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TECHNICAL FIELD
[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
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and metal has also been proposed. Due to formation of new chemical bonds via charge

ne
enent

transfer from metal to the adsorbed analyte molecules, the polarizability of the adsorbed
molecules becomes much higher than that of free molecules. Such a process may be

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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applications, however, substrates with high reproducibility are more suitable as they

allow consistent SERS results generation.
[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 SUVMARY OF THE I NVENTION [0012]In a first aspect, the invention refers to
a substrate for optical sensing by Surface Enhanced Raman Spectroscopy
(SERS), twWe 281gnRt$8at e conprising a) a support; 5b) a fi pst/Scayaroesssi sting
of a plurality of netal nanoparticles attached to the surface of the
support; and c) a second |ayer consistjng of a plurality of netal
nanoparticles attached to the surface of the netal nanoparticles of the

first |ayer, wherein t ' e nmetal nanoparticles of
the first layer is great eﬁMMAWBEMNMhé& of the netal

nanopar i ghs2)of 14 1e RECRPELY! MeChvek LRI @ £SGRAkARRCEHtical Rensjely 8911 ON
refers to a thod of nmanufacturing a substrate according to the fits
aspect, t RBerfaet EancehRaman Spectroscopy (SERS) thepsubstrate ngmprisogport ;

b) attachigg a plurality of nmetal nanoparticles to the support surface to
forma fif tai‘ﬁﬂgﬁ§er; and c) attaching a plurality of metal nanoparticles

to tshe sub)agareiayePBoiitml oTanpality 6ff MetaPharlopsrticles BttadliRMb thOsurficBof
second | ayer, wherein the nmean dianeter of the netal nanoparticles of the

first layer thesgppostendt han t he nean di ameter of the netal nanoparticles of
Lhe seoond, | axehng 000N e e BRI Rt AASpAMURR A S) hnlficl
of the metal nanoparticles of the first layer,
wherein the mean diameter of the metal nanoparticles of the first layer is greater than the
10 mean diameter of the 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
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15 [0019] Figure 2 is a schematic diagram showing an embodiment of manufacturing a
substrate for optical sensing by SERS according to the examples. Figure 2A shows a
glass plate which is used as a support. As shown in Figure 2B, the glass plate is contacted
with a piranha solution activating agent comprising 3 parts concentrated sulphuric acid
(H2S0y) to 1 part 30% hydrogen peroxide (H,0O,) which functionalizes the surface of the

20 glass plate with hydroxyl groups (-OH). In Figure 2C, the glass plate functionalized with
hydroxyl groups is contacted with 1% (3-mercaptopropyl) trimethoxysilate (3-MPTMS,
(H3C-0);Si-(CH;)3;SH) which converts the hydroxyl groups bound on the support to thiol
groups (-SH). In Figure 2D, the glass plate functionalized with thiol groups is contacted
with a solution containing gold nanoparticles, such that the gold nanoparticles attach to

25 the glass plate via thiol-gold linkage to form a first layer on the substrate. This particular
configuration is denoted as a first comparative example “G0” in the examples. In Figure
2E, the support comprising the first layer of gold nanoparticles is contacted with a
solution of 1 % 1,2-Ethanedithiol 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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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] Figure 10 shows the 1 pM crystal violet (CV) SERS spectra of substrates (A)
25 GO, (B) G1, and (C) LGO, as well as graphs comparing (D) intensity and (E) % error
variation of the CV results.
[0028] Figure 11 shows the 10 pM 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.



20[ 0025] Figure 8 are absorption spectra of substrates (A) GO (B) GL , and
(C LGO [0026] Figure 9 depicts nolecular structures of the three Raman
dyes (A) woypstxlesstol et (CV), (B) 1, 2-Bis(4-pyridyl)ethaoe/scBREjoass ( C)
2-napt hal enethiol (2-NT) used to test the SERS characteristics of the
substrates. [0027] Figure 10 shows the A [tMcrystal violet (CV) SERS
spectra of substrates (A 2530 (B) Gl , and (C) LGO, as well as graphs
conparing (D) intensity and (E) %error variation of the CV results.
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thelgrml ti r"é’@ cgﬁﬂ‘%h?aﬁ’.%%ﬁ Ig%n%t)%élg%ﬁl?éf ?h%%?étagﬁeeaggcor |ing Iti)orf(\%g{r ﬁgés
enbodi menhmultithydrivenfigwatién ofthetSER S sutstrhtg actorRigao vasibspahBodimehtzeofSERS
substrate may be jncreased. The higher density of Raman hotspots aon_t he

SERS s ubsiTV&B#oTs i ABSEY o RANAIRAUEPOLT 0% et 3RS sPagifmmAE S5 iarfeasedn The
substrat eni B GdhsiT% RAntall HOtpBR Ve ISERY AlbsRae (e¥ihoeSMB fects of surface

plasmon resonance on the substrate, which may in turn improve the intensity of Raman
15 signals generated. By adopting size control of the metal nanoparticles used to form the
multilayer configuration of the SERS substrate according to various embodiments of the
invention, substrate reproducibility may be improved significantly.
[0032] A substrate for optical sensing by SERS, herein also termed a SERS substrate,
generally refers to a well-engineered metallic nanostructure on which analyte molecules
20 are adsorbed for SERS acquisitions. Various embodiments of the present invention relate
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,



15 signals generated. By adopting size control of the netal nanoparticles
used to formthe nmultilayer configuration of the SERS substrate according
to vari owwoenteadsssent s of the invention, substrate repredusichilijobyssay be

i nproved significantly. [0032] A substrate for optical sensing by SERS,
herein also termed a SERS substrate, ggenerally refers to a well-engineered
netal lic nanostructure on which anal yte nol ecul es 20 are adsorbed for SERS
acquisitiogns. Various enbodi ments .of the present inyention relate to.a SERS
Subst r at e PBhise wdw%toagﬁaf@memﬁiapéﬂﬁg & PPYBIEBH R SBIE FROSHAPRYS: e
surface. E%ﬁﬁaﬂis RE5 AL drdimi cRInIRINSHRT Bt diMEA U E8 SupportiBRASss. havi ng a

r oughened tal Surface, in which the degree of roughness of the netal
surface i §06361 f i diceotdingoto vatious enthodBERS ef thednverifios, thegnetel sifrfacowgithess of

th t al f It i . duci hl.e 25 unif SERS si |,
SUch s wPSHHOR SBESERS Shbstyg s Ghpinly Poitagure & PLTHLY L raetd] Moy .
for sanal ygd theQfurfdBd 6f ih@'sﬁpﬁtﬁﬂ@d“ﬁ&o&ﬂﬁcﬁeﬁéﬂersst@ rof peeBclethating aSeHasdcieriste

[ 0034] A potential advantage of a substrate according to the present
i nvent i onldngth; isach avdiamepirainethe ranget ofoyr pHIP nw. The drpednetehpanopadigles ng a

Spati af 1y R PSR I o heRy RER SR Fuf Rl o E b G RE

support ugsfshl isclidy, but &te nSHRBited foSiobhi MetaRSuge iR, palteliln] goid, plaianany
material . Exanples of material that can be used to formthe SERS substrate
i ncl ude, iNABMOITNigNG gEsingt, Sthroium, and 2Beysghergel. arEceRPET- i mited to, gl ass,
cernam c a ga : n pcystatel : rt i S or
coram o. 053107 FerR? R ncnls) R BB HRRRATEI Sondistr 3 BB hyg 1R RS
Accor di ngeibodiatenquthe arbied meeabtis gold. tlnesomrey embodimentsheharetetd] manmppaticlesn t he

support of the SERS substraje is oQtained by attaching a pluralit f.. metal
Sanopar t§ EPBENSE £ (roblRamEiAlT Ette AR o BERL PancRan gAY Lt & cobrBrL To

particle Baying f whRhasd 85k it MeRYhihopariclesatay b BinRl frond ah{ fatedage of
up to 100 nm The term "netal nanoparticles" refers to a nanoparticle that

conpr i sessechSERAynenG glassadnd thx shebl (fshemetal sERParisldsvrayntea foirmed floode, but

are_not limted to noble t al uch, as silver, | ] adi u ol d ati num
i om | DO BT Ot ReS P emand i Bie e SiroBilsles o Elo dobppfd
10{ 0|037} | (0038 GRBOMEAE HaSopdrii€lesaha) beaffdpalati 6 esgut@ni ShapRfl A Baht e
me . Inon

2 ercr)lbgdiments, the metal nanoparticles are regular in shape. For example, the metal

nanoparticles may have a regular shape such as a sphere, a cube or a tetrahedron.
Accordingly, the nanoparticles may be nanospheres, nanocubes or nanotetrahedra.

20 [0039] The size of the nanoparticles may be characterized by their mean diameter. The
term “diameter” as used herein refers to the maximal length of a straight line segment
passing through the center of a figure 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



enbodi nent, the noble netal is gold. In some enbodi nents, the netal
nanoparticles conprise a noble netal. For exanple, the netal nanoparticles
may have woeora2edsel | structure, in which the core of tpeT/seail/ 000288
nanoparticles may be forned fromany material such as a polynmer or gl ass,
and the shell of the netal nanoparticlgs may be formed froma 15noble
netal. In one specific enbodi ment, the metal nanoparticles are gold

nanoparticl es 8] rret aI an icles be irreqular or egul ar
in shape. €¥eP inghve ChFUBEIRE ielis Q%éﬁ%hf%ﬁé%bmyy. Bavga T plagetes thats
shape. FOles@XaRI08 nr, Qﬁcﬂ”?st 1%' thé‘ g@%ﬁi 5086 107 83K 0088 | R ab&htaREn Uch

as a sphere, a cube or a tetrahed Accordi ngly, the nandparticles may be
nanospher és abmarfdcoiedn one rsafmfﬁ@tmhh@dreat, tRE njedd) 3ghofdrticles pé thyf fitdhdayer
nanopartl | es nmay he char eri t he n di amet he term

e et er Sagia (eldRaElT o Aags 30 i anat b aalor cEHERR 69t 400 ar ght 11 ne
segrent Pa§E41Ng trmeqmlahiyh@f #efl Ahnddartitlds! AALRedfthe @uffadRbf e fippbito

peri phery. Accordingly, the term"nean dianeter” refers to an average

di amet er dérm aaéirsién@pantth«m@gtratamlayriwmwdmetsal Theterpy minglisperge’t redersum of
the dianeter_ of ea wRan t ot al eyr. of 25 na [t | es.
Al t hough ﬁch%ar}og@% Ee&l g su5§t§nt1 ll 5’ nfgrgnma% ang nﬁlangf Iélrso% § %Odr:%g(& t:hg

| engt h of s@ndirdelesagomR BF dfaatetdristHutaodt thlsleneteﬂ Hah6particle ONthe Erbtrigydr\i®

poi nts on the peri phery of a nanosphere, it is also used herein to refer to
the maxi mfual &ngr lesothan 20% ef thegnentdigneter yajue, ﬁv%w%lﬁlem@rwwhaahbﬁ %,
connecti ngpt R 3

chates,  saQr*5sPRoR) e Bk e Hiorh B! VR, 1 SRRPELL SR Al uhe
met al nanaeed nandpasticiesyofahé¢ frshldyer is leeseatisliyathe sahe.t he support to forma
first lay t SERS substr, te The te urallty as used_herein
means mor O, ﬁemeé Snopartigleq may pe artached Os%e syrse of HRsoSUPREN 5% MeBHB 000,
1000000, §PARRAGoIGEul e Pl qmﬁ%ggzc@@&@%/teg%gﬁcae G Eg BRAE Br me
metal nanoparticles of the first |ayer may have a nmean |ams§er that is

| ess t hanfiz@fiomah grouph that ¢am bind pmrigk émeor abougt nzm)pnmcte@ wbithet sugi®rtam or
abqut 10 t 0,,about 5 In_gn ecif.i c_enbodi nent net.al

oSpar t1 SFBERNR eretiann sraffe ARheEiiat Heneah SoPER-tse B di Sty ahibe o
about 60 BEBpottaian BeaREd. ExahPis of Furivional Trofa4ddludd) Bupirdmet lifited to, FEthidl
nanopartlcles attached to the surface of the support to forma first | ayer
on the suma%mm%@lM%@lﬂﬁﬂ@@thlﬁoeﬁwp nonodi sperse” refers to
nanopart i ha

enbodi rrenfés@% he\ﬁé1 tl%gaoéw At orll%(%]?ﬂ%{ angicgffggj 3[5?%0% |olnenop I?‘ﬁHEOft al

nanopart i eleemetaf nm’mpalfticlestto |lthey surfdcs of dluasupportoThe etseng dvavaleRDbdadsfusedeo mean
di aneter val ye, such as equal ntgfg | ess than 15 % % % or 3 % of

0
t heOrean aftaghethermetal panoppriicles RISYRPOTE MaY, Prepent dh%tﬁé‘f%ngam% SrEPH
nanopart ?(%s‘uaﬁm yhﬁéehe(dléa%ﬁbgﬂf&ﬂhé iR ?ﬁ%&&ﬁdeé&ﬂh@%ﬁs &Qgcﬂa%l The net al

nanoparticl es attac o the sur of the support means of

| i nker no[@=d] es Exﬂ&inple’s emﬁrﬂlhkémhmlecmrlsethat eanrlpf ersed tfor attadheguhe atal ng
one or nore func |on I rou s th t ind or |ink one. or re .

nanopart i 8?‘&?&8 SR > 10 P SW“prnymI‘:EWE’Pl?LB%q r%rhé’ﬂfbedttﬂa? can
bi nd the ﬂﬁélaiubgkﬁu&aamahsl ﬁﬁaﬁqﬁletdasst&utrea a§8n®find Iaelemgq;hbslﬁﬁést@snu&edi
Exanpl es of functi onal cgroups include, but are not limted to, a thiol

gr @3p, ansidaniendn gillostrated eenbedimetity hriylersapiopteyhdrigretagxysilane, 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. Alternatively, the linker



[ 0043] The functional groups on the |inker nolecules may all ow coval ent
bondi ng of the netal nanoparticles to the surface of the support. The
strong cowel2ento2bsspds used to 20 attach the netal nanopertsicebamoisst he
support may prevent their dislodgenent, thereby resulting in nechanical
stability of the netal nanoparticles qf the SERS substrate. [0044]
Exanpl es of |inker nolecules that can be used for attaching the netal

nanoparticles to the support, i articul a | ass su t, include, but
are not | FaAgea may bg contpanaianaly Fbfrad sfehafe iR o REcRe sttt €801 | ane
and a di pReMydHaqs %&prﬁﬁ@?&t'lédﬁ &k otRer RhétRal otp iid lau8 td AeEnfHRaAdbENE S,

(3- Mercaptoproyl)-trimet hoxysilane, am nopropyl'triethoxysilane or
2- di pheny kgstraimpsy notabde toyhind ta the lseppest. | ane are used as the |inker nol ecul es

when gol d articl re used., [ 0045 [ | the Ljinker nolecule
hoed Por CrABREPT rhi bRl FruttiCal arie by SIS aectraibe o M BRierlinGRboRS
support S%ﬁlﬁﬁﬁzs&h@ébﬁh e clsistif g of a_q&]@rafityn@f( m@ﬁﬁhaﬂfpﬁﬂfélés!h@ﬂacmnto tB@ bi nd
to the support and at |east one functional group that can bind to the netal

nanopar t i sutéacectt thmetdl ngnopagyddes offthe fistdeyey., Thhwmstal nagepgrtislgssforning the
different to 1d that pl ] t or

nanopar 1 1008 fRlep e s PGh OO SpRS bl FHBPIh spil chifaliRés, the meta

2012/ 0268 82dpattilasOfbinHEOR8 Sechnd MByee @ohsistnarya heble andtall I tire ambydingity; ai ned
such that when at |east one functional group has bound to the support, at

| east onethst metal napepartises fogmingpthe secanddaye qompriss # epble met o Exaraples & nt s,
not,abl e i t t ' hng by
ser accor IR itlal Bk e aHP BRI dcst RO BB HRiC Gh@ikfil e

consi st i ngamdfpaeticidsUfomhing theodecomd hlyemmaea gpldrianoparticlas. tAdttoagh the ranepaticleace of

the metal _nanoparticles of the first layer, The netal nanoparticles form ng
the seconfy ?hen%F;?OB 13Y5F Ry W‘S’Fﬂt"é( %éﬂ@sﬁép‘? \?%mﬁé’t‘%ﬁrﬁ. a3 ﬁ‘esft?ﬁﬁpamdes
enbodi MeNfGmikd thed BisflayRANP RARIL! £1GRirbRET tHS thBF aRCHRNAmeANREARRSY, She Of @
noble netal. I'n sone erbodi nents, the nmetal nanoparticles form ng the
second | aypwstal genppargdes foroting theesegdnd Byearplagsconfprise anmblak diffarent fhemdhe

al rgady been.descri bed .herein., Il n one specific enbodi nent, the netal

nan1 parti N %?thgestlﬂ % r(?f)lﬁ’éferl' ayer are gold nanoparticles. Al though the

nanopar t i pioag] f OmhE urklis SRARMM naAXRitidIaY f@RMeS 8d YecofdMyes @nt the SERS
metal as the nanoparticles formng the first layer, it is not a requirenent
t hat t heyséhstraieraayberifregntas of segwdaryn shaps. Fet enaniple dhaametat naroppBickes1gay he
second | ayer : l.se ' e t he anqp L cles
nthe 1 PErefRb iR RRES SR Mare R Hnd R 7m0 1P R ©, 12
second | ag@bodimentse tifsEMStat wasdpadti desady theesecond tiyen hawve theegitleashape as lthpe.

For._ exanpl e, . the nmetal nanoparticles may be regul ar . in shape, such as
nars pher Btal FARRRATHEIES BF itafist (VPR ity xamplp, difymictal manoparticles of the firs

layer and the second layer may both be nanospheres. In some embodiments, the metal

nanoparticles of the first layer and the second layer have different shapes. For example,
the metal nanoparticles of the first layer may be nanotetrahedra and the metal
nanoparticles of the second layer may be nanospheres.

25 [0048] 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. In various embodiments,
the mean diameter of the metal nanoparticles of the first layer is substantially greater than
the mean diameter of the metal nanoparticles of the second layer. “Substantially greater”
as used in 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



enbodi nents, the netal nanoparticles of the second | ayer have the sane
shape as the 20 netal nanoparticles of the first |ayer. For exanple, the
nmet al narwpaotiowbsms of the first |ayer and the second | agerscren/obeissh be
nanospheres. I n sone enbodi nents, the netal nanoparticles of the first

Il ayer and the second |ayer have diffengent shapes. For exanple, the netal
nanoparticles of the first |ayer nay be nanotetrahedra and the netal
nanoparticles of the second | ayer e nanospheres. . 25[0048] The
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about 10 nm or about 4 nmto about 6 nm In sone enbodi nents, the netal

nanopar t | Bieggetak naneparsisles afithespeandrayes mayrhesqual tarmsdess tm 200%nf the menn o
abqut 50 cl.f 9 the e
cedtna s Sincldd AR, SRECL 10! 59% 5 78 5 Tk AAEARAR Uil Vol 1
exanpl e aboimé émbudiméi 4tk diameter wiathet menal napbpdrticlenopahé iset@nl dyeadhed to
t he surface of the nmetal nanoparticles of the first layer to forma second
| ayer on gfsentigtydhe same.r at e nay be nonodi sperse. In some enbodi ments, the
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t he secon e equ to or less than 20 t he nmean 10 anet er
vaI ue, suthe rasamwhaﬂmewr ibBtlﬂabde@l sanopértietes pf thedfirsf lay¢ramapepba betivare about\a? ue.
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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



nol ecul es conprising a functional group that can bind the netal
nanoparticles of the 25 second | ayer to the netal nanoparticles of the
first |aywoomyn2bsmaused. The functional groups on the |ipocksG2omloeess es may
al I ow coval ent bonding of the netal nanoparticles of the second |ayer to
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i nvent i onohjoyrtly layer cansising ek a plyralityof| mstal nanopgrticles aftachedyespeetiydy 2 i ng

of pl ur gl.i | i

sulPate ofertfade o e ThodPAARRcfE: 87 ot SREREREPRRFRE AR Ink?: TRk 108 yer.
The nean diaanetraf thé nmdd meibphrtickes @ @ath shtessqunt éaeh nsaypbe gmelier thay ahe nay
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"incubating" are used interchangeably. herein and refer generally t
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support in as on conprising an activating agent. The activating agent
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Exanpl es of activati agents_.inclu but .are not |limted to, solvents
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activating agents include, but are not limited to, solvents such as water, ethanol, methanol,
acetone and 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,SO4)

and hydrogen peroxide (H,0,).



WO 2012/ 026882PCT/ SG2011/ 000288 13 [0056] The sol ution conprising an
activating agent may al so conprise anot her conponent or reagent which
facilitatwe 20i2x2e882 i nteraction, uptake, or other physi ealr/soroalesissal
phenonenon advant ageous to the contact between the support and the
activating agent. In sone enbodi ments,sthe step of activating the support
surface may conprise 5 physically stirring, m xing or sonicating the
solution conprising the, acti vat.i.ng agent. to facilitate contact, of t[ttheer
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substrate acgor ing t0 the present | nvention incluidés attaching a plurality
of netal nkemipgalrghendmendnoadviantagequp oo thesontaeickeetweenf the suppofti andtthe d@ivatiggr .

The support suyface, optionally activated by an activati agent, may be
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nanoparticles to the support surface to formthe Tirst layer. For exanple,
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a period of ti that i.s sufficient to functionalize the support surface.
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i ncubation tinme is about 2 hours. [0058] The functionalized support may be
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the type of linker molecules used. Generally, the incubation time is about 2 hours.
[0058] The functionalized support may be contacted with the metal nanoparticles of
the first layer to form said first layer. The metal nanoparticles may self-assemble on the
support surface until all the binding sites on the support are occupied. In some
20 embodiments, the metal nanoparticles are covalently bonded to the support surface. The
metal nanoparticles may be present as colloidal metal nanoparticles in solution. In one
specific embodiment, gold nanoparticles prepared by the Turkevich method, which
involves citrate reduction of chloroauric acid, are used. To avoid that the metal
nanoparticles aggregate in the solution, negatively charged metal nanoparticles may be
25 used. In some embodiments, the negatively charged metal nanoparticles are metal
nanoparticles carrying a negative charge at the nanoparticle surface.
[0059] 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



[ 0059] Met al nanoparticles with a negative surface charge may be
nanoparticles in which the negative charge of the netal nanoparticles is

conf err edybByoiy/agshoxyl i ¢ acid, sulfonic acid, carbolicpggisd20i1/080288 Xt ure
of the aforenentioned acids which is 30 imobilized at the surface of the

met al nanoparticles. For exanple, the garboxylic acid may be, but is not
limted to citric acid, lactic acid, é etic acid, formc acid, oxalic acid,
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conprising a substrate 15according to the first aspect as a_hiosensor. The
bi osensor negpanElesgnny gelf-assemble p the functiorpliged metali Rarticlessefl theobwsblaysr a
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with the p0ssenstn aathirdradpeny, the ihbhentiohireferssp adiioseArOGIrisiveg b esubstrate

) deltsect ! Ogllc':'cozridsinéJ %c? ﬂ'lehgrrste Ls?)eétegsear giogeglsgr. %%%?gseggor\é% ib];ycioggg&rgg 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 biological or non-biological 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.



presence of a given nolecule. The detection may al so be quantitative, i.e.
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"anal yte" as used herein refers to any substance that can be detected 25 in
an assay and which may be present in ggsanple. The analyte may, for
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suspensi omixieresvhetedfr om bi ol ogi cal material. Sanples to be assayed for the
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thereof. [0066] Non-limting exanples of sanples typically used in the
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secr et i onga@s, tedrg, salBeiniitk, ovhite blovdeadls nalelamds gmht}iedlkm bnaro)gldal faids, sutlear S,
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in the methods of the present “invention wll vary based on the assay format
and t he nptesent imvfentibe vsu]l yaxelmsed eh lthe assay format and the nature of the tissues, cells,

15 extracts or other materials, especially biological materials, to be assayed. Methods for
preparing protein extracts from cells or samples are well known in the art and can be
readily adapted in order to obtain a sample that is compatible with the methods of the
invention. Detection in a body fluid can also be in vivo, i.e. without first collecting 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” is 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
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may be used include, but are not limted to, plasma, serum blood, |ynph,
| i quor anuangpartisies[a0@rdinghe vasaisenbgdimateoltbe SERScubstrage meansdthatoanglyte

e di men f the,invention ig 1Q adyant ageo in that the SERS-based
detSct  onogietingudnae PREd A aeor AR BERHEoRS hd Bie SR CREPORAE R | s
| npor t ant cimbitédrated & a infiniralyCiaRAsNG plafforBE etk s 6¥te BRI implantable
under stand conpl ex nmechani stic pathways in biological studies and in

per sonal i ¢&dcesedi ci ne. Furthernore, the use of noble metals, which are

bi oconpat j i -nak . : i i j of
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mnimally invasjve platfo such as optjcal fibers or inplantable devices.
20 yherein. Thus, f(?r exampser,nthe terms 'acomp?isfng% "includ?ng", Qcontaqﬁ)ing’q etc. shall be

read expansively and without limitation. Additionally, the terms and expressions
employed herein have been used as terms of description and not of limitation, and there is
no intention in the use of such terms and expressions of excluding any equivalents of the
features shown and described or portions thereof, but it is recognized that various
25 modifications are possible within the scope of the invention claimed. Thus, it should be
understood that although the present invention has been specifically disclosed by
preferred embodiments 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
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[0075] Figure 2 is a schematic diagram showing an embodiment of manufacturing a
substrate for optical sensing by SERS according to the examples. Figure 2A shows a
glass plate which is used as a support. As shown in Figure 2B, the glass plate is contacted
with a piranha solution activating agent comprising 3 parts concentrated sulphuric acid
30 (H>SOy4) to 1 part 30% hydrogen peroxide (H,O;) which functionalizes the surface of the
glass plate with hydroxyl groups (-OH). In Figure 2C, the glass plate functionalized with
hydroxyl groups is contacted with 1% (3-mercaptopropyl) trimethoxysilate (3-MPTMS,
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nanoparticles such that the gold nanoparticles are bound to the surface of

the gol d famesgdnt caitasting dhé euppost enmtzmidg [the &umctipadized Eolnanopartickesawith
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(1) Gl . sirk4e o€ thebolén aﬁi@[&s%ﬂﬁﬂﬁd%oﬁdﬁ§&sec'ﬂ0nal view of (1) GO
(rr) d and (I111) 20LGO 0077] Example 1: Realgent [0078] G ass m croscope
sl

i des fr070hr i Higue BAvdp @ sdismatis dipgramyefs (115t smbstgate &G0 egecardime iean ol d

111) chl 999 0 - |
L1 et noxEPPBmUE LA ko Cientln, S %’y"%mé%i%‘?%m%?%ﬁ’&e&%&eﬂg? (G0 gRi 0Py
Napt hal endhGo) Fighr&BB i9 $hdforaesporidid Bios{-decfiyndl dydw of (IGH, \(H) & 1ohtdailHpd

from Si grra Al drich. Sodiumcitrate dihydrate (> 99 %9 was obtained from
sARE, 1, 2l L80hanedi t hi ol (ET, > 98.0 % was obtained from Fl uka. Hexane,

et hanol Ncggm? angg‘)‘“g@hei ﬂéﬁﬁ) hydrochloric acid (HCL) (37 %, nitric
acid (H id (H2504) (95 to 97 %9 were purchased from
Mer ck and[958d aé}lasemcmecbpe\ﬂhd@rﬁc(nﬁz‘@ananﬁ@di wigsssused ras thesuibgoate fordGAIG El ga
Purel ab U L1 3 8hStEola® B BYiae™nlSrall G8b 360 204255 Shivi dotiodl 1§54, N5-cm &t
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 (HNO3) (65 %), sulphuric acid (H,SO4) (95 to

97 %) were purchased from Merck and used as received. Water (H,O) used was purified

30 using an Elga Purelab Ultra distillation system to provide a resistivity of 18.2 MQ-cm at
temperature 26 °C.



tenperature 26 C. WD 2012/ 026882PCT/ S&2011/ 000288 19 [0079] Aqua regia is a
m xture containing 25 % concentrated nitric acid in concentrated

hydr ochl owoeoemi2ess2Pi r anha sol ution is a m xture nade upcCTSGIVE/0pEss S
concentrated sul phuric acid and 1 part 30 % hydrogen peroxide. The

gl assware were rinsed in aqua regia, Jwgshed thoroughly with water and

et hanol, and subsequently dried 5 prior to use. Piranha solution was used

to cl ean | ags pl ates .for substrate fabricatjon. Aqu eqgj a used to
wash ot LBFaTar AGuRsEE e ChaTishe: PRI, 25, 7 cknspiftiad aik, o,
removi ng o5 ganirsted MURIThIMRL foid.[ PREARL orai & £ mixRit HARNLAUAAR 3 parts

[0081] U traviolet (UV) spectral experinents were perforned using a
Hi t achi - 26@@enBatep sulphune acidnanded . paty 36 Saihydragen Flesaxideonlhy glassyaop wetrd EV)

measur enent s wer e perf.orne i n JEQ. 2010 t sm.ssion,el ectron.
m cr oscopBnSedn Wﬁﬁﬁ?’awasgfiﬁ?ﬂr gﬁhr%zﬁe ({%E%Qﬁear@g?@mqu v apg%nt s
wer g perf grigew wel PRanhaGblublblbrAQled A tlenbRe Sgrmwtmtsﬁbm&efabﬁkﬁmnusi ng

t he Renishaw InVia, UK [0082] Raman and SERS neasurenents were carried out
in a Reni dlquavregin/mas meeden wesh pllrpparates veeddp dhesgrpeament asHt wrveex effeciive om

| aser at 633 nm The. | intensity at 100 % | aser power that is focused
on the sa W%VI%?réaglﬁggét?{ﬁﬁﬁﬁsrough t he objective | ens was about 6.2 m\

The Ranman mg]eﬂﬂxﬁg%m%ni@tﬂid;ﬁi ca microscope and | aser |ight was
coupled t rough a 50 by 0.75 nunerical  aperture (N. A) objective |lens, which
was used {Q98&kci Ultravielet Bi¥) speptiadl srReiments yereperformed, wsing ai Higaohind8A0
sigpal. T o] gg%n' R | ar-.cnol
chgpge co%}gﬁcggf’ﬁg{’/@%tg;'( Shﬁﬁoﬁéa% sofl\tﬁ fvcva{EHrggé)%'a\g&lfgglg\@ (’Sér%{\‘/‘i% gggvmﬁet he
Reni shaw pgtédrarg] usirg a0 2010 frashmssindletmntmizkosaogt. #avaormuealscanmong 1800
1/ mm grating was,chosen ectral nmeasurenent wth res ' of,, about
T om 5 THESSSORUTPEe G P Test e 4ot prEued Lane PR T SHs AR A | o
to each s§ERSImIBARHANRNIE takER Bsiftg M R&fshaRavVENeALr a were corrected by
subtracting the 25fl uorescence background fitted with a third-order

pol ynomi a[0088] ngRamean pnd WERSImsashireneants werclkcayeed( s i o RenisAnY i Baman 3. 0,
e R Rk ST AR R T g
Synt hesi s1agér févéinthsiolsKobiia@ bar the Gh@ple after passing through the objective lens was
about 6.2 mW. The Raman system is connected to a Leica microscope and laser light was
coupled through a 50 by 0.75 numerical aperture (N.A) objective lens, which was used to
excite the sample and also to collect the returning Raman signal. The detector to collect
20 Raman signals was a Peltier-cooled charge coupled device (CCD). WiRE 3.0 software
package (provided with the Renishaw system) was used for instrument control and data
acquisition. 1800 I/mm grating was chosen for spectral measurement with a resolution of
about 1 cm ', The system was calibrated with a silicon standard (520 cm™') prior to each
set of measurements. The acquired SERS spectra were corrected by subtracting the
25 fluorescence background fitted with a third-order polynomial using the provided software
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.



[ 0084] Preparation of the gold colloidal suspension includes citrate
reduction of 30 chloroauric acid, also known as the Turkevich nethod. CGold
nanopart iwbes12anessst abi | i zed by negatively charged citr aCe/Sicans/00ess

opposi ng charged nanoparticles are in a state of constant repul sion thereby
preventing aggregation of the gold co?boi dal particles. WO

2012/ 026882PCT/ SG2011/ 000288 20 [0085] Figure 4 is a transm ssion el ectron

m croscop M i mage, of 40 nm gol Au) nanopart | s. prepared bas on
Tur kev ohl0R8? houFigHted: 8 st A S 0Py (T BMI PR &F o P &0 i
gol d (Au) (A}NLRBpirticleS répardd BsSPBAST BRREIERREIRA. Wiguie 5TW %%deﬁhs}im d.
5[0086] G ean gl assware is inportant in the preparation of the gold colloids
suspensi osize Rlistgbutian 0Ee40 aml goldatswananoparicias| inyaj suspensog  prepaugd ausiegyi a
sol ution ﬁ;Bﬁkga.rbs gt;' oncentrated HCl to 1 part concentrated HNG3) for 10
m nut es t OUFENSY &S ‘i}ftrace or gani ¢ conpounds and metal particles followed

by shor ougjpgs] NS ClanWildsbwaleii O pRAntal tBé draﬁMﬁ‘defeigﬁﬁl &lloidGuSpdneionenove
residual water. 10[0087]25 ng of gold (IFPI%? chl oride hydrate is dissolved
in 200 nl Poér ¢ sl plédelesgware wap tgllzsmrsqdomqus@t regin solgden (Bspats af
magnetic Stirr | at e, ' ed . whi ' pid
stirring gon cf?ézggé]ﬁ(ﬁgf.% g{)cagéthg%nfc?'!nyh%égm n 5 i @??tgaglﬁ%@g g’ gég%g\{eggﬁe}n g%‘F%ti on
cont ai ni ngrgadicZcotpdads und ahétalapartidel follawed by tBordughaising sithdddoniz&t i | |
under vigorous stirring condition, the mxture is kept boiling for a

further 18ater apd even-driedzatd 3 iC fopamoyg residushdatercol or change is observed,

evqhVvi ng | : - i : tng and
SEADEL 00 (98| St dastig e Bt Afdogd ot ol sl (e o

t enper at ua @50 Wienoundboitom kask. Using gohagnett stirer Isaplate, dre sodutiosf wagbeaedd at

3 C. [0088] Studi,es have shown that .d |1 ojd.soluti ble t
ot ai BBl A SO 3R Sins Yauk St SReebAing P o Tathel & jepatete

However ,  @fuorPésiftaing WA HgRafi BitrakOdhh RIS fl WG!S YAAKS Stilfunder
colloidal solution is neasured before use'to ensure the absence of particle

aggr egat i vigorous dfisringucondigion] bie dniztuzeisieept beiling farrreliirtheo ) mamtes. In a span

chatacteri ion. 0089] Fi.gure 6 . s transm,ssi.Qn,el ect ran.m croscopy
(TR 1 oo sngs, selitotones “hafGeee, Betabe ST Bh 38nEH 3 SRR ANEHRE e
fabri cat i ghalBf violes tdds Heairg: dfdQtiaesOweientisdoatimred2na Mhostlneit is ¢dft tdeopEesent

i nvention. [0090] Exnple 4: Preparation of substrate (GO o
[ 0091] M crosstispiperaiirasWhen netda use the geld cplieid salugipn is reaigsraled atch €. squar e

shapes anﬂ)088] 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.
[0089] 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 LGO 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 (H,SO4) 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.



I ncubated in piranha solution (3 parts concentrated sul phuric acid (H2SO4)
to 1 part 30% hydrogen peroxide (H202)) for 2 hours. The glass slides were
t hen washwo 20izid26ssat er and 30i ncubated in a sol uti on of PE¥SG2011/000288
(3-Mercaptopropyl) trinmethoxysilate (3-MPTMS) for 2 hours to convert the
hydroxyl groups on the surface of the,glass to thiol groups. WO

2012/ 026882PCT/ SG2011/ 000288 21 [0092]2 The gl ass slides were then washed

wi t h hexane f veral washi t han Fol | owi ng,t ha t he
gl ass sl i X2 ﬁe %?@hs nwﬁtth%was%gamthﬁ ﬁtlgqvvﬁdn‘gv e 1 wihings
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obt ai ned. The SERS substrates re washed thoroughly with deionized wat er
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substrates were washed et hanol for four tines to renmove 10 excess 1,2
et hanedi tprmwedheaélu'ﬂwt(r at es were then incubated in solutions containing
40 nm gol Eqdégﬂop%r 2 Saf espectively for 24
hours to s were washed

t hor oughl yoogut h Qﬁb@ﬂtefée@io \Wéreﬁmcu@ﬁﬂe&dmus lans@ltaloﬁt éfeam Db etli:peaitigiak forand
preserved in a dry box. [0095] Exanple 6: Test for reprodum bility of

subst r at ehewrs: h$\th§éwn€y,1 cubgTatshyere v ashedwwyith ethaneh derefougijtimes o gemene
t f
i?gﬁglnsz Zst-:)tc%gs 33;1%%@&%& V%}g%@bgtﬁt g&ﬂ%ﬁ% ?llgcu;l{ t?g ﬁh (skﬁﬁ}{%)% contglnhn&ﬁo

foll ow ngnint‘@jldl naepabtidléscandi Hninhgold aspepatticles rgspedtivay dma24 hedre t¢ pradncons.
SERS neasur.enents mﬁ%ﬂ? t hen takgn at differsi]gé andom | ocat.i ons on the

subst r at eSUbSHAY| LG Jhgubsirafgsswerg, v TOH%I}TMQ“&‘ AeioniFRe NS | aser
wi th wavel gtgﬁg}n eamé%? erggh/gg anPprebdfPed in2r o) ective was used to

focus the aser aser povver onto’the substrate The
reprodum {0951 y Exaimipde s irate 5 g ng the standard

t Ly . pe ' ‘ L 1§ Kk
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[ 0098] Postcdysiar vestkl @w), tltheb(zi SR EY)-cBHRS (BREELS WithehaldiR! thi? ANTY) tgr2s of

surface

hours following their incubation in the respective gold nanoparticle solutions. SERS
measurements were then taken at different random locations on the substrate. Irradiation
of samples was carried out using a Helium-Neon laser with wavelength of 633 nm. A 50
20 times (50 x) objective was used to focus the laser beam of 100 % laser power onto the
substrate. The reproducibility of the substrate was analyzed by the measuring the standard
deviation, and consequently percentage variation, of the prominent peaks in the spectrum.

[0097] Example 7: ESEM Characterization of Substrate

[0098] Post fabrication, the different 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) LGO. 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



25char acteri zati on using environnental scanning electron m croscope (ESEM .
[0099] Figure 7 are environnental scanning electron mcroscopy (ESEM

i mges ofweubstmeaises (A) GO, (B) G1 , and (C LGO ESEWCiIsegel1ohozssibstrate
&0 reveal s randomy scattered deposited gold (Au) nanoparticles. Packing
density of the particles is limted by,the el ectrostatic repulsion of
negatively charged citrate ion layer Surroundi ng each Au 30 colloid
particle. nore conpact packing is possible if | ayer i s used
for the AGO‘EfBH’E“T iy 2 eestkali Hagehtotttadipenty J?ls rRgjofy a? 21, 8@3{%%%?65&0 000

tines, I L eba o0t
bppear s ¢ PAERofEREY o (e ihdiafs ﬁ%‘%%%%@%%#P@é@f%%%%%%é%‘%‘@6‘

conforns tud aGﬂeatta mgmfmmnmgbf 751t00acti1nmsmcvea‘l'hﬁlerﬂa§tﬂr fiot gontHin tpassicles Wwithdi ngs

possess ori. n | ant ed_at. certain in ation, ar i f ESEM

i mages of SU g5k Pastelg in S"d’ﬁﬁﬁ?fﬂ‘@@ﬂ"% 1fst ““i‘g'}‘) 3‘?1 ‘ﬂ”é\?%al s
theslatteg ﬁéarsceytaaglageaéﬁtwcﬁe W e ahiedtYorh@er tHe mmrtecﬁﬂqﬁé Ghe in
substrate EGO with its unique nodulated surface 5appears as a single entity

due to t hdistingistang B@%leﬁbﬁooﬁhQMée@Mechm que i n distinguishing small

particles e order f . _ e |
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UV-vi s spsﬁbgﬁmgm@lr%@n@oamerl zes Au substrat es W|th regards to
10pl asmonic excitation and col | oi dal aggregation. Calibration is done

agai nst MQUAPE opopisl speatiopheiompety| sheragtimzesVByu dubpiyales z\wh gfegaxissito de.
02] F d a r sp S es. G1,

an((ﬁ)( O L%gﬁlﬁm% t%‘ﬁt r%%)a%llrlogﬁ%un%gdé g%téﬁ% ?Q%@t nm 1|Ss o%nsge)r \/%?.St

lF)>r ezegci Mer&dpt@rﬂfi}&lknmsthixy’sﬂﬁtd (MR}frl\/{ﬂ)rdemaumH@famshmE itation of thfef

onde u_ nanoparticles not her manifestation o t t

can be obEMHORH Figwrelepirss ahspwiion spestigo ?H‘é“@t?ﬁ&é%gpe@e)ég HZ yEo. " =

observati ﬂ{‘alrlmﬁb,‘;ctrg,gr Efb*ﬂ%%ﬁ&ﬁ%ah? ﬁ§§195‘n1§1Qs bBdePv AN PR sEYe o1k Bbeﬂéllsea Rhgde of

red and assu one w an 1ncrease 1 n Au deposition. [00103]
Exanpl e 9of SkRSe $lasthonodxcBatiomt ofathe boaiedGAamant@adicles. mgldﬁwmmﬁgeetatlorp 06104]
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observation, the Au substrate is seen to take on a uniformly pale shade of red and assume

a darker tone with an increase in Au deposition.

[00103] Example 9: SERS Study of Substrate G0, G1 and LG0 using Raman Dyes
[00104] Studies 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-napthalenethiol (2-NT)



20 conpounds or dyes to understand the scattering characteristics of the
substrates' surface norphology. Prepared in their suitable solvents to
produce avBammm2pssebe sol uti on of concentrations in thepcasgeoafoosssgr onol ar
to mllinolar, SERS substrates are fully imersed in their conpatible

sol ution. [00105] Choice of incubationsperiod, which may range froma few
mnutes to a few 25 hours, is dependent on the type of interaction
occurring between the man_r.eporter nolecul es an tallic, surface of
e Subo? BRICLD 1ot BieoS s RoET ok Raman rs e el (YRRE) MRttt 46 Bea and
physi sor beghsirhfds €0 1SRy, i nteractions, chenical bonds are forned between

the netallic atons of the substrate and the adsorbed Raman dye, creating a
per manent [GHOZAE hFentactPhybsirgtey ppéctna wengadtitzined fipm seminiwaky ef Ot diffsteat i c

i nt ti .30bet : itely.ch d t. lecul d_subst r at
Surf ace. | [GaHoB) VERGH dr deplicn SifEReatng SHRPHEITRS BN b KPP W anan
repgrter gyRswin®)médsMehitnt Yf edc@ispeéaim, KdBilide &r@cﬁ&ﬁi%&rfdﬂﬂeh @b RARENASPE)

and (C) 2-napthal enethiol (2-NT) WD 2012/026882PCT/ SG2011/000288 23 used
to test tHe fl aftworenehrgec bendRivraeasspeic data sanebyipis( Fareinec prrestivardane by  of

obt ai nod FRORE R Shfed PEgrale ¥ HRiEhorceh pEPRTREY dRiakibe RERE: Shife o

di stance psikage 8PREMMAWENERE vorsioh 3.0. 10 11111 apart. 5 Fol | ow ng
measur ement of each spectrum baseline correction is perforned to_elimnate
t he broad[30108} e Exapple F0: edtudytof GOG) and LGA dn |Grystal Yiplet |

do by sybiecting the acquired spectra to a third-order polynomal fit
aval | abl e t he software package of Reni shaw W RE version 3.0.

[00108] Ej0iphEe FigurSHBShSwb shie hipnd/1 Siystdy violet @OV) GERspebt@Oot subStrates d4)

Violet 10 0109 ' e 10 shows the 1 1AM crystal violet SERS
spectra ofUslBh L agad (Ehi ises ! Brabliy cormpntrei Dnistensty Sag (G} Fpkwor
conpar i Ngy4fdioh Hremst U eiid (E) % error variation of the CV results.

[ 00110] Enhancenment in intensity is observed across the main peaks with

addi t i ona[00130) afehanskmgut] dh ihégusity tis obserGdngaessstha mdin pepks watheadd@iionahd LGO
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Observation of the error bars derived fromthe spectra obtained points to a
increase is observed at Raman shift of 1617 cm™ where there is an 11 % rise in intensity
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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, G1 and LGO in 2-
Napthalenethiol (2-NT)
25 [00113] Figure 11 shows the 10 pM 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.



20general trend of decreasing error range fromsubstrate in the order from
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beﬁrlqg subf@%{eégp?gt%ﬁeayﬁehﬁq%gﬁglg&g? Qﬁ{l %ﬁ%gggﬁb%gﬁdgﬁ .tﬁ?\l{ever %%egiifeggdvg@hﬂw th
previ ous fidtiandNeverhektsial with pravimarCVand 2evil studiessitibar baseenlttidd substeate

consi sten erformer with jnvariaply low %error variation and the
st rongest iéﬁh‘ér?c&%i?@“éﬂ’&f#@“?ﬁew’?ﬁr‘ \éar@gié(s P’Valt;/‘égl?or[ yeetep ‘1"3 ‘g‘g stopgRsht
fromthe pasulifeRianidng hd¥hRe sabudik®s that intensity profiles of the 15

spectra show an Increasing trend wth subsequent Au nanoparticles
deposi ti ofQ01TB] sItrisswidenthirgmbthe argpiltaiofdhie three stndies dat tintensatyaprofiles|aftthe of

f f lyte att t and the,ph R .
Entldncenprecima dhosf o ke ghsiia B v s usicA BASAT Ehos eng ot 194 S8 o
hot spot s. n{aQ@kléibldingdoint tefhs 61k amhidbilslyiFsuithcarg® @6t SRt sttigihicat andre a

strong signal )
the phenomena of Raman hotspots. Enhancement factor is calculated as a means of

quantifying the effect of hotspots.
[00119] Important characteristics of a good SERS substrate are a strong signal
20 enhancing capability and good reproducibility. As is often the case, substrates with
pronounced roughness required for improving SERS efficiencies usually give rise to
moderate reproducibility. This can be attributed to the difficulty in creating a surface
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



20 enhancing capability and good reproducibility. As is often the case,
substrates with pronounced roughness required for inproving SERS
ef fi ci encweo1pzzedsby gi ve rise to noderate reproduci bil iPCY/SGEhil®oess be
attributed to the difficulty in creating a surface structure with
homogenous roughness in the long ranggs at least on a millineter scale
| evel . As a result, conprom ses have to be made in bal anci ng SERS

enhancement and. 25 reproducibiljt f the SERS substrates. Analyte .
adsor pti of?’s Priide. b Frrgmagtensy or i eisitasive Aot ARlitaTvesanplipis. Existing

dermonst r aseR st digsEatALALAL LIRS nadditRS Ry R Rectpldtihghadt BSE FipBribar

optical sensing by SERS accordihg to various enbodi nrents of the iInvention,
it has betnsibenbightenhamstntentiand peodueptyalucibilitRadamitaytleyads. Hoveveheassublst r at e

f be i. .. _Furth better h ity inth
6! 1 - assoBHPdsBLALE Sortistiist BATElsa eacrateRy Mebrgst et dSunge be
achiseved. n{3008:2@hctint ¥ thE SERS fuBBikatSERS USRS 18, &MY irélshivelYsiieH1s aR@e of

application, a substrate for optical sensing by SERS according to vari ous

enbodi mensteaightfariverd tayenby-dayer velf-assemblyy ep@padTngeR Only piisiyavakbiaand

provi de better caonpeten for hoth,qualitative.and guanti Lve an Si s.
i st ng. Seginstis o PRrat omBhunds by iR Hio B st Bl Y e

el ectropl pieséid lroveatibigen keanteedot @pHbAWsisiHy By BERSTEdEMHRHatPRO thigh
reproducibility of simlar |evels, However, as such nethods involve

sophi st i carhegceraiiand epedrepraduribility maydetobiaingd. cost woul d di scourage 5 mass
prqguction of the SERS substrate. On the other hand, using a relatively
sinple and straightforward | ayer-by-|ayer self-assenbly approach using only
wi dely avail abl e and i nexpensive chem cal conpounds such as that
exenplified by various enbodi nents of the present invention, a substrate
for optical sensing by SERS denonstrating high enhancenent and good
reproducibility may be obtained. 10 WD 2012/ 026882PCT/ SG2011/ 000288 26
Clainms 1. A substrate for optical sensing by Surface Enhanced Raman
Spectroscopy (SERS), the substrate conprising d) a support;



e) a first layer consisting of a plurality of netal nanoparticles attached
to the surface of the support; and f) a second | ayer consisting of a

pl ural it ywofomakedsznanoparticl es attached to the surfacecofsceig/onessl
nanoparticles of the first |layer, wherein the nean dianeter of the netal
nanoparticles of the first layer is ghgater than the nean dianeter of the
nmetal nanoparticles of the second | ayer. The substrate according to claim
1, wherein the netal nanoparticles of the first |ayer have a nmean di aneter
of about 10 nmto about 100 nm The substrate according to claim2, wherein
the metal nanoparticles of the firstolagner have a nean di aneter of about 40
nm The substrate according to any one of clains 1 to 3, wherein the
standard devi ation of dianeter distribution of the nmet al nanoparticl es of
the first la is. equal to or le n % of. t he n_di anet

The substr at% SHB%W%I?‘?{gOHt’SaIaWS’Bﬁ yo%“riﬁcg' aTC?d ﬁi’?‘&f%"?%f‘%‘?%@m er
of the met alihpanRRaletdoaipeiSingf the first layer is essentl ally the sane. The
substrate according to any one of clains 1 to 5, wherein the netal
nanoparticl e afuppest; second Iayer have a nean dianeter of about 1 nmto
about 50 nm, Th bstra C n i

nanoparti cl e lr?sth{%y% &0} ?Scfl é’q{ar l%h %fcljlr%gﬂgg}’agmgxnggt% iee? ag?éhgg tg?{egiurface
2012/ 026882PCT6§@2@1113¢&QQ&88 27 8. The substrate according to any one of
claims 1 to 7, wherein the standard devi ati on of dianmeter di strlbutlon of

the metal ndhopaeeond byenronskaing af oh @lurakjtyrofi meal sanonagticdes pgacked fathog o
of ,t;he nean di r I I cording to any one of

cl albms 1to 8, ecrge)lf\r/{%tlﬁ&aldlégﬁg%{el?lé?pﬁﬁhﬁ%g%% nanoparticles of the
second | ayerwheseia sls«emte&ratliametdmf sloenmetal ﬁ@opmxeles unlﬁ sher fatselayecergteater than any
one of clalnglto rﬁjnthe rati q of g&} dlarreter of the netal
nanoparticl eB‘Fa‘Eﬂ’émaeé"EGh el’ﬁ?}élrnaPBP’irH‘éle ed?co‘? {&¥eTof the 10netal
nanoparticles of the first layer is between about 1:2 to about 1:40. 11.
The substrate according to claim 10, wherein the ratio of the nmean di aneter
of the 2ret al Theasubptaate iacctoe@ngfto rhign de wdwrtin thegnetabnanepantiskes of ithaBirse layef t he

r’retlgl nanOpq{agzle%lrr?esan 1ame €r ofJ Ii)out IOaI};I? to ahsou?tl)&s";[lm;l': 8.

3. The substrate according to claim 2, wherein the metal nanoparticles of the first layer

have a mean diameter of about 40 nm.

20 4. The substrate according to any one of claims 1 to 3, wherein the standard deviation of
diameter distribution of the metal nanoparticles of the first layer is equal to or less

than 20 % of the mean diameter value.

5. The substrate according to any one of claims 1 to 4, wherein the diameter of the metal
25 nanoparticles of the first layer is essentially the same.
6. The substrate according to any one of claims 1 to 5, wherein the metal nanoparticles

of the second layer have a mean diameter of about 1 nm to about 50 nm.

30 7. The substrate according to claim 6, wherein the metal nanoparticles of the second

layer have a mean diameter of about 5 nm.



15 12. The substrate according to any one of clains 1 to 11, wherein the
nmetal nanoparticles of the first |ayer conprise a noble netal. 13. The
substrat ewecomridsssg to claim 12, wherein the netal nanoparisicebamoasst he
first layer 20consist of a noble netal. 14. The substrate according to any
one of clainms 1 to 13, wherein the netal nanoparticles of the second | ayer
conprise a noble netal. 2515. The substrate according to claim 14, wherein
the netal nanpoparticles of the secon ayer. cqonsist . of a nqble netal. . 16.
The sulfst r at EheREYHFAUF ARFOF n&ﬁ@myn@e&qciqléﬁ 5 7o vhereinsthe ghaafud ey iAkon 861 o
metal 1S sel@ahet bR of HRURAAISOAANDGS BF R delidid lahé is 3gudl B oP !
plati num irirdium 30osmum rhodium rtuthenium and alloys thereof. 17.
The subst r attbarm2@ % ofi thg ntean diamieter M8luewher ei n t he noble netal is gold. WO
2012/ 026882PCT/ SG2011/ 000288 28 18. The substrate according to any one of
claims 1 to 17, wherein the support is glass or ceramc. 19. The substrate
accardiglg t orYib&PRe Ycofdifl Bany ¢ oFlaiMB €18 BNwhaRinME AlantdtATRd netafs Sof
the first layer are attached to'the support by nmeans of I|inker nolecul es.
20. The substangpasticlesof the second layey ismsgensiplly theisamel to 19, wherein the netal
nanoparticles of the second | ayer are attached to the netal nanoparticles
of the first layer by neans of |inker nolecules. 10 21. The substrate
accordiypg t orkd @ibsird8 aGéordihg toh@K&ine dfftailisNKey 9 Wheaein ©8 raeTPr itikemense Or
nore functional groups selected fromthe group consisting of a thiol group,

an am ne gr cligmetagofthe. metahaanpppmisies 1ot e gchg@ layer to the mean diameter of the

10 metal nanoparticles of the first layer is between about 1:2 to about 1:40.

11. The substrate according to claim 10, wherein the ratio of the mean diameter of the
metal nanoparticles of the second layer to the mean diameter of the metal

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 layer comprise a noble 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 a noble metal.
25 15 The substrate according to claim 14, wherein the metal nanoparticles of the second
layer consist of a noble metal.
16. The substrate according to any one of claims 12 to 15, wherein the noble metal is
selected from the group consisting of silver, palladium, gold, platinum, iridium,
30 osmium, rhodium, ruthenium, and alloys thereof.

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



1522. The substrate according to claim 21, wherein the |inker nolecule for
attaching the netal nanoparticles of the first |layer to the support is
sel ect ed woamadzessgr oup consi sting of a thiol-substitutedrsiGensnoss

am ne-substituted silane and a di phenyl phoshi no-substituted silane. 20
23. The substrate according to claim23g wherein the |inker nolecule is
selected fromthe

1 ot holysi | IRCNERIS achepIeR YT BHG LR PHESEER) 10 1 BEkBRET RABH i glast g

substrate ageRficng to any one of clains 20 to 23, wherein the |inker
nol ecul es 25for attaching the netal nanoparticles of the second |ayer to
the surface of the netal nanoparticles of the first |ayer are selected from

t he gr c Si s hi ol I am d bi s hen hi no)
compouny Sofiebseds 3ttt kowd onh A o AR yRefRi i e BITERN PR ERY

mol gcul es arcﬁftﬁ@hgﬂa@@r&éq&a&@ab@ﬂﬁrs r@@ﬁﬁlkeﬁﬁsldmuméréo@cawanedlthl ol and
1, 2- et hanedi am ne. WO 2012/ 026882PCT/ SG2011/ 000288 29 The substrate

according to any one of clains 1 to 26, wherein the netal nanoparticles of

the secpnd lﬁ-}/ ?tﬁaﬁe ]Sgco?(#lggw Xn)p oefdclzh sihg 1@“%@1%31 ik n&c{lﬁ I{Tiﬁ[)f?zlmcles

nanopartr cl es ot ITs ayer’. e SubStrate’ accordlng 0 any
claims 1 to ofthe wohéildyet b am!at}add toahop@tal nahapartivlestdfahé firss ﬂa;ieﬁbji‘ lrneamsl/ or
t he net al nanopartlcles of the second | ayer are nanospheres. A nethod of
manuf act ur i rRf lekeimelerdles according to any one of claims 1 to 28, the
met;god conprising a) providing a support; b) attaching a plurality of netal
nanoparticles to the support surface to forma first |ayer; and

21. The substrate according to claim 19 or 20, wherein the linker molecules comprise one

or more functional groups selected from the group consisting of a thiol group, an

amine group and a 2-diphenylphosphino group.

15 22.  The substrate according to claim 21, wherein the linker molecule for attaching the
metal nanoparticles of the first layer to the support is selected from the group
consisting of a thiol-substituted silane, an amine-substituted silane and a

diphenylphoshino-substituted silane.

20 23. The substrate according to claim 22, wherein the linker molecule is selected from the
group  consisting of  (3-Mercaptoproyl)-trimethoxysilane, =~ Aminopropyl-
triethoxysilane and 2-diphenylphosphino-ethyl-triethoxysilane.

24, The substrate according 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 dithiol, a

diamine and a bis(2-diphenylphosphino) compound.

25. The substrate according to claim 24, wherein the linker molecules are selected from

30 the group consisting of 1,2-ethanedithiol and 1,2-ethanediamine.

26.  The substrate according to any one of claims 1 to 25, wherein the metal nanoparticles

of the first layer are covalently bonded to the surface of the support.



c) attaching a plurality of netal nanoparticles to the surface of the netal
nanoparticles of the first layer to forma second | ayer, wherein the nean
di anet er wbd 20t2embal nanoparticles of the first |ayer ipeT@GREtI®OOABHAn t he
mean di ameter of the netal nanoparticles of the second |ayer. The nethod
according to claim29, wherein the meybgod further conprises the step of
activating the support surface by contacting with an activating agent prior

to step (b)._The nethod of. clai m 30, erein the support is glass and the
act i vatd/ng aHErﬁ"b?téat%ﬁcc&E 158 ' 3¢ %‘&e‘?ﬁ%@?’é%i tﬂez%o?"'?ﬁ‘% _Q‘Fd’f‘"éa Pg?ﬁlgefrhe
et hod accord}*tﬂgsic%n@ PR d?)fval%ht?ﬂl B8nd2d tb Pheshrabb BF fleMnSthiBRanbPArtiEREBET Ses

functionalizing the support wth |1 nker nolecul es capable of binding the

met al nanopaht ficdtésyenf the first |ayer and contacting the functionalized
support with the nmetal nanoparticles of the first layer to formsaid first
| ayer. The nethod according to any one of clains 29 to 32, wherein step (c)

conpri sgs f urifd JuBBdte Géddedihp @ Bt SRSt Mindsheo Mt dheRRaN@R AR dthlGlanspaticlehe
first layer wwth |inker nol ecul es capabl e of binding the netal

nanopart i cl ef the firshnyseansiet theupetal nanbpedisleaef thepecon lpyerare nanosphases. net al
nanoparticles of the first layer with the netal nanoparticles of the second
| ayer to formsaid second |ayer. WD 2012/026882PCT/ S&G2011/000288 30

34. Bi 098NSOrA GRéRGA 5T RanafaStiBiaf laadubsteare Qtcirdigig1te adfYone A cidime|1aion®8,thé 0 28
as a biosensor. 5 35. Method for the detection of an analyte in a sanple by
SERS, conpr imethed eRPA¥AE ng the sanple with the biosensor according to

cl giym 34. 36, . | asensor according to claim 35 for the detection
of qgn anal y'?d guﬁﬁovg&%é\%@o y SERS. 10

b) attaching a plurality of metal nanoparticles to the support surface to form a first
layer; and
¢) attaching a plurality of metal nanoparticles to the surface of the metal
nanoparticles of the first layer to form a second layer,
15 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.

30. The method according to claim 29, wherein the method further comprises the step of
activating the support surface by contacting with an activating agent prior to step (b).
20
31. The method of claim 30, wherein the support is glass and the activating agent is an

acid, hydrogen peroxide or a mixture thereof.

32. The method according to any one of claims 29 to 31, 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.

33. The method according to any one of claims 29 to 32, wherein step (c) comprises

30 functionalizing the surface of the metal nanoparticles of the first layer with linker
molecules capable of binding the metal nanoparticles of the second layer and

contacting the functionalized metal nanoparticles of the first layer with the metal

nanoparticles of the second layer to form said second layer.
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30

34. Biosensor comprising a substrate according to any one of claims 1 to 28 as a

biosensor.

5 35. Method for the detection of an analyte in a sample by SERS, comprising contacting

the sample with the biosensor according to claim 34.

36.  Use of the biosensor according to claim 35 for the detection of an analyte in a sample
by SERS.
10



