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ABSTRACT
D.V. Snihko. The concpt o construction of sensor systems using
nanghotonc and nanokecrochemicé technologiesi Qualifying scientific work
on the rights of the manuscript
Thedissertation fo competition br thedoctor oftechntal scienceslegre on
specialty 05.2706 - technobgy, the equpment and manufacture of lectronic
technics- the Khakiv NationalUniversity of Radio Eletronics Khakiv, 2021.

Various sensory systems are an important element in the study of the universe
One of the imprtant places is occupied by seng systems of chemical analysis,
which are aimed at studying the component composition of liquid samples. The
expansion of the gt of substances known to science raises the question of creating
appropriate  methods for tine determination and monitoringMethods of
electrochemical and optical analysis have proven to be the most common analytice
methods.

The dissertation contains the results of theoretical and experimental researche
directed on the development of the cqgrtcef technological bases of these of
nanophotonic and nanoelectrochemical technologies for the creation of sensor
systems. Their ggication allows to improve the analytical characteristics of the
systems, to expand the functionality, whicbliudes ircreasing the range of objects,
substances that can be studied. Thus, the issue of development, improvement ar
development of technologs, equipment for the production of electronic equipment
in the field of sensors is solved.

The work aims to build theotcept of a sensor system usirgnotechnology,
photonic and electrochemical technologies, their theoretical foundations, taking inta
account the applied aspects of use in solving current problems.

To achieve this goal, the following tasks are solved:

- to systematize promising analyticalethods for their implementation in the
format of sensor systems, which included substantiatioregribspects of methods

of electrochemicakchemiluminescentlectrogenerated chemiluminescanalyss,



andultrafast wltammetry;

- to consider the influence of nanotechnology on the featofeshe
development of modern analytical instruments, in particular, sensors for studying
the compositn of liquid samples;

- to develop the concept of creating an analytical sysiang appropriate
nanotechnologies, combined with effective analyticahmes;

- to develop a model and perform computer calculations of the formation of
sensory structures ad on electrodes with a functionalized surface;

- to develop the concept of csiruction of ultrafast potentiostat as an
instrumental basis of hanoelemthemical methods for ultrafast voltammetry;

- to synthesize the circuit implementation in accordanitk the developed
concept of construction of ultfast potentiostat, which ihades theoretical, by
modelling the functional behaviour of the propose&duit implementation in CAD
"Multisim 12.0" from Texas Instrument, Co. and experimental studies ef th
characteristics of the developed ultrafast potentiostat.

- to investigate th@ractical aspects of the use of ultrafast potentiostat in the
methods of anoelectrochemistry and the possibility of its combination in an
analytical system using photonic tedfogies, in particular, the method of
electrogenerated chemiluminescence;

- to consider aspects of the use of various optical radiation sensors for the
construction of analytical systems, especially those that use the phenomenon c
electrogenerated chemihinescence.

The result of solving these problems was to obtain the followsdtse

For the first time the concept of construction of ultrafast paist#t for the
realization of highspeed methods of electrochemical analysis using Rjicro
ultramicro and nanoelectrodes as sensors based on the principles afastade
connectims, ohmic drop compensation for the amplifier controlling the counter
eledrode of the sensor. For this purpose, the analysis of principles of potentiostating
of an electrochermoal cell (sensor) and possible ways of construction of the

potentiostat on opational amplifiers is carried out. The developed new principles
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of constriction of the superfast potentiostat allowed to realize the offered concept in

the form of the correspaling circuittechnical realization based on 7 operational
amplifiers. The studyf functional compliance in the applied CAD Multisim 12.0
confirmed the pssibility of implementing ultrdast potentiostat according to the
proposed principles.

The method of ultrafast voltammetry, which includes the study of the use of
microelectrodes rad nanoelectrodes for electrochemical studies, was further
developed. Voammograms of a singlelectron pair of FECN)s*>* ions obtaind
for the functional evaluation of the potentiostat operation in studies on
microelectrodes in the mode of rapid sdagnof the polarization potential are
presented. Also, the possibilitpf obtaining a response in the form of
electrochemiluminescence esion from ultramicroelectrodes, the technology of
which was developed in this work, was investigated. The possibilitgpntrolling
the course of the electrochemical reaction at themltroelectrode through the
registration of photon emission by a pielectron multiplier in the photon counting
mode is evaluated. Data on the development of electrochemiluminesceabemi
kinetics under different excitation conditions of an electrochaninescent sensor
containing an ultramicroelectrode are obtained.

For the first time, the concept of building a sensory system on the principle of
“field test", which includes the usé a nanotechnological piezoelectric activator of
the analytical cherluminescent reaction. The spread of chemiluminescent analysis
due toits high analytical characteristics such as high sensitivity, low limit of
determination, therefore, is a promisingglgtical method. Most chemiluminescent
reactions require an oxidarfthe paper proposes a nanotechnological device that
forms reactive oxgen species for chemiluminescent analysis directly in the sample
due to the ultrasonic effect of the nanotechnoldgicezoelectric actuator. Its small
size, low power consumption andghi efficiency allow you to create miniature
sensor systems based dn Possibilities of registration of an otic signal of a
chemiluminescent reaction both utilizing a photoelectroniltiplier and utilizing a

camera of a mobile phone are investigateds BHowed us to evaluate each of the
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methods, and provide recommaitidns for the implementation of a sensor system

for this technology.

Further developed the method of chemilumineseemdich includes the
development of new technologies of analysis Base this phenomenon to
determine the biologically significant compents of liquid samples, such as
ascorbic acid, superoxide dismutase, hemin, tyrosinase. One of the directions c
devdopment of analytical methods, which are the basis of the work obisens
systems, is the search for new analytical compositions. Thissabapanding the
list of substances that can be determined and/or to improve the characteristics of tf
method for thedetermination of substances for which methods of determination
alread exist. Therefore, the search for new analytical compositionsim@ortant
component of the technological development of sensor systems. Thus, the use of
new chemiluminescent comgibon luminoHluorescamingoyrrolidinopentic
phenone is proposed the work. Due to the increase in the number of possible
reagents foanalysis, the technological base of sensor systems is expanding.

Besides, the development of instrumentation tedgyolis an important
element in the development of effective sensortesys. The useof
nanotechnologies and nanomaterials in the analysis of liquid samples is investigate
in the work.

Thus, the use of diamorflke coatings doped with nitrogen allows olpiag
advantages over traditional electrode materials, which alloespand the rage of
polarization potentials of the sensor, increase the response of the analytical signa
provide a higher signdb-noise ratio. The possibility of using functionalized
electrodes with carbon nanotubes by chemical bonding technologygthran
intermadiate molecule, which was developed in this work, is also demonstrated. The
use of carbon nanotubes has created an electrode that has certain catalytic properti
reducingthe potential of oxidation peaks for ascorbic acid in the model naixtur
which simpifies the process of determining the substance and allows analysis at
lower potentials, excluding from the analysis of substances requiring higher potency

than the targednalyte.
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Another method of functionalization of the electrode surfagkich was

studied in the work, and which showed its high potential for the development of
electrochemiluminescent analysis, the method of formation of monomolecular
layers by the methodf LangmuirBlodgett. Thus, the study of binary systems of
organic conpounds- known electrochemiluminophores, and substances that can
form highly ordered films by the Langmti#odgett method, allowed to creation of

a unigue technology that creates caindis for the use of wat@nsoluble reagents

for analysis in agueousamples. Hetegeneous electrochemiluminescent analysis
reduced reagent costs because the processes of electrolysis and analytical sigr
formation take place close to the electrode amif so fixation of
electrochemiluminophore in the matrix on the scefallows a mall amount of
substance to organize the required concentration for electrochemiluminescen
analysis. do not dissolve it in the entire volume of the sample. In the prdcess o
developing this technology, the optimal conditions for the formaticthe senso
layer, obtaining the maximum response of the sensor by optimizing technological
factors such as the number of layers, the concentration of phosphor in the film wer
invesigated.

The method of electrogenerated chemiluminescence was furthieloged,
which includes the development of a physicochemical model of the processes o
interaction of ethyl formate ereagent with electrochemiluminophoreuthenium
chelate complexyhich describes the mechanism of analytical signal generation in
sensoy ECL system Involving spectroscopic studies of the output signal, the
method of spectroscopic electrochemiluminescent analysis was implemented, whicl
allowed to detection of the anélgal signal emitter. Combining with the data of the
reaction kineticsof the inteaction of the electrochemiluminophore with the
co-reactant- ethyl formate, a physicochemical model of the analytical reaction is
described, which describes the formatiornha analytical signal.

An  experimental sensor system for  electrocloani and
electochemiluminescent studies in higbeed polarization modes has been

developed and tested during R&D. The combination of -fifts&é potentiostat with
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control and measuringgeipment with equipment for recording optical radiation

based on photectron mulgplier, allowed to create of tools for
electrochemiluminescent analysis with high temporal resolution. Given the fact that
ultramicroelectrodes are used as working elecBp@e simultaneous spatial
limitation of the volume of the sample undtudy is acleved. And since due to the
rapid polarization of the electrochemical sensor it is possible to achieve a reductior
of the solution involved in electrolysis, this is an addial factor of spatial
limitation. Thus, the analysis with high smtiand tempoidaresolutions is
implemented.

The developed theoretical and experimental models can be used to solve th
complex problem of creating and studying complex sensor systemsg usi
nanophotonic and nonoelectrochemical technologies for the detéominaf
substaces in liquid samples.

The research results develop theoretical, modelling and experimental method:
and techniques of environmental research using sensor systems. Timegatant
for the creation of new models of devices and systemsectrehic techalogy,
offering new approaches, recommendations and technologies in the creation @
measurable systems, and the improvement of existing technology. Practical use c
the resilts will increase the characteristics and efficiency of sensor sgstem
various aeas of the economy, where there is a need to analyze the composition o
liquid samples, namely biology, medicine, ecology, pharmaceuticals, technological

control in the idlustry.

Key words: techology, sensorsystem, lmphotonics,naroelectochenistry,
chemilumnescene, ultrafaspotentosta, modification, fundionalizaion, software

andhardware, analysiof substarces.
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