghe pAdptration af SAGREs yonjuGREANG
may kB%mUl%(%Q:S thg e 91@ Lf) d&ld@nprﬁé J&O%h QLQlelCSKHHSf &6:8he dﬁ’acmnpch

am nes on the anti bodi es w | |rectl¥ react . gnd dh
enbodi“k‘?ﬁ‘i‘ﬁec‘sAPTMSI ‘%i’ﬁ@"s“‘e‘{‘%f"?ﬁ‘%‘é‘i‘t‘ "R A R‘i?l‘eﬂ%ﬂ“ grgocdimde
hal oaeetsyt 10 aasbl atieniy | Agtnkidely JFRIYSsnaprbgustreo pradice dngthoxide

r eactﬁﬁrg& IMVB 91 anﬁr}é§&ﬁhe"]ﬁmﬂ§1&l-mﬁ d&e@L Ea@tt (H dﬁ%r emb()dxmentﬁ silanes
Pre aration o ocon

S
Examsqrrénged in #ﬂ&ameé‘ﬁ]ﬁf%%ﬁleg‘g ‘i)ea]ﬁ)dhuh egéOéxﬁsdléay ¢ usfr‘db A rea&;]on with
gl assysgine bage inpayeihalrepagnion aif bin@nicgted FAEN & dssrdeedis Exangfe 5.
deri \fﬁéél%@tnks@ lé‘nd Lquéz%} 10!1“)11%@@ s@rmgiyrﬂ?\@tﬁmﬂltek@ W}J&
as directly é)uce be used as descri bed herein.
I—Iovve\?%‘ie””‘i“ff“ﬁt her errbodl ments, better results may be ,
obt ail0988] aflt @me thiediBic@R the AT dircdy prahed mexht ugsd as described

nodi fi86, HdwRed: YebRbe R AME A PR M shIR nﬁ? bd®eakd Jﬂéﬁﬁ%i()w surface

[ 0089] For each netho evel o derivati zi ng
agent's clgagedy or '§‘W’5?‘1§§5“9'5ﬂ’8“°5?“6ﬁﬁ? ‘é@b?'z’m?‘my be titrated

i n onuWed] t Foceritimetbd deeaiaped tho flergiaizing adeity @tzi sgnes) and biomolecule

Fl UO%%?&QRA&N inbAREl &)gtr(ﬁ’-lat'e'hb)@gdnezﬁmauoﬁ mﬁ]ol%ddcrﬂg It ﬁ)@l&ﬁﬁubodles
many  avai | abl e commer ci al to qLéant ita

e ARBHM Tt MHETURIP B g SRS P rE T Eep L
nmay et pedeaoe the asfaealhiaidyeds mariwred ptvimbleewk opfipized. To

det el AR irfne bldfobuR Maﬁlgwlcﬂver ﬁlﬂ?ﬁ'ﬁd@ﬁt dpeela&teh Mﬁ‘dmg, partners (0 the
fluorescent dye-I| abel ed binding

bi OITBP'@&]EHUE “Fﬁé?F 'B‘éedﬁﬁ’tﬁéﬂ““vﬁ‘ angpL‘xix éPAétécTcés ﬁss'xlc?]nérol For example,
uncoatep@vigiardaied BACNsasn & ncmm«vnbﬂuoreﬁ@m deedahaiod-Biotin. The resulting
str eBEr@cYés %FB&%E d %%an@@ﬂlo&}@ 2 XEBLoMAERe of the particles
fluor escent dye | abel ed-biotin. The resulting

par t PEPEEY nay be centrlfuged super nat ant renoved, and
the fluorescence of the particles
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measured. 21 WD 2006/ 073439 PCT/ US2005/ 013989 [0090)
In some enbodi nents, bionolecules are attached to
thiol-activated reporters using the

het er obi functi onal cross-1inker sulfosuccinim dyl
wWoi20060ed439 m donet hyl | cycl ohexane-| - car boxyHCATE2005/013989
(sul fo-SMCC). This nol ecul e contains both a mal ei m de
group that is reactive toward sulfhydryls and a

sul fo-NHS ester that preferentially reacts with
primary amnes. In this case, a sinple one-pot
reaction can be used to attach streptavidin, and is
readily adaptable to attachment of nost proteins,

am nffmbﬂr M e dnBalnBAn wnsle&llegi ﬁ&mdagd @th%ﬁeammaéd%meessw

that = hear grl mary am nes. ﬁi m ne .
f unctiQREPTEgEiBH g e ize RN TPy o Shene-

succCicab@ylaahyEsNMC®. Thifimddule eacins b 4 fuiqnidngeup et negve
to | &R Qgiﬂiyﬁ ?l@dn%@r QQW—ISQHQ thaA)rngfErmgql rédm Qﬁh prmw alfes. In

used to Iink to anm nes  on bi onpl ecul és, suc v adapiabl
st r et P AR IE4t €8 part'? éi*&*tfepﬁwma\“%a gy eaprave
| i nk edaihadman pf mespradinst dngnehiroimotdedipineclaggden gr @her molecules that

honoly,igjrw}, Jahal. linker such as gl utaral dehyde. An
al terna tion is to first convyert orti

e BBl roACNA M G oI S ffed vih hcSiic
2- | mantgtirkie othich eadisTwiduptimgy urgaeg@,(ﬂta)/e alfind cgu PR errtogiimide

li nk n‘a? bd Lh&j tpﬁrrktté &rl e on 51’0%{0@91]6% U;chhQ\s é%ﬂndu{_ Q@R ke vated particles
Bi oconj ugalLed

pur pé’?éé}‘o&F “Pkégli?é PRE "ﬁgﬁ b“’%’g&@lef’?“&g ‘B’i‘”ﬁgh [ﬁ@m’"ﬁ{{mh’i guch as
case gofaragihyantAnbodyiconjiadgat e SASN: pdtoe el tawtr Pty elymines to
Wil GRURAL Qins WidiRoutifSe SAGNSref0) ANLbIGRS Y 1HEQUE iphHEk]
sensft [ g&l?iﬁ(%/ an“oné en‘godl rrerﬁtg%SACI{ls gjrge yplurl fi gd eBy
cent MY ?Wﬁ i ncl udi ng nore than one

cent MOPZJgatHu@nnJu Rt $AGN aky Erpueefljicperiopuness obeducing non-

SpectfOaCAR; &ah l th cgs%'b@n Qi BES- CQMU"QtQ(p$At§N |fr51=: anubody will compete
fluorescent| roteins., Becaus

t han \\111'1 HI]E) Fé(é%@etﬂr am&ﬁxés requaing ﬁelmuépya P owelplhodld]exét ?Q‘AC‘\E are punﬁed
sur f ag esyifugitiomainelubies nechgsas sentritpggion fRurifnationgigictcy may teh

I‘ ad' Q@Q{Fo‘s%ﬁtﬂly h@é?lﬁin&%y ng(moed f'ﬂx%re%@mlgl %B(g@q:'t'dt@{s BdcQME it is
[tration 8EVI

SI i (l:;%lowe 6}59 ﬁ)reﬁgpttdpeéf‘élénteg%ct \Xg] qlass qgrfici;f it Eﬁrblef‘fcgsé‘tq [8 ﬁon%fm

conj ugdt edh SAGNSvely 1{bgeRBdeilst Aimgaas flovablrgiot devisk ingh b atee

or r %%9urﬁ@:ﬂxo§@ﬁ@nki doﬁetﬁ)&ﬂaksﬂg wélNrSEﬁ): p@fﬂc‘ emu-[l&&l SACNSs.

ass sl

and IR0 dr 1eSghf BBt FhE-S abersys Mrihr B Ly SAERF e

t he GhE€Reneomht tegaijnylatidon mpraebpatssand fydiced gyrfages.eThe level to

fgv € R@gﬁm@& ?h% @iffexmﬁ)nﬁ'@%opﬁ‘mméo@eﬂﬁ bdrh®ovela @, affé&mhﬁy be
e e or s

buf f éq‘“%l |e(i lj-8hexg'%p e, $ ﬁt(objtan gﬁﬂlﬁoc@ig%‘@ﬁs anfi “as\ggdﬂ 538 such

di f f &wen®, qodt-aaaird inkaddifom kogliffreept dhleandl itffens manfedieterped n‘e one

e"b?@;hf(ﬁﬂkm Maﬁ:we(ﬂ%d Bﬁﬂé&@ﬁgihpf{drtmeg’ﬁkﬂ docki h@agent including
articl e ocKl n

descr’TeB‘éa“Wg?‘QFﬁ‘" R RGeS E%ék gt

agentxs inpleBSAltergg vethS$ Bray belreduged oK gmipl;cé bgpolymer- bdsed

AI t euaRkdMeh ¥ tmzw & @M@chﬁ!mn@el polleAALRYIyEY and

based h
Re, VPHDaT G PR L RO AL Fe a5 AR dhaa b

commercially available microarray glass coating reagents may also be used.
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dextrans, polyethylenimne and dendriners, all known
to have low NSB. In addition, comercially avail able
m croarray glass coating reagents may al so be used. WO
2006/ 073439 PCT/ US2005/ 013989 [0094] In one
wobediorsasst , a conj ugated SACN conprises a sF&ddrs2005/013989
nol ecul e between the SACN and the conjugated

bi onol ecul e. Wthout being bound by theory. it is
believed that certain spacer nol ecul es, such as

pol yet hyl ene gl ycol ordextran, will mnimze NSB
Spacer nol ecules may be introduced into the

hi oconj ugat ed SACN by net hods descri bed herein, and

ot her[(logﬁt th?'&e‘éHS’o‘M?nehzn Joh]@ﬁa@ﬁ gAC"FQﬁnpﬁ%@mLc@r molecule between the
commer ci al e cross-hlln er5¢, | |ncogBVC§dt
a di SéFEey® g”E@‘-”%ﬂiﬁﬁ?fP‘f“’"’rCH‘f -0V ighout prifg) °§R9[§€i‘ Ry "YU E

A bi caalnepidr@okByes.Beh agdotyatiad eyl ¢riéxgaPEG-peisecNSB. Spacer

i nk%{oiea@s de' B J\t%ductd'mtmhle QiGé%lnjuP E@Sﬂ@h GycrHélﬁ)%s &:@cﬂbéaeterem and
CcoO- conj ugat ed SACNs along With t eantlbosm}/%kérsth"lt

this "F’é’g‘&fhad* ktlfn@ i, Fprexumplecommarcialty g lapis §p:
exposiesrporaé a difetelPAG gubshil ing as oS MAC @nat be uiriida Siomeetule may be

S pec 'd@\%heh 1 thi b@&@&%éaymkeﬁl 5‘51@[&”?%11&@%5{ PEG Fno]%c%le: 9&9§§éom>r§unated
o first conjugate bifunctional PEG nol ecules to the

SACNé0 SAFRE A'gRear 1hélli|“%“b°°fyu dtis Getl g s teat * PrrE ‘&E@“Wﬁ’y

t hen chyesué die buang silfcusutthre ro wodpsiyed g&tiesomthe @saanAlentiivsydyis or
ot her, owplE Qﬂ% Sﬁj&hﬁe bnleQ:Q&él] PEbnnO@cc@&% G MBRtvaii RS AY S
and Kit provi ded presen invention for the
ot et ER é‘f’”Paf’ffhéPB%f““y H%‘Elbﬁz‘f“é °rAHr”5h‘%SP’§}%“8°“ 1! PRy Other
specifinglewiebst ance or conponent that one is desirous

of dejoefit | ng. &P g‘l&)ﬁmﬁﬁ@ﬁd{s aftBkits D B{)M&e@ﬁ] tﬁéfprdscn\t RURSdn for the
i nclude. for exa gens

S pocHT LB BEE B S KPP B PR 5205 b GaRT Syt o
ant i ipaieiresof derecting eidfpgmetshiog eArialydud éterdsninglgs o seple ginaans
i nf e‘%&l&ho‘l@ann@nl; %EcgiicQO lga@t@&xi 'vngnor p%ozyﬁgﬁhﬂ%}s) RR6ARE &R uding
proteins and other ph f(s' ol olg i cal [subst ance glm roteins
exanpI’¥, " HTHEHEHE P BHIE G SRS HEI ) Vet BEaHE, o

pr ogesitahasphydobgica sthep@ed®r exgopit. hwstcl@r!mlqi-smadhmrﬁsﬂmem

gr OW‘bh &asiQloSter oxhe @&QJOQQ&&; htﬁﬂpdgrg\nﬁ’ k&isis &&%,bm%@ | ei C
acids; a variety enz

| ] g1r a eUtcl & oo c[rg dxlhutdruns
i1l E?“ﬂe*‘HP&d%‘* cic ‘Sht‘éﬁe éymﬁh TR T O RNt At
pol | wéngnirgnts ad cr&ngnnmmﬂmelhndmf« onyay oyrebler of patigyl at shethqtie substances.

subs FROY €S In onk ggt%@}nall rlhc‘qm@mfénprgaéle@ &Bdw@hhn%mhd’&(@@ﬂ)h@é’l

rovides a sandwi ch i nmu an
ge u§éi:iN“t‘5m Fa8 B WeE© SRR} %ﬁ?‘y’%&‘“&gsgﬁ? an: Clé\“lﬁé“hﬁlqyﬁ cal
t ec hmizguelingéd imepydyerbini sy (EL Sivremioddsiorchyaques agsnpg yhe most

( ELI 381y @%kn Hrﬁk@gﬁgyst QQM‘&'OQ%E§L0W¢@!O&QMI‘S]&%ro@&’lﬁ& generally
wi del y. kna noassa The s

cony BNEH-GHAY EETER ToaRb e Gunbparryron fe rggpeion wina
i ni t apleyan adibodyBirgryprarcic aptpier & famtd. Bochnandyich inoinpadsay

S uprJ, iex Hﬂ@znl) hRGaR At lh@alov\éntz)hneahﬂt &aﬂp |0§l¢dl%dsurements of the
antib %Ct ar protein co

R B R e e A e
i ndi emibdiruoemmzyrre: IACN is et ptrwit opitdl éa{icuweésbw erhetitentglfe

the bx%tu'ugﬁﬁ Sﬁm&@gb%ﬁsddgm“ it FecBel$ %d%&tbnﬁaﬁ@ﬁy)f specific
i mmunoas Sﬂ}/ usi n

| i BRI BOSART S ey B L R ine sy
detection. In this enbodi nent, the b| oconj ugat ed

SACNs may be prepared with pr%msely known
concentrations of specific



active anti body species attached to their surfaces,

and can he quantified using a binding assay 23 WO

2006/ 073439 PCT/ US2005/ 013989 wth a protein
quantification assay, such as the BCA assay. Such an
wo006/0¢H60 be nmnultipl exed, as described i n BEH§H2@05/013989
I. [0097] The nmethods according to the present

i nvention are useful for detection of analyzes in
sanpl es of biological origins. Such sanpl es include,

but are not Iimted to blood or serum saliva.

sputum tears, sweat, or other secreted fluids; urine

or fecal matter; as well as biologically derived
flui Clxshhsctlﬂﬁ)F:ln‘%ﬁanﬁﬁc&@&xragapkuwﬁ ll‘felB@IlAq'M)’ @L&)rﬁngsjy'c@l be
fluid, ular extract's an the like. bl ood is

a suiTupleacdmsdestitbed '8 F*8RRS neasur ement s f r om SACNs.
See [BU9GUr ETHE Greth§dd @ABiingto rHie piesva invedibuiareuselfil feralappdtion ¢fs
used athﬁ) testuhsq ag‘@b@yxolo{crlp nld@lk 'Nchsxggﬂ?és%cf‘ﬁ@é Hﬁﬁ%n& Ratted to blood

range from ab t o about

embod HFEHt &live fpé‘l”h“a{b’{m*c‘”e‘l“ %P Lth%ra“ﬁ%ﬁ‘tldsmme ordeal UG &
enbodk bielingisily deriganiiabouth a5cepbrospinabthgluntesQiapiluid, rellgtrieatracts
enbod Wyﬁk% Wﬁmgblo&%a\"\s@ﬁ[}le ARA foxlﬁlelmeﬁUQm@rQQth SAGNRLsee
in sti ot her enbodi ments. Larger sanple volumes nay
be udédi®- the situation warrants it, such as in the
case [0f8lbul Ambingdhlure i fuople 8 gsed for he sttb,dnrdxdbawklple\m'enee that

S anpl rhngd RLVIBS 1 rﬂfﬁYo apc%t % pL tholQJ Q%Bdu@éntsn}(lnl z{blnlltl @I &-about 100
Smal | er vol unmes tion

a
war 1 e SRR S5 sehi s o o § “of"a
cel | ,betwhe abopolOyirendobour BleuLoedtll ofieryemh@limese: dLargenSdeev@La@e

tOf Al ?%g‘@yd if lh@iltll'ttl@r( Gftass x‘ft’”s]uch Bdik Acekd i bak blocﬁm%ﬂ%ntl a
he vo

ume of the intracellular c
| suPAe ek ST YOHatin R 1o i gﬁgav‘ﬁ”“ef*"gyv‘g g ey
may o besus¢dofvhaguationplarraftQ @OOkmh én thersmpSunfsay faen cell, the
pr esediimt SHRRL r% belLd. h@&@@%cmmesagi{hmgar%&s,amsmsmh as,

but not limted [ assa
par t fEFROh {6 uef ‘ifﬁcéi‘ﬂﬁﬁlpg‘fh"dlpgnjmé g qedr nc‘l”%cf%””l"f)m
ar e natcellulandstagdtht eluntehray beols loowk hgl-- bi nd| ng pairs:

ant i *{&ﬁé‘] ang. @@Jyl gk pQ:Eenthﬁ’\Q;lfénare b@é‘dmﬂgﬁdlwsawr@&@pbﬂhot
bi otin_ and avi di [

ec
and. PBEBH PTG BEL | BT R LA "GO S BE &0 nede, bu
substareabdisitedyp, theribiiolying binding paipt arends anandl gerhe h#ptetlaplg@t@ﬂd

and r&@pﬁm] R Al Yin! Q%J)h‘?@tltb da l&@ﬂ“ﬁﬂ@r&ﬁd lcc‘fept-ghh@ecult:sh S
descri pti ons nd ex elow are g

denoif&¥ i"%(‘t“f“b p‘&@@e" ah &'L Ef?&hfp&mﬁ%f“dtﬁtg“ S Ger ed
l'i m tebmgentegtary h@lepmetqqequtfarThuapp Hisgimtigno argl e&?dmh@sé'eldd below
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in imging a patient generally, and/or in specifically
di agnosi ng the presence of diseased tissue in a
patient. By choice of conposition, the excitation and
em ssion of SACNs can be tuned to occur between 633
WOzvEnTB43000 um in the mninmumregion for HETOSROFGIIINI
and scattering by tissues. The imaging process may be
carried out by adm nistering an i magi ng 26 WO

2006/ 073439 PCT/ US2005/ 013989 agent of the invention
to it patient. and then scanning the patient using any
systemthat can perform spectral inmaging, such as

spot scanni ng conf ocal mi croscopes, |ine scanning
syst ene h&NRACEnd QTR QH*&LE Y ShEH
SACNS entfof?\ﬁmve on lg l]fmccngvrgiﬁﬁ:ﬁocgm Cngn % t ge %’ért;tn . }l/t can

any iPHERgP FRECUE @@@m Lpert *Pﬁb‘fdé&'ﬁgsCOHH?dy'“*ﬁvﬁPpeé liag srgpiee
wayv elspir@t. metlﬂﬂdd céhb@nck tosibgraphio epsema SADRE bf t&S)reaa'nyi.nvention can
F UOI‘ Gc’ l%espc% %‘y angﬁ'gagpg )§t¥|§ th@t@et@:ﬁ%‘ﬁlyn@c‘?‘ éhﬂ 1ee»2<49é15 h'b‘Qlﬂ the list

[ ght source’ a tered 1 mage ' d fectdon.
sui t absivessiveth i aAyTPES e FrEn giner Y HE 1 leé“ am A1 s et ST 2
HANDB(X¥ iflpe QRELGADHAND Bl Gk GAEmDhANGIOBTdrCSscrivdlirer y

TUCh'H',lM?B%%QJdpp .ZQLO”% Blo\ﬁ% Ai%%mﬁ&O«aier}%&m@eqlmz@oi)I e

ynam c Scatterin
specSPiseEoplo aleed awmdaﬁﬁy me‘f“?dhé”‘gf“ PPaTHEns: “Fﬁﬁ%l“h g,
quasispettoadpy dad loimgdriphs aat-biefTighngnagis eeibirelsic tghy scattering

PhOt g{&ft OQJO hr%toh Q&reﬁﬁﬁ%&p %&gpbnpp@ g,@én%&oa P&E w‘fmmmye

0SCO hese t eg ,{;' Qt es
aI | O\N’CEH"FGF’%W é’ﬁ‘t“i‘ea‘t‘FCBﬁq‘B‘e“F'%é‘ﬁerﬁ}ﬁ‘dtt"aH§We£ﬁ8‘°\ﬁﬂ‘e‘\“ ViHe FF
hav e nbeesrn bagied (e tibhgdniurtd. SieceSAGNavill hes diffSen cae SAGNSs
il | mﬁﬁ%{&m@éeﬁt ek &A@L &A MRy S SORLH R BSed km@ntlstdeyga s&&qearaas

subst ances, can be discrim natg agai %‘?

ti sslh”éé‘h%‘ﬁd‘efb?%eV‘ef“h‘t}‘éT’@C“‘ W“f‘ﬁ‘e?ﬁ'ééé“"ili’ﬁ‘feﬂ B4 SOUTRHY {jjre

| NSt kdAFBRdepal AVTBLuRI® carte pasetodunatesd | i ght source and
ti M (0186} nsi t'ih)!?caxﬁ.ﬁt ?EQ\IIIQ for qpéyp.’p(“Iu@ltvésgp(inqwnab@u&{%t%g‘glerﬂr

contlnuous scanning res In.s hg

i mage¥/e e 2an l‘ieﬁ%ﬁ"ﬁﬁw‘ ‘F%ﬁ%‘&fh Byfesiop "‘;L;“é’c‘ﬁ‘eéht‘ S MEHY GO
any @iseas e purdculBsiue ot portbinatithepago fihe iByping@gpnomay bf crgployed to
pat I %n%tnfie |ln§1geL S tm@@&latﬁrp (ﬁbamgtrednd p{@tteﬁ Gffin mﬁrm(alhc gastrointestinal

particular area or portion of atien

agenteeipag Her MY P t“d?‘he’rﬂ"éiﬁ“ &él b\pffﬁﬂg§pp6‘i£"‘ “h‘gmmgfeg’%
VasC tHeait, Wiice a5 ik e@tietchardcieniarign, Eovd peplreeing, eland i n i magi ng
the %&;}r Oi NERSHERBL also pﬁ)gllggQITQ{hO(pJf h@rnomqynoﬁﬁx‘{b‘ﬁﬂo%% in

or in other ways as w || ppa 0se

ski | |"’éﬁcof“ﬁm”tgﬁétrog\mf“f= ag]uxbxhty atSSAﬁl}Is {drggtgiﬁ a molecu e mvolved mnt

char agb@mai mablogngto Dbty upicoktaciineelay ahgprmad pagholop) ¥0Fdin B s

I nve@ktﬁﬂ)e@J rﬁ%%&m@c\‘ﬂ(ﬁﬁﬁ)le@u]yﬁtmgmqre agloﬁxg\nﬂiﬁw'oﬂ% and imaging
0

abnor ma Vi VO con;grls ng l|ntro gﬂgtﬁb
pl ur ﬁ]"l“‘t*?“&i’f‘séﬁm vivay THEPERpd fSengrapn PR A IE i‘"l"’(\?(ﬁ"?/%c THe Y
t he tabnbarmropadstial gyhehm tuog. divdp oahit, yredst, eff.din cortembddinregts.
the %‘Q@Q&man pe‘r’”itn)gucg(g\){a an‘é’n‘%%!c@ﬁe as';lhﬁc ca@%%lop&&@%ra needle,
assocl ated to a ecul e invalved jn &%@ crroduced
pat hél %W"héﬁtﬁpoﬁ%g‘Pﬁ’ ‘ee‘Fhlémé{‘é"sﬁa‘E?détP“éﬁ t@ f“ﬁy i
The pptikay by tie gepivg Erbile jisep Périccaiplegndivdualvyticalrigern or bundles of

acc e%gf!c lflﬁersbyﬂn b& H{%‘on&:Q nﬁﬁwe &aﬁkl[hgfo} lﬁltl&&’t dnB&s bbeh @Gonstrated
heart, I ver cervix,

ermbod EHORST i RO i B PriEP BB A egpriuson
endoseaped opiscal fivers lre vegyagadl kafwnan boleonosaapy: , SAGINs gan be non-
needl e. 27



or used with a disposable tip or sleeve. In other
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fromthe group consisting of pulse plating, pulse
cur r &t stprebeeAigNaOty ever se pul se current plating, and
doubli@2qul se 1pl at'lrhblglclhc[d@l(ﬂﬁl]sc 11 8herelthreid piedutadeglospion & keegse
I, f 13 AM | Bl €
. ﬁm@ rofif f‘ gcla?g R a\m&rguﬂgc@rerﬁpm@ SO pivRl

he nmethod of clause 1,
V\her@ai‘f‘cs%%"“ ’éP‘é‘ﬁﬂ“h’@ conprises using a solution
provi@eang a SERS-Taehetv@ ondiueciufugher fdbRsik pididinda rhett Bald;

conprdogéweqmm[éQgegg] a) cau5| ng deggzl t:jlogrrgI e? gft\z;\lllhl o

enpl a
| s I é@% ]t han l%OO Tr’i‘ﬁme‘[‘_)‘)d "6‘3‘%5‘%“1 nﬁpeEé’b*ﬁ‘g DR CB?’prﬁeSé'ﬁ’&gd‘nd
mat ekdhadon pixtidngscHEE Spoivematcusai d tenpl ate, wherein the

depogjib4jon ofjsaf LeastonPh&,of said f| rst material and
sai d second material involves fara

el ectP@heni cal P oceseEls d‘t"&“‘ﬁféﬂréir"é‘d“é‘“ﬁ 2 P AghTwle: the pore
por e-dhaasd’ wadopess thac}o@pme) repeating step a); and

[0129] d r elb?aslc%nng‘@ép@;t%ﬁgﬁﬂgoﬁm{d%lblalto @fdgon@@t‘sgd tem ldte
enpl ate fromsaid Segnented, pore-boun

o)

VVI th wg%? ldlhf ?C@%ﬁtllﬁ%ﬁftdt lf:aBt ogg?fé?ué{]rét ng{en:r] élgi S f%ﬂ 1ptre|b‘xug1\ olves
f r ee faradmt aéctw\:ampxaprbqesésesgenc{rﬂdﬁ(agmem@d poie- h@tlh@dt)pdmclb
conpri si ng: [¢9133fé|pezﬁ|)w AU ,Qig deposi tion of a first
nmetal into a pore of a te | r.ﬁ di]{;\t Egglidof
whi cH1?4 | ess t hdh 30848 a[“ﬁT%‘?i]maEF“‘ GRS frgprate from sa
deposdgintrod, Ofe-baurd @aopakiciretit heid reniges & gdneproraglesf twg pgreks free

metal nanoparticles.

[0130] 16. A method, comprising:

[0131] a) causing deposition of a first metal into a pore of a remplate, the

pore diameter of which is less than 300 nm;

[0132] b) causing deposition of a second metal into said pore of said

template;

c) causing deposition of a third material into said pore of said template,
wherein the deposition of at least one of said first material and said second material involves

faradaic electrochemical processes to generate a segmented, pore-bound nanoparticle;

d) repeating steps a) and b); and



tenpl ate; c) causing deposition of a third materia
into said pore of said tenplate, wherein the
deposition of at |east one of said first material and
said second material involves faradaic
woheaksnwmasem cal processes to generate a segriR§HTEd005/013989
por e- bound nanoparticle; d) repeating steps a) and b);
and 29 WD 2006/ 073439 PCT/ US2005/013989 [01331 e)
releasing said third material and said tenplate from
said segnented, pore-bound nanoparticle to generate a
at least two free netal nanoparticles, each

conprising said first nmetal and said second netal.

[0133‘}:} %f? Cl-rgﬁsgeigoq\%%rsm aﬁiqﬁ’rﬁln:éﬂ l‘ldi[n%%@ em 1§(e fra-rhedrd

nmet h |n sal d second i S
nmagnétgnented. partgd nappariclep ggagge 2 %ﬁ%iﬁfvrf’éreﬁ‘gem' ﬁ?“élifar‘leh g
an ORbhkiaedidBAON:wlwhakiedoaied!. opt i m zed SACN i s

prep 61‘349 by a]7 ggtngggd&gmgll§r ng renovi ng materi al

|rre nd to the particle surface durlngthe
cour $&3Yf pr éﬁa?'?eﬁ‘&‘ht’ﬁ%f ‘SS&E:I\P WIIET @idecRRs R o TiRgT el
si gnad13@f said. apreebd, tumphigng educed - conpared to a

spectrum gener a'ﬂggi% n@zg?@(dﬁ?%peqpﬁjsaﬁgptwsw Rlﬂre aped by a

not optim Zeprepa | ause %
wher aiepgodsepmgrising ReRPXne reﬁﬁﬁlrrr%@%rbty %ungfoélﬁémrarfle surf %S: uring the
OXi daturf @éperirg thersadNOtlien.badk@dB8 figilof salhpecat hoduod

cl aus w%u xo"Y'lst Lﬂnngemr& b%r(#mpmrh&@@ep "whl%r?rs e a,lstaﬁrea ng

t he é rat ed ozone/ oxygen radic
[ 01399132, Th@ H@tﬂﬁ&*ﬁd %fﬁ’%*r’é%é”&e’?‘o*a‘d\wr”éf?ﬁ“f’géﬁ fhe steps of:

reducti on conpri saslawenidacti ng the SACN with et hanol .
[0140] 23. The nmetha g of clause 22, wherein said

sol uti on of reporter I n et hang so that adsor

of t H¥3%lepor t%r rﬁa‘ﬁ“‘ﬁ‘éw"r‘hﬁ%)dW'&fE& sgid ﬂﬁ%ﬂ(’“rcrg'aﬂgf ?Oﬁtﬁcmg
I n otukenCNenh odigrnles pzohdiexyghieindl s renoved by

cent rip %gat' A, arrgmhn& Jf BRRE 3 neANAGE rekifdih DprlsB@bntacting
step 141] 24 met hod, conprising reducing the

backglreérﬁ‘ﬁﬁf “é‘i‘@%ﬁ‘f" in an assay utilizing a SACN
partijghke, whesei rrhe sahell of dauciZngheconpid kaeisn of eqporier mgthanol,

| mpu rs!) {h!}l%&o{g{j&r%@e ES’JI‘EQHQS %Eculgrﬁrlrn@&&lgﬁupt’uﬁ @mk&dﬂe IndkHU P

consi s e_ana ‘ﬁé‘?\l .
part |c&1P‘é“mca‘ﬁdheteH‘é“°h‘é 5‘35'39“\9 Q’é?é‘lnf“"‘[“ﬁ'i 4’?111&2?0”‘3&“ A fyrther
conprsiesi ng @) preparing a plurality of SACN particles.

each [&Qﬁpr i Siﬁg an qbtfr(fd,egoﬁrgrtising

reducing the background signal in an assay utilizing a SACN particle, wherein

said reducing comprises removing impurities from a component selected from the group
" consisting of the sample to be analyzed. the SACN particle, and the assay vessel.

[0142] 25. A method, comprising

a) preparing a plurality of SACN particles, each comprising a different
Raman reporter; -

b) measuring the intensity ratio of the Raman reporters; and

c) preparing a second plurality of SACN particles having the intensities
of the reporters normalized to that of the reporter that has the weakest intensity,

whereby a plurality of SACNs having substantially equal peak intensities in a
Raman spectrum are prepared.
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Raman reporter; h) measuring the intensity ratio of
the Raman reporters; and e) preparing it second
plurality of SACN particles having the intensities of
the reporters nornmalized to that of the reporter that
waodshes4geakest i ntensity, whereby a pl ural iRGI/ER005/013989
SACNs havi ng substantially equal peak intensities in a
Raman spectrum are prepared. 30 WO 2006/ 073439 "
PCT/ US2005/ 013989 [01431 26. The nmethod of cl ause 25.
wherein the intensities of the reporters are

normal i zed by preparing SACNs with a decreased
quantity of reporter, wherei n the decreased quantity

i's defined by the,inyers et NSk ¥esloPthd @poRbes ar
t hat F{‘r egort er’t oe?’ﬁ tht by ?C'ﬁ‘ e@tlﬁq&étﬁ%‘?t& 0144]

27. Teealed noerpeing é«\%@@thzswe\méw&wﬁy tfFREOTICR gy i gredsed
of t h]&mr © RQEf e 1§ 1R iversd\@ ﬁlﬁﬂhdnﬁ@(ﬂaubyf Rt epatei th GatSAGNSeakest
with an increased quantity of silane. wherein the

i ncr édsed quantity is defined by the inverse of the

i nt ed®lddly rato ofre mphed of e Peticters theriygnsiggs of fereporers are
we ak @shnali€pedp@ing SACIAGH a2 Bcrealed GAGNY otimprwheiiein ghe &ncreased
nanopar [ - ) " I
e B e AR AL VR LR erig PR PG e
f r om™PR¥"-gr oup consisting of an -SH group. a -NH2
groupei4sind a 28 CO0k SATN uupribifklAfjop@Ble cdrenER dmadjctive reporter

c On‘prn%o%:cul an S"f%” epxl[:rg}{xllaqg XhQ ?ea(!?@é’]@&? s&éc&h Pmm pl): group consisting of an

assocl tive repor mol ecul @ with said
nanopé'?‘t:“’!éﬂ é*N”zcgf"”%ﬁE‘h”p&fﬂoaﬁoﬁg t he nanoparticle wth
Si 2;01a61d d) 20mdi £ pémg, dobgrisBE 2 t 0 bear a reactive

group sel ect fr ;hg QhAHR,. consisting of an -SH
group, a - Hg]SJI Q(mm d ’%C&) grou 0147] vvherebl)é

an acti vated b$ACN‘1°§‘“B¥ @wrdéam{ rG‘i%‘%‘] ‘9’5‘6&]‘* ‘T‘H‘e‘“ﬁﬁct“ﬂpdﬁ’c
of clause 29.c) when@psniatdenemadpdyienvgihSE¥pmises

modi fying dygi nqnédhﬁ%g% capsybat ] ,@&u@tﬁdap se[e%éraln @leroup

The net hod of "cl ause wherei n the nodifying
conprrsisds Ao PN BAY: “d‘fl’{zévf"uf el aeﬁ@z?ps’ifﬂ"ét ing step.
[ 015[(dik7132. wikebymtahodedFACH iaptepere@9, wherein the

nodi f | g congri IOFMAUQEQZ \L]’Q plr}%%%ﬂ;fu 'Hn Res modifyi
[015?}(@3 T@ rreslﬁlgggpég cl aus?e 3r2e tWhere)|% ﬂ& e

nodi fayingdieFreapsd@iBHth shed by reaction wth
am no@agpy! t3ni methbexyslior dme VARENB)Ue nodifdigrorpride snodifying

(3- 94§ ¥l QRYRAORY. -
[0150] 32.  The method of clause 29, wherein the modifying comprises modifying
to present amines.
[0151] 33.  The method of clause 32, wherein the modifying is accomplished by
reaction with aminopropyl trimethoxysilane (APTMS)) or ethoxides (3-glycidyloxypropyl-
trimethoxysilane (GPTMS)).
[0152] 34. The method of clause 29, further comprising attaching a biomolecule
to said activated SACN, whereby a bioconjuated SACN is prepared.
f0153] 35. The method of clause 34, wherein the biomolecule is selected from the
group consisting of a protein and a nucleic acid.
[0154) 36. The method of clause 34, wherein said attaching comprises reacting

said activated SACN and said biomolecule through a compound selected from the group
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trimethoxysilane (GPTMS)). [0152] 34. The nethod of

cl ause 29, further conprising attaching a bionol ecul e
to said activated SACN, whereby a bi oconjuated SACN is
prepared. [0153] 35. The nethod of clause 34. wherein
wbeodsionaasd ecul e i s selected fromthe group ROASROSOIEYS
of a protein and a nucleic acid. [0154] 36. The net hod
of clause 34, wherein said attachi ng conprises
reacting said activated SACN and sai d bi onol ecul e

t hrough a conmpound selected fromthe group 31 WO
2006/ 073439 PCT/ US20051013989 consisting of a

het er obi functi onal cross-linker. sulfosuccinimdyl 4-1

N- ma‘coneﬁfstma oﬁ‘ﬁle{erog IfunJ:u%Xd?J:rst ﬁg\%n gﬂf{)w&:@rﬁxp Q%M | I@t €,

ﬁgﬁgtﬁ‘iafeunh‘éﬂ'ﬂe@ﬁlitfc'th’r’W@e‘rcafb@’f‘ teaiu%ﬂ“bfeﬂw@de a carbodiimide, a
2- i mMhaedbiTlRlicnainkea Qaaldegah-mabditmnanafandmpmbifiatibhe any of the
foregoing, [0155] 37. The method of clause 34, further
conpri Sing purifying the bioconjuated SACN, [0156]
38. T‘h‘éS]met hod of The ethde’ dse Ignaiisr RmpRdne LY 18/ Mg i s
sel ecloedtjbeosadNe group consisting of centrifugation

and t[@llggent I ajl fl"l% m]z:xh(ldtoizéf:}}u'ee% wl[egx’]nﬁge]pug’f?nw 11- t@ecl@@lt'mqe

of clause 34." further conprising attac i hg~a spacer
nol e&PHRCOpsipgRE CWF‘YE‘@@)‘WP ﬂftﬁ‘é‘t“é‘iff“‘é%\m““’v\ﬁﬁr ein the spacer
nol eqalby i s 138t wera mbth@ of Aaroaltiecdoapasing atdalgng a spacer
bi or I%%Hegﬁ utl fe bl[)&);ll'ﬁa ed ﬁ/QCN Uﬂé‘relﬂﬁk t}ggar Rgle&lle%ﬁ/atﬁlghe

rern ecule 1s selected from
grouﬂ“@&ﬁ§#§ﬂﬂﬁ§”%¥mﬁ%?yethyIene gl ycol and dextran
[ 0159¢158][ 016Qh. 41The Aethid®COnpd Rl @dre SACNpacg oBrules’ wgeted from
[016 ANO n-active reporter
nole%kéﬁm%ggoc %&gﬂ%hgk%,ggrgmﬁgﬂ%gartlcIe c) an SIQ2
encap¥dflant; and d) a bi ool ecul e sel ected fromthe
gr oupo1e@nsi stding AbiocanjprediSECN, canglismg: nucl ei ¢ aci d.
[ 01624642 The bigconjugated SACN of clause 41
mhereln said protéin is _an antibody %016 |
bi oconj uat ed PSACN ’Tﬁ‘F‘a‘b?C&\ﬁé%’"'ZPi'“"lF‘ih‘iﬁt“ﬁé ated ?"i‘ ‘l“'i‘?@"%c ¢
spacer nol ecyl e dstoresnpstive ambnoparticl e and the

bi or nol ecul e'd) [ OJa%Ll‘b:!‘nolecule selected from the group consisting of a protein and a

nucleic acid. ,

[0162] 42. The bioconjugaléd SACN of clause 41, wherein said protein is an
antibody.

[0163] 43.  The bioconjuéted SACN of clause 41, further comprising a spacer
molecule between the nanoparticle and the biomolecule.

[0164]

[0165] 44, The bioconjuated SACN of clause 43, wherein the spacer molecule is
selected from the group consisting of polyethylene glycol and dextran.

[0166]

[0167] 45. A method for detecting an analyte comprising:

a) obtaining a biological sample; and
b) contacting the sample with a bioconjugated SACN comprising a
biomolecule that binds to the analyte; and

¢) detecting the analyte bound to said bioconjugated SACN.
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[0165] 44. The bi oconjuated SACN of clause 43. wherein
the spacer nolecule is selected fromthe group

consi sting of polyethylene glycol and dextran. [0166]
[0167] 45. A nethod for detecting an anal yte
WOImm6i083488y:  a) obtaining a biol ogi cal sanplRET/EAWSHI3989
contacting the sanple with a bi oconjugated SACN
conprising a bioniolecule that binds to the anal yte;
and c) detecting the analyte bound to said

bi oconj ugated SACN. 32 WD 2006/ 073439

PCT/ US2005/ 013989 [0168] 46. The nethod of clause 45,
wherein the bionolecule is an antigen, and the

anal y[Bl%SJI S an, éant'ththMod({tg}uQQJS hferein FL'Q) J%Faﬂ@éis Q]fdnuu.n and
cl ause 45, wherein e bionol ecul e and the anal yte are
pept iBRcgalyg is gragthehs. [9170] 48. The method of cl ause
45 whemg n t he. bi Theeledalds daadd, Viveinamaliotocudera8d the analyte are
i nde el ected froma hormone and a receptor
[017§f&§§%y#%m§nethod of clause 45 wherein t

bi omd@8lul e A8d e maied %/f‘é‘"“a‘Pé"he'F‘ﬁ&Wéﬁ‘é}ﬁﬂ‘é‘ﬁiel“’iﬂ‘he analyte are
sel eatdeghndenoreibited tiom 2 Asrdlor@vndhirereptgr0172] [ 0173] 50.

The rfﬁlt7 od of QCJFPQ% oélgf cmgﬁﬂﬂgrebh]% bmrr\glgRJIe 49<§J(Ih§.m§§](gdre

t he anap te are independent|ly selected from
car bdl‘%‘/‘ltfr‘%?f“@‘%iﬁéfdl“é‘ef’i"h“a“ﬁ6’1%] 51. The method of
cl auget745 wherei n the bi onol ecul e and the anal yte are

i nde R@ﬁ'??]e ntl YspS¢€ | ﬁ]g tn@tquorf gms@Iva@\Qlt:lQ the @Bgolgcﬁﬁ SRt anal yte are
nol ec £017 ] . t ho cl ause 45 wherein

t he bW%WﬂF@ydﬂ%mﬁﬁﬁmfﬁ@m&ﬁﬁTy?@“ﬂre i ndependent | y
sel eqbisdl fr omi enmﬂthMcl@qmmgﬁm Ok bibindeqgle @ugphe analyte are

sel eQEd@ﬁinJeEtmlzcl&g i QdReor &@Hx?é o hoiguRf cofactors,
substrates, "and i nhibitors

-cl aud®735 mhé?eTW“FW@“HFUﬁ%?%@ﬁF@‘?gﬂmPﬁ%$3q§+VFé“8Wé
conpligi@ndeatyyelertd frootizgees seiguembe of th Hap FdlecEd rorT thegroup

et hcegmea‘no%hfwasm4§mtrwa%ﬁmnm&,ne sanpl e i s selected
fromth gr oup consi stin

bl o
sput UpH7e tear§3 sﬁgﬁfmm%H%gﬂ@%“§@8Pérﬁng?ﬂ?HagﬁWaﬁ@wdE
f ecalcommpdricenry ng@p@losaspienal fluid, interstitial fluid,

a cel 4}1'9”7 ar ex5t'1r aC’lthe m@tﬂ&i oacl&heé 415 wl[egljl%]sanﬁﬁe m éle&&ltfhﬂﬂhe

conpr|3|n contact|Q$ fuid:
cont &HF wg“%mg o RgPdy tegimpiaf 17 ‘&t‘"“?’é%i’é% *WSﬁ@‘“O‘%ebbeﬁfF‘F‘i Quid; urine,
bi ndifeg npadricaetrospival flhie, iaevakiyifleid grecllar ere,ahd-fcklbw assay

surf %QS]t Y biS@.d t.@m&tmﬁ, @Q%S%E,e in
a) contacting a sample suspected of containing an analyte with at least one
specific binding partner to the analyte on a lateral-flow assay surface to bind to the analyte in
the sample;
b) previously, simultaneously or subsequently to step (a), binding at least one
analyte binding partner with a SACN; and
¢) detecting a SERS signal whereby the presence of the analyte is determined
in the sample by the intensity or presence of the signal, whereby the presence of at least one
analyte in the sample is determined.
[0179] 56. A method, comprising;
a) providing a microscope coupled to a CCD camera;
b) providing a cell:
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the sanple; b) previously, sinmultaneously or
subsequently to step (a), binding at | east one

anal yte binding partner with a SACK; and c) detecting

a SERS signal whereby the presence of the analyte is
wietewnizamd in the sanple by the intensity @®CTAISZHFMGES
of the signal, whereby the presence of at |east one '
analyte in the sanple is determned. [0179] 56. A

nmet hod, conprising: a) providing a m croscope coupl ed
to a CCD canera; b) providing a cell; 33 WO

2006/ 073439 PCT/ US2005/013989 <c¢) contacting the cel
with at | east one SACN capabl e of specifically

bi nding to the cel | ; .

pr ovi ding. a Shavenciisaye P £Buine bAEN Bfecer e
cel | biagide © He celloappytion 8)thefeldiui ring a plurality of data
sets; and td) asg@vlalnkBgalchenbelaiiening edvize b{i@:B0§ celbeinigby
a spatlal profile of the SACN is acquired . [0181] 57.
The fet hod of clause 56, wherein the wavenunber
filtering deVi ce srwinngeplwaleef ot S Phe group

conS|st|ng af a nmﬁ@mhgmammamq a notch filter, a

tran |nter UId cry st al
tu nakb‘?lé‘]f ilter. Thﬁﬁ‘tﬁ‘h(’dcfé ﬁ‘b‘i“ﬁ%{’e W'Efﬁ’é“ ‘Bafwat"ﬁ‘é'“'?eb PG B3 dayce s
[ 0182&1&58 frond A& y[f@tchr@dtn@fof Chausenbor. a whdifigerna @i wheel, acousto-
Waven ale BII EA%UIP %}grarggynl\ G rfer&gm{e} §ﬁ(§1 dacr)JstlaﬂMll(IIQe filter, and
cryst tuna and sai d acquiring conprises:
a) aéﬂUWPWW@“&&Wﬁqﬁﬁﬁa first frequency; and b)
opti enaljl y acgurteimagodatiasalo, ahestoeid ta@nonbeiiseg derre
fr equ&h 91%%?! qu1d[ Ieflnatﬁgﬁlte;rl}rﬁl sBEECGQﬂnoQEm&LéUSG 56,

wher 611t sard a I ring conprises: a) dispersing |ight
fromit S|ngHé pdﬁﬁﬂm%?mhnf%ﬁﬁ?WEWyﬁﬁfough a
nonochr omat o)  b)opéagiyiatquinigg dahet seqpd @t ubfRguratrirequencies.
spec gd‘lhl of tSB a% he Q Qéh!}ht of ngjs@ﬂ’) SefeVsaid gc%tnﬁm c@ﬁmns@sn d C)
repeating a) an I ple Iocatlons 8% 60. The
met hod of crﬁusedﬁﬁ““%M§W§Pﬂ“§ ‘Hm&bﬁdWFﬂWQ‘ i ses:
a) exwhdchiygudrhe sanple with a [ine of radiation; b)

acquiring the ﬁ0'mlu%&hé&%k{e%%gfsp&mof%%mn ARSI

in the line;

detector; and ¢) repeating a) and b) multiple locations.
[0184] 60. The method of clause 56, wherein said acquiring comprises:
a) exciting the sample with a line of radiation;
b) acquiring the complete spectrum of each spatial pixel in the line; and
c) scanning the line across the sample.
[0185] 61. A nanoparticle, comprising:
a) a metal nanoparticle;
b) more than one Raman-active reporter molecule associated with said

nanoparticle; and

c) an Si0O2 encapsulant,
[0186] 62. The 'nanoparticle of clause 61, wherein the more thaﬁ one Raman-active
reporter molecule comprises 4-mercaptopyridine and trans-4, 4° bis(pyridyljethylene.
[0187] 63. A nanoparticle, comprising:

a) a core/shell nanoparticle;
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c) scanning the line across the sanple. [0185] 61. A
nanoparticle, conprising: a) a nmetal nanoparticle; b)
nore than one Raman-active reporter nol ecul e
associated with said nanoparticle; and c) an Si 02
woeapsusant . [0186] 62. The nanoparticl e of REITABSWS/BIBISY
wherein the nore than one Raman-active reporter

nol ecul e conprises 4-mercaptopyridine and trans-4, 4

bi s(pyridyl)ethylene. [0187] 63. A nanoparticle,
conprising: a) a core/shell nanoparticle; 34 WO

2006/ 073439 PCT/ US2005/013989 b) at |east one

Rama/n- ﬁclt : ve report er m)l ecul e associated with said
core/ she opar ant.
64. The nanog’ér{)l ([;{ ast on anlmn actwg rggonleén %Hg{lgo\%%g%\!éﬂ?\ﬁgld
said cerg’ﬁleflsdneiﬂhlclnam)partl cle is selected fromthe
group consi stdng L@fs.@rangé},ua&tcor e/ Au shell particle, an
2. 001 At SHEL BRI Bl My SIS SR o
cor efisglegdidiom thepgeprn jopisting ot ol MRS ﬁ‘?ie/é'o’rhé‘} pgickHa |A+% g core/Au shell

par t ighigs sxhéﬁ'c@g/AG CHe @ pafitle Bigdal coP/AE kHel biscjes,anchind Ed@2Au shell

Cg:’rgf‘pia”gflﬁ alm%xja cg Ak she{ PartxcleH%J& hreﬁﬁ h}ﬁﬁﬁy dp? gﬂi 'g(r)r% %’g/Ag

hydr obe!ﬁlpm1¢lﬁe b) furt her contacting the sol ut| on
resulipisgg fr oy AtRBo@Yoriptididy, @ m xture of sodium

citrate dehydrat ewngg l&gl\%@ Lﬂd%g&&%ﬂ]ﬂc 09|h|onde,

nanopartlcle Vs

conpri si ng, [@190}"‘&9001‘}9‘36%‘ *ﬁkﬂ“"&’@kﬂ[“&fﬁﬁlﬁﬁbﬁr“t“f‘&lngt“’e of

%;epamﬂnmaetmjdmmmBm clause 65; to associating a
man- active report h sai d nanoparti cl e;

and c) encap®l ea%‘l%??inf'ﬂgdr{ﬁ%ﬁop%drﬂ%?cl e with Si O:

wher di$%la SAGY ﬁ@‘ﬁb?‘éﬁﬁﬂ?fétﬂ'g’ [0191] 67. A nanoparticle

CONPrH®HiNg: a) a Ani SPévidaRiagoliRinadartinia preex by bt B¢thod of clause

65;

b) associating a Raman-active reporter molecule with said nanoparticle;
and

c) encapsulating the nanoparticle with 5i02:

whereby a SACN is prepared.

[0191] 67. A nanoparticle comprising:

a) a anisotropic metal nanoparticle;

b) a SERS-active reporter molecule associated with said anisotropic metal
nanoparticle;

c) $i02 encapsulating the anisotropic metal nanoparticle.
[0192] 68. The nanoparticle of clause 67, wherein the anisotropic metal nanoparticle

has a shape selected from the group consisting of a spheroid, rod, disk, pyramid, cube,
cylinder, nanohelix, nanospring, nanoring, rod-shaped nanoparticle, arrow-shaped
nanoparticle, teardrop-shaped nanoparticle, tetrapod-shaped nanoparticle, prism-shaped,
porous, and non-geometric shaped nanoparticle.

(0193} 69. The nanoparticle of clause 68, wherein the nanoparticle is non-geometric

shaped, and approximates a nanorod.



b) a SERS-active reporter nol ecul e associated with

said aniso(ropic netal nanoparticle; ¢c) SIiQ2

encapsul ating the ani sotropic nmetal nanoparticle.

[0192] 68. The nanoparticle of clause 67, wherein the
wabkeshrap ¢ netal nanoparticle has a shape FAT&208/013989
fromthe group consisting of a spheroid, rod, disk.
pyram d, cube, cylinder. nanohelix, nanospri ng,
nanoring, rod-shaped nanoparticle, arrow shaped
nanoparticle, teardrop-shaped nanoparticle,

t et rapod- shaped nanoparticle, prismshaped, porous,
and non-geonetric shaped nanoparticle. [0193] 69. The
nanog(ﬁu i cl e 7gf Tl%lm%t‘l!tg(?of 0 ew@ﬁe?el Tthd lﬂﬁopﬂ@ﬁ%@g diknSeleBofiaBout
non nd a proxi mates a nanorod. 35
VO 2@@567"0«17'%39*1 qrﬁe*wdé@w%/ 013989 [0194] 70. The

met hegonf clausenthdd cowbesirgi N t he nanoparticle has a

di ameter of aboutddgt% nﬂé’l‘sﬁ@fé nhSRGR m&ma %%H[tm 250 |

[0195] 71. risin a) admnrsterin _
SACN nanopar®|cle“WW&gﬁwymagewﬁdﬂ@“ﬁ”b%f?@HWm*H&m‘m””“&
scannhdig the patient u5|ng a systemthat can perform

spectral imaging;, sene dla e%ecgtﬁm f@lt@ﬂmﬁ,@aﬁ%&mwﬁmem
I mage of an I nt ern pati ent

72 T8It hdd. Bl meha SaPa - WirEE S S§K“7¢é‘{“2’ﬁt“%]§ group
sel eGbmishing bOdspbtRanGz@bifocalCOnSEPL.ialige ofnniag ypot, agCatindli ng

conf | N t\lﬁ w‘ﬁ/Henﬂth band a
q) tic %Fereng)ﬁrﬁoqﬁlﬁlgcgg?%ﬁo L)’r lgtg ﬁ?gé[gaés (?‘g’ ovef 2 éﬁ% &
det edbaeeTFYymaLagYSETSPR IS m‘ét“é’ﬁ JEH "%‘é‘ﬁﬁl% Ui

f |l uoressience i magi ng system conprising an excitation
l'ight Aurce and filtered i mage detection [01971
[111é 73. The nmethod of clause 71 the

regi OHYF a pat Premtethpdorglayse £ BeFrai! ‘iﬁeg“t“ﬁ’é"&‘?‘glﬁﬁsemed from
consitgtgrangcdafistibhe@ thalaadieppat. ithe misculduine harpgiver @t epteen. the

heart Lk vEha 308 spleen. the gastrointestina
reg EMU'“ T %f£‘4 The nethod of c| ause

the é,%?lem t At Thedn Ao By 's pRREE T A Yy ‘h‘éﬁ Cﬂ‘gj’ef?‘gm gpectral
por t ablgeng syptreime sfs6@200] 75. A nethod, conprising: a)

intrggﬁﬁlng %5pkgkﬂklk%m9wwSAcmb targeted to a

nol e e involved 1n an abnor nal at 0
patient with ®he BBAHEAPUBEY A1 GGy b %?gxﬁkt%emgﬁfhbm‘
becomamnaﬁﬁmmmghadabmaawnmﬁecmwedaemm@va@e@nﬂﬁﬁhctﬂ®ﬂmm

abnorawiatéa% J‘r%&%&)! ;ISS(QQQCI with the abnormal pathology; and

' b) obtaining an imaging of the associated SACNS, "
[0201] whereby an abnormal pathology may be diagnosed.
[0202] 76. The method of clause 75, wherein said the location of the abnormal
pathology comprises the gastro-intestinal tract, heart, lung, liver cervix, breast, and colon.
[0203] 77. The method of clause 71, wherein said SACN is non-covalently
associated with an imaging probe, wherein said administering comprises introducing the
imaging probe, and wherein said SACNs disassociate into the tissue or a bodily fluid.
[0204] 78. A method for labeling an animal with a SACN, comprising introducing a
SACN into an animal, wherein said introducing is selected from the group consisting of

subcutaneous implantation, intravenous introduction.
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b) obtaining an imagi ng of the associ ated SACNs,

[ 0201] whereby an abnornmal pathol ogy may be di agnosed.

[0202] 76. The method of clause 75, wherein said the

| ocati on of the abnormal pathol ogy conprises the

wawoem7isst esti nal tract, heart, |lung, |iver REBYUS2605/013989

breast, and colon. [0203] 77. The nethod of cl ause

71. wherein said SACN is non-covalently associ ated

with an i magi ng probe, wherein said adm nistering

conprises introducing the imaging probe, and wherein

sai d SACNs di sassociate into the tissue or a bodily

fluid. [0204] 78. A nethod for |abeling an aninal

wLh fosioen: BOFRIHNG clal1E PO AHE: Bllofhing BNl AL hAlr
wher ei'n sal introducing i s selected fromthe

grou&mééh§m§t|ng of subcut aneous inpl antation,

I Nt r 3e2@610US hmtAadm&Ihmmnuaﬁ WO 2006/ 073439

PCT/ USZOOS/ 0&?’0%%%[!"2, Q?ldméguxtﬂm%aWe%Q%o@éule%x@%t@d g/&N

further conpri q or | abeled

ani mekricls @pghisof %'ﬁcAb'r?@fiﬂw e EHORPRTF Y (a)

contactlng a(bf deGsrih@ 2 Batalieagevbitile iadie/bigagdculon@jugated SACN

bi omy| nj ugated SACN particle capabl e of

specfp?gngmmglndln to the tissue sanple; and SQ%ormme

acq UI[MO-Hg a FEAnghs me (b(é CljpuseBfavhere the tissue'is contacted wit
t i ssueadidvng Al ON eageonj ugat ed SACN particles nmixture.

I[ 82 076‘2 ﬁl Tf‘g@ Fiﬁtntlglgd (S:?'fCla(:t:ée%llJ %er@ Qle d&M?l@trd?reL’I@lﬁ is %él&&ﬂ' fom

ntacte one or nore additional non-S QP
r eagdlsteeoup f"O?‘t‘)‘Bﬁ of ggrin, heEtopit Bt ‘6‘[““@“81’1% bergpjoxylippag qgsin
t he aebgeit i onal reagent is selected from the group
consi ng ofg.eqsi conblnatlon of
herné?%gylln %nﬁ%ggg?ﬂ&QR%QéYh?ﬁ?cz qiﬂ%s The q
of clause 80, @PtAutet backsrspd RyAyimages %&‘E‘jd‘i‘“?"ler?ﬁoréo step (@) of
backgradsd «Raman i nege of a tissue sanple prior to

step (a) of 8’)' sﬁ\iﬁ%&ngﬂe bd@ﬂ%uﬁ&l})ec§&mﬁr&@@£ Rﬂlgm n'ﬂl@e of the

background s ectrun1 romthe Raman i %

1 ssHenEh ORI EAMLAG T Y ATETES SAEHE 15&4“?-‘? 8 rt&%,( i < &
acquie2ed in sephe(id)hodd (tu@33.evhBO he tifs@2:chita®q witl prg or more
nmet hq f Mhere the tissue is contacted

Wi th gh&muﬁkﬁ%ﬁghgéedltlonal non- SACN,re ents. % 2121
85. T#d2lnet hdd B mefhat &l B3wher é"“‘é‘&ﬁ*"&’“ AT IR ™

I eagetittgrou coaediepiredinf keomoxyihendyroupnaondg ﬂmqugm@ﬁd eosin.

€osi r(]02 Hem’t %y*ﬂennethgtﬂq c@us@ QH@NE@HH&HS:WCUH&W tﬁ’@(l?/anidmnmge
and eosin. [0213] . The neth

furt NP d't‘ﬁﬁ%?roit %‘I“ﬁﬁ sﬁw%h ﬁﬁ bgey étdlpfgﬁﬁth st[()ﬁ%{bg)%red organic dyes

1o visualize cell size and shape.

EXAMPLES

Example 1
[0214] A typical synthesis of ~ 45 nm diameter Au colloid using 4 combination of

sodium borohydride, sodium citrate, and hydroxylamine hydrochloride is described. All
glassware are washed with aqua regia and rigorously rinsed with 18 MQ water. The reactions
are carried out in a cold room. Solutions of 0.01% (w/w) HAuCl;-3H,0 in water, 8% (w/w)

sodium citrate dihydrate in 0.01 N NaOH, 10"% sodium borohydride in 0.01 N NaOH, and
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with an image of a tissue sanple which has been
stained with strongly colored organic dyes to
visualize cell size and shape. EXAMPLES Exanple |
[0214] A typical synthesis of - 45 nmdianeter Au
wohoosiotb4sssi ng a conbi nation of sodi um bor oREATSAS/013989
sodiumcitrate, and hydroxyl am ne hydrochloride is
described. Al glassware are washed with aqua regia
and rigorously rinsed with 18 M32 water. The reactions
are carried out in a cold room Solutions of 0.01 %
(ww HAuC 4-3H Oin water, 8% (ww sodiumcitrate
di hydrate in O. O 1 N NaOH, 10-4% sodi um horohydride in

400 IT% ﬁag_&roxg; rimme }Hdl\(/)\%lglox 195:01§/ ter ﬁ'g’g’epdg/y§&gpe§/f 93&9&%9

pr epaereltydridaselytionsis !éen@fcpﬁ%ba/a@r@”wd ‘“Lb% F‘é Wb‘f"‘lcd"é‘e solution with
sol ut d)(gm,sof ih8 s&lhﬁ'onﬁl[yﬁrﬁlﬁﬂ@dmb}(nd@ﬂ(rm_l dND.OON NaOiL Arfer priy@ring
sodiymcitr L ut i on PlheHm cl
bor Ol|:lky rli(t Q(E CﬂLo the Hdrow&%%doltt%gg ﬁ&ﬁgr"fﬁ 16@649 u 4
pr epatiitiqyin dtzﬁﬂ L ﬁ'i*ex'[“?)le@"ﬂf)@d ﬁLeﬂéf“”teﬁeAff?y%Prrb‘RW*éﬁl ne

sol ubbeHyadidercititp Gkueds mjactz@i ik®fe ﬁbldl@ﬁunt:ﬁeolh%u@l HAuCI, and

sol u § B4 BWSS dedveen
stir %édgpxylﬁ?l{]e B%géesmdre obt: 1%(% (16:61 Oﬁgf ﬁ% ?Clrdt r%];tee een the
m Xt gneer prgheistiffigcoes dP‘h‘i’%W*t“h’é‘hF B¥-dly stirring solution
of HAuCl4 and hydroxylam ne. Best results are

obt ai_ned en the mxture is injected m dway between

t he wﬁ‘\gp of the stirring vortex and the wall of the
f | asko213kx anpirepargtion 024w NepprapisieaSiogiotyfiongef HpuClee3H.0 are
NanopaptddGl @fer 1 @Bpﬁ/kco‘ﬁ@lnl—htnbxﬂﬁlﬁl) @, (’D‘la’ﬂ}@:l:%la}dzﬂxreﬁmlered through

repared at eit % or 2% concent
P St B ISR R e

menbsaness arafsorypicdde ravgredih aloegun hﬂlttﬁedue@#w“ﬂ@)@ wehtTHe
bot t lf(@l\%wﬁp‘r(‘)tuﬂbtﬂhlgg/plt:h@ x%EMk solutions are al so

typlcally cover oil to reduce exposure
to |ight. The: lngIOT (b%é}”r‘rg‘nélé’l"ﬂéons are typically

prepared: | .2. B.n@L326f(w0) 0P HaaQiedydrae ip).¢) N NaOl5 nf -
32% (W v) SO@' Hmll%fwﬁﬁr&ﬁmw HdrBchioRdeQn Qb N NaCOH.

3.
10 nL 1.6 M hydr OX)éILlﬁ)TLwr)ﬁ Nhgl%r gil%r\ﬂglq wHCh is pre;r)dred%¥ dlﬂ'pon

m. of 4% (vv/
by dilution ofof thhgock sadtikn.sol uti on. [ 0216] AI I
r eaCt{GZQ(ﬁS ar Q) eRfduk z@gcamég odt nx a&ol@ ol ufid @B k@iitions to reach the

?loloron\{gm?% @SOl %:rgrorxli colfl:i\ g sqhy non I gé\ceg me?rLe}‘ELg\E Eonofn ﬂtas(’j]%nd a
bot t elsskhrdskodwith Taﬂong:hc@@ss lsemtqdmrmtge fagfefo piotife straing. o mL of
pad die h&x&oi)mﬁﬁ{ets&@oh ﬂ'@l(@iect @ he fﬂla‘iﬁﬁlki sli &dpﬁﬁ\/ddﬁ@l ySttdr the bdagion
f | gS le tgenta'drgzt) dwnéa so Li II?H)L(%C?I xgp e“? N?lg}]z! l'!l: preop?rﬁd g’y 8 &g?%non of I‘-he E%
" stock. These dilutions are made in 0.01N NdOH Then, 1 mL of 32% sodium citrate is
mixed with 525 pL of 0.01 N NaOH and 75 pLof4x 10 4 9 NaBH,. At 20 minutes after the
addition of hydroxylamine 1.0 mL of the citrate/borohydride mixture is added to the reaction

flask while it is being stirred rapidly.

Example 3
[0217] SERS Spectra of SACNs tagged with both 4-mercaptopyridine (4-MP) and
trans-4, 4’-bis(pyridyl)ethylene (BPE).
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of the hydroxylam ne a solution of 4 x 10-4 % NaBH4 i s
prepared by serial dilution of the 4% stock. These
dilutions are made in 0.01 N NaCH Then, | nL of 32%
sodiumcitrate is mxed with 525 L of 0.01 N NaOH and
W6 2006073039 4 x 10"4 % NaBH4. At 20 m nutes afRGAYUS2I98/013989
addi tion of hydroxylamne 1.0 nL of the

citrate/ borohydride m xture is added to the reaction
flask while it is being stirred rapidly. Exanple 3
[02171 SERS Spectra of SACNs tagged with both

4- mer capt opyridine (4-MP) and trans-4.

4' -bi s(pyridyt)ethylene (BPE). 38 WO 2006/ 073439

PCT/ 05/ 01398 02 o
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for 1&16([“10 hd k@S&ion, ThlewddagamLloab#| amnmwmn.m}emt(lﬁ@@w HUof of
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whi ch was tirre
15 aamfwso\ﬁaaﬂemfﬁuwu?reéfhls mealmf yEOS vapednjf ﬁthblPefsf Bigfgh S Sl "
sodi Ugiredsi | i cate was added and allowed to react for 42

hour iOZF ﬁ‘f te rTh£ P:ls ﬁtr n% ISH@N%T&Q a m'xtu%fof %%e%&pecm ﬂgm:Ichnve

t he tion

et hamsleyulegrddMBgd BPBfin 4 ‘(7étr1*“§e§‘f'ﬁﬁ ‘B?thﬁ%fé'lere 4&‘3‘?’%"%%&)

Thi s obr@R@biiRIB3NGES exluion@tced A) apt TBS ee excftoion (Tradal) arefogrdan
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I nner or er shel 1S % eg AMP
[ ozzi]MPr-WeC'\ké@m rexree P@A@\lg F‘I&‘éfﬁﬂ “?ﬁ“k"t grghay featpr the
di ff @uentsigsf)esties tefspddanmadtiagMIVBPE-SACNS obtained using 785 nm

excitation while features of both BPE and 4-MP Raman signals are evident in the spectrum
obtained using 633 nm excitation. Thus, by careful choice of two or more different species of

Raman-active molecules. and their relative ratios, it is possible to prepare SACNs that
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nol ecul es, 4-MP and BPE. in a 12:1 ratio. SERS spectra
of these 4-MP/ BPE- SACNs obtai ned usi ng 633 not
excitation (Trace A) and 785 nmexcitation (Trace B)
are plotted in Figure 6. For conparison, the
wbhaooaotesd sti c Raman spectra of BPE- SACNs ( d£FRBS005/013989
line) and 4-MP-SACNs (solid line) are plotted in
Figure 7. It can be seen that features of the 4-M
Raman si gnal dom nate the spectrum of the

4- MP/ BPE- SACNs obt ai ned using 785 not  excitation

whil e features of both BPE and 4-MP Ranman signals are
evident in the spectrum obtained using 633 nm
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carboxylate (sulfo-SMCC, Pierce Biotechnology, Inc). This molecule contains both a

maleimide group that is reactive toward sulfhydryls and a sulfo-NHS ester that preferentially

reacts with primary amines. In this case, a simple one-pot reaction can used to attach
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Exanpl e 5 [0226] Bi oconjugation of SACNs [0227] Wth
thiol -activated SACNs. bional ecul es are attached using
the heterobifunctional cross-1inker

sul fosucci niinidyl 4-[Nmalei m donmet hyl |cycl ohexane-
wo 20mnimaxy| ate (sul fo- SMCC. Pi erce Bi ot echnda@gis2005/013989
Inc). This nolecule contains both a nmaleimde group
that is reactive toward sul fhydryls and a sul f o- NHS
ester that preferentially reacts with primary am nes.
In this case, a sinple one-pot reaction can used to
attach 40 WD 2006/ 073439 PCTI US2005/ 013989
streptavidin and shoul d be readily adaptable to
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This al so yi el ded approximately 15 oti gonuceoti des
conj ugat ed per nanoparticle. Am ne- nodified SACNs
were coupled to thiol-term nated fl uorescent
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wi th SACNs by exposi ng a 43 WO 2006/ 073439
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solution to 1.0, the SERS response was neasured using
785 nmexcitation. SERS signals were nonitored at the
maj or peak (-1200 cm') (not shown). Using all
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PCT/ US2005/ 013989 Exanple 10 [0244] A. Preparation of
ani sotropi ¢ nanorods with dianmeter 18-90 nm [ 0245]
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[0248] The constant current mode of electrodeposition was not efficacious for

templates with pore diameter of 35nm and less. Different pulse plating techniques (pulse
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Raman signal with An nanorods. Figure 12 shows the
Raman spectra of 65 x 30 not and 90 x 30 not Au
particles released in @QSH . Figure 13 illustrates the
Raman spectra of 65x 30 nm and 90 x 30 rim Au
warnisohias9 r el eased in MP. [0248] The const antCRUR20G5/913989
node of el ectrodeposition was not efficacious for

tenpl ates with pore dianeter of 35nm and | ess.

Different pulse plating techniques (pulse 45 WO
20061073439 PCT/ US2005/ 013989 current, reverse pul se
current and doubl e pul se) may be used. Using

pol ycarbonate tenplates w th hole dianeter in the
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fr oml—f/_\ »\cve dm %/c Oyﬁtgﬁge[%uk;vagge%os%i?d beQm /@1 sﬁlﬁ[e sﬁg%n Ismg;E \%Ynﬁf 5€

pul se con

Neumastrrse fRIse comfigens: Dobhy. i Yester. %c“tﬂamzlé @66“215"“ 81‘5110?’0%‘“1’2%‘.

It hasube®ussHionsi2eal hi Bden haad eapie tsae plilfpd padntids @St daposidon

de posﬂl'og;lAgl?sru]hbe sgmlon 1mpr§vléJJ Ih%%gg‘r%g éllbllgmxp%td ]ﬂg?rgéé é‘r‘ﬁau&rl?e%

st r uctispiess by gﬂdn mtraxhlytmfgxf:qc%ﬁ@wypep:ﬁsf (Pt[jzésn@éuyt rﬁ"éﬁtance) of the Au-

pro peihs, ﬁﬁch(v&ts EXpBIBed t@lﬂfellﬁ‘CyﬂSlBIHS bfsAuamgieJougé intsiifde Altions:

fil I Flﬁoiﬁ?ﬁi v\ﬁﬁ H“l l@gg)clg}ﬁ §OIQQQJ77I‘ fz@W%&is@% l it y Of
{0,

Au/ Au couple 1h su |te sol ut'i ons: J.
Rona € pulsp paIEest (PRI %ﬁ&emwww “m? have béen
1499120 such nfabied@ it herpiyisieg et mwetsengvhatpert 985-1 mA/sqem)
ICEI‘ r So {qkurc ar &%%‘?W of %%‘eq HitAYg sﬁ%&l ﬁlceuﬁﬁ/ﬁdtmg 2 ad}{é’%gd a‘?me

manner average plating clrrent was ,
somevipliaring piye @bufzsowdmﬁw R fﬁfre“‘ Pfoz '%f?fé‘lﬁ‘l“ drequeapy eyt ne R
of t he afindugreklAD-61. Thed@se puSticodsst wire pedfot bogh Avasd Ag-stripes
achi %V\{lﬁlq or?etexécnl% nt. f/Q MWJK}QI IQHL@)QA[M;\@MOQQ (ﬁﬂ&q}ntA&j@p§

pU| sSe curren nL requency range

Hz aR@seden yaeye @ewhim@o ach e “§aﬂéﬂ°ﬁur“s°édf@81r{&ﬂ°t* FHH é““e
wer e ahtSreidl \fn(hrtheblé)'tt h)hAUn @amdlalAgPIstng bfpl@ slternatitighi P gomiges yielding,
exper mnnémoé]l IA A%hgnn)@s/terl:) ﬁgtgﬁtiﬁnpﬁbtre?tgﬁ@le}l)gmﬁlaku

(Pri nc Resear ch) ‘was used: after atl ng
of eaewfoétftﬁimﬁée <t* ham B3 dHTelsR hteen CHBMT RN F DR THHRIPT g pise
ri ns@lat@chy futhdrliderewst thnidniver of gaxitclesiof audnhemmdmhruahnkuyq because

Pl at Itl@%n%talemckﬁ%sz & E(ﬂiﬂ IangreAHL}égs §’FE[I\}I Q%Se of 'Ag |n%x'89,, with 35 nm

after Au nanor ods/tenpt _ate g35
por e dtjl“gﬁe?'é‘i“’ﬁd i ME “P%El‘?““A‘i‘_TECC"H'SH%‘Fedb}‘éq“idé f’ﬁff wpleeperse M
por e with @eBt er) has been denonstrated. Automation of

the pul sg; ppekmdongrammsm hekiel He5EASEsh S, nun‘oer of
particles anot her order rragnltude because

t enpllBFY t hi @Q%@%ézﬁ"é‘m%‘ Pﬁﬁ?‘e*r!‘iefjlﬁfeémfzf R aamﬁ:ew part A.
i mag e ofinaAtinphén orioghe: sixk 290 n@5verznned dir alp@bdeposiioedfedased i n
ME aqgwéﬁgﬁ:le%%gmécpgg Bt{?h’:m prf lhlLlh ?chB@XLQ Qg& sﬁfsﬁ@é' Fresh Ag, 5 um

repl ace R Prep arato

ani sdtigkopys eleandepesieding @%hO&F f"2%@‘“H’B‘h*e%‘"%%fdhcrtﬂ?ﬂ]dre[ Va:10) e
250 asqentid BiectadepAiopamtriogir@ Sonsiging ofpli@painedu @il e Fages. toh
the egr%‘ lgll E¥ohieRA] Fam@ soluléln%é’l@edt @)@L Siv @r%Té%ntchlnpp‘rn@

si ze n were used for el ectrodeposition 8
chrofab Au 100 (Enthone-OMLI, Inc.). A semi-automated synthesizer for anobarcodes

particles was used for plating of 9 Au and Ag-stripes, each at a const current of 1 mA. A

46



nanoparticles. Evaporated Ag, about | |un thick,
served as a plating substrate. Fresh Ag, 5 tm thick,
was el ectrodeposited into the holes for additional
sealing of the tenplate, followed by sequenti al
wbheadsroexleposi ti on of nanow res consi sting ofPCT/US2005/013989
alternating Au and Ag stripes, each 250 not | ong. :
Commercial plating solutions were used: Cyless Silver
(Technic, Inc.) and Mcrofab Au 100 (Enthone-QOM,
Inc.). A sem -automated synthesizer for Nanobarcodes
particles was used for plating of 9 ALL and A8stri pes,
each at a const current of I mA A 46 WO 20061073439
PCT/ U?%Qe%?&u%%‘l?{v%ssc?cvcaopgé § ?\‘?’ng \JRE Ak ?’ QQ]LI|M§[hQ§¥ §leqpcx§qnd Ag-

I'SSO trate and
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\I\C/g E |fuge21 Sg}kquﬁ,er@%@mﬁ [0255] 5. 3x rinse 200 .

0256
Cent r{?lﬁﬂge zﬁzb‘om?ep?r% ul MEETRH 4 %%‘)E@A%’H 0[%)’%’57] SEM TEM
sarrpl[ass]lo pl6. eagtiugk:G2@8pm, Aminkfidr emh sanple: dilute to
b H20 0259] 8. 2x rinse H G
cent|I Fuge o 6TM§MP§ IOLm n each L02601 9. Acquire
Ranmai®2f#e coﬂc%hf’f‘&'ﬁ‘?‘&h‘”%?“’)—\‘ﬂ' WP & E S ter the
rel eamsovas Ex2xlhse H.01 cenuThee ayedotimpartmickes were re-
susp dingE dmgpd a 300 pL al i quot vvas taken
for ??}g@s coa)t %%giqugo . Ethanol, 160 191 |
wat erl Hhe eppceprapions Aﬁh‘éﬁﬁ?fﬁfﬁhﬁvﬁr“b%i’*&é'm%d ﬁé‘"‘b‘?ﬁ‘“ﬁéb‘ﬂm re-
Tet raﬁbdmydd@rmzhmsnhd €30 gL aligTERS) akeefoeslacddache 1480 #lhEthanol, 160 .
al I q%?tIS 91f vga%l' Cil() 9956‘7([ /Qllm%ﬁnun l%%ro%@m*(ﬁlo\ﬂ@%eagmh&@kﬁ%mhcate

aced on a vortexer at [ owest settin g |
f or ABEQP prert elded e aligugipl %‘dMECIT‘h%‘ﬁ SYP I SBY PR é“‘&Pi ‘ﬁ%l
i n 18 vdlewartuele. lovatguﬁrtg thSlAf(anﬁn1But$t]ﬁws$@ﬂd wamgegmq‘ddrree times
the I‘[ﬁ%%t lvngr ﬁln re %Araqph Qhop/a‘aiik/llxﬁ:\ (@?c'ﬁ)r theF &QH}E&dI\lQ&p@Bgllcﬁs

showa cl oser view of a single parti

of t AE APt ¢ Pelovat dserS B Rk ﬁ"\%‘elﬁf‘&‘iﬁ? 3‘“‘1%9%?%‘9%‘6 s e
Examphoen il Fip®2&hland B7 Sandwi ch | nmmunoassay

Example 11
[0261] IL7 Sandwich Immunoassay
[0262] A protein microarray experiment was simulated by printing capture I1L-7

antibodies onto a microarray slide. Each spot was approximately 500 gm on a side, and
repeated six times on each glass substrate (printed by Telechem, Inc., Sunnyvale, CA). A
hydrophobic pen was used to provide a liquid barrier on the glass slide so each of the six
spots may be treated independently. After the pen dried, the slide was blocked for at least 60

minutes with 5% bovine serum albumin (BSA) in 10 mM phosphate buffered saline (PBS).
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[0262] A protein mcroarray experinment was sinul ated
by printing capture Il.-7 antibodies onto a
mcroarray slide. Each spot was approxi mately 500 pm
on a side, and repeated six tinmes on each gl ass
wobebsosus (printed by Tel echem Inc., SunnyWwSITAS2@AP13989
A hydrophobi c pen was used to provide a |iquid
barrier on the glass slide so each of the six spots
may be treated independently. After the pen dried, the
slide was bl ocked for at least 60 mnutes with 5%
bovi ne serum al bum n (BSA) in 10 nM phosphate buffered
saline (PBS). 47 WD 2006/ 073439 PCT/ US2005/013989 Al
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each eaftiogeith mespe tionjsdgaheido tapuSARRIS ving & froeti Hofliey emtignal.
repoggg&mﬂgolecules giving BPE-anti Bg, QSH anti Ova,
and Bodi py-anti CRP particles. An array of spots
contglnlpg ,capture antibodies to the antigens was

expo a mxture of all three antigens. After

appr t363at e A lmsiidlywiiheunggyesy &r Reite vax pdgakepnt using fqtracore.

thr e%cdse(bﬁﬁxbk&l& ﬁﬁ%ml ﬂoR@fmﬁg,eS PEGHE ExpeVHSthé &k@xﬁe was opened,
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cl eaff™oys rt]fglpd({n ntaml%kﬁelr colo inmetxpc«_{ rﬁctloweanenqgwhuth cox?pnscs colloidal
desi gneahjuzgedsapdetecion GRPdrglr@idrﬁg itgvitg p F‘Uwgd“B"@@Prpy‘ctsé‘éN*
Si gN@dnjugarfdb me%AERb @}rovﬁ&ﬂﬁfﬁt@xc&% ({Q’aﬁgﬂectﬂ wegtlcBileatbd dsing e

ITet r glgtgw?rgﬁat%re;/ gLély%gscr(llﬁg ed}ag oW mmm?}b %pe 1?0 bl ing, land successful

car t captigeeof th epnjulyitesin ghg pfe‘rﬂnqqefrwtmt‘ b o Wr%@“‘@@dé“"ﬁ B%‘H%“’“

I emoVidarkdiBeiR3Am&ON RN Qs lih@t thowioh BrglBRI.T i C
detecti on reagent (which conprises coll oi dal

48



Au conjugated to a detection Ab), and replaced it with
a conjugate conprising SACNs conjugated to the sane
Ab (provided by Tetracore). Ranman spectra were

coll ected using the instrunent previously described.
Woeowarasshow m ni mal non-specific bindi ng, BITUS2005/013989
successful capture of the conjugate in the presence
of antigen, with a non-optimzed Iimt of detection
simlar to their comrercial product. Results are shown
in Figure 19. 48 WO 2006/ 073439 PCT/ US2005/ 013989
Exanpl e 13 [0264] Staining of SK-BR3 cells wth SACNs
[0265] Cells were cultured on a chanber slide. Cells
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wer e with 3.7% formal dehyde/ PBS for 10 m n at
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Exanpl e 14 [0266] Detection of SACNs in tissue
sanple@sieli9267] SACNs particles can also be detected
in th%ence of tissue sanples stai ned wth
strofffy) colRsielm Br Py & Hyes ™ eor exanpl e,
hemaf@sal i n SAQds posiencap k& daeaed it protrand assc: dy@s stained
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i nvention provid . rsin contactlng
ati éé%pgtﬁﬁ,ﬁp;@blwft&wcgfm? @&(gttg t(bﬁeetlssue sample; and acquiring 2 Rama
bi onhagcaf khe + Gatjiangt @dconjugated SACN particles mixture. The tissue is contacted

with one or more additional non-SACN reagents, usch as eosin, hemotoxylin, and a
combination of hemotoxylin and eosin. Background Raman image of a tissue sample may be

obtained and subtracted from the Raman image of the tissue/biomolecule-conjugated SACN
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SACN particle capable of specifically binding to the
ti ssue sanple: and acquiring a Raman inmage of the

ti ssue/ bi onol ecul e- conj ugat ed SACN particles m xture.
The tissue is contacted wth one or nore additional
WO DeosAGhBIr eagent s, usch as eosin, henot oxyl iPET/URRAYS5/G13989
conbi nati on of henotoxylin and eosin. Background Raman
i mge of a tissue sanple may be obtained and
subtracted fromthe Raman i nage of the

ti ssue/ bi onol ecul e- conj ugated SACN 49 WD 20061073439
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nunber of | G- receptors. Using SACNs conjugated to PSA
anti bodi es, and anti bodies indicative of cell growth
in cancer cells, such as CCNDI (cyclin D). this

bi ol ogi cal system w |l be investigated. The cells

will be treated wth DHEA, testosterone, retinoic

acid. and 17beta-estradiol (E2), and conpare the
cellular imging results with those reported by Arnold
et al. 51 CLAIMS 1. A nanoparticle conprising: a) a

i ropi c nmetal nanoparticle; b) a SERS-active

reporter nolecule associated with said anisotropic

met al. nangp@kdpasicRicofprishd)2 encapsul ating the

ani sotropic netal, nanoparticle. % The nanoparticle of
claimil, #heref AMIFEPSMRPIGREC fret al nanoparticl e

has a shgpe sgKERS-@6tiverepdttéritol@uRussocials indth saidarddotrapic
spheroi d, rod, difk, gayngém d, cube, cylinder,

nanohel i x, nan®§B g aHori ng, rod- shaped

nanoparti gl e, BiU,@ué¢apsiidiag the amiePmpicingdtt nanoparticle.

t ear dr op- shaped nanoparticle, tetrapod-shaped
nanoparticle, prismshaped, porous, and non- geonetric
shapgd nampp@hbpaetlicts ofZlaint NewitaiOha bitisatopicaietat haoparficle has
wherein the nanoparticle is non-geonet.ric sh d, an
o 3BT IEFFAGE (F FHLTCBES IR TR Caf e BYTaTSE O e
nahohdMAEEAbIprihg) Raiing Fod-bhapbEnaasartitledl hrbs W sitapedianopabtivie,
250 nm an Ienrgth of about 250 nm  52.0
teardrop-shaped nanoparficle, tetrapod-shaped nanoparticle, prism-shaped, porous, and non-

geometric shaped nanoparticle.

3. The nanoparticle of claim 2, wherein the nanoparticle is non-geometric

shaped, and approximates a nanorod.

4. The nanoparticle of claim 3, wherein the nanoparticle has a diameter of

about 250 nm and length of about 250 nm.
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