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JIOKaJIi30BaHOT'O IIOBEPXHEBOTI'O IIJIa3MOHHOTI'O PE€30HAHCY

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

resonance

Pedepar:

1. MeTtoto po6oTHU € JOCTiIKEeHHS B3aEMO/ii MeTajleBUX HAHOYACTUHOK 3 €JIeKTPOMAarHiTHUM BUITPOMIHIOBAaHHSIM B
YMOBax IJIa3MOHHOTO PE30HAHCY 3 MOXJIMBICTIO iX IIOJAJIbIIOr0 BUKOPUCTAHHS B IPUCTPOSIX OPraHiqyHoi
€JIEKTPOHIKHU, 30KPEMA B COHSTYHUX €JIEMEHTAX. AKTYaJIbHICTbh pOOOTH OOYMOBJIEHA TUM, 10 B OCTAHHI POKU
IIYKA€ETHCS CIIOCIO OTPUMAaHHS IEeIeBOi Ta JOCTYIHOI eJleKTpoeHeprii. OCHOBHUM acCIIeKTOM SIKOI TAKOX €
€KOJIOTi4HICTb €JIEMEHTIB 3 SIKOi BOHA 100yBa€eThCsl. [IepCrieKTUBHUM HANIPSIMKOM J1JIs1 JOCJIiKEHb Ta OTPUMaHHS
TaKOi €Heprii € COHIYHi €JIeMEeHTU 3 OPTaHiYHUMU HaMiBIPOBiTHUKAMU. AIDKE TaKi COHSIYHI €JIeMEHTH MOXYTb OyTH,
e(peKTMBHUMU B IEPETBOPIOBAHHI €Heprii, THyYKUMH, €KOJIOTIYHUMH, Ta LOCTYITHUMU. [OJIOBHUM HANIPSIMKOM TaKUX

IOCJIiIPKEHDb € COHSIYHI €JIEMEHTH Ha OHOBi OPraHiYHUX HaIMiBIIPOBITHUKIB 3 iIHKOPIIOPOBAaHUMHU YaCTUHKAaMU METAIy,



a TaKOX ITPOLLECH 1O Bifi0yBaIOThCS B CEPENOBUIL HAMIBIIPOBIJHMKA Ta HA MOBEPXHi YACTUHOK. Y POOOTI
BUKOPHMCTOBYIOTBCS: MATEMATUYHUM arapaT Ta METOAM KJIACUYHOI €JIEKTPOJUHAMIKY B €JIEKTPOCTATUYHOMY
HaOJIMKEHHI, METO[] KIHEeTUYHOTO PiBHSIHHS boJibliMaHa B HabJIMKEHHI Yyacy peslakcallii, MeToJ; CKiH4eHHUX Pi3HULb
B 4aCOBill o6Js1acTi. B quceprauiiiHiil po6oTi, Mif, Yyac NpOBEeAEHHS AOCTiIKEHD, 6yJI0 OTPMMAHO HU3KY HOBUX Ta
BaKJIMBUX TEOPETUYHUX pe3ybTaTiB: 1. Crimpaoyrch Ha METOM, KIHETUYHOTO PIBHAHHS, PO3PaXx0OBaHO ONTUYHY
MPOBIIHICTh METaJIeBUX HAHOYACTUHOK chepoinanbHOoi popmuU Ta 3aJIeXKHICTh IMUPUHM JIiHii T0KaJ1i30BaHOTO
nsa3MOHHOro pe3oHaHcy (JIIIIP), Big nieseKTpUYHOI IPOBiAHOCTI OTOUYYIOUOT0 CEPENOBUILS 1151 COEPUIHUX
HAaHOYaTUHOK Ag. [TokasaHo, 10 i3 3pOCTaHHIM pajiycy cpepruyHOoi HAHOYACTUHKY WrpurHa JiHii JIITIP cyrreBo
3MEHIIYETHCS i OCIMIIIOE HABKOJIO IIEBHOTO PO3Mipy YaCTUHOK. 2. [IpoBeieHe, METOIOM CKiHYEHHOI Pi3HUILi B
yacoBill o6sacti (FDTD), yncesbHe MOZEII0OBAaHHS ONITUYHUX XapaKTEPUCTUK OPraHiuHUX COHSYHUX €J1eMEHTIB
(OCE) Ha ocHOBI noJ1i-3,4-€TUIEHIUOKCITIOPEH:TI0iCTepOJ Cyab(OHAT 3 iIHKOPIIOPOBAaHMMY HAHOYACTUHKAMU
METaJliB II0Ka3aJIo, IO iX NomaBaHHA B GOTOUYYTAMBUI AP 3HAYHO 36i/1bu1ye KoedillieHT OTJIMHAHHS CBiTIa
KOMipKOIO IIpU OiNIbIINX JOBXUHAX XBUJb (Bif 600 HM). HasBHicTh mikiB norsnvHanzs asg Cu 61u3bko 829 HM, Au
671M3bKO 625 HM, Ta Ag 6J1M3bKO 726 HM BKa3ye Ha HasIBHICTb JIOKaJIi30BaHOTO TIOBEHEBOTO IJIA3MOHHOI'O PE30HAHCY.
3. TlokazaHo, 10 OOJAaBaHHS MeTaJIeBUX HAaHOYACTMHOK (MHY) 10 CBIT/IOYYT/IMBOrO MAapy OPraHidYHOrO COHSTYHOTO
enemeHTy (OCE) nmocusioe OrJIMHAHHS HUMU CBITJIa, i Lie 3a71eXXUTh Bif, popmu Ta matepiany MHY. 4. [TokazaHo,
1110 B METAJIEBUX HAHOYACTUHKAX, PO3MipH SIKUX MEHII 32 OBXUHY BiJIbLHOIO IIPOGIry eJleKTpoHa B MeTaJleBiil
HaHOYACTUHIi, ONITUYHA TPOBIAHICTS i, BiANOBiAHO, KOedillieHT MOTJIMHAHHS CBiTJa CTAalOTh TEH30PHUMU
BesmuyrHaMu. OKpiM TOro KoeQilieHT NOTJIMHAHHS CBIiTJIa (JIa3€PHOTO BUIIPOMIHIOBAHHSI) METAJIEBUMU
HAaHOYAaCTUMHKaMU B YMOBaX IIJIa3MOHHOI'O PE30HAHCY, 3aJIe5KUTh Bifl iX popmu (uepe3 reomeTpuyHi pakropu),
IieJIEKTPUYHOI IPOHUKHOCTI OTOYYIOUOTO CEPENOBUIIA Ta TEH30Pa ONITUYHOI IIPOBITHOCTI METAJIEBOI
HAaHOYACTHUHKHU. 5. Po3paxyHku metonom FDTD nokasyioTs o, JIIIIIP, iHnyKoBaHWi HAHOYaCTUHKaMU, He TiJIbKU
IiABUILY€ CTYIiHb IIOTJIMHAHHS CBITJIa, ajie U 30i/blIye CTyIiHb fucoLialii eKCUTOHIB, 1[0 BUHUKAIOTH B
(OTOYYTIMBOMY 1Iapi OpraHiyHMX HAMiBIPOBIIHUKIB Mif Ii€l0 €JIEKTPOMarHiTHOro BUIIPOMiHIOBaHHSI.
[IponeMOHCTPOBaHO, 1O NPY BUTATHYTIN OpMi 4aCTMHOK (Mifi, cpibiia, 30510Ta), KoeilieHT OTrJIMHaHHS
3MEHIIYETHCS, B TOM 4ac SIK, IPU AOCIIiIKEHHS KPYIJIMX YaCTUHOK ab0 CILIIOCHYTUX 30i/1bLIyEThCS, IPUTOMY MOXKHA
PO3IJISIAATY MPUILIIOCHYTI YACTUHKMU SIK KJIACTePU CKyITYeHb YaCTUHOK. OniepsKaHi B poOOTi pe3ybTaTi MOXYTb
OyTy BUKOPUCTaHIi IPU CTBOPEHHI HOBUX (PYHKLIOHAJIBHUX MaTepiasliB 3 Harlepes 3aJaHUMU BJIACTUBOCTSIMU 7151
TBEPIOTILHOI MiKPOEJIEKTPOHIKU, TEXHOJIOTI] HAaMliBIIPOBIIHUKOBOIO BUPOOHNULITBA, KOHCTPYIOBAHHS OPraHiuHMAX
COHSIYHUX eJIeMEeHTIB. 30KpeMa, iHKOPIIOpYyBaHHS MeTaJIeBUX HAHOYACTUHOK B (POTOUYTIMBUI [Iap HA OCHOBI
nosnimepy IEJOT:IICC 103BOAUTb IOMITHO 36ibIMTH KOe(illieHT KOPUCHO] i TaKUX OpPraHiYHUX COHSUHUX
esieMeHTiB. Kilt040Bi c10Ba: MeTasieBi HAHOYACTUHKY, [TOTJIMHAHHS, €JIEKTPOMAarHiTHe BUIIPOMiHIOBaHHS,
JIOKaJIi30BaHMM [IOBEPXHEBUI IJIA3MOHHNY PE30HAHC, €JIEKTPOHY, IIJIA3MOHU, KIHETUYHE PiBHSHHS,

BUIIPOMiHIOBaHHS

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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IloBHE HaliIMEHYBaHHS IOPUAMYHOI 0COOH: HCTUTYT Ximii moBepxHi im. O. O. Uyiika HanjioHanbHOi

akagemii HayK YKpainu

Kop, 3a €JIPIIOY: 03291669

Micuesnaxo,rperHﬂ: ByJ. 'enepana Haymosa, 6yz. 17, Kuis, 03164, Ykpaina
dopma BracHOCTI: JlepxasHa

Coepa ynpaBiiHHS: HaujoHanbHa akazemist HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

Biacue Ipizsume Im's [10-6aTbKOBI l'op6ux Tlerpo Ilerposiy
rOJIOBH pajgu

ByiacHe IlpizBumie Im's I1o-6aThKOBI T'op6ux Tlerpo Ilerposuy
rOJIOBYIOYOTO Ha 3aCiflaHHi

BigmoBizasibHU 32 MiATOTOBKY Hauiok AHZpiit MuxainoBuY
00JIIKOBHX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKOBOi IOpuenko TeTsHa AHaToiiBHA

OisSIIBHOCTI




