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[0002] The invention is directed to a substrate for optical sensing by surface enhanced
15 Raman spectroscopy (SERS). The invention also relates to methods for forming the
substrate. In a further aspect, this invention relates to a biosensor for the detection of an
analyte in a sample by SERS comprising the substrate of the invention, a method for the
detection of an analyte in a sample by SERS using the biosensor, and use of the biosensor
for detection of an analyte by SERS.
20
BACKGROUND
{0003] Vibrational spectroscopic techniques, such as infra-red (IR), normal Raman
Spectroscopy and Surface Enhanced Raman Spectroscopy (SERS), have been considered
for analyte detection. Of these, SERS has evolved as one of the most sensitive techniques
25 for analyte detection due to enhancement of the Raman spectral intensity by interaction of
the adsorbed SERS active analyte molecules with the surface of a metal substrate.
[0004] Two mechanisms have been widely accepted for bringing about this
enhancement in Raman scattering (which can be as high as 10'* times the unenhanced
signal) (Kneipp K et al., Chem. Rev., 1999, 99(10), 2957-2976). They are electromagnetic
30 enhancement and chemical enhancement.
[0005]  Electromagnetic enhancement accounts for the majority of the enhancement

(factor of 10* to 107) and arises from the interaction between the analyte that is adsorbed



t he adsorbed SERS active anal yte nolecules with the surface of a
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25 considered similar to resonant Raman scattering that occurs when the energy of the
excitation light coincides with the energy of electronic transitions. Consequently, one of
or a combination of the electromagnetic and chemical effects may increase the intensity
of Raman signal of the adsorbate, and the enhancement factor may be up to the level of
single molecule detection.

30 (0008] A major application for SERS substrates is in its use as a biosensor. With an
extremely small cross-sectional Raman scattering area of 10%° cm®, Raman scattering

signals are innately weak. Contrary to previously held presumptions that laser excitation
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[0010] Reproducibility of the substrates may be achieved by attaining long-range

25 consistency in the substrate surface morphology. State of the art methods to fabricate
SERS substrate having such long-range consistency include the use of techniques such as
electron-beam nanolithography. While the top-down approach of -electron-beam
nanolithography is capable of producing substrates having a high degree of precision, the
technology is very costly and is therefore, not widely available.

30 [0011] In view of the above, there is a need for an improved substrate for optical

sensing using SERS as well as improved methods for forming it.



4 SUVVMARY OF THE I NVENTION [0012]In a first aspect, the invention
refers towe ®»ubeessat e for optical sensing by Surface EntrarmessboRaverss
Spectroscopy (SERS), the substrate conprising a) a support; 5b) a
first layer consisting of a plurality @f nmetal nanoparticles attached
to the surface of the support; and c) a second | ayer consisting of a

plurality of netal nanopar | face of the netal
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second asucface Enlsanced Baman Speasfoscapyt (SER Shshtsubstriterrampfisiogur i ng a
substrate ﬁccordi g to the first aspect, the nmethod conprising
a) provi di? port; b) attaching a plurality of netal

nangpart i g es fits® 1ijee cﬁﬁb@ﬂﬁf plofplhiagity PmbRI Rhrmbphitichds alfakieeb; th@@ﬁ'ﬁﬁ% of
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the second |efithe metd) h@fdphltidlesoftthe fitkt Rgpct , the invention refers to

a bi osensor. coQ I Si ng a substrate according to the first aspect as a
bi osensor W ”E]el |eay digmeter of ianetal nanepaticien of the fist layer is gregterdhanothe

for ot he def&h Hidketd ofifle metal nanoparticles of the second layer.

[0013] In a second aspect, the invention refers to a method of manufacturing a
substrate according to the first aspect, the method comprising
a) providing a support;
b) attaching a plurality of metal nanoparticles to the support surface to form a first
15 layer; and
c) attaching a plurality of metal nanoparticles to the surface of the metal
nanoparticles of the first layer to form a second layer,
wherein the mean diameter of the metal nanoparticles of the first layer is greater than the
mean diameter of the metal nanoparticles of the second layer.
20 [0014] In a third aspect, the invention refers to a biosensor comprising a substrate
according to the first aspect as a biosensor.
[0015] In a fourth aspect, the invention refers to a method for the detection of an
analyte in a sample by SERS using a biosensor according to the third aspect.
[0016] In a fifth aspect, the invention refers to a use of a biosensor according to the

25 third aspect.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] The invention will be better understood with reference to the detailed
description when considered in conjunction with the non-limiting examples and the
30 accompanying drawings, in which:
[0018] Figure 1 is a schematic diagram showing the general scheme of manufacturing

a substrate for optical sensing by SERS according to an embodiment of the present



analyte in a sanple by SERS using a biosensor according to the third
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solution of I % 1,2—Ethaneditiﬁol which functionalizes the surface of the gold
nanoparticles with thiol groups. In Figure 2F, the support containing the functionalized

30 gold nanoparticles is contacted with a solution containing gold nanoparticles having a
mean diameter that is smaller than the mean diameter of the gold nanoparticles attached

on the support. The smaller mean diameter gold nanoparticles are attached to the surface
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[0024] Figure 7 are environmental scanning electron microscopy (ESEM) images of
substrates (A) GO, (B) G1, and (C) LGO. The line bar in the images denotes a scale of 100
nm.

20 [0025] Figure 8 are absorption spectra of substrates (A) G0, (B) G1, and (C) LGO.
[0026] Figure 9 depicts molecular structures of the three Raman dyes (A) crystal
violet (CV), (B) 1,2-Bis(4-pyridyl)ethane (BPE) and (C) 2-napthalenethiol (2-NT) used
to test the SERS characteristics of the substrates.

[0027] TFigure 10 shows the I pM crystal violet (CV) SERS spectra of substrates (A)

25 GO, (B) GI, and (C) LGO, as well as graphs comparing (D) intensity and (E) % error
variation of the CV results.

[0028] Figure 11 shows the 10 uM 2-napthalenethiol (2-NT) SERS spectra of
substrates (A) GO, (B) G1, and (C) LGO, as well as graphs comparing (D) intensity and (E)
% error variation of the 2-NT results.

30 [0029] Figure 12 shows the 1 mM 1,2-Bis(4-pyridyl)ethane (BPE) SERS spectra of

substrates (A) GO, (B) G1, and (C) LGO, as well as graphs comparing (D) intensity and (E)

% error variation of the BPE results.



[0027] Figure 10 shows the 1 uMcrystal violet (CV) SERS spectra of
substrat e80(20)2/2680, (B) G, and (C) LGO as well as gr auTsGzonymoisag
(D) intensity and (E) % error variation of the CV results. [0028]
Figure 11 shows the 10 uM 2-napthal enejhiol (2-NT) SEAS spectra of
substrates (A) GO (B) G, and (C) LGO, as well as graphs conparing
(D) intensity and (E) %error variation of the 2-NT results. 30[0029]
Figure 12 shows the 1 mM 1, 2-Bi s(4-pyridyl)ethane (BPE) SERS spectra
of substrates (A) GO (B) G pradLED DESOREATION ! as graphs
conparing (D) intensity and (E) %error variation of the BPE results.
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21 38 ¢ or niipas gpRRh By PRI e pifr R L et SRS et o cEg e
netal |'i ¢ makilsydreohiip@atth vhileSERS bWsadtlcesdingsto Adrisiembsdinag dfahe
SERS acqui sitions. Various enbodi nents of the present invention

rel ate tollyerimssabiratergproducibilitymay badupmved significastly.or m and

duci . ! . .
el udes. RI0BZP ORHRNEAS 150 SrREensil 87 SERY. B iso Torlefl SHIOS hthte,
degree of gerendlynesss of atvwedl-erpindereciumétaliie nanostiichire ioBNWhithy ahalgtecBolebsles

SERS effect. .Th r fr hness .of the netal rface may resul
in24 epr G/ gg ?o% S%%téjacqu?slilt ons. Various embodiments o? Hle present in)\/rent?on reiate

to a SERS substrate that provides a highly uniform and reproducible bioanalysis surface.

[0033] Generally, a SERS substrate includes a support having a roughened metal

surface, in which the degree of roughness of the metal surface is sufficient to induce the

SERS effect. The degree of roughness of the metal surface may result in a reproducible
25 and uniform SERS signal, such as within about 10 % error variation over a substrate area

of 1 cm?, for analysis of materials bound to the metal surface of the substrate.

[0034] A potential advantage of a substrate according to the present invention is that

no template or lithography is involved, thus providing a simple, inexpensive and quick

method to achieve a highly sensitive and spatially uniform SERS signal for biomedical
30 applications.

[0035] The support used to form the SERS substrate may generally be formed from

any material. Examples of material that can be used to form the SERS substrate include,



25and uni form SEAS signal, such as within about 10 % error variation
over a suwetxweégseea of 1 cnR, for analysis of materi alP€Tis@00/(00288
the nmetal surface of the substrate. [0034] A potential advantage of a
substrate according to the present invgntion is that no tenplate or
|'i thography is involved, thus providing a sinple, inexpensive and

qui ck nmethod to achieve a highly sensitive.and spatially uniform SE
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Exanpl es of ‘material that can be used to formthe SERS substrate
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at t achi nglengpt, speh ps giagreterpingthe fangspef un to 90 sm; dhe ferns {metak pansipartiedes”
support. : P Lcl.e f t [ .
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nm The t afeal'ingthdd, bdicare par limited® nobbd mealstsaclhangiven palladit®, f41d] platinum,

conprises,a SERS active netal. Exanples_of a SERS active netal
i ncl ude, Bifiugy sy, prodiwe rothenian|aad gy thersnh gnd sorner-ver

palihadi u d, ' 4.1 di ) . i . ¢l '
S o) 12kt it M A LS o
nanopart i einbedicwnsi the mbleanmetddlie gobd. aln. sonme embodimEnts, ks net] heanopinkieles

netal is gold. Ins ertzgogi ment s, tff_‘% net al nano :ilrticl S CO ris«lg1
2 nobl e nEQRPSSR mOBIE, ST, FoTEXarRAle T S0 PERHAEC ISR ok S 3 Core-shell
cor e- shel kingdthrdCinwRichithe ¥tk OF tﬁé’ﬁeﬁ?hﬁldﬁ%ﬁi&[& h Lo B¢ fORRARRYh %J/ tﬁﬁaéerial

may be formed fromany material such as a polyner or glass, a

shel | of suph asepolymenerslassi aiddbe alg)l afshe metad satapartickes1Basolt Srmed fiom a

nadSpar | Bpae nieeioligihe FRlng boofiichh AAPRBRDA oGy it ufe & Paporspacie.

regul ar i [00883pe The "meRIMaacRettleehsy Yehirepalaal omasgenar il ch&se. ahe some
regul ar in shape. For exanple, the netal nanoparticles nay have a

regul ar sPapedisieal, die amepheanopagiciasparediegelar db rshaRa . eirmle.dthegmptal
the nanopﬂﬁdﬁﬁhﬁfisnﬁg %v@aa["?égtfz@%f Stpe VIO gfssPﬂére,“é‘%‘ogtcg;‘Q ﬁg%%ed?o%.

[ 0039] The srze o nanopar | es"may be atacteri ze
mean di anmAkesrdinphe themamop altiales ey beasnosphereb arzadcubes benmotatrahédra.

of 20T1 quf B8l s a1 aneb R BAY B chipsciuitd 3 R oot AsamaiThe

"mean di apgherdiah@ber & 4Rd RN $ERACoUhE T @allenkthCo MABPRABEL litd Shment
and may be cal culated by dividing the sumof the dianeter of each

nanopar t i pasgingythrowghitie ednteriofirefigwe and terminating at the periphery. Accordingly, the

term “mean diameter” refers to an average diameter of the nanoparticles, and may be

calculated by dividing the sum of the diameter of each nanoparticle by the total number of

25 nanoparticles. Although the term “diameter” is used normally to refer to the maximal
length of a line segment passing through the centre and connecting two points on the
periphery of a nanosphere, it is also used herein to refer to the maximal length of a line
segment passing through the centre and connecting two points on the periphery of
nanoparticles having other shapes, such as a nanocube or a nanotetrahedra.

30 {0040]  The plurality of metal nanoparticles may attach to the surface of the support to
form a first layer on the SERS substrate. The term “plurality” as used herein means more
than one, such as at least 2, 20, 50, 100, 1000, 10000, 100000, 1000000, 10000000 or



25 nanoparticles. Although the term"dianeter” is used normally to
refer to wbheom#enssal | ength of a |ine segnent passing tmoasgizotieo2ss
centre and connecting two points on the periphery of a nanosphere, it
is also used herein to refer to the magimal Iength of a |ine segment
passi ng through the centre and connecting two points on the peri phery

of nanoparticles vin the e ch.as a nanocube or
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nm or about 10 rimto about 50 rim In one specific er[bodl ment
metal nanderar & fisst dayes pn thesubisirate may ke mpnedisnersee The tirmrsmenodisperstibrafers

30 nmto 0 T

ol ural i ¢y (e piiopidcbEhat e AR B SR al SR W el Pl pggliments, the
support t Qtaﬁd)a’rm(ﬁvihtwﬁ of diaytesteralistiibgtichUudisthe aietal molﬁ&tlﬁ&n@ﬂih‘é dastSlayer is
The term "nonodi sperse” refers to nanoparticles having

subst ant i &%} tQ.PF o8y s 20 8o af thegheasediamefes e, shefbe ‘T'Pé‘ﬁl%’ ortlgss than 15 %,
t dard o B
st ggdard QP‘;}S ag:ﬁtﬂﬁﬁ’/? g@?{l% ﬁhﬁét&% D s@he E[pess teﬁahmféh%y‘letfzr ?fnthc

nanopartic ayer 1s equa to or
mean di amatetal namdpaeticlesusfithafirst tpyat istessentiallyeths sathen 15 % 10 10 %

% or 3 % an di.anmet er aI ue. odi_nent,s, the

i amreter S1042he TBE e dboRarcle: B8 be e HBET B8 Syuggre ot e %@g@ﬁtbwmays
the same. of iMetlmdiB&iELTRE téaDARAEt hﬁl&ﬁle@é’feﬂQO al haleBd hhfing Qﬁe O more
surface of the support by neans of |inker nolecules. The term"linker

m)l ecul e" funstienal groups thdtecan bindaof digkoere or mereendnoperticlesato @heoamsport
cles to the s

ot o 1y Celftofi. st ingtbRaOlrollo by BANGRR e fesSadodpiaSles KERB hitorel abe
t 0 the sugippoé dah belged HxaMpleseIfuittiolsl@flougsX AR € Hubire e Ginit0A 8, a thiol

groups include, but are not limted to, a thiol group, an amne
group, an&roXPYAIBIEHIYPsaRDA; %WWBOSWBPUH’M functi onal groups

on the Ii no O o)
nanoparti @T{ﬁ s]tolntq gﬁ IchlP Pac%%oé %@%\éﬁ%gg}rn? E%{?%k %r%lr?gﬂgoo‘@gﬁrn ?ndmg of
bonds usethetretdDadrtopattictesdo it sirfacand iz suppbesThostrdrg cvaleat bomth;yused to
pr ent the'inglsmd enent lfF‘Fereé)1 resulting in mechanj i%géstabl

he mefdd® ﬁdB%I peopartisies: R spRPQt iy Rexent [theis Aisledesmsnt dhereby
i I nker 1o} &Gking$n ieBhart@i staBility 6EhE Metd nbAGHAed JEthERERS substrate,
nanoparticles to the support, 1n particular a glass support, Include,

but are n{fi044] ni Esamples of finker molksulest that dagi beameed Hor attachmg the metal

am ne-s Ubsgﬂot %}te?es% the sup%g if pgll't{%u?a? Xl a@g’%&‘ﬁp%% isn%ﬁl% buL{ are not limited to, a

thiol-substituted silane, an amine-substituted silane and a diphenylphoshino-substituted
25 silane. In illustrated embodiments, (3-Mercaptoproyl)-trimethoxysilane, aminopropyl-
triethoxysilane or 2-diphenylphosphino-ethyl-triethoxysilane are used as the linker
molecules when gold nanoparticles are used.
[0045]  Generally, the linker molecules used for immobilizing the metal nanoparticles
of the first layer on the support surface should have at least one functional group that can
30 bind to the support and at least one functional group that can bind to the metal
nanoparticles of the first layer. Preferably, these two groups are different to avoid that
both couple to the support or the metal nanoparticle, respectively. Altematively, the linker



25 silane. In illustrated enbodi nents,

( 3- Mer capwoyzony/dpss2r i met hoxysi | ane, am nopropyl tri et hoxWIT/s320110000288
2- di phenyl phosphi no-et hyl -tri et hoxysil ane are used as the |inker

nol ecul es when gol d nanoparticles are gysed. [0045] General Iy, the

| i nker nol ecul es used for immbilizing the nmetal nanoparticles of the

first | th t f houl.d I t .
Funct i onaFRJFO e BE Caam S cestginer such e b et SPaetienth rour
functi onal,@piA tblBe si5pBrtDaEast nd Bﬁe{%ﬁéﬂiomgﬁ@?ﬁ&,'dﬁ%@é e confiimational

first layer. Preferably, t hese two groups are erent to avoid that
bot h couplrestiaints, met shlp pobind ¢e thetsapprat. al nanoparticle, respectively.
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functional group is, due to the conformational restraints, not able

to bind teude efthporctal mapoppsticlanel hatfisstrlaye. The metal ineadpasiécles fagming the

SERS accor.dj r I nvepti [o30) ises.a secand | ayer
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speci fic enbodi nent, t metal nanoparticles formng the second | ayer
e gol 4 TARA G tcata ToyeE At RO COToRTie he B TaFA e eProbiles
| ayer may rgengs ald Hrst YRE 6% hdte &aﬁﬁeﬁe&@ha@ﬁ;e%% RRNQRAS ticth Mely, the

formng the fiTst layer, it is not ‘a requirenment that they are
same. Accoetil mghgparti¢les feming thenssoand layee snayovomprisetahmetab diffetentafrem the

may, .conprise.a netal ,different, fromthe 15netal nanoparticles in the
fi %[lét I ayg}e?alfjﬁlﬂf)z???mﬁf nﬁﬁ%ﬁﬁhaﬁ"ﬁr' of metal nanoparticles forming the
second | apw47pn The phaREtys P fletatrAnsmirtidles forhfg |ty séond e8ék B i@ SERS

shape. For exanple, the netal nanoparticles may be regular in shape,
such as n8HwYpisapasbe Hageulaos segvarip shans: Fenewmple, the swiab nanoparticles may

enbodi nen{.s, t a rticle t d t

same shap{ééargkﬂﬁ%qgoglﬁg?’aﬁgﬁgr%p%r ??%H%gess’ gﬁn ?ﬁfeo%g i?ljs?l X‘F‘%@%@& (')Ir‘E some

exanpl e, tiabodinteats, titen ot tnandmsticdés bh el secoid layee havd thet satnes slepadis the
enbo t he nmet

| ayer may both be nano eres. |n I nent s, I
na&gpar t ?9"?@ ”8%10}?%&?’?8 Bgth ﬁgﬁé#aygﬁ QrHfEagyp I % F‘j?%rnaﬁ‘él?ﬁé“af’? PE thefirst
shapes. F redal f ' : r

p %?gﬁé@&rrg{eesecﬁm 14yt ﬂiayrﬁmme &ahﬁégﬁgrsee.oyt éhﬁaﬁ&dlhﬂ}iﬁ t{Phetal

be nanote and the netal nanoparti e secon ayer may
be nanosphaparticks[fohefititdayer and dicasaeprd laykr hine differint slzapop dfdriexhmple,

f the fifpst | ' t h di anet h t al
nanopart 1 Hee TR psbafiely SF perfist Syl Rhys bEnBatSHAELS AL Beapmeta
di amet er gindphiclaRioTithd\RooRBIalérGhSsbdhariobshetdst St | ayer is

substantiallxgl greater than the nean di ameter of the netal ]
naRdpar t i H1048] of Thaanesssiigroetengicthe metalnangpartieles pf Hrecfirselayersis aueater than

this contgxt, ref n.di ters o he na articles of ,the
first | ayggré> I{l?lagtd;%gtg}r gftg?%feéags %r%sl espéfet#lee?%cf}?@?% L flxégglgo%&m}so%%?rgs,
pr ef er abl theahednQlshettPOF e Gictdiranopdiadled bome fiedt 14yee isrélﬁbﬁhntiallgr greater than
nanoparticles of the second | a The metal nanoparticles of the

: er. : “ : 3
second | athermeandipmeier of feanctal ranepaticlss of Hinrecand layero “Suhstantigldy grgater
such as aPoleqy this context, refers to mean diameters of the nanoparticles of the first layer that

30 are at least 20 %, preferably at least 50 %, more preferably at least 100 % greater than
those of the metal nanoparticles of the second layer. The metal nanoparticles of the

second layer may have a mean diameter of about 1 nm to about 90 nm, such as about 1
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ooy Do hpemaaTespaife St fvel IS G 8 seAARORRF pE IS SBRS, ADsRRE IRy be
layer nmay mi@olishHee MnabRié! erdbotlichents,0the Redtard: dedfhtiof WEHiAfRetBC BB MUtion of
about 1:2 to about 1:75, between about 1:2 to about 1: 50, between

about 1: 2theqnefplnanopartisies |96 theesseporublayer nlayzbet esquabiouar less than 20} %ef the arean
ab Cth L Sd{a&e@&é@% ncgﬁaﬁlwlt]\ﬁﬁr '50‘% 1§ '3}) tSS% c;[fq:ﬁe ﬁg%&a&nﬁté Yew.ée In

mean di aneter 0 nanoparti cl’és~o he secon

mean di amedmé epdbddivbentst e diamerear ¢f ﬂieefnetbfl faRepdriicles dfat‘}iersebénd layer is
bet ween about ;1:2 to about 1:40. In one specific enbodi nent, the
ratio of eyentiallydh@s@naneter of the netal nanoparticl es of the second

layer tO ;(gﬁorea'i“gg &'?{Ha(g_)ﬁfl Hr{?aﬁ Hﬁn{@?ér%lfM&Qﬁﬁ#bgérﬁﬁleﬁ’hfﬁ&%ddﬂg%yer to

| ayer e netal nanopartic e secon
I ayer naytltueneetnt diemewtr pb thehmetaenaloparticlep af thecfimslagér magbé betsteeh abeut 1:2

o o ol K TDp TR S8 b e okt . PisEAY 1 7 oY cah ARaio 4 ie Pqusd 50,

of the 25b&%9;9§b61ﬁy192 td dedﬂe zrsebadweeﬁras&ﬂrﬁ 2 §d Q&n@fl 1toh%r bétabn ! aﬁb’lﬁrl 5
may be used. The functional groups on the |inker noleclles may allow

coval ent WoakRyigl:Hf. hh@am!xSamn yopaist thel méioodf theemeae dianeteryef theometal

at t achi ng B aeloa TR sapd Hhertd Ble R Biambl of bSFewlRorkipliilen ¥ tne

nanopart i fitsfayef istitewédnrdboul BYes ab@it 1640. MRyndPecifie crlRImIIR, BS ritheof the
| i nker nol ecules for attaching the netal 30 nanpparticles of the

fifQt | ay@lemi diamsterof thymetal R@M@@wlesggﬁm sacpyd layer 1o the sjeapgiaseqiereef the
for attach Hﬁ%aﬁﬁﬁ |0fq1§é1 ?b{l%%ﬁoﬂfléhe second | ayer to the

nmet al nanopar{l es of t he ayer are not the sane as the |inker
nol ecul es{d06l] at The metal ndumpaﬂicbds olathepsecond la&r eliayt be attdéhed to the metal
2012/ 02681?&1211%%1&1%% 311 { Ooggs§qayer by means of linker molecules. Generally, any linker
molecules comprising a functional group that can bind the metal nanoparticles of the
25 second layer to the metal nanoparticles of the first layer may be used. The functional
groups on the linker molecules may allow covalent bonding of the metal nanoparticles of
the second layer to the metal nanoparticles of the first layer. The linker molecules for
attaching the metal nanoparticles of the second layer to the metal nanoparticles of the first
layer may or may not be the same as the linker molecules for attaching the metal
30 nanoparticles of the first layer to the support. However, generally the linker molecules for
attaching the metal nanoparticles of the second layer to the metal nanoparticles of the first

layer are not the same as the linker molecules for attaching the metal nanoparticles of the
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conpri ses concentrated sul phuric ac >4) and hydrogen peroxid
(H202). sarfape1te/ dresshedistda:.1/The0ress 13oheoHe]" The'isubatingyn are used

conprising.an activating agent nma SO conplise another conponent or
Fompent . vitabbpEant? bt AtRler BeRer a8 2P Bie SRR RE SR o HRERS gl
physi cal gfalgbesf sadhpl® e nawvERe. .nFéﬂ\éﬂzﬂﬁﬁ’ylg,eﬁﬂ%iE GnétheceC @BAREInD QANEAVDIVe
t he support and the activating agent. | n sone enbodi nents, the step

of 2act i valticwptingdbe sinpertinasofufion somprisingmn acsivatinggaang ATheyactivating agent

Faci vt o BAR0s St By vHRe iy Ol EATRESE i oiF St BB JHlpie ot

and/ or t cadfivatisgiggenphiyisiudebutt axeuot liiged ft6,aolviech satpaowhtes @iHaa6k methanol,

[ 0057] The net hod .of manufacturing a_substrate according to the .
present | #¢taReiagd isopropyl alcohol, acids such as sulphuric acid, and hydrogen peroxide. The

activating agent used may depend on the support used. For example, when the support is
30 glass, the activating agent may be an acid, a hydrogen peroxide or a combination thereof.
In some embodiments, the activating agent comprises concentrated sulphuric acid (H,SOy)

and hydrogen peroxide (H,0,).



i ncludes attaching a plurality of nmetal nanoparticles to the support
surface twof20rx02a882i rst 10 | ayer. The support surface, eouvSmedilopo2ss
activated by an activating agent, may be functionalized with |inker

nol ecul es capabl e of binding the netaljgnanoparticles of the first

| ayer, prior to attaching the plurality of metal nanoparticles to the
support s e formthe first |layer, For exanple, the support

e | ncubal 4oy n dheCIRI4h CRBREENS| Hh AHHREE AETRCBFE S0 SOHTBRF | Bipter
of tine tb&h?brx%_n? o} rédpleRiMvhich fﬁéiﬁf’aiés%ﬁ:liﬂ% %t%ﬁ%ti&ﬁﬁ.&@a[ﬁei 8 bfRF hysl@al or

The anount o [

~tine that is sufficient to Tunctionaliize the support
surf ace neakemisplepignomendieadvantiagesfusite theaontaot etweesthe sephoriGnddhe httivating

the i ncubati nItirre S aQout 2 ours.fOﬁSM e functionalized .
support nBSs": “cfe‘ﬂ{P%_&{“@a RS, (TR SIER ol acH) i PRI ST Ry (oprise
laygr to pRysiadg stirfihg, Shixify 61 sonldatindBheboliR6YY Berpli&ih€ the Bfivating agent to
sel f-assenbl e on the s%pdgort surface until all the binding sites 0on

t he suppofaciliipte eutashiafdthe |astiveing agené iduithee sepport Bafavetand/or to dislodge

nanopart i ¥ I d t he support surface. The netal
nanopart i §$‘~§S§°a§é’§P‘§r§Y‘“’§rﬁg’2‘%% Sgﬁﬂ%rggi%%%%m metal nanoparticles in

sol uti on. [0037pne Thpardithéd of HmdiadRiting £)oltdtrar Rarding oo thePprésat @ivedtion
the Turkevich nethod, whjch, involves citrate reduction of chloroauric
aci d, ar einglislgs atterhings plurdily of metalwapgpagticienterthe aurposywrzsateions & fiest
soligt i on, ati.ve a Lcl . d n
sorlrg enbo%f?rgrlg niﬂs}é{ gt%gsﬁe%lgfa?%g?’ %ﬁéﬁ%ggﬂ%ﬁlbﬁgﬁg%%&ﬁﬁg easéég?emag’ be
met al nanfimatibnatized watr liykergneleadesntapablectiabigdingt the heetalammpparticies ef the

ay. be nafIBHPERATISE o ACHRPEE MUTAY o MU RPERTIORS ({be saeir Suttace o
nanopar t i @Stk $irstARY&@! Féiextinple, 30¢ Spphttirtay?sd thousdted H %lﬁﬁ&iggorggﬁsing

carbolic qci d or a n xt ure_of the af or ement’i oned aci ds_ whi ¢
i mobi | i zbokexmalbenlesufof aperied of tirae that & sufiaciens ae funstiesalize the spporsiserface.

the_.carboxylic aci may ,.b but .i n Limted . to citric.acid actjc
Lt o2 Dofihe koffy o R on i Ritioin} 4P HuncytolyiZeing Surfpott subraBS by defeid Gn
pyr enedodgeasy ¢f lakiefmoliRulea Ricds Gesérdlly, tB€ indubaRaAind 1§ aB&WtD, hdups.nane
only a WD 2012/ 026882PCT/ S&2011/ 000288 14 few. In one specific

embodi ment0058] t r The duncgionalized syppast may heneapiacisdewith theymeial ngppparticles of
i) acy _ 2o ;

mot hod of et AR foriohf aittsl AGE, TRY Mol nabbhdsls h0Reicladitile Mithe

pl ural i t ysupborteswafaceamatflaeli theelsintingt bieess on f the esuppoit herenedcabied. In some

nangparticles.of the first layer, 5 to for ecqnd | ayer, wherein
th88rrean emﬁwiém@mso et‘H%tﬂt‘éf’c“é?!%afH& aaaﬁfq‘f@re@?y}vnﬁﬁtor- §PPH’°&§/@1“'?4°§- The
reater t ' I | ;

g Bl h%ﬂﬁﬁ?&eﬁhﬁ?ﬁ;{e?ﬁ%t h$'€olfGiliA mBaD RBRIphHE &S0 QbIdtidR, In one

second | ayer. To "achi eve the surtace o nanoparti cl es
of the fispsrificaymbodmmenhegdld nuanioparticies eptepdredh Hyi thee Turkeivisbumethods odiich

by i ncubating. t with the.i i |ized | i cl
of the 1 PepiveRskilrte FBBgn of Srlorois BG4 e o aedlodaf ghe metl
period of nadphritidRes dpgteghte iBlthe is6iu@bh, Adgafivel§ icheiad id@all RRoFA El@gexlugf be

i
the nmetal nanoparticles, prior to attaching the plurality of neta
nagddpar t i ejeds In hwomeo gmbedimeants, t the negatively | d metal neangparticles are metal

o the. 1 TPpEles SEiny R SRR B P s ERbRRR s sEEelmr a1 parti ol o
are occupf0ed9] Metal nanoparticles with a negative surface charge may be nanoparticles in
which the negative charge of the metal nanoparticles is conferred by a carboxylic acid,
sulfonic acid, carbolic acid or a mixture of the aforementioned acids which is
30 immobilized at the surface of the metal nanoparticles. For example, the carboxylic acid
may be, but is not limited to citric acid, lactic acid, acetic acid, formic acid, oxalic acid,

uric acid, pyrenedodecanoic acid, mercaptosuccinic acid, aspartic acid, to name only a



[0061]In a third aspect, the invention refers to a bi osensor

conpri si ngoaosmizsssrat e 15according to the first aspect ag1#G2011/000288
bi osensor. The bi osensor can be configured for in vivo and/or in

vitro use. [0062]In a fourth aspect, tllae i nvention refers to a nethod
for the detection of an analyte in a sanple by SERS. The net hod

corrprlses conj actin le with the hiosensor according to the
third asp&XY ég‘fﬂg?]@mgg&mmﬂe‘il% Fcich s 3%342%33%?%331"}"&& giageed,gold
nmet hod of Bé{:ﬁf&iaf'ﬁ’dlé}gco}ﬁﬁsﬂ{geasm& g{yelaofgg (AP iJm! ecul e. The detection

may al so uantitative, 1.e ncfude correlating the detected
signal w {0060he diloumethot] af\ahgmﬁactﬂiirg Ghe Sutstraten funthelr uckesprises vattachings a

well as in VIVO etetlon he term"anal yte" as used rein
refers toPXRItE Qb H’]%ﬁ spriecsaf, Y‘itl tgtﬁa%\ﬁilypr
nay sbe presin 4 aecan& %Iﬂéf Ev‘wheTélﬁ tROReN BiafRYer off e ﬁéﬁﬂﬁ&r?opaﬁt%le%rbf the first

antigen, a protein, a polypeptide, a nucleic acid, a hapten,
car bohydr tayer isggredtes than thegetdn diamatey odthieenetalf nanoparticdesy af ﬂlstsyccm‘d layer. To

bi ol ogi cal ,or n- pi ol ggi ¢ nDI ul es e a

her cof . tatieyeRt elnBRie e A ar SRS Frsf o B RirBSnatized
car bohydr @4 Biiker iRbldciley, iswesl aE n@uﬁﬁtﬂFQﬁé GappdP wietheUgdinatsilized metal
bacterial, fungal, viral, plant or aninma 305arrp| es. Additionally,

however, ninopanisiestef the first/layertie asolytien| comm@mgclné@ﬁpml@mlesﬂf@h agerigd of

S48 G R sl s 0 s SRl Sk o

as used hsttahing thephirality @f anetallnagorticlés thefedhit@fornf thegoeunid liyer. The metal
b|olog|cal matrjces, an aqueous sol ution or an_aqueous suspen5|o

derived fR&IAPBTtISIeSgRaY el frigssrIblg on Shsrinetionalized %@a@%ﬁc poPf theefirst layer
presence gl A0Binthf: fits bRt BERAHRGAL, LBSARFSENT | hvention

I ncl ude, exanpl e tissu onbgenat'es, |ysates,
[0061] In a third aspect, the invention refers to a biosensor comprising a substrate

15 according to the first aspect as a biosensor. The biosensor can be configured for in vivo
and/or in vitro use,

[0062] In a fourth aspect, the invention refers to a method for the detection of an
analyte in a sample by SERS. The method comprises contacting the sample with the
biosensor according to the third aspect.

20 [0063] The term "detection" as used herein refers to a method of verifying the
presence of a given molecule. The detection may also be quantitative, i.e. include
correlating the detected signal with the amount of analyte. The detection includes in vitro
as well as in vivo detection.

[0064] The term "analyte" as used herein refers to any substance that can be detected

25 in an assay and which may be present in a sample. The analyte may, for example, be an
antigen, a protein, a polypeptide, a nucleic acid, a hapten, a carbohydrate, a lipid, a cell or
any other of a wide variety of biclogical or non-biclogical molecules, complexes or
combinations thereof. Generally, the analyte will be a protein, peptide, carbohydrate or
lipid derived from a biological source such as bacterial, fungal, viral, plant or animal

30 samples. Additionally, however, the analyte may also be a small organic compound such

as a drug, drug-metabolite, dye or other small molecule present in the sample.



S5extracts, and purified or partially purified proteins and ot her

bi ol ogi caworel#easses and m xtures thereof. [0066] Non-| iPOTISG2Q11/000288
exanpl es of sanples typically used in the nethods of the invention

i ncl ude human and ani mal body fluids g4ch as whol e bl ood, serum

pl asma, cerebrospinal fluid, sputum bronchial washing, bronchi al

i rat ' . lymph 10 fluids and vari !
conr et onlOB]{ naHBEE reambT af Heeddiorsit fiie VGyam A G 0f ajeiial ftpquently

tears, sabjoldgicdll idatriceh bg E’c}&@@s GRlutidn 8Y YnOUBSeoRs dsusPhsidnk Berived from
bi ol ogi cal fluids such as cell culture supernatants; tissue specinens

whi ch may bigtogiea} materigdeSdrnplesito mebsayed| fos thegiresenee oharcimalpy byrthermethods

not be fix The s | es used i.n the nmet hods .of .the present

"venti onohitht R pReahol RFge . BB el il Jistiee! SRR FS. Iates,
tissues, egkdcts, ahd ;ﬁfﬂﬂe@%rﬁ/pe@ﬁalgt paificieptdia Gnd BEHRE BidlbgiYal tholeeates ahd
materials, to be assayed. thods for preparing protein extracts from
cel | s or bawpressheree well known in the art and can be readily adapted
i n order t ahfl 3: I I s conpatibl | t he Jqret hods, of

t he invent@gﬁ? De gg{riﬁigfrﬂlgi %xa%t@%sd)?%fﬁ UPe cgﬁ’lcgaﬁlyoﬁ%g Pnn tf\;/r‘!ia\}%&ﬂ?qsepf the

wi t hout finvehti@oidchelel gn#h sadvphital BOJPA0Ids stok a8avie bicvd, s&em, plasma,
detection of an analyte in a sanpl e by SERS may include contactin

t he sanpl eTapropPinaldtivid, spyhum.rerapchial syashing, brongial aspirates,Risingnsemen, ?ymph
CeP e et ) ) . . - )
;ﬁg@r €r Sfluids :ﬁfdsvﬁrﬂau%oégﬁ%?l Sechbtiont drake éﬁ%@%ﬁ‘%{ W d&:ﬁﬁ% rrﬂ'ﬁry

t he Raman vibration I ngerprint" 1s tered,
exanpl e btraets,3bar,t salinal /noilk, avhiterbdombeadls] myeloman and the likepbioldpgeab flnitisrsgch

an anal yte, P8 to allow detection,and guantitation of the_ analyte.
25accor di AyPgT cilfie SERRBAIANS tiste SPecimens WRIGE: BRY ety oo bF dixed; and céll

report er ssRLik@RORhRE A of heayaRg yd ﬁxle(i.oﬁﬁ%g]sarﬁ-ﬂ@s Bad@Bh ﬁﬁpﬂ%%h%ﬂs of the

conpounds ‘may bind with the anal yte nol ecul es and may be stably
adsor bed present guventier wWilh yaryebased or shet dssayRormat andythginafure nf thedissues, cells,

cogpounds,_.such as.a substrate aceording. to _variou nbodi nen of

B nventT oy Sl BRI S p S ekl msfirele To B e eE. Metitas for
hydr ophobpeparivige prvtdih Grtraéts donRlcelly onbahgled Bt wkllaabimt, intthe afioaROosHIBe
have a hi gh Raman cross-section and the capability to adsorb strongl
on the surcpdidy adaptedin pgdento ghtahasppledhatsis qommpatiple withy dke metheds ognée

intense apdefdh. ‘DGR K Woodynall 0268 € i 14 8L Wii302 B t8lecting a

sample.

20 [0067] The method for the detection of an analyte in a sample by SERS may include

contacting the sample with one or more Raman reporters. The term “Raman reporters”
refers to compounds which have a high Raman cross-section and the Raman vibrational
“fingerprint” 1s detectably altered, for example by a shift and/or an increase in intensity,
upon the binding an analyte, so as to allow detection and quantitation of the analyte.
25 Accordingly, the compounds can also be considered to represent reporters or receptors of
the analyte.
[0068] The Raman reporter compounds may bind with the analyte molecules and may
be stably adsorbed at a surface that enhances the Raman signal from the compounds, such
as a substrate according to various embodiments of the invention, by reversible
30 electrostatic interaction, hydrophobic interaction or covalent anchoring, Ideally, the
compounds have a high Raman cross-section and the capability to adsorb strongly on the

surface of the metal nanoparticles so that it gives a fast and intense and non fluctuating



SERS signal that is proportional to the concentration of the analyte
in bul k. Woconziéxgdzy, by carrying out SERS neasurenent s rgr/8dme1 Gioess
substrate, the presence and/or quantity of an analyte in a sanple may
be determ ned. [0069] The use of such ggbi osensor is a further aspect
of the present invention. This 5 use can be in vivo or in vitro and

ntacti t he bi th th taini .
o um 1 SERS A ek IR IoBf BAR SoieER R THoRALYe g Db e ASEHIIELY,
si gnal fr@ynchAfings sERsEasaﬁmeﬁfen&fome@ERs‘ é&bﬁaetmébré}&ycebﬁm%anmy
i nclude, but are not limted pl asma, serum bl ood

and uri neof{lmm:ﬁenhesemple@ﬂawbetﬂamm according to various

enbodi nen |nve nis 10 a eous in.th

SEne oo Lol o g 3% 57 hAla bioseRo? 18 QS eBsct O B nsphsgpention. This
mul i pl exusdean¥ ZvivSor m& and miah cBﬁfphb& bithcting thbslogaﬁblemthqﬁe analyte
sen5|ng experinments, to understand conpl ex nechanistic pathways in

bi ol ogi cakortainiigemedivm, ifer pamplealsenple orceidyi flidd, me ddtestingitbe SERS sigeal

accor di ng ToBt U sehte Br@hiles b FAT7i ity B ey ARARCRM S Ry timis

anal yt e lio,pbdseal sepimeBlooddymphliedr and uisder physi ol ogi cal
conditions, and the sensing conponents can be integrated in

m n| mal |y [(?Q?\%m Jbe gsaof arwsewz,rraca@rdam focyariops @abgd@merntw therimpension is
pees. E I&fs 1 Etn&lb %'EH§ Il)alééél HQH;tY(ﬁ'J %eﬁilﬁﬁs? f)f % %%Sh Qre?m‘xtable for
ep I’ enen or elenents,

SU|tany tlce I'n the absence o
limtati ommuplbxmg,txahuchns ;mpmtans pnecpmfucum- hrytlth cmtes exd saﬁlsnl@e)qba’mments to

Thus, for e a , | ng", .“i.ncluydin ontainin
ete. " shal PROESHRRE SoRRIRtn SIEGBAS iRV EROd HOTREES: PORES Aad 1t BRapRized
the ter msnﬁﬂﬁufcx W&&%ﬁ%&% %EJlu@é/%‘f' r{b%[eeh{btﬂévﬁhﬂﬁeﬁeuﬁﬁgmﬁ‘ﬁatfb% ”ﬁa Hf(etal
description and not of limtation, and theré is no intention in

us e of s un@@eﬁwbesancbrémﬂeysm@mmdmmtﬂdﬂhg SHERS substratahwanstlmf artalgete

re anddecr rtion hereaf , b it is.
t edBant s et PR G, OGS sfideP Risi 3G EhiRbns B o hine mponents
SCOpe of &athebé ﬂﬁ@gﬁte@ﬁnn g lndinitedlly iTRekive platfofigueh RS opfieke bRt indpldntable

al t hough the present invention has been specifically disclosed by
preferred defessdi ment s and optional features, nodification and

] e T R T A el LT NP e e

and vari atbsens: of m}cdamiedeomelememb,ehmthﬂmmot himitatioge nof sgebifivally disclosed
[ een described broadly and

nyenti on 07 The [ nvention has Db
ﬁﬁr. cal h?ﬁell‘i'e&g?sn%fﬁéﬂlphﬁ» ﬂ%%t@nﬂsarqoatwﬁ%e’@fi@%d QIR RIRE i stc- shall be
gr oupi ngsydyal &gaﬂm%ﬁ,hhm t DRhSIR N BRiGtioH. S AldaRidhaIR! Pﬁt QD RAY te@&es&ﬁﬁs

i nvention. ncl des the generic description o he 1 nvent |
with a pr @mplwed WWB@E%&@@H@@B@I]&@@@Q%aﬂ(anIrofrhmga’ltmneand there is

limtati [ tt f t h dl

whet hor 0P FORRHaRGHRE Heedtt K el o snalsBions (L P iy SgeHaleapa ! the
[0073] O haturémiRsiieial Sdatsbed bPlplarﬁchﬁ fheto® Vbt Cis el grandd PHA-various
limting exanples. In addition, where features or aspects of the

i n@8nt i onmedificadensrarp @assibletveithin thy SOPHRE khgmvgrtmp@mmeﬁo%‘huss & $hout be
0,1, 2] SHAPRESoh B, bASel HERART 5 SBhECobBAEAY it
t he Mar kugiefegiedabodiments and optional features, modification and variation of the inventions
embodied therein herein disclosed may be resorted to by those skilled in the art, and that

such modifications and variations are considered to be within the scope of this invention.
30 [0072] The invention has been described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling within the generic disclosure also form

part of the invention. This includes the generic description of the invention with a proviso



EXPERI MENTAL SECTI ON 10[ 0074] Figure 1 is a schenmatic di agram show ng
t he generwb 2cimesss2of manufacturing a substrate for optipcalsSGeen00$s
by SEAS according to an enbodi nent of the present invention. Figure
1A shows a support 101. Figure 1B depijgts functionalization of the
support 101 with linker nolecules 103. The support 101 that is

functionalized with.the |linker nolecules 103 _nay be contacted w.t
plural it y%ﬁewaﬁmﬂaﬁaaa?wmemi yecd giel OmH4E LR reaatgicss of wheher
nanopartlsfﬁatﬂé)éx@éada}ﬁheﬁaimﬁcmmgfécité@ﬁe@ﬁl.a first layer (see
Figure 1C). The netal nanoparticles 105 may be coval ently bonded to
the suppof@073D1 @thert kmbbiments mp¢ ewithia s the0 JollcMieg atlpeh ramdt nofi- tlineiting

D ace i acbanples, € 3adiin. wadsh Feafitls Srsnects ohiBe FORATS e dsncTied i erms of
net 3l ”a”m%%%sl%sétskﬁﬁﬂ'%jm& Wil $EBpRIZE tHed theMnkBntidn ¥ @lso thereby

mol ecul es 107. e 20 |inker nolecul es 107 may or may not be sane as

t he |i nkedesspbedin tsmsoy. anyhadivigwsbmember lor sukgroum of memtiery efitheeMatkush
nanoparticles bound thereon may be contacted with a plurality of

nmet al nan%%? ticles 109, such that the netal nanoparticles 109 attach
to the surface of the netal nanoparticles 105 as a second | ayer, such
as that shown in Figure 1E. The attachnent of the netal nanoparticles

109 to the surface of the mEXKEREVEDEFALSELIEANOS nay take pl ace
. it I . . . SEUS !
0 3056l d5) LA S o

n a substtate sensi ng by
accor di nga tsabstiate domoplied . schiiggiby SERS hevardinggtonss epitadémehi efhtheSpresent

used as a, support, As sho in Figure 2B, . the qlass plate is. .
cont act edIW‘EtEP“a%ﬂg‘P&ni% %QKB]Wétai %}wgafétliﬂiaﬁ%ea&ﬁ?met& rEpRetionakizatiop fithe
concent r ahgehosU AINWth Gink6! FoRule§d88%Thd SupboRaldi &QP/‘ishM‘r“lEtlﬂﬁﬁﬂze with the

peroxi de (H202) which functionalizes the rface of the glass plate
wi t h hydr bnker nyeloeydes 1030Mpy becofaged avithGy plunality lofi sisetad| raneparticles 105, such

]E g[fﬁr;[alr ggg%é&%ﬁ%ﬂ%*@éﬁéﬁﬁ%g%@# %tie{%:ﬁ ti? %ﬁ%ﬁ%ﬁ Seﬁwé tﬁrl]st JIa%?er (see Figure 1C).
2012/ 026888 mblabadRdphrtdéle? 8% Ay beTovalbmly béddad s sdﬁibﬁhO@Q‘i‘a\/ﬁfe';]lﬁlker

t he hydroxyl groups bound on the support to thiol groups (-SH). |
Fi gur e 2Dmolaqley| 103s Theaattachment phthel metal ngnepartieled(10§rtouips susface of the

{ act od. wi . DR q . )
the. gol o TilRBE 181 it DU AP FRARERY Yo Tipafit Bl of the
| i nkage t mefabmanepdriicled 108 yueacked o ¢hes migsportal @ withi Knierholecdles 167. The

Coahs 9 oo TR o RS ks hls g T
nanopar t i ghg Sk SphQUARLEH lrjn’gétlél hnaﬁﬁo?ﬁ%ilﬁltek %lug(fl therddr uﬁiﬁb@%ﬁ%&eﬁ; ﬁ/:iﬂél a

whi ch functionalizes the s ace o e go nanoparticles wt
groups. | plufligyioé n®fl ranepatigpol 09,cooh diatitigmietad nhoomttichesal 09z atthchab dhe

nanopar 1 Sirtiee REGE e A TrBaRAHFE SRS 4 spnd B9 Sadhiabituft Shiwn in Fiswne 2E.
di amet er Phe hitRheRnt on&toRafal hadoparirldsaoad R shrfeHIMAO Metal HABoparticles

smal I er nean dianeter gold nanoparticles are attached to the surface
of 26 he | alQfemaytake plassopmsdi-assesblyo form a second | ayer on the

substrat e; is partigular_ configyration is denoted.as "LGED | he
exanpl os (RS o R 2t B O HaBiand oot &8 Hogiat of raseffpe o
by cont ac&ibs@ate Ter SpEEQsensify b SERE) abddedihy I‘t@&h@@ﬂéﬂ]ﬁl@ﬂ_ﬂ?ﬁﬁe 2A shows a
nanoparticles with 15the sanme solution of gold nanoparticles such
that the gasspletgvdpel isiuspdas asupppdufieishawn nFigure 2B.dhe glassplatgds eontacted

nanopart i . r . : i e i t]

di agram o’%hﬁlsal ]}’ @mélgb%l r é’? ga%ﬁ%uli%%ﬁ fdfélrgg Itzsgll%ﬁ e socgg‘r%{rﬁ% tegf ﬁﬁlﬂgﬁ% dckd

praeent i(Hx80L) Nl pand0%d hydrogonaseradide (HIoh) ahichefuaxtivinalies thé surfleaddhe
glass plate with hydroxyl groups (-OH). In Figure 2C, the glass plate functionalized with
hydroxyl groups is contacted with 1% (3-mercaptopropy!) trimethoxysilate (3-MPTMS,



(I'') G1 . Figure 30 is the correspondi ng cross-sectional view of (1)
GO, (11) wbamb26ss2l) 20LGO. [0077] Exanple 1: Reagent [PQORR20GImems
m croscope slides from Marienfeld were used as the substrate for GO
01 and LGO. Gold (Ill) chloride hydratg (99.999 %, 5 rim coll oidal

gold, (3- Mercaptopropyl) trimethoxysilane (MPTMS5, 95 %, Raman dye
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experinment as it 1s very effective I''T renoving organi c contam nants.

[ 0080] Exsmpller rican diatnetengoldhampaitiols e bltachad ito et siifdds of plelargdr gold
experinents were, perfornmed usi a Hitachi-2900 10 s eCtEopho onet er .,
Tr ansm SsREIPBIUES BroWRch SRBy = Yor e MecsbSirfThis TR aRngerEion i

using a JEQlotPAOIGARNRThS StAMbl&). BF Fighite PIGE LS ERRontpaive RREAPR!“G1” is
scanni ng el ectron mcroscope (ESEM mneasurenments were perforned using
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surface of the gold nanoparticles to form a second layer.

[0076] TFigure 3A is a schematic diagram of (III) substrate LGO according to an

embodiment of the present invention, and structures of comparative examples (I) GO and

(II) G1. Figure 3B is the corresponding cross-sectional view of (I} GO, (II) G1 and (III)
20 LGO.

[0077] Example 1: Reagent

[0078])  Glass microscope slides from Marienfeld were used as the substrate for GO, G1
and LGO. Gold (III}) chloride hydrate (99.999 %), 5 nm colloidal gold, (3-
Mercaptopropyl) trimethoxysilane (MPTMS, 95 %), Raman dye Crystal Violet (CV), 2-

25 Napthalenethiol (2-NT, 99 %) and 1,2-Bis(4-pyridyl)ethane were obtained from Sigma-
Aldrich. Sodium citrate dihydrate (> 99 %) was obtained from SAFC. 1,2-Ethanedithiol
(ET, > 98.0 %) was obtained from Fluka. Hexane, ethanol (both analytical grade),
hydrochloric acid (HC1) (37 %), nitric acid (HNOs) (65 %), sulphuric acid (H,SO,) (95 to
97 %) were purchased from Merck and used as received. Water (H;0) used was purified

30 using an Elga Purelab Ultra distillation system to provide a resistivity of 18.2 MQ-cm at
temperature 26 °C.
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[ 0088] St udi es have shown that gold colloid solutions are able to
mai2ht ai n ﬂg@msqenceybacé;ground fitted with a third-order polynomial using the provided sofiware

package (Renishaw WiRE version 3.0, Renishaw). SERS was recorded at 10 different
points on the same substrate, collecting three different accumulations at each point.

[0083] Example 3: Synthesis of 40 nm gold nanoparticles

[0084] Preparation of the gold colloidal suspension includes citrate reduction of
30 chloroauric acid, also known as the Turkevich method. Gold nanoparticles are stabilized
by negatively charged citrate ions, as opposing charged nanoparticles are in a state of

constant repulsion thereby preventing aggregation of the gold colloidal particles.



up to 1 year without significant aggregation. However, as a
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sol ution g3 arhs (iﬁi%entrat ed sul phuric acid (HRSO4) to 1 part 30%
hydr ogen XCadn®02)) for 2 hours. The glass slides were then

wasged wi Edmswt eCI@ﬂcgl%@wa&qbﬁhﬁﬂtMnﬁthﬁlg}é%}a@ian%ff tHe’8old colloids suspension.
(3-Mercaptopropyl) trinmethoxysilate (3-MPTMS) for 2 hours to convert
t he hydr oRgibr ¢ oisps abnglasswara, wag clillyf immersed amsAqus regia|solgtiompS. partsDof

/ |.i h
washed. i FRCEISRE ol RoTaRySonsistet HIGATHEST, MinRS o Forel R mge
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gol d nanopartides having a _dianeter of 40 rim and RS substrates
(GO wer eWatsr andhayen- #ARG "G (o Emeyeassidual &al@ished t hor oughly with

dei;qni zed r ; y . i . .
CAEY oC LORIF, 59 AEER AR lorlERoar SOl RRTREA b bERs KR tr
dry box. hQ603}] doxadpbtorn: fldk eysingtai magmetic stitvet hatphse, (K&l sehmibrl &) heated
[ 0094] Suber ateg GO were, i ncubat ed WEh a_solutjon of 1%1,

et hanedi t WiH¢ Upgeregingdapid stisring vgikheilips. Opee 5@} g PRintds feached, A pragrate

wi th et hag@htidPEorltBHingl 4B igl RAhINBte dehydrate in 3 ml water is added. Still under

vigorous stirring condition, the mixture is kept boiling for a further 10 minutes. In a span

15 of 30 seconds, color change is observed, evolving from light yellow to dark blue and
finally violet red. Heating and stirring were discontinued and the solution is left to cool to
room temperature. When not in use, the gold colloid solution is refrigerated at 3 °C.
[0088]  Studies have shown that gold colloid solutions are able to maintain stability for
up to 1 year without significant aggregation. However, as a precautionary measure,

20 absorbance spectrum of the colloidal solution is measured before use to ensure the
absence of particle aggregation. Individual colloid size was determined from TEM
characterization.
f0089] Figure 6 is a transmission electron microscopy (TEM) image of 5 nm gold (Au)
nanoparticles in a suspension used for the fabrication of a substrate LG0 according to an

25 embodiment of the present invention.

[0090] Exmple 4: Preparation of substrate (G0)

[0091] Microscopic glass slides were cut into approximately 1 cm® square shapes and
incubated in piranha solution (3 parts concentrated sulphuric acid (H2SO4) to 1 part 30%
hydrogen peroxide (H,0,)) for 2 hours. The glass slides were then washed with water and

30 incubated in a solution of 1% (3-Mercaptopropyl) trimethoxysilate (3-MPTMS) for 2
hours to convert the hydroxyl groups on the surface of the glass to thiol groups.
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[0098] Post fabrication, the dlfferent substrates were analyzed in terms of surface

25 characterization using environmental scanning electron microscope (ESEM).
[0099]  Figure 7 are environmental scanning electron microscopy (ESEM) images of
substrates (A) GO, (B) G1, and (C) LG0. ESEM image of substrate GO reveals randomly
scattered deposited gold (Au) nanoparticles. Packing density of the particles is limited by
the electrostatic repulsion of negatively charged citrate ion layer surrounding each Au

30 colloid particle. A more compact packing is possible if a non-charged layer is used for the
Au coating. ESEM image of Substrate G1 at a magnification of 50 000 times, features
dimer-like particles with its additional Au deposition. It appears that not all Au binding
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[00104] Stud1es of SERS substrates are often based on the use of Raman reporter

20 compounds or dyes to understand the scattering characteristics of the substrates’ surface
morphology. Prepared in their suitable solvents to produce a Raman probe solution of
concentrations in the range of micromolar to millimolar, SERS substrates are fully
immersed in their compatible solution.

[00105] Choice of incubation period, which may range from a few minutes to a few

25 hours, is dependent on the type of interaction occurring between the Raman reporter
molecules and the metallic surface of the substrate. Interactions can be broadly classified
under chemisorbed and physisorbed. In chemisorbed interactions, chemical bonds are
formed between the metallic atoms of the substrate and the adsorbed Raman dye, creating
a permanent attachment. Physisorption usually comprises weak electrostatic interactions

30 between oppositely charged reporter molecules and substrate surface.

[00106] Figure 9 depicts molecular structures of the three Raman reporter dyes (A)
crystal violet (CV), (B) 1,2-Bis(4-pyridyl)ethane (BPE) and (C) 2-napthalenethio} (2-NT)



[ 00109] Figure 10 shows the 1 uMcrystal violet (CV) SERS spectra of
subst r at ew0(24)2/@&%82(B) 01, and (C) LQU, as well as graplreTSGIpAVG0NES
(D) intensity and (E) %error variation of the CV results. [00110]
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a Consist@ﬂlog}]cl xRS i Subsirate: Ry @ n.-.' 1 and G0 dn stad Vig
cafgal so Meen from 30t he spectra obtai ned that substrate LEGO with
Its uniqu rface construction exhibits superior reproducibility.

WO 2012/ OQLBBBQPCE@@ A01sho@e 281 M OBl Sloldt V) ISER speSiiES Sulizarhteat(a)

Pobstol Qe b B 8 sl W9 el o) S

spectra o@aﬂgﬁt&%e@@v(r@gm@ (B) @, and (C) LGO, as well as graphs
conparing (D) intensity and 5 (E) %error vari ation of the BPE

resul ts. [@A310)] Erhaneembnt imajntansite ak sbievcesl agtosst thRamain pehks withf additidhal
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cal cul ated is comparabl e for bot h GO and’ GL . This can be expl ai ned
by the hierease irphspived at Raman shift of 1617 cm™ where there is an 11 % rise in intensity

from G1 to LGO.

[00111] Observation of the error bars derived from the spectra obtained points to a

20 general trend of decreasing error range from substrate in the order from GO to G1 and to
LGO. Results obtained show that the lowest range of error is found in substrate LGO, an
indication that LGO possesses the best surface architecture for SERS reproducibility.
[00112]) Example 11: SERS Substrate Study of G0, Gl and LG0 in 2-
Napthalenethiol (2-NT)

25 [00113] Figure 11 shows the 10 puM 2-napthalenethiol (2-NT) SERS spectra of
substrates (A) GO, (B) G1, and (C) LGO, as well as graphs comparing (D) intensity and

(E) % error variation of the 2-NT results.

[00114] By analyzing all discernible peaks in the spectra, both minor and major, a

consistent increasing trend in signal intensity can be observed. It can also be seen from
30 the spectra obtained that substrate LGO with its unique surface construction exhibits

superior reproducibility.
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spectra sHftlah Example; LR, Pul)sinate e, 01 and 16O in) 12-Bis(4-
deposi ti oQy,:kbi y be explained in terns of the availability
of surfac ridyh)oafie (Bh te attachnment and the phenonena of Ranman

hot spot s. [Eil&hc Figne Fashowrs the icaM Ul22BeH-pyridy]yetimns (BPEY S&ERS $pectrg of
the effect of hot S. 119 tant characteristics a_good
SERS subsﬁlabéfrétea@??%&?f)%g, '5‘?‘1; @”Egé EhWENaP B P éﬁ%‘??’i‘%@}ﬁﬂ%ﬁﬁ}ﬂ and
r epgoduci @)I%tehorﬁﬁ%igtﬁmquttﬁ-@BpE%ﬁ%_e, substrates w th pronounced

roughness r'equire or inproving SERS efficiencies usually gi ve rise
to moder af@1i@pr Gdw ths majoy peakisilecatedrat Bamantshifbef K Oteon t,H206 ichf iand 1695

ange. - at el PUGHOE g makedly ok hfRociRl yaft PAD R EPS pp hotfpplad:
have to bgyrj¥edfe icquivalean ¢hing oGS RNBAPE (BT Piddre 32! ey QahdHrdidebiadion

of the SERS substrates. Anal yte adsorpti on studies usin 2-NT and

cv,
BPE on subpalevlated i @mprsshie furhotis GPand &1t Rhisecan ke cxplained ga ghe highlytraedom
WorLgds, usi a t.rat Lgal i Q. h R rdin .
varPous. B REHPE 5P Eabits BBicplg o WAL R E EREREA LB Bfoynian
t he nunbemotibn RieRmthbleEsSMOWTh previdins CVIRAd LT stidids 2it @anTBY sdétd that substrate

i ncreased, Furthernore, a better hgnogeneity in the self-assenbl

process oFGH0sf eensistsns pesomaerowih igvagiaplysiop %emvw%’@nb@da@ﬁi%\%aest

[ 00120] V%ﬁﬂ%n&é}ﬁerg%{oﬁgttheaﬁﬁésﬁﬂgﬁtt{s?te enjoying a w de range of

application, a substratfe for optical sensing by SERS according to

vari ous eff@dd8heittis egidenthfromnthe nesubts of iR Hde $t0QieS BAPATteRBROdrd{ike GG Re
an provi de bettet conPeten y for both qualitatiyv

25 d .. .
QUASE 1 t ht FRASUA B & GCTeRTIng traRg PSHRbSTNCT} AY aenopapiolesicaesitien. s result

nanol i t hOHfa?I%yexﬁlh@%e@ iﬁ%ﬁ&obia%ﬂelﬂﬁaﬂlﬁbﬂ?ybﬁ%ﬁrfﬁ&oﬁ’éﬁ €Sk &ﬁl@@ﬁﬁé&lﬁ&'ﬂt and

enhancenent “and good reproducibility of "simlar |evels wever, as

such net hthgsphenomege of ddman hotspeld. Enbdncermentefactor Heicalduidted enta hieghs of
cost woul d_di.scour,age.> S oduction of the SERS substrate. On the

ot her hanﬁ?%@ﬂ%%%?&%iﬂ&%i npl e and straightforward

| ayer - by- [y €9] SBhportem® e¢HataetaridiELaEa Usiodd SERISY sisttatey amval kabhe sigal

i nexpensi ve chem cal_ conpounds such as_that exenplified by various
enBBdi nenerhageing appbikite and | §o9d Hieproducilility, A rigt itenothe opse.c sbstrates  wigh

by SERS dg@%ﬁ;ﬂgﬂ%? ?%cgﬂ&ﬂ%? TRiproviil sBRR] fRAMAAN Gshilly BYve™B¥e to

be obtain
moderate reproducibility. This can be attributed to the difficulty in creating a surface

- e W~ e S

structure with homogenous roughness in the long range, at least on a millimeter scale
level. As a result, compromises have to be made in balancing SERS enhancement and
25 reproducibility of the SERS substrates. Analyte adsorption studies using CV, 2-NT and
BPE on substrate LGO have demonstrated these two qualities. In other words, using a
substrate for optical sensing by SERS according to various embodiments of the invention,
it has been demonstrated that the number of Raman hotspots on the substrate surface may
be increased. Furthermore, a better homogeneity in the self-assembly process of
30 introducing a secondary deposition may also be achieved.
{00120] With the current SERS substrate enjoying a wide range of application, a

substrate for optical sensing by SERS according to various embodiments of the invention



1. A substrat e for optical sensing by Surface Enhanced Raman

Spect r osCON20IARESR, t he substrate conprising a) a auPPRAI/SGE)112000288
first layer consisting of a plurality of netal nanoparticles
covakatly attached to the surface of tjge support; and c) a second

| ayer consi sti ng of a pI urality of netal nanoparticles attached to

t he surfa Q s _of..the first layer, 1P0wherein.
the ronn & Bovide pRGonIAIARG bt BufP ol did RlanEE ard B HRidng
greater t BERst dubstimad fabiiaafed @6ing nahbl@hoghptty arheleardpl@lmshart Hebﬁr reported
second Iayer 2. The substrate according to claim1, wherein the netal

nanopart i & govphighrahancement agd goothreprogdusibility fif simtler legls. d&w@vex,oasmnch
t bout th
0, apout AR HSe Topyselanis phiyBanar SOl HuR foy YSIF il

40 Bt. mass pdactiat ofthe SBROsubsiige.! On aiyothechaild, 0tidg BGelativély 3imple and
wherein the standard_devi ation of 20di aneter distribution of the
et al nanétﬁ%lahtéfrr@@%#axeﬁéyf qyeg iselfpeeembly apprgach psing only ¥ddely avadabls gnpd

the mean ﬂie%ﬁ&{smﬁe i ‘xkfa?] %ﬁ%d% Wb 45%% eﬁ%ﬁﬁﬁéd‘ng%%&(ﬁ:@}é %Bﬁlﬂ?%ntsi of the

claims Ito erern aneter Oparticles o
first | aypreserg e@psenon,akl pubsates foe. opﬁ5a16 serlsiveg sh;bsSERﬂ edemcarstraiing High

any one of clains 1 to el tal .napoparticles of the
second Iaﬁlg}aﬂﬁ%{v@“é‘n&rﬁaﬂdEﬁ%@P@%l adgfﬁﬁ%t@nﬁﬁ] to about 50 nut
10



7. The substrate according to claim®6, wherein the netal .
nanoparticles of the second 30l ayer have a nean di aneter ofPCTIS@BA1H000288
nm AMENDED SHEET | PEA/ AU 27 8. The substrate according togaRyyeaR/08/2012
claims Ito 7, wherein the standard deviation of dianeter di'stribution .
of the metal ntasoparticles of the seﬁgnd | ayer is equal to or.less
than 20 % of the nean dianmeter val ue. 9. The substrate according to
any one of claims 1 to 8, whereint aneter of the netal
nanoparticles ol die second |ayer is essentially the same. 10. The

sub, ti4c according to any one of clains 1 to 9, wherein the ratio of

the moan di amch apvare PEoABl 3 fid MPREhGCH BRndh ot SR Y B

bet ween about ‘i‘eﬂlbﬁ'@t&%@!‘“%40 11. The substrate according to claim

10, wherein thg aadppstof the mean di aneter of the metal nanoparticles

of the second o the rrean di atneter of the neal nanopartic]es
Ibciyé%"ﬁ“

of the first Si5ptRists of = plarelfty of metsl sangearticlesccovrlendy attached 19
any one of cl ai e durtuok bf thedapperi; Bnd he metal nanopardcles of ‘the first

I i bI tal The trat di t 12,
whorein the nePat TRERG MR RErEReS” | REh, LnfalERongkin bt o e
nobl e netal . 14. m@@mamwwmfmﬁmm one of clains 1 to
. 13, t

nobl 6 out al. 2o/ B clE0RRALk i ind 5%%8’@%9?“‘“@%% 3 el

met al nanopar t%ﬂ&@%ﬁnﬁﬂﬁef@emwhwf@?mnﬁhw'nobl e netal

2, The substrate according to claim 1, wherein the metal nanoparticles of the first layer
have a mean diameter of about 10 nm to about 100 nm
15 .
3. The substrate accordmg to claim 2, wheren the metal nanopartzc]u of the ﬁrst Iayer
" haves mean diameter of about 40 nra,

4, The substrate according to any one of claims I to 3, wherein the standard deviation of
20 diameter distribution of the metal nanoparticles of the first layex is equal to or less
 than20 % of the mean d:ameter vahe, '

5. The substrate sccording to any one of clafms 1 to 4, wherein the diameter of the metal
nanoparticles of the first layer is essentially the same. '
25

6. The substrate according to any one of claims 1 to 5, wherein the metal nanoparticles
of the second layer huve a mean diameter of about 1 nm to 'aboqt 50 nm.
T The substrate according to claim 6, wherein the metal nanoparticles of the second

a0 _ layer have a mean diameter of about 5 nm,

AMENDED SHEET
IPEA/AU



16. The substrate according to any one of clains 12 to 15, wherein

the noble netal is selected fromthe group consisting of sPCY&AG2011/000288
pal | adium gold, platinum .iridium’  300sm um  rhodi um ruRRENHB/05/2012
and al |l oys thereof 17. The substrate according to claim16, wherein

t he noble netal is gold. AMENDED SHE%§ 1PEAJAU 28 -18. The substrate .
according to any one of clainms 1 to , Wherein the support is glass

or ceramg. 18, i .ﬂﬂm% one of .cl.ai .1.10,.18,
wher ei n tﬁ'e m%ﬁ%ﬁg%%@%&{d%&%&%ggg{ e ?F°2?¥1“§‘§°‘é‘r‘€%sr‘?e"d%‘9g§“c‘%‘€a %o
t he support byliameten uticnof ehe rostd! oanpparticles theTecond ddyst isagqua! toowdessli ng

to any one of gghahaBsfhnd Reah i Lik) the netal nanoparticles of the
second | ayer are attached to the netal nanoparticles of the first

| ayer by neans of Iinker nolecules. 10 21. The sub_strat'e according to
]gl ai tm_:sw ?zr 2%%9&1&5&6:35?% M?ﬁemi m,&g&tesﬂuﬁi?ﬁ&m?ﬁghglme&
uncti onal groups ecte r the group consisting of a thio
~group, an am B?‘%ﬁfﬁ ﬁllfsﬁm?ggy?‘dﬁﬁ’% ‘E[E’cfg‘bﬂ% group. 15 22.The
substrate -according to claim2l, wherein the |inker nolecule for
attachin hen ekal .nanopartiaoles of. the firgt |aver, to.the. support
is sel ec?%%l f FEAToE E;ra%ﬁipa;dnéour’\s??%??en%fcgﬂ"mﬁst%?b?%&elm8 tbg e,
an. ‘am ne- subs diametee of G aetal axndpaticlésifahe sepindShyen to- tha lowtn Giatneter off thent .
20 2339 SuDSfaPhfiaffAakdelid s 1ok fBreden HIPT Sidurbli -4 KT
nol ecule is selected fromthe grolp consisting o
(3-Mercaptoproyl)-trimethoxysilane, Am nopropyltriethozysilane and
2-di pgeoyhpbosmma& fhdébll-did’gltefcilﬂﬁlm,l wmvmm%éhﬁonﬁ&uila;&i ﬁi&h&er (|>f the |
according 1o ang oG liell e 2Reded i W B et Mk SF I hSSH! S

nanoparticles of the first layer is about 1:8, -

15

12, The substrate according to any one of claims 1 to-11, wherein the metal nanoparticles
of the first Iayer comprige a nable metal '
13.  The substrate according to claim 12, wherein the metal nanoparticles of the first layer
20 consist of a noble metal. '

14.  The substrate according to any one of claims 1 to 13, wherein the metal nanoparticles
' of the second layer comprise 4 noble metal. )

25 15, The substrate according to claim 14, wherein the metsl nanoparticles of the second
Iayer consist of a noble metal. ' ' '

16,  The substrate according to any one of chaims 12 to 15, wherein the noble metal is
selected from the group consisting of silver, palladivm, gold, platinum, irigium,

30 osmium, rhodium, ruthenium, and alioys thereof.

17.  The substrate according to claim 16, wherein the noble metal is gold.

E
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~

25 for attaching the netal nanoparticles.of the second |ayer to the
surface of the nmetal- nanoparticles of the first layer are FEIT&HH29d1/000288
fromthe group consisting of a &\ot, a diam ne and a Received 08/05/2012
bi s(2- di phenyl phosphi no) conpound. 25. The substrate accor di ng to

claim 24, wherein the linker nolecU es are sel ected from 30t he group
consi sting of 1,2-ethaneditidol and 1,2-ethanediam ne. AMENDED SHEET

PEA/ AU 26he I hy f 25,
o 18 2l il ot e i) 801, SR LBl bt

.bonded to the ®@Bgce of the netal nanopartiol es of the first. |ayer.
5 27. The substrate according to any one of claims 1 to 26, wherein

t he net al §urrp_§}et|cles of the first |ayer and/or the netal
nanoparti &Pes sP\’Fé‘“@é&?FﬁFﬂ‘S;’@F‘m&P@ s‘p'ﬁé?e%h“%‘hAWWﬂﬂ

manuf agt uri ng of the MRlEye Le aERIA%% 1 sippor BY il offinket MblBEuleh. L0 27, the
met hod conprising 10a) providing a support; h) covalently attach| ng a

plurality of netal nanoparticles to the support surface to forma
first |ay2d.; &rie sohstratztncohiimgo anydnerodblaimg 1ab 10pwiskeidthe aRAT binchticldsO

the surf ace. Of o1 uhCseblils blyct' 30 B 5 1 e nLJy;mL@ﬁé of tBY ikt thyr b FilhiR
of linker molecules,
10 .
. 21.  The substrate according to claim 19 or 20, wherein the Yinker molecules comprise one
or more functional groups selected from the group consisting of a thiol group, an
amine group and a z-diphmylphosi:hino group.b '

15 22, The substratt;, according to claim 21, wherein the linker molecule for attaching the .
metal panoparticles of the first layer to the support is selected from tﬁc group
consisting of a thiol-substituted silme, an amme—substltuted silano end a
dlpheny!plmslmn-suhsntuted silage,

20 23, The substrate acoording'to claim 22, wherein the linker molecule is selected fom the
‘proup  consisting of  (3-Mercaptoproyl)-trimethoxysilane,  Aminopropyl-
triethoxysilane and 2-diphenylphosphino-ethyl-tristhoxysilane.

24,  The substrate secording to any one of claims 20 to 23, wherein the linker molecules
25 for attaching the metal nanoparticles of the second layer to the surface of the metal
nanoparticles of the first layer are selected from the group consisting of a dxthiol. a

diamine and a bls(2-dlphmylpho gphino) compo‘und.

25.  The substrate sccording to claim 24, whamin the linker molecules are selected from
30 the group consisting of 1,2.cthanedithio] and 1,2-ethanediamine.

AMENDED SHEET
IPEA/AU



| Swherein the nmean dianmeter of the netal nanoparticles of the first

| ayer is greater than the nmean di aneter ofthe netal  nanopapoT®EHi0b00288
‘the second |ayer. The nethod according to claim28, wherei .

met hod further conprises the step of activating the supportl{é“é;éljltrJE'?iaoc%o5',2012

by contacting with an activating ageanpri or: to step (b). The method

of claim 29, wherein the support is glass and the activating agent is

an Aol o e O BARRLR ) tohal b bl 1o0! vl BE A ntpRGEL0

to any one of clainms 28 to , erelin step- *conpri ses Ll

t bnct i onal i zi ngf thesecanddpysr arewpaiently hpaded mﬁwa&wfmw@awmpﬁg.

the netal nanog@rgdt {- of the first tayer and contacting the

functionalized suppoift with the netal nanoparticles of the first

| ayer to formsaid first layer. The nmethod according to any one of

cl a} s 528f2tfph31:he WG | afd AdcoRdifPt _o(alﬁ} omtmaﬁ:ﬁee,f : ?t_ofz_dﬂﬁ'?&raﬂ_ﬂieitﬁ’em ' hﬁelusfobf(iticlu
surface of the pet nanopar t,i c of t st layer. Wt i pker-
nol ecul es capaﬁf%eg?uﬁ‘feﬁ égl{eﬂjégmmﬂéﬁ‘o‘gr tsF%OFéEyﬂ'f"e[%“gﬁ%hd
| ayer and contacting the functionalized netal nanoparticles of the
first laygg w t]ngdg% e ' E s e faqr m
said seco(r?g' I a{}er. “ND %ﬁ%%?ﬁ%@% §8&3§“@F%§2’2§Lr c%tr?tp?{’sﬁtﬂhg
a substrate acwoeted epgprigmgny one of claims 1 to 27 as a bi osensor. 5

34. Mghod for gt %vﬁﬁ;gqgglgpgﬁ; of an'analyte in a sanple by SERS, .-
conprising contacting the sanple with_the biosensor accordi ngﬁégeto

cl ai m 33. 35. Ude “¥leptheatacing i phrality. of pygtah groppartigles; th g suppart
detection of an g#tala)fiee lHytr; anassanpl e by SERS. 10 15

c) aftaching a plurality of metal nanoparticles to the surface of the metal
_ nanoparticles of the fixst layer to form a second layer,
15 wherein the mean diamster of the metal nanoparticles of the first layer is greater than
the mean diameter of the metal nanoparticles of the second layer.

20.  The method according to claim 28, wherein the method further comprises the step of
activating the support surface by coﬁtacting with an activating agent prior to step (b).
20 |
7’30, The method of claim 29, whercia the support is glass and the activating agent is an
 acid, hydrogen peroxide or & mixture thereof. '

31.  The method according to any one of claims 28 to 30, wherein step (b) ‘comprises
25 * functionalizing the support with linker molecules capable of binding the metal
nanoparticles of the first layer and contacting the functionalized support with the

metal nanoparticles of the first layer to form said first layer. '

32.  The method according to any one of claims 28 to 31, wherein step (c) cormprises

30 fonctionalizing the surface of the metal ndnoparticles of the first layer with linker

' molecules capable of binding the metal nanoparticles of the second layer and

contacting the functionalized matel nanoparticles of the first layer with the metal
nanoparticles of the second layer to form said second [nyer. '

AMENDED SHEET
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33,

5 34,

35,
10
15

PCT/SG2011/000288
Received 08/05/2012

30

Biosensor comprising a substrate according to any one of claims 1 to 27 as &

biosensor,

Method for the detection of an analyte in a sample by SEPS, compnsmg contactmg
the sample with the bwsmsor according to claim 33.

Use of the biosensor according to claim 34 for the detection of un analyte in & sample
by SERS.

AMENDED SHEET
IPEA/AU.



