SERS-active substrates

based on plasmonic nanomaterials

Surface Enhanced Raman Scattering (SERS)
spectroscopy is a powerful analytic tool that com-
bines molecular specific information provided by
Raman scattering with the signal-enhancing power
of plasmonic nanostructures — SERS-active sub-
strates. The SERS effect relies mainly on an en-
hanced electromagnetic field arising from the
collective oscillation of conduction-band electrons
or plasmons excited on the surface of nanoparticles
of noble metals under laser irradiation. It provides
express analysis of various materials, solving the
problem of detection, identification, and structural
study of target substances at concentrations down

to a single molecule in many areas of human life,
such as medicine, biology, forensics, ecology and
pharmaceutics, etc. Of special interest is the detec-
tion and study of bioorganic macromolecules using
SERS spectroscopy, in particular, proteins with anti-
septic properties, since they are promising in the
development of nanomaterials for the prevention
and therapy of bacterial and viral diseases.

Two types of reliable and spectra-reproducible
plasmonic nanostructures demonstrating an out-
standing activity in SERS-spectroscopy were devel-
oped in the course of joint research conducted by
JINR (Dubna, Russia) and BSUIR (Minsk, Belarus). The

Fig. 1. SEM images of SERS-active nanostructures based on (a, b) Ag particles and (c, d) Ag dendrites on porous silicon.

Puc. 1. COM-usobpaxeHnsa NKP-akTUBHbIX MOANOXeK Ha OCHOBE (a, 6) YacTuL cepebpa u (B, ) AeHAPUTOB cepebpa Ha

NOPUCTOM KPEMHUN.

[TKP-aKTumBHbIE MOONOXXKU

Ha OCHOBe€ NMNJia3MOHHbIX HaAHOMaTepunasioB

CneKkTPOCKOMNUA MMraHTCKOro KOMOGMHaLNOH-
Horo pacceaHus ceeTa (TKP-cnekTpockonua) — 3T1o
MOLUHbIN aHANMUTUYECKNI NHCTPYMEHT, KOTOPbI
no3sonaeT NofyunTb cneynduyeckyto nHbopma-
LMIIO O CTPYKTYpe MoseKyn bnarofaps pernctpaumm
CUrHana KOMOGMHALMOHHOIO paccesHUA CBeTa OT
HUX, YCUIEHHOTO N/Ta3MOHHbIMU HAHOCTPYKTYpamu
— ['KP-akTmBHbIMU noanoxkamu. FlKP-a¢pdekT B oc-
HOBHOM ObecneyrBaeTcA 3a CYET aHOMAJIbHO CUJIb-
HOrO 3/1IeKTPOMArHMTHOMO NOJIA, BO3HMKAIOLEro B
pe3ynbTaTe KONnekTBHbIX KonebaHni 3n1eKTPOHOB
30HbI NPOBOAUMOCTU UMY NNa3MOHOB, BO30y»Kaae-
MbIX Ha MOBEPXHOCTMN HaHOYaCTUL, 611aropofHbIX
MeTasnnoB Nof AeNCTBMEM Ta3€PHOr0 U3NTyYeHU .
OH obecneurBaeT sKCNpecc-aHaam3 pasnnyHbIX Be-
LLecTB, MO3BONAA AeTEKTUPOBATb, MAEHTUDULMPO-
BaTb 1 UCCIe[0BaTb CTPYKTYPY LieneBbIX Xummuye-
CKMX COeANHEHNI B CBEPXHU3KNX KOHLEHTPaLAX

BM/OTb 0 €AUHNYHbBIX MOMIEKY ANA pelueHns 3a-
[lauy MHOrMx obnacten XunsHeneaTenbHOCTY Yesno-
BeKa, TaKNX Kak MeauLnHa, bronorus, KpMMuHanm-
CTUKa, 3Konorna n papmauestrka u 1. 4. Ocobblin
WHTEepeC Bbi3blBaeT OOHAPYKeHUe 1 UyvyeHune 6uo-
OpraHnyeckKnx Makpomorsekyn ¢ rnomoluubto [KP-
CNeKTPOCKOMUK, B YacTHOCTK, 6enkos, obnagato-
WMX aHTUCENTMYECKMMM CBOMCTBaMU, MOCKONbKY
OHW NepCneKTMBHbI A5 Pa3paboTKn HaHOMaTepura-
NOB C Uenbto NpodunakTukn n Tepanun baktepu-
ANbHbIX Y BUPYCHbIX 3a60neBaHU.

B xope coBmecTHbIX nccnegosaHun 8 OVAN
(Oy6Ha, Poccus) n BI'YUP (MuHck, benapycb) 6binm
pa3paboTaHbl ABa TUMA HAAEXHbIX 1 BOCNPON3BO-
ONMbIX MIA3MOHHbIX HAHOCTPYKTYP, AEMOHCTPU-
pyOLNX BbICOKYIO akTMBHOCTb B KP-cnekTpocko-
nun. NepBas HAHOCTPYKTYpa NpefcTaBieHa YacTu-
uamu Ag c bumoganbHbIM pacnpegeneHem no pas-
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first nanostructure is represented by Ag particles
with bimodal size distribution in nano- and mi-
croscale ranges (Fig. 1). It was designed to provide
reliable detection of both low-molecular and high-
molecular compounds due to the combined contri-
bution of surface plasmons in nanoparticles and
multiple reflection of light between microscale par-
ticles. The second nanostructure is a coating of sil-
ver dendrites designed for imaging of individual
molecules of analytes on their surface due to abnor-
mally strong surface plasmon resonance in tiny
gaps between dendritic branches. SERS-active
nanostructures are formed by immersion deposi-
tion and have a uniquely long shelf life of up to
three years, because the underlying template made
of porous silicon gives them a negative surface po-

tential. Furthermore, the porous silicon template
enables accurate control of morphology of the
SERS-active nanostructure if the proper combina-
tion of its doping level and formation regimes are
selected. The details of designing and producing
SERS-active substrates can be found elsewhere [1,
2]. All stages of production of SERS-active substrates
based on Ag nanostructures and porous silicon are
cost-effective and fully compatible with conven-
tional silicon technology.

The successful combination of the highly sen-
sitive Raman microspectrometer CARS at FLNP with
these SERS-active substrates made it possible to ob-
tain SERS spectra of bioorganic molecules from
10-6-107"® M solutions (Fig. 2).

Fig. 2

SERS-spectra of lactoferrin
molecules on Ag particles and
DTNB molecules on Ag den-
drites.

Puc. 2

[KP-cneKkTpbl MmoneKyn nakto-
deppriHa Ha YacTuLax ce-

Intensity, a.u.

w0 M A

peb6pa n ATHB Ha geHppuTax
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MepaMm, NpUHaanexalmm HaHO- N MUKPOMETPO-
BOMY AmnanasoHam (cM. puc. 1). OHa 6bina paspabo-
TaHa ana obecneyeHnsa HaleXKHOTO 1eTeKTUPOBa-
HUA KaK HN3KOMONEKYNAPHbIX, Tak 1 BbICOKOMOe-
KYNSIPHbIX COEAMHEHUI 3@ CYET KOMOUHUPOBAH-
HOro BK/aia MOBEPXHOCTHbIX M1a3MOHOB B HaHOYa-
CTNLLAX Y MHOTOKPATHOTO OTPaXKeHNA CBETa MeXAY
MUKpoyacTuuamu. BTopasa HaHOCTpyKTypa npea-
CTaBnAeT cobo NOKPbITUE 13 eHAPUTOB cepebpa,
pa3paboTaHHOe A BM3yanu3aLumn OTAeNbHbIX MO-
NEeKyN aHanUTOB Ha WX MOBepXHOCTW GnaropapsA
AHOMasIbHO CUIbHOMY MOBEPXHOCTHOMY M1a3MOH-
HOMY Pe30HaHCy B MaJiblX 3a30pax Mexay BeTBAMU
feHapuTtoB. [KP-aKkT/BHble HAHOCTPYKTYpbl dopmu-
pylTCA METOAOM MMMEPCMOHHOIO OCaXKAEHMA 1
06nagatoT yHUKanbHO ANUTENbHBIM CPOKOM XpaHe-
HWUA [0 TPeX J1eT, MOCKOSIbKY MCMNOJb3yeMblli B Kaue-
CTBE UX OCHOBbI LWABMOH M3 MOPUCTOrO KPeMHUSA
npuaaeT nM oTpuLaTesbHbI NOBEPXHOCTHbIV MO-
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TeHuwan. Kpome TOro, NOPUCTbIN KPEMHUN MO3BO-
NAeT TOYHO KOHTpoNnpoBaTb Mopdonoruto MKP-ak-
TUBHOW HAHOCTPYKTYpPbI NMPU NpaBuibHOM Bblibope
THMa 1 YPOBHA NIErMPOBaHNA NCXOAHOIO KPeMHKA,
a Take pexxrnmoB GopmrpoBaHus nop. [letanbHoe
onucaHue npouenyp dopmuposanHuna KP-akTuB-
HbIX HAHOMaTepPManoB MOXHO HaTW B CriedyoLnX
pabotax [1, 2]. Bce aTanbl usrotosneHus NKP-aktus-
HbIX MOAJIOKEK HAa OCHOBE HAHOCTPYKTYp W3 ce-
pebpa 1 NOPUCTOro KPeMHMA SKOHOMUYECKU Bbl-
rofHbl Y MOJTHOCTbIO COBMECTUMbI C TRAANLNOHHOM
KPeMHMEBOW TEXHONIOTUEN.

YcnewHaa KOMOMHaLMsA BbICOKOUYBCTBUTESb-
HOro PaMaHOBCKOTO MUKPOCKOMa-CrNeKTpoMeTpa
«CARS» B FLNP c yka3zaHHbIMu KP-akTMBHbIMK NOA-
NOKKaMy No3BoNunu 3apeructpuposatb [KP-cnek-
TPbl OpraHMyecKnx n GroopraHNyYeCcKnX MoeKys B
pacTBopax C KoHUeHTpauuen 10761078 M (puc. 2).
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