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(yxp.)

HaykoBwuii inTepec 10 HaHopo3MipHux yacTMHOK (HY) OGmaroponnHux meraniB Ta yTBOPEHHX
MpU  iX OCa/DKEHHI PO3BUHEHHX METAIIYHUX TOBEPXOHb 3YMOBJICHUN iXHIMH YHIKQJIbHUMH
(GI3MYHUMHU BIIACTUBOCTSIMH, 30KpeMa MIJICUICHHSIM JIHIMHUX 1 HENIHIWHUX ONTHUYHUX SBUII B
CepeZIOBUILAX, [0 KOHTAKTYIOTh 3 TAKUMH HaHOCTpYKTypamu. Mopdooriuni xapakrepuctukua HY
BHU3HAUYAIOTh iX KATaNiTH4HI, CEHCOPHI, ONTHYHI BJIACTUBOCTI. B 3B’S3Ky 3 MM HAA3BUYAIHO
BOKJIMBUM € BHSBICHHA (AKTOPIB, BII SAKUX 3aJICKUTh MOpP(OJOris HAHOYACTHUHOK, SIKi
YTBOPIOIOTHCSA B 0araTOKOMIIOHEHTHOMY PO3UYHMHI 3 ypaXyBaHHSIM KiHETUYHMX SBUII B PO3UMHI Ta Ha
noBepxHi HY, mio 3milficHeHO B naHiii poOOTi 3a OMOMOTOK PO3BHHEHUX aBTOpaMH METO/IIB
YHCETbHOTO MOJICTIOBAHHS.

[TpoBeaeHo uncenbHE AOCTIIHKEHHS TPUBUMIPHOI MoJeni nudy31iiHOTO pOCTy HAHOYACTHHOK,
BHYTpilIHSA OyJoOBa SKUX BIANOBINAE KPHUCTATIYHUM TpaTkaM pi3HUX THIIIB. PO3risiHyTO
CaMOY3rO/UKEHY CHCTEeMY HAHOKPHCTal /HAaBKOJMILIHE CepeloBHIE. BpaxoBaHO IUHAMIKY
MOBEPXHEBUX YACTHHOK KJIACTEPy, SIKi 3 PI3HUM CTYINEHEM HMOBIPHOCTI MOXYTh 3MIHIOBaTH CBOE
MOJIOKEHHSI TIPH TIEPeXOil B CYCiHI BakaHCIi rpaTku abo BigpuBaThCs Bin moBepxHi. OTpumani
pe3yabTaTh JEMOHCTPYIOTh 0a30Bi HMPUHIMUIM KOHTPOMIO (OPMH 3POCTAIOYMX HAHOYACTHHOK 3
MMOYAaTKOBOTO si/pa MaJIuX po3MipiB. [TokazaHo, 1m0 7151 OJHIET 1 Ti€T )X KPUCTATIYHOI TPATKH MOYKHA
OTPUMYBAaTH HAHOYACTUHKU Pi3HUX (OpM; OTpPUMaHHS HaBiTh MNPaBHIBHUX OaraTOrpaHHUKIB
B1IOYBA€ETHCS B HEBPIBHOBAXXHOMY PEKHUMI; €BOJIOLIS GOpMHU KIacTepy MoxKe OyTH KOHTPOJIhOBaHA
3a JOMOMOTOI0 3MiHHM TEMIIepaTypu CHUCTEMH 1 KOHILIEHTpaAIllii BUIBHUX aTOMIB B CEPEIOBHII, IO
OTOYY€E 3pOCTAIOUMi KiacTep. BusBIEeHO, 1O YITKO BHU3HAYEHI TMOBEPXHEBI pucH OaxkaHOI
KOH(iryparlii npy BUpOIIyBaHHI HAHOCTPYKTYP Ha MIAKIAAI OTPUMYIOTHCS Ui BIIHOCHO BY3bKHUX
Jiara3oHiB 3HAYCHb MapaMeTpiB POCTY LISl BEJTWYWH, MOB'SI3aHUX 3 MIBHIAKICTIO AU]Y31i peYOBHHHU
Ha TIOBEPXHIO 1 TEMITEPaTypOIO.

Pe3ynbratu qociikeHb JEMOHCTPYIOTh MOYKIMBOCTI KOHTPOJIBLOBAHOTO CHHTE3Y, Moaudikarii
Ta YHOPaBIiHHA ONTHUYHHUMM XapaKTEPUCTUKAMH HAHOCTPYKTYpOoBaHHX cucteM. OjepikaHi
TEOPETHYHI BUCHOBKH BUKOPUCTAHO ISl PO3BUTKY METO/IIB KEPOBAHOTO (POTOXIMIYHOTO/TEPMIYHOTO
cuatesy HY Ag Ta AU B KOIOiZax Ta MPO30PHX IUTIBKAX KpPEMHE3eMY 3 BiZIOMOIO MOP(QOIIOTIE0
HaHOKJIACTEPiB.

(poc.)

Hayunsiii wHTEpec K HaHOpa3MmepHbiM dyactuniaM (HY) OmaropomHplx MeETaIOB |
00pa30BaHHBIX TMPH HMX OCAKICHHUM Pa3BUTHIX METALIMUECKUX IOBEPXHOCTEH OOYCIOBIEH HX
YHUKaIbHBIMU (PU3UUECKMMH CBOMCTBAMM, B YAaCTHOCTH YCHJICHMEM JIMHEHHBIX W HEJIMHEHHBIX
ONTUYECKUX SBJICHUA B cCpedax, KOTOpble KOHTAKTUPYIOT C TAaKMMHU HAHOCTPYKTYpaMH.
Mopdonoruueckue xapakrepuctuku HY onpenensitor ux KaTaTuTHUYECKHE, CEHCOPHBIE, ONTHYECKHE
cBoicTBa. B 3TOH CBs3M Upe3BBIYAWHO BAKHBIM SIBJISETCS BBIABICHHE (AKTOPOB, OT KOTOPBIX
3aBUCUT MOP(OIOrHs HAHOYACTHUL, KOTOpbIE OOpa3yloTCsi B MHOTOKOMIIOHEHTHOM pacTBOpE C
Y4€TOM KHMHETHYECKHX SIBJICHUM B pacTBOpPEe U Ha nosepxHocT HY, 4TO OCyIIECTBICHO B JaHHOMN
paboTe ¢ MOMOIIBIO Pa3BUTHIX aBTOPAMHU METOO0B YHCIEHHOTO MOJECINPOBAHHUS.



[IpoBeneHO dYHCICHHOE WCCIENOBAaHUE TpeXMepHOU Monxenu AudQy3moHHOTO pocTa
HAHOYACTHI], BHYTPEHHEE CTPOCHUE KOTOPBIX COOTBETCTBYET KPUCTAUIMYECKOM PpEIIEeTKE
pa3NUYHBIX THIIOB. PacCMOTpEHO CaMOCOIacOBaHHYIO CHCTEMY HAHOKPHCTAI / OKpyXKaromas
cpega. YuTeHa [IMHAMHKA IMOBEPXHOCTHBIX YACTHUI[ KJIACTEPa, KOTOPbIE C PA3HOW CTENEHbIO
BCPOATHOCTU MOTI'YT UBMCHATH CBOC IMOJIOKCHHUEC ITPU NICPEXOAC B COCCAHUC BAKAHCUH PCHICTKU WA
OTPBIBATHCA OT IOBEPXHOCTH. l[losydeHHBIE pe3ynbTaThl JEMOHCTPUPYIOT 0a30BbIC MPHHITUIIBI
KOHTPOJIA (bOpMBI PACTyIUX HAHOYACTHUILl U3 HAYaJIbHOT'O S/ipa MaJIbIX pa3MCpOB. HOKaSaHO, qTO 41
OJTHOM W TOM K€ KPHUCTATMYECKON PEIMIETKH MOXKHO TOJIYYHTh HAHOYACTHIIBI PA3THUYHBIX (HOpM;
MOJIYUYCHHUC NAXKE MPABUIIBHBIX MHOTOTPAHHUKOB MMPOUCXOJUT B HCPABHOBCCHOM PCIKUMCE; SBOJJIIOLUSA
(dhopMBI KacTepa MOXKET OBITh KOHTPOIHpPYEMa C TOMOIIBI0 U3MEHEHHUS! TeMIIepaTypbl CUCTEMBI U
KOHIICHTPALMU CBOOOJHBIX aTOMOB B Cpele, OKpYKAalOIIeW pacTymMid Kiactep. BbvIsiBiIeHO, 4TO
YETKO ONpE/CIICHHbIE IMOBEPXHOCTHBIE YEPThI JKelaeMOW KOH(GUTYpalluu TpU BbIPAIIUBAHUHI
HAaHOCTPYKTYp Ha IOMJIOXKKE IIOJYy4arOTCs Il OTHOCUTENIBHO Y3KMX JAHMAla30HOB 3HAYCHUM
rapaMeTpOB POCTa ISl BETWYWH, CBI3aHHBIX CO CKOPOCTHIO (G dy3Un BEIIECTBA HA MIOBEPXHOCTH U
TeMIEpaTypOu.

Pe3ynbTaThl HccienoBaHUM JEMOHCTPUPYIOT BO3MOKHOCTH KOHTPOJHMPYEMOIO CHHTE3A,
MOJTUGUKAIMHA U YIPABICHHUS ONTUYECKUMHU XapaKTEPUCTUKAMU HAHOCTPYKTYPUPOBAHHBIX CHCTEM.
HOJ’Iy‘IeHHHe TECOPCTUYUCCKNEC BBIBOJbI HMCIIOJIB30BAHBI [JId Pa3BUTHA MCETOAOB YIIPABIISIEMOI'O
¢doroxumuueckoro / tepmuueckoro cuHtesa HU Ag m Au B KOJUIOMAAX U MPO3payHBIX IICHKAX
KpeMHe3eMa C U3BECTHOU MOP(OIIOTHH HAaHOKJIACTEPOB.

(anru.)

Scientific interest in noble metals nanoparticles (NPs) and nanostructured metal surfaces
formed by their deposition is caused by their unique physical properties, including surface
enhancement of linear and nonlinear optical phenomena in the media in contact with such
nanostructures. Morphological characteristics of NPs determine their catalytic, sensor, optical
properties. Thus, it is of great importance to identify factors that affect the morphology of
nanoparticles formed in multicomponent solution with regard to kinetic phenomena in solution and
on the NPs surface. This is ecomplished in present work with help of numerical simulation methods
developed by the authors.

Numerical study of 3D model of nanoparticles diffusion growth, whose internal structure
corresponds to the different types of crystalline lattice is carried out. Self-consistent nanocrystals /
environment system is considered. Dynamics of cluster’s surface particles, which may change their
position at the transition to nearest neighbor vacancies or detach from the surface with various
degree of probability, is considered. The obtained results demonstrate the basic principles of shape
control of nanoparticles growing from the initial nucleus of small size. It is shown that for the same
crystal lattice nanoparticles of different shapes can be obtained; even regular polyhedrons are formed
in nonequilibrium growth mode; the cluster form evolution can be controlled by changing the
temperature and free atoms concentration in the environment surrounding the growing cluster. It is
found that well-defined surface features are obtained for relatively narrow ranges of parameter
values, for those quantities which are related to the on-surface diffusion rate and to temperature.

The research results demonstrate the possibility of controlled synthesis, modification and
management of optical characteristics of nanostructured systems. The obtained theoretical findings
are used to develop methods for controllable photochemical / thermal synthesis of Ag and Au NPs in
colloids and transparent silica films with known nanoclusters morphology.
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7. TloteHuiiiHi kopucTyBaui (rajay3i, MinicrepcTBa, niinpueMcTBa, opramisanuii).

PesynbTaTi 1OCHIIKEHD € aKTyaJIbHUMHU JUI IPAKTUYHOTO BUKOPUCTAHHS Y HAHOGIEKTPOHIll],
OMTOCNEKTPOHII, HAAYYTJIMBIA XIMIYHIA MIarHOCTHIN, MEIWIHMHI, (apMakosorii, eKoJorii,
KPUMIHAJICTULII Ta iHII. 3arnporoOHOBaHW B poOOTI METOJX CHHTE3y HAaHOYACTUHOK Ag Ta Au 3
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Bepxust maHenb: PexuM pocry i3ompoBamoi mipamimm must t = 22.5 x 10°, mis 3mauens
mapameTpiB N = 2x 10 3 p =0.7, = 2.0. Hwkns nanens: LmocTpaltiist 3pocTaHHs, 1110 TPOBOIUTHCS
JUIL 3Ha4YeHb 4acy, SKI N0 BUXOAATH 3a MEXI pexuMy “miaTo” (peXuMy pOCTy 130JIbOBaHHMX
KiacrepiB), s t = 27.5x 10°. JiarpamMu Ha BCTaBIll TOKa3yIOTh PO3TallyBaHHS T'€KCaroHaJbHUX,
nepeBaxkHo (111) opieHTOBaHUX NIIISHOK MOOIM3Y BEPLIMH JBOX TUIOBHUX MipaMiaabHHUX TMiKiB,
nmo3HaueHux A Ta B, 1110 J0csTau pi3HUX BUCOT HA OCTAHHIN CTajii 3pOCTaHHS.
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