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Abstract

The three-year period (2021-2023) of theme 1133 "Modern Trends and Developments in
Raman Microspectroscopy and Photoluminescence for Condensed Matter Studies" concludes in 2023.
Within this theme, the project "Biophotonics" is being implemented, aimed at studies of condensed
matter by methods of Raman spectroscopy and fluorescence microscopy. In particular, work is
underway to reveal the mechanisms of anomalous intensity ratio of antistokes/stokes components in
surface-enhanced raman scattering (SERS) spectra as a function of pump power and mode. By now,
this stage of work is at its completion stage. Applied research is being carried out on two major
activities of the theme - optical studies of lipid-protein interactions and photoinduced netosis. A
number of new results of practical interest have been obtained.

Since the beginning of the new 7-year JINR development plan (2024-2030), it is proposed to
open a new theme with the preliminary title "Optical Methods in Condensed Media Studies", and the
project "Nanobiophotonics" within this theme. The new theme will keep a certain continuity based on
the results of previous years, but, at the same time, the research tools (in particular, Fourier infrared
spectroscopy, immunofluorescence microscopy, etc.) will be expanded, and new tasks and activities
will appear.

Conceptually, the project “Nanobiophotonics” will focus on fundamental and applied research.
In particular, 2D materials (2DM) and van der Waals heterostructures (vdWH) are of particular interest
today due to the attractive electronic, optical, magnetic and thermal properties. We propose to apply
Raman and IR spectroscopy for probing some of the fundamental properties of 2DM, including
thickness, phase, defects, atomic bond strength, and coupling of various states at the interfaces of 2DM
and vdWH. The unique band structures of strong in-plane chemical bonds and weak out-of-plane van
der Waals (vdW) interactions, makes 2DMs promising for applications in nanodevices and various
other fields.

The started work on optical methods for studying lipid-protein interactions using various
membrane mimetics and programmed cell death - netosis will continue. Activities in lipid-protein
interactions will be mainly aimed at: (i) revealing the spectral characteristics of the secondary structure
of peptides embedded in mimetics, in particular in the region of Amid-1 and Amid-III Raman lines;
conformational changes in the structure of peptides in the Raman scattering spectra. Based on the recent
results on photoinduced netosis, it is proposed to continue these socially important studies, both of a
fundamental nature (mechanisms and signaling pathways) and in terms of their practical application.

Nonlinear CARS microscopy, SERS spectroscopy, and photoluminescence will find their
further development. An important research component in the new 7-year plan will also be given to
computer modeling.



OnTuyeckue MeTo bl B HCCJICIOBAHUAX KOHACHCHPOBAHHBIX CPEA: TEKYLIasd
JeSITeJILHOCTh U KOHIENIUsI JaJIbHeHIIero Pa3BUTHUA

I''M. Ap3ymaHsiH

AHHOTALIUA

B 2023 romy 3aBepmraercs tpexisetHuil mepuon Temsl 1133 (2021-2023): «CoBpemeHHBIC
TEHJCHIIMU U pa3paboTku B oOnacTu PamMaHOBCKON MUKpPOCHEKTPOCKOMHH U (POTOIIOMHUHECLIEHLIUN
JUIsL UCCIIEJOBAaHUM KOHACHCUPOBAHHBIX cpea». B pamkax 3TOW TEMbl pEaIu3yeTcss IMPOEKT
«buodoronukay, HalleIeHHBIN HA MCCIEAOBAHNS KOHICHCUPOBAHHBIX CPEll METOJIaMU paMaHOBCKOM
CIIEKTPOCKONHUH M (IIyOpECLEHTHONH MHUKPOCKONUU. B yacTHOCTH, pabOThl BEAyTCS MO BBISIBICHUIO
MEXaHU3MOB aHOMAJILHOTO COOTHOILEHHUS! NHTEHCUBHOCTH KOMIIOHEHTOB @aHTHCTOKC / CTOKC B CIIEKTpE
TUTaHTCKOTO KoMOnHannoHHoro paccestausi (I'KP) B 3aBHCHMOCTH OT MOIITHOCTH U PEKUMA HAKAYKH.
K nacrosmiemy BpeMeHH, 3TOT 3Tamn pabOThl HAXOAUTCS B CTAIMH CBOETO 3aBeplieHus. [Ipukiagnbie
WCCIEAOBAaHUSl BEIYTCS MO JIBYM KpPYINHBIM ASTanaM TE€Mbl — ONTHYECKUE HCCIEAOBAHUS JUMUI-
OCIIKOBBIX B3aMMOJICHCTBHM U (POTOMHIYIIMPOBAHHBINA HETO3. [T0o 06enM 3Taram mory4eHsl psii HOBBIX
U MIPEACTABIISIIOLIUX MPAKTUYECKUN HHTEPEC Pe3yIbTaThI.

C navana HoBoro 7-netHero rana passutus OUSAN (2024-2030) rr., nmpearaetcsi OTKPHITh
HOBYIO TE€MY C IPEIBAapUTCIbHBIM Ha3BaHWeM «OINTHYECKME METOAbl B  MCCIEAOBAaHUAX
KOH/ICHCUPOBAHHBIX cpea», U mpoekT «HanoOmodoroHuka» B pamkax sToi Tembl. HoBas Tema
COXPAHUT ONPEAEICHHYIO IPEEMCTBEHHOCTh, 0a3UPYIOLIYIOCS Ha pe3ysbTaTax NpeblayIIHX JIET, HO,
IIPU 3TOM, PACIIMPUTCS MHCTPYMEHTApUil HccaenoBaHuil (B yactHocTH, Pypre MK-cnekTpockonus,
UMMYHO(]ITyOpECIIEHTHAs! MUKPOCKOIIUS U JIp.), U MOSABATCS HOBBIE 3371aUll U aKTUBHOCTH.

Konnenryansno npoekt «Hanobuodoronuka» Oyner HaueneH Ha (QyHIaMEHTalbHBIE M
MIPUKJIATHBIC UCCIIeNOBaHMA. B yacTHOCTH, CeroHsI 0COOBI MHTEPEC MPEeACTABISIIOT 2D-MaTepuas
(2DM) u BaH-mep-BaanbcoBbl TeTepocTpykTyphl (VAWH) Onaronmaps cBOMM NpHUBIEKATEIbHBIM
JNIEKTPOHHBIM, ONTHYECKUM, MAarHUTHBIM M TEIUIOBBIM CBOMCTBaM. MBI mpeuiaracM NPHUMEHUTH
pamaHoBckyto U MK-cnekTpockonuio i HCCeqOBaHUS HEKOTOPBIX (yHIAMEHTAJIBHBIX CBOWCTB
2DM, BkIouas TOJNIIMHY, (a3y, 1e(eKThl, IPOUHOCTh ATOMHOM CBSA3H U CBSA3b PA3IMYHBIX COCTOSHUI
Ha wuHTepdericax 2DM u vdWH. VYHukanpHas CTpyKTypa IOJOC, COCTOSAIIAs W3 CHUIIBHBIX
BHYTPHILJIOCKOCTHBIX XMMHMYECKHX CBA3EH M cIa0bIX BHEIUIOCKOCTHBIX BaH-AEp-BaajabCOBBIX (VAW)
B3aUMOJIEUCTBUM, iesaeT 2DM nepCcrneKTUBHBIMU 1JIsl IPUMEHEHHS] B HAHOYCTPOMCTBAX M Pa3IMYHBIX
Apyrux o0jacTsx.

[Tponomxarcs HauaTble paOOTHI 1O ONTUYECKMM METOAAaM MCCIENOBAHUN JIMIHU-0EIKOBBIX
B3aMMOJICHCTBHI C HCMOJB30BAHUEM DPA3JIMYHBIX MEMOpPaHHBIX MHUMETHKOB, a Takke paboThI IO
MpOrpaMMUPYEeMOM  KJIETOYHOW THOenu - HeTo3a. AKTHBHOCTH 10  JIMIHJ-OCIKOBBIM
B3aUMOJICHCTBHSM OyIyT, B OCHOBHOM, HAaIlIPaBJICHbI Ha: (1) BHIIBICHUE CIIEKTPAIBHBIX XapaKTePUCTHK
BTOPUYHOM CTPYKTYpBI NMENTHI0B, BHEAPEHHBIX B MUMETUKHU, B YACTHOCTU B 00JIACTH paMaHOBCKUX

muani Amua-1 u Amua-11I; KoHGOPMAIMOHHBIX U3MEHEHUH B CTPYKTYpE IENTHAOB B CIHEKTPax
paMaHOBCKOTO  paccesHMs.  ba3upysch Ha  HENAaBHO  MOJYYEHHBIX  pe3ylbTarax  Io
(bOTOMHAYITMPOBAHHOMY HETO3Y, MPEAJIaraeTcs MPOJI0JDKUTE ATH COLUMATHHO BaKHBIC HCCIICIOBAHUS,
Kak (yHIaMEHTAIbHOTO XapakTepa (MEXaHW3Mbl U CHUTHAJbHBIE MYTH), TaK M B IUIAHE WX
MPAKTUYECKOTO MPUMEHEHHS.

Henunetinas KAPC-mukpockonusi, ['KP-cnekrpockonus, a Takke (GOTOTIOMHUHECIICHITUS
HalayT CBOE JajbHEIIee pa3BUTHE. Ba)kHOW KOMIIOHEHTOW B HCCIIEIOBAHUSAX B HOBOM /-JIETHEM
1aHe OyJeT yAeIeHO TaKKe U KOMIBIOTEPHOMY MOJCITUPOBAHHUIO.



