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2. Peculiarities of absorption of electromagnetic radiation by nanoparticles of metals under conditions of plasmon
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Pedepar:

1. MeTo10 pob0TH € NOCTiIKEHHS B3a€MOJIii METalleBUX HAHOYACTUHOK 3 €JIEKTPOMArHiTHUM BUIIPOMiHIOBAaHHSIM B
YMOBax [JIA3MOHHOTO PE30HAHCY 3 MOKJIUBICTIO X NMOJaJbIIOr0 BUKOPUCTAHHS B IIPUCTPOSAX OPraHivyHOI
€JIEKTPOHIKH, 30KPEMA B COHSYHUX €JIEMEHTAX. AKTyaJIbHICTb POOOTH OOYMOBJIEHA THUM, 11O B OCTaHHI POKU
IIYKA€ETbCSI CIIOCIO OTPMMAaHHS I€1IEeBOi Ta JOCTYIHOI eJleKTpoeHeprii. OCHOBHUM acCIIEKTOM SIKOI TAKOX €
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TaKoi eHeprii € COHSIYHI eJleMEeHTU 3 OpPraHiYHUMU HAMiBIPOBiAHUKAMU. AZIKe TaKi COHSIYHI €IeMEHTH MOXYTb OyTH,
eeKTUBHUMU B IePETBOPIOBAHHI €eHeprii, THyYKUMHU, €KOJIOTIYHNMHY, Ta JOCTYIIHUMU. ['0JIOBHUM HaNpSIMKOM TaKuX
IOCIIiIKEHDb € COHSYHI €JIEMEHTH Ha OHOBI OPraHiyHMX HaIiBIIPOBITHUKIB 3 iIHKOPIIOPOBAaHUMHU YaCTUHKaMU METAIy,
a TaKOX ITPOLLECH IO Bifj0yBaIOThCS B CEPENOBUIL HAMiBIIPOBiAHMKA Ta HA MOBEPXHi YACTUHOK. Y POOOTI
BHMKOPHCTOBYIOTbCS: MATEMAaTUYHUI anlapaT Ta METOAM KJIACUYHOI €JIEKTPOAUHAMIKU B €JIEKTPOCTATUMHOMY
HaOJIMKEHHI, MeTO[, KIHeTUYHOTO PiBHSHHS bojibliMaHa B HabJIMKEHHI Yyacy pesiakcallii, MeToJ; CKiHdeHHUX pi3HULb
B 4aCOBill obsiacTi. B guceprauiiiHiil po6oTi, Mif, yac NpOBEeAEHHS AOCIiIKEHb, 6yJI0 OTPUMAHO HU3KY HOBUX Ta
BOXJIMBUX TEOPETUYHHUX Pe3ysbTaTiB: 1. CMpanduch Ha METO, KIHETUYHOTO PiBHSIHHS, PO3PaX0BaHO ONTUYHY
MPOBIIHICTh METaJIeBUX HAHOYACTUHOK chepoinanpHOoi popmMU Ta 3aJI€XKHICTh IMUPUHM JTiHii JTOKaJIi30BaHOTO
nsa3MoHHOro pe3oHaHcy (JITIIP), Big, nieseKTpUYHOI IIPOBiAHOCTI OTOUYIOUOr0 CEPENOBUILS 1151 COEPUIHUX
HAHOYaTUHOK Ag. [TokasaHo, 1110 i3 3poCcTaHHIM pajiycy cpepryHOi HAHOYACTUHKY rpurHa JiHii JIITIP cyrreBo
3MEHILIYETbCA | OCLUIIIOE HABKOJIO IIEBHOT'O PO3MIPY YaCTUHOK. 2. [IpoBeieHe, METOIOM CKIHYEHHOI Pi3HULL] B
yacoBiil o6sacti (FDTD), yncesbHe MOZEII0BAaHHS ONTUYHUX XapaKTEePUCTUK OPraHiuHNUX COHSYHUX €J1eMEHTIB
(OCE) Ha ocHOBI noJ1i-3,4-eTUaeHIUOKCITIOPEeH:TI01iCTepos Cyab(OHAT 3 iIHKOPIIOPOBAaHMMY HAHOYACTUHKAMU
METaJliB II0Ka3aJlo, WO iX fofaBaHHs B GOTOYYTIMBUI AP 3HAYHO 36i/1blLIye Koe(illieHT NOTJIMHAHHS CBiTJIa
KOMipKOIO IIpU OiJIbIINX JOBXKUHAX XBUJIb (Bif 600 HM). HasBHicTh mikiB nornuHan#s aig Cu 61u3bko 829 HM, Au
65113bKO 625 HM, Ta Ag 6J113bKO 726 HM BKa3ye Ha HasBHICTb JIOKAJIi30BAHOTO I0BEHEBOTO I1JIa3MOHHOTO PE30HAHCY.
3. Tlokazano, 10 A0JaBaHHS MeTajeBUX HaHOYaCTMHOK (MHY) 1O CBIT/IOUYT/IMBOrO MAapy OPraHidYHOrO COHSTYHOTO
enemeHTy (OCE) nocusioe rorjaMHaHHS HUMU CBITIIa, i Lie 3a/1eXKuThb Bif popmu Ta matepiany MHY. 4. TTokazaHo,
110 B METaJIeBUX HAHOYACTUHKAX, PO3MipH SIKUX MEHII 3a JOBXUHY BiJIbHOI'O IIPOGIry eJleKTpoHa B MeTaJleBiil
HaHOYACTUHIi, ONITUYHA ITPOBIAHICTS i, BiANOBiAHO, KOedillieHT NMOTJIMHAHHS CBiTJIa CTAlOTh TEH30PHUMU
BesinyrmHaMy. OKpiM TOro KoedilieHT NOrJIMHAHHSA CBIiTJIa (JIJa3€PHOTO BUIIPOMIHIOBAaHHS) METAJIEBUMU
HAaHOYaCTMHKaMU B YMOBaX IIJIa3MOHHOI'O PE30HAHCY, 3aJIe5KUTh Bifl iX popmu (uepe3 reomeTpruyHi pakropu),
IieJIEKTPUYHOI IPOHUKHOCTI OTOYYIOYOTO CEPENOBUIIA Ta TEH30Pa ONITUYHOI IIPOBITHOCTI METAaJIEBOI
HaHOYACTUHKMU. 5. Po3paxyHku metogom FDTD nokazyioTs mo, JITITIP, ingyKoBaHUT HAHOYACTUHKAMU, He TiJIbK1
IiABUINY€ CTYIiHb IIOTJIMHAHHS CBITJIa, ajie ¥ 36iblIye CTyIiHb JucoLialii eKCUTOHIB, 1[0 BUHUKAIOTH B
($oTOUyTINBOMY lIapi OpraHiyHMX HAMiBIPOBIIHUKIB Mif Ii€l0 €JIEKTPOMarHiTHOro BUIIPOMiHIOBaHHSI.
[IponeMOHCTPOBaHO, 10 NPY BUTATHYTIM popMi yacTMHOK (Mini, cpibiia, 30510Ta), KoeillieHT OTrJIMHaHHS
3MEHIIYETHCS, B TOM 4ac SIK, IPU AOCIIiIKEHHS KPYIJIMX YaCTMHOK ab0 CILIIOCHYTUX 30i/1bLIyEThCS, IPUTOMY MOXKHA
PO3IJISIAATY MPUILIIOCHYTI YACTUHKM SIK KJIACTEPH CKyITYeHb 4aCTUHOK. OniepsKaHi B poOOTi pe3yabTaT MOXYTh
OyTy BUKOPUCTaHIi IPU CTBOPEHHI HOBUX (PYHKLiOHAJIbHUX MaTepiasliB 3 Harlepes, 3aJaHUMU BJIACTUBOCTSIMU 7151
TBEPJOTLILHOI MiKPOEJIEKTPOHIKU, TEXHOJIOTI HAaNliBIIPOBiIIHUKOBOIO BUPOOHNULITBA, KOHCTPYIOBAHHS OPraHiuHMAX
COHSIYHUX €JIEMEHTIB. 30KpeMa, iHKOPIIOPYBaHHS METAJIEBUX HAHOYACTUHOK B (POTOUYTJIMBUIA 1IaP HA OCHOBI
nosimepy IEJOT:IICC 103BOAUTb IOMITHO 30ibIINTH KOe(illieHT KOPUCHO] Aii TaKuX OpraHiuYHUX COHSIYHUX
esieMeHTiB. Kit04oBi c10Ba: MeTaieBi HAHOYACTUHKHY, [TOTJIMHAHHS, €JIEKTPOMarHiTHe BUIIPOMiHIOBaHHS,
JIOKaJIi30BaHMM [TIOBEPXHEBUI IIJIA3MOHHUN PE30HAHC, €JIEKTPOHY, IVIA3MOHY, KiIHETUYHE PiBHSIHHS,

BUIIPOMIiHIOBaHHS

2. The purpose of the work is to study the interaction of metal nanoparticles with electromagnetic radiation under
conditions of plasmon resonance with the possibility of their further use in organic electronic devices, in particular
in solar cells. The relevance of the work is due to the fact that in recent years, a method of obtaining cheap and
affordable electricity has been sought. The main aspect of which is also the environmental friendliness of the
elements from which it is obtained. Solar cells with organic semiconductors are a promising direction for research
and obtaining such energy. After all, such solar cells can be efficient in converting energy, flexible, ecological, and
affordable. The main focus of such research is solar cells based on organic semiconductors with incorporated
metal particles, as well as processes occurring in the semiconductor medium and on the surface of the particles.
The work uses: the mathematical apparatus and methods of classical electrodynamics in the electrostatic
approximation, the Boltzmann kinetic equation method in the relaxation time approximation, the finite difference
method in the time domain. In the dissertation work, during the research, a number of new and important



theoretical results were obtained: 1. Based on the kinetic equation method, the optical conductivity of spheroidal
metal nanoparticles and the dependence of the localized plasmon resonance (LPR) line width on the dielectric
conductivity of the surrounding medium for spherical Ag nanowires were calculated. It is shown that as the radius
of a spherical nanoparticle increases, the width of the LPPR line significantly decreases and oscillates around a
certain particle size. 2. Numerical modeling of the optical characteristics of organic solar cells (OSE) based on
poly-3,4-ethylenedioxythiophene:polysterol sulfonate with incorporated metal nanoparticles showed that their
addition to the photosensitive layer significantly increases the coefficient of light absorption by the cell at longer
wavelengths (from 600 nm). The presence of absorption peaks for Cu around 829 nm, Au around 625 nm, and Ag
around 726 nm indicates the presence of localized flood plasmon resonance. 3. It has been shown that the addition
of metal nanoparticles (MNPs) to the photosensitive layer of an organic solar cell (OSE) increases their absorption
of light, and this depends on the shape and material of the MNPs. 4. It is shown that in metal nanoparticles, the
dimensions of which are smaller than the length of the free path of the electron in the metal nanoparticle, the
optical conductivity and, accordingly, the light absorption coefficient become tensor quantities. In addition, the
coefficient of absorption of light (laser radiation) by metal nanoparticles under plasmon resonance conditions
depends on their shape (due to geometric factors), the dielectric constant of the surrounding medium, and the
optical conductivity tensor of the metal nanoparticle. 5. Calculations using the FDTD method show that
nanoparticle-induced LPR not only increases the degree of light absorption, but also increases the degree of
dissociation of excitons arising in the photosensitive layer of organic semiconductors under the action of
electromagnetic radiation. It has been demonstrated that with the elongated shape of particles (copper, silver,
gold), the absorption coefficient decreases, while when studying round or flattened particles, it increases, and
flattened particles can be considered as clusters of particle clusters. The results obtained in the work can be used
in the creation of new functional materials with predefined properties for solid-state microelectronics,
semiconductor production technology, and the construction of organic solar cells. In particular, the incorporation
of metal nanoparticles into the photosensitive layer based on the PEDOT:PSS polymer will significantly increase
the efficiency of such organic solar cells. Key words: metal nanoparticles, absorption, electromagnetic radiation,
localized surface plasmon resonance, electrons, plasmons, kinetic equation, radiation
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2. Sergiy Pokutnii

KBasnigikanis: n.¢.-m.u., mpodecop, 01.04.05

Inmentudikarop ORCHID ID: 0000-0002-4160-1940

JonaTkoBa iHdopmalist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: IncTuTyT Ximii mosepxHi im. O. O. Uyiika HaiioHasnbHOi

akagemii HayK YKpainu

Koz 3a €JIPIIOY: 03291669

Micuesnaxomxennﬂ: ByJ. ['enepana Haymosa, 6yz. 17, Kuis, 03164, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonanbHa akazemist HayK YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: AkaneMivHuil

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpizBuine Im'sa ITo-6aTbKOBI

TOJIOBH paju

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBi

rOJIOBYIOYOrO Ha 3acigaHHi

BignoBigasibHHUI 3a HiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectpartop

KepiBHuk Bigginy YKpIHTEI, mpo €

BiZIOBiZaJIbHUM 3a peecTpallilo HayKOBOi

OisIIBHOCTI

T'op6ux ITeTpo IleTpoBuy

l'op6ux Iletpo IlerpoBuy

Hamok AHnpit Muxannosud

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



