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Pedepar:

1. Incepraniiina po60Ta IPUCBIYeHA BUBYEHHIO BJIACTUBOCTEN MeTaJleBUX HAHOYACTHHOK Ha OCHOBI cpiba Ta
30JI10Ta, @ TAKOX XaJbKOTEHIJHUX KJIaCTepiB, iIHKOPIIOPOBAaHUX Y MOJiMepHY MaTpuLo. OnHielo 3 HailbinbII
BRXJIMBUX IPOGJIEM 6i0CEHCOPHUX TEXHOJIOTIHN € POopMyBaHHS 6i0po3Ii3HaI0u0i MEMOPaHHU, SIKa MiCTUTb
iMMOOGii30BaHi 6ioesieMeHTH, 30KpeMa, GepMeHTH. B ocTaHHi poKr 0COOIMBUI IHTEPEC BUKJIMKAE BUKOPUCTAHHS
HAaHOPO3MIipHUX MaTepiajiB y oeqHaHHi i3 6i0CeNIeKTUBHUMHU eleMeHTaMy (pepMeHTaMu) [1Ji pO3poOKU
TEXHOJIOTI! oflepKaHHS 6ioHaHOMaTepiasiB 3 KaTaliTUYHMMU BJIACTUBOCTSIMU. 1]e 3yMOBJIEHO TUM, 11I0 OCHOBHI
0CO6IMBOCTi HAHOPO3MiPHUX MaTepiasliB MOJIAraloTh y TOMY, 110 BOHU MAIOTh BEJIMKY IIJIONLY IIOBEPXHi, 3IaTHICTb
IO ancopOuii, yTBOPEHHS MIlIHUX 3B'SI3KiB i3 aCOp60BAaHMMY YaCTUHKAaMU Ta BUCOKY €JIeKTPOXIMiUHY aKTUBHICTb.

[TligBuineHa 30aTHICTb 10 iIOHHOTO OOMiHY JJa€ 3MOT'y CTBOPEHHSI 6i0HAaHOYACTHHOK (3B’13aHMX (DEPMEHTIB Ha



IIOBEPXHi HAHOYACTUHOK) 3 iX MOJAJIbIIMM BUKOPUCTAHHSM Y 6i0ceHcopULi. O4iKyeThbCs, 110 HAHOKOMIIO3UTHI
IapH, B SIKUX [TOJIiMEpHA MaTpHUlis € OCHOBOIO, iIMIVIAHTOBaHA MeTajleBUMHU HaHOYAaCTUHKaMU Ta /4
HaMiBIPOBiIHUKOBUMHU KJlacTepaMy, 10Ope yTpUMalOTh iMMOOGisTi30BaHUI (PEPMEHT B cepeiHi 6i0po3Ni3HaYoi
IIJTiBKY 1 MaTUMYTb [TOKPAIlEHi €JIeKTPOXiMiyHi Ta MEXaHi4YHi BJIaCTUBOCTI. B po6OTi BCTaHOBJIEHO 3aKOHOMIPHOCTI
€BOJIOLi] iOHIB CPi6J1a, IMIITIAHTOBAHUX Y YACTY MOJIMEPHY MATPUILLIO i IOJIIMEPHY MAaTPUILIO, SIKa MiCTUTb y CO6i
XaJIbKOTeHiHI KnacTepu. B pe3ysbTaTi i0HHOI iMIslaHTawii Ag B rosliMepi 3 iHKOPIIOPOBAHMMU XaJIbKOT€HiTHUMU
KJIacTepaMu BUSIBJIEHO (POPMYyBaHHS TiOpHUIHUX cucTeM As2S3+Ag, IpUYoMy aficOpOOBaHi XaabKOT€HiTHUMU
KJIaCTEpPaMU i0HU Ag YTBOPIOIOTb HAHOUACTUHKYU. BCTaHOBJIEHO [1030BY 3aJI€5KHICTh HAKOIIMYEHHS aJiICOPOOBAHUX
ioHiB Ag y XaJIbKOTeHiIHUX KJIacTepax i 3alpOlIOHOBAaHO KiHETUUHY MoZiesib (OPMYBaHHS riGpUAHUX CUCTEM
As2S3+Ag y nosnimepHiit MmaTpuli. BuB4eHO KaTasiTU4Hi BJaCTUBOCTI PePMEHTA, 3B’13aHOTO 3 HAHOYACTHHKaMU
30JI10Ta, B 3aJIEKHOCTI Bifj pO3MipiB HAHOYACTUHOK 30JI0TA i IX CTPYKTypU. BcTaHOB/EHO, 1110 (epMEHTATUBHUN
eeKT ITOCUJIIOETHCS i3 BMEHIIEHHSIM PO3Mipy HAHOYACTHHOK 30JI0Ta 32 YMOBU 30€PE’KeHHS! iX KpUCTalIiqHOl
cTpyKTypu. [TokazaHo, 1110 BUSBIIEH] BJIaCTUBOCTI HAHOYACTUHOK CpibJjia Ta 30710Ta MOXKYTb OYTH BUKOPUCTAHI 117151

BOOCKOHAJIEHHA Ta CTBOPEHHS HOBUX 6iOCCHCOpHI/IX CHUCTEM.

2. Thesis is devoted to the study of the properties of metal nanoparticles based on silver and gold, as well as
chalcogenide clusters incorporated into the polymer matrix. A new direction of analytical technology is the
development of biosensors - bioanalytical devices that combine the best features of bioelements (selectivity), as
well as physical transducers (high sensitivity and accuracy). One of the most important problems of biosensor
technologies is the formation of a biorecognizable membrane that contains immobilized bioelements, in particular
enzymes. Biosensors are not only the subject of basic and applied research, but also an important commercial
product of industrialized countries. In recent years, the use of nanosized materials in combination with
bioselective elements (enzymes) for the development of technologies for the production of bionanomaterials with
catalytic properties is of particular interest. This is due to the fact that the main features of nanosized materials
are that they have a large surface area, the ability to adsorb, the formation of strong bonds with adsorbed particles
and high electrochemical activity. Increased ability to ion exchange allows the creation of bionanoparticles (bound
enzymes on the surface of nanoparticles) with their subsequent use in biosensors. It is expected that the
nanocomposite layers, in which the polymer matrix is the base implanted with metal nanoparticles and /or
semiconductor clusters, will retain the immobilized enzyme well in the middle of the biorecognizable film and will
have improved electrochemical and mechanical properties. It is assumed that the modification of such
nanocomposite layer of working electrodes will combine the total ability of nanoparticles/clusters and the enzyme
to promote enzymatic and electrochemical reactions, as well as increase the life of the coated bioelectrode.
Development of new polymeric materials with the necessary characteristics and their subsequent application in
biosensors is of fundamental importance. The development of nanotechnology allows creating bioselective
elements based on metal nanoparticles and semiconductor clusters. Such approaches help to achieve a high
concentration of the enzyme in the biorecognizable membrane, and thus expand the range of linearity and
increase the sensitivity and selectivity of the biosensor to the studied analytes. Therefore, the study of the
properties of metal nanoparticles and semiconductor clusters in polymer composites is an urgent problem, in
particular, for the creation of highly efficient biosensor systems. In the thesis, the regularities of the evolution of
silver ions implanted in a pure polymer matrix and a polymer matrix containing chalcogenide clusters are
established. By using local X-ray spectral analysis, it is found that implanted silver ions are adsorbed by As2S3
clusters. Thus, hybrid systems As2S3+Ag are formed, which play an important role in the creation of new
amperometric biosensors. A kinetic model of the formation of hybrid systems As2S3+Ag in a polymer matrix is
proposed. This takes into account the role of radiation-stimulated diffusion of implanted silver ions, which
establishes a stationary uniform distribution of silver ions in the process of ion implantation. Thus, in the layers
surrounding the chalcogenide clusters, the ion density is the same as in the surrounding space. The solution of the
kinetic equations gives the dose dependence of the accumulation of adsorbed Ag ions in chalcogenide clusters and
the formation of As2S3+Ag clusters. The interaction of Au nanoparticles with the enzyme laccase is studied. The
optimal ratio of nanoparticle and enzyme volumes is determined. A nonlinear relationship is established between



these volumes by which the volume of bound enzyme on which its catalytic activity depends can be regulated. The
catalytic properties of gold nanoparticles depending on their size and structure are studied. It is found that the
enzymatic effect increases with decreasing size of gold nanoparticles, provided that their crystal structure is
preserved. Therefore, XRD analysis of gold nanoparticles was performed to confirm their crystal structure. Studies
showed an increase in the sensitivity of bioelectrodes of laccase-based amperometric biosensors using enzyme-
bound gold nanoparticles. These bionanoparticles combine with the polymer matrix of the ureasil /As2S3
composite, forming a polymer-enzyme-metal nanoparticles system that enables the sensor to function. It is shown
that the discovered properties of silver and gold nanoparticles can be used to improve and create new biosensor
systems.
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