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ABSTRACT

Surface-enhanced Raman scattering (SERS) is a technique developed to detect extremely
small quantities of molecules by determining their characteristic Raman signal. However, the
adoption of SERS remains limited due to the difficulties in fabrication of highly sensitive
and reproducible nanostructured plasmonic platforms. From this point-of-view, self-
assembly techniques of SERS substrates formation allowing fabrication of highly branched
dendritic silver nanostructures, to our opinion, are very promising for highly sensitive
biosensor applications. The proposed approach allows fabrication of spatially separated silver
dendrites, which possessing strong electric field enhancement in a wide spectral range. The
fabricated structures enable a SERS enhancement factor of ~10% and the analyte detection
limit of ~10°15 M, which corresponds to the sensitivity level of single molecules.

We also used so-called Ag corrosive deposition on a macroporous silicon (macro-PSi)
template to grow 3D silver dendritic structure that demonstrated an unprecedented sensitivity
in SERS spectroscopy. With the use of such substrates, it was possible for the first time to
detect 4-MBA and DTNB molecules with very low concentrations of 10'® M and 10-'® M,
respectively.

Besides, we examined SERS spectra of the human lactoferrin molecules adsorbed on a
silvered porous silicon (P-Si) from 10°~10"'® M solutions. The SERS spectra of lactoferrin
adsorbed from 10°° M solution were rather weak but a decrease of the concentration to 10-'°
M led to an enormous growth of the SERS signal. This effect took place as oligomers of
lactoferrin were broken down to monomeric units while its concentration was reduced. The
SERS spectra of lactoferrin at the 107'*and 107'® M concentrations were less intensive and
started to change due to increasing contribution from the laser burned molecules. To prevent
overheating the analyte molecules on the silvered por-Si were protected with graphene, which
allowed the detection of lactoferrin adsorbed from the 10-'® M solution.

Thus, the SERS measurement results indicate the possibility of ultra-low analyte
concentration detection, comparable to the concentrations of single molecules.



BbICOKOYYBCTBUTEIbHAS PErHCTPALMS MOJIEKYJ AHAJIUTA NPH aTTOMOJISIPHOI
KOHIEHTPALMH METOAO0M PAMAHOBCKOM CIIEKTPOCKONMHU
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AOcTpakT

I'mrantckoe xomOmHanmonHoe paccessHue (I'KP) — meron, paspabotaHHBIA IS
OOHapy>KE€HHUs] YpPEe3BBIYaHO MallbIX KOJHMYECTB MOJIEKYJ aHaJIWTa IyTeM H3MEepeHHUs HuX
XapaKTepUCTHYECKOT0 paMaHOBCKOro curHaia. OgHako, 1Mo ceil 1eHb, UCIOJb30BaHNE METO/1a
I'KP ocraercs HECKOJbKO OrpaHMYEHHBIM H3-3a TPYAHOCTEH B  W3TOTOBJICHHUH
BBICOKOUYBCTBUTEIIBHBIX W BOCHPOU3BOAMMBIX HAHOCTPYKTYPHUPOBAHHBIX  IUIa3MOHHBIX
wiaropm. B 3Toil cBsI3M, HAM HPEACTABISIETCS, YTO METOJ caMOCOOpKH MpHu (HOPMUPOBAHUU
I'KP-nosi10%€eK ¢ BBICOKO-Pa3BETBIEHHBIMU JE€HAPUTHBIMH HAHOCTPYKTypamu
cepebpa, fABISETCS BECbMa IEPCHEKTHUBHBIM JJISi BBICOKOYYBCTBUTENBHON OHOCEHCOPHKH.
[IpennoxeHHbI HaMM MOJAXOJ IO3BOJIAET W3rOTABIMBATH IPOCTPAHCTBEHHO-PA3/CICHHBIE
cepeOpsiHbIe  NEHAPHUTHl  CTPYKTYPBl, KOTOpbIEe 00ECNEeurMBalOT CHJIBHOE  YCHJICHHE
ANEKTPUYECKOTO MO B IIMPOKOM CIIEKTPaJIbHOM Juana3zoHe. Takue CTpYKTypbl 00€CIIeUnBaIOT
koa¢pdunuent ycunenuss ['KP ~ 108 u mpenmen oOnapyxkenuss ananuta ~ 10-15 M, uyto
COOTBETCTBYET YPOBHIO YyBCTBUTEIIBHOCTH €IUHUYHBIX MOJIEKYII.

MpsI Takke UCHOJB30BajIM METOJI KOPPO3MOHHOTO OCaXKIEHHUs cepedpa Ha MaTpule u3
MakpOMOpPUCTOr0 KpeMHus (Makpo-PSi) nns  BeIpammBaHusi TpexXMEpHOW cepeOpsiHOi
JIEHAPUTHON CTPYKTYPHBI, KOTOpas MPOJAEMOHCTPUPOBaJIa OECIIPELEICHTHYIO YYBCTBUTEILHOCTD
B criektpockonuu ['KP. C ncnonp3oBaHueM Takux CyOCTpaTOB BIIEPBBIE YAAJIOCh OOHAPYKUTh
Mosekysbl 4-MBA u DTNB ¢ o4eHb HU3KUMU KOHIIEHTpauusiMu Ha ypoBHe 10-16 M u 10-18 M
COOTBETCTBEHHO.

Kpome Ttoro, mel wuccnemoBanu I'KP-crektpsl Mojekyn nakTodepprHa deIoBeKa,
a7copOMpOBaHHBIX Ha TIOCEPEOPEHHOM MOPUCTOM KpeMHuUu (por-Si) U3 pPacTBOPOB C
KOHIeHTpausaMHu B npeaenax 10°-10718 M. TKP-cnekTpsl nakTodeppyHa, aacopOupOBaHHOTO
U3 pacTtBopa ¢ KoHUeHTpauuei 10°M, ObUIM JOBOJIBHO CNAOBIMH, OJHAKO CHMYKEHHUE
xoHnentpamuu 10 107'°M mpuBeno k 3HauMTEIEHOMY POCTY MHTEHCMBHOCTH curHana I'KP.
Takoit 3¢pdexr o0OycinoBreH B pe3yiabTaTe paCIICIICHUS OJUTOMEPOB JIaKTO(heppuHa 0
MOHOMEPHBIX 3BEHBEB MPU YMEHbIICHNH ero KoHueHTpanun. ['KP-ciiektpsl ntakTodeppuna npu
xouuentpamusax 10 u 10'°M Obuin MeHee MHTEHCHBHBIMM M HAa4ald HM3MEHATHCS H3-3a
YBEJIMYEHHUsI BKJIaJa MOJEKYJ, BBDIOKEHHBIX JiazepoMm. [l mpepoTBpalieHHsl Ieperpena
MOJIEKYJIBl aHAJIM3UPYEMOr0 BEIeCTBa Ha MOCEPEOPEHHOM MOPHUCTOM KPEMHUHU, OHH OBLIH
3alIMIIEHBl TpageHoM, YTO TO3BOJHMIO OOHAPYXUTh JAaKTOQEpPHH, aACOPOMPOBAHHBIN U3
pacTBOpa ¢ KoHIeHTpanueii 10718 M.

Takum oOpa3zom, pe3ynbratsl u3mepenuit ' KP yka3piBatoT Ha BO3MOXHOCTh OOHAPYKEHUS
YIBTPAHU3KOW KOHIIEHTPALMY AHAJIUTA, CPABHUMOW C KOHLIEHTPALIMEW €IMHUYHBIX MOJIEKYJI.



