A Method for Preparing A Surface Enhanced Raman Spectroscopy Particle
Techni cal Field 5The present invention generally relates to a nethod for
preparing a surface enhanced Ranan spectroscopy (SERS) particle. The
present invention also relates to a particle as prepared herein.
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10 Background

In recent vyearg, metallic nancstructures have been
extensively studied in the context of their optical
properties.

One of the main reasons for the interest in the

15 interaction of metallic nanostructures with light is the
plasmonic property of such nanostructures in and near the
vigible frequency spectrum.

Plasmong are the coupled osciliations of 1light and
free electrons at the metal-dielectric interface. These

20 coupled oscillations result in optical fields that can be
used for the propagation and localization of light beyond
the diffraction  limit. Among the various optical
spectroscopy technigues available, Surface-Enhanced Raman
Scattering (SERS) has ©been shown to have important

25 applications for single-molecule sensitivity and chemical
specificity.

2 range of plasmonic nanostructures of different
architectures have been developed in attempts to exploit
their capabilities in SERS, including nano-spheres, cubes,

30 triangles, pyramids, rods, wires and tips.

The main challenge in the use of such nanostructures

is attempting to create SERS hot-spots, where the Raman

scattering signal may be maximized.



The main challenge in the use of such nanostructures is attenpting to
create SERS hot-spots, where the Raman scattering signal may be maxi m zed.
Commonly, the noble netals of gold, silver or copper have been investigated
for their ability to enhance the Raman scattering signal. In sone
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20 In addition, in silica-based composites, an optimal

thickness is often goucght for the silica-shell layer. For
example, 1f the silica coating within a compcosite SERS
material is relatively thin, particularly in the presence
of an alcohol solvent, the dissolution/desorpiion of pre-
25 adsorbed Raman molecules at certain conditions may occur,
leading to a potentially drastic decrease in the intensity
of the SERS signal. Often, the Stdbexr process is used for
the purpose of thickening the silica shell wvia the
adoption of a tedious three-step method: (1) surface
30 activation for silanization with coupling silane agents
(2) initial silica deposition with sodium silicate in an
agqueous solution and (3) extensive growth of the silica
shell with a silicon alkoxide (e.g.

tetraethylorthosilicate) in an alcohel solution. Among the
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10Sunmary According to a first aspect, there is provided a nmethod of
preparing a surface enhanced Ranman spectroscopy (SERS) particle conprising
the step of encapsulating a plurality of Raman nol ecul es on the surface of
a netallic 15 core with a bioconpatible protective shell at an el evated

Lemperat ur ¢, gelect et d oxdacieass { henencansleat ban e daBteatingn gsie-fol d

relative to an encapsul ation perforned at 20C. Advant ageously, the
di scl osed peddessntdueled whed usesked of langehcadsut we¢ onfrenpétatiurte of at

| east 30C, may result .i.n the encapsul atio f. t.he n | ecul t he
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hi gher encapsul ati'on tenperature nmay ina particle'™wth an
enhanced SERGS miefdictly ashaconrperredntes anot et paatt chechdwiages, shied| of

t he sane thickness hut when de at room tenperature, The process may
further cofr MS&St Ré §P@p%6ﬁ éFéégﬁﬁgg%ﬁErPﬁF%kﬁ%?¥eof the shell. The

increasing step may conprise the step of addi ng an aqueous solution of a
coating precursor under al kaline conditions. Advantageously, the use of an
aqueousOsol ution during the increasi BgBBEP may result in a particle with

enhanced 5 SERS.int ensi t co r t i or roce I es an
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al coholic sol ut P& oF6 86k ar R e particle. ngly, the

i ncreasi ng piitepATeyE optéeaalhy exehudecthensmofd aRamdeohpkctAcsooding t o
a second aspect, there is provided a 10t§?rticle pE%pared frﬁn1the nmet hod
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bi oconpat e protéctive shell encapsul ating the Raman nol ecul es. 15
15 core with a biocompatible protective shell at an elevated
temperature selected to decrease the encapsulation time
more than one-fold relative to an encapsulation performed
at 20°C.
Advantageously, the disclosed process, due to the use
20 of an encapsulation temperature of at least 30°C, may
regsult in the encapsulation of the Raman molecules by the
biocompatible protective shell in a shorter period of time
as compared to a process which was carried out at room
temperature, which is typically carrxied out at a
25 temperature of about 20°C to about 25°C. Advantageously,
this may aid in substantially preventing the dissociation
of the Raman molecules from the particle.
Zven more advantageously, the use of the higher
encapsulation temperature may result in a particle with an
30 enhanced SERS intensity as compared to another particle
having a shell of the same thickness but when made at room
Cemperature.
The process may further comprise the step of

increasing the thickness of the shell. The increasing step
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Definitions The follow ng words and terns used herein shall have the
meani ng i ndicated: The term "nanoparticle”, as used herein relates to 20
t he average di mensi on of a nanoparticle having a size of |ess than about
1000 nm particularly | ess than about 500 nm nore particularly |ess than

about 100 Hﬁg e aueage. i geasi o nake; bt Wweghe8houEoldtaBNt @ Rhout 100
nm The nanoparticles may not be exactly spherical and the 25 di nension of

t he nanoparbaciegmay referursor he equidedt ent ailkmBias of tHEGHREPHT i cl es

relative tq _ a spherical_nangparticle e r.m."m_gcr rticler, ed
herein rel gfié’?ngﬁlgfeﬁ&s Verﬁg‘g dSrendt o%gofatqgleﬁucsr 5’%&?‘?&?‘&% CL%/lln gstaﬂgsi ze of
30 less th%ﬂc&@@@inﬁo@c@m mpar treghat! yid ess phani dbouwis00 dmpamord
particularly | ess than about 100 gm The average di nension may be beﬁween
about 19 gFERE abBRANSIOY gAf PRERRIEDPEPt Polst Mayahbt BEEACtY5C

spheri cal ﬁ%%.st he, diyensian of sLhgALEr 0par 8 freynEefafe 110 bLhRe the
equi val ent l'ameter of the mcroparticles relative to a spherical

mcroparti gheticle. Hreghiiagdy notket hanreneifgl ¢taphatpy ePREiPmYL I a

decrease in the encapsul ati i
exclnde AR ulatian timg as qompared to a

According to a second aspect, there iz provided a
10 particle prepared from the method cf any one of claims 1
to 20 comprising a metallic core having a plurality of
Raman molecules extending from the surface of the metallic
core and a biocompatible protective shell encapsulating
the Raman molecules.
15
Definitions
The following words and terms used herein shall have
the meaning indicated:
The term “nanoparticle”, as used herein relates to
20 the average dimension of a nanoparticle having a size of
legs than about 1000 nm, particularly less than about 500
nm, more particularly less than about 100 nm. The averade
dimension may be between about 10 nm to about 100 nm. The
nanoparticles may not be exactly spherical and the
25 dimension of the nanoparticle may refer to the equivalent
diameter of the nanoparticles relative to a spherical
nanoparticie.
The term “microparticle”, as used herein relates to
the average dimension of a microparticle having a size of
30 less than about 1000 um, particularly less than about 500
pum, more particularly less than about 100 pm. The average
dimension may be between about 10 um to about 100 pum. The
microparticles may mnot be exactly spherical and the

dimension of the microparticle may refer to the equivalent
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5 reference encapsul ation tinme means the nmultiplication of the reference
encapsul ation time by I/x, in which x is a nunber nore than 1, to obtain
the encapsulation tinme at the el evated tenperature. The phrase "at | east
two-fol d* when referring to a 10 decrease in the encapsulation tinme as

conpared t@iamteter ence tercapsulophonitioe nesnscite mul tapldmaiiormiof the
reference encapsulation tine by ,A to obtain the encapsulation tine at the
el evat ed teppepRBUEECLBence, the phrase "at |east n-fold" means the

mul tiplication ghet g8 eferance,gncapsulsahion fide bycblnihg obtain the

encapsul ation tine e el evated tenperature. he term "protective"
as used hesetpewben def ethiéngetoaphelshébh, tahersaso thepabedi tyeofat he

shell to shield the Raman | ecul es_extending fromthe core fr. d ge or
20 expé%ur€e?SK§HC€xt%ﬁ?ﬁﬂgg;ﬁﬁlﬁghnEﬁW? neals T% eté?ﬁ%b%%#;ﬁﬁﬁyﬁﬁ ble" as

used herei ppwhen #8fB1dd Nehdgpdiesieh | cineany tihat, the sheth ks is a
non-i nmunogeni ¢, non-all ergenic and non-toxi c when adm ni stered in vivo. As

such, the shaberdoesraiothalit dr 250t RETBiE! dditafFaRerLdRsCBf M8 Vihg

or gani sm e termele rature"refers to a tenperature that is
hi gher thayp1 F@F@F&%@e%?@ﬁgé%ggggé set at 20C. Hence, the el evated

t enper at ure neanseanyhtedperaturiesddat tive-Aoie”t harr20G:ferratyl éasta 30C.
30 The term"silica" as used herei n_when re%erring to the shgll Jrefers to

an oxiHe oFSSFERESn Ravi St hEPSBBFRPACE ch&ffcaf®f of MIPAT 702 °wi T hout

regard to %%tf%&e%@hy&&@a%um@rmttime mearetRAr a8A ¢ igilidaariidml bF free
of an al cohol™ may not 1nclude the use of an alcohol in a particul ar

reaction saheti ceferepcecesscspeplaifionei iimge BYcokol tPs 8BERABD BYSt he
general fornula CnH2".10H._.ln the .event.th phal.. i sypresentpin the
reaction s&lnﬁﬁpgglg%lﬁ%cteléng st epte‘lh ueé]t%v%go%c?gtmémn%fon of " the Teactant (s)
or reactiopnsalsut ivess thesamuiblef” aheatwl thhowud thelliess itmam@aboue 0.5
w% |ess than about 0.1 WMt % _or |less than about_ 0.01 W% .10The term

" Ramanlfol sefleaences (RRPPBIEIHIOT s Folfe Py 1/n T to obtaln the

encapsulation time at the elevated temperature.

The term “protective” as used herein when referring
to the shell, refers to the ability of the shell to shield
the Raman molecules extending from the core from damage or

20 exposure to an external environment.

The term “blocompatible” as used Therein when
referring to the shell, means that the sghell is non-
immunogenic, non-allergenic and non-toxic when
administered in vivo. As such, the shell does not alter

25 the biological functions of a living organism.

The - term “elevated temperature” refers to a
temperature that is higher than a reference temperature
set at 20°C. Hence, the elevated temperature means any
temperature that is more than 20°C, or at least 30°C.

30 The term “silica” as used herein when referring to
the shell, refers to an oxide of silicon having the
approximate chemical formula 8i0,, without regard to water

or hydroxyl content.



interpreted to refer to any substance whi ch produces a detectabl e Raman
spectrum which is distinguishable fromthe Raman spectra of ot her
conponents present, when illumnated with a radiation at an excitation
wavel ength. 15 The term "Surface- Enhanced Raman Scattering” or "SERS' as

used herein, 1srho bedkerpreted o heter ko the dinceassin fami.

scattering exhi bi te y certain noleculés in proximty to certain netal
sur f aces. Ihe%udd“gubstam6|atﬁyédoeghuﬂEXblude QOPEG@#pwéﬁétyre@CQla%

t gh is "substantiall " fromY ma npl
From Y, WnaPe haeBs e Y b tres horhobe BETAR Al TY® RA5 B8 ok (26 P Ei & he

definitionpgf the ldcj\é/rﬁ‘éh}apn £odRhgesS speci,bised theﬂ:m seyvelte tBBAB an
conpr|5|ng 25 and "conprise", and grammatical varjants thereof, are

i nt ended t 8leeprasehs Fﬁﬁéﬁﬂﬂbrlnlﬁ@ﬁhs?@éCtP§ﬁgu%ﬁ%u%H@% OFat PFRESST nel ude
recited eI%g%% 3 “ttgl%%nR%&EbEtEBﬁ ony, of addi Li,enal), Cﬂprggggggon

el enent s. erein, term "about”™, in the context of
concentrat&&n&taanOWﬂﬁﬂent@umﬁ ¢healoovhul abhondd &y@ﬂ&&kdytmmansbamt 5% of
the stated value, nore typicall 4% of .t he stated val ue,. nore t¥£|cally

+ - 3% of Ph& t&redSSF Ue ot O’g‘éybpcél Py % +PY Jo%t TS sH3T%d Va

even nore typically +/- 1@6of the stated value, and even nore typically +/-
0.5% of the stated val ue. Throughout this disclosure, certain
enbodi hent s rrayTliﬁ@ disot oSBanén BolgAyd et Gr et . 1 sh@ﬁ?el?be ignde? sPBod 5

that the deseriBtlond n Lanasd,orpBt 4.8, MLElY.bar Gonven eies.and bevity

and shoul d Aot construe as an e I'rmtation on"the scope of the
di scl osed raReesabACORshag! }épetlﬂeuﬁlesmfthih otisofdiastriange stetilad Heom

considered to have specifically disclaosed all the possible
the Raman spectra  of other components present, when
illuminated with a radiation at an excitation wavelength.
i5 The term “Surface-Enhanced Raman Scattering” or
“SERS” as used hérein, is to be interpreted to refer to
the increase in Raman scattering exhibited by certain
molecules in proximity to certain metal surfaces.
The word “substantially” does not exclude
20 “completely” e.g. a composition which is “substantially
free” from Y may be completely free from Y. Where
necessary, Gthe word “substantially” may be omitted from
the definition of the invention.
Unless specified otherwise, the terms "comprising"
25 and ‘"comprise", and grammatical variants thereof, are
intended to represent "open'" or "inclusive" language such
that they include recited elements but alsc permit
inclusion of additicnal, unrecited elements.
As used herein, the term "about", in the context of
30 concentrations of components of the formulations,
typically means +/- 5% of the stated value, more typically
+/- 4% of the stated value, more typically +/- 3% of the

stated value, more typically, +/- 2% of the stated value,



10 sub-ranges as well as individual nunerical values within that range. For
exanpl e, description of a range such as from1l to 6 should be considered to
have specifically disclosed sub-ranges such as from1l to 3, from1l to 4,
froml to5 from2to 4, from2 to 6, from3 to 6 etc., 15 as well as

i ndi vi dual egggb%q_,&wi%\&gg?gm £ Anges fqr ﬁﬁéﬁ@kste& valud, 4nd® efild 6.

This applies regardle readth of the range. Certain
enbodi ment somrey tgbioabéydeger bhed bfoadkysantiegemedieal | y herein. Each of

t he narrower species and 20 subgeneric groupings, fallin i.thin the generic
di scl osure al soTPGQPﬁEOb‘ErttIHS? ésﬁhgégagurpe?g%{f‘%ni ngl?gfé‘glet“ﬁg dg&heri c

descri ptiopeofgidie Quhodi gent sramdd AopmnaYi Sorer sAedati & | imadastem
renoving any subject matter fromthe genus, regardl ess of whether or not
t he exchsedhait etthgl ZBScyigeorfi dal | yansd t ePfeatei nis Deter¢kd DFQE| osure

of Enbodi ments . I , -l i miding.e di ogd. of
prepari ng goggﬁglﬁgﬁe%%erg)w V:'”ntg'\gl)v Iléd gléé&(}: %geg‘g%gﬁgqﬁr}et ré%dggérr%r%%es t he
step of endapgsekabileg aipliwsaliichy ef Ranmn ntesul esf onthde dusdhosedf a

nmetallic core with a bioconpatible protective shell at an el

t
t enper at ur &28gFEct &F IF Héthoas & Ah e ercaRut 8% 8 A H@H%r@/‘%ﬁg% Bfe-fol d

relative tQ.an;eRcapsylAtiAR Ryydarmedat, 20Gelosed UEL tOnd hgousenoé the
el evated tenperature, the encapsul ation time nay be decreased at | east

tmn-fol@, @mbErbagﬂﬁt¢ﬁe§@ﬂél@ﬁiﬁﬂ¢iﬁﬁﬂuﬁbuﬁﬂﬁ@ﬁdpaétVaiﬁﬁSfW@Ehi%ld, at
et i Y Gt SRR, e BBk O L Sl T 12 1

relative t@ram encapsulkat siepuper fret NneEnatld20€3 to have specifically

disclosed sub-ranges such as from 1 to 3, from 1 to 4,

from 1 to 5, from 2 to 4, from 2 to 6, from 3 to & etc.,

15 as well as dindividual numbers within that range, £for

example, 1, 2, 3, 4, 5, and 6. This applies regardless of

the breadth of the range.

Certain embodiments may also be described broadiy and

generically herein. Each of the narrower species and

20 subgeneric groupings falling within the generic disclosure

also form part of the disclosure. This includes the

generic description of the embodiments with a proviso or

negative limitation removing any subject matter from the

genus, regardless of whether or not the excised material

25 1is gpecifically recited herein.

Detailed Disclosure of Embodiments
Exemplary, non-limiting embodiments of a method of
preparing a SERS particle will now be disclosed.
30 The method comprises the step of encapsulating a
plurality of Raman molecules on the surface of a metallic
core with a biocompatible protective shell at an elevated

temperature selected to decrease the encapsulation time



10The encapsul ation tine at the el evated tenperature may be at | east about
10% of the encapsul ation tine when the tenperature is 20C. The

encapsul ation tinme may be selected fromabout 10%to about 90% about 10%
to about 15% about 10%to about 20% about 10%to about 25% about 15 10%

to about 30% .ahout, 10% 10, abouL, 35%. abgut 10% 0, ADGLL: AD%e AOMIed0% t O
about 45% gé%%u? %l%to about 50% Jéb%ut 10(1%t0 aaf)bout 55% a{gbout 10% to
about 60% aaboatc10%to about 65% about 10%to about 70% about 10%to

about 75% about 10% to about 80% fab%t 10% g\fo %gou QSW% @Q:gélt 2%09015%t0
about 90% about“80%°t o-Abolt®D0oRT aboft 55 F5Sbott B0Ye - about Y% t 0
about 90% -abgptu3ateba abelt N babaut r49% 50 abua 20 %walralid 45% t o
about 90% about 50% to about 90% about 55%to about 90% about 60%to

about 9% lebstt teB%er-dodioutaDobsaabobPuroirls  afdutl Tl SbeRitites 75% to
about 90% _abol, 80%1 0304 % a0ds 8L, A5% 1 abgut 130%: as; sonpar ed

to an encapsulation tite at 4 tenperature o e encapsul ation tine at
t he el evat gd1tenpet atlgaestmayibe -dlddt, 16% ofeddte eregapuildati eb tlemstat a

tenperature_of 20C. _30The el evated tenperature be selected fromthe
group consPsEVRE 6P180C¢0 §5C W% o V%Df@mf%' 50]@65,31%1‘0’(5“?0 'g0C,*30C to

70C, 30C tQ,8Q6;39C:iL8 9QCs4REat a+956°50C to 95C, 60C to 95C, 70C to
95C, 80C to 95C and 90C fo 95C. The el evated tenperature may be about 70C.

| f thel@l evat ed ThenpereamselisiaboltimE0Catt HehenEdFy@tad ohCTPRE> HaYe be
about 8 hours. T ' [ Jf Of t e ' t.ep at
S ovat od L Sers At Pe-LL MR RRL! o OLe Egﬁe%ac%;guggﬂgﬁ EhAtuihie

ure nay ect'ed from gro consisting of Trom
about 4 howhs tecmpericdbe hal s20aboutrhe henraptalabout 40inwumsy about 4

hours to about 35 hours, about 4 hours to about_ 30 hours, about 4 hours to

about 25 hEGLECTEBoRTA RRPEtt d0EbdGt BWPhour 8% aBEGH 4 Wsur® t3P3bout 15
hours, aboyt;s4 hours 4Qsahouta Q. holyss, BOnabouss 4eHosbsut 028bouspSuboUr's,

about 5 hours to about 45 hours, about 10 hours to about 45 hours, about 15
hours 1® ahdgt @%b bbons, HFout aROuhowdS t oo albdwutd s Four §bodbodto 255 Pour s

to about 45 hours, ,about 30 hqurs tg ahout. 45 s, 0 hougs.to
about 45 h&wF&tadd “ab O“io Hour® taggci% about %%5‘ %u]r“g% %egé?\%gpéléjféti on

time may beaheutid haursooliensss, i kobhe nekerence@ncapsy) atbonctioe is
about 48 hours, the encapsulation tine of 4 hours is a 12-fold decrease,
the encapsHoatdRaNg i 9% of 2BOHEUAD Y A TP d7Hécr @RS twHi 4% theabout

encapsul atl,on AR Qf 1t NAlIEods:, @01 Holo! dodecteangur ssy, IBeuprocess

may conprisé thé step of adding e netallic core to a solution conprising
t he Rapan mEsectd espoan o¥@fanoaboupl i agentalsmd a28% | i ekoptecihsoFounder

conditions 1o gauss the Ramn,ml eciles 1o X el 354 to about 903,
about 40% to about 90%, about 45% to about 9%0%, about 50%
to about 90%, about 55% to about 90%, about 60% to about
90%, about 65% to about 90%, about 70% to about 90%, about

25 75% to about 90%, about 80% to about 90% and about 85% to
about 90%, as compared to an encapsulation time at a
temperature of 20°C. The encapsulation time at the elevated
temperature may be about 16% of the encapsulation time at
a temperature of 20°C.

30 The elevated temperature may be selected £from the
group consisting of 30°C to 95°C, 30°C to 40°C, 30°C to
50°C, 30°C to 60°C, 30°C to 70°C, 30°C to 80°C, 30°C to 90°C,
40°C to 95°C, 50°C to 95°C, 60°C to 95°C, 70°C to 95°C, 80°C
to 95°C and 90°C to 95°C. The elevated temperature may be

8



25 fromthe surface of the netallic core. The bi oconpati bl e
protective shell may conprise silica. The silica shell may function to
encapsul ate and protect the Raman nol ecul es. The silica shell nmay be highly
bi oconpati bl e and nay be suitable for bionmedical 30 applications such as in
vivo appli ,ensgedhersi Li,ca Shell. By he Ammndabl & ok dur ther, the
functional%ggkgoﬁomgfhlgegbreg bighnlecj?gg (such as ant?bodies), whi ch
agai n al | osmchpsubioiedi tatheappl/i bat kbnst 8 hoursThe organo coupling agent
may conprise am no (-N-12) functional_.groups_and-hydroxyl, (- functi onal
groups. The orQEHS GﬁﬂﬁTiﬁﬁréﬁgnt%ﬂﬁy de¥ Sagsﬁ%a¥6F§sf¥x%%g%%iJ%Q?n

order to fanptheshydeaxkhatuneti apal weoupslthie amdw ftmet ignalp groups
may bind with the surface of the netallic core to result in a nolecul ar

monol ay®er ePnsheténgans doupt iy dgeht NBHEhEOs@lPate “of R Tret: e core.
This may resulin the exbepsign gbuhe hudsexyly Tuggtional gogups gyt wards

and away fromthe metalfrc core 10 to facilitate the adsorption of the
Raman nol eguhes , omddie surhaces oftot lebonst add | sogns e abdutr dssdunk Wt h t he

silica precursor to undergo further hydrolysis and ngdensation tq fprmthe
silica shePPOUHerfce, NYHe® addBPPti én Sencaplbrati gﬁ Yive F?gar%ugc £

mol ecul es gRY, 15 QF Gl Al MOSthEhPY| t aB8QUSLY hours tPubdix the neer®f the
el evated tenperature as nentioned above, the inventors have surprisingly

f ound that atdoius & dvatnsd tenperat ubehpuysai abokts ghdiants atd yriHant? ng t he
reaction rate so as o Lnchease the 20.yarolysis, and.sondensation of S - Of
i ngcf y, due he i

to form t h&°St2o §i°Net wor k-~ “Accord ot aster formation of
the silicaazsheld 4at Hhe €l exated ZEmens we, alencapstl atton, odbehe Raman

nol ecul es by the shell can also occur, at a faster rate, hencg substantially
m ni mi zi ng FeNES0 EPa G 2% SoHeS RARAH ol R AUTEES f FInTPRRE par ¢ PRTES

The netal | i g cQre,c Rapppsml ecubesr A0an9,£9URkENGBGeNt s8nthciidd Céo
precursor my be subjected to shaking so as to allow the formation of the

mol eculmr rdmoitayés dfourtre offianostoapsithyt bgentt idrcounayt Hee nelaiiti c8 core.
30 The netallic core nay. rise.a transition | . T, ransifj net al

may be sel ver, gol d, plati num and
copper . 48 HherRanene meheepke 16@mY ofott ke p&f t &clloarsy ild n t 2d- Antidcan

i ncl ude Raman nol ecul es over a broad wavel ength ,
decrease, the encapsulation time “of 8 hours is a 6-fold
decrease while the encapsulation time of 45 hours is a
20 1.07-fold decrease.

The process may comprise the step of adding the
metallic core to a solution comprising the  Raman
molecules, an organo coupling agent and a silica precursor
under conditions to cause the Raman molecules to extend

25 from the surface of the metallic core.

The biocompatible protective shell may comprise
silica. The silica shell may function to encapsulate and
protect the Raman molecules. The silica shell may be
highly biocompatible and may be suitable for biomedical

30 applications such as in vivo applicaticns. The silica
shell may be amendable for further functionalization with

desired biomolecules (such as antibodies), which again

allows for biomedical applications.



fromthe visible- to near infrared with either specific functional groups
(including -SH, -NH2, -COOH, etc) or with positively (or negatively)
charged surfaces. The Raman nol ecul es nmay be heterocyclic Ranman nol ecul es.
Ths Rangn 5 nol ecul e may be selected fromthe group consisting of a near
infrared (NI R)- S | kG od i el i theitsica ani ne
l'ibrary (CyNANL§$§ é%%%#%in?%g Egﬁgl§§§¥%%gﬁ§?aﬁggg?é%§cfgﬁﬁ%%ogogggﬁysalt,
arsenazo | fubasiionfichsioyp<€hiagegohgyokyle, (-diHlecfunegdivdadl, gubEper se
orange 3, HABA (2-(4-hydroxyphenyl azo)- benzoic id), erythrosi trypan
bl ue, ponceds SFnﬁ%ﬁgbadj ,1%E%r-ﬁ?%%ﬁy|WﬁVatﬁn gﬁ'gbyé%yn%¥8r${§£%s P
1, 5-di f | uorR2A-+dinnisty ehenzenes ebesylhe oheinoR-napiidel @nel hipbuper yst al
violet, pyrazole, p-dinethylan noazobenzene and 15 ni xtures thereof._The
lI;«’zalmalg Mol e@lice areinbefwnet Leirel cEROUBYe MaPhed Fefratii bl &88 e HBF DePlhosen
ased on t appl. i on t S§é§1 rticle. I 1 skin
tissue peng%$hﬁﬁ%%£?%%ouf8%g Fg)z nn?gighréﬁupggé?a¥%gpﬁgﬁgﬁa' Iegﬁfe may
be of the Gpramitddria@ryoughendaagrn20 ol el sumégche cCy NAM AngBdliic
The Raman nnlecules,naéﬁpe adsoibed on_t he s%rface of the nmetallic core or
may be cov&S&Sl yIBLRAERY of ERRL Surfhckle TRE S FANS cB pﬁ%ﬁb ﬁ%ﬁ?x%gy be
an or gano- $ih2R8 2 1CQURNIHAI RAERIrdsT D IOANRe- ShdrNen€ OuPt & NUi @gedte may be
selected fromthe group consisting of epoxysilane, nercaptosilane,
al kyl st ango plrariligidtandheursdogitiane dhdhe AT dpelesriani o bated
conpounds, _al umi num che es um i.rconi b coapouNn 30
Exenpl ary 5?6%%%?§iP§ne£§%up ?ﬁ%ﬂ%géng%ﬂgggéﬁgf E?#%Fegagga gggﬁingﬁide
si | ane coupliing=ageptscstedr astd- undergo further hydrolysis and
am nopropyl tri et hoxysil ane, 4- am nobut Itrjelhoxysilqge,
3- ani nopr oFANGERSETERox &t hd&&t h siflamesd1-shell.

aninOUndeC%ngﬁgéﬁﬁysé+&n%mNa AAEHIRR! NYE) t3re Raman molecules may

am nopropyltri hoxysi | ane, N- (2- am noet hyl ) - 3-

15 occur almost simultaneously.

Hence, the

Due to the use of the elevated temperature as
mentioned above, the inventors have surprisingly found
that this elevated temperature may aid in substantially
enhancing the reaction rate so as to increase the

20 hydrolysis and condensation of Si-OH to form the Si-0-8i
network. Accordingly, due to the faster formation of the
silica shell at the elevated temperature, encapsulation of
the Raman molecules by the shell can also occur at a
faster rate, hence substantially minimizing dissociation -

25 of the Raman moleculesg from the particle.

The metallic core, Raman molecules, organo coupling
agent and silica precursor may be subjected to shaking so
as to allow the formation of the molecular monolayer of
the organo coupling agent around the metallic core.

30 The metallic core may comprise a transition metal.
The transition metal may be selected from the group
congisting of silver, gold, platinum and copper.

The Raman molecule may not be particularly limited

and can include Raman molecules over a broad wavelength
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am nopropyl tri et hoxysil ane, N-( 6-

am nohexyl ) am nonet hyl tri et hoxysi | ane, N- ( 6- am nohexyl )

am nonet hyl tri net hoxysi | ane, N-(2-am noet hyl )-11- 5

am noundecyl tri nmet hoxysil ane, etc.. These may be used alone or in

conbi nati o, Qf; ¥ 0K 18Bheet halLOfiear infrdiedneierbedivmiit , spdeific
or gano-si |l ane coupling agent is an organosilane conpound having the fornula

(Y-R) uSi X, funatéomay igsoapsartingliidissi ofdl gidup, - FOPB. aeE8) 50a1 %411 10
group, X is a.Cl 6-al kox [roup,..a e .S S t he sum
of n and nf??lgl?ﬁi§%4§9¥ﬁc o |Hﬂ$€¥ﬁt%%g%%tp iﬁ&ggggﬁﬁ'nagﬁ e Rt

am nopr opy kidiceitkex e ape HAREMBLvRAMicngraten f oolebalek) RiecowrarHs CH
0-Si -CH2CH2CH2NH2 1 OCH3 1 I n anot her enbodi nent, the

5(1)
or ganos? | af@1E6UBIS MipagBft SPaPBEB- GF YR §6%y P opiR t FPREE REXYE %fne® The
silica pregursor; algéj:} agin) Cabes JBesshl GakeimR e el @ctedibnom the

group consisting of s um 20 silicate, potassSiumsilicate, lithium
silicate, c¢a ciurhsilitateadndcyaghesi umisbriagat e. (CyNAMIhe conéeftrati on

R L A R e
about arsenazo I, basic fuchsin, Chicago sky Dblue, direct red
10 81, disperse orange 3, HABA (2-{4-hydroxyphenylazo)-
benzoic acid), erythrosin B, trypan blue, ponceau S5,
ponceau S8, 3,3'-diethylthiatricarbocyanine, 1,5-difluoro-
2,4—dinitrobenzene; cregsyl violet, 2-naphthalenethiol,
crystal violet, pyrazole, p-dimethylaminoazobenzene and
15 mixtures thereof. The Raman molecule may be a flucorescent
dye. The Raman molecules may be chosen based on the
application of the SERS particle. For example, if deeper
skin tissue penetration (about 15 to 25 nm) is required,
the Raman molecule may be of the Cynam library. The Raman
20 molecule may be CyNAMLA-381.

The Raman molecules may be adsorbed on the surface of
the metallic core or may be covalently bonded to the
surface,

The organo coupling agent may be an organo-silane

25 coupling agent. The organo-silane coupling agent wmay be
gselected from the group <consisting of epoxysilane,
mercaptosilane, alkylsilane, phenylsilane, wureidosilane
and vinylsilane, titanium based compounds, aluminum
chelates, and aluminum/zirconium based compounds.

30 Exemplary organo-silane coupling agents are not

limited and can include silane coupling agents such as 3-

aminopropyltriethoxysilane, 4-aminobutyltriethoxysilane,
3-aminopropyltris (methoxyethoxyethoxy)silane, 1i-
aminoundecyltriethoxysilane, N- (2-aminoethyl) -3~

11



25 0.6Wm % about 0.09wWwt % to about O0.54wt|, about O0.1wt % to about 0.6wW %
about 0.2wt % to about 0.6w % about 0.3w % to about 0.6wt % about 0.4w % to
about 0.6wt % about 0.5wt % o about 0.6wt % about 0.05wm % to about 0.09w %
about 0.05wt % to about 0.1t% about 0.05wm %to about 30 0.2wt % about

0.05wmt % to &Qﬂ%rgﬁ%o{%g@\%%ﬁei%%% to about 0.gw 90 gndabou 005w % to

about 0. 5wt rati o of the silica precursor to the
organo couphiingpagent tmaythexgbolitind5-55: 1. The vol une rati o of ¥he&-Ranman

nol ecul es to,the organo . coupljng, age may . be about -30:1.. Hence,. \t he
vol une ratPBlBPhFﬁggga@FESWSthgEF?ﬁggﬁﬁgﬁf??PFFca pﬁgbagé SR A

ol ecul es gRYnBReaRYUkrindeneRyd9134e, The net gl 461668 €hyRY- Tave a
cross-sectional dianeter that is selected to achi eve SERS. The

cross- sect kpabudidgrrisr imgphbayselasted £t6m-abdess0 Ma% o boutSab0oo 10
nm about %80%2 £2 %%O%tgaﬁqga@%nagﬁu‘:ygoonmEQ a'@gggS%?Q nm about 50 nm

to about 2 abaolit nm t 6 about 0 nm abou nmto about 300 nm
about 50 nmto ahowns56mpayiabatt Sthennotganbesi 1400 mupdbog HPemm to

about 450 nm about 50 nmto about 500 nm ,about 50 nmto a t. 550 15 nm
about 50 nAPt GraBHAXBUI iR a%ﬂﬁo%%gnﬁ?‘ifbnabfil%? %%mr‘rﬁ]a a(gg'g?t) ngég‘ﬁ'm to
about 700 pmL.-abopt 130 1M 9 : ABOUERG dHE1 ageah?;m RIM § 0 sabeut - $08ynm

about 50 nmto about 850 nm about 50 nmto about 900 nm about 50 nmto
about 950 gmpugbowt 1M0anfitsoadbouy BOGOUNMarbont 2R80 TAtD HBBRIEH 1000

nm about 200.nm.ta apput 1000 ut_ 2 m t o _about out 300
nmto aboutsufaoggrﬁ'%l gﬁ%utsuﬁ%dﬁnn%t %ll)@bonht?%og‘o Lnﬁn?_a o'utﬂg‘g(gr%%i?o about
1000 nm abkeut 4&digimrip abmit 160, nMye abaninSPOopyl t 0iabohidxODDame
about 550 nmto about 1000 nm_ about 600 nm.to about 1000 nm 25 about 650
nmto aboutARANE)nRaviBsUtIPOG RS dBoutel®W0 nm about 750 nmto about
1000 nm about 800 nmto about 10@Q8cri . about 850 nmto about 1000 nm
about 900 nmto about 1000 nm and T’;\bouﬁ: 950 nmto about 1000 nm The

metallic core may be grown-f0m a Apt gkl G~$e6d; or exanple, where the
metallic core is gold, the%ﬁ@?e?ﬁ ?@W;@%ﬁ%ﬁtﬁng a sol ution of
HAuCl14 and sodiumcitrate under botling. The gold may be stabilized with
the sodiumcitrate so as to all ow@ﬁ‘é‘i&orn&ti on of a nol ecul ar

15 (I}

'In another embodiment, the organosilane coupling
agent may be 3-glycidoxypropyltrimethoxysilane.

The silica precursor may be a silicate. The silicate
may be selected from thé group consisting of sodium

20 silicate, potassium silicate, 1lithium silicate, calcium
silicate and magnesium silicate.

The concentration of the gilica precursor (based on
the water composition in the silica precursor solution)
may be selected from the range of about 0.05wt% to about

25 0.6wt%, about 0.09wt% to about 0.54wt%, about 0.lwt% to
about 0.6wt%, about 0.2wt% to about 0.6wt%, about 0.3wt%
to about 0.6wt%, about 0.4wt% %to about 0.6wt%, about
0.5wt% o about 0.6wt%, about 0.05wt% to about 0.09wt%,
abour 0.05wt% to about 0.1t%, about 0.05wt% to about

30 0.2wt%, about 0.05wt% to about 0.3wt%, about 0.05wt% to

about 0.4wt% and about 0.05wt% to about 0.35wt%.
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nonol ayer of the organo coupling agent as explained above. It is to be
appreci ated that depending on the type of netallic core to be used, the
met hod of growing or increasing the size of the netallic seed is know.
Alternatively, the netallic core having a desired cross- 5 sectional

di aneter may bengt aj. pedy Of%'ae{zlc& aldy . tne eIRec8l | hrachayst By hawe a

t hi ckness sel ected from abou nmto about 10 nm 4about 2 nmto about 3
gm abogt 2roambo ahomitidy negealiouta? e tababout4®H SPml.abdhe valmne about
nm about 2 nmto about 7 nm abo 2 nm 10 about 8 nm._about nmto
about 9 nnFaEBBUPfSHHﬁt%ﬁ@ﬂﬂnﬁO§§F$ﬁﬁsag8uigﬁ ﬁﬁﬁ?@oa&ﬁﬂﬁzﬁ?QHﬁgﬁbout 5
nmto abouf3}0 pM Ahqw &omet.q abgehcd0 Nthe abItume NEt@cabest e nm
about 8 nmto about 10 nm about 9 nmto about 10 nm_about 3 nmto about 5
nm and @bootganam toupbbuy SIRALEE lIMRe precessomy RePdRerMorPtid® the
step of increasing,th hi,ckness,of, .t he silica |layer. The increasing step
may conprigéytﬁs %Pgﬁ o] 'égdgﬁgignEQQerus solution of a coating precursor
under al kal i ne caadimkit@ndicTheraqueguhse w i avsmysdarider]l cbipnetse a
catal yst 20 selected fromthe group Qonsistin% of _ammoni a, 2- :
aninoethan@PﬁFol?%tﬁﬁ%%?%ﬁ?ﬂet§2 achieve SERS. The crogs-gsectional

(di et hyl agiinglethanglhi gL, Ze(ebhrlt et Axbani Be and PEORMAM Negoo
The aqueous solution rmay be substantially free of an 25 al cohol. Hence, the
aqueouso sohut i evomgy Hfe rsubse amedal | Y09 r va, ofbadtalbomdl Lok thass &

Ot oo By PN AT, soP A0t 200 E6 SULIRYO8 g, o i 350 e

enbodi ment pmt h@bout 50 nm to about 300 nm, about 50 nm to about 350

nm, about 50 nm to about 400 nm, about 50 nm to about 450

nm, about 50 nm to about 500 nm, about 50 nm to zabout 550

i5 nm, about 50 nm to about 600 nm, about 50 nm to about 650

nm, about 50 nm to about 700 nm, about 50 nm to about 750

nm, about 50 nm to about 800 nm, about 50 nm to about 850

nm, about 50 nm to about 200 nm, about 50 nm to about 950

nm, about 100 nm to about 1000 nm, about 150 nm to about

20 1000 nm, about 200 nm to about 1000 nm, about 250 nm to

about 1000 nm, about 300 nm to about 1000 nm, about 350 nm

to about 1000 nm, about 400 nm to about 1000 nm, about 450

nm to about 1000 nm, about 500 nm to about 1000 nm, about

550 nm to about 1000 nm, about 600 nm to about 1000 nm,

25 about 650 nm toc about 1000 nm, about 700 nm to about 1000

nm, about 750 nm to about 1000 nm, about 800 nm to about

1000 nm, =zbout 850 nm to about 1000 nm, about 900 nm to
about 1000 nm and about 950 nm to about 1000 nm.

The metallic core may be grown from a metallic seed.

30 For example, where the metallic core is gold, the gold

seed may be grown using a solution of HAuCl; and sodium

citrate under boiling. The gold may be stabilized with the

sodium citrate so as to allow the formation of a molecular

monolayer of the organo coupling agent as explained above.
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30 silane conpound may be 3-nercaptopropyltrinethoxysilane. In another
enbodi nent, the silane conpound may be 3- nercaptopropyl triethoxysil ane.
The al kaline conditions my be selected froma pH in the range of about 7
to about 10, about 7 to about 8, about 7 to about 9, about 8 to about 10
and about t o, about . pntr r bAg i easd ng
step to crggté" hggal alﬁﬁggggﬁg?%?bggéé?he ase ﬁ%ﬁ %g g%%?u%?%&d?%iide or
pot assi um hydaakide. cAkter nati kel yusped5 aduetineghég, the garwlyst ammy
function as a replacenent or addition of the ga s liste here.}éf a

catal yst saBAT5E5aRADNITE%0oNnISH 3% d Bi&t ke 33 St hESFH may’ be*'&d] ust ed
by using differgntiampynt sy ONSEN & atbeBs wfvide ammeriidedtdesss-

catal ysts that can be used nmay be 10 selected fromthe_group consisting of
2- ani noet harethicokl éihmaAdkaniAg, be- PHFAELAYI GRTREYELRAAEL hiol , 2-

(et hyl t hi o) et hylanm ne p apgiLne. [ asi aBy, be
undert aken for Q%Seﬁ%§?¥§ %%ﬁ%%fg%21gﬁyﬁéégtI?&Skﬁgﬁgs%éﬁ%§%$?E peri od
may be at iboueast ntwachemcs,t at lmgstakdidutee howrtsy atolteastndoubdwurs, at
| east five hours, at |east six hgurs, at | east seven_hours st_ei ght

, .at |
hours, at Ped® %8 rd®durs, "%e PEIYE @eﬁmhdﬂ?s?bSPtléa?P'lfiﬁﬁﬁhgfdwnat

| east 12 h@g; Spolte &1 8k, PHQg MRy nhe Wepehdent 70mud heagaRunt 6im stdica 20
precursor added since the thickening of the silica shell will stop once the

si |l icalpreedostr 8 swoormned. 2 Tire thi ekpess 2o, haebsiuti Ga Mayle? APEEF t he
i ncreasing_.step may be apout n 0 11 n ahout bout
le‘t% f%,m#%ou%: u{lmlég atlgotu% EELQ) ; 1%8011{:“ 5 918\ tol%.})%ﬂtt 03.@

50 nm abo 0 ab nm - about nmto about nm about
10 nmto abgut 2220thm rabotd JPown 10 ARPUELRER MMnmabheutadinmae cuabout

300 nm about 10 nmto about 350 nm about 10 nmto about, 400 nm about
about 8 nm fc about 10 nm, about 9 nm to about 10 nm,
about 3 nm to about 5 nm and about 4 nm to about 5 nm.

15 The process may further comprise the step of
increasing the thickness of the = silica layer. The
increasing step may comprise the step of adding an agueous

solution of a coating precursor under alkaline conditions.

The aqueous solution may further comprise a catalyst

20 selected from the group consisting of ammonia, 2-
aminoethanethiol, ethanolamine, 2-
(dimethylamino) ethanethiol, 2- (ethylthio)ethylamine  and
propylamine,

The agueous solution may be substantially free of an
25 alcohol. Hence, the agueous solution may be substantially

free of an alcochol, which has a general formula CyH;n,10H.

The coating precursor may be 3~
mercaptopropyltrimethoxysilane or 3-
mercaptopropyltriethoxysilane. In one embodiment, the

30 silane compound may be 3-mercaptopropyltrimethoxysilane.
In another embodiment, the gilane compound may be 3-
mercaptopropyl triethoxysilane.

The alkaline conditions may be selected from a pH in

the range of about 7 to about 10, about 7 to about 8,
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10 nmto about 450 nm about 10 nmto about 500 nm about 10 nmto about
550 nm about 10 nmto about 600 nm about 30 10 nmto about 650 nm about
10 nmto about 700 nm about 10 nmto about 750 nm about 10 nmto about
800 nm about 10 nmto about 850 nm about 10 nmto about 900 nm about 10

nmto aboul 3g0 M. ADGHLLLO M 19oaboyt H00-5E aloUnd OaBeutosabalt 1050
nm about nmto about 00 nm about 100 nmto about 1100 nm about 150

nmotoo aboutbdh00 19m rabosite 208 yniha oimboedudd@odumingbddte 250°%#A% 1 About
1100 nm about 300 nmto about 1100. nm about.350 nm.t.o 0 '
about 400 AifPo té’oo%“feaﬁ%ot%ﬁ] %_%’B%O}Mgt%ocﬁﬂwgét%nﬁbm}thel%ggg%mgnllgfbok%{n 500
nmto aboulkok10f MP3raRQul /Y Potiosaheuhyilofing. atiourrBA0 vyt emabout
1100 nm about 650 nmto about 1100 nm about 700 nmto about. 1100 nm

about 750 additiabelivild@ennsabdbyitt 8UOYNMH WY HEdut 29160 THRLSHRIRESB50 nm

to about 1100 ..about_ 90 bagut L&%p b
1100 nm aﬁguta%(jfd%%mcffg a %%g%fgoqﬁn%t;e%d a o%{m%g(%oﬁ)at%gfu%nﬁ%coﬁn%m

The SERS pakti sheohhas @bitai ned neydbeasubfleet éshgea, f tnttchepBpumdyi dztion in

order to isolate the SERS partjcle. The SERS particle may be purified b
usi ng 15 dP&Pysited Piorstig o Héreretn FEREH g8t Teth R KHe S Y

sol vent s/ s@hutighs.mdh a buhder Mol dts apReeprdat epkorusdédr age ase future
appl i cations. There 1s also provided a particle prepared fromthe

d: scl loj_s@ad metlkodedTHe oparthe| erevRpiosss s imst 49 | 8- 2B BO2BIMATHRtP &
2 b S PR TR vt ruo ST AR SR L o oo
(ethylthio)ethylamine and propylamine.

The increasing step may be undertaken for a period of

cime from at least two hours. The time period may be at

15 least two hours, at least three hours, at least £foux

hours, at least five hours, at least six hours, at least

seven hours, at least eight hours, at least nine hours, at

legst ten hours, at least 11 hours or at least 12 hours.

The time period may be depeﬁdent on the amount of silica

20 precursor added since the thickening of the silica shell
will stop once the silica precursor is consumed.

The thickness of the silica layer after the

increasing step may be about 10 nm to about 1100 nm, about

10 nm to about 50 nm, about 10 nm to about 100 nm, about

25 10 nm to about 150 nm, about 10 nm to about 200 nm, about

10 nm to about 250 nm, about 10 nm to about 300 nm, about

10 nm to about 350 nm, about 10 nm to about 400 nm, about

10 nm to about 450 nm, about 10 nm to about 500 nm, about

10 nm to about 550 nm, about 10 nm to about 600 nm, about

30 10 nm to about 650 nm, about 10 nm to about 700 nm, about

10 nm to about 750 nm, about 10 nm to about 800 nm, about

10 nm to about 850 nm, about 10 nm to about 900 nm, about

10 nm to about 950 nm, about 10 nm to about 1000 nm, about

10 nm to about 1050 nm, about 50 nm to about 1100 nm,

15



The particle may be a nanoparticle. The particle may be a mcroparticle.
25The SERS signal intensity nmay be used as an indicator of surface
roughness of the particle The particle may be stable for a period of
time which is at least 1 week, at |east 2 weeks, at |east 3 weeks or at

| east 4 weg péut39%e 0 édﬂeaﬁsutckl@@@aﬁﬁul abbon akot e Ramaibeml ecud@s by

the silica [layer, the Raman nol ecul es nay not dissociate or |leak fromthe

particle. Hencebdite SERSIBI gnatabbrudimltll‘ié) pant i sbeurnyShe 8t 4t 2RMdr a
period of _time of at |eas

at | east 4wd8kd™- abo%eggér F‘gbe of aPﬁ% SE&@O@%?C %5n£a§%§e céﬁﬁﬁfez \(/)\n'rth

functional 58601PS 100 &N wiated awid mnam@rﬁﬂchﬂdw,lcm atrej natsowr 4@0 ymept i de,
depending on its future applications. The functionalized SER%? article may

be useds f oironaboiisl EX68 Broafdiopsi <0 0THE d'éhﬁ]‘b%i%teduéiéhgﬂbar? e Y be
used for igvid ”%&%uﬂ rildd’lorlﬁt ugh,85¢ BB Lef JReseidurt 0 X ndr ayhaes

The acconpanying draw ngs | ustrate a disclosed embodi ment and serves to
expl ai n t hesprimei pbeabofitt he odi swh osetoetrbddiomem . tht abouto e under st ood,

hovever . HELA0% S 3 199, 815,57 BRCf! ORNEPaReS 81 P LbLuet a4 or
nm, about 850 nm to about 1100 nm, about 200 nm to about
10 1100 nm, about 950 nm to about 1100 nm, about 1000 mm to
about 1100 nm and about 1050 to about 1100 nm.

The SERS particle thus obtained may be subjected to
further purification in order to isoclate the SERS
particle. The SERS particle may be purified by wusing

15 dialysis in order to remove and exchange the reactants
solvents/solutions with a buffer which is appropriate for
storage or future applications.

There is also provided a particle prepared from the
disclosed method. The particle comprises a metallic core

20 having a plurality of Raman molecules extending from the
surface of the metallic core and a Dbiocompatible
protective shell encapsulating the Raman molecules

The particle may be a nanoparticle. The particle may
be a microparticle.

25 The SERS signal intensity may be used as an indicator
of surface roughness of the particle

The particle may be stable for a periocd of time which
is at least 1 week, at least 2 weeks, at least 3 weeks or
at least 4 weeks.

30 Due to the quick encapsulation of the Raman molecules
by the silica layer, the Raman molecules may not
dissociate or leak from the particle. Hence, the SERS

signal from the particle may be stable over a period of

15



Fig. 1 is a schematic di agram showi ng the process to forma SERS particle
according to one disclosed enbodi nent. 20Fig. 2(a) is a transm ssion

el ectron mcroscopy (TEM inage of nanoparticles having a thin.silica shell
made in accordance with Exanple 1 below. The scale bar of Fig. 2(a) is 0.2

Am Fig. 2¢hll Sofﬂgghefea{@/' i mage of Lhe 19amR nanepakld cl £6 asakicg.3 2(a)
but further nagnified as 25 conpared to Fig. 2(a). The scale bar of Fig.
2(b) is 20wemks or atFilgas3(4)wkska.graph showing the SERS intensity of the

nanoparticles formed in _accor ce w Exanple_1 I t ver a
period of four \%égksg.ur%aﬁ.e ﬁ%;ﬂé&b %ﬁg B%F%Fgﬁhmg o%\gnmfﬁe%n‘g rgrm
stability elintheopranopardipd asr f esnpdghbeaceortdance amdibdanpbeotebel ow.
Fig. 4(a) is a TEMinmage of nanoparticles having a thickened, silica shell

made i nb acedr RENGESH AP EX PP NHePBWL EFhd Wt EIce IR IR EHY S 4(F)€is 0.5

part. Fi 0 LRk 13.3N0kRe s kM LIROS: oL %!ag( SATELBBRORAN | £ €61 38 Fig. 4(a)

.4
but furthef “imagni as conpar to Fig. a. The scale bar of  Fig. 4(b)
is 100 nm bEicgnadfe)isi.s Thegraph; stmvedgSBRE hpa BERBLENMenysiktey wied heor
nanoparti cl es havi n%fa thin sili c%.shell (about 2 to 5 nm and a thickened
silica shelf Fatddt CR20 MY FeGU4E8) is a bar graph showing the SERB
intensity of the sane sanples of Fig. 4(c). - Fig. 5 1is a graph
showing the SERB intensity of four 10 sanples as used in Exanple 3 bel ow
Fig. 6{d) is a fluorescenB&ipfknfeseriBRERR3OEcPFEWINgS

recogni zed/ targeted/ | | - T(.‘ﬁ‘aa{ ﬂ-g%d I HER2 cgniugaLted
Au/ CynanlLA- 381 @5i ﬁmﬁg’lﬁlﬁs. |g"§ ) %fﬂés u%ér_iescence I mage of
MDA- MB231 e@idcsiiimreithated Iemidsh the sane ikl TChat tpchediSERB meEhotlhgs,
according to Exanple 3 bel ow. the SERB integnsities

| .ow. Fi.g. 7 shows
obt ai ned f FGRSKBRS xERBGFAFEL T cett TH% s’éﬁ‘plqé% S ERE f r BRYERET
posi tive t uipiy andidor sakapkhgs 206k8. @idied grRaN shawpegehe SERB
intensities
15 illustration only, and not as a definition of the limits

of the invention.

Fig. 1 is a schematic diagram showing the process to
form a SERS ©particle -according to one disclosed

embodiment.

20 Fig. 2(a) is a transmission electron microscopy (TEM)
image of nanoparticles having a thin .silica shell made in
accordance with Example 1 below. The scale bar of Fig.
2(a) is 0.2 um. Fig. 2{b) i1s another TEM image of the same
nanoparticles as Fig. 2(a) but further magnified as

25 compared to Fig. 2(a). The scale bar of Fig. 2(b) is 20

nim.

Fig. 3(a) is a graph showing the SERS intensity of

the nanoparticles formed in accordance with Example 1
below when tested over a period of four weeks. Fig. 3(b)

30 1is a bar graph showing the long term stability of the

nanoparticles formed in accordance with Example 1 below.

Fig. 4(a) is a TEM image of nanoparticles having a

thickened silica shell made in accordance with Example 2

17



bet ween a nanoparticle made in accordance with Exanple 2 when conpared to
anot her nanoparticle made in accordance with a prior art nethod (Stober

nmet hod) as di scussed further in Conparative Exanple 1 below. Fig. 8(b) is a
25 bar graph based on the sane sanples investigated in Fig. 8(a).

Fig. 9(a) bélgwgr 3R %g%]@%ﬁﬁ%i nj ensi tkes Betyeenria nangpartd cl e

made i n accordance w e 1 when conpared to another nanoparticle
made at a hawehe30 MEMmMBnadar ef ashedi seussathhopaheicles Caapdtiat-i ve(Exanpl e

2 below. Fig, 9(h).is a bar, graph_based on the s sanples 4, nvestigated in
Fig. 9(a). P tBet l%té’(frDe‘g%ﬁﬂ?]p’t%I%ﬁ ?F DPARPAGS ¢ a’gg%r gﬁﬁg tﬂé"‘%ﬁ%‘]‘fah%? there
i's shown apgcheat ey di agspm ef 18omekhodriH0 4 of) piepar igiaph SERSpag ticl e,

In 5 method 100, a metallic seed 2 was subjected to a growing step 20 to
form a Fret &hei cSERF e Mntemmei tiet &F| | Bhe orRAPRRE" T e s%@j‘fé@ﬁedat o~ 4t

attaching stqp 22 and enoapayliatingstep 44 Lagthe atiaching siepid2. the
netal lic core 4°was mxea( wth the netallic core 4, Raman nol ecul es and
shell 10 feheilng (e@maeund tm)f.orfme paid)i cle d Zdavirgela phowbhd t yhof
Raman nol ecul es 6 extending fromthe surfzce of %he mgt aI)I ic core 4. At
subst ant i alSERSt A& tER%e THoRENt P T3P Re S8RPAHSUPAt g "sfef 24, a shell 8
encapsul ates or forns around the Rapan nol ecules 6 to forman e cg&zﬁl at ed

15 particle 14. Fife éncepstl G¥dp paPRPrere EaewadRthed il ot e t

i ncreasj ng 6 Jin Qrder o e bhlbeken thesthi ckness of the shell 8 to form
t he regdtjjl taS%En%ggr%t cl e fg r%ldexupbof a netallic core 4 having Raman

mol ecul es 6 ext ing.fromithe_ susrf | i Gr Cp@d sande 1 20
t hi ckened shel | %%%'engé%gullaési %guf{]he ér:rgaenﬁér%l g@%?%s %f %xanplges ©

Non- | i mi t i ngexenyl-esnfishejcreenticordrd coypaFaticveterahptesSeFll &etiurt her

described in greater 25 detail by reference to_specific Ex | es, _whi ch
shoul d not H&%oRSFPHERTEE i]ﬁuéqgnWT? T HG t coﬁ?ngg%ﬁé i hvent i on.

6(b) is a fluorescence image of MDA-MB231 cells incubated
15 with the same FITC-attached SERS nanotags, according to

Example 3 below.

Fig. 7 shows the SERS intensities obtained from SKBR-
3 xenograft mice. The samples tested are from the positive

tumor and dorsal skin.

20 Fig. 8(a) is a graph showing the SERS intensities
between a nanoparticle made in accordance with Example 2
when compared to another nanoparticle made in accordance
with a prior art method (Stdber method) as discussed
further in Comparative Example 1 below. Fig. 8(b) 1is a

25 bar graph based on the same samples investigated in Fig.

B8 (a}.

Fig. 9(a) is a graph showing the SERS intensities

between a nanoparticle made in accordance with Example 1
when compared to another nanoparticle made at a lower

30 temperature as discussed further in Comparative Example 2
pelow. Fig. 9{b) is a bar graph based on the same samples

investigated in Fig. 9{a).
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Al'l silane reagents were obtained from Gelest Inc. of Pennsylvania of the
United States of Anerica. Al other 30 chem cals were obtained from
Sigma- Aldrich of Mssouri of the United States of Anerica. Exanple 1

The process of Fig. 1 was used here. Metallic seeds 2 in the formof gold
(Au) seed nanoparticles of 13 nmin sizes were subjected to a growi ng step
20 to formnetallic 5 core 4 particles in the formof 60 nmgold

nanoparticles. In the grﬁ%\%%%%g%gj??ggrigﬁ) Mo efnfads HAuCl14 aqueous

sol ution was heated to Vi i ng in a short period of tinme (less
than 20 mn). TeRetbisihgiltag Biofutinon, therenl iaf phewsynd hesilzedhtli3s nm Au
seeds and 2 10 nmL of Iw% sodiumcitrate solutions were injected within 4

seconds sefuBATREI P¥ PolMIvief by B0t w nBFEB2RONF Ay S5Re 192 t

resul ting AU-AARORA I ¢ ese£9115E! keaacoatydy 806SERSat a8 eptdrwatd on,
various anmounts of 5, 10, 15 or 20 nL of extra 1 W% sodiumcitrate
sol uti on wasetb520ntectfedni at metthd Mficesidng flor Mt GGt AL eatsha t1ad e

sol ution. ter boi.li or one hour, -t.he sol uti c :

room t errpe?&?ﬂr & Coq%%b%%t aﬁoé&t SAHG 250y %gt \1%31 Ié;r% eéfa\lﬁlgn ous
stirring. Ehepasast abi ltheed t6Q InMnAU shapopart it esnar:l 1iabet@tt a5 & nm
Au/0 nmL citrate, 60- 20 nmAu/5 nlL citrate, 60-nm Au/10 nlL citrate, 60-nm
Au/ 15 nL chikate wikhd W ive R DEF nOESt fat 82NREs FEdSArdigp and sheg

synthegj zed .60 ; Am Ally apgear tiCleeser e dhen subjectad 1o at mA ptep 22

and encapsuf)atl ng ste 4 1n which 500 nL of as-stabiliZed -nm Au
nanoparti cbés Ram2b aplEchéeseyer eklkaskingr effom stthei xegred Ofmthd 1 nM

am nopropyl triethoxy silane (APTES), in_an. al cohol solution_and ithen shaken
for 15 mi nﬁ‘?@?i&%& Icﬁﬁeng i h&s, Sﬁ@;ﬁnﬁa}ﬁ%sﬁpﬁ prépared 0 84 l\/é]ogk%:eodi um
silicate Sahuhpanikphnd0 deedlkaanda’ gHe1af S00cGM TR 383 (fhemdRaman

30 nol ecul es) aqueous solution were introduced into the m xture at room
t enper at ur eranaidshken Ramans palrAEes THe ténpéeafur 8lof SREPShakerd

chanbes, wag | fgrgased qui ity frompgomieqperalune ko 49C and: thengeact i on
m xt ure” was shaken conti nuously Tor ours at this tenperature. To renove
resi dual exopgscseli cat @randotden gmaldeool @cid esyddthet astisieitdresiized SERE

nanoparti cl es aqueous sol utign s transferred into cel l ul ose di si s
bt hg T or SR CRTS Sox REutioy SR s 156 AT ngt SR L FET b U ST HErS i of v
5 changed ggwer ahptigesy Aledd8 i@Ndcetedial Bshsngt headen Puidlleiced €200 Ml

SEES nanoparticles solution was transferred and stored in either glass or
pl astic vesssksdingorizant hhekenivdgosr ehakhet atadiliish, core 4 and a

surfacgfunct;onalizathon a0¢ RLRTRALGAL ;30P hEARLAS: nolecules 6.

Examples

Non-limiting examples of the invention and
comparative examples will be further described in greater
25 detail by reference to specific Examples, which should not
be construed as in any way limiting the scope of the

invention.
All silane reagents were obtained from Gelest Inc. of
Pennsylvania of the United States of America. All other
30 chemicals were obtained from Sigma-Aldrich of Misscuri of

the United 8States of America.
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10Fig. 2(a) is a TEMimge of the Au/CynanLA-381@hin Si 02 SEES

nanoparticles (CynanmlA-38 used as the Raman nol ecul es) while Fig. 2(b)

magni fi ed

Fig. 3(b)

is a

i mge of Fig. 2(a). The thickness of the silica shell is about 2
to 5 nm 15Fig. 3(a) is a graph showing the SEES intensity of the
Au/ CynanlA-381@hin Si 02 SEES nanopggihgci&siover a period of four weeks.

Is a bar graph showing the long termstability of the SEES

intensity of thehAupCynaskAcE8FAhi 1 $ia®2 LSEES hvrropadfatiacilas iseadd ¢h it

can 20 be

observed_t hat the S intensity of the nangparticles S,
subst ant i aFLPy_tL}P_ﬁach%‘?fﬁTédo véﬁ‘ﬁt e{}%‘@st Sﬁgéi W%qpaf%:&rcq\%ek?é E#(grrﬁ’l e 2’ 25The
500 nL as- pypiki edrbhiopgiekied toess dian ntp dvdp xpaied ShtESseaopas ticl es
aqueous sol ution was subjected to an increasing step 26 in which the

nanopard i ckescaduasud isdlas ioh Was APXBdOW R Immgad grampparticles.
[Ltri il T 0 i
ggy £He ﬁ%&gﬁ&' ﬁg%ﬁnéﬂﬁop@%a%% %P BL30lnB0iR6 W % a and

mer capt opr
t hen kept

reacti on

10

15

20

25

30

nder ¢ nt-s

period of ¢time (less than 20 min}. To this boiling
solution, 4.5 mL of pre-synthesized 13-nm Au seeds and 2
mL of 1wt sodium citrate solutions were injected within 4
seconds sequentially followed by 30 minutes boiling. To
stabilize the resulting Au nanoparticles for silica
coating and SERS tag optimization, various amounts of 5,
10, 15 or 20 mL of extra 1 wt% sodium citrate solution was
injected into the freshly formed 60-nm Au nanoparticle
solution. After boiling for one hour, the solution was
cooled to room-temperature (RT or about 20°C to about 25°C)
naturally under vigorous stirring. The as-stabilized 60 nm
Au nanoparticles are labeled as 60-nm Au/0 mL citrate, 60~
nm Au/5 mL citrate, 60-nm Au/10 mL citrate, 60-nm Au/15 mL
citrate, and 60-nm Au/20 mL citrate, respectively.

The synthesized 60 nm Au nanoparticles were then
subjected to attaching step 22 and encapsulating step 24
in which 500 mL of as-stabilized 60-nm Au nanoparticles in
an Erlenmeyer flask were first mixed with 1 mL of 1 mM
aminopropyltriethoxy silane (APTES) in an alcohol solution
and then shaken for 15 minutes. Following this, 10 mL of
freshly prepared 0.54 wt% sodium silicate solution (pH 10
to 11) and 5 mwL of 100 uM CynamLA-381 (the Raman
molecules) aqueous solution were introduced into the
mixture at room temperature and shaken for 15 minutes. The
temperature of the shaker chamber was increased quickly
from room temperature to 70°C and the reaction mixture was

shaken continuously for 8 hours at this temperature. To

20

. T hours at roomtenperatufe (20C to
about 25C) soDesiibablwasi lHestddi chnessotant bebobt aiqediidcdritr okl | sigetthe



time. CGenerally, the longer the reaction tinme, the thicker the silica shel
until the MPTMS is consuned. PurificationWasacconplishedbythree-cycle
centrifugation (at a RPM (rounds per mnute) of 6,000 for 5 30-min) and
re-di spersion (using fresh deionized water) process. Fig. 4(a) is a

TEM | rmga/%femgog e 98@5&' %llxe%s‘g' th 18 Lhieckenred§idy Ganshelho ustmge£r yst al

vi ol et ( anman nol ecul e. The thickness of the thickened silica 10
shel | was aheuhslggnmhesEzgd $@§ﬁ|nanﬁgmnﬂM¢kﬁﬁmﬂqﬂ$quﬂa§§§§§4¢ﬁéﬁ§ity of

t he nanoparticl es havi thin |I|ca sh about,
t hi ckened SFRPE e§ﬁ§§ qﬁﬁb :ﬁﬁ;%ﬁﬁo Fi la Warsi & tU% Iin'r E?g%h sﬂ%mnng t he
SERS i nt enghdy @k ;ti-Be di%,@sﬁ@ﬁpkﬁﬁrmg Ring 14 ehe Asmctamm» Mmwehserared, the

t hi ckness of the silica shell did not conprom se the SERS, signal. Exanple 3
The Au/TynaiBAISEl@¢Nerah 0Z1BERS nhophft iThes Ofer&tabs thendds) ¢t ed

bloconquatl 005519 faghhi tage bi gpeenj ugahiony«;andscarboxytisnaciwhd -

transferred and stored in either glass or plastic vessels
prior to thickening or characterization, surface-
functionalization and biomedical applications.

10 Fig. 2(a) is a TEM image of the Au/CynamLA-38l@thin
Si0, SERS nanoparticles (CynamLA-38 used as the Raman
molecules) while Fig. 2(b) is a magnified image of Fig.
21{a). The thickness of the silica shell is about 2 to b5

nm.

15 Fig. 3(a) 1s a graph showing the SERS intensity of
the Au/CynamLA-38l@thin SiC, SERS nanoparticles over a
period of four weeks. Fig. 3(b) is a bar graph showing the
long term stability of the SERS intensity of the
Au/CynamLA-381l@thin S$i0, SERS nanoparticles in which it can

20 be observed that the SERS intensity of the nanoparticles
was substantially unchanged over the test period of four

week.

Example 2
25 The 500 ml as-purified thin siziéa (less than 10 nm) -
coated SERS nanoparticles agueous solution was subjected
to an increasing step 26 in which the nanoparticles
agueous solution was mixed with 1.25 mL: of 3-
mercaptopropyltrimethoxysilane (MPTMS) and 2.5 mL of
20 26 wt% ammonia and then kept under constant shaking for 12
hours at room temperature (20°C to about 25°C). Desirable

gilica thickness can be obtained controlling the reaction
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COOH) functional groups were introduced on the Au/CynanmliA- 381@ hin 5i 02
SERS nanoparticles by the followi ng method. 2 25 nl as-purified thin
silica aqueous solution was m xed (triethoxysilyl)propylsuccinic
solution(0.5 mV). After tenperature for 12 hours, the 30 were obtained by

three-cycl g.m goabgﬂégﬁ na@ﬁ@a%hgle@s £ b 20 Al didng edide anhydsi de

I sopr opanol it er sha gently at” roonCOOH nodi fi ed SERS nanot ags | ow
round- per-m:hlause1(LREI\/phe¢énuntﬂﬂugaheoMPQMa wer eoseoed-i n dei oni zed wat er

or further blosconkudalion Ueghs FUrAECSPRAER B2 covee-cycae

di met hyl anm-peprepvhearhodiaitmdetmer oethods deREDRfiNute) of 6,000 for

5 30-min) and re-dispersion (using fresh deionized water)
process.

Fig. 4(a) is a TEM image of the nanoparticles with a

thickened silica shell using crystal violet (CV) as the

Raman molecule. The thickness of the thickened sgilica

10 shell was about 120 nm. Fig. 4(c¢) 1is a graph showing the

SERS intensity of the nanoparticles having a thin silica

shell (about 2 to 5 nm) and a thickened silica shell

(about 120 nm). Fig. 4(d) is a bar graph showing the SERS

intensity of the same samples of Fig. 4(c). As can be

15 observed, the thickness of the silica shell did not

compromise the SERS signal.

Example 3

The Au/CynamLA-38lethin SiO, SERS nanoparticles were
20 then subjected to surface-functionalization and

bioconjugation.
To facilitate bio-conjugation, carboxylic acid (-
COOH) functional groups were introduced on the Au/CynambLA-
3gl@thin Si0, SERS nanoparticles by the following method. 2
25 mL as-purified thin silica c¢oated SERS nanoparticles
agqueous solution was mixed with 20 pL  diluted 3-
{(triethoxysilyl) propylsuccinic anhydride isopropanol/water
solution (0.5 wmM). After shaking gently at room-
temperature for 12 hours, the COOH-modified SERS nanotags
30 were obtained by three-cycle low round-per-minute (RPM)

centrifugation and were stored in deionized water for

further bio-conjugation wuses. Further ScFv anti-HER2
conjugation follows the standard (L-Ethyl-3-{3-
dimethylaminopropyl] carbodiimide hydrochloride) EDC/N-

22



Hydr oxysucci ni m de (NHS) nmethod. The EDC/ NHS nethod is widely used to
coupl e carboxyl groups to primary am nes. Typically, EDC reacts with a
carboxyl to forman am ne-reactive O-acylisourea internediate. In the
presence of 5 NHS, EDC can be used to convert carboxyl groups to

am ne-r eacgk&goﬁygg%%ﬁ&&idghi $ni8) ackonmpbd shegh by s¥orvag thecEDE Wdh a

car boxyl contain ecul e and adding NHS. The excess EDC will undergo
hydr ol ysi swiflkéyScisednts - HERRleomjaugatad AprOypantA- 38L@HiN Sho2e10 SERB

nanot ags (or " Sc anti-HER2 conju ed_nanotags’) were then tested in in
vitro hurnatrr1'13’5’rlE(‘§i‘5'%{'Ycar11!('tt¢1:¢_< Egﬁ?t?a?“é ngy. C§Kéﬁ%§lceq? s%?\?ﬂél h%ﬁlrruaf)’srlfjél Feast
cancer cel kgakhat produsel HERA-s£cepitense@i dthe cehl s f geescbeeei sy ScEv
anti - HER2 conj ugat ed nanotags were used for SKBR-3 cells 15

tar geti ng/ Nalbel iFhg. st |PRUPEeF et RaSOdTRE tas FHPOWs  THIRT 110 ThePeel |
eSS o HERECR0S) e SKER:D) 1iafly 9800 {MURI2B]) Bl oHp O

t he above- mentioned procedure in a plate. First, antibo
conj ugat ed epd i whr:icoat erh:SkRB hanotaginiege ngeduylan aad WA rSKBRES. 20

live cells and incubated faor .1 haur. Subsequently, the cells were harvested
by gentle &FaFFRGSEr ERIC f’“ﬁrléel"géﬁrgoo?ly?ﬁ%gyﬁ%§'buffer washi ng and

re-suspended i n 70 e PRI+ i FOEREORIGh:c@ERE MR SanYBA:MB23hieeklis, wer e
treated with antibody-conjugated SERB nanotags, while SKER-3 cells were 25
i ncubat@d WERS shknchagaat etk SERBIHanwtaysite? assessi e hoR28peerfi

bi ndi ng. Al SE ectr re_taken | I p I n-£¢f |
density of W-erlex?g%a%eﬁ%%%atrﬁ_. ‘?ﬁe %@su‘%l{talﬁcf iélgﬁrr‘%ﬁegg%%%%abe%e rgsC:'Tg‘ScEv
anti - HER? cenjgegared ramm-20sd11sSkBR roedd shremet " Seftor ant 1 1 #ERRaB0

conj ugat ed nantags in MDA-MB231lcel | s". The ScEv anti-HER2 c n{,ugat ed
nanot ags h&FOBEEn BERTeESFEPFGTBs&F fhe t AL e ST on/ XS et i ng? %bel i ng

of HER2- pogti;VerepKBR: 3n fiedd Sed FhnoBhgsi Ned-SERBekNteRAs dixes- haye1 been
observed for tlhe various sanples. Thi§ study successfully denonstrates the
practital appldeddtiooil adfeldsiosynieddi zet ISERS naAst agonEor afar et édws:

det ecti ons _ of. cancer cells.. .Fluorescence i e_al .caonfj he i ci ent
5 recogni t Ponftarget Fig/ 508 iﬁjgn%? EﬁZ-%é(E"?t' \%gigk%%- 38%@?—5%& fg%{% SERS
nanot ags (HeGatba)s Whinhembhe1$anke SERSynamot ags eamrnotbove-mentioned

recogni ze/target/| abel HER2-negative MDAMB231 cells (Fig. 5 and Fi g
10Exanpl e procedure 1in a 12-well plate. First, antibody conjugated

6b) .
silica-coated SERS nanotags were gently mixed with SKBR-3
20 live. cells and incubated for 1 hour. Subsequently, the
cells were harvested by gentle scraping after three-cycle
of cold PBS buffer washing and re-suspended in 100 puL PBS.
For control experiments, MDA-MB231 cells were treated with
antibody-conjugated SERS nanotags, while SKBR-3 cells were
25 incubated with silica-coated SERS nanotags to assess the
non-specific binding. All SERS spectra were taken in cell
suspensions based on cell density of ~ 1x10° cells/mi.. The
resultant samples are labeled as “ScEv anti-HER2
conjugated nanotags in SXBR-3 cells” and “ScFv anti-HER2
30 conjugated nantags in MDA-MB231lcells”.
The ScFv anti-HER2 conjugated nanotags have Dbeen
successfully used for the recognition/targeting/labeling
of HER2-positive SKBR-3 cells (Fig. 5) since SERS

intensities have been observed for the various samples.
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The ScPv anti-HER2 conjugated nanotags were tested in in vivo tunor
targeting. Balb/c nude mce fromthe Biol ogi cal Resource Centre (Bionedica
Sci ences Institute) were anesthetized by intraperitoneal injection of
ket am ne 15 (150 ng/ kg)/xyl azine (10 ng/kg) at the age of 4 to 6 weeks, and

SKBR-3 or &’Pﬁs'\’B géidfe' | S, MRTE: 41 8F T edheidbCitaReQUS| ¥nbnt optdec1@ar flank
S Sl

(5 x 106 ce per e in a volune “of 150 btL). When the tunors grew to a
si ze aroundppl2cemibn difanesesynSoEviged] FFRednaragH| ifoa- DOrgozadd SERS
nanot ags (450 8NL 100 éL% wer e inh;cted into the tail vein of the mce.
After 5 hofiF5SChi885were“dREEF NEETZ8d by intraperitoneal injection of

ket am ne and xykazbResHextbur e iselde | am and kbbny¥iveeSERSHEeasef £heidisc wer e
performed using a Renishaw I nVia Raman microscope 25 with 785-nm | aser

exci t ati onraAdIBo tHARY &3sBepaRer LaPRe 1Nt edghht i %ﬁ@i‘ﬁ’é’%&‘@et SEERD
seconds a”@e%*ig 'b?se{hé’%r@”ﬁéﬁgtég tf@gi%”%'a?;t%ﬁ‘i%h the? Barb] §6hs Ve

|l ens with a béam spot of approXxi mat ?y Thé ani mal experi nent
procedur esnuabeaper fadmesk | neaogni dafitergetilabpil oA - r@Yaappreoviéeh by t he

I nstitutional Aninﬁl Cﬁre and Usg %onnit Se (1 ACUC) . As seen from
Fig. 7, ScBf2dnt reteR2 \E0fj ugafBd fiadot &G4 ‘have al so been successful |y used
for in-vivo tunor targeting. This result clearly denonstrates that ScEv
anti - HER2 conj ugated nanotags are apkgmp@esieci ally detect/target

HER2- posi tive tunor in-vivo. Conparative Exanple 1 5The SERS-active
si | i ca-coat ed AFheamsopar tand ieSIEREntdvesi vaRtdch Bap@es setie | oo Wed Eonpar ed

to those synthesized_in al cohol solution rior artJ). . Lrst, e
SERS- act i veéTsi 'L&¢5- cbHFRE A@aﬁ%%%ﬁ%?ticlé%EQ%&% g?ﬁ%he?ﬁfgd ?kggqu%%%s
sol ution aggeneéyneallo sl rkmd tEpbeed town sabemntss (1hi00Fuus) ng 5
mL 60 nm Au nanoparticles and 50 pL Raman nol ecul e, agueous solution%%loo

PM . For coipar iFSee hiatposs Rhel SERRHCHTRPRT | 1R CottRd AU REABHET t i cl es
we heg ' hol td ' hed.
re a0 syBuhenied) Vya0;aheonolo Saidiian uEa the Seabercmeihed o

Typi c nol ecul e aqueous solution (100 pM was added into
5 nL 60 nmwAgksanopart i GKes.- 3Hepee, MDhe MBat 28 1of cAlilmanwpakt i shgecbe®anan

mol ecul es i s the same for baoth processes,. After_shaking/ nxing for.
mnutes, tFEOFANEHEEURDY t féh?eﬁf??t%iﬁﬁknﬁ5i§o§bop%%%¥sa%%rt%é&%H 20
val ue was adj ust edi1t,RebadO0180 Li)by wasshh ngne25 yrogoneealr aketh asmpai a

aqueous solution. In the subsequent 5 hours, a total tetraethyl _
ort hosi | i careunTECS) 2sditut iBn JIEMSRAT i nSEEBpEBPAHBRTe8f B nElhasa-

Lgééfdygedc%gfgéié@ﬁénﬁgﬁgégggf(%%OHHQH}e§OOTﬂ%)CQ@%&99iM@§c€@£rEEQOOUt
the tail vein of the mice. After 5 hours, mice were
anesthetized by intraperitoneal injection of ketamine and
xylazine mixture solution and in vivo SERS measurements
were performed using a Renishaw InVia Raman microscope

25 with 785-nm laser excitation and 60 mW laser power. The
integration time was set as 30 seconds and the laser was
coupled to the sample through a 20x objective lens with a
beam spot of approximately 2 mm. The animal experiment
procedures were performed in accordance with a protocol

30 approved by the Institutional Animal Care and Use
Committee {IACUC).

As seen from Fig. 7, S8cFv anti-HER2 conjugated

nanotags have also been successfully used for in-vivo

tumor targeting. This result c¢learly demonstrates that
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25 vi gorous shaking for another 3 hours (8 hrs in total, sanme as that in
aqueous solution synthesis) followed by sanme centrifugation/re-dispersion
treatment as above. The SERS-active silica-coated Au nanoparticles
synt hesi zed according to Exanple 1 above using crystal violet as the Raman

moj ecul oS 8Ee.! ahtlediaS AUACVE 02 RLEBRLED I AGUEOUS (30! i OfKLLThe

SERS- active silica- coat Au” nanoparticlés synthesized according to the
St ober net Hedearétthgat| dBBEedoast e/ V@B 02@BvOver process”. As shown in
Fig. 8(a)and Fig. 8(b), it can be observed that the use of an al cohol
during the synthesis 10 process has an adverse/detrinental effect on the

SERS si gnal s of the.final SERS-RgaLiedse EX&Aplé Lhe initial SERS signals
are very strong. This could be due to the high solubilizing ability of the
vari ous> al cohol §hee. gSEBEhaAbEvVand ﬁébb@%pﬁﬁ@F?dtheAﬁypi%%WOE%ﬂw%ﬁgéﬁfor

silica 15 €oathng ylg SigbelqRLacesy ks Sompnl v used Bampomobesyl es. As
such, due o the presence o TtHe al coho , the nanoparticles, reduced SERS
si gnal intepsithgsikednanotagshsynthestied dpecadpdi agtto one have a strong

SERS signal dung'.(:t):sE:r)e tthgae S%%&ns’qgc@v?ac us!i Sicoan— c;[a‘ahr;letesciJ r]it? Cr?ar?g)particles

were synthesized in agueous solution according to Exampile

10 1 at scaled-down amounts (1/100) wusing 5 mL 60 nm Au

nancparticles and 50 uL Raman molecule agueous solution

(100 uM). For comparison purpose, the SERS-active silica-

coated Au nanoparticles were also synthesized i1in an

alcohol solution wvia the Stdber method. Typically, 50 ulL

15 Raman molecule agueous solution (100 uM) was added into 5

ml, 60 nm Au nanoparticles. Hence, the ratio of Au

nanoparticle to Raman molecules is the same for both

processes. After shaking/mixing for 15 minutes, the

mixture was transferred intoc 20 mL isopropanol and the pH

20 wvalue was adjusted to be 10 to 11 by adding 625 uL

concentrated ammonia agquecus solution. In the subsequent 5

hours, a total tetraethyl orthosilicate (TEOS) solution

(10 mM, in isopropancl) of 0.6 mL was introduced at a time

interval of 30 minutes. The coating was carried out under

25 wvigorous shaking for another 3 hours (8 hrs in total, same

as that in aqueous solution synthesig) followed Dby same

centrifugation/re-dispersion treatment as above.
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the core. The-thickness of the silica shell for the sanple "Au/ CV@i 02
prepared in aqueous solution” is 4-6 nm (not shown); while the thickness of
the silica shell for the 25 sanple "Au/ CV@5i 02@5t ober process” is - 35 nm
(not shown). Conparative Exanple 2 The SEES-activesilica-coated Au

nanoparticl es sypthesized_at.ap. el eyal gd; I esperat urg; WashHommared: 1 t hose
synt hesi zed at room tenperature. The SEES-active 5 silica-coated Au

nanot)alrti _(:lslgrsthesez%é syatduedized tac cBxaihpyet ol Eeleplce 1S abav s g
crystal violet as the Raman nol ecul es .and | abel.e s " Au/ CV@5i .

synt hesi zed*8t¢70@9 8-t g?amaﬂs O ESipAT sdhT ilﬁ%tegae& ééfé us%éggﬁszé??‘evat ed
10 terrpera%)%gaggdshg\{m ddudxaplse 1L ithe .t erper agpre-sasinet silcieased but

remai ned at roomtenperature (that is, a tenperature of about 24C) for 48
hours t® synthedi zAUt haaneRGEids LepabEYEGES AFCCVES X SR hé<S zedd* &t room

t enper at ur Etg’%?ﬁhr %E{:Pﬁ%@é\sdr%an ﬁf‘er?bsﬁﬁ’ athgat enpgraHESoLAEE SSe not

only shorten e synthesis tine greatly (from48 hours to 8 hours), but
al so enhangesctbe”SEES signal intensities (Fig. 9(a) and Fig. 9(b)). This

's contributable to fhe faster-and bgtlei.gncapsyl agtgp/ protection of Raman
observed that the use of an alcohol during the synthesis
1.0 process has an adverse/detrimental effect on the SERS
signals of the final SERS nanotags, even if the initial
SERS signals are very strong. This could be due to the
high solubilizing ability of the various alcohols (e.g.
ethanol and isopropancl, the typical solvents for silica
15 coating via Stdber process) for commonly used Raman
molecules. As such, due to the presence of the alcohol, the
Raman molecules may dissociate from the nanoparticles,
leading to greatly reduced SERS signal intensity. In
comparison, the SERS nanotags synthesized according to one
20 disclosed embodiment have a strong SERS signal due to the
strong adsorption of the Raman molecules on the surface of
the core. The thickness of the silica shell for the sample
“Au/CVE@Si0, prepared in agueous solution” is 4~6 nm (not
shown); while the thickness of the silica shell for the

25 sample “Au/CVE@Si0,.@Stéber process” is ~ 35 nm (not shown) .
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20 nol ecules into the silica shells at elevated tenperatures. Note: the
silica shells are of the sane thickness (4 to 6 nm for above two cases.
Applications 25The di sclosed nmethod may result in SEES particles with a
strong SEES signal as conpared to those made in accordance with the prior
art. The Raman nol ecul es may agﬁpggggpggagfaﬁ?§gly fromthe SEES particles
due to its quick encapsulation by the silica Tayer during the synthesis of
30 such tags. TheeuseSBRSamchfueousssbicsiopadadi nghthe nFRREMN YL ST t he
silica layer al sq aid in enhancing the SEES intensity p icles
due to thesgpgg%ﬁlﬁﬁ(N?ﬁiSﬂloFEFﬁgtﬁ§m§$WRﬁ%%%$€% 3ﬁm{hggégépggeq% t he
core. thbbe d&?ﬁtl@é@ﬂzé@t@ﬁ LTS Y Rehesirae uee SERS pemrd ciesidor a
shorter period of tinme as conpared to prior art nethod. Hence, the

di scl osed ®éfhed-ragtedduckut haanRaHesdet t o "EFCapsifat eSYRER

nmol ecul es | east - d The. .SERS Lel t [

accordi ng ?%c$%g§8?sgﬁbégggwgg oa ﬁ%?vgenﬁgggﬁi%PgﬁEggugggzggoPﬁfi%ﬁgand be
st abl e for rambengqierddeofand ntanhilike ret dlmi MY ¢ he SERS thesmdd yat Hence,
the SERS particles can be used for real- 10 tinme in vivo imaging over a

| ong peri od %f cS)” . The SEAS particles with a thickened silica |ayer

nmay be used in apy rd gidh@hwi{QRIENt Snbkpehadi BF ORGAML Sob vealsvatddout
| eaki ng of the Raman nolecules into the environnent. Advantageously, the as
synt hesd zed <BERSatBrpapsi chesredm Becamed il divRer SeMBTER Bt | €t i or's.

The di scl osed_net had n he ; o] i ti in.which the
2P0, BET 0BV OISR EEnpErRRE et RS

o
redas
Raman nol e¢ti“éS35re f?uoresce yes. tron

f 1 uor escent: efyesatanecbe fuanshed2die) t dothesstonyg oro chwosehesisor pthon of
the 20 dyes on the netallic core. This is not possible, using the prior art

(Steber) mPERGF288 .t hdaR& st af®al dOHGIPE18! uEYEFIRE I SCauss any°dWsor bed

Raman nnIeQ%J§%r%Quq%tqq@ eashly fromthe netallic core, leading to a
subst anti al glcrease or even no surface-adsorbed Raman nol ecul es. 25 The

di scl o38d net hodscamarbdausdsantdr a Vg i @@Wpebfaﬂalﬁ%niwfé%%ﬁ- e@O‘é_rl@n%}é_ed_ not
be 1 10 A0 X8 T10F° TRTRRSTE! SEMh et Dk Doy L bt agab 1 e
el evated tempeidt Ureut also enhances the SERS signal intensities
(Fig. 9{(a) and ¥ig. 9(b)). This is contributable to the
faster and better encapsulation/protection of Raman
20 molecules into the silica shells at elevated temperatures.

Note: the silica shells are of the same thickness (4 to 6

nm) for above two cases.

Applications
25 The disclosed method may result in SERS particles
with a strong SERS signal as compared to those made in
accordance with the prior art. The Raman molecules may not
dissociate easily from the SERS particles due to its quick
encapsulation by the silica layer during the synthesis of
30 such tags. The use of an agueous sclution during the
thickening of the silica layer may also aid in enhancing
the SERS intensity of the particles due to the strong
adsorption of the Raman molecules on the surface of the

core.
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30The di scl osed nethod can be easily controlled and scaled up to produce a
| arge quantity of SERS particles. The SERS particles wth various
surface-functional groups may be used in nmultiplexed bioanal ysis.

The SEAS particles in the formof nanoparticles may be conjugated with

various anti bodyy, prof el oL-pol yRepidde apd ussdhdifzidk Vi Eh@ Orgink vi vo
cell labeling, targeting or imaging. 5It w1l beé apparent that various -
ot her nodi becaticdrs afwl adapshbroas ofethed | mientioa wid | chapappdrei® to

the person skilled in the art_after readi the foregoing disclo
wi thout deparfrng T oftt %SSpﬁFPFeand: eco(g‘gs%?o?% ngéﬁgi cr)r!r?syanlfc;ﬂgg? s
intended that alinsushed@imedi fdrtaljans tend adapiathonsleentew i it he

scope of the appended clainms. dains 1. A nethod of preparing a
sur f ace® enh&acéd oORgmaR18pect r oscopy( SERS) parti cl econprising the step 5 of

encapsul ating. agpur ally ol Rarmn Jrol sculies. o d heasuifang, ofcs rplallic

core with a bioconpati rotective she at an el evated tenperature
sel ect ed t didedrease richéoeneays Watiart timamuaeuddian onbaf obrd amd ate ve to

claim 10 WREPL S0 R UPSTTRY Sfel Emytiicss THE HUa ofading s d
metal lic cQreeheidSohutican GoEIdmid it R IbECUb €S, 8N HEFRAO
coupling agent and a silica

10 time in vivo imaging over a long period of time.

The SERS particles with a thickened silica layer may
be used in any rigid environments including organic
solvents without leaking of the Raman molecules intc the
environment. Advantageously, the as synthesized SERS

15 particles can be used in diverse bio-applications.

The disclosed method can be used to synthesize SERS
particles in which the Raman molecules are fluorescent
dyes. The strong fluorescence of the fluorescent dyes can
be quenched due to the strong or close adsorption of the

20 dyes on the metallic core. This is not possible using the
prior art (Stéber) method as the use of an alcoholic
solution will cause any adsorbed Raman molecules to detach
easily from the metallic core, leading to a substantial
decrease or even no surface-adsorbed Raman molecules.

25 The disclosed method can be used with a varilety of
Raman molecules and need not be limited only to those
Raman molecules that have certain functionalities. This is
due to the fast encapsulation of the Raman molecules at
the elevated temperature.

30 The disclosed method can be easily controlled and
scaled up to produce a large quantity of SERS particles.

The SERS particles with various surface-functional

groups may be used in multiplexed bioanalysis.
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15 precursor under conditions to cause said Raman nol ecules to extend from
the surface of said netallic core. 3. The method as clained in claim
2, wherein said shell conprises silica. 20 4. The method as cl ai ned
inclaim2 or 3, wherein said organo coupling agent conprises am no
functional gr ouQﬁeanﬁﬂy%}%&jé@cgho@e W OMPSo £ 25Rnb rmthed as €l ai med
in claim3, wherein saldhydroxyl functional groups adsorbs said Raman

nol ecul es be t heosgnfatedof watd nmevatipescoraznbhelody oss-PFeksinmi t PSai d
silica precursor to foimsaid sili shell. _306. The t hod | ai in
any one of PPA¥PFPECES ng 8 afis " \Aﬁgjlrei m'5ai'c Oteﬁoevac%rgg errp‘gf‘g?u?:eg?"g

sel ected frnametiheqgr edpgeenaysbirngmagidgC to 95C, 30C to 40C, 30C to 50C,
30C to 60C, 30Cto 70C, 30Cto 80C, 30Cto 90C, 40C to 95C, 50C to 95C,
60C to D5C, 70CIto vI5G BHEPRROEE: ahlad0Cargoysc other modlFlCq ot hod
as cl ai med | : 5 ecedi .clai s, rei e ation
fime |5 deBPaneltrinr SES Tan rol o et ohat Thy cart o Ao ar ] aaaro
four-fol d, pat-skeastkilvedf olmd, the | east siterf olmbaddnd esbe stvepddvrd, at
Lﬁgién?}gréigghgpu&%agﬁ%ﬂbdgrggégé%iﬁg %gg%tthgns%%%qt %&d‘%%%pe of

the invention and it is intended that all such
10 modifications and adaptations come within the scope of the

appended claims.
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10 twel ve-fold, relative to an encapsul ation performed at 20C 8.
The nmethod as clainmed in any one of the preceding clainms, wherein said
encapsul ating step is 15 undertaken for a period of tinme from4 hours to 45

hour s. 9. The nmethod as clained in any one of the preceding clainms,
further conprising the step of incgeasiag the thickness of said silica
shell. 20 10. The method as clained in claim9, wherein said

increasing step conprises the step of adding an aqueous sol ution of a
coating precunsor andestimickati nerepaditgons.si@Face enhdricedhiamathod as

clainmed in claim10, mhereln sai d agueous solution.furth ises a
cat al yst SPECEEPEFPYom tRERGY ouppéﬁﬂ g?inQCBPpﬁﬁﬁﬁﬁga gﬁg ngé?%anethiol

et hangl a%‘f“%m%a&a%@%‘t%‘ga% ne)at-hanethi of , Zand@ (8bhyttihes) eithytnai ne and
propyl am ne. he nmethod as clainmed in claim 10 or claim11,

‘i‘ger?hn wrﬁagmeoué S@l utm@mlbmubmmu aviyhfr ée oblafcuPebhBle
e netnhod as an |
coating pre&GEors S&Q%rﬁc?edaf e(?fevé’é gl gl E%%ttu ézel"g@f@d n.gai d

Foma srTane ¢ npou 14. The
met 20? a%e@r@alﬁld |ﬁhﬁn¥eﬂ@@p@ul£ﬂ:ﬁbm tAmet 0 ke whehehn sakdfaldal i ne
conditions is selecte roma pHin the range of 7 tq 10. 1015. The met hod
as cl ai medliagiay t@n@rbf@ﬂ@laé’ish’éai:(}on performed at 20%

10
2. The method as claimed in claim 1, wherein said
encapsulating step comprises the step of adding said
metallic core to a solution comprising said Raman
molecules, an organo coupling agent and a silica
15 precursor under conditions to cause said Raman molecules

to extend from the surface of said metallic core.

3. The method as claimed in claim 2, wherein said
shell comprises silica.
20
4., The method as claimed in claim 2 or 3, wherein
said organo coupling agent comprises amino functional

groups and hydroxyl functional groups.

25 5. The method as claimed in claim 3, wherein said
hydroxyl functional groups adsorbs said Raman molecules
on the surface of said metallic core and cross-links with

said silica precursor to form said silica shell.

30 6. The method as claimed in any one of the
preceding claims, wherein said elevated temperature is
selected from the group consisting of 30°C to 95°C, 30°C
to 40°C, 30°C to 50°C, 30°C to 60°C, 30°C to 70°C, 30°C to
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to 14, wherein said increasing step is undertaken for a period of tinme from
at least 2 hours. 16. The nmethod as clainmed in any one of the 15
precedi ng clains, wherein said netallic core conprises a transition netal.
17. The method as clained in any one of the preceding clains, wherein said
metal 1 cggare BRsca el 056e20 gged i oBaloghcames grc sebeoked, f r@Te50.4 0 1000

he method as clained in any one of the precedl ng cl ai s,
vvherel n safd, ReofEn taolsedal e8hEC sted X3 €d oA Retgr BB consi sting of a near
infrared (NIR)-SERS 25 active organi c dye which belongs to the
tricarbocyanine library (CyNAMLA), 4-(4-Am nophenyl azo) phenyl arsonic acid

nonosodi um sakht, a@ﬁénaé@thodbaabc fuehsion Ghi cagy slondl usf diltect red
81, disperse orange 3, HABA (2-(4- hydroxyphenyl azo) benzoi c aci dg,
eryt hi ospﬁeBed@ﬁgpaﬁE%“ﬁlrue WHeHEEAUS, Pehc sy i lgtion  time

diethyl t e atclcabogyani Do, S fator o- 2ut- 1dagil T cheozensiacr gyl viol et

2- napht hal"énet hrol crys pyrazol e, p-di met hyl am noazobenzene and
m Xt ures 1éhetecﬁour—1£931d]'heanetlleadtasfI:\keaiﬁm’ttij naanyeems ofixtddhd 9 to 18,

wherein the _thickness of_sajd SI| heII efor sai.d |ncre step is
sel ect ed3fr &rﬁaftnrﬁq‘@riﬁcﬁr# 5‘3%0 eaf’ﬁ dfé’% git I gﬁﬁlggne of

claims 919319 WRRLRIN ttefiﬁftci’.ucﬁk%ﬁ:ssléﬁstsaéﬂaﬁém md ayeragafiesssaid
increasing step is selected from10 nmto 1100 nm 1021. A particle
preph@edtﬁﬁdwﬁtﬁ@ld@th@@l@tl@@yt@hean encapsulation performed at

20°C.

8. The method as c¢laimed in any one of the
preceding claims, wherein said encapsulating step is

15 undertaken for a period of time from 4 hours to 45 hours.

9. The method as c¢laimed in any one of the
preceding claims, further comprising the step of

increasing the thickness of said silica shell.

20
10. The method as claimed in claim 9, wherein said
increasing step comprises the step of adding an aqueous
solution of a coating precursor  under alkaline
conditions.
25

11. The method as claimed in claim 10, wherein said
agueous solution further comprises a catalyst selected
from the group consisting of ammonia, 2-aminoethanethiocl,
ethanolamine, 2~ (dimethylamino)ethanethiol, Z-

30 (ethylthic)ethylamine and propylamine.
12. The method ag claimed in claim 10 or claim 11,

wherein said agueous solution is substantially free of an

alcohol.
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of claims 1 to 20 conprising a nmetallic core having a plurality of Ranman
nol ecul es extending fromthe surface of the netallic core and a

bi oconpati bl e protective shell encapsul ating the Ranan nol ecul es. 15

22. The particle as clainmed in claim?21l, wherein said bioconpatiable
protective shell conprises silica. 23. The particle as clainmed in
claim 22, wherein 20 said silica shell has a thickness selected from2 nm
to 1100 nm 13. T2 rdehqdr &8 ckdadsed dimeany nookaiah 2dlaimP310wher ei n
said nmetallic core conprises a transition netal., 25 25. The particle
as cl ai med i ¥ an{ronet fS@FaiﬁﬁaEingtBr?&Prﬁﬁ réith SHHF L PR Bore has a
cross-seddional dnRiey. sel ected from60 to 1000 nm 3026. The particle as
claimed in any one of claims 21 to 25, wherein said Raman nolecule is

sel ecbed fromthe group consisting of a NIR SERS active organic dye which

bel'ongs to th 4Rr'%@%pQQ¥éﬂ$@ea '%ﬁQE% gcﬁyﬁM%Q}’oﬁé(ﬂif c%ai s 10 .
Am nophenyl azo) phenylar soni caci dnonosodiunsal t,” arsenazo ,I%a5|c fuchsi n,
Chi cago sky 1d ueyheiseat shed 8lkadispercemdirangs 3is BABPected from
(2-(4-hydr%§%pheQ%lazo)- benzoic acid), erythrosin B, trypan blue, ponceau
S, poncedu BES 13 the Faasy 1IGthi%attd ddrbocyani ne, 1,5- 5

di fl uoro-2, 4-di ni trobenzene, cresyl viol et 2-

napht hal enet hi ol , crystal vi ol et, pyrazol e, P- di net hyl am noazobenzene and
m xt UPes t herddf.. The method as claimed in any one of claims 10

to 14, wherein said increasing step is undertaken for a

pericd of time from at least 2 hours.

16. The method as c¢laimed in any one of the
15 preceding claims, wherein said metallic core comprises a

transition metal.

17. The method as c¢laimed in any one of the
preceding claims, wherein said metallic core has a cross-

20 sectional diameter gelected from 50 to 1000 nm.

18. The method as claimed in any one of the
preceding claims, wherein said Raman molecule is selected
from the group consisting of a near infrared (NIR)-SERS

25 active organic dye which belongs to the tricarbocyanine
library (CyNAMLAZA), 4-(4-Aminophenylazo)phenylarsonic acid
monosodium galt, arsenazo I, basic fuchsin, Chicago sky

blue, direct red 81, disperse orange 3, HABA (2-{4-

hydroxyphenylazo) -benzoic acid), erythrosin B, trypan
30 blue, ponceau S, ponceau S5, 3,3"-
diethylthiatricarbocyanine, 1,5-difluoro-2,4-
dinitrobenzene, cresyl violet, 2-naphthalenethiol,

crystal wviolet, pyrazole, p-dimethylaminoazobenzene and

mixtures thereof.
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19. The method as claimed in any one of claims 9 to
18, wherein the thickness of said silica shell before

said increasing step is selected from 2 nm to 10 nm.

20. The method as claimed in any one of claims 9 to
19, wherein the thickness of said silica layer after said

increasing step 1g selected from 10 nm to 1100 nm.

21. A particle prepared from the method of any one
of claims 1 to 20 comprising a metallic core having a
plurality of Raman molecules extending from the surface
of the metallic core and a biocompatible protective shell

encapsulating the Raman mclecules.

22. The particle as claimed in claim 21, wherein

said biocompatiable protective shell comprises silica.

23. The particle as claimed in claim 22, wherein
eaid silica shell has a thickness sgelected from 2 nm to

1100 nm.

24. The particle as claimed in claim 21 or 23,

wherein said metallic core comprises a transition metal.

25. The particle as claiwmed in any one of claims 21
to 24, wherein said metallic core has a cross-sectional

diameter gelecited from 60 to 1000 nm.

26. The particle as claimed in any one of claims 21
to 25, wherein said Raman molecule is selected from the
group consisting of a NIR-SERS active organic dye which
belongs to the tricarbocyanine library (CyNAMLA), 4-(4-

Aminophenylazo) phenylarsonic acid monosodium salt,
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arsenazo I, basic fuchsin, ¢Chicago sky blue, direct red

81, disperse orange 3, HABA (2-(4-hydroxyphenylazo)-

benzoic acid), erythrosin B, trypan blue, ponceau S,
ponceau 88, 3,3'-diethylthiatricarbocyanine, 1,5~
difluoro-2,4-dinitrobenzene, cresyl viclet, 2~
naphthalenethiol, crystal violet, pyrazole, p-

dimethylamincazobenzene and mixtures thereof.
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