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Pedepar:

1. PoboTa npucBsiueHa BCTAaHOBJIEHHIO 3aKOHOMIpHOCTel ¢GopMyBaHHs Ta cTabisnizalii cucteM nosiQyHKLIiOHAbHUX
HAaHOCTPYKTYPHHUX MaTepiajliB Ha OCHOBI 61aropoHUX MeTaliB. PO3p06IeHO eKCIIepUMEHTAJIbHI MiAX00! AJ1s
CIIPSIMOBAHOTO CUHTE3y HAHOYACTUHOK CPibJla Ta 30JI0Ta, a TAKOXK iX 6iMeTaseBUX KOMIIO3ULIi, Ta OAEP>KaHO
6i0JIOTiYHO aKTHMBHI HAHOCUCTEMU HA iX OCHOBi 3 KEDOBAaHMMU ONITUYHUMU BJIACTUBOCTSIMU Ta MOP(DOJIOTi€r0.
3anpornoHOBaHO eKCIIEPUMEHTAIbHUM MifXif 1715 oflep>KaHHS HaHoyacTMHOK (HY) 30710Ta y BOIHOMY cepefoBulLli y
IIPUCYTHOCTI aMiHOKUCJIOTY TPHMPOJHOTO [IOXOKEHHS TPUIITO(PAHY SIK 6i0CYyMiCHOTO BiTHOBHMKA MOHIB METAJIB i
cra6inizaropa yrsopeHux HY. [lokasaHa e(peKTUBHICTb TaKOTO MiIX0AYy B 6i0XiMIUHUX AOCTIIKEHHSIX, & CaMe:

BUSIBJIEHO, 1J0 3aCTOCYBAHHS aMiHOKNCJIOTHU [03BOJIsSIE TI030yTHCSI TOKCUYHOTO BIUIMBY PEareHTiB, sIKi 3a3BUyai



BUKOPUCTOBYIOTbCS B ITpoLieci cuHTe3y HY, TuIy CujIbHUX BiJHOBHUKIB Ta CTabii3aTOPIB y BUIJIAL] IOBEPXHEBO-
aKTUBHUX PeYOBUX. BupimeHa BakyivBa rmpobsaemMa cTabisnizalii HAHOYaCTHHOK MeTaJliB y Takiil cuctemi Ta
IOCSICHyTa TpYBaja CTilKicTh po3unHiB (6inbuie 3 pokis). [TokazaHo, 10 AJ1 ofep>kaHHs CTabiIbHUX i
MOHOJMCIIEPCHUX HAaHOYACTHUHOK, XiMiuYHe BiZHOBJIEHHS IOHIB METaJliB HEOOXiTHO IPOBOIUTH Y JIy’)KHOMY
CcepenoBulli IpY TeMIieparypi KuminHA. [Ipy bOMy KOHTPOJIb IIapaMETPIB O ep’KaHUX HAHOYACTUHOK
BU3HAYAETHCS BUXiTHUMU KOHLIEHTPALiIMU Ta CIiBBiTHOIIEHHSIMU PEAreHTiB. Y CUHTE30BaHUX CUCTEMaxX
YTBOPIOIOTbCS CPEPUYHi YaCTMHKU Po3MipoM 110 30 HM, IO HiATBEPIKEHO METOLOM €JIEKTPOHHOI Mikpockomii. 3a
IaHMMU a6COPOLINHOI Ta Mac-CIIEKTPOMETPIil BU3HAYEHO, 110 TPaHCPOpMallis TPUNITOPAHY B TAKMX CUCTEMAX
IIPOXOJUTD Yepes KiHypeHiHOBUIA MIJISX, AaHAJIOTIYHO [0 I1IePeTBOPEHHS aMiHOKMCIIOTU B OpraHiami moaunu. To6To i
Tpunrtoday, i IPOLYKTU MOr0 OKUCHEHHS € 6i0CyMiCHMMU i CIIPUSIIOTh 3HMXEHHIO TOKCUYHOCTiI HAHOOO €KTIB.
Bu3HaueHO ONTUMAJIbHI €KCIIepUMEHTAJIbHI YMOBH [J151 OJl€P>KaHHS Psly CTabiJIbHUX MOHOMETAJIEBUX i
6iMeTaseBMX HAHOYACTUHOK THUITy CIUJIABY 3 Pi3HMM CHiBBiJHOIEHHSIM METaJIiB Ta IPOJAEMOHCTPOBAHA 3aJI€XKHICTb
iXHbOI 610JI0TiYHOI aKTUBHOCTI Bifl, BMiCTy METaJliB Y HAHOYACTHHIIi B €KCIIepUMEHTAaX Ha KJIITUHHUX JIiHisX (in vitro).
[TokaszaHo, mwo cknag HY e pakTopom, 1110 BU3HAYAE K ONTHUYHI BJIACTUBOCTI (II0JIOXKEHHSI CMYTH JIOKaJli30BaHOT O
IIJIa3MOHHOTO PE30HAHCY B CIIEKTPax MOIVIMHAHHS), TaK i IPOTUNYXJIMHHY akTuBHiCT HY. HaHOpO3MipHi cucTemMu
MeTaJliB MaloTh XapaKTepHe >XOBTe (Cpibiio) Ta YepBoOHe (30J10TO) 3abapBJIEHHS, IO Bi0OPaKa€eThCs Y CIIEKTPax
IIOTJIMHAHHS K CMYTY JIOKaJ1i30BaHOTO [10BEPXHEBOTO I1J1a3MOHHOTO0 pe3oHaHcy (JITIITP) meTanis i3 Makcumymamy,
PO3TallOBaHUMU Y BUAMMIN o6s1acTi mpu 420 Ta 525 HM BifnosigHo. Y Bunaaky 6imeranesux HY «cpibso/30710T0»
(AgAu) Tuny cnimaBy Makcumym cmyru JIITIP po3MingyeTbest Mixk MAKCMMyMaMU CMYT iHIMBilyaJIbHUX METAliB, i
3aJIEXKUTbD Bif iX BMICTY B YaCTHHL — CMyTa 3MilllyeTbCsl y JOBIOXBUJIbOBY 00JIaCTb (Bif, XapakTepHUX [J1s1 CpibJia Jo
TaKUX 7151 30J10Ta) IOCTYIIOBO Y BiATIOBIHOCTI 3i 3MEHIIEHHSIM MOJIbHOTO CIIiBBiJHOIIEHHS METANiB Ag:Au y
HaHovacTUHI. OnepskaHo 6iMeTaeBi HAHOYACTUHKU «CPibJI0/30JI0TO» TUITY «SAIPO-000JIOHKAY, 17 YOTO
BUKOPHUCTAHO METOJ, [TOCJIiJOBHOTO BiJHOBJIEHHS iOHIB MeTasiB. Taki HY xapakTepusyloTbCs HasIBHICTIO OJIHi€l
cmyru JIIIIP y ciekTpax MOrJIMHAHHS, a ii I0JIOKEHHS 3aJIeXXUTh Bif po3noainy meraniB y mexax HY. [1po
YTBOPEHHSI 000JIOHKM METaJly Ha TIOBEPXHI iHIIOrO CBiUATh BUHMKHEHHS HOBOi cMyru nornuHaHHs JITIP nicis
3HUKHEHHSI CMYTH IOTJIMHAHHS TI0NlepeIHbO CPOPMOBAHOTO «sifpax. Takuil polec BifdyBaeThCs A1 000X CUCTEM
Ag sanpo Au o60s10HKa Ta Au s15po Ag 060s10HKa. [ToKa3aHo, [0 CKJa, i TOMOJIOTisi HAHOYACTUHOK € haKkTopaMu, sIKi
BM3HAYaIOTh iX IPOTUIYXJIMHHY aKTUBHICTb. BUSIBIEHO, 110 B yMOBaX €KCIIEPUMEHTY in Vivo 3 KApLIMHOMOIO JIET€Hi
JIptoic Mu1eii Han6inbL eeKTUBHI 6iMeTasieBi HAHOUACTUHKY TUITY Ag Si1po Au 060JI0HKA, SIKi MOXYTb CTaTU
OCHOBOIO €(PE€KTMBHUX NPOTUIYXJIMHHUX HAaHOMaTepiasiB. 17151 ofep>kaHHS HU3bKOTOKCUYHUX BUCOKOE(EKTUBHUX
HAaHOYAaCTUHOK METaJiB, y TOMY YXCJli HAHOCTPYKTYP TUIIY «SAPO-000JI0HKa», pO3p00JIeHO MeTo, (POTOXIMIYHOTO
BiJHOBJIEHHSI IOHIB ME€TaJly B IPUCYTHOCTI TPUIITO(aHy 3 BUKOPUCTAHHSM CBiTJIa yIbTPadioseTOBOro Aiara3ony,
sIK€ aKTUBY€ OKMCHO-BiJJHOBHUI IIPOLLECC NPU HMXKYKX TEMIIEPATYPaXx i JO3BOJISE€ 3MIHIOBATY XapaKTEPUCTUKU
oznep>xyBaHux HY 3asesxHo Bif mapameTpiB OIIpoOMiHEHHS CUCTeMU. 3allpOIIOHOBAHO XiMIYHUH Ta POTOXIMIYHUN
METOJI CUHTEe3Y PS4y MarHiTo-I1JIa3MOHHUX HAaHOCTPYKTYP, 5IKi MiCTSITh MarHiTHe s7po okcuay 3aiisa (Fe304) ta
060JI0HKY 6J1arOPOJIHOTO METaJly Ta II0Ka3aHa MOXJIMBICTb 3aCTOCYBAHHS PO3POOJIEHUX CUCTEM SIK 3aCO0IB
KEPOBAHOI IOCTaBKU Ta poToTepMasbHOi Teparii. Kiito4oBi cioBa: HAHOYAaCTUHKY METAJIiB, JIOKATi30BaHUM
II7Ia3MOHHUI pe30HaHC, HAHOPO3MIipHI CUCTEMHU, 30JI0TO, CPibJI0, GiMeTasleBi, HAHOUYACTUHKU TUIIY CIJIaBY Ta «SPO-

000J10HKa», TpUITOodaH, 6i00riyHa aKTUBHICTb, MAarHiTO-TJIa3MOHHI HAHOKOMITO3UTH.

2. The work is devoted to the defining of regularities of formation and stabilization of polyfunctional
nanostructured materials based on noble metals in the presence of the essential amino acid tryptophan (Trp) as a
biocompatible bifunctional agent for the reduction of metal ions and stabilization of formed nanoparticles (NPs).
Experimental approaches for the directed chemical and photochemical synthesis of nanoparticles of silver and
gold, their bimetallic compositions, as well as magneto-plasmonic nanocomposites [Fe304/M] in an aqueous
medium have been developed, and biologically active nanosystems with controlled optical properties and
morphology have been obtained. It was found that the use of Trp during the synthesis of metal NPs eliminates the
toxic effects of obtained nanosized systems due to avoiding the use of common reagents such as strong reducing
agents and stabilizers like surfactants. The effect of pH of the medium of the initial components, as the main factor



influencing the properties of the formed NPs, in particular optical properties (localized surface plasmon resonance
band characteristics), surface charge (zeta-potential) and size distribution, was analyzed (due to the existence of
cationic, neutral and anionic states of tryptophan formed at different pH and the formation of metal
hydroxocomplexes). An important problem of stabilization of metal NPs in such systems is solved and long-term
stability of solutions (more than 3 years) is achieved. It is shown that in order to obtain the most stable and
monodisperse NPs, chemical reduction of metal ions must be carried out in an alkaline medium at boiling
temperature. Nanoscale metal systems have a characteristic yellow (silver) and red (gold) color, which is reflected
in the absorption spectra as bands of localized surface plasmon resonance (LSPR) of metals with maxima located in
the visible region at 420 and 525 nm, respectively. In the case of bimetallic AgAu NPs of alloy type with different
metal ratio (AuAg(3:1), AuAg(1:1) Ta AuAg(1:3)), the maximum of the LSPR band is located between the maxima of the
bands inherent to the individual metals, and depend on their ratio of Ag:Au in the nanoparticle. It is shown that the
use of polimer pluronic F68 used during the synthesis as an additional stabilizer allows to increase the metal
content in the nanoscale system up to 40 times (CM = 4-10-3M), which corresponds to the value of 0.4-0.8 mg/ml
of metal, when particles do not lose nanoscale and retain the initial optical characteristics. Bimetallic AgAu
nanoparticles of the core-shell type were obtained using the method of sequential reduction of metal ions. Such
NPs are characterized by the presence of a single LSPR band in the absorption spectra, and its position depends on
the distribution of metals within the NPs. The formation of a metal shell on the surface of another particle is
evidenced by the appearance of a new absorption band of LSPR after the disappearance of the absorption band of
the pre-formed core. This process occurs for both the Ag core Au shell and Au core Ag shell systems. It is shown
that the composition and topology of NPs are factors that determine their antitumor activity. It was found that in
the conditions of in vitro and in vivo experiment (with mouse Lewis lung cancer), the most effective bimetallic NPs
where AuAg(3:1) and Ag core Au shell, that can become the basis of effective antitumor nanomaterials. To obtain
low-toxic and highly efficient metal NPs, including nanostructures of the core-shell type, a method of
photochemical reduction of metal ions in the presence of tryptophan using ultraviolet irradiation with o = 280 nm is
proposed, which activates the redox process at lower temperatures due to excitation of photoactive indole moiety
of Trp. It is shown that this approach allows to accelerate the process of NPs formation up to 2-10 times
(compared to chemical reaction), depending on the experimental conditions (irradiation power, exposure time and
temperature), and obtain stable nanosized metal systems with defined particle size (25-50 nm), due to the
influence on the initial stage of the process - the reduction of metal ions. Chemical and photochemical methods
for the synthesis of the [Fe304/Au] magneto-plasmonic nanocomposites (MPNC) with a core-satellite structure
have been developed. The presence of nanosized iron oxide allows magnetic field induced concentration of MPNC
with further increase of optical response of obtained systems in longwavelength region (800-1000 nm) due to the
formation of MPNC aggregates. It has been demonstrated in vitro that laser irradiation of MPNC attached to the
surface of HeLa cancer cells leads to the photothermal effect of gold. Key words: metal nanoparticles, localized
plasmon resonance, nanoscale systems, gold, silver, bimetallic, nanoparticles of the alloy and core-shell type,
tryptophan, biological activity, magneto-plasmonic nanocomposites.
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