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MNpu B3aMMOpencTBUU CO CBETOM MuUKpocdepbl GOpPMUPYIOT Y3KUNA Ny4 — POTOHHYIO HAHOCTPYIO.
Ucnonb3oBaHue 3Toro 3dpdekta NosBosisieT peasin3oBaTb MMUKPOCKOMUIO CBEPXBbLICOKOrO paspeLue-
HUS, NpeBocxoAsLwero AMppakLUMoHHbIN npeaen. pyruMm BaXHbIM NpUMeHeHeM GOTOHHOM HaHO-
CTpyn ABASieTCA YCUNEHUe CUrHana KOMBUHAuMOoHHOro paccesHus cseta (KP). OgHako, ans ycu-
NeHnsa KpamnHe cnaboro KP-curHana, Kak MpaBw/io, MWCMOJIb3YIOT YCU/IMBAMOLWME TMOBEPXHOCTU.
B naHHOM paboTe NpoAeMOHCTpUPOBaHbl 3PpdeKTbl GOTOHHOW HAHOCTPYU, MPUMEHSIeMON s ycune-
HUs KP-curHana B KOM6MHaLMK C TMFAaHTCKUM KOM6UHALMOHHBIM paccesiHueM akKTUBHbIMU MOAJ/0XK-
KamMu Npu B3aUMOAENCTBUU C aHCaM6/1IMU cepe6psiHbIX HAHOMPOBOJIOK M HAHOYACTUL, U UCMOJ1b30-
BaHUM MUKpocdep us TutaHaTa 6apus.

When interacting with light the microspheres form a narrow beam called a photonic nanojet. The use of
this effect allows of implementing a super high-resolution microscopy to exceed the diffraction limit. The
second important application of the photonic nanojet is the Raman scattering (RS) signal amplification.
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However, to enhance the extremely weak RS-signal, it is necessary, as a rule, to use the multiplicative
surfaces. In this work we demonstrate the photonic nanojet effects used for RS-signal enhancement in
combination with giant Raman scattering produced by the active substrates with the ensembles of silver
nanowires and nanoparticles together with the microsphers made of barium titanate.

BBEJLEHUE
CTpeMHUTeIbHOE Pa3BUTHE HAaHOTEXHOJIOTUI TpebyeT
COBEPLIEHCTBOBAHMS METOJOB BHU3YaIU3aLIMU K KOH-
TPOJISL CO CBEPXBBICOKUM paspemenueM. B 2011 rogy
IJISL TIOJTy YeHM I CB@PXBBICOKOIO Pa3PeLIeH s B OIITHYe-
CKOM MHKPOCKOIIMH ObLJIO ITpe/IJIOsKEeHO HCII0Ib30BaTh
MUKpocdepsl (1], UTo 103BONMIIO HAbMIOAATD 37IeMEeHTHI
c pasmepaMu ~50 HM. MUKpoCdephl IIOMeIAITCS
Ha ITI0BEepXHOCTh obpasiia. IIpoxozst yepe3 MUKpPoCchepy
auameTpoM 1-100 MKM, cBeT GOKYCHPYeTCsS B Y3KHHU
ny4 - oToHHYI HaHOCTpylo (PHC). [l/1s momaBIIero
B ®HC yuyacTka obpasia GopMHUpyeTCs yBelHUeHHOe
BUPTYya/IbHOe 1306paskeHHe, KOTOPOe MOXKHO HabJTIoaTh
yepe3 00beKTUB 06bIMHOT0 OIITHYECKOr0 MUKPOCKOIIA.
KoMbuHMpOBaHHE ONTHUYECKOM MHKPOCKOIHU
CO CIIeKTPOCKOIHEeN KOMOMHAI[MOHHOTO PacCesHUS
(KP) mo3BoisgeT UOeHTUQULIUPOBATh XUMHUYECKUU
cocTaB HabnoaeMbIX 06beKTOB U U3y4aTh 0COOEHHO-
CTH CTPOEHHUSI KPUCTA//INYeCKOH PelIeTKH, UTo CyIle-
CTBEHHO IOBBIIIAeT UHGOPMATHUBHOCTDH MCC/IeN0Ba~
HUH. IIpU M3y4eHUH HAaHOYACTUL MHTEeHCHUBHOCTh KP
MO3KeT OBITh HeJIOCTATOYHO /I/IsI PETUCTPALIMH CIIeKTPa.

Vicrionb3oBaHUe YCHUIMBAIOMIMX IIOBEPXHOCTEE U OO
HUTe/IbHOM GOKYCHPOBKU MUKPOCHEPOL JIa3epHOro JIyda
IaeT BO3MOXKHOCTB CyIIleCTBeHHO yCHIKUTh CUTHaI KP [2].

Hcronp30BaHHe HAHOCTPYKTYPHPOBAHHBIX ITOBEPX-
HOCTeH IIpPY UCCIeIOBAaHUU Pa3HOooO6pa3HbIX 6HOIOrU-
YeCKUX U XUMHYeCKUX 06beKTOB [103BO/ISIET He TOIBKO
ycunuBath KP-cHrHasl, HO U IIPOBOAUTD U3MepPeHU S IIPU
MaJIbIX MOIIHOCTSX JIa3epa K BO3[eHCTBOBAaTh Jla3ep-
HBIM M3/1y4eHHeM B TeUeHHe HeCKOIbKHX CeKyHJ,. ITO
IIPUMEHSIeTCs [/1S1 [UATHOCTUKH HaHOKOHIeHTPaLU i
BeIlleCTB, B TOM YHCJIe U SKUBBIX OPTaHU3MOB. YCHIeHHe
KP-curHasa ¢ KCII0/1b30BAHHMEM YCHIMBAIOIIHX ITOBEPX-
HOCTel 06bCHSIeTCSI HA/TMUKeM 001acTell ¢ BBICOKOKH-
TeHCUBHBIMHU JIOKQJIBHBIMH 3/IeKTPUUECKUMHU IIOISIMH,
TaK Ha3bIBAeMBIMH 'TOPSYKMMHU TOUKAaMH . [IpHMeHeHHe
MHKPOJIMH3 CIIOCO6CTBYeT AUATHOCTHUKE SKUBBIX OpPra-
HH3MOB. B OCHOBHOM B KadecTBe 00eKTOB HCIIO/IB30-
BaJIMCh IUVTACTUHBI KPeMHMS1. HarpuMmep, rpymrma yde-
HBIX 13 XOpPBaTHUU H3y4ajia FreoMeTpHUUeCcKHe aCIeKTh
ycunenuss KP kpeMHHeBBIMU MHUKpocdepamu [3].
HccnenoBaHue IPOBOAMIIOCH B TPU 3TaIla: OIIpefie/ieHue
XapaKTePUCTHUK Mafalollero Jyya ¢ IIOMOIIbIO MeTOAa

INTRODUCTION
Intense development of
nanotechnologies requires the
improvement of visualization
methods and super-high resolution
control. In 2011, it was proposed
to use microspheres [1] to obtain
super-high resolution in optical
microscopy, which made it possible
to observe elements of ~50 nm scale.
Microspheres are placed on the sample
surface. Light, passing through
the microsphere dia. 1-100 pm,
is focused in a narrow beam and
forms a photonic nanojet (PNJ). The
enlarged virtual image of the sample
area under the PNS illumination can
be observed with a common optical
microscope.

Combination of the optical
microscopy and Raman scattering
spectroscopy (RSS) makes it

possible to identify the chemical
composition of samples and study
the crystal lattice peculiarities to
increase a research information
capacity. Intensity of RS may be
insufficient to register a spectrum
in a nanoparticle study. The use
of multiplicative surfaces and
additional focusing makes it
possible to inhance the RS-signal
sufficiently [2].

Use of the nanostructured surfaces
in a study of various biological and
chemical objects allows not only of
increasing the RS-signal, but also
of conducting measurements at
low power of laser emission within
a few seconds. It can be applied
to diagnose nanoconcentrations
of substances, including living
organisms. Enhancement of the
RS-signal using the multiplicative

surfaces can be explained by areas
with high-intensive local electric
fields, so-called “hot spots”. The
microlenses are helpful in the living
organism diagnostics. Generally,
silicon plates were used as objects.
For example, a scientific team from
Croatia studied geometric aspects
of RS-signal amplification by
silicon microspheres [3]. The study
was conducted in three stages:
characterization of an incident
beam using the knife-edge method
horizontal and, for the first time,
vertical Raman reflection, and ray
transfer matrix analysis. A distinct
area of RS-signal amplification
from a silicon plate generated by the
PNJ microsphere was observed. The
amplification was the highest when
the incident beam size corresponded
to the diameter of microsphere, and
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Hbix HIMT duamempom 100 HM. (CHUMOK noAy4eH € UCNoAb308d-
Hue obopydosaHus LIKIT "CmpykmypHas oudzHocmuka mame-
puanog”, ®HUL| "Kpucmannozpagus u pomoHuka PAH")

Fig.1. A microphotograph of the substrate with the ensemble of
the silver NWs dia. 100 nm. (The image was obtained using the
CCP "Structural Diagnostics of Materials", FNIC "Crystallography
and Photonic RAS")

OCTpH s, BBIIIOJIHEHHE TOPHU30HTAIbHOTO U BIIepBbIe
BEePTUKAbHOIO PAMaHOBCKOI0 OTOOPaskeHUs U aHa-
JIM3 pe3y/IbTaTOB C MCIIOJIb30BaHKEM MaTPUYHOIO aHa-
nu3a nepeHoca iy4a. Habmoganacs oTdeTamBasi 061acTh
ycuneHus KP 0T KpeMHHeBOM IVIAaCTHHBI, BEI3BaHHAS
MuKpocheprort PHC. 3HadeHMe YCHIeHU S 6bITI0 CAMBIM
BBICOKHM, KOIZia pa3smep I1aJalolero jgy4ya COOTBEeTCTBO-
BaJI AHaMeTpPy MUKpocdepsl, a GOKyC 1ydya HaxXOOUICT
HUKe BePIIMHBI CPephl.

B HacTosimel paboTe Mbl IPUMEHUIN MeTo[, 06be-
JUHEeHHOM MUKPOJIMH30BOM MUKPOCKOIIMHU U CIIEKTPO-
ckorruu KP 11 n3ydeHUs cepeOpsSHBIX HAHOIIPOBOJIOK
M HAaHOYACTHII. JJaHHBIe 06BeKTHI IIPe/CTAB/ISIOT 3HAUU-
TeJIHBIM MHTepeC IIPU CO3AAHUH II0JI0KEK /15 YCHJIeH-
HOMU IIOBePXHOCTBIO CIIeKTPOCKOIKH KP 17151 IeTeKTHPO-
BaHMS CJIEJIOBBIX KOJTMYECTB XMMHUYECKUX BELIeCTB.

MATEPUAJIbI U METO/1bl UCC/IEJOBAHUSA

Moanoxku ¢ aHcambnamu cepebpsaHbix HI

B nmanHo#! paboTe MeTomOM MIAGIOHHOrO CHUHTE3a
OBIIM CO3[4aHBl MeTa/JIMUeCKHe HaHOIPOBOJOKHU
(HII) B mopax IOJIMMEPHBIX TPEKOBBIX MeMbOpaH
(TM) (m3rotoBseHBl B JIabOpaTOpUU SIepPHBIX pPeak-
uui uMm. [ H.®neposa, OHSH, [lybHa) U3 ONMHATH-
neHTepedTanarta. JuamMeTp IIOP B HCII0Ib3yeMOH
TM cocTaBign 100 HM, a UX DOBEPXHOCTHAA IIJIOT-
HOCTB - 9,310 cm™. Tlopsl B ucxogHBIX TM 3/1eKTpO-
XMUMHYeCKH 3aII0IHSIIN cepebpoM ¢ opMUPOBAHHEM
MaCCHUBHOM MeTaJIJIMYeCcKOH IOMJI0KKU U3 Medu (4,
5]. Ouametp HII u3 cepebpa COOTBETCTBOBAJ AHaMe-
TPy IOp UCXOAHOro mabnoHa (100 HM), a AIMHA OIIpe-
JeJsilachk BpeMeHeM 3aIl0o/IHeHH s MabI0Ha U COCTaB-
nsina 10 MKM. Ilocae 3amolHeHUS MOTHMMePHBIH
mabnaoH ¢ HII BHYTpU IOP OTMBIBAIHU OT 3/1€KTPO-
JIUTa U PacTBOPS/IM B KOHLIEHTPUPOBAHHOM pPacTBoOpe
meno4uu (6M NaOH) npu Temnepartype 60° C. ITocre
pacTBopeHHUSs MAbIOHA MeTa//ITMYeCKHe ITOAJIOKKHU
u3 menu ¢ HII u3 cepebpa IpoMBIBaIH B JUCTUJIIH-
POBAaHHOM BOJle U CYLIM/IH. IIpK BBICBIXaHUHU II0[, lek-
CTBHEM KaIlWUISIPHBIX CHJT 00Pa30BbIBaIMCh XapaKTep-
HbIe I10JI0CHI K3 aI7IOMePHU PYIOII X HAHOIIPOBOJIOK [6].

the beam focus was below the top of
the sphere.

In this work the method of
combined microlens microscopy
and RSS was applied to study silver
nanowires and nanoparticles. These
objects are very interesting when
preparing substrates intended
for the surface enhanced Raman
spectroscopy (SERS) to detect
trace quantities of the chemical
substance.

RESEARCH METHODS AND MATERIALS
Substrates with silver nanowire
ensembles

In this work, metal nanowires (NP)
were created by template synthesis

method in the pores of polymer
track membranes (TM) made of
polyethylene terephthalate (prepared
in Flerov Laboratory of Nuclear
Reactions, JINR, Dubna), by the
template synthesis method were
created. The pore diameter in the
used TM is 100 nm, and the surface
density is 9.3-10% cm™. Pores in the
initial TM were filled with silver
by the electrochemical method
with the formation of the massive
metal substrate made of copper [4,
5]. Silver NP diameter corresponded
to the pore diameter of the original
template (100 nm), and the length
was determined by the time of
the template filling and equaled

HAHO MHOVCTPHA Tom 14 Ne6 2021

10 pm. The polymer template
with NW inside was washed
from electrolyte and dissolved in
a concentrated alkali solution (6M
NaOH) at 60 °C. After dissolving
the template, copper substrates
with silver NW were washed in
distilled water and dried. When
drying, the characteristic bands
of agglomerated NWs were formed
under the action of capillary forces.
Rhodamine 6G (R6G) was chosen
as the studied substance to obtain
SERS-spectra on the substrates with
silver 100 nm NWs. It is an organic
dye with the well-studied spectrum,
so it is possible to accurately compare
the obtained results with the data
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Fig.2. a - AFM-image; b - distribution of silver colloid particles by height constructed on a base of three AFM-images, the frame size is

14,2x14,2 pm

I cusatrs SERS-CIIeKTPOB Ha IIOAJIOKKaX €o 100-HM
cepebpssHbIMH HII B Ka4ecTBe UCC/IelyeMOro BelleCTBa
6511 BBIOpaH pomaMuH 6G (R6C). ITo OpraHHUYecKUI Kpa-
CHUTeJIb C XOPOIIO M3y4YeHHBIM CIIEKTPOM, YTO [103BOJISeT
00BeKTHBHO CPaBHUBATh [10/TyYeHHbIe Pe3y/IbTaThI C APY-
MMM HCCTIeI0BATeIbCKUMHU IPYIIIIAMH.

Cusatue SERS-CIIeKTPOB MOJIEKY/T POSaMUH 6G C KOH-
LeHTpaluen 100 MKI/MJI, ancopbUpOBaHHBIX Ha Mac-
CHBe BEePTUKAJIBHO CTOSIIUX CepebpSHBIX HAHOMPO-
BOJIOK, IIPOBOJMJIOCh Ha PaMaHOBCKOM CIIEKTpoMe-
Tpe Horiba LabRam Evolution. CrieKTpsl U3MePsSITHUCh
C UCII0JIb30BAHMEM Jia3epa C JAJHMHOM BOJHBI 532 HM

IIPY MOIIHOCTH 1 MBT. IIpu M3MepeHUAX BpeMs IKCII0-
3HLMHK COCTAB/ISAIO 4 C /Il ABYX LIMK/IOB HAKOIIJIGHHU .
JraMeTp Jia3epHOro IIATHA 3aCBETKU COCTaBIISI 10 MKM
IIPU KCII0/Ib30BAaHUU 00BeKTHBA C yBeTMUYeHHeM 50X.
OnTHYecKUH MHUKPOCKOII, B KOTOPBIE IIOCTYIIAeT CUI-
HaJs, 060pyil0BaH MOTOPHU3HPOBAaHHBIM CTOIKOM C BO3-
MOYKHOCTBIO aBTOMaTH4eCKOU pOKYCHPOBKH.

Takske CIIeKTpoMeTp 060pymoBaH AByMs AHUPpaK-
LIMOHHBIMHU PelIeTKaMH, BEICOKO3()PEKTUBHEIM IeTeK-
TOPOM, OXJIaXKAAeMBIM 3/IeMeHTOM I1eIbThe U KOMILJIeK-
TOM HeHTPaJIbHBIX CepblX QUIBTPOB [/I51 PeryTHPOBKH
MOIIHOCTH U3/Ty4eHHUs Ha obpasLie.

presented by other scientific teams.
Collecting of rhodamine 6G SERS-
spectra (concentration is 100 pg/ml)
adsorbed on the placed vertically
massive silver NWs was performed
with a Horiba LabRam Evolution
Raman spectrometer. The spectra
were measured using a 532 nm
wavelength laser with a power of
1 mW. The exposure time was equal
to 4 s for two collecting cycles. The
laser spot diameter was 10 pm
when using a 50x lens. The optical
microscope receiving the signal was
equipped with a motorized stand
with automated focus adjustment.
Besides, the spectrometer was
equipped with two diffraction

gratings, a high-efficient detector,
a cooled Peltier element and a set
of neutral gray filters to adjust the
emission power on the sample.
After preparing of the substrates,
they were certified by the scanning
electron microscopy methods.

Figure 1 presents the micrograph
of the substrate with the ensemble of
silver NWs.

Preparation of the samples with silver
nanoparticles

Studied were the samples of mica
with silver nanoparticles prepared
by the following method: aqueous
solution of silver nanoparticles
(50 mg/l) was applied onto the mica

plate in 5 layers with prolongation.
Figure 2 demonstrates the image of
nanopatricles obtained by atomic
force microscopy (AFM) and the
distribution of particles by sizes.
To measure parameters of the
samples with microlens microscopy
and RSS, the surfaces were coated
with BaTiO; microspheres with a
size of 30 to 100 pm and density of
4.22 g/cm3, the refraction index 1.9.
The laser beam was passed in
the lens for focusing on a sample.
The generated signal was collected
by a microsphere and further
studied with an optical microscope.
In this case, a microsphere provides
magnification of a local field.

VoL.14 No.6 2021 NANO INDUSTRY
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C pacnonoxkeHHol caepxy mukpocoepoll

HaHOCHJIK MUKpocdepsl BaTiO; pa3-
mepoM oT 30 1o 100 MKM H IIJIOT-
HOCTBIO 4,22 T/cM? ¢ IIOKa3aTeaeM
npenoMmiaeHus 1,9, Jlyud nmasepa
HAIIpaBIISIICS B TUH3Y 06beKTHBA
s GoKyCHPOBKHU Ha obpasle.
[eHepHpyeMbIH CUTHaJI cOOHpacs
MHUKpocdepoHr U Jajee HUCCIe[0-
BaJICS C IIOMOIIBIO OITHYECKOTO
MHKPOCKOITa. MHKpocdepa obecrie-
4YMBaJia, B JAaHHOM CJiy4ae, yCHUje-
HYe JIOKAJIbHOI'O IIOJIS.

Fig.3. a - the optical image of NWs; b - the NWs image with a microsphere placed above
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Cepe6psHble HAHOMPOBO/IOKY

Ha puc.3 mokasaHo OITHYeCKoe
1617 n306paskeHHe ITOBEPXHOCTH Mac-
cuBa cepebpsiHBIX HaHOIIPOBOJIOK.
B meHTpe n306paskeHUS JI€KUT
MHKpocdepa ¢ fHaMeTpoM 35 MKM,
ee QOKyC JOJIKeH PacCIIonaraThCs
Ha PacCTOSHUH ~18,4 MKM OT HUK-
Hero Kpas cdepsl, cormachHo [7].
CKkBO3b Hee BHUJHO yBeJIHUYeHHOe
n306paskeHHe, Ha KOTOPOM HabJIIo-
JAI0TCS OTAeNbHBIE OCTPHUS cepe-
OpSIHBIX HAHOIPOBOJIOK. Ilo mAaH-
HBIM 3JIeKTPOHHOH MHKPOCKO-

1600 1800

Puc.4. a - SERS-cnexmpbl monekya podamuHa 6G 8 KoHUueHmpauyuu 100 mkz/ma, ao-
€opbup0BAHHO20 HA NOOAOXKKAX C 8pMUKAAbHO CMOSILLUMU CepedpsIHbIMU HAHONPOBO-
nokamu duamempom 100 HM 6e3 UCN0oAb308aHUS MUKPOAUH3bI; b — ¢ ucnoab3o8aHuem

MUKPOAUH3bI

Fig.4. a - SERS-spectra of Rhodamine 6G molecules, concentration 100 g/l adsorbed on
the substrates with vertically placed silver NWs dia. 100 nm without using of microlens;

b - using of it

ITocsie M3TOTOB/IEHMS ITPOBOAM/IACH ATTECTALIH A IT0JTY-
YeHHBIX [TOAJIOKEK MeTOLAMH PAaCTPOBOM 3/IeKTPOHHOM
MHUKpOcKonuu. Ha puc.l mipeacraBieHa MUKpPopOTOrpa-
dust moAIoKKHY ¢ aHcaMbreM cepebpsiHbix HIT.

MpuroToBneHe 06pasLoB C HaHO4ACTULLAMM cepebpa
HccemoBannch 06pa3sLibl CITIOBI C HAHOYACTHIIAMU cepe-
6pa, IPUTOTOBIEHHBIE C/IeAYIOMUM 006pa30M: BOAHBII
pacTBop HaHouacTHUl cepebpa (50 Mr/n) HAHOCHIICS
Ha IUIACTUHKY U3 CJIIOIBI B IIATh CJIOEB C IIPOJIOHTALIHEH.
Ha puc.2 nmoka3zaHo u3obpaskeHue HAHOYACTHUII, IOy~
YeHHOe MeTO/IOM aTOMHO-CHJIOBOM MUKPOCKOITUH (ACM),
Y pacIipeie/ieHHe YacTHUII I10 Pa3MepaM.

JIJ1s1 ©3MepeHUH C TIOMOIIBI0 MUKPOTHH30BOM MUKPO-
CKOITUU U CIIeRTPOcKornuu KP Ha IT0BepxXHOCTh 06pa3LioB

HAHO MHOVCTPHA Tom 14 Ne6 2021

nuu (puc.l), IuaMeTp IIPOBOJIOK
coctapiser 100 HM. TakuM obpa-
30M, MHKPOJIMH3a I103BOJISIeT I10/1y-
YUTh ONTHYeCcKoe H300paskeHUe
3a mpejesoM AUPPAKLKMOHHOTO
npefena, KOTOPBIM OTPaHUYHBAET
paspelueHye 0OBIYHOM OIITHYECKOH
MMKPOCKOIIMHU Ha YpoBHe 200 HM.
MuKponruH3a GOpPMHUPYyeT BHUP-
TyaJIbHOe H300paskeHHe C yBeaH-
yeHHeM ~15, KOTopoe 3aTeM 3aXBaThlBaeT 0OBEKTHB
MHKPOCKOIIA.

Jlasiee Ha JAHHBIX MOJIOKKAX OBLIH IOy YeHBI CIIEK-
TphI 10 MKI/MI pogaMuHa 6G 6e3 HCII0/b30BaHUS THH3
U C uX hcrnonp3oBaHueM (puc.4). Ha crekTpe 4eTKo
BUJIHBI BCe IIMKH, XapaKTepHbIe [/ PACCMaTPHBaeMOIo
BeIeCTBa.

HHTeHCHBHOCTH SERS-cHTrHanma oT Mosekys 6e3
HICIIONIb30BAHM I MUKPOIHH3 60IBIIIe, YeM C HX UCIIOTIb-
30BaHHEM. ITO OOBSICHSIETCSI TeM, UTO IIPH HCIIOIb30-
BaHHUHK MHUKPOJHMH3bl HaKaIlJINBAETCA CIIeKTP MeHb-
IIel IJIOMaf1, a 3HAaYUT, U OT MeHbIIero YKncjia Moje-
KyJL. I[IJIOTHOCTh HAHOIIPOBOJIOK Ha ITOJJIOXKKe COCTaB-
nset 1,2:10° cm?. TakuM 06pa3oM, IPU PErUCTPALUHU
SERS-cI1eKTpoB 6€e3 KCII0/Ib30BAHU S IMH3 ITPU AHAMETPe
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Puc.5. a - onmuyeckoe u3o6paxkeHue N08epxHOCMU CAOObI C HAHOYACMUUAMU Cepebpd U MUKpOAUH3amu; b - cnekmpbl KP: uepHas
AUHUS 8HYMPU AUH3bI, KPACHAS — 8HE AUH3bI; C — KAPMA NPOCMpaHCmaeHHo20 pacnpedeAeHust UHMeHcUBHoCMU cuzHana KP e dua-

nasoHe 210-270 cmt

Fig.5. a - an optical image of a mica surface with silver nanoparticles and microlens; b - RS-spectra: inside the lens (in black), outside
the lens (in red); ¢ - Spatial distribution of RS-signal intensity in a range of 210-270 cm™

JIa3epHOro MATHA 3aCBeTKU 10 MKM KOJIMYeCTBO HaHO-
IIPOBOJIOK COCTaBgeT ~942, C UCII0/Ib30BAHKEM JIMH3BI
KOJIM4YeCTBO HAHOIIPOBOJIOK cocTaBisieT ~60. M3 3Toro
MOJKHO CHeNaTh BbIBOJ, YTO MCIIOIb30BaHHE MHUKPO-
JIMH3 I103BOJIsIeT U3y4aTh CIIeKTPbl MaJIOro KOMUYeCcTBa
MOJIEKYJI, YTO Ha HECKOJIBKO ITOPSIIKOB MeHblIIe, YeM 6e3
HCIIO/NIb30BAHM I MUKPOJIMH3.

CepebpsiHble HAHOYACTHLIbI
HaHO‘IaCTI/ILU:I cepe6pa CIMIIKOM MaJIbl OJIsL BH3ya~-
JIN3all1H C IIOMOIIIbIO MI/IKPOJ’II/IH3OBOI;I MUKPOCKOITN U

CpenHss BBICOTA YaCTHUIL IO JaHHBIM ACM cocTaB-
nsieT 15 HM (puc.2). Ho Ha UX NpHUMepe IPoJeMOHCTPHU-
poBaHo ycuneHue curiana KP ¢ [IOMOIIIbI0 MUKPOIMH3bI
nuaMerpoM 13,5 MKkM (puc.5). Ha puc.5a npencras-
JIeHbI CrIeKTPhI KP, CHATBIE B Pa3HBIX TOUKAX IIOBEPXHO-
CTH — BHYTPH JTMH3bBI U CHAPY>KH (ITOKa3aHBI HAa PUC.5b
YepHOI U KPAacCHOM JIHHHEHN COOTBETCTBeHHO). IIMK
B 061acTu 240 cM'! COOTBETCTBYeT BaJIeHTHBIM Kojleba-
HUsIM Ag-O Ha [T0OBePXHOCTH HaHo4dacTu1l [8]. Ha puc.5c
MOKa3aHO, KaK CUI'HaJI OT 9TOr0 [TKKa Bo3pacTaeT B ob/1a-
CTH LIeHTPa MUKPOJIMH3BI, YCHJIEHHEe COCTaBIISET ~ 3.

RESULTS AND DISCUSSION
Silver nanowires (NWs)
Figure 3 shows the optical image of
the silver NWs array surface. The
microsphere dia. 35 pm placed
in the image centre and its focus
must be located at a distance
of ~18.4 pm from the bottom
sphere edge, according to [7].
The enlarged image can be seen
through the microlens, where
the separate tips of silver NWs are
visible. According to the electron
microscopy data, the diameter of
NWs is 100 nm.

Therefore, a microlens allows
of obtaining the optical image
behind the diffraction limit,

which limits the resolution of
standard optical microscopy at
a level of 200 nm. A microlens
forms a virtual image with
magnification ~15, which is
captured by the microscope lens.

Then, the spectra of 10 pg/l
Rhodamine 6C were obtained on
these substrates without lenses
and with their use (see Fig.4).
The characteristic peaks of this
substance are well visible in the
image of the spectrum.

The intensity of molecular
SERS-signal without microlenses
is greater than with their use. It
can be explained because during
the microlens use the spectrum of

smaller area is collected, hence, a
smaller number of molecules took
part in this process.

The density of NWs on the
substrate is 1.2 - 10° cm™. It
is clear, that at the SERS-
spectra registration without
lenses, when a laser beam spot
is 10 pm, the NWs number
is, approximately, ~942. The
number of NWs when using a
lens is, approximately, ~60. In
conclusion, use of microlenses
makes it possible to study the
spectra of a small number of
molecules, which is several orders
of magnitude less than without
the use of microlens.
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OBOPYAOBAHMUE A/19 HAHOUHAYCTPUM

TakuM 06pa3oM, KCII0/1b30BaHKE MUKPOIMH3 B OIITH-
YeCKOM MHUKPOCKOIIMH H CIIeKTPOCKONKH KP 1o3Bosnser
[IOJIy4YHTh JIy4Illee ONTHYECKOe PaspelleHre, a TaKKe
IIOBBICUTH YYBCTBUTEIBHOCTh CIIEKTPOCKOMHUU KP.
Hcrionb30BaHKe MUKPOTTUH30BOKM MUKPOCKOIIUH I103B0-
JIUT WU3y4aTh CIIEKTPHI BEIleCTB BIIOTh 0 e TUHUYHBIX
MoJieKy/1. JJajpHelIee Pa3sBUTHE MHKPOIMH30BOM
MHUKPOCKOIIMH CBSA3aHO C CO3TJaHHEM IIEHOK C MHKPO-
cdepamu, Kak B paborte [9], U cuCTeM CKAaHHPOBAHHUS
MUKDPOTUH3AMH /15 YBeTUIEHUS T10/15 3PEHU .
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Silver nanoparticles

Silver nanoparticles are too small
for their visualization with
microlens microscopy, because
an average particle height, in
accordance with AFM, is 15 nm
(see Fig.2). But it is an example
of RS-signal magnification with
microlens dia. 13.5 pm (see Fig.5).
Figure 5a shows the RS spectra
obtained from the various points
on the surface, inside the lens
and outside of it (coloured in
Fig.5b with black and red lines,
correspondingly). The peak in the
region of 240 cm™ corresponds to
the Ag-O stretching vibrations
in the nanoparticle surfaces [8].
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Figure 5c demonstrates how the
signal from this peak increases
in the microlens centre at
magnification of ~3. Therefore,
the use of microlenses in optical
microscopy and RSS allows of
obtaining the better optical
resolution and increases the RSS
sensitivity. Microlens microscopy
makes it possible to study the
spectra of substances down to the
single molecules. The following
development of microlens
microscopy is connected with
manufacturing of the films with
microspheres [9] and microlens
scanning systems to enlarge a field
of view.
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