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($beMTOCEeKyHIHOMY JIa3€PHOMY 36YAKEHHI .

2. Transient and nonlinear optical processes in media with gold nanoparticles under femtosecond laser excitation.

Pedepar:

1. Incepraujiiina po60oTa IpUCBIYeHa JOCiIKEHHIO 3MiH OIITUYHUX BJIACTUBOCTEN HaHoYacTMHOK (HY) Au pi3Hoi
dopmu mif giero GeMTOCEKYHIHUX JIA3€PHUX iMITYJIbCiB. BUCOKaA MIBUIIKOLiSl ONTUYHOTO BifryKy meTtaneux HY
pOOUTH Taki CUCTEMH NEPCIIEKTUBHUMM [1J151 HAOIIBUIKUX (CyOIIIKOCEKYHIHMX) ONITUYHUX €JIeMeHTIB. JlociigKeHHs
IIPOBOJIMJINCH Ha TakuX 06'ekrax: HY cdepuynoi Gpopmu B 1y1aBieHOMY KBaplii; BOLHI KOs0igHi po3unHu HY
cepuynoi popmu; BoHI KosoigHi pozunny HY nuninapuynoi popmu. [y BUBUEHHS 3MiH ONITUYHUX
BJIACTMBOCTEN B CyOITiIKOCEKYHIHOMY YaCOBOMY [lialla30Hi BIOCKOHAJIEHO YaCOPO3TiabHi METOIVKU NOCiIKEHHS
3MiH HaBeJeHOTro IOIJIMHAHHS - "30yI)KeHHSI-30HAyBaHHS" Ta BTOPUHHOTO BUIIPOMIHIOBaHHS ~"ONTUYHUN
KeppiBCbKUil 3aTBOP". JOCHiIKEHO CynyTHI e(peKTH, 1110 BUHMKAIOTh [IPY BUKOHAHHI JOCTiIKeHb 33 [UMU
METOJIMKaMHU, Ta IPOBEIEHO TEOPETHUYHI PO3paxyHKH €(PEKTUBHOCTI Ta 4YaCOBOI PO3iJIbHOI 31aTHOCTi METOAUKHU
"ONITUYHOT O KEPPIBCHKOTO 3aTBOPY". EKCIEpUMEHTANIBHO AOCIIIKEHO HABENEHI 3MIHM ONITUYHUX BJIACTUBOCTEN

cepenosui 3 3os0TuMu HY micsis B3aemoaii 3 peMTOCEKyHIHUM JIa3€PHUM BUIIPOMIHIOBAHHSIM 3 €HEPri€lo



immysibey Big, 1 Mkk mo 120 Mx/Dx. [TokazaHo, mo micss Takoi B3aemMoii BiioyBaeThCs 3MEHIIEHHS iIHTEHCUBHOCTI
I1IJIa3MOHHOI CMYTH IIOTJIMHAHHS Ta 361/1bLIeHH ii crieKTpaibHOI MpUHU. [IpoBeieHo YucesibHe MOZeJII0BaHHS
PO3irpiBy €J1IeKTpOHHOro rasy Ta rpatku HY nin giero peMTocekyHIHNX J1a3epHUX iMITYJIbCIB Ta BilIOBIIHUX 3MiH
IieJIeKTpUYHOI (PYHKIIiI 30J10Ta 3 BpaXyBaHHSIM Mi’K30HHUX N1€PEXOMiB. BCTaHOBJIEHO, 1J0 €KCIIEPUMEHTAIBHO
3apeecTpoBaHe 36i/bLIEHHS Yacy peJsakcallii ONTUYHUX BJIaCTUBOCTEH Bif 2 1ic 110 10 1ic npu 36ibLIeHH] I'yCTUHA
eHeprii imnysecy 36ymxenss Bin 0,2 MK /cM2 1o 1,2 MK /cM2 BUKJIMKaHe 3MiHOIO TEIJIOEMHOCTI €JIEKTPOHHOTO
rasy 30J10Ta IIpy MOro posirpisi. OKpim LbOro BUSABJIEHO HE3BOPOTHI 3MiHU ONTUYHUX BIIACTABOCTEN KOJIOIHHUX
PO34MHIB 30JI0TUX HAHOLMJIIHJIPIB, 110 CYIIPOBOKYBAJIMCh 3MIHOKO KOJILOPY Ta CIIEKTPiB ONTUYHOI I'YCTUHU
IOCIIIPKEHNX 3pa3KiB. BUKOPHCTOBYI0UM METOJ, €JIEKTPOHHOI MiKPOCKOIIii, BCTAHOBJIEHO, IO TaKi 3MiHU
BifOyBaloThCs yepe3 3miny popmu HY Big nuningpuyHoi 1o chepuyHoi BHACHiOK M1aBneHHs HY nig nieto

JIa3epHUX iMITyJILCIB.

2. The work presents the results of experimental study of changes of optical properties of gold nanoparticles under
femtosecond laser excitation. Fast optical response of metal nanoparticles in comparison with semiconductor
devices is associated with a small lifetime of localized plasmons. This makes such systems promising for ultrafast
(subpicosecond) optical elements. There were investigated spherical gold nanoparticles in fused silica; aqueous
colloidal solutions of gold nanoparticles of spherical shape; aqueous colloidal solutions of gold nanorods. In order
to measure changes of optical properties in subpicosecond time domain time-resolved techniques of transient
absorption "Pump-probe” and secondary emission - "optical Kerr gate" were improved. Detailed experimental and
theoretical investigations of accompanying effects during these measurements were done and temporal resolution
and efficiency of "optical Kerr gate" are presented. The experimental study of transient optical properties of gold
nanoparticles in different media affected by the femtosecond laser pulses with energy from 1 uJ to 120 uJ is
presented. It is shown that after the interaction of femtosecond laser pulses with gold nanoparticle the intensity of
the plasmon absorption band decreases and the spectral width increases. Numerical simulations of heating of the
electron gas and the lattice of a nanoparticle under the influence of the femtosecond laser pulses and
corresponding changes of gold dielectric function taking into account interband transitions are presented. It is
shown both experimentally and theoretically that the rise of the relaxation time of the optical properties from 2 ps
to 10 ps with increasing the excitation pulse power density from 0.2 mJ/cm2 to 1.2 mJ /cmz2 is caused by the
change of the heat capacity of the electron gas of the gold nanoparticle. Under high-intensity laser irradiation gold
nanorods have also irreversible changes of the absorption spectrum and hence the colour of the solution. TEM
images show partial transformation of nanoparticles from cylindrical to spherical shape.
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